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INVITATION TO BID 
 

(PLACEHOLDER – TO BE PROVIDED BY DFM) 
 
 
 
Sealed bids for OMB/DFM Contract No.        , will be 
received by the State of Delaware, Office of Management and Budget, Division of Facilities Management, 
at the        until    local time on   , 
20__, at which time they will be publicly opened and read aloud in the Conference Room.  Bidder bears the 
risk of late delivery.  Any bids received after the stated time will be returned unopened. 
 
Project involves            
             . 
 
Attention is called to construction schedule as detailed in the Bid Documents. 
 
This contract will be awarded on the basis of best value.  Attention is called to the Bid Documents which 
detail the criteria and associated weights which shall be used as the basis of award.  (OPTIONAL – Insert  
Yes       No    ) 
 
A MANDATORY Pre-Bid Meeting will be held on    , 20_, at   at the  
      for the purpose of establishing the listing of subcontractors and to 
answer questions.  Representatives of each party to any Joint Venture must attend this meeting.  
ATTENDANCE OF THIS MEETING IS A PREREQUISITE FOR BIDDING ON THIS CONTRACT. 
 
Sealed bids shall be addressed to the Division of Facilities Management    .  
The outer envelope should clearly indicate: "OMB/DFM CONTRACT NO.      - 
      SEALED BID - DO NOT OPEN." 
 
Contract documents may be obtained at the office of       upon 
receipt of $  per set/non-refundable.  Checks are to be made payable to “   ." 
 
Construction documents will be available for review at the following locations:    ; Delaware 
Contractors Association; Associated Builders and Contractors. 
 
Bidders will not be subject to discrimination on the basis of race, creed, color, sex, sexual orientation, 
gender identity or national origin in consideration of this award, and Minority Business Enterprises, 
Disadvantaged Business Enterprises, Women-Owned Business Enterprises and Veteran-Owned 
Business Enterprises will be afforded full opportunity to submit bids on this contract.     Each bid must be 
accompanied by a bid security equivalent to ten percent of the bid amount and all additive alternates.  
The successful bidder must post a performance bond and payment bond in a sum equal to 100 percent of 
the contract price upon execution of the contract.  The Owner reserves the right to reject any or all bids and 
to waive any informalities therein.  The Owner may extend the time and place for the opening of the bids 
from that described in the advertisement, with not less than two calendar days notice by certified delivery, 
facsimile machine or other electronic means to those bidders receiving plans.   
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ARTICLE 1: GENERAL 
 
1.1  DEFINITIONS 
 
1.1.1 Whenever the following terms are used, their intent and meaning shall be interpreted as 

follows: 
 
1.2   STATE:  The State of Delaware. 
 
1.3  AGENCY:  Contracting State Agency as noted on cover sheet. 
 
1.4  DESIGNATED OFFICIAL:  The agent authorized to act for the Agency. 
 
1.5 BIDDING DOCUMENTS:  Bidding Documents include the Bidding Requirements and the 

proposed Contract Documents.  The Bidding Requirements consist of the Advertisement for 
Bid, Invitation to Bid, Instructions to Bidders, Supplementary Instructions to Bidders (if any), 
General Conditions, Supplementary General Conditions, General Requirements, Special 
Provisions (if any), the Bid Form (including the Non-collusion Statement), and other sample 
bidding and contract forms.  The proposed Contract Documents consist of the form of 
Agreement between the Owner and Contractor, as well as the Drawings, Specifications 
(Project Manual) and all Addenda issued prior to execution of the Contract. 

 
1.6 CONTRACT DOCUMENTS:  The Contract Documents consist of the, Instructions to 

Bidders, Supplementary Instructions to Bidders (if any), General Conditions, Supplementary 
General Conditions, General Requirements, Special Provisions (if any), the form of 
agreement between the Owner and the Contractor, Drawings (if any), Specifications (Project 
Manual), and all addenda. 

 
1.7 AGREEMENT:  The form of the Agreement shall be AIA Document A101, Standard Form of 

Agreement between Owner and Contractor where the basis of payment is a STIPULATED 
SUM.  In the case of conflict between the instructions contained therein and the General 
Requirements herein, these General Requirements shall prevail. 

 
1.8 GENERAL REQUIREMENTS (or CONDITIONS):  General Requirements (or conditions) 

are instructions pertaining to the Bidding Documents and to contracts in general.  They 
contain, in summary, requirements of laws of the State; policies of the Agency and 
instructions to bidders. 

 
1.9 SPECIAL PROVISIONS:  Special Provisions are specific conditions or requirements 

peculiar to the bidding documents and to the contract under consideration and are 
supplemental to the General Requirements.  Should the Special Provisions conflict with the 
General Requirements, the Special Provisions shall prevail. 

 
1.10 ADDENDA:  Written or graphic instruments issued by the Owner/Architect prior to the 

execution of the contract which modify or interpret the Bidding Documents by additions, 
deletions, clarifications or corrections. 

 
1.11 BIDDER OR VENDOR:  A person or entity who formally submits a Bid for the material or 

Work contemplated, acting directly or through a duly authorized representative who meets 
the requirements set forth in the Bidding Documents. 

 
1.12 SUB-BIDDER:  A person or entity who submits a Bid to a Bidder for materials or labor, or 

both for a portion of the Work. 
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1.13 BID:  A complete and properly executed proposal to do the Work for the sums stipulated 
therein, submitted in accordance with the Bidding Documents. 

 
 
1.14 BASE BID:  The sum stated in the Bid for which the Bidder offers to perform the Work 

described in the Bidding Documents as the base, to which Work may be added or from 
which Work may be deleted for sums stated in Alternate Bids (if any are required to be 
stated in the bid). 

 
1.15 ALTERNATE BID (or ALTERNATE):  An amount stated in the Bid, where applicable, to be 

added to or deducted from the amount of the Base Bid if the corresponding change in the 
Work, as described in the Bidding Documents is accepted. 

 
1.16 UNIT PRICE:  An amount stated in the Bid, where applicable, as a price per unit of 

measurement for materials, equipment or services or a portion of the Work as described in 
the Bidding Documents. 

 
1.17 SURETY:  The corporate body which is bound with and for the Contract, or which is liable, 

and which engages to be responsible for the Contractor's payments of all debts pertaining to 
and for his acceptable performance of the Work for which he has contracted. 

 
1.18 BIDDER'S DEPOSIT:  The security designated in the Bid to be furnished by the Bidder as a 

guaranty of good faith to enter into a contract with the Agency if the Work to be performed or 
the material or equipment to be furnished is awarded to him. 

 
1.19 CONTRACT:  The written agreement covering the furnishing and delivery of material or 

work to be performed. 
 
1.20 CONTRACTOR:  Any individual, firm or corporation with whom a contract is made by the 

Agency. 
 
1.21 SUBCONTRACTOR:  An individual, partnership or corporation which has a direct contract 

with a contractor to furnish labor and materials at the job site, or to perform construction 
labor and furnish material in connection with such labor at the job site. 

 
1.22 CONTRACT BOND:  The approved form of security furnished by the contractor and his 

surety as a guaranty of good faith on the part of the contractor to execute the work in 
accordance with the terms of the contract. 

 
ARTICLE 2: BIDDER'S REPRESENTATIONS 
 
2.1  PRE-BID MEETING 
 
2.1.1 A pre-bid meeting for this project will be held at the time and place designated.  Attendance 

at this meeting is a pre-requisite for submitting a Bid, unless this requirement is specifically 
waived elsewhere in the Bid Documents. 

 
2.2  By submitting a Bid, the Bidder represents that: 
 
2.2.1  The Bidder has read and understands the Bidding Documents and that the Bid is made in 

accordance therewith. 
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2.2.2 The Bidder has visited the site, become familiar with existing conditions under which the 
Work is to be performed, and has correlated the Bidder’s his personal observations with the 
requirements of the proposed Contract Documents. 

 
2.2.3 The Bid is based upon the materials, equipment, and systems required by the Bidding 

Documents without exception. 
 
2.3  JOINT VENTURE REQUIREMENTS 
 
2.3.1 For Public Works Contracts, each Joint Venturer shall be qualified and capable to complete 

the Work with their own forces. 
 
2.3.2 Included with the Bid submission, and as a requirement to bid, a copy of the executed Joint 

Venture Agreement shall be submitted and signed by all Joint Venturers involved. 
 
2.3.3 All required Bid Bonds, Performance Bonds, Material and Labor Payment Bonds must be 

executed by both Joint Venturers and be placed in both of their names.  
 
2.3.4  All required insurance certificates shall name both Joint Venturers. 
 
2.3.5 Both Joint Venturers shall sign the Bid Form and shall submit a copy of a valid Delaware 

Business License with their Bid. 
 
2.3.6  Both Joint Venturers shall include their Federal E.I. Number with the Bid. 
 
2.3.7 In the event of a mandatory Pre-bid Meeting, each Joint Venturer shall have a representative 

in attendance. 
  
2.3.8 Due to exceptional circumstances and for good cause shown, one or more of these 

provisions may be waived at the discretion of the State. 
 
2.4  ASSIGNMENT OF ANTITRUST CLAIMS 
 
2.4.1 As consideration for the award and execution by the Owner of this contract, the Contractor 

hereby grants, conveys, sells, assigns and transfers to the State of Delaware all of its right, 
title and interests in and to all known or unknown causes of action it presently has or may 
now or hereafter acquire under the antitrust laws of the United States and the State of 
Delaware, relating to the particular goods or services purchased or acquired by the Owner 
pursuant to this contract. 

 
ARTICLE 3: BIDDING DOCUMENTS 
 
3.1  COPIES OF BID DOCUMENTS 
 
3.1.1 Bidders may obtain complete sets of the Bidding Documents from the 

Architectural/Engineering firm designated in the Advertisement or Invitation to Bid in the 
number and for the deposit sum, if any, stated therein. 

 
3.1.2 Bidders shall use complete sets of Bidding Documents for preparation of Bids.  The issuing 

Agency nor the Architect assumes no responsibility for errors or misinterpretations resulting 
from the use of incomplete sets of Bidding Documents. 

 
3.1.3 Any errors, inconsistencies or omissions discovered shall be reported to the Architect 

immediately. 
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3.1.4 The Agency and Architect may make copies of the Bidding Documents available on the 

above terms for the purpose of obtaining Bids on the Work.  No license or grant of use is 
conferred by issuance of copies of the Bidding Documents. 

 
3.2  INTERPRETATION OR CORRECTION OF BIDDING DOCUMENTS 
 
3.2.1 The Bidder shall carefully study and compare the Bidding Documents with each other, and 

with other work being bid concurrently or presently under construction to the extent that it 
relates to the Work for which the Bid is submitted, shall examine the site and local 
conditions, and shall report any errors, inconsistencies, or ambiguities discovered to the 
Architect. 

 
3.2.2 Bidders or Sub-bidders requiring clarification or interpretation of the Bidding Documents 

shall make a written request to the Architect at least seven days prior to the date for receipt 
of Bids.  Interpretations, corrections and changes to the Bidding Documents will be made by 
written Addendum.  Interpretations, corrections, or changes to the Bidding Documents made 
in any other manner shall not be binding. 

 
3.2.3 The apparent silence of the specifications as to any detail, or the apparent omission from it 

of detailed description concerning any point, shall be regarded as meaning that only the best 
commercial practice is to prevail and only material and workmanship of the first quality are to 
be used.  Proof of specification compliance will be the responsibility of the Bidder. 

 
3.2.4 Unless otherwise provided in the Contract Documents, the Contractor shall provide and pay 

for all permits, labor, materials, equipment, tools, construction equipment and machinery, 
water, heat, utilities, transportation, and other facilities and services necessary for the proper 
execution and completion of the Work. 

 
3.2.5 The Owner will bear the costs for all impact and user fees associated with the project. 
 
3.3  SUBSTITUTIONS  
 
3.3.1 The materials, products and equipment described in the Bidding Documents establish a 

standard of quality, required function, dimension, and appearance to be met by any 
proposed substitution.  The specification of a particular manufacturer or model number is 
not intended to be proprietary in any way.  Substitutions of products for those named will be 
considered, providing that the Vendor certifies that the function, quality, and performance 
characteristics of the material offered is equal or superior to that specified.  It shall be the 
Bidder's responsibility to assure that the proposed substitution will not affect the intent of the 
design, and to make any installation modifications required to accommodate the 
substitution. 

 
3.3.2 Requests for substitutions shall be made in writing to the Architect at least ten days prior to 

the date of the Bid Opening.  Such requests shall include a complete description of the 
proposed substitution, drawings, performance and test data, explanation of required 
installation modifications due the substitution, and any other information necessary for an 
evaluation.  The burden of proof of the merit of the proposed substitution is upon the 
proposer.  The Architect’s decision of approval or disapproval shall be final.  The Architect is 
to notify Owner prior to any approvals. 

 
3.3.3 If the Architect approves a substitution prior to the receipt of Bids, such approval shall be set 

forth in an Addendum.  Approvals made in any other manner shall not be binding. 
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3.3.4 The Architect shall have no obligation to consider any substitutions after the Contract award. 
 
3.4   ADDENDA 
 
3.4.1 Addenda will be mailed or delivered to all who are known by the Architect to have received a 

complete set of the Bidding Documents. 
 
3.4.2 Copies of Addenda will be made available for inspection wherever Bidding Documents are 

on file for that purpose. 
 
3.4.3 No Addenda will be issued later than 4 days prior to the date for receipt of Bids except an 

Addendum withdrawing the request for Bids or one which extends the time or changes the 
location for the opening of bids. 

 
3.4.4 Each bidder shall ascertain prior to submitting his Bid that they have received all Addenda 

issued, and shall acknowledge their receipt in their Bid in the appropriate space.  Not 
acknowledging an issued Addenda could be grounds for determining a bid to be non-
responsive. 

 
ARTICLE 4: BIDDING PROCEDURES 
 
4.1  PREPARATION OF BIDS 
 
4.1.1 Submit the bids on the Bid Forms included with the Bidding Documents. 
 
4.1.2 Submit the original Bid Form for each bid.  Bid Forms may be removed from the project 

manual for this purpose. 
 
4.1.3  Execute all blanks on the Bid Form in a non-erasable medium (typewriter or manually in ink). 
 
4.1.4 Where so indicated by the makeup on the Bid Form, express sums in both words and 

figures, in case of discrepancy between the two, the written amount shall govern. 
 
4.1.5 Interlineations, alterations or erasures must be initialed by the signer of the Bid. 
 
4.1.6 BID ALL REQUESTED ALTERNATES AND UNIT PRICES, IF ANY.  If there is no change 

in the Base Bid for an Alternate, enter “No Change”.  The Contractor is responsible for 
verifying that they have received all addenda issued during the bidding period.  Work 
required by Addenda shall automatically become part of the Contract. 

 
4.1.7 Make no additional stipulations on the Bid Form and do not qualify the Bid in any other 

manner. 
 
4.1.8 Each copy of the Bid shall include the legal name of the Bidder and a statement whether the 

Bidder is a sole proprietor, a partnership, a corporation, or any legal entity, and each copy 
shall be signed by the person or persons legally authorized to bind the Bidder to a contract.  
A Bid by a corporation shall further give the state of incorporation and have the corporate 
seal affixed.  A Bid submitted by an agent shall have a current Power of Attorney attached, 
certifying agent's authority to bind the Bidder. 

 
4.1.9 Bidder shall complete the Non-Collusion Statement form included with the Bid Forms and 

include it with their Bid.  
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4.1.10 In the construction of all Public Works projects for the State of Delaware or any agency 
thereof, preference in employment of laborers, workers or mechanics shall be given to bona 
fide legal citizens of the State who have established citizenship by residence of at least 90 
days in the State. 

 
4.1.11 Each bidder shall include in their bid a copy of a valid Delaware Business License. 
 
4.1.12 Each bidder shall include signed Affidavit(s) for the Bidder and each listed Subcontractor 

certifying compliance with OMB Regulation 4104- “Regulations for the Drug Testing of 
Contractor and Subcontractor Employees Working on “Large Public Works Projects.”  
“Large Public Works” is based upon the current threshold required for bidding Public Works 
as set by the Purchasing and Contracting Advisory Council.  

 
4.2 BID SECURITY 
 
4.2.1 All bids shall be accompanied by a deposit of either a good and sufficient bond to the 

agency for the benefit of the agency, with corporate surety authorized to do business in this 
State, the form of the bond and the surety to be approved by the agency, or a security of the 
bidder assigned to the agency, for a sum equal to at least 10% of the bid plus all add 
alternates, or in lieu of the bid bond a security deposit in the form of a certified check, bank 
treasurer’s check, cashier’s check, money order, or other prior approved secured deposit 
assigned to the State.  The bid bond need not be for a specific sum, but may be stated to be 
for a sum equal to 10% of the bid plus all add alternates to which it relates and not to exceed 
a certain stated sum, if said sum is equal to at least 10% of the bid.  The Bid Bond form 
used shall be the standard OMB form (attached).  

 
4.2.2 The Agency has the right to retain the bid security of Bidders to whom an award is being 

considered until either a formal contract has been executed and bonds have been furnished 
or the specified time has elapsed so the Bids may be withdrawn or all Bids have been 
rejected.  

 
4.2.3 In the event of any successful Bidder refusing or neglecting to execute a formal contract and 

bond within 20 days of the awarding of the contract, the bid bond or security deposited by 
the successful bidder shall be forfeited.  

 
4.3 SUBCONTRACTOR LIST 
 
4.3.1 As required by Delaware Code, Title 29, section 6962(d)(10)b, each Bidder shall submit with 

their Bid a completed List of Sub-Contractors included with the Bid Form.  NAME ONLY 
ONE SUBCONTRACTOR FOR EACH TRADE.  A Bid will be considered non-responsive 
unless the completed list is included. 

 
4.3.2 Provide the Name and Address for each listed subcontractor.  Addresses by City, Town or 

Locality, plus State, will be acceptable. 
 
4.3.3 It is the responsibility of the Contractor to ensure that their Subcontractors are in compliance 

with the provisions of this law.  Also, if a Contractor elects to list themselves as a 
Subcontractor for any category, they must specifically name themselves on the Bid Form 
and be able to document their capability to act as Subcontractor in that category in 
accordance with this law. 

 
4.4 EQUALITY OF EMPLOYMENT OPPORTUNITY ON PUBLIC WORKS   
 
4.4.1 During the performance of this contract, the contractor agrees as follows: 
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A. The Contractor will not discriminate against any employee or applicant for 

employment because of race, creed, sex, color, sexual orientation, gender identity 
or national origin.  The Contractor will take affirmative action to ensure the 
applicants are employed, and that employees are treated during employment, 
without regard to their race, creed, sex, color, sexual orientation, gender identity or 
national origin.  Such action shall include, but not be limited to, the following:  
Employment, upgrading, demotion or transfer; recruitment or recruitment 
advertising; layoff or termination; rates of pay or other forms of compensation; and 
selection for training, including apprenticeship.  The Contractor agrees to post in 
conspicuous places available to employees and applicants for employment notices 
to be provided by the contracting agency setting forth this nondiscrimination clause. 

 
B. The Contractor will, in all solicitations or advertisements for employees placed by or 

on behalf of the Contractor, state that all qualified applicants will receive 
consideration for employment without regard to race, creed, sex, color, sexual 
orientation, gender identity or national origin."  

 
4.5  PREVAILING WAGE REQUIREMENT 
  
4.5.1 Wage Provisions: For renovation and new construction projects whose costs exceed the 

thresholds contained in Delaware Code, Title 29, Section 6960, the minimum wage rates for 
various classes of laborers and mechanics shall be as determined by the Department of 
Labor, Division of Industrial Affairs of the State of Delaware. 

 
4.5.2 The employer shall pay all mechanics and labors employed directly upon the site of work, 

unconditionally and not less often than once a week and without subsequent deduction or 
rebate on any account, the full amounts accrued at time of payment, computed at wage 
rates not less than those stated in the specifications, regardless of any contractual 
relationship which may be alleged to exist between the employer and such laborers and 
mechanics. 

 
4.5.3 The scale of the wages to be paid shall be posted by the employer in a prominent and easily 

accessible place at the site of the work. 
 
4.5.4 Every contract based upon these specifications shall contain a stipulation that sworn payroll 

information, as required by the Department of Labor, be furnished weekly.  The Department 
of Labor shall keep and maintain the sworn payroll information for a period of 6 months from 
the last day of the work week covered by the payroll. 

 
4.6  SUBMISSION OF BIDS 
 
4.6.1 Enclose the Bid, the Bid Security, and any other documents required to be submitted with 

the Bid in a sealed opaque envelope.  Address the envelope to the party receiving the Bids.  
Identify with the project name, project number, and the Bidder's name and address.  If the 
Bid is sent by mail, enclose the sealed envelope in a separate mailing envelope with the 
notation "BID ENCLOSED" on the face thereof.  The State is not responsible for the opening 
of bids prior to bid opening date and time that are not properly marked. 

 
4.6.2 Deposit Bids at the designated location prior to the time and date for receipt of bids indicated 

in the Advertisement for Bids.  Bids received after the time and date for receipt of bids will be 
marked “LATE BID” and returned. 
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4.6.3 Bidder assumes full responsibility for timely delivery at location designated for receipt of 
bids. 

 
4.6.4 Oral, telephonic or telegraphic bids are invalid and will not receive consideration. 
 
4.6.5 Withdrawn Bids may be resubmitted up to the date and time designated for the receipt of 

Bids, provided that they are then fully in compliance with these Instructions to Bidders. 
 
4.7  MODIFICATION OR WITHDRAW OF BIDS 
 
4.7.1 Prior to the closing date for receipt of Bids, a Bidder may withdraw a Bid by personal request 

and by showing proper identification to the Architect.  A request for withdraw by letter or fax, 
if the Architect is notified in writing prior to receipt of fax, is acceptable.  A fax directing a 
modification in the bid price will render the Bid informal, causing it to be ineligible for 
consideration of award.  Telephone directives for modification of the bid price shall not be 
permitted and will have no bearing on the submitted proposal in any manner. 

 
4.7.2 Bidders submitting Bids that are late shall be notified as soon as practicable and the bid 

shall be returned. 
 
4.7.3   A Bid may not be modified, withdrawn or canceled by the Bidder during a thirty (30) day 

period following the time and date designated for the receipt and opening of Bids, and 
Bidder so agrees in submitting their Bid.  Bids shall be binding for 30 days after the date of 
the Bid opening.   

 
ARTICLE 5: CONSIDERATION OF BIDS 
 
5.1  OPENING/REJECTION OF BIDS 
 
5.1.1 Unless otherwise stated, Bids received on time will be publicly opened and will be read 

aloud.  An abstract of the Bids will be made available to Bidders. 
 
5.1.2 The Agency shall have the right to reject any and all Bids.  A Bid not accompanied by a 

required Bid Security or by other data required by the Bidding Documents, or a Bid which is 
in any way incomplete or irregular is subject to rejection. 

 
5.1.3 If the Bids are rejected, it will be done within thirty (30) calendar day of the Bid opening.  
 
5.2  COMPARISON OF BIDS 
 
5.2.1 After the Bids have been opened and read, the bid prices will be compared and the result of 

such comparisons will be made available to the public.  Comparisons of the Bids may be 
based on the Base Bid plus desired Alternates.  The Agency shall have the right to accept 
Alternates in any order or combination.   

 
5.2.2 The Agency reserves the right to waive technicalities, to reject any or all Bids, or any portion 

thereof, to advertise for new Bids, to proceed to do the Work otherwise, or to abandon the 
Work, if in the judgment of the Agency or its agent(s), it is in the best interest of the State. 

 
5.2.3 An increase or decrease in the quantity for any item is not sufficient grounds for an increase 

or decrease in the Unit Price. 
 
5.2.4 The prices quoted are to be those for which the material will be furnished F.O.B. Job Site 

and include all charges that may be imposed during the period of the Contract. 
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5.2.5 No qualifying letter or statements in or attached to the Bid, or separate discounts will be 

considered in determining the low Bid except as may be otherwise herein noted.  Cash or 
separate discounts should be computed and incorporated into Unit Bid Price(s). 

 
5.3 DISQUALIFICATION OF BIDDERS 
 
5.3.1 An agency shall determine that each Bidder on any Public Works Contract is responsible 

before awarding the Contract.  Factors to be considered in determining the responsibility 
of a Bidder include: 

 
A. The Bidder’s financial, physical, personnel or other resources including 

Subcontracts; 
 

B. The Bidder’s record of performance on past public or private construction 
projects, including, but not limited to, defaults and/or final adjudication or 
admission of violations of the Prevailing Wage Laws in Delaware or any other 
state; 

 
C. The Bidder’s written safety plan; 

 
D. Whether the Bidder is qualified legally to contract with the State; 

 
E. Whether the Bidder supplied all necessary information concerning its 

responsibility; and, 
 

F. Any other specific criteria for a particular procurement, which an agency may 
establish;  provided however, that, the criteria be set forth in the Invitation to Bid 
and is otherwise in conformity with State and/or Federal law. 

 
5.3.2 If an agency determines that a Bidder is nonresponsive and/or nonresponsible, the 

determination shall be in writing and set forth the basis for the determination.  A copy of 
the determination shall be sent to the affected Bidder within five (5) working days of said 
determination. 

 
5.3.3 In addition, any one or more of the following causes may be considered as sufficient for the 

disqualification of a Bidder and the rejection of their Bid or Bids. 
 
5.3.3.1 More than one Bid for the same Contract from an individual, firm or corporation under the 

same or different names.  
  
5.3.3.2  Evidence of collusion among Bidders. 
 
5.3.3.3  Unsatisfactory performance record as evidenced by past experience. 
 
5.3.3.4 If the Unit Prices are obviously unbalanced either in excess or below reasonable cost 

analysis values. 
 
5.3.3.5 If there are any unauthorized additions, interlineation, conditional or alternate bids or 

irregularities of any kind which may tend to make the Bid incomplete, indefinite or 
ambiguous as to its meaning. 

 
5.3.3.6 If the Bid is not accompanied by the required Bid Security and other data required by the 

Bidding Documents. 
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5.3.3.7  If any exceptions or qualifications of the Bid are noted on the Bid Form. 
 
5.4  ACCEPTANCE OF BID AND AWARD OF CONTRACT 
 
5.4.1 A formal Contract shall be executed with the successful Bidder within twenty (20) calendar 

days after the award of the Contract. 
 
5.4.2 Per Section 6962(d)(13) a., Title 29, Delaware Code, “The contracting agency shall award 

any public works contract within thirty (30) days of the bid opening to the lowest 
responsive and responsible Bidder, unless the Agency elects to award on the basis of 
best value, in which case the election to award on the basis of best value shall be stated 
in the Invitation To Bid.” 

 
5.4.3 Each Bid on any Public Works Contract must be deemed responsive by the Agency to be 

considered for award.  A responsive Bid shall conform in all material respects to the 
requirements and criteria set forth in the Contract Documents and specifications. 

 
5.4.4 The Agency shall have the right to accept Alternates in any order or combination, and to 

determine the low Bidder on the basis of the sum of the Base Bid, plus accepted Alternates. 
 
5.4.5 The successful Bidder shall execute a formal contract, submit the required Insurance 

Certificate, and furnish good and sufficient bonds, unless specifically waived in the General 
Requirements, in accordance with the General Requirement, within twenty (20) days of 
official notice of contract award.  The successful Bidder shall provide two business days 
prior to contract execution, copies of the Employee Drug Testing Program for the Bidder and 
all listed Subcontractors.  Bonds shall be for the benefit of the Agency with surety in the 
amount of 100% of the total contract award.  Said Bonds shall be conditioned upon the 
faithful performance of the contract.  Bonds shall remain in affect for period of one year after 
the date of substantial completion.  

 
5.4.6 If the successful Bidder fails to execute the required Contract,Bond and all required 

information, as aforesaid, within twenty (20) calendar days after the date of official Notice of 
the Award of the Contract, their Bid guaranty shall immediately be taken and become the 
property of the State for the benefit of the Agency as liquidated damages, and not as a 
forfeiture or as a penalty.  Award will then be made to the next lowest qualified Bidder of the 
Work or readvertised, as the Agency may decide. 

 
5.4.7 Each bidder shall supply with its bid its taxpayer identification number (i.e., federal employer 

identification number or social security number) and a copy of its Delaware business license, 
and should the vendor be awarded a contract, such vendor shall provide to the agency the 
taxpayer identification license numbers of such subcontractors.  Such numbers shall be 
provided on the later of the date on which such subcontractor is required to be identified or 
the time the contract is executed.  The successful Bidder shall provide to the agency to 
which it is contracting, within 30 days of entering into such public works contract, copies of 
all Delaware Business licenses of subcontractors and/or independent contractors that will 
perform work for such public works contract.  However, if a subcontractor or independent 
contractor is hired or contracted more than 20 days after the Bidder entered the public works 
contract the Delaware Business license of such subcontractor or independent contractor 
shall be provided to the agency within 10 days of being contracted or hired. 

 
5.4.8 The Bid Security shall be returned to the successful Bidder upon the execution of the formal 

contract.  The Bid Securities of unsuccessful bidders shall be returned within thirty (30) 
calendar days after the opening of the Bids.  
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ARTICLE 6:  POST-BID INFORMATION 
 
6.1 CONTRACTOR’S QUALIFICATION STATEMENT 
 
6.1.1 Bidders to whom award of a Contract is under consideration shall, if requested by the 

Agency, submit a properly executed AIA Document A305, Contractor’s Qualification 
Statement, unless such a statement has been previously required and submitted. 

 
6.2 BUSINESS DESIGNATION FORM 
 
6.2.1 Successful bidder shall be required to accurately complete an Office of Management and 

Budget Business Designation Form for Subcontractors. 
 
ARTICLE 7:  PERFORMANCE BOND AND PAYMENT BOND 
 
7.1 BOND REQUIREMENTS 
 
7.1.1 The cost of furnishing the required Bonds, that are stipulated in the Bidding Documents, 

shall be included in the Bid. 
 
7.1.2 If the Bidder is required by the Agency to secure a bond from other than the Bidder’s usual 

sources, changes in cost will be adjusted as provide in the Contract Documents. 
 
7.1.3 The Performance and Payment Bond forms used shall be the standard OMB forms 

(attached). 
 
7.2 TIME OF DELIVERY AND FORM OF BONDS 
 
7.2.1 The bonds shall be dated on or after the date of the Contract. 
 
 
7.2.2 The Bidder shall require the attorney-in-fact who executes the required bonds on behalf of 

the surety to affix a certified and current copy of the power of attorney. 
 
ARTICLE 8:  FORM OF AGREEMENT BETWEEN AGENCY AND CONTRACTOR 
 
8.1 Unless otherwise required in the Bidding Documents, the Agreement for the Work will be 

written on AIA Document A101, Standard Form of Agreement Between Owner and 
Contractor Where the Basis of Payment is a Stipulated Sum. 

 
 END OF SECTION 
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BID FORM 
 

For Bids Due:        (DATE)   To: Caesar Rodney School District     

        7 Front Street, PO Box 188     

        Wyoming, DE 19934      

                

                

                

 

 

Name of Bidder:               

 

Delaware Business License No.:       Taxpayer ID No.:        

(A copy of Bidder’s Delaware Business License must be attached to this form.) 

 

(Other License Nos.):                

 

Phone No.:  (            )                              -                                          Fax No.:  (             )               -     
 

 

The undersigned, representing that he has read and understands the Bidding Documents and that this bid is made in accordance 

therewith, that he has visited the site and has familiarized himself with the local conditions under which the Work is to be performed, 

and that his bid is based upon the materials, systems and equipment described in the Bidding Documents without exception, hereby 

proposes and agrees to provide all labor, materials, plant, equipment, supplies, transport and other facilities required to execute the 

work described by the aforesaid documents for the lump sum itemized  below: 

 

$                

($                                                               ) 

 

 

ALTERNATES 

 

Alternate prices conform to applicable project specification section.  Refer to specifications for a complete description of the 

following Alternates. An “ADD” or “DEDUCT” amount is indicated by the crossed out part that does not apply. 

 

ALTERNATE No. 1:  Phasing and Construction Schedule. Work included in documentation to be performed in its entirety in 

Summer, 2018. 

 

Add/Deduct:  $                               

     ($                                                               ) 
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BID FORM 
 

 

I/We acknowledge Addendums numbered    and the price(s) submitted include any cost/schedule impact they may have. 

 

This bid shall remain valid and cannot be withdrawn for thirty (30) days from the date of opening of bids (60 days for School Districts 

and Department of Education), and the undersigned shall abide by the Bid Security forfeiture provisions.  Bid Security is attached to 

this Bid. 

 

The Owner shall have the right to reject any or all bids, and to waive any informality or irregularity in any bid received. 

 

This bid is based upon work being accomplished by the Sub-Contractors named on the list attached to this bid. 

 

Should I/We be awarded this contract, I/We pledge to achieve substantial completion of all the work within   calendar days of 

the Notice to Proceed. 

 

The undersigned represents and warrants that he has complied and shall comply with all requirements of local, state, and national 

laws; that no legal requirement has been or shall be violated in making or accepting this bid, in awarding the contract to him or in the 

prosecution of the work required; that the bid is legal and firm; that he has not, directly or indirectly, entered into any agreement, 

participated in any collusion, or otherwise taken action in restraint of free competitive bidding. 

 

Upon receipt of written notice of the acceptance of this Bid, the Bidder shall, within twenty (20) calendar days, execute the agreement 

in the required form and deliver the Contract Bonds, and Insurance Certificates, required by the Contract Documents. 

 

I am / We are an Individual / a Partnership / a Corporation 

 

By           Trading as         

           (Individual’s / General Partner’s / Corporate Name) 

               

           (State of Corporation) 

 

Business Address:        

          

          

          

 

  

Witness:         By:         
                 ( Authorized Signature ) 

 (SEAL)                         

                 ( Title ) 

                   Date:          
 

 

ATTACHMENTS 
Sub-Contractor List  

Non-Collusion Statement  

Affidavit(s) of Employee Drug Testing Program  

Bid Security  

(Others as Required by Project Manuals)  
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STOKES ELEMENTARY SCHOOL 

DOVER, DELAWARE 

  BID FORM 
SUBCONTRACTOR LIST 
 

In accordance with Title 29, Chapter 6962 (d)(10)b Delaware Code, the following sub-contractor listing must accompany the bid submittal. The name and address of the sub-

contractor must be listed for each category where the bidder intends to use a sub-contractor to perform that category of work. In order to provide full disclosure and acceptance 

of the bid by the Owner, it is required that bidders list themselves as being the sub-contractor for all categories where he/she is qualified and intends to perform such 

work.  This form must be filled out completely with no additions or deletions.   Note that all subcontractors listed below must have a signed Affidavit of Employee Drug Testing 

Program included with this bid.  
 

Subcontractor Category  Subcontractor         Address (City & State)    Subcontractors tax payer ID # 
 

1. Concrete                       

         
2. Carpentry                       

         
3. Insulation                       

         
4. Electrical                       

          
5. Fire Alarm                       

         
6. Fire Protection                       

         
7. HVAC                        

        
8. Painting                        

         
9. Plumbing                       

 
10. Metals Fabrication                      

 
11. Fencing                       
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BID FORM 

NON-COLLUSION STATEMENT 
 

 

 
This is to certify that the undersigned bidder has neither directly nor indirectly, entered into any agreement, participated in any 

collusion or otherwise taken any action in restraint of free competitive bidding in connection with this proposal submitted this date (to 

the Office of Management and Budget, Division of Facilities Management). 

 

All the terms and conditions of (Project or Contract Number) have been thoroughly examined and are understood. 

 

NAME OF BIDDER:             
 

AUTHORIZED REPRESENTATIVE 

(TYPED):              
 

AUTHORIZED REPRESENTATIVE 

(SIGNATURE):              

 

 

TITLE:               

 

ADDRESS OF BIDDER:             
 

               

 

               

 

E-MAIL:    ______________________________________________________________  

 

PHONE NUMBER:             

 

 

 

 

Sworn to and Subscribed before me this       day of       20 . 

 

My Commission expires       .   NOTARY PUBLIC       . 

 

 

 

 

 

THIS PAGE MUST BE SIGNED AND NOTARIZED FOR YOUR BID TO BE CONSIDERED. 
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AFFIDAVIT 

OF 

EMPLOYEE DRUG TESTING PROGRAM 

 

4104 Regulations for the Drug Testing of Contractor and Subcontractor Employees Working on Large Public Works Projects requires 

that Contractors and Subcontractors implement a program of mandatory drug testing for Employees who work on Large Public Works 

Contracts funded all or in part with public funds. 

 

 

 

We hereby certify that we have in place or will implement during the entire term of the contract a Mandatory Drug Testing Program 

for our employees on the jobsite that complies with this regulation: 

 

 

Contractor/Subcontractor Name:           

 

Contractor/Subcontractor Address:          

 

              

 

              

 

Authorized Representative (typed or printed):         

 

Authorized Representative (signature):          

 

Title:              

 

 

 

 

Sworn to and Subscribed before me this    day of       20 . 

 

My Commission expires      .   NOTARY PUBLIC       . 

 

 

 

 

 

 

THIS PAGE MUST BE SIGNED AND NOTARIZED FOR YOUR BID TO BE CONSIDERED. 
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BID BOND 

 

TO ACCOMPANY PROPOSAL 

(Not necessary if security is used) 

 

KNOW ALL MEN BY THESE PRESENTS That:                                of                       in the County of 

                    and State of                       as Principal, and  of                       in the County of 

    and State of             as Surety, legally authorized to do business in the State of Delaware 

(“State”), are held and firmly unto the State in the sum of                                      Dollars ($                      ), or 

10% percent not to exceed _________________________ Dollars ($            ) of amount of bid on Contract No.      

_____________, to be paid to the State for the use and benefit of                           State of Delaware Office of 

Management and Budget for which payment well and truly to be made, we do bind ourselves, our and each of our 

heirs, executors, administrators, and successors, jointly and severally for and in the whole firmly by these presents. 

 

NOW THE CONDITION OF THIS OBLIGATION IS SUCH That if the above bounden Principal who has 

submitted to the                                            State of Delaware Office of Management and Budget a certain 

proposal to enter into this contract for the furnishing of certain material and/or services within the State, shall be 

awarded this Contract, and if said Principal shall well and truly enter into and execute this Contract as may be 

required by the terms of this Contract and approved by the                                                State of Delaware 

Office of Management and Budget this Contract to be entered into within twenty days after the date of official 

notice of the award thereof in accordance with the terms of said proposal, then this obligation shall be void or else 

to be and remain in full force and virtue.  

 

Sealed with                           seal and dated this           day of ______________ in the year of our Lord two 

thousand and                                               (20   ). 

 

SEALED, AND DELIVERED IN THE 

Presence of 

           Name of Bidder (Organization) 

 

Corporate Seal   By:        

                         Authorized Signature 
Attest              

                                    Title 

 

                                Name of Surety 

Witness:    By:        

 

                         Title 
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                                                  00 52 13-1  

 
 

SECTION 00 52 13 

STANDARD FORM OF AGREEMENT BETWEEN OWNER AND CONTRACTOR 
 
 
 
The Standard Form of Agreement Between Owner and Contractor is as stated in the American Institute of 
Architects Document AIA A101 (2007 Edition) entitled Standard Form of Agreement Between Owner and 
Contractor and is part of this project manual as if herein written in full. 
  
Copies of the Document are available through the A/E. 
 
 
A draft copy of this document is included herein as follows. 
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Tetra Tech         PERFORMANCE BOND  

   00 61 13.13-1  

 
PERFORMANCE BOND 

 
Bond Number:  ___________________ 

 
KNOW ALL PERSONS BY THESE PRESENTS, that we, ______________________, as principal 
(“Principal”), and ______________________, a ______________________ corporation, legally authorized 
to do business in the State of Delaware, as surety (“Surety”), are held and firmly bound unto the Office of 
Management and Budget/Division of Facilities Management (“Owner”), in the amount of 
_________________ ($___________), to be paid to Owner, for which payment well and truly to be made, we 
do bind ourselves, our and each and every of our heirs, executors, administrations, successors and assigns, 
jointly and severally, for and in the whole, firmly by these presents. 
 
Sealed with our seals and dated this __________ day of ____________, 20__. 
 
NOW THE CONDITION OF THIS OBLIGATION IS SUCH, that if Principal, who has been awarded by 
Owner that certain contract known as Contract No. ____________ dated the __________ day of 
____________, 20__ (the “Contract”), which Contract is incorporated herein by reference, shall well and truly 
provide and furnish all materials, appliances and tools and perform all the work required under and pursuant to 
the terms and conditions of the Contract and the Contract Documents (as defined in the Contract) or any 
changes or modifications thereto made as therein provided, shall make good and reimburse Owner sufficient 
funds to pay the costs of completing the Contract that Owner may sustain by reason of any failure or default on 
the part of Principal, and shall also indemnify and save harmless Owner from all costs, damages and expenses 
arising out of or by reason of the performance of the Contract and for as long as provided by the Contract; then 
this obligation shall be void, otherwise to be and remain in full force and effect. 
 
Surety, for value received, hereby stipulates and agrees, if requested to do so by Owner, to fully perform and 
complete the work to be performed under the Contract pursuant to the terms, conditions and covenants thereof, 
if for any cause Principal fails or neglects to so fully perform and complete such work. 
 
Surety, for value received, for itself and its successors and assigns, hereby stipulates and agrees that the 
obligation of Surety and its bond shall be in no way impaired or affected by any extension of time, 
modification, omission, addition or change in or to the Contract or the work to be performed thereunder, or by 
any payment thereunder before the time required therein, or by any waiver of any provisions thereof, or by any 
assignment, subletting or other transfer thereof or of any work to be performed or any monies due or to become 
due thereunder; and Surety hereby waives notice of any and all such extensions, modifications, omissions, 
additions, changes, payments, waivers, assignments, subcontracts and transfers and hereby expressly stipulates 
and agrees that any and all things done and omitted to be done by and in relation to assignees, subcontractors, 
and other transferees shall have the same effect as to Surety as though done or omitted to be done by or in 
relation to Principal. 
 
Surety hereby stipulates and agrees that no modifications, omissions or additions in or to the terms of the 
Contract shall in any way whatsoever affect the obligation of Surety and its bond. 
 
Any proceeding, legal or equitable, under this Bond may be brought in any court of competent jurisdiction in 
the State of Delaware.  Notices to Surety or Contractor may be mailed or delivered to them at their respective 
addresses shown below. 
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PERFORMANCE BOND  Tetra Tech 
00 61 13.13-2   

 
IN WITNESS WHEREOF, Principal and Surety have hereunto set their hand and seals, and such of them as 
are corporations have caused their corporate seal to be hereto affixed and these presents to be signed by their 
duly authorized officers, the day and year first above written. 
 

PRINCIPAL 
 

Name:        
 
Witness or Attest:      Address:        
 

By:        (SEAL) 
Name:      Name: 

Title: 
(Corporate Seal) 

 
 

SURETY 
 

Name:        
 
Witness or Attest:      Address:        
 

By:        (SEAL) 
Name:      Name: 

Title: 
(Corporate Seal) 
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 00 61 13.16-1 

 
PAYMENT BOND 

 
  

Bond Number:  ___________________ 
 
 
KNOW ALL PERSONS BY THESE PRESENTS, that we, ____________________, as principal 
(“Principal”), and __________________, a ____________________ corporation, legally authorized to do 
business in the State of Delaware, as surety (“Surety”), are held and firmly bound unto the Office of 
Management and Budget/Division of Facilities Management (“Owner”), in the amount of 
_________________ ($___________), to be paid to Owner, for which payment well and truly to be made, we 
do bind ourselves, our and each and every of our heirs, executors, administrations, successors and assigns, 
jointly and severally, for and in the whole firmly by these presents. 
 
Sealed with our seals and dated this _____________ day of____________, 20__. 
 
NOW THE CONDITION OF THIS OBLIGATION IS SUCH, that if Principal, who has been awarded by 
Owner that certain contract known as Contract No. ____________ dated the _______ day of 
_____________, 20__ (the “Contract”), which Contract is incorporated herein by reference, shall well and 
truly pay all and every person furnishing materials or performing labor or service in and about the performance 
of the work under the Contract, all and every sums of money due him, her, them or any of them, for all such 
materials, labor and service for which Principal is liable, shall make good and reimburse Owner sufficient 
funds to pay such costs in the completion of the Contract as Owner may sustain by reason of any failure or 
default on the part of Principal, and shall also indemnify and save harmless Owner from all costs, damages 
and expenses arising out of or by reason of the performance of the Contract and for as long as provided by the 
Contract; then this obligation shall be void, otherwise to be and remain in full force and effect. 
 
Surety, for value received, for itself and its successors and assigns, hereby stipulates and agrees that the 
obligation of Surety and its bond shall be in no way impaired or affected by any extension of time, 
modification, omission, addition or change in or to the Contract or the work to be performed thereunder, or by 
any payment thereunder before the time required therein, or by any waiver of any provisions thereof, or by any 
assignment, subletting or other transfer thereof or of any work to be performed or any monies due or to become 
due thereunder; and Surety hereby waives notice of any and all such extensions, modifications, omissions, 
additions, changes, payments, waivers, assignments, subcontracts and transfers and hereby expressly stipulates 
and agrees that any and all things done and omitted to be done by and in relation to assignees, subcontractors, 
and other transferees shall have the same effect as to Surety as though done or omitted to be done by or in 
relation to Principal. 
 
Surety hereby stipulates and agrees that no modifications, omission or additions in or to the terms of the 
Contract shall in any way whatsoever affect the obligation of Surety and its bond. 
 
Any proceeding, legal or equitable, under this Bond may be brought in any court of competent jurisdiction in 
the State of Delaware.  Notices to Surety or Contractor may be mailed or delivered to them at their respective 
addresses shown below. NOT FOR B
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IN WITNESS WHEREOF, Principal and Surety have hereunto set their hand and seals, and such of them as 
are corporations have caused their corporate seal to be hereto affixed and these presents to be signed by their 
duly authorized officers, the day and year first above written. 
 
 

PRINCIPAL 
 

Name:        
 
Witness or Attest:      Address:        
 
 

By:       (SEAL) 
Name:       Name: 

Title: 
(Corporate Seal) 

 
 

SURETY 
 
 

Name:        
 
Witness or Attest:      Address:        
 
 

By:       (SEAL) 
Name:      Name: 

Title: 
(Corporate Seal) 
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 SECTION 00 62 76 

CHANGE ORDER AIA G701-2017 

 
 
 
 
AIA Document G701™CMa–1992 is for implementing changes in the work agreed to by the owner, 

contractor, construction manager adviser, and architect. Execution of a completed AIA Document 

G701™–2017 indicates agreement upon all the terms of the change, including any changes in the 

Contract Sum (or Guaranteed Maximum Price) and Contract Time. It provides space for the signatures of 

the owner, contractor, construction manager adviser, and architect, and for a complete description of the 

change. The major difference between AIA Documents G701CMa–1992 and G701–2017 is that the 

signature of the construction manager adviser, along with those of the owner, architect and contractor, is 

required to validate the change order. 

 

A draft copy of this document is included herein as follows 
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SECTION 00 62 76  

APPLICATION AND CERTIFICATE FOR PAYMENT AIA G702-1992 

 

  

 

The Application and Certificate for Payment is as stated in the American Institute of Architects Document 

AIA G702 (1992 Edition) entitled Application and Certificate for Payment and is part of this project manual 

as if herein written in full. 

 

A draft copy of this document is included herein as follows 
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SECTION 00 62 76 

APPLICATION FOR PAYMENT CONTINUATION SHEET AIA G703 -1992 

 

 

AIA Document G702, Application and Certificate for Payment, is to be used in conjunction with AIA 

Document G703, Continuation Sheet. These documents are designed for use on Projects where the 

Contractor has a direct Agreement with the Owner. Procedures for their use are covered in AIA Document 

A201, General Conditions of the Contract for Construction. 

 

A draft copy of this document is included herein as follows. 
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SECTION 00 62 76 

CERTIFICATE OF SUBSTANTIAL COMPLETION AIA G704 - 2000 

 
 
 
AIA Document G704™–2000 is a standard form for recording the date of substantial completion of the 

work or a designated portion thereof. The contractor prepares a list of items to be completed or corrected, 

and the architect verifies and amends this list. If the architect finds that the work is substantially complete, 

the form is prepared for acceptance by the contractor and the owner, and the list of items to be completed 

or corrected is attached. In AIA Document G704–2000, the parties agree on the time allowed for 

completion or correction of the items, the date when the owner will occupy the work or designated 

portion thereof, and a description of responsibilities for maintenance, heat, utilities and insurance. 
 
A draft copy of this document is included herein as follows. 
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 SECTION 00 62 76 

CONTRACTOR’S AFFIDAVIT OF PAYMENT OF DEBTS AND CLAIMS AIA G706 - 1994 

 
 
 
The contractor submits this affidavit with the final request for payment, stating that all payrolls, bills for 

materials and equipment, and other indebtedness connected with the work for which the owner might be 

responsible has been paid or otherwise satisfied. AIA Document G706™–1994 requires the contractor to 

list any indebtedness or known claims in connection with the construction contract that have not been 

paid or otherwise satisfied. The contractor may also be required to furnish a lien bond or indemnity bond 

to protect the owner with respect to each exception. 

 

A draft copy of this document is included herein as follows. 
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SECTION 00 62 76 

CONTRACTOR’S AFFIDAVIT OF RELEASE OF LIENS AIA G706A - 1994 

 
 
 

AIA Document G706A™–1994 supports AIA Document G706™–1994 in the event that the owner 

requires a sworn statement of the contractor stating that all releases or waivers of liens have been 

received. In such event, it is normal for the contractor to submit AIA Documents G706–1994 and 

G706A–1994 along with attached releases or waivers of liens for the contractor, all subcontractors, and 

others who may have lien rights against the owner’s property. The contractor is required to list any 

exceptions to the sworn statement provided in G706A–1994, and may be required to furnish to the owner 

a lien bond or indemnity bond to protect the owner with respect to such exceptions. 

 

A draft copy of this document is included herein as follows. 
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SECTION 00 62 76 

CONSENT OF SURETY TO FINAL PAYMENT AIA G707 - 1994 

 
 
 
AIA Document G707™–1994 is intended for use as a companion to AIA Document G706™–1994, 

Contractor’s Affidavit of Payment of Debts and Claims, on construction projects where the contractor is 

required to furnish a bond. By obtaining the surety’s approval of final payment to the contractor and its 

agreement that final payment will not relieve the surety of any of its obligations, the owner may preserve 

its rights under the bond. 

 

A draft copy of this document is included herein as follows. 
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SECTION 00 62 76 

ARCHITECT’S SUPPLEMENTAL INSTRUCTIONS AIA G710 -1992 

 

AIA Document G710™–1992 is used by the architect to issue additional instructions or interpretations or to 

order minor changes in the work. It is intended to assist the architect in performing its obligations as 

interpreter of the contract documents in accordance with the owner/architect agreement and the general 

conditions of the contract for construction. AIA Document G710–1992 should not be used to change the 

contract sum or contract time. It is intended to help the architect perform its services with respect to minor 

changes not involving adjustment in the contract sum or contract time. Such minor changes are authorized 

under Section 7.4 of AIA Document A201™–2007. 

 

A draft copy of this document is included herein as follows 
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SECTION 00 62 76 

CONSTRUCTION CHANGE DIRECTIVE AIA G714 - 2007 

 
 
 
AIA Document G714™–2007 is a directive for changes in the Work for use where the owner and 

contractor have not reached an agreement on proposed changes in the contract sum or contract time. AIA 

Document G714–2007 was developed as a directive for changes in the work which, if not expeditiously 

implemented, might delay the project. Upon receipt of a completed G714–2007, the contractor must 

promptly proceed with the change in the work described therein. NOTE: G714–2001 expired in 2009. 

 

A draft copy of this document is included herein as follows. 
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SECTION 00 62 76 

ACORD CERTIFICATE OF INSURANCE AIA G715-1991 

 
 
 
AIA Document G715™–1991 is intended for use in adopting ACORD Form 25-S to certify the coverage 

required of contractors under AIA Document A201™–2007, General Conditions of the Contract for 

Construction. Since the ACORD certificate does not have space to show all the coverages required in 

AIA Document A201–2007, the Supplemental Attachment form should be completed, signed by the 

contractor’s insurance representative, and attached to the ACORD certificate. 

 

A draft copy of this document is included herein as follows. 
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SECTION 00 72 13 

GENERAL CONDITIONS OF THE CONSTRUCTION CONTRACT 
 
 
 
The General Conditions of this Contract are as stated in the American Institute of Architects Document AIA 
A201 (2007 Edition) entitled General Conditions of the Contract for Construction and is part of this project 
manual as if herein written in full. 
 
Copies of the Document are available through the Owner. 
 
A draft copy of this document is included herein as follows 
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Tetra Tech          SUPPLEMENTARY GENERAL CONDITIONS A201-2007  

  00 73 13-1 

 
SECTION 00 73 13 

SUPPLEMENTARY GENERAL CONDITIONS A201-2007 
 
 
 
The following supplements modify the “General Conditions of the Contract for Construction,” AIA Document A201-2007.  Where a 
portion of the General Conditions is modified or deleted by the Supplementary Conditions, the unaltered portions of the General 
Conditions shall remain in effect. 
 
 
 
 
TABLE OF ARTICLES 
 
 
 
1. GENERAL PROVISIONS 
 
2. OWNER 
 
3. CONTRACTOR 
 
4. ADMINISTRATION OF THE CONTRACT 
 
5. SUBCONTRACTORS 
 
6. CONSTRUCTION BY OWNER OR BY SEPARATE CONTRACTORS 
 
7. CHANGES IN THE WORK 
 
8. TIME 
 
9. PAYMENTS AND COMPLETION 
 
10. PROTECTION OF PERSONS AND PROPERTY 
 
11. INSURANCE AND BONDS 
 
12. UNCOVERING AND CORRECTION OF WORK 
 
13. MISCELLANEOUS PROVISIONS 
 
14. TERMINATION OR SUSPENSION OF THE CONTRACT 
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ARTICLE 1:  GENERAL PROVISIONS 
 
1.1  BASIC DEFINITIONS 
 
1.1.1  THE CONTRACT DOCUMENTS 
 

Delete the last sentence in its entirety and replace with the following: 
 

“The Contract Documents also include Advertisement for Bid, Instructions to Bidder, sample 
forms, the Bid Form, the Contractor’s completed Bid and the Award Letter.” 

 
Add the following Paragraph: 

 
1.1.2   In the event of conflict or discrepancies among the Contract Documents, the 

Documents prepared by the State of Delaware, Division of Facilities 
Management shall take precedence over all other documents.  

 
1.2  CORRELATION AND INTENT OF THE CONTRACT DOCUMENTS 
 

Add the following Paragraphs: 
 

1.2.4  In the case of an inconsistency between the Drawings and the Specifications, 
or within either document not clarified by addendum, the better quality or 
greater quantity of work shall be provided in accordance with the Architect’s 
interpretation. 

 
1.2.5  The word “PROVIDE” as used in the Contract Documents shall mean 

“FURNISH AND INSTALL” and shall include, without limitation, all labor, 
materials, equipment, transportation, services and other items required to 
complete the Work. 

 
1.2.6  The word “PRODUCT” as used in the Contract Documents means all 

materials, systems and equipment. 
 
1.5  OWNERSHIP AND USE OF DRAWINGS, SPECIFICATIONS AND OTHER 

INSTRUMENTS OF SERVICE 
 

Delete Paragraph 1.5.1 in its entirety and replace with the following: 
 

“All pre-design studies, drawings, specifications and other documents, including those in 
electronic form, prepared by the Architect under this Agreement are, and shall remain, the 
property of the Owner whether the Project for which they are made is executed or not.  
Such documents may be used by the Owner to construct one or more like Projects without the 
approval of, or additional compensation to, the Architect.  The Contractor, Subcontractors, 
Sub-subcontractors and Material or Equipment Suppliers are authorized to use and reproduce 
applicable portions of the Drawings, Specifications and other documents prepared by the 
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Architect and the Architect’s consultants appropriate to and for use in the execution of their 
Work under the Contract Documents.  They are not to be used by the Contractor or any 
Subcontractor, Sub-subcontractor or Material and Equipment Supplier on other Projects or for 
additions to this Project outside the scope of the Work without the specific written consent of 
the Owner, Architect and Architect’s consultants. 

 
The Architect shall not be liable for injury or damage resulting from the re-use of drawings 
and specifications if the Architect is not involved in the re-use Project.  Prior to re-use of 
construction documents for a Project in which the Architect is not also involved, the Owner 
will remove from such documents all identification of the original Architect, including name, 
address and professional seal or stamp.” 

 
Delete Paragraph 1.5.2 in its entirety. 

 
ARTICLE 2:  OWNER 
 
2.2  INFORMATION AND SERVICES REQUIRED OF THE OWNER 
 

To Subparagraph 2.2.3 – Add the following sentence: 
 

“The Contractor, at their expense shall bear the costs to accurately identify the location of all 
underground utilities in the area of their excavation and shall bear all cost for any repairs 
required, out of failure to accurately identify said utilities.” 

 
Delete Subparagraph 2.2.5 in its entirety and substitute the following: 

 
2.2.5  The Contractor shall be furnished free of charge up to three (3) sets of the 

Drawings and Project Manuals.  Additional sets will be furnished at the cost 
of reproduction, postage and handling. 

 
ARTICLE 3:  CONTRACTOR 
 
3.2  REVIEW OF CONTRACT DOCUMENTS AND FIELD CONDITIONS BY 

CONTRACTOR 
 

Amend Paragraph 3.2.2 to state that any errors, inconsistencies or omissions discovered shall 
be reported to the Architect and Owner immediately. 

 
Delete the third sentence in Paragraph 3.2.3. 

 
3.3  SUPERVISION AND CONSTRUCTION PROCEDURES 
 

Add the following Paragraphs: 
 

3.3.2.1  The Contractor shall immediately remove from the Work, whenever 
requested to do so by the Owner, any person who is considered by the 
Owner or Architect to be incompetent or disposed to be so disorderly, or 
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who for any reason is not satisfactory to the Owner, and that person shall not 
again be employed on the Work without the consent of the Owner or the 
Architect. 

 
3.3.4  The Contractor must provide suitable storage facilities at the Site for the 

proper protection and safe storage of their materials.  Consult the Owner and 
the Architect before storing any materials. 

 
3.3.5  When any room is used as a shop, storeroom, office, etc., by the Contractor 

or Subcontractor(s) during the construction of the Work, the Contractor 
making use of these areas will be held responsible for any repairs, patching 
or cleaning arising from such use. 

 
3.4  LABOR AND MATERIALS 
 

Add the Following Paragraphs: 
 

3.4.4  Before starting the Work, each Contractor shall carefully examine all 
preparatory Work that has been executed to receive their Work.  Check 
carefully, by whatever means are required, to insure that its Work and 
adjacent, related Work, will finish to proper contours, planes and levels.  
Promptly notify the General Contractor/Construction Manager of any defects 
or imperfections in preparatory Work which will in any way affect 
satisfactory completion of its Work.  Absence of such notification will be 
construed as an acceptance of preparatory Work and later claims of defects 
will not be recognized. 

 
3.4.5  Under no circumstances shall the Contractor’s Work proceed prior to 

preparatory Work having been completely cured, dried and/or otherwise 
made satisfactory to receive this Work.  Responsibility for timely installation 
of all materials rests solely with the Contractor responsible for that Work, 
who shall maintain coordination at all times. 

 
3.5  WARRANTY 
 

Add the following Paragraphs: 
 

3.5.1  The Contractor will guarantee all materials and workmanship against 
original defects, except injury from proper and usual wear when used for the 
purpose intended, for two (2) years after Acceptance by the Owner, and will 
maintain all items in perfect condition during the period of guarantee. 

 
3.5.2  Defects appearing during the period of guarantee will be made good by the 

Contractor at his expense upon demand of the Owner, it being required that 
all work will be in perfect condition when the period of guarantee will have 
elapsed. 
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3.5.3  In addition to the General Guarantee there are other guarantees required for 
certain items for different periods of time than the two (2) years as above, 
and are particularly so stated in that part of the specifications referring to 
same.  The said guarantees will commence at the same time as the General 
Guarantee. 

 
3.5.4  If the Contractor fails to remedy any failure, defect or damage within a 

reasonable time after receipt of notice, the Owner will have the right to 
replace, repair, or otherwise remedy the failure, defect or damage at the 
Contractor’s expense. 

 
3.11  DOCUMENTS AND SAMPLES AT THE SITE 
 

Add the following Paragraphs: 
 

3.11.1  During the course of the Work, the Contractor shall maintain a record set of 
drawings on which the Contractor shall mark the actual physical location of 
all piping, valves, equipment, conduit, outlets, access panels, controls, 
actuators, including all appurtenances that will be concealed once 
construction is complete, etc., including all invert elevations. 

 
3.11.2  At the completion of the project, the Contractor shall obtain a set of 

reproducible drawings from the Architect, and neatly transfer all information 
outlined in 3.11.1 to provide a complete record of the as-built conditions. 

 
3.11.3  Provide five (5) prints of these reproducibles, one (1) set for the State 

Archives, and one (1) set along with the reproducibles themselves and 
AutoCAD 2006/2010 CD’s to Owner.  In addition, attach one (1) complete 
set of prints to each of the Operating and Maintenance Instructions. 

 
 
3.17  In the first sentence of the paragraph, insert “indemnify” between “shall” and “hold”.  
 
ARTICLE 4:  ADMINISTRATION OF THE CONTRACT 
 
4.2  ADMINISTRATION OF THE CONTRACT 
 

Delete the first sentence of Paragraph 4.2.7 and replace with the following: 
 

The Architect will review and approve or take other appropriate action upon the Contractor’s 
submittals such as Shop Drawings, Product Data and Samples for the purpose of checking for 
conformance with the Contract Documents. 

 
Delete the second sentence of Paragraph 4.2.7 and replace with the following:  
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The Architect’s action will be taken with such reasonable promptness as to cause no delay in 
the Work in the activities of the Owner, Contractor or separate Contractors, while allowing 
sufficient time in the Owner’s professional judgment to permit adequate review. 

 
Add the following Paragraph: 

 
4.2.10.1 There will be no full-time project representative provided by the Owner or 

Architect on this project. 
 

Add to Paragraph 4.2.13 “and in compliance with all local requirements.” to the end of the 
sentence 
 

ARTICLE 5:  SUBCONTRACTORS 
 
5.2  AWARD OF SUBCONTRACTS AND OTHER CONTRACTS FOR PORTIONS OF THE 

WORK 
 

Delete Paragraph 5.2.3 in its entirety and replace with the following:   
 

5.2.3  If the Owner or Architect has reasonable objection to a person or entity 
proposed by the Contractor, the Contractor shall propose another to whom 
the Owner or Architect has no reasonable objection, subject to the statutory 
requirements of 29 Delaware Code § 6962(d)(10)b.3 and 4. 

 
ARTICLE 6:  CONSTRUCTION BY OWNER OR BY SEPARATE CONTRACTORS 
 
6.1  OWNER’S RIGHT TO PERFORM CONSTRUCTION AND TO AWARD SEPARATE 

CONTRACTS 
 

Delete Paragraph 6.1.4 in its entirety. 
 
6.2  MUTUAL RESPONSIBILITY 
 

6.2.3  In the second sentence, strike the word “shall” and insert the word “may”.  
 
ARTICLE 7:  CHANGES IN THE WORK 

 
(SEE ARTICLE 7: CHANGES IN WORK IN THE GENERAL REQUIREMENTS) 

 
ARTICLE 8:  TIME 

 
8.2  PROGRESS AND COMPLETION 
 

Add the following Paragraphs: 
 

8.2.1.1  Refer to Specification Section SUMMARY OF WORK for Contract time 
requirements. 
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8.2.4  If the Work falls behind the Progress Schedule as submitted by the 

Contractor, the Contractor shall employ additional labor and/or equipment 
necessary to bring the Work into compliance with the Progress Schedule at 
no additional cost to the Owner. 

 
8.3  DELAYS AND EXTENSION OF TIME 
 

8.3.1  Strike “arbitration” and insert “remedies at law or in equity”.  
 

Add the following Paragraph: 
 

8.3.2.1  The Contractor shall update the status of the suspension, delay, or 
interruption of the Work with each Application for Payment.  (The 
Contractor shall report the termination of such cause immediately upon the 
termination thereof.)  Failure to comply with this procedure shall constitute a 
waiver for any claim for adjustment of time or price based upon said cause. 

 
Delete Paragraph 8.3.3 in its entirety and replace with the following: 

 
8.3.3  Except in the case of a suspension of the Work directed by the Owner, an 

extension of time under the provisions of Paragraph 8.3.1 shall be the 
Contractor’s sole remedy in the progress of the Work and there shall be no 
payment or compensation to the Contractor for any expense or damage 
resulting from the delay. 

 
Add the following Paragraph: 

 
8.3.4  By permitting the Contractor to work after the expired time for completion 

of the project, the Owner does not waive their rights under the Contract. 
 
ARTICLE 9:  PAYMENTS AND COMPLETION 
 
9.2  SCHEDULE OF VALUES 
 

Add the following Paragraphs: 
 

9.2.1  The Schedule of Values shall be submitted using AIA Document G702, 
Continuation Sheet to G703. 

 
9.2.2   The Schedule of Values is to include a line item for Project Closeout 

Document Submittal.  The value of this item is to be no less than 1% of the 
initial contract amount. 

 
9.3  APPLICATIONS FOR PAYMENT 
 

Add the following Paragraph: 
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9.3.1.3  Application for Payment shall be submitted on AIA Document G702 

“Application and Certificate for Payment”, supported by AIA Document 
G703 “Continuation Sheet”.  Said Applications shall be fully executed and 
notarized. 

 
Add the following Paragraphs: 

 
9.3.4  Until Closeout Documents have been received and outstanding items 

completed the Owner will pay 95% (ninety-five percent) of the amount due 
the Contractor on account of progress payments. 

 
9.3.5  The Contractor shall provide a current and updated Progress Schedule to the 

Architect with each Application for Payment.  Failure to provide Schedule 
will be just cause for rejection of Application for Payment. 

 
9.5  DECISIONS TO WITHHOLD CERTIFICATION 

Add the following to 9.5.1: 
 

.8 failure to provide a current Progress Schedule; 

.9 a lien or attachment is filed; 

.10 failure to comply with mandatory requirements for maintaining Record Documents. 
 
9.6  PROGRESS PAYMENTS 
 

Delete Paragraph 9.6.1 in its entirety and replace with the following:   
 

9.6.1  After the Architect has approved and issued a Certificate for Payment, 
payment shall be made by the Owner within 30 days after Owner’s receipt of 
the Certificate for Payment. 

 
9.7  FAILURE OF PAYMENT 
 

In first sentence, strike “seven” and insert “thirty (30)”.  Also strike “binding dispute 
resolution” and insert “remedies at law or in equity”.  

 
9.8  SUBSTANTIAL COMPLETION 
 

To Subparagraph 9.8.3- Add the following sentence: 
 

“If the Architect is required to make more than 2 inspections of the same portion of work, the 
Contractor shall be responsible for all costs associated with subsequent inspections including 
but not limited to any Architect’s fees.” 

 
9.8.5  In the second sentence, strike “shall” and insert “may”.  

 
ARTICLE 10:  PROTECTION OF PERSONS AND PROPERTY 
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10.1  SAFETY PRECAUTIONS AND PROGRAMS 
 

Add the following Paragraphs: 
 

10.1.1.1 Each Contractor shall develop a safety program in accordance with the 
Occupational Safety and Health Act of 1970.  A copy of said plan shall be furnished 
to the Owner and Architect prior to the commencement of that Contractor’s Work. 

 
10.1.2  Each Contractor shall appoint a Safety Representative.  Safety 

Representatives shall be someone who is on site on a full time basis.  If 
deemed necessary by the Owner or Architect, Contractor Safety meetings 
will be scheduled.  The attendance of all Safety Representatives will be 
required.  Minutes will be recorded of said meetings by the Contractor and 
will be distributed to all parties as well as posted in all job offices/trailers 
etc. 

 
10.2  SAFETY OF PERSONS AND PROPERTY 
 

Add the following Paragraph: 
 

10.2.4.1 As required in the Hazardous Chemical Act of June 1984, all vendors 
supplying any material that may be defined as hazardous must provide Material 
Safety Data Sheets for those products.  Any chemical product should be considered 
hazardous if it has a caution warning on the label relating to a potential physical or 
health hazard, if it is known to be present in the work place, and if employees may be 
exposed under normal conditions or in foreseeable emergency situations.  Material 
Safety Data Sheets shall be provided directly to the Owner, along with the shipping 
slips that include those products. 

 
10.3  HAZARDOUS MATERIALS 
 

Delete Paragraph 10.3.3 in its entirety. 
 
10.5  Delete Paragraphs 10.3.6 in its entirety. 
 
ARTICLE 11:  INSURANCE AND BONDS 
 
11.1  CONTRACTOR’S LIABILITY INSURANCE 
 

11.1.4  Strike “the Owner” immediately following “(1)” and strike “and (2) the 
Owner as an additional insured for claims caused in whole or in part by the 
Contractor’s negligent acts or omissions during the Contractor’s completed 
operations.” 

 
11.2  OWNER’S LIABILITY INSURANCE 
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Delete Paragraph 11.2 in its entirety. 
 
11.3  PROPERTY INSURANCE 

 
Delete Paragraph 11.3 in its entirety and replace with the following:   

 
11.3  The State will not provide Builder’s All Risk Insurance for the Project.  The 

Contractor and all Subcontractors shall provide property coverage for their 
tools and equipment, as necessary.  Any mandatory deductible required by 
the Contractor’s Insurance shall be the responsibility of the Contractor. 

 
11.4  PERFORMANCE BOND AND PAYMENT BOND 
 
  Add the following sentence:  “The bonds will conform to those forms approved by the Office 

of Management and Budget.”   
  

 
ARTICLE 12:  UNCOVERING AND CORRECTION OF WORK 
 
12.2.2  AFTER SUBSTANTIAL COMPLETION 

Add the following Paragraph: 
 

12.2.2.1.1 At any time during the progress of the Work, or in any case where the nature 
of the defects will be such that it is not expedient to have corrected, the 
Owner, at its option, will have the right to deduct such sum, or sums, of 
money from the amount of the Contract as it considers justified to adjust the 
difference in value between the defective work and that required under 
contract including any damage to the structure. 

 
12.2.2.1 Strike “one” and insert “two”. 

 
12.2.2.2 Strike “one” and insert “two”. 

 
12.2.2.3 Strike “one” and insert “two”. 

 
12.2.5  In second sentence, strike “one” and insert “two”. 

 
ARTICLE 13:  MISCELLANEOUS PROVISIONS 
 
13.1  GOVERNING LAW 
 

Strike “except that, if the parties have selected arbitration as the method of binding dispute 
resolution, the Federal Arbitration Act shall govern Section 15.4.”  

 
13.6  INTEREST 
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Strike “the date payment is due at such rate as the parties may agree upon in writing or, in the 
absence thereof, at the legal rate prevailing from time to time at the place where the Project is 
located.”  Insert “30 days of presentment of the authorized Certificate of Payment at the 
annual rate of 12% or 1% per month. 

 
13.7  TIME LIMITS ON CLAIMS 
 

Strike the last sentence. 
 

Add the following Paragraph: 
 
13.8  CONFLICTS WITH FEDERAL STATUTES OR REGULATIONS 
 
13.8.1  If any provision, specifications or requirement of the Contract Documents conflict or is 

inconsistent with any statute, law or regulation of the government of the United State of 
America, the Contractor shall notify the Architect and Owner immediately upon discovery. 

 
ARTICLE 14: TERMINATION OR SUSPENSION OF THE CONTRACT  
 
14.4  TERMINATION BY THE OWNER FOR CONVENIENCE 
 

Delete Paragraph 14.4.3 in its entirety and replace with the following:   
 

14.4.3  In case of such termination for the Owner’s convenience, the Contractor 
shall be entitled to receive payment for Work executed, and cost incurred by 
reason of such termination along with reasonable overhead. 

 
ARTICLE 15: CLAIMS AND DISPUTES 
 
15.1.2  Throughout the Paragraph strike “21” and insert “45”. 
 
15.1.6  CLAIMS FOR CONSEQUENTIAL DAMAGES 
 

Delete Paragraph 15.1.6 in its entirety. 
 
15.2  INITIAL DECISION 
 

Delete Paragraph 15.2.5 in its entirety and replace with the following:   
 

15.2.5  The Architect will approve or reject Claims by written decision, which shall 
state the reasons therefore and shall notify the parties of any change in the 
Contract Sum or Contract Time or both.  The approval or rejection of a 
Claim by the Architect shall be subject to mediation and other remedies at 
law or in equity. 

 
Delete Paragraph 15.2.6 and its subparagraphs in their entirety.  

 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS     
STOKES ELEMENTARY SCHOOL   

                 

DIVISION OF FACILITIES MANAGEMENT  STATE OF DELAWARE   
 

 
SUPPLEMENTARY GENERAL CONDITIONS A201-2007 Tetra Tech 
00 73 13-12   

15.3  MEDIATION 
 

15.3.1  Strike “binding dispute resolution” and insert “any or all remedies at law or 
in equity”.  

 
15.3.2  In the first sentence, delete “administered by the American Arbitration 

Association in accordance with its Construction Industry Mediation 
Procedure in effect on the date of the Agreement,” Strike “binding dispute 
resolution” and insert “remedies at law and in equity”.  

 
15.4  ARBITRATION 
 

Delete Paragraph 15.4 and its sub-sections in its entirety. 
 

 
END OF SECTION 
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SECTION 00 52 13 

DELAWARE PREVAILING WAGE RATES 
 
 
 
State of Delaware, Department of Labor, Prevailing Wages. Provided in accordance with Delaware’s 
Prevailing Wage Regulations. 
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-------~----------------- ------- -

Mailing Address: 
225 CORPORATE BOULEVARD 
SUITE 104 
NEWARK, DE 19702 

STATE OF DELAWARE 
DEPARTMENT OF LABOR 

DIVISION OF INDUSTRIAL AFFAIRS 
OFFICE OF LABOR LAW ENFORCEMENT 

PHONE, (302) 451-3423 
Located at: 
225 CORPORATE BOULEVARD 
SUITE 104 
NEWARK, DE 19702 

PREVAILING WAGES FOR BUILDING CONSTRUCTION EFFECTIVE MARCH 15, 2017 

CLASSIFICATION NEW CASTLE KENT SUSSEX 

ASBESTOS WORKERS 22.86 28.16 

BOILERMAKERS 68.44 34.72 

BRICKLAYERS 51. 99 51. 99 

CARPENTE1l.S 53.81 53.81 

CEMENT FINISHERS 72. 28 46. 71 

ELECTRICAL LINE WORKERS 45.47 38.99 

ELECTRIOANS 66.85 66.85 

ELEVATOR' CONSTRUCTORS 90.49 64.49 

GLAZIERS, 71. 2 0 71.20 

INSULATORS 55.48 55.48 

IRON WORKERS 62.85 62.85 

LABORERS 44.70 44.70 

MILLWRIGHTS 69.18 69.18 

PAINTERS 48.47 48.47 

PILEDRIVERS 75.27 39.35 

PLASTERERS 29.84 2 9. 84 

PLUMBERS/PIPEFITTERS/STEAMFITTERS 65.95 51. 4 9 

POWER EQUIPMENT OPERATORS 67.29 67. 2 9 

ROOFERS-COMPOSITION 24.01 23.70 

ROOFERS-SHINGLE/SLATE/TILE 18. 3 9 21.86 

SHEET METAL WORKERS 67.03 67.03 

SOFT FLOOR LAYERS 51.12 51.12 

SPRINKLE~ FITTERS 57.29 57. 2 9 

TERRAZZOYMARBLE/TILE FNRS 57. 72 57.72 

40.98 

51.05 

51.99 

42.77 

22.17 

29.73 

66.85 

31. 94 

56.66 

55.48 

62.85 

44.70 

55.75 

48.47 

31.83 

22.12 

57.01 

43.83 

21.64 

17.19 

67.03 

51.12 

57.29 

4,7. 51 

TERRAZZO/MARBLE/TILE STRS 66.02 66.02 /55. 02 

TRUCK DRIVERS 28.75 _.../ .....-:l": I. 44 I / 20 .94 

. 
CERTIFIED' t?t/011n1~17 gy, /:Lf 4:~ 
NOTE' 

I I ADM!_ .
1 

TOR", ~~SOR ~ ENFORCEMENT 

~HESE RATES ARE PROMULGATED AND ENFORCED PURSUANT TO THE PREVAILING WAGE 
REGULATIONS ADOPTED BY THE DEPARTMENT OF LABOR ON APRIL 3, 1992. 

CLASSIFICATIONS OF WORKERS ARE DETERMINED BY THE DEPARTMENT OF LABOR. FOR 
ASSISTANCE IN CLASSIFYING WORKERS, OR FOR A COPY OF THE REGULATIONS OR 
CLASSIFICATIONS, PHONE (302) 451-3423. 

NON-REGISTERED APPRENTICES MUST BE PAID THE MECHANIC'S RATE. 

PROJECT: 'ooor Upgrades - Caesar Rodney SD - Star Hill ES, Stokes ES, Postlethwait MS, 
Fifer MS~ Kent County 

NOT FOR B
ID

DIN
G P

URPOSES



~ 

PREY AILING WAGE DEBARMENT LIST 

The following contractors have been debarred for violations of the prevailing wage law 
29Del.C. §6960 or other applicable State statutes. 

Therefore, no public construction contract in this State shall be bid on, awarded to, or 
received by contractors and individuals on this list for a period of (3) three years from the 
date of the judgment or as deemed by a court of competent jurisdiction. 

Date of 
Contractor Address Debarment 

Mullen Brothers, Inc. 3375 Garnett Road, Indefinite/ 
and Boothwyn, PA 19060 Civil Contempt 

Daniel Mullen, individually 

MMR Associates DBA 679 Horse Pond Road, 
Peninsula Glass and Dover, DE 19901 1/20/2015 

Michael Rooney, 
individually 

Site Work Safety Supplies, 4020 Seven Hickories Road 1/12/2016 
Inc. and Peter Coker, Dover, DE 19904 

individually 

Green Granite 604 Hcatherbrooke Court Indefinite/ 
and Avondale, PA 19311 Civil Contempt 

Jason Green, individually 

Pro Image Landscaping, Inc. 23 Commerce Street lndefinite/19 
and Wilmington, DE 1980 I and/or Del.C. §I 08 & 

Owner(s) individually 2 Cameo Road 10 Del.C. 542(c) 
Clavmont DE 19703 

Liberty Mechanical, LLC 2032 Duncan Road Indefinite/ 19 
and Wilmington, DE 19801 Del.C. 2374(f) 

Owner(s), individually 

Integrated Mechanical and 4601 Governor Printz Boulevard Indefinite/I 9 
Fire Systems Inc. and Allison Wilmington, DE 19809 Del.C. § 108 & 

Sheldon, individually 10 Del.C. 542(c) 

Updated: May 11, 2017 
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 DRUG TESTING FORMS 
   00 81 14 -1 

EMPLOYEE DRUG TESTING REPORT FORM 
 Period Ending:     

 
4104 Regulations for the Drug Testing of Contractor and Subcontractor Employees Working on 
Large Public Works Projects requires that Contractors and Subcontractors who work on Large 
Public Works Contracts funded all or in part with public funds submit Testing Report Forms to 
the Owner no less than quarterly. 
 
 
Project Number:           
 
Project Name:            
 
Contractor/Subcontractor Name:         
 
Contractor/Subcontractor Address:         
             
             
 
Number of employees who worked on the jobsite during the report period:    
 
Number of employees subject to random testing during the report period:    
 
Number of Negative Results       Number of Positive Results    
 
Action taken on employee(s) in response to a failed or positive random test: 
              
              
              
 
 
 
Authorized Representative of Contractor/Subcontractor:        

(typed or printed) 
 
Authorized Representative of Contractor/Subcontractor:        

       (signature) 
  
Date: _______________ 
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 DRUG TESTING FORMS 
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EMPLOYEE DRUG TESTING  
REPORT OF POSITIVE RESULTS 

 
4104 Regulations for the Drug Testing of Contractor and Subcontractor Employees Working on 
Large Public Works Projects requires that Contractors and Subcontractors who work on Large 
Public Works Contracts funded all or in part with public funds to notify the Owner in writing of 
a positive random drug test. 
 
 
Project Number:           
 
Project Name:            
 
Contractor/Subcontractor Name:         
 
Contractor/Subcontractor Address:         
             
             
 
Name of employee with positive test result:       
 
Last 4 digits of employee SSN:    
 
Date test results received:     
 
Action taken on employee in response to a positive test result: 
              
              
              
 
 
Authorized Representative of Contractor/Subcontractor:        

(typed or printed) 
 
Authorized Representative of Contractor/Subcontractor:        

     (signature) 
 
Date: _______________ 
 
 
This form shall be sent by mail to the Owner within 24 hours of receipt of test results.    
 
Enclose this test results form in a sealed envelope with the notation "Drug Testing Form – DO 
NOT OPEN" on the face thereof and place in a separate mailing envelope. 
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SECTION 01 11 00 

SUMMARY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Project information. 

2. Work covered by Contract Documents. 

3. General requirements of Contract. 

4. Owner-furnished products. 

5. Access to site. 

6. Coordination with occupants. 

7. Work restrictions. 

8. Phased construction 

1.3 DEFINITIONS 

A. Permanent Enclosure:  As determined by Architect, the condition at which roofing is insulated 

and weathertight; exterior walls are insulated and weathertight; all openings are closed with 

permanent construction; and all exterior joints are sealed. 

1.4 PROJECT INFORMATION 

A. Project Identification:  HVAC Improvements for Stokes Elementary School 

1. Project Location:  3874 Upper King Rd., Dover, DE 19904 

B. Owner’s Representative:  Ken Starke 

1. Address:  7 Front Street, PO Box 188, Wyoming, DE 19934 

C. Owner:  Caesar Rodney School District 

 

1. Address: 7 Front Street, PO Box 188, Wyoming, DE 19934 

D. Architect: Tetra Tech Inc. 
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1. Address: 240 Continental Drive, Suite 200, Newark, DE 19713 

E. Building Code in Effect for Project: 2012 IBC 

1.5 WORK COVERED BY CONTRACT DOCUMENTS 

A. The Work of Project is defined by the Contract Documents and consists of the following: 

B. Project consists of HVAC improvements to replace existing system with new system.  This 

includes but is not limited to replacement of chillers; retrofit of ceiling cassette type fan coil 

units in the entire school; installation of new central station air handling units, exhaust fans, and 

kitchen hood exhaust fan.  ATC system to be upgraded.  The Fire Protection system to be 

replaced.  Project also includes work to support HVAC improvements such as ceilings, 

insulation, access improvements and structural work as further described in Project Documents. 

C. Type of Contract: Project will be constructed under a single prime contract. 

1.6 GENERAL REQUIREMENTS OF CONTRACT 

A. Temporary Heating:  Not required for this project. 

B. Temporary Ventilation:  Not required for this project. 

C. Water Service:  Water is not required at the Project site. 

1.7 USE OF PREMISES 

A. Use of the Site:  Confine operations at the site to the areas permitted under the Contract.  

Portions of the site beyond areas on which work is indicated are not to be disturbed.  Conform 

to site rules and regulations affecting the work while engaged in project renovations. 

1. Keep driveways and entrances serving the premises clear and available for the Owner’s 

use at all times.  Do not use these areas for parking or storage of materials, except as 

directed by the Owner’s Representative. 

2. Do not encumber the site with materials or equipment.  Confine stockpiling of materials 

to the areas directed by the Owner’s Representative.  If storage is necessary, obtain and 

pay for such storage beyond the secure perimeter or off site. 

3. Lock automotive type vehicles, such as passenger cars and trucks and other mechanized 

or motorized construction equipment when parked and unattended to prevent 

unauthorized use.  Do not leave such vehicle or equipment unattended with the motor 

running or the ignition key in place. 

4. Parking areas for employees of the Contractor shall be designated in the vicinity of the 

project, and it shall be the responsibility of the Contractor to require its personnel to park 

in this designated area and not any area, which may interfere with the Owner’s normal 

operations. 
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1.8 PROTECTION OF PERSONS AND PROPERTY 

A. The Contractor shall provide ample and approved provisions for the protection of any area, 

which may be considered a hazard for any persons and vehicles operating in the area.  All 

hazards such as trenches, stored material, work areas, etc., shall be neatly barricaded and 

lighted. 

1. The safeguard measures for this project shall comply, at a minimum, with all applicable 

sections of the Occupational, Health, and Safety Act, with the latest addenda. 

1.9 OWNER’S OCCUPANCY REQUIREMENTS 

A. Full Owner Occupancy:  Owner will occupy site and existing building during entire construction 

period.  Cooperate with Owner during construction operations to minimize conflicts and 

facilitate Owner usage.  Perform the Work so as not to interfere with Owner’s day-to-day 

operations.  Maintain existing exits, unless otherwise indicated. 

1. Maintain access to existing walkways, corridors, and other adjacent occupied or used 

facilities.  Do not close or obstruct walkways, corridors, or other occupied or used 

facilities without written permission from Owner and authorities having jurisdiction. 

2. Provide not less than 72 hours’ notice to Owner of activities that will affect Owner’s 

operations. 

1.10 WORK RESTRICTIONS 

A. On-Site Work Hours:  Work shall be generally performed inside the existing building during 

normal business working hours of 7:00 a.m. to 3:00 p.m., Monday through Friday, except 

otherwise indicated. 

 

1.11 COORDINATION 

A. General:  The work of this Contract includes coordination of the entire work of the project, 

including preparation of general coordination drawings, diagrams and schedules, and control of 

site utilization, from the beginning of the demolition activity through the project closeout and 

warranty periods. 

B. Copies of governing regulations, which have a bearing on the performance of the work, can be 

obtained from or reviewed at the local, State, or Federal Agency responsible for the regulation in 

each case. 

C. Miscellaneous elements of information having a bearing on the performance of the work, such as 

weather forecasts and reports of general trade union negotiations; copies must be obtained by the 

Contractor through normal channels of information. 

D. Measurements:  Verify dimensions of existing work.  Any discrepancy between drawings and / 

or specifications and existing conditions shall be referred to the Architect in writing for 

adjustment before the work affected thereby has been performed.  In the event of the 

Contractor’s failure to give such notice, he will be held responsible for the results of any 

discrepancies and cost of rectifying same. 
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1.12 PHASED CONSTRUCTION 

A. The Work shall be conducted in two phases, with each phase substantially complete as 

indicated.  Phase 1 work to be completed in 2018.  Phase 2 work to be complete in 2019.  All 

work will be done over the summer break of the year shown.  

B. Before commencing Work of each phase, submit an updated copy of Contractor's construction 

schedule showing the sequence, commencement and completion dates for all phases of the 

Work. 

1.13  

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS   200-163183-17001-06 

STOKES EMEMENTARY SCHOOL                   

Tetra Tech ALTERNATES 

  01 23 00-1 

SECTION 01 23 00 

ALTERNATES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for alternates. 

1.3 DEFINITIONS 

A. Alternate: An amount proposed by bidders and stated on the Bid Form for certain work defined 

in the bidding requirements that may be added to or deducted from the base bid amount if the 

Owner decides to accept a corresponding change either in the amount of construction to be 

completed or in the products, materials, equipment, systems, or installation methods described 

in the Contract Documents. 

1. Alternates described in this Section are part of the Work only if enumerated in the 

Agreement. 

2. The cost or credit for each alternate is the net addition to or deduction from the Contract 

Sum to incorporate alternates into the Work. No other adjustments are made to the 

Contract Sum. 

1.4 PROCEDURES 

A. Coordination: Revise or adjust affected adjacent work as necessary to completely integrate work 

of the alternate into Project. 

1. Include as part of each alternate, miscellaneous devices, accessory objects, and similar 

items incidental to or required for a complete installation whether or not indicated as part 

of alternate. 

B. Execute accepted alternates under the same conditions as other work of the Contract. 

C. Schedule: A schedule of alternates is included at the end of this Section. Specification Sections 

referenced in schedule contain requirements for materials necessary to achieve the work 

described under each alternate. 
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PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 SCHEDULE OF ALTERNATES 

A. Alternate No. 1: Phasing and construction schedule. 

                

1. Base Bid:  Work included in Project Documentation to be performed in two (2) phases.  See 

Drawing PH-121 “First Floor Phasing Plan” for phasing diagrams.  Phase #1 will be per-

formed in Summer 2018.  Phase #2 will be performed in Summer 2019. 

2. Alternate:  All work included in Project Documentation to be performed in its entirety in  

Summer 2018. 

 

END OF SECTION 
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SECTION 01 25 00 

CONTRACT MODIFICATIONS PROCEDURES 
 
PART 1 - GENERAL 
 
1.1 RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 
 
1.2 SUMMARY 

 
A. This Section specifies administrative and procedural requirements for handling and processing 

Contract modifications. 
 
1.3 MINOR CHANGES IN THE WORK 

A. The Architect will issue supplemental instructions authorizing Minor Changes in the Work, not 
involving adjustment to the Contract Sum or the Contract Time, on AIA Document G710, 
“Architect’s Supplemental Instructions”. 

 
1.4 PROPOSAL REQUESTS 

 
A. Owner-Initiated Proposal Requests:  The Architect will issue a detailed description of proposed 

changes in the Work that may require adjustment to the Contract Sum or the Contract Time.  If 
necessary, the description will include supplemental or revised Drawings and Specifications. 
 
1. Proposal Requests issued by the Architect are for information only.  Do not consider 

them instructions either to stop work in progress or to execute the proposed change. 
2. Within time specified in Proposal Request after receipt of Proposal Request, submit a 

quotation estimating cost adjustments to the Contract Sum and the Contract Time 
necessary to execute the change.  Refer to procedures outlined in the Supplementary 
Conditions of the Contract. 
 

B. Contractor-Initiated Proposals:  If latent or unforeseen conditions require modifications to the 
Contract, Contractor may propose changes by submitting a request for a change to the Architect.  
Refer to Procedures outlined in the Supplementary Conditions of the Contract. 

 
1.6 CHANGE ORDER PROCEDURES 

 
A. On Owner’s approval of a Proposal Request, the Architect will issue a Change Order for 

signatures of Owner and Contractor on AIA Document G701. 
 
1.7 CONSTRUCTION CHANGE DIRECTIVE 

A. Work Change Directive:  The Architect may issue a Work Change Directive on AIA 
Document G714.  Work Change Directive instructs Contractor to proceed with a change in the 
Work, for subsequent inclusion in a Change Order. 
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1. Work Change Directive contains a complete description of change in the Work.  It also 
designates method to be followed to determine change in the Contract Sum or the 
Contract Time. 

 
B. Documentation:  Maintain detailed records on a time and material basis of work required by the 

Work Change Directive. 
 
1. After completion of change, submit an itemized account and supporting data necessary to 

substantiate cost and time adjustments to the Contract. 
 
 
PART 2 - PRODUCTS (Not Used) 
 
 
PART 3 - EXECUTION (Not Used) 
 
 

END OF SECTION 
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SECTION 01 31 00 

PROJECT MANAGEMENT & COORDINATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes administrative provisions for coordinating construction operations on the 
Project including, but not limited to, the following: 

1. General project coordination procedures. 
2. Coordination Drawings. 
3. Administrative and supervisory personnel. 
4. Project meetings. 

B. Each contractor shall participate in coordination requirements.  Certain areas of responsibility 
will be assigned to a specific contractor. 

C. Related Sections:  The following Sections contain requirements that relate to this Section: 

1. Division 01 Section “Closeout Procedures” for coordinating Contract closeout. 

1.3 COORDINATION 

A. Coordination:  Coordinate construction operations included in various Sections of the 
Specifications to ensure efficient and orderly installation of each part of the Work.  Coordinate 
construction operations, included in different Sections that depend on each other for proper 
installation, connection, and operation. 

1. Schedule construction operations in sequence required to obtain the best results where 
installation of one part of the Work depends on installation of other components, before 
or after its own installation. 

2. Coordinate installation of different components with other contractors to ensure 
maximum accessibility for required maintenance, service, and repair. 

3. Make adequate provisions to accommodate items scheduled for later installation. 

B. If necessary, prepare memoranda for distribution to each party involved, outlining special 
procedures required for coordination.  Include such items as required notices, reports, and list of 
attendees at meetings. 

1. Prepare similar memoranda for the Owner and separate contractors if coordination of 
their Work is required. 

C. Administrative Procedures:  Coordinate scheduling and timing of required administrative 
procedures with other construction activities and activities of other contractors to avoid conflicts 
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and to ensure orderly progress of the Work.  Such administrative activities include, but are not 
limited to, the following: 

1. Preparation of the Contractor’s Construction Schedule. 
2. Preparation of the Schedule of Values. 
3. Installation and removal of temporary facilities and controls. 
4. Delivery and processing of submittals. 
5. Progress meetings. 
6. Preinstallation conferences. 
7. Project closeout activities. 

D. Conservation:  Coordinate construction activities to ensure that operations are carried out with 
consideration given to conservation of energy, water, and materials. 

1.4 SUBMITTALS 

A. Coordination Drawings:  Prepare Coordination Drawings if limited space availability 
necessitates maximum utilization of space for efficient installation of different components or if 
coordination is required for installation of products and materials fabricated by separate entities. 

1. Indicate relationship of components shown on separate Shop Drawings. 
2. Indicate required installation sequences. 

B. Staff Names:  Within 15 days of starting construction operations, submit a list of principal staff 
assignments, including superintendent and other personnel in attendance at the Project site.  
Identify individuals and their duties and responsibilities; list addresses and telephone numbers, 
including home and office telephone numbers.  Provide names, addresses, and telephone 
numbers of individuals assigned as standbys in the absence of individuals assigned to the 
Project. 

1.5 PROJECT MEETINGS 

A. General:  Schedule and conduct meetings and conferences at the Project site, unless otherwise 
indicated. 

1. Attendees:  Inform participants and others involved, and individuals whose presence is 
required, of date and time of each meeting.  Notify the Owner and the Architect of 
scheduled meeting dates and times. 

2. Agenda:  Prepare the meeting agenda.  Distribute the agenda to all invited attendees. 
3. Minutes:  Record significant discussions and agreements achieved.  Distribute the 

meeting minutes to everyone concerned, including the Owner and the Architect, within 3 
days of the meeting. 

B. Preconstruction Conference:  Schedule a preconstruction conference before starting 
construction, at a time convenient to the Owner and the Architect, but no later than 15 days after 
execution of the Agreement.  Hold the conference at the Project site or another convenient 
location.  Conduct the meeting to review responsibilities and personnel assignments. 

1. Attendees:  Authorized representatives of the Owner, the Architect, and their consultants; 
the Contractor and its superintendent; major subcontractors; manufacturers; suppliers; 
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and other concerned parties shall attend the conference.  All participants at the conference 
shall be familiar with the Project and authorized to conclude matters relating to the Work. 

2. Agenda:  Discuss items of significance that could affect progress, including the 
following: 

a. Tentative construction schedule. 
b. Phasing. 
c. Critical work sequencing. 
d. Designation of responsible personnel. 
e. Procedures for processing field decisions and Change Orders. 
f. Procedures for processing Applications for Payment. 
g. Distribution of the Contract Documents. 
h. Submittal procedures. 
i. Preparation of Record Documents. 
j. Use of the premises. 
k. Responsibility for temporary facilities and controls. 
l. Parking availability. 
m. Office, work, and storage areas. 
n. Equipment deliveries and priorities. 
o. First aid. 
p. Security. 
q. Progress cleaning. 
r. Working hours. 

C. Progress Meetings:  Conduct progress meetings at semi-monthly intervals.  Coordinate dates of 
meetings with preparation of payment requests. 

1. Agenda:  Review and correct or approve minutes of previous progress meeting.  Review 
other items of significance that could affect progress.  Include topics for discussion as 
appropriate to status of the Project. 

a. Contractor’s Construction Schedule:  Review progress since the last meeting.  
Determine whether each activity is on time, ahead of schedule, or behind schedule, 
in relation to the Contractor’s Construction Schedule.  Determine how construction 
behind schedule will be expedited; secure commitments from parties involved to 
do so.  Discuss whether schedule revisions are required to ensure that current and 
subsequent activities will be completed within the Contract Time. 

b. Review present and future needs of each entity present, including the following: 

1) Interface requirements. 
2) Sequence of operations. 
3) Status of submittals. 
4) Deliveries. 
5) Off-site fabrication. 
6) Access. 
7) Site utilization. 
8) Temporary facilities and controls. 
9) Work hours. 
10) Hazards and risks. 
11) Progress cleaning. 
12) Quality and work standards. 
13) Change Orders. 
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14) Documentation of information for payment requests. 

2. Reporting:  Distribute minutes of the meeting to each party present and to parties who 
should have been present.  Include a brief summary, in narrative form, of progress since 
the previous meeting and report. 

a. Schedule Updating:  Revise the Contractor’s Construction Schedule after each 
progress meeting where revisions to the schedule have been made or recognized.  
Issue revised schedule concurrently with the report of each meeting. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 
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SECTION 01 31 20 

PAYROLL REPORTS 

 
PART 1 - GENERAL 
 
1.1 RELATED DOCUMENTS 
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section. 

 
1.2 SUMMARY 
 
 A. This Section includes administrative and procedural requirements for schedules and reports 

required for proper performance of the Work, including: 
 
  1. State of Delaware Payroll Reports. 
 
 B. Related Sections:  The following Sections contain requirements that relate to this Section: 
 

1. Division 00 Section "Supplementary General Conditions A201-2007" specifies 
requirements for submittal of the Schedule of Values. 

2. Division 01 Section "Project Management & Coordination" specifies requirements for 
submittal and distribution of meeting and conference minutes. 

 
1.3 SUBMITTAL PROCEDURES 
 
 A. Coordination:  Coordinate preparation and processing of schedules and reports with 

performance of other construction activities. 
 
1.4 PAYROLL REPORTS 
 

A. State of Delaware Payroll Reports:  As required by the State of Delaware, Section 6960, Title 
29, of the Delaware Code, payroll wages shall be reported weekly to the Delaware 
Department of Labor, Division of Industrial Affairs, 4425 North Market Street, Wilmington, 
DE 19802, phone 302-761-8200.  Forms shall be available at the above address.  A sample 
copy of the form is attached under contract forms, State of Delaware Payroll Report. 

 
 
PART 2 - PRODUCTS (Not Applicable) 
 
 
PART 3 - EXECUTION (Not Applicable) 
 
 

END OF SECTION 
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SECTION 01 32 00 

CONSTRUCTION PROGRESS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes administrative and procedural requirements for documenting the progress 
of construction during performance of the Work, including the following: 

1. Preliminary Construction Schedule. 
2. Contractor’s Construction Schedule. 
3. Submittals Schedule. 
4. Daily construction reports. 
5. Material location reports. 
6. Field condition reports. 
7. Construction photographs. 

B. Related Sections include the following: 

1. Division 00 Section “Supplementary General Conditions A201-2007” for submitting the 
Schedule of Values. 

2. Division 01 Section “Project Management and Coordination” for submitting and 
distributing meeting and conference minutes. 

3. Division 01 Section “Submittal Procedures” for submitting schedules and reports. 
4. Division 01 Section “Closeout Procedures” for submitting photographic negatives as 

Project Record Documents at Project closeout. 

1.3 DEFINITIONS 

A. Activity:  A discrete part of a project that can be identified for planning, scheduling, monitoring, 
and controlling the construction project.  Activities included in a construction schedule consume 
time and resources. 

1. Critical activities are activities on the critical path.  They must start and finish on the 
planned early start and finish times. 

2. Predecessor activity is an activity that must be completed before a given activity can be 
started. 

B. CPM:  Critical path method, which is a method of planning and scheduling a construction 
project where activities are arranged based on activity relationships.  Network calculations 
determine when activities can be performed and the critical path of Project. 

C. Critical Path:  The longest continuous chain of activities through the network schedule that 
establishes the minimum overall Project duration and contains no float. 
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D. Event:  The starting or ending point of an activity. 

E. Float:  The measure of leeway in starting and completing an activity. 

1. Float time is not for the exclusive use or benefit of either Owner or Contractor, but is a 
jointly owned, expiring Project resource available to both parties as needed to meet 
schedule milestones and Contract completion date. 

2. Free float is the amount of time an activity can be delayed without adversely affecting the 
early start of the following activity. 

3. Total float is the measure of leeway in starting or completing an activity without 
adversely affecting the planned Project completion date. 

F. Major Area:  A story of construction, a separate building, or a similar significant construction 
element. 

G. Milestone:  A key or critical point in time for reference or measurement. 

H. Network Diagram:  A graphic diagram of a network schedule, showing activities and activity 
relationships. 

1.4 SUBMITTALS 

A. Qualification Data:  For firms and persons specified in “Quality Assurance” Article and in-
house scheduling personnel to demonstrate their capabilities and experience.  Include lists of 
completed projects with project names and addresses, names and addresses of architects and 
owners, and other information specified. 

B. Submittals Schedule:  Submit three copies of schedule.  Arrange the following information in a 
tabular format: 

1. Scheduled date for first submittal. 
2. Specification Section number and title. 
3. Submittal category (action or informational). 
4. Name of subcontractor. 
5. Description of the Work covered. 

C. Contractor’s Construction Schedule:  Submit three printed copies of initial schedule, one a 
reproducible print and one a blue- or black-line print, large enough to show entire schedule for 
entire construction period. 

D. CPM Reports:  Concurrent with CPM schedule, submit three printed copies of each of the 
following computer-generated reports.  Format for each activity in reports shall contain activity 
number, activity description, original duration, remaining duration, early start date, early finish 
date, late start date, late finish date, and total float. 

1. Activity Report:  List of all activities sorted by activity number and then early start date, 
or actual start date if known. 

2. Logic Report:  List of preceding and succeeding activities for all activities, sorted in 
ascending order by activity number and then early start date, or actual start date if known. 

3. Total Float Report:  List of all activities sorted in ascending order of total float. 
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E. Daily Construction Reports:  Submit two copies at weekly intervals. 

F. Material Location Reports:  Submit two copies at weekly intervals. 

G. Field Condition Reports:  Submit two copies at weekly intervals. 

1.5 QUALITY ASSURANCE 

A. Scheduling Consultant Qualifications:  An experienced specialist in CPM scheduling and 
reporting. 

1.6 COORDINATION 

A. Coordinate preparation and processing of schedules and reports with performance of 
construction activities and with scheduling and reporting of separate contractors. 

B. Coordinate Contractor’s Construction Schedule with the Schedule of Values, list of 
subcontracts, Submittals Schedule, progress reports, payment requests, and other required 
schedules and reports. 

1. Secure time commitments for performing critical elements of the Work from parties 
involved. 

2. Coordinate each construction activity in the network with other activities and schedule 
them in proper sequence. 

PART 2 - PRODUCTS 

2.1 SUBMITTALS SCHEDULE 

A. Preparation:  Submit a schedule of submittals, arranged in chronological order by dates required 
by construction schedule.  Include time required for review, resubmittal, ordering, 
manufacturing, fabrication, and delivery when establishing dates. 

1. Coordinate Submittals Schedule with list of subcontracts, the Schedule of Values, and 
Contractor’s Construction Schedule. 

2. Final Submittal:  Submit concurrently with the first complete submittal of Contractor’s 
Construction Schedule. 

2.2 CONTRACTOR’S CONSTRUCTION SCHEDULE (CPM SCHEDULE) 

A. CPM Schedule:  Prepare Contractor’s Construction Schedule using a CPM network analysis 
diagram. 

1. Develop network diagram in sufficient time to submit CPM schedule so it can be 
accepted for use no later than 15 days after date established for the Notice to Proceed. 

2. Establish procedures for monitoring and updating CPM schedule and for reporting 
progress.  Coordinate procedures with progress meeting and payment request dates. 

3. Use “one workday” as the unit of time. 

B. CPM Schedule Preparation:  Prepare a list of all activities required to complete the Work.  
Using the preliminary network diagram, prepare a skeleton network to identify probable critical 
paths. 
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1. Activities:  Indicate the estimated time duration, sequence requirements, and relationship 
of each activity in relation to other activities.  Include estimated time frames for the 
following activities: 

a. Preparation and processing of submittals. 
b. Purchase of materials. 
c. Delivery. 
d. Fabrication. 
e. Installation. 

2. Processing:  Process data to produce output data or a computer-drawn, time-scaled 
network.  Revise data, reorganize activity sequences, and reproduce as often as necessary 
to produce the CPM schedule within the limitations of the Contract Time. 

3. Format:  Mark the critical path.  Locate the critical path near center of network; locate 
paths with most float near the edges. 

a. Subnetworks on separate sheets are permissible for activities clearly off the critical 
path. 

2.3 REPORTS 

A. Daily Construction Reports:  Prepare a daily construction report recording the following 
information concerning events at Project site: 

1. List of subcontractors at Project site. 
2. List of separate contractors at Project site. 
3. Approximate count of personnel at Project site. 
4. High and low temperatures and general weather conditions. 
5. Accidents. 
6. Meetings and significant decisions. 
7. Unusual events (refer to special reports). 
8. Stoppages, delays, shortages, and losses. 
9. Meter readings and similar recordings. 
10. Emergency procedures. 
11. Orders and requests of authorities having jurisdiction. 
12. Change Orders received and implemented. 
13. Construction Change Directives received. 
14. Services connected and disconnected. 
15. Equipment or system tests and startups. 
16. Partial Completions and occupancies. 
17. Substantial Completions authorized. 

B. Material Location Reports:  At monthly intervals, prepare a comprehensive list of materials 
delivered to and stored at Project site.  List shall be cumulative, showing materials previously 
reported plus items recently delivered.  Include with list a statement of progress on and delivery 
dates for materials or items of equipment fabricated or stored away from Project site. 

C. Field Condition Reports:  Immediately on discovery of a difference between field conditions 
and the Contract Documents, prepare a detailed report.  Submit with a request for information.  
Include a detailed description of the differing conditions, together with recommendations for 
changing the Contract Documents. 

PART 3 - EXECUTION (not used) 

END OF SECTION 
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SECTION 01 33 00 

SUBMITTAL PROCEDURES 
 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes administrative and procedural requirements for submitting Shop 
Drawings, Product Data, Samples, and other miscellaneous submittals. 

B. Related Sections include the following: 

1. Division 01 Section “Project Management and Coordination” for submitting 
Coordination Drawings. 

1.3 DEFINITIONS 

A. Action Submittals:  Written and graphic information that requires the Architect’s responsive 
action. 

B. Informational Submittals:  Written information that does not require the Architect’s approval.  
Submittals may be rejected for not complying with requirements. 

1.4 SUBMITTAL PROCEDURES 

A. General:  Architect will provide electronic copies of CADD drawings of the Contract Drawings 
for Contractor’s use in preparing submittals. 

1. Upon request contractor shall sign a release form provided by the Architect and payment 
of the processing fee for each consultant’s CADD files.  Only plan drawings and 
backgrounds to be provided.    

B. Coordination:  Coordinate preparation and processing of submittals with performance of 
construction activities. 

1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other 
submittals, and related activities that requires sequential activity. 

2. Coordinate transmittal of different types of submittals for related parts of the Work so 
processing will not be delayed because of need to review submittals concurrently for 
coordination. 

a. The Architect reserves the right to withhold action on a submittal requiring 
coordination with other submittals until related submittals are received. 
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C. Submittals Schedule:  Comply with requirements in Division 1 Section “Construction Progress 
Documentation” for list of submittals and time requirements for scheduled performance of 
related construction activities. 

D. Processing Time:  Allow enough time for submittal review, including time for resubmittals, as 
follows.  Time for review shall commence on the Architect’s receipt of submittal. 

1. Initial Review:  Allow 15 days for initial review of each submittal.  Allow additional time 
if processing must be delayed to permit coordination with subsequent submittals.  The 
Architect will advise the Contractor when a submittal being processed must be delayed 
for coordination. 

2. Concurrent Review:  Where concurrent review of submittals by the Architect’s 
consultants, the Owner, or other parties is required, allow 21 days for initial review of 
each submittal. 

E. Identification:  Place a permanent label or title block on each submittal for identification. 

1. Indicate name of firm or entity that prepared each submittal on label or title block. 
2. Provide a space approximately 4 by 5 inches (100 by 125 mm) on label or beside title 

block to record the Contractor’s review and approval markings and action taken by the 
Architect. 

3. Include the following information on label for processing and recording action taken: 

a. Project name. 
b. Date. 
c. Name and address of Architect. 
d. Name and address of Contractor. 
e. Name and address of subcontractor. 
f. Name and address of supplier. 
g. Name of manufacturer. 
h. Number and title of appropriate Specification Section. 
i. Drawing number and detail references, as appropriate. 

F. Deviations:  Highlight, encircle, or otherwise identify deviations from the Contract Documents 
on submittals. 

G. Additional Copies:  Unless additional copies are required for final submittal, and unless the 
Architect observes noncompliance with provisions of the Contract Documents, initial submittal 
may serve as final submittal. 

1. Submit one copy of submittal to concurrent reviewer in addition to specified number of 
copies to the Architect. 

2. Additional copies submitted for maintenance manuals will not be marked with action 
taken and will be returned. 

H. Transmittal:  Package each submittal individually and appropriately for transmittal and 
handling.  Transmit each submittal using a transmittal form.  The Architect will return 
submittals received from sources other than the Contractor. 

1. On an attached separate sheet, prepared on the Contractor’s letterhead, record relevant 
information, requests for data, revisions other than those requested by the Architect on 
previous submittals, and deviations from requirements of the Contract Documents, 
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including minor variations and limitations.  Include the same label information as the 
related submittal. 

2. Include the Contractor’s certification stating that information submitted complies with 
requirements of the Contract Documents. 

I. Use for Construction:  Use only final submittals with mark indicating action taken by the 
Architect in connection with construction. 

PART 2 - PRODUCTS 

2.1 ACTION SUBMITTALS 

A. General:  Prepare and submit Action Submittals required by individual Specification Sections. 

1. Number of Copies:  Submit five copies of each submittal, unless otherwise indicated.  
The Architect will return two copies.  Mark up and retain one returned copy as a Project 
Record Document. 

B. Product Data:  Collect information into a single submittal for each element of construction and 
type of product or equipment. 

1. If information must be specially prepared for submittal because standard printed data are 
not suitable for use, submit as Shop Drawings, not as Product Data. 

2. Mark each copy of each submittal to show which products and options are applicable. 
3. Include the following information, as applicable: 

a. Manufacturer’s written recommendations. 
b. Manufacturer’s product specifications. 
c. Manufacturer’s installation instructions. 
d. Standard color charts. 
e. Manufacturer’s catalog cuts. 
f. Wiring diagrams showing factory-installed wiring. 
g. Printed performance curves. 
h. Operational range diagrams. 
i. Mill reports. 
j. Standard product operating and maintenance manuals. 
k. Compliance with recognized trade association standards. 
l. Compliance with recognized testing agency standards. 
m. Application of testing agency labels and seals. 
n. Notation of coordination requirements. 

C. Shop Drawings:  Prepare Project-specific information, drawn accurately to scale.  Do not base 
Shop Drawings on reproductions of the Contract Documents or standard printed data. 

1. Preparation:  Include the following information, as applicable: 

a. Dimensions. 
b. Identification of products. 
c. Fabrication and installation drawings. 
d. Roughing-in and setting diagrams. 
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e. Wiring diagrams showing field-installed wiring, including power, signal, and 
control wiring. 

f. Shop work manufacturing instructions. 
g. Templates and patterns. 
h. Schedules. 
i. Design calculations. 
j. Compliance with specified standards. 
k. Notation of coordination requirements. 
l. Notation of dimensions established by field measurement. 

2. Number of Copies:  Submit one correctable, translucent, reproducible print and six blue- 
or black-line print of each submittal. The Architect will return the reproducible print. 

D. Samples:  Prepare physical units of materials or products, including the following: 

1. Samples for Verification:  Submit full-size units or Samples of size indicated, prepared 
from the same material to be used for the Work, cured and finished in manner specified, 
and physically identical with the product proposed for use, and that show full range of 
color and texture variations expected.  Samples include, but are not limited to, the 
following:  partial sections of manufactured or fabricated components; small cuts or 
containers of materials; complete units of repetitively used materials; swatches showing 
color, texture, and pattern; color range sets; and components used for independent testing 
and inspection. 

2. Submit Samples for review of kind, color, pattern, and texture for a final check of these 
characteristics with other elements and for a comparison of these characteristics between 
final submittal and actual component as delivered and installed. 

a. If variation in color, pattern, texture, or other characteristic is inherent in the 
product represented by a Sample, submit at least two sets of paired units that show 
approximate limits of the variations. 

b. Refer to individual Specification Sections for requirements for Samples that 
illustrate workmanship, fabrication techniques, details of assembly, connections, 
operation, and similar construction characteristics. 

3. Disposition:  Maintain sets of approved Samples at Project site, available for quality-
control comparisons throughout the course of construction activity.  Sample sets may be 
used to determine final acceptance of construction associated with each set. 

a. Samples that may be incorporated into the Work are indicated in individual 
Specification Sections.  Such Samples must be in an undamaged condition at time 
of use. 

E. Product Schedule or List:  Prepare a written summary indicating types of products required for 
the Work and their intended location.  Include the following information in tabular form: 

1. Type of product.  Include unique identifier for each product. 
2. Number and name of room or space. 
3. Location within room or space. 

F. Submittals Schedule:  Comply with requirements in Division 1 Section “Construction Progress 
Documentation.” 
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G. Application for Payment:  Comply with requirements in Division 1 Section “Payment 
Procedures.” 

H. Schedule of Values:  Comply with requirements in Division 1 Section “Payment Procedures.” 

2.2 INFORMATIONAL SUBMITTALS 

A. General:  Prepare and submit Informational Submittals required by other Specification Sections. 

1. Number of Copies:  Submit one copies of each submittal, unless otherwise indicated.  
The Architect will not return copies. 

2. Certificates and Certifications:  Provide a notarized statement that includes signature of 
entity responsible for preparing certification.  Certificates and certifications shall be 
signed by an officer or other individual authorized to sign documents on behalf of that 
entity. 

3. Test and Inspection Reports:  Comply with requirements in Division 1 Section “Quality 
Requirements.” 

B. Qualification Data:  Prepare written information that demonstrates capabilities and experience 
of firm or person.  Include lists of completed projects with project names and addresses, names 
and addresses of architects and owners, and other information specified. 

C. Product Certificates:  Prepare written statements on manufacturer’s letterhead certifying that 
product complies with requirements. 

D. Welding Certificates:  Prepare written certification that welding procedures and personnel 
comply with requirements.  Submit record of Welding Procedure Specification (WPS) and 
Procedure Qualification Record (PQR) on AWS forms.  Include names of firms and personnel 
certified. 

E. Installer Certificates:  Prepare written statements on manufacturer’s letterhead certifying that 
Installer complies with requirements and, where required, is authorized for this specific Project. 

F. Manufacturer Certificates:  Prepare written statements on manufacturer’s letterhead certifying 
that manufacturer complies with requirements.  Include evidence of manufacturing experience 
where required. 

G. Material Certificates:  Prepare written statements on manufacturer’s letterhead certifying that 
material complies with requirements. 

H. Material Test Reports:  Prepare reports written by a qualified testing agency, on testing 
agency’s standard form, indicating and interpreting test results of material for compliance with 
requirements. 

I. Preconstruction Test Reports:  Prepare reports written by a qualified testing agency, on testing 
agency’s standard form, indicating and interpreting results of tests performed before installation 
of product, for compliance with performance requirements. 

J. Compatibility Test Reports:  Prepare reports written by a qualified testing agency, on testing 
agency’s standard form, indicating and interpreting results of compatibility tests performed 
before installation of product.  Include written recommendations for primers and substrate 
preparation needed for adhesion. 
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K. Field Test Reports:  Prepare reports written by a qualified testing agency, on testing agency’s 
standard form, indicating and interpreting results of field tests performed either during 
installation of product or after product is installed in its final location, for compliance with 
requirements. 

L. Product Test Reports:  Prepare written reports indicating current product produced by 
manufacturer complies with requirements.  Base reports on evaluation of tests performed by 
manufacturer and witnessed by a qualified testing agency, or on comprehensive tests performed 
by a qualified testing agency. 

M. Research/Evaluation Reports:  Prepare written evidence, from a model code organization 
acceptable to authorities having jurisdiction, that product complies with building code in effect 
for Project.  Include the following information: 

1. Name of evaluation organization. 
2. Date of evaluation. 
3. Time period when report is in effect. 
4. Product and manufacturers’ names. 
5. Description of product. 
6. Test procedures and results. 
7. Limitations of use. 

N. Maintenance Data:  Prepare written and graphic instructions and procedures for operation and 
normal maintenance of products and equipment.  Comply with requirements in Division 1 
Section “Closeout Procedures”. 

O. Design Data:  Prepare written and graphic information, including, but not limited to, 
performance and design criteria, list of applicable codes and regulations, and calculations.  
Include list of assumptions and other performance and design criteria and a summary of loads.  
Include load diagrams if applicable.  Provide name and version of software, if any, used for 
calculations.  Include page numbers. 

P. Manufacturer’s Instructions:  Prepare written or published information that documents 
manufacturer’s recommendations, guidelines, and procedures for installing or operating a 
product or equipment.  Include name of product and name, address, and telephone number of 
manufacturer.  Include the following, as applicable: 

1. Preparation of substrates. 
2. Required substrate tolerances. 
3. Sequence of installation or erection. 
4. Required installation tolerances. 
5. Required adjustments. 
6. Recommendations for cleaning and protection. 

Q. Manufacturer’s Field Reports:  Prepare written information documenting factory-authorized 
service representative’s tests and inspections.  Include the following, as applicable: 

1. Name, address, and telephone number of factory-authorized service representative 
making report. 

2. Statement on condition of substrates and their acceptability for installation of product. 
3. Statement that products at Project site comply with requirements. 
4. Summary of installation procedures being followed, whether they comply with 

requirements and, if not, what corrective action was taken. 
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5. Results of operational and other tests and a statement of whether observed performance 
complies with requirements. 

6. Statement whether conditions, products, and installation will affect warranty. 
7. Other required items indicated in individual Specification Sections. 

R. Insurance Certificates and Bonds:  Prepare written information indicating current status of 
insurance or bonding coverage.  Include name of entity covered by insurance or bond, limits of 
coverage, amounts of deductibles, if any, and term of the coverage. 

PART 3 - EXECUTION 

3.1 CONTRACTOR’S REVIEW 

A. Review each submittal and check for compliance with the Contract Documents.  Note 
corrections and field dimensions.  Mark with approval stamp before submitting to the Architect. 

B. Approval Stamp:  Stamp each submittal with a uniform, approval stamp.  Include Project name 
and location, submittal number, Specification Section title and number, name of reviewer, date 
of the Contractor’s approval, and statement certifying that submittal has been reviewed, 
checked, and approved for compliance with the Contract Documents. 

3.2 ARCHITECT’S ACTION 

A. General:  The Architect will not review submittals that do not bear the Contractor’s approval 
stamp and will return them without action. 

B. Action Submittals:  The Architect will review each submittal, make marks to indicate 
corrections or modifications required, and return it.  The Architect will stamp each submittal 
with an action stamp and will mark stamp appropriately to indicate action taken, as follows: 

C. Informational Submittals:  The Architect will review each submittal and will not return it, or 
will reject and return it if it does not comply with requirements.  The Architect will forward 
each submittal to appropriate party. 

D. Submittals not required by the Contract Documents will not be reviewed and may be discarded. 

END OF SECTION 
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SECTION 01 33 01 

CADD RELEASE 
 
 
Use and Indemnification Agreement - INSTRUCTIONS 
 
USE AND INDEMNIFICATION AGREEMENT 
 
Please be aware that Tetra Tech charges contractor(s) for electronic files (this applies to files in 
AutoCAD (or similar) format).  
 

PDF’s, which are simply an electronic scan of the drawings, do not require the use of the 
indemnification form; however we charge $50 per PDF to cover our expenses.  Tetra Tech 
must receive the contractor’s check prior to sending PDF’s. 
 

For AutoCAD type files, the cost is $100.  The Use and Indemnification Agreement is to be signed 
by the Prime Contractor.   Should a subcontractor, such as a steel fabricator, ductwork detailer, 
desire electronic files, they would need to pursue this request through their Prime Contractor who 
has the contract with the Client. 
 
Due to the inherent value to the company of our typical details and our other standards, we 
limit the drawings types that we will release via this indemnification form to plan type 
drawings. Typical detail sheets are not to be released in the form of an electronic AutoCAD 
drawing file. 
 
In addition, our internal individual Base Plans will not be released; we limit what the 
contractor can purchase to the actual individual contract drawings.   
 
After the Prime Contractor has determined the number of drawings that they will need, fill out the 
following two pages.  The second page of the form, marked Use and Indemnification Agreement – 
Business Office, needs to be sent to the Business Office with the Contractor check made out to Tetra 
Tech. We will not release electronic files until we receive this form and the check. 
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If transmission is not received as noted, kindly notify us at once. 

 
 
 
Use and Indemnification Agreement 

240 Continental Drive, Suite 200 
Newark, Delaware 19713 
Tel. (302) 738-7551 
Fax (302) 454-5980 

 ............................................................................................................................................................................... 
Re:  HVAC Improvements for Stokes Elementary School            Tt Project No. 200-163183-17001-07  
 
Whereas, ______________ (hereinafter the “Contractor”), acknowledges that it has requested certain electronic files and/or media of the 
Drawings and/or Specifications for the above-referenced Project which are the property of Tetra Tech Engineers, Architects & Landscape 
Architects, P.C. d/b/a Tetra Tech Architects & Engineers (hereinafter “Tetra Tech”). 
 
Whereas, Contractor further acknowledges all requests for electronic files require a pre-payment of $100, regardless of the number of files 
requested, prior to receiving said files from Tetra Tech. 
 
Now, therefore, Contractor hereby warrants and covenants that it will abide by the following provisions: 

 
A.  Indemnification 

 
1. In consideration of permission to use electronic files or media, including but not limited to electronic files of drawings created by use of computer, 

for the Work of this Project only, and which the Contractor has requested from Tetra Tech, the Contractor, to the fullest extent permitted by law, 
hereby agrees to indemnify and hold harmless Tetra Tech, its agents, employees, officers , directors and consultants from and against any and all 
claims, damages, losses and expenses, including any attorneys' fees, arising out of, resulting from or in connection with any and all use of said 
electronic materials, but only if such claim, damage, loss or expense is caused in whole or in part by the Contractor, its employees, agents, officers, 
directors, or any other party directly or indirectly employed by any of them or any party for whose acts any of them may be liable, regardless of 
whether or not it is caused by a party indemnified hereunder.  Such obligation shall not be construed to reduce or negate any other right or 
obligation of indemnification that would otherwise exist as to any party hereto.  This indemnification shall not apply to the liability of the 
indemnitee arising out of its own negligence.  This indemnification shall not be limited in any way because of any limitation on damages, 
compensation or benefits under any statute, law or governmental requirement of any sort. 

 
2. The following shall be included within the definition of "expenses" herein:  (a) any time expended by the indemnified party of its employees, 

agents, officers and directors at their usual and customary billing rates, as well as all out-of-pocket expenses such as long-distance telephone calls, 
costs of reproduction, expenses of travel and lodging; (b) all costs and expenses of experts, consultants, engineers, and any other party retained by 
the indemnified party reasonably required to defend the claim; (c) all costs, including reasonable attorneys' fees, incurred in bringing any action to 
enforce the provisions of this indemnification. The following shall be included within the definition of "action" herein:  any case brought in any 
state or federal court, any arbitration, any mediation, and any similar forum for resolution of any dispute herein, and shall also include any 
counterclaim or third-party action in any such forum. 
 

B.  Use and Compatibility 
 
1. Tetra Tech’ instruments of service are furnished without guarantee of compatibility with the Contractor’s software or hardware, and Tetra Tech’ 

sole responsibility for the electronic media is to furnish a replacement for defective disks within thirty (30) days after delivery to Contractor. 
 
2. Because data stored on electronic media can deteriorate undetected or be modified without Tetra Tech’ knowledge, the Contractor agrees that Tetra 

Tech will not be held liable for the completeness or correctness of the electronic media after an acceptance period of thirty (30) days after delivery 
of the electronic files.  Tetra Tech does confirm the accuracy of the final sealed hard copy drawings, previously submitted pursuant to the Prime 
Agreement for this Project. 

 
3. The electronic files are submitted to the Contractor for a thirty (30) day acceptance period.  During this period, the Contractor may review and 

examine these files, and any errors detected during this time will be corrected by Tetra Tech.  Any changes requested after the acceptance period 
will be considered additional services to be performed on a time and materials basis, at Tetra Tech’s standard cost plus terms and conditions.  
 

4. Tetra Tech retains ownership of the printed hard copy Drawings and Specifications and the electronic media.  The Contractor is granted a license 
for their use, but only in the operation and maintenance of the Project. Use of these materials for modification, extension, or expansion of this 
Project or on any other project, unless under the direction of Tetra Tech, shall be without liability to Tetra Tech and Tetra Tech’s consultants.  
 

IN WITNESS WHEREOF: 
Contractor:     
Signed name:  
Printed Name:  
Title:  
Date:   
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If transmission is not received as noted, kindly notify us at once. 

 
 
 
Use and Indemnification Agreement – Business Office 

240 Continental Drive, Suite 200 
Newark, Delaware 19713 
Tel. (302) 738-7551 
Fax (302) 454-5980 

 ............................................................................................................................................................................ 
Electronic Drawing Files 

 
 

Prime Contractor Name        
 
Prime Contractor Address       
 
Contact to Receive Invoices       
 
Project Name HVAC Improvements - Stokes Elementary School 
 
Project Number 200-163183-17001-07 
 
Number of Drawing Files        (Each individual drawing in the set of Contract Documents represents 1 file) 

 
List each Drawing # Requested       
 
 
 
 
Contractor Signature  
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SECTION 01 50 00 

TEMPORARY FACILITIES AND CONTROLS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes requirements for temporary facilities and controls, including temporary 
utilities, support facilities, and security and protection facilities. 

B. Temporary utilities include, but are not limited to, the following: 

1. Sewers and drainage. 
2. Water service and distribution. 
3. Sanitary facilities, including toilets, wash facilities, and drinking-water facilities. 
4. Heating and cooling facilities. 
5. Ventilation. 
6. Electric power service. 
7. Lighting. 
8. Telephone service. 

C. Support facilities include, but are not limited to, the following: 

1. Temporary roads and paving. 
2. Dewatering facilities and drains. 
3. Project identification and temporary signs. 
4. Waste disposal facilities. 
5. Field offices. 
6. Storage and fabrication sheds. 
7. Lifts and hoists. 
8. Temporary elevator usage. 
9. Temporary stairs. 
10. Construction aids and miscellaneous services and facilities. 

D. Security and protection facilities include, but are not limited to, the following: 

1. Environmental protection. 
2. Storm water control. 
3. Tree and plant protection. 
4. Pest control. 
5. Site enclosure fence. 
6. Security enclosure and lockup. 
7. Barricades, warning signs, and lights. 
8. Covered walkways. 
9. Temporary enclosures. 
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10. Temporary partitions. 
11. Fire protection. 

E. Related Sections include the following: 

1. Division 01 Section “Submittal Procedures” for procedures for submitting copies of 
implementation and termination schedule and utility reports. 

1.3 USE CHARGES 

A. Temporary water and electric will be provided by the Owner. 

1.4 QUALITY ASSURANCE 

A. Standards:  Comply with ANSI A10.6, NECA’s “Temporary Electrical Facilities,” and 
NFPA 241. 

1. Trade Jurisdictions:  Assigned responsibilities for installation and operation of temporary 
utilities are not intended to interfere with trade regulations and union jurisdictions. 

2. Electric Service:  Comply with NECA, NEMA, and UL standards and regulations for 
temporary electric service.  Install service to comply with NFPA 70. 

B. Tests and Inspections:  Arrange for authorities having jurisdiction to test and inspect each 
temporary utility before use.  Obtain required certifications and permits. 

1.5 PROJECT CONDITIONS 

A. Temporary Utilities:  At earliest feasible time, when acceptable to the Owner, change over from 
use of temporary service to use of permanent service. 

1. Temporary Use of Permanent Facilities:  Installer of each permanent service shall assume 
responsibility for operation, maintenance, and protection of each permanent service 
during its use as a construction facility before the Owner’s acceptance, regardless of 
previously assigned responsibilities. 

B. Conditions of Use:  The following conditions apply to use of temporary services and facilities by 
all parties engaged in the Work: 

1. Keep temporary services and facilities clean and neat. 
2. Relocate temporary services and facilities as required by progress of the Work. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. General:  Provide new materials.  Undamaged, previously used materials in serviceable condition 
may be used if approved by the Architect.  Provide materials suitable for use intended. 

2.2 EQUIPMENT 

A. General:  Provide equipment suitable for use intended. 
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B. Fire Extinguishers:  Hand carried, portable, UL rated.  Provide class and extinguishing agent as 
indicated or a combination of extinguishers of NFPA-recommended classes for exposures. 

1. Comply with NFPA 10 and NFPA 241 for classification, extinguishing agent, and size 
required by location and class of fire exposure. 

C. Self-Contained Toilet Units:  Single-occupant units of chemical, aerated recirculation or 
combustion type; vented; fully enclosed with a glass-fiber-reinforced polyester shell or similar 
nonabsorbent material. 

D. Heating Equipment:  Unless the Owner authorizes use of permanent heating system, provide 
vented, self-contained, liquid-propane-gas or fuel-oil heaters with individual space thermostatic 
control. 

1. Use of gasoline-burning space heaters, open-flame heaters, or salamander-type heating 
units is prohibited. 

2. Heating Units:  Listed and labeled, by a testing agency acceptable to authorities having 
jurisdiction, and marked for intended use for type of fuel being consumed. 

E. Electrical Outlets:  Properly configured, NEMA-polarized outlets to prevent insertion of 110- to 
120-V plugs into higher-voltage outlets; equipped with ground-fault circuit interrupters, reset 
button, and pilot light. 

F. Power Distribution System Circuits:  Where permitted and overhead and exposed for 
surveillance, wiring circuits, not exceeding 125-V ac, 20-A rating, and lighting circuits may be 
nonmetallic sheathed cable. 

PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Locate facilities where they will serve the Project adequately and result in minimum interference 
with performance of the Work.  Relocate and modify facilities as required. 

B. Provide each facility ready for use when needed to avoid delay.  Maintain and modify as 
required.  Do not remove until facilities are no longer needed or are replaced by authorized use 
of completed permanent facilities. 

3.2 TEMPORARY UTILITY INSTALLATION 

A. Water Service:  Use of the Owner’s existing water service facilities will be permitted, as long as 
facilities are cleaned and maintained in a condition acceptable to the Owner.  At Substantial 
Completion, restore these facilities to condition existing before initial use. 

1. Provide rubber hoses as necessary to serve the Project site. 
2. Where installations below an outlet might be damaged by spillage or leakage, provide a 

drip pan of suitable size to minimize water damage.  Drain accumulated water promptly 
from pans. 

B. Sanitary Facilities:  Provide temporary toilets, wash facilities, and drinking-water fixtures.  
Comply with regulations and health codes for type, number, location, operation, and 
maintenance of fixtures and facilities. 
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1. Disposable Supplies:  Provide toilet tissue, paper towels, paper cups, and similar 
disposable materials for each facility.  Maintain adequate supply.  Provide covered waste 
containers for disposal of used material. 

2. Toilets:  Use of the Owner’s existing toilet facilities will not be permitted, as long as 
facilities are cleaned and maintained in a condition acceptable to the Owner.  At 
Substantial Completion, restore these facilities to condition existing before initial use.   

C. Heating and Cooling:  Provide temporary heating and cooling required by construction activities 
for curing or drying of completed installations or for protecting installed construction from 
adverse effects of low temperatures or high humidity.  Select equipment from that specified that 
will not have a harmful effect on completed installations or elements being installed. 

1. Maintain a minimum temperature of 50 deg F (10 deg C) in permanently enclosed 
portions of building for normal construction activities, and 65 deg F (18.3 deg C) for 
finishing activities and areas where finished Work has been installed. 

D. Electric Power Service:  Use of the Owner’s existing electric power service will be permitted, as 
long as equipment is maintained in a condition acceptable to the Owner. 

E. Electric Distribution:  Provide receptacle outlets adequate for connection of power tools and 
equipment. 

1. Provide waterproof connectors to connect separate lengths of electrical power cords if 
single lengths will not reach areas where construction activities are in progress.  Do not 
exceed safe length-voltage ratio. 

F. Telephone Service:   

1. Provide a portable cellular telephone for superintendent’s use in making and receiving 
telephone calls when away from field office. 

G. Waste Disposal Facilities:  Provide waste-collection containers in sizes adequate to handle waste 
from construction operations.  Containerize and clearly label hazardous, dangerous, or 
unsanitary waste materials separately from other waste.   

1. If required by authorities having jurisdiction, provide separate containers, clearly labeled, 
for each type of waste material to be deposited. 

3.3 OPERATION, TERMINATION, AND REMOVAL 

A. Termination and Removal:  Remove each temporary facility when need for its service has ended, 
when it has been replaced by authorized use of a permanent facility, or no later than Substantial 
Completion.  Complete or, if necessary, restore permanent construction that may have been 
delayed because of interference with temporary facility.  Repair damaged Work, clean exposed 
surfaces, and replace construction that cannot be satisfactorily repaired. 

1. Materials and facilities that constitute temporary facilities are the property of the 
Contractor.  The Owner reserves right to take possession of the Project identification 
signs. 

2. At Substantial Completion, clean and renovate permanent facilities used during 
construction period.  Comply with final cleaning requirements in Division 1 Section 
“Closeout Procedures.” 
 

END OF SECTION 
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SECTION 01 63 10 

SUBSTITUTIONS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Requests for substitution must be made ten days prior to bid.  This specification section applies 
to extra-ordinary conditions that could not be requested during the bidding period. 

B. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes administrative and procedural requirements for handling requests for 
substitutions made after award of the Contract, but no later than 60 days after commencement of 
the Work. 

B. Related Sections:  The following Divisions contain requirements that relate to this Section: 

1. Division 01 specifies the applicability of industry standards to products specified. 
2. Division 01 specifies requirements for submitting the Contractor's Construction Schedule 

and the Submittal Schedule. 
3. Division 01 specifies requirements governing the Contractor's selection of products and 

product options. 

1.3 DEFINITIONS 

A. Definitions in this Article do not change or modify the meaning of other terms used in the 
Contract Documents. 

B. Substitutions:  Changes in products, materials, equipment, and methods of construction required 
by the Contract Documents proposed by the Contractor after award of the Contract are 
considered to be requests for substitutions.  The following are not considered to be requests for 
substitutions: 

1. Substitutions requested during the bidding period, and accepted by Addendum prior to 
award of the Contract, are included in the Contract Documents and are not subject to 
requirements specified in this Section for substitutions. 

2. Revisions to the Contract Documents requested by the Owner or Architect. 
3. Specified options of products and construction methods included in the Contract 

Documents. 
4. The Contractor's determination of and compliance with governing regulations and orders 

issued by governing authorities. 

1.4 SUBMITTALS 

A. Substitution Request Submittal:  Substitution requests will only be considered during the 
bidding period.  Substitutions will not be considered after the bids are accepted. 
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1. Submit three copies of each request for substitution for consideration.  Submit requests in 
the form and according to procedures required for change-order proposals.  The 
Contractor is solely responsible for obtaining the required forms to submit before the 
stated time period expires. 

2. Identify the product or the fabrication or installation method to be replaced in each 
request.  Include related Specification Section and Drawing numbers. 

3. Provide complete documentation showing compliance with the requirements for 
substitutions, and the following information, as appropriate: 

a. Coordination information, including a list of changes or modifications needed to 
other parts of the Work and to construction performed by the Owner and separate 
contractors that will be necessary to accommodate the proposed substitution. 

b. A detailed comparison of significant qualities of the proposed substitution with 
those of the Work specified.  Significant qualities may include elements, such as 
performance, weight, size, durability, and visual effect. 

c. Product Data, including Drawings and descriptions of products and fabrication and 
installation procedures. 

d. Samples, where applicable or requested. 
e. A statement indicating the substitution's effect on the Contractor's Construction 

Schedule compared to the schedule without approval of the substitution.  Indicate 
the effect of the proposed substitution on overall Contract Time. 

f. Cost information, including a proposal of the net change, if any in the Contract 
Sum. 

g. The Contractor's certification that the proposed substitution conforms to 
requirements in the Contract Documents in every respect and is appropriate for the 
applications indicated. 

h. The Contractor's waiver of rights to additional payment or time that may 
subsequently become necessary because of the failure of the substitution to 
perform adequately. 

4. Architect's Action:  If necessary, the Architect will request additional information or 
documentation for evaluation within one week of receipt of a request for substitution.  
The Architect will notify the Contractor of acceptance or rejection of the substitution 
within two weeks of receipt of the request, or one week of receipt of additional 
information or documentation, whichever is later. 

a. Use the product specified if the Architect cannot make a decision on the use of a 
proposed substitute within the time allocated. 

PART 2 - PRODUCTS 

2.1 SUBSTITUTIONS 

A. Conditions:  The Architect will receive and consider the Contractor's request for substitution 
when the following conditions are satisfied, as determined by the Architect.  If the following 
conditions are not satisfied, the Architect will return the requests without action except to record 
noncompliance with these requirements. 

1. Revisions to the Contract Documents are not required. 
2. Proposed changes are in keeping with the general intent of the Contract Documents. 
3. The request is timely, fully documented, and properly submitted. 
4. The specified product or method of construction cannot be provided within the Contract 

Time.  The Architect will not consider the request if the product or method cannot be 
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provided as a result of failure to pursue the Work promptly or coordinate activities 
properly. 

5. The requested substitution offers the Owner a substantial advantage, in cost, time, energy 
conservation, or other considerations, after deducting additional responsibilities the 
Owner must assume.  The Owner's additional responsibilities may include compensation 
to the Architect for redesign and evaluation services, increased cost of other construction 
by the Owner, and similar considerations. 

6. The specified product or method of construction cannot receive necessary approval by a 
governing authority, and the requested substitution can be approved. 

7. The specified product or method of construction cannot be provided in a manner that is 
compatible with other materials and where the Contractor certifies that the substitution 
will overcome the incompatibility. 

8. The specified product or method of construction cannot be coordinated with other 
materials and where the Contractor certifies that the proposed substitution can be 
coordinated. 

B. The Contractor's submittal and the Architect's acceptance of Shop Drawings, Product Data, or 
Samples for construction activities not complying with the Contract Documents do not 
constitute an acceptable or valid request for substitution, nor do they constitute approval. 

 
 
PART 3 - EXECUTION (Not Applicable) 
 
 

END OF SECTION 
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SECTION 01 73 29 

CUTTING & PATCHING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes procedural requirements for cutting and patching. 

B. Related Sections include the following: 
 

1. Divisions 02 through 07 Sections for specific requirements and limitations applicable to 
cutting and patching individual parts of the Work. 

1.3 DEFINITIONS 

A. Cutting:  Removal of in-place construction necessary to permit installation or performance of 
other Work. 

B. Patching:  Fitting and repair work required to restore surfaces to original conditions after 
installation of other Work. 

1.4 QUALITY ASSURANCE 

A. Structural Elements:  Do not cut and patch structural elements in a manner that could change 
their load-carrying capacity or load-deflection ratio. 

B. Operational Elements:  Do not cut and patch operating elements and related components in a 
manner that results in reducing their capacity to perform as intended or that result in increased 
maintenance or decreased operational life or safety. Operating elements include the following:  
List below is an example only.  Revise to suit Project's operating systems.  With advice of 
counsel, delete below if Architect's approval is not required.  If list is deleted, delete option in 
paragraph above. 
 
1. Fire-suppression systems. 
2. Mechanical systems piping and ducts. 
3. Control systems. 
4. Communication systems. 
5. Conveying systems. 
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6. Electrical wiring systems. 
 

C. Visual Requirements:  Do not cut and patch construction in a manner that results in visual 
evidence of cutting and patching.  Do not cut and patch construction exposed on the exterior or 
in occupied spaces in a manner that would, in Architect's opinion, reduce the building's 
aesthetic qualities.  Remove and replace construction that has been cut and patched in a visually 
unsatisfactory manner. 

D. Cutting and Patching Conference:  Before proceeding, meet at Project site with parties involved 
in cutting and patching, including mechanical and electrical trades.  Review areas of potential 
interference and conflict.  Coordinate procedures and resolve potential conflicts before 
proceeding. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. General:  Comply with requirements specified in other Sections. 

B. In-Place Materials:  Use materials identical to in-place materials.  For exposed surfaces, use 
materials that visually match in-place adjacent surfaces to the fullest extent possible. 

1. If identical materials are unavailable or cannot be used, use materials that, when installed, 
will match the visual and functional performance of in-place materials. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine surfaces to be cut and patched and conditions under which cutting and patching are to 
be performed. 

1. Compatibility:  Before patching, verify compatibility with and suitability of substrates, 
including compatibility with in-place finishes or primers. 

2. Proceed with installation only after unsafe or unsatisfactory conditions have been 
corrected. 

3.2 PREPARATION 

A. Temporary Support:  Provide temporary support of Work to be cut. 

B. Protection:  Protect in-place construction during cutting and patching to prevent damage.  
Provide protection from adverse weather conditions for portions of Project that might be 
exposed during cutting and patching operations. 
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C. Adjoining Areas:  Avoid interference with use of adjoining areas or interruption of free passage 
to adjoining areas. 

D. Existing Utility Services and Mechanical/Electrical Systems:  Where existing services/systems 
are required to be removed, relocated, or abandoned, bypass such services/systems before 
cutting to prevent interruption to occupied areas. 

3.3 PERFORMANCE 

A. General:  Employ skilled workers to perform cutting and patching.  Proceed with cutting and 
patching at the earliest feasible time, and complete without delay. 

1. Cut in-place construction to provide for installation of other components or performance 
of other construction, and subsequently patch as required to restore surfaces to their 
original condition. 

B. Cutting:  Cut in-place construction by sawing, drilling, breaking, chipping, grinding, and similar 
operations, including excavation, using methods least likely to damage elements retained or 
adjoining construction.  If possible, review proposed procedures with original Installer; comply 
with original Installer's written recommendations. 

1. In general, use hand or small power tools designed for sawing and grinding, not 
hammering and chopping.  Cut holes and slots as small as possible, neatly to size 
required, and with minimum disturbance of adjacent surfaces.  Temporarily cover 
openings when not in use. 

2. Finished Surfaces:  Cut or drill from the exposed or finished side into concealed surfaces. 
3. Concrete or Masonry:  Cut using a cutting machine, such as an abrasive saw or a 

diamond-core drill. 
4. Mechanical and Electrical Services:  Cut off pipe or conduit in walls or partitions to be 

removed.  Cap, valve, or plug and seal remaining portion of pipe or conduit to prevent 
entrance of moisture or other foreign matter after cutting. 

5. Proceed with patching after construction operations requiring cutting are complete. 

C. Patching:  Patch construction by filling, repairing, refinishing, closing up, and similar operations 
following performance of other Work.  Patch with durable seams that are as invisible as 
possible.  Provide materials and comply with installation requirements specified in other 
Sections. 

1. Inspection:  Where feasible, test and inspect patched areas after completion to 
demonstrate integrity of installation. 

2. Exposed Finishes:  Restore exposed finishes of patched areas and extend finish 
restoration into retained adjoining construction in a manner that will eliminate evidence 
of patching and refinishing. 

a. Clean piping, conduit, and similar features before applying paint or other finishing 
materials. 

b. Restore damaged pipe covering to its original condition. 

3. Floors and Walls:  Where walls or partitions that are removed extend one finished area 
into another, patch and repair floor and wall surfaces in the new space.  Provide an even 
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surface of uniform finish, color, texture, and appearance.  Remove in-place floor and wall 
coverings and replace with new materials, if necessary, to achieve uniform color and 
appearance. 

a. Where patching occurs in a painted surface, apply primer and intermediate paint 
coats over the patch and apply final paint coat over entire unbroken surface 
containing the patch.  Provide additional coats until patch blends with adjacent 
surfaces. 

4. Ceilings:  Patch, repair, or rehang in-place ceilings as necessary to provide an even-plane 
surface of uniform appearance. 

5. Exterior Building Enclosure:  Patch components in a manner that restores enclosure to a 
weathertight condition. 

D. Cleaning:  Clean areas and spaces where cutting and patching are performed.  Completely 
remove paint, mortar, oils, putty, and similar materials. 

 
 

END OF SECTION 
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SECTION 01 74 19 

CONSTRUCTION WASTE MANAGEMENT 
 
PART 1 – GENERAL 

 
1.1 SUMMARY 

 
A.   Section includes: Administrative and procedural requirements for construction waste 

management activities. 
 
1.2 DEFINITIONS 

 
A.   Construction, Demolition, and Land clearing (CDL) Waste: Includes all non-hazardous 

solid wastes resulting from construction, remodeling, alterations, repair, demolition and 
land clearing. Includes material that is recycled, reused, salvaged or disposed as garbage. 

 
B.   Salvage: Recovery of materials for on-site reuse, sale or donation to a third party. 

 
C.  Reuse: Making use of a material without altering its form. Materials can be reused on-site or 

reused on other projects off-site. Examples include, but are not limited to the following: 
Crushing or grinding of concrete for use as sub-base material. Chipping of land clearing 
debris for use as mulch. 

 
D.  Recycling: The process of sorting, cleaning, treating, and reconstituting materials for the 

purpose of using the material in the manufacture of a new product. 
 

E.   Source-Separated CDL Recycling: The process of separating recyclable materials in 
separate containers as they are generated on the job-site. The separated materials are 
hauled directly to a recycling facility or transfer station. 

 
F.   Co-mingled CDL Recycling: The process of collecting mixed recyclable materials in one 

container on-site. The container is taken to a material recovery facility where materials are 
separated for recycling. 

 
G.  Approved Recycling Facility: Any of the following: 

 
1.  A facility that can legally accept CDL waste materials for the purpose of processing the 

materials into an altered form for the manufacture of a new product. 
 

2.   Material Recovery Facility: A general term used to describe a waste-sorting facility. 
Mechanical, hand-separation, or a combination of both procedures, are used to recover 
recyclable materials. 

 
1.3 SUBMITTALS 

 
A.   Contractor shall develop a Waste Management Plan: Submit 3 copies of plan within 14 days 

of date established for the Notice to Proceed. 
 

B.   Contractor shall provide Waste Management Report: Concurrent with each Application for 
Payment, submit 3 copies of report. 
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1.4 PERFORMANCE REQUIREMENTS 
 

A.   General: Divert a minimum of 75% CDL waste, by weight, from the landfill by one, or 
a combination of the following activities: 

 
1.   Salvage 
2.   Reuse 
3.   Source-Separated CDL Recycling 
4.   Co-mingled CDL Recycling 

 
B.   CDL waste materials that can be salvaged, reused or recycled include, but are not limited to, 

the following: 
 

1.   Acoustical ceiling tiles 
2.   Asphalt 
3.   Asphalt shingles 
4.   Cardboard packaging 
5.   Carpet and carpet pad 
6.   Concrete 
7.   Drywall 
8.   Fluorescent lights and ballasts 
9.   Land clearing debris (vegetation, stumpage, dirt) 
10. Metals 
11. Paint (through hazardous waste outlets) 
12. Wood 
13. Plastic film (sheeting, shrink wrap, packaging) 
14. Window glass 
15. Wood 
16. Field office waste, including office paper, aluminum cans, glass, plastic, and office 

cardboard. 
 

1.4 QUALITY 
ASSURANCE 

 
A.   Waste Management Coordinator Qualifications: Experienced firm, with a record of 

successful waste management coordination of projects with similar requirements, that 
employs a LEED Accredited Professional, certified by the USGBC as waste management 
coordinator. 

 
B.  Regulatory Requirements: Conduct construction waste management activities in accordance 

with hauling and disposal regulations of all authorities having jurisdiction and all other 
applicable laws and ordinances. 

 
C.  Preconstruction Conference: Schedule and conduct meeting at Project site prior to 

construction activities. 
 

1.   Attendees: Inform the following individuals, whose presence is required, of date and time 
of meeting. 

 
a.   Owner 
b.   Architect 
c. Contractor's superintendent 
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d.   Major subcontractors 
e.   Waste Management Coordinator 
f. Other concerned parties. 

 
2.   Agenda Items: Review methods and procedures related to waste management including, 

but not limited to, the following: 
 

a.   Review and discuss waste management plan including responsibilities of Waste 
Management Coordinator. 

b.   Review requirements for documenting quantities of each type of waste and its 
disposition. 

c. Review and finalize procedures for materials separation and verify availability 
of containers and bins needed to avoid delays. 

d.   Review procedures for periodic waste collection and transportation to recycling and 
disposal facilities. 

e.   Review waste management requirements for each trade. 
 

3.   Minutes: Record discussion. Distribute meeting minutes to all participants. 
Note: If there is a Project Architect, they will perform this role. 

 
1.5 WASTE MANAGEMENT PLAN – Contactor shall develop and document the 

following: 
 

A.   Develop a plan to meet the requirements listed in this section at a minimum. Plan shall 
consist of waste identification, waste reduction plan and cost/revenue analysis. Distinguish 
between demolition and construction waste. Indicate quantities by weight throughout the 
plan. 

 
B.   Indicate anticipated types and quantities of demolition, site-cleaning and construction waste 

generated by the project. List all assumptions made for the quantities estimates. 
 

C.  List each type of waste and whether it will be salvaged, recycled, or disposed of in an landfill. 
The plan should included the following information: 

 
1.   Types and estimated quantities, by weight, of CDL waste expected to be generated 

during demolition and construction. 
 

2.   Proposed methods for CDL waste salvage, reuse, recycling and disposal during 
demolition including, but not limited to, one or more of the following: 

 
a.   Contracting with a deconstruction specialist to salvage materials generated, 
b.   Selective salvage as part of demolition contractor’s work, 
c. Reuse of materials on-site or sale or donation to a third party. 

 
3.   Proposed methods for salvage, reuse, recycling and disposal during construction 

including, but not limited to, one or more of the following: 
 

a.   Requiring subcontractors to take their CDL waste to a recycling facility; 
b.   Contracting with a recycling hauler to haul recyclable CDL waste to an approved 

recycling or material recovery facility; 
c. Processing and reusing materials on-site; 
d.   Self-hauling to a recycling or material recovery facility. 
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4.   Name of recycling or material recovery facility receiving the CDL wastes. 

 
5.   Handling and Transportation Procedures: Include method that will be used for  separating 

recyclable waste including sizes of containers, container labeling, and  designated 
location on project site where materials separation will be located. 

D.  Cost/Revenue Analysis: Indicate total cost of waste disposal as if there was no waste 
management plan and net additional cost or net savings resulting from implementing 
waste management plan. Include the following: 

 
1.   Total quantity of waste. 
2.   Estimated cost of disposal (cost per unit). Include hauling and tipping fees and 

cost of collection containers for each type of waste. 
3.   Total cost of disposal (with no waste management). 
4.   Revenue from salvaged materials. 
5.   Revenue from recycled materials. 
6.   Savings in hauling and tipping fees by donating materials. 
7.   Savings in hauling and tipping fees that are avoided. 
8.   Handling and transportation costs. Including cost of collection containers for each 

type of waste. 
9.   Net additional cost or net savings from waste management plan. 

PART 2 - PRODUCTS (Not Used) 

PART 3 – EXECUTION 
 
3.1 CONSTRUCTION WASTE MANAGEMENT, GENERAL 

 
A.   Provide containers for CDL waste that is to be recycled clearly labeled as such with a list of 

acceptable and unacceptable materials. The list of acceptable materials must be the same as 
the materials recycled at the receiving material recovery facility or recycling processor. 

 
B.   The collection containers for recyclable CDL waste must contain no more than 10% non- 

recyclable material, by volume. 
 

C.  Provide containers for CDL waste that is disposed in a landfill clearly labeled as such. 
 

D.  Use detailed material estimates to reduce risk of unplanned and potentially wasteful cuts. 
 

E.   To the greatest extent possible, include in material purchasing agreements a waste reduction 
provision requesting that materials and equipment be delivered in packaging made of 
recyclable material, that they reduce the amount of packaging, that packaging be taken back 
for reuse or recycling, and to take back all unused product. Insure that subcontractors require 
the same provisions in their purchase agreements. 

 
F.   Conduct regular visual inspections of dumpsters and recycling bins to remove contaminants. 

 
3.2 SOURCE SEPARATION 

 
A.   General: Contractor shall separate recyclable materials from CDL waste to the maximum 

extent possible. 
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Separate recyclable materials by type. 

 
1.   Provide containers, clearly labeled, by type of separated materials or provide other 

storage method for managing recyclable materials until they are removed from Project 
site. 

2.   Stockpile processed materials on-site without intermixing with other materials. Place, 
grade, and shape stockpiles to drain surface water and to minimize pest attraction. Cover 
to prevent windblown dust. 

3.   Stockpile materials away from demolition area. Do not store within drip line of 
remaining trees. 

4.   Store components off the ground and protect from weather. 
 
3.3 CO-MINGLED RECYCLING 

 
A.   General: Do not put CDL waste that will be disposed in a landfill into a co-mingled CDL 

waste recycling container. 
 
REMOVAL OF CONSTRUCTION WASTE MATERIALS 

 
A.   Remove CDL waste materials from project site on a regular basis. Do not allow CDL waste to 

accumulate on-site. 
 

B.   Transport CDL waste materials off Owner's property and legally dispose of them. 

C.  Burning of CDL waste is not permitted. 
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WASTE MANAGEMENT PROGRESS REPORT 
 
 
 
 
 
 
 
 
 
MATERIAL CATEGORY 

 
DISPOSED IN 
MUNICIPAL 
SOLID WASTE 
LANDFILL 

 
DIVERTED FROM LANDFILL 
BY RECYCLING, SALVAGE OR 
REUSE 

 Recycled Salvaged Reused 
1.   Acoustical Ceiling Tiles     

2.   Asphalt     
3.   Asphalt Shingles     
4.   Cardboard Packaging     
5.   Carpet and Carpet Pad     
6.   Concrete     
7.   Drywall     
8.   Fluorescent Lights and 

Ballasts 
    

9.   Land Clearing Debris 
(vegetation, stumpage, dirt) 

    

10. Metals     
11. Paint (through hazardous 

waste outlets) 
    

12. Wood     
13. Plastic Film (sheeting, shrink 

wrap, packaging) 
    

14. Window Glass     
15. Field Office Waste (office 

paper, aluminum cans, 
glass, plastic, and coffee 
cardboard) 

    

16. Other (insert description)     
17. Other (insert description)     

 
Total (In Weight) 

  
(TOTAL OF ALL ABOVE VALUES – IN 
WEIGHT) 

  
Percentage of 

Waste Diverted 

 
(TOTAL WASTE DIVIDED 
BY TOTAL DIVERTED) 

 

END OF SECTION 
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SECTION 01 77 00 

CLOSEOUT PROCEDURES 
 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 1 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes administrative and procedural requirements for contract closeout, 
including, but not limited to, the following: 

1. Inspection procedures. 
2. Project Record Documents. 
3. Operation and maintenance manuals. 
4. Warranties. 
5. Instruction of the Owner’s personnel. 
6. Final cleaning. 

1.3 SUBSTANTIAL COMPLETION 

A. Preliminary Procedures:  Before requesting inspection for determining date of Substantial 
Completion, complete the following.  List items below that are incomplete in request. 

1. Prepare a list of items to be completed and corrected (punch list), the value of items on 
the list, and reasons why the Work is not complete. 

2. Advise the Owner of pending insurance changeover requirements. 
3. Submit specific warranties, workmanship bonds, maintenance service agreements, final 

certifications, and similar documents. 
4. Obtain and submit releases permitting the Owner unrestricted use of the Work and access 

to services and utilities.  Include occupancy permits, operating certificates, and similar 
releases. 

5. Prepare and submit Project Record Documents, operation and maintenance manuals, 
Final Completion construction photographs, damage or settlement surveys, property 
surveys, and similar final record information. 

6. Deliver tools, spare parts, extra materials, and similar items to location designated by the 
Owner.  Label with manufacturer’s name and model number where applicable. 

7. Make final changeover of permanent locks and deliver keys to the Owner.  Advise the 
Owner’s personnel of changeover in security provisions. 

8. Complete startup testing of systems. 
9. Submit test/adjust/balance records. 
10. Terminate and remove temporary facilities from Project site, along with mockups, 

construction tools, and similar elements. 
11. Advise the Owner of changeover in heat and other utilities. 
12. Submit changeover information related to the Owner’s occupancy, use, operation, and 

maintenance. 
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13. Complete final cleaning requirements, including touchup painting. 
14. Touch up and otherwise repair and restore marred exposed finishes to eliminate visual 

defects. 

B. Inspection:  Submit a written request for inspection for Substantial Completion.  On receipt of 
request, the Architect will either proceed with inspection or notify the Contractor of unfulfilled 
requirements.  The Architect will prepare the Certificate of Substantial Completion after 
inspection or will notify the Contractor of items, either on the Contractor’s list or additional 
items identified by the Architect that must be completed or corrected before certificate will be 
issued. 

1. Reinspection:  Request reinspection when the Work identified in previous inspections as 
incomplete is completed or corrected. 

2. Results of completed inspection will form the basis of requirements for Final 
Completion. 

1.4 FINAL COMPLETION 

A. Preliminary Procedures:  Before requesting final inspection for determining date of Final 
Completion, complete the following: 

1. Submit a final Application for Payment according to Division 00 Section “Supplementary 
General Conditions A201-2007.” 

2. Submit certified copy of the Architect’s Substantial Completion inspection list of items to 
be completed or corrected (punch list), endorsed and dated by the Architect.  The 
certified copy of the list shall state that each item has been completed or otherwise 
resolved for acceptance. 

3. Submit evidence of final, continuing insurance coverage complying with insurance 
requirements. 

4. Instruct the Owner’s personnel in operation, adjustment, and maintenance of products, 
equipment, and systems.  

B. Inspection:  Submit a written request for final inspection for acceptance.  On receipt of request, 
the Architect will either proceed with inspection or notify the Contractor of unfulfilled 
requirements.  The Architect will prepare a final Certificate for Payment after inspection or will 
notify the Contractor of construction that must be completed or corrected before certificate will 
be issued. 

1. Reinspection:  Request reinspection when the Work identified in previous inspections as 
incomplete is completed or corrected. 

1.5 LIST OF INCOMPLETE ITEMS (PUNCH LIST) 

A. Preparation:  Submit three copies of list.  Include name and identification of each space and area 
affected by construction operations for incomplete items and items needing correction 
including, if necessary, areas disturbed by the Contractor that are outside the limits of 
construction.   

1. Organize list of spaces in sequential order. 
2. Organize items applying to each space by major element, including categories for ceiling, 

individual walls, floors, equipment, and building systems. 
3. Include the following information at the top of each page: 
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a. Project name. 
b. Date. 
c. Name of Architect. 
d. Name of Contractor. 
e. Page number. 

1.6 PROJECT RECORD DOCUMENTS 

A. General:  Do not use Project Record Documents for construction purposes.  Protect Project 
Record Documents from deterioration and loss.  Provide access to Project Record Documents 
for the Architect’s reference during normal working hours. 

B. Record Drawings:   

1. Maintain and submit one set of blue- or black-line white prints of Contract Drawings and 
Shop Drawings and submit digital scanned copies of all the Record Drawings; format to 
be .JPG or .TIF. 

2. The Contractor shall be responsible for updating the bid documents (CADD drawings and 
specifications) with the as-built changes.  All changes shall be clouded and tagged as “as-
built” revisions.  The drawings shall also have a new “as-built” date. 

3. Deliverables:  One review set of bond prints, two final sets (one in bond and one in 
Mylar). 

4. Drawings that replace the original bid drawings shall be cross referenced to the original 
bid drawing files. 

5. Mark Record Prints to show the actual installation where installation varies from that 
shown originally.  Require individual or entity who obtained record data, whether 
individual or entity is Installer, subcontractor, or similar entity, to prepare the marked-up 
Record Prints. 

a. Give particular attention to information on concealed elements that cannot be 
readily identified and recorded later. 

b. Accurately record information in an understandable drawing technique. 
c. Record data as soon as possible after obtaining it.  Record and check the markup 

before enclosing concealed installations. 
d. Mark Contract Drawings or Shop Drawings, whichever is most capable of showing 

actual physical conditions, completely and accurately.  Where Shop Drawings are 
marked, show cross-reference on Contract Drawings. 

6. Mark record sets with erasable, red-colored pencil.  Use other colors to distinguish 
between changes for different categories of the Work at the same location. 

7. Mark important additional information that was either shown schematically or omitted 
from original Drawings. 

8. Note Construction Change Directive numbers, Change Order numbers, alternate 
numbers, and similar identification where applicable. 

9. Identify and date each Record Drawing; include the designation “PROJECT RECORD 
DRAWING” in a prominent location.  Organize into manageable sets; bind each set with 
durable paper cover sheets.  Include identification on cover sheets. 

C. Record Specifications:  Submit one copy of Project’s Specifications, including addenda and 
contract modifications.  Mark copy to indicate the actual product installation where installation 
varies from that indicated in Specifications, addenda, and contract modifications. 
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1. Give particular attention to information on concealed products and installations that 
cannot be readily identified and recorded later. 

2. Mark copy with the proprietary name and model number of products, materials, and 
equipment furnished, including substitutions and product options selected. 

3. Note related Change Orders, Record Drawings, and Product Data, where applicable. 

D. Record Product Data:  Submit one copy of each Product Data submittal.  Mark one set to 
indicate the actual product installation where installation varies substantially from that indicated 
in Product Data. 

1. Give particular attention to information on concealed products and installations that 
cannot be readily identified and recorded later. 

2. Include significant changes in the product delivered to Project site and changes in 
manufacturer’s written instructions for installation. 

3. Note related Change Orders, Record Drawings, and Record Specifications, where 
applicable. 

E. Miscellaneous Record Submittals:  Assemble miscellaneous records required by other 
Specification Sections for miscellaneous record keeping and submittal in connection with actual 
performance of the Work.  Bind or file miscellaneous records and identify each, ready for 
continued use and reference. 

1.7 OPERATION AND MAINTENANCE MANUALS 

A. Assemble three (3) complete sets of operation and maintenance data indicating the operation 
and maintenance of each system, subsystem, and piece of equipment not part of a system.  
Include operation and maintenance data required in individual Specification Sections and as 
follows: 

1. Operation Data: 

a. Emergency instructions and procedures. 
b. System, subsystem, and equipment descriptions, including operating standards. 
c. Operating procedures, including startup, shutdown, seasonal, and weekend 

operations. 
d. Description of controls and sequence of operations. 
e. Piping diagrams. 

2. Maintenance Data: 

a. Manufacturer’s information, including list of spare parts. 
b. Name, address, and telephone number of Installer or supplier. 
c. Maintenance procedures. 
d. Maintenance and service schedules for preventive and routine maintenance. 
e. Maintenance record forms. 
f. Sources of spare parts and maintenance materials. 
g. Copies of maintenance service agreements. 
h. Copies of warranties and bonds. 

B. Organize operation and maintenance manuals into suitable sets of manageable size.  Bind and 
index data in heavy-duty, 3-ring, vinyl-covered, loose-leaf binders, in thickness necessary to 
accommodate contents, with pocket inside the covers to receive folded oversized sheets.  
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Identify each binder on front and spine with the printed title “OPERATION AND 
MAINTENANCE MANUAL,” Project name, and subject matter of contents. 

1.8 WARRANTIES 

A. Submittal Time:  Submit written warranties on request of the Architect for designated portions 
of the Work where commencement of warranties other than date of Substantial Completion is 
indicated. 

B. Partial Occupancy:  Submit properly executed warranties within 15 days of completion of 
designated portions of the Work that are completed and occupied or used by the Owner during 
construction period by separate agreement with the Contractor. 

C. Organize warranty documents into an orderly sequence based on the table of contents of the 
Project Manual. 

1. Bind warranties and bonds in heavy-duty, 3-ring, vinyl-covered, loose-leaf binders, 
thickness as necessary to accommodate contents, and sized to receive 8-1/2-by-11-inch 
(115-by-280-mm) paper. 

2. Provide heavy paper dividers with plastic-covered tabs for each separate warranty.  Mark 
tab to identify the product or installation.  Provide a typed description of the product or 
installation, including the name of the product and the name, address, and telephone 
number of Installer. 

3. Identify each binder on the front and spine with the typed or printed title 
“WARRANTIES,” Project name, and name of the Contractor. 

D. Provide additional copies of each warranty to include in operation and maintenance manuals. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Cleaning Agents:  Use cleaning materials and agents recommended by manufacturer or 
fabricator of the surface to be cleaned.  Do not use cleaning agents that are potentially 
hazardous to health or property or that might damage finished surfaces. 

PART 3 - EXECUTION 

3.1 DEMONSTRATION AND TRAINING 

A. Instruction:  Instruct the Owner’s personnel to adjust, operate, and maintain systems, 
subsystems, and equipment not part of a system. 

1. Provide instructors experienced in operation and maintenance procedures. 
2. Provide instruction at mutually agreed-on times.  For equipment that requires seasonal 

operation, provide similar instruction at the start of each season. 
3. Schedule training with the Owner, through the Architect with at least seven days’ 

advance notice. 
4. Coordinate instructors, including providing notification of dates, times, length of 

instruction, and course content. 
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B. Program Structure:  Develop an instruction program that includes individual training modules 
for each system and equipment not part of a system, as required by individual Specification 
Sections.  For each training module, develop a learning objective and teaching outline.  Include 
instruction for the following: 

1. System design and operational philosophy. 
2. Review of documentation. 
3. Operations. 
4. Adjustments. 
5. Troubleshooting. 
6. Maintenance. 
7. Repair. 
 

3.2 FINAL CLEANING 

A. General:  Provide final cleaning.  Conduct cleaning and waste-removal operations to comply 
with local laws and ordinances and Federal and local environmental and antipollution 
regulations. 

B. Cleaning:  Employ experienced workers or professional cleaners for final cleaning.  Clean each 
surface or unit to condition expected in an average commercial building cleaning and 
maintenance program.  Comply with manufacturer’s written instructions. 

1. Complete the following cleaning operations before requesting inspection for certification 
of Substantial Completion for entire Project or for a portion of Project: 

a. Clean Project site, yard, and grounds, in areas disturbed by construction activities, 
including landscape development areas, of rubbish, waste material, litter, and other 
foreign substances. 

b. Sweep paved areas broom clean.  Remove petrochemical spills, stains, and other 
foreign deposits. 

c. Rake grounds that are neither planted nor paved to a smooth, even-textured 
surface. 

d. Remove tools, construction equipment, machinery, and surplus material from 
Project site. 

e. Remove snow and ice to provide safe access to building. 
f. Clean exposed exterior and interior hard-surfaced finishes to a dirt-free condition, 

free of stains, films, and similar foreign substances.  Avoid disturbing natural 
weathering of exterior surfaces.  Restore reflective surfaces to their original 
condition. 

g. Remove debris and surface dust from limited access spaces, including roofs, 
plenums, shafts, trenches, equipment vaults, manholes, attics, and similar spaces. 

h. Sweep concrete floors broom clean in unoccupied spaces. 
i. Vacuum carpet and similar soft surfaces, removing debris and excess nap; 

shampoo if visible soil or stains remain. 
j. Clean transparent materials, including mirrors and glass in doors and windows.  

Remove glazing compounds and other noticeable, vision-obscuring materials.  
Replace chipped or broken glass and other damaged transparent materials.  Polish 
mirrors and glass, taking care not to scratch surfaces. 

k. Remove labels that are not permanent. 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS    200-163183-17001-07 
STOKES ELEMENTARY SCHOOL   
 

 
Tetra Tech CLOSEOUT PROCEDURES  
   01 77 00 -7 

l. Touch up and otherwise repair and restore marred, exposed finishes and surfaces.  
Replace finishes and surfaces that cannot be satisfactorily repaired or restored or 
that already show evidence of repair or restoration. 

1) Do not paint over “UL” and similar labels, including mechanical and 
electrical nameplates. 

m. Wipe surfaces of mechanical and electrical equipment and similar equipment.  
Remove excess lubrication, paint and mortar droppings, and other foreign 
substances. 

n. Replace parts subject to unusual operating conditions. 
o. Clean plumbing fixtures to a sanitary condition, free of stains, including stains 

resulting from water exposure. 
p. Replace disposable air filters and clean permanent air filters.  Clean exposed 

surfaces of diffusers, registers, and grills. 
q. Clean ducts, blowers, and coils if units were operated without filters during 

construction. 
r. Clean light fixtures, lamps, globes, and reflectors to function with full efficiency.  

Replace burned-out bulbs, and those noticeably dimmed by hours of use, and 
defective and noisy starters in fluorescent and mercury vapor fixtures to comply 
with requirements for new fixtures. 

s. Leave Project clean and ready for occupancy. 

C. Comply with safety standards for cleaning.  Do not burn waste materials.  Do not bury debris or 
excess materials on the Owner’s property.  Do not discharge volatile, harmful, or dangerous 
materials into drainage systems.  Remove waste materials from Project site and dispose of 
lawfully. 

3.3 SUMMARY OF CLOSEOUT DOCUMENTS 

A. Contractor’s Affidavit of Payment of Debts and Claims (AIA Document G706) 

B. Contractor’s Consent of Surety Company to Final Payment (AIA Document G707) (one copy) 

C. Contractor’s Affidavit of Release of Liens (AIA Document G706A) (one copy) 

D. Copy of Letter of Guarantee and Warranty Information (three copies) 

E. Subcontractor’s Release of Liens had been submitted with each previous Application of 
Payment   (AIA Document G706A) (one copy) 

F. Operation and Maintenance Manuals 

G. Record Shop Drawings and Submittals 

H. As-built Drawings:  All construction changes should be clouded and marked. 

 1.  Updated CAD files to reflect changes and as-built conditions. 

 2.  Two hard copies and one CD-Rom with digital Image (scanned) files of As-builts  

 3.  Mylar prints of As-builts revised CAD file 
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I. Affidavit of Discharge of State Tax Liability 

J. Punch List Closeout Letter 

END OF SECTION 
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SCHEDULE OF SPECIAL INSPECTIONS 

P – Perform these Special Inspections tasks for each welded joint or member. (AISC 360 & AISC 341) 

O – Observe these Special Inspections items on a random daily basis.  Operations need not be delayed 
pending these inspections. (AISC 360 & AISC 341) 

D – Document, with a report, that the work has been performed in accordance with the contract 
documents. (AISC 341) 

C – Continuous Special Inspections is the constant monitoring of specific tasks by a special inspector. These 
inspections must be carried out continuously over the duration of the particular tasks. (IBC) 

P – Periodic Special Inspections is Special Inspections by the special inspector who is intermittently present 
where the work to be inspected has been or is being performed. (IBC)   

STRUCTURAL STEEL 

PRIOR TO WELDING (Table N5.4‐1, AISC 360‐10 & TABLE J6‐1, AISC 341‐10) 

Required  Task  Perform  Observe  Description 

☒ 
1. Verify welding procedures 

(WPS) and consumable 
certificates 

P  ‐ 
 

☒ 
2. Material identification 

(Type/Grade) 
‐  O 

 

☒ 

3. Welder identification 
system 

‐  O 

A system shall be maintained by which a 
welder who has welded a joint or 
member can be identified. Stamps, if 
used, shall be the low‐stress dye type. 

☒ 

4. Fit‐up groove welds 
(including joint geometry) 

‐  O 

 Joint preparation  
 Dimensions (alignment, root opening, 
root face, bevel) 

 Cleanliness (condition of steel surfaces) 
 Tacking (tack weld quality and location) 
 Backing type and fit (if applicable) 

☒ 
5. Configuration and finish of 

access holes 
‐  O 

 

☒ 

6. Fit‐up of fillet welds 
‐  O 

 Dimensions (alignment, gaps at root) 

 Cleanliness (condition of steel surfaces) 
 Tacking (tack weld quality and location) 
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STRUCTURAL STEEL 

DURING WELDING (Table N5.4‐2, AISC 360‐10 & TABLE J6‐2, AISC 341‐10) 

Required  Task  Perform  Observe  Description 

☒  1. Use of qualified welders  ‐  O   

☒ 
2. Control and handling of 

welding consumables 
‐  O 

 Packaging  
 Exposure control. 

☒ 
3. No welding over cracked 

tack welds  ‐  O 
 

☒ 
4. Environmental conditions 

‐  O 
 Wind speed within limits  

 Precipitation and temperature 

☒ 

5. WPS followed 

‐  O 

 Settings on welding equipment 

 Travel speed  
 Selected welding materials 

 Shielding gas type/flow rate  
 Preheat applied  
 Interpass temperature maintained 
(min./max.) 

 Proper position (F, V, H, OH) 
 Intermix of filler metals avoided unless 
approved 

☒ 

6. Welding techniques 

‐  O 

 Interpass and final cleaning 
 Each pass within profile limitations 

 Each pass meets quality requirements 
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STRUCTURAL STEEL 

AFTER WELDING (TABLE N5.4‐3, AISC 360‐10 & TABLE J6‐3, AISC 341‐10):  

Required  Task  Perform  Observe  Description 

☒  1. Welds cleaned  ‐  O   

☒ 
2. Size, length, and location 

of welds  
P  ‐ 

 

☒ 

3. Welds meet visual 
acceptance criteria 

P  ‐ 

 Crack prohibition 
 Weld/base‐metal fusion 

 Crater cross section  
 Weld profiles  

 Weld size  

 Undercut  
 Porosity 

☒  4. Arc strikes  P  ‐   

☒ 

5. k‐area  

P  ‐ 

When welding of doubler plates, 
continuity plates or stiffeners has been 
performed in the k‐area, visually inspect 
the web k‐area for cracks within 3 in. of 
the weld. 

☒ 
6. Backing removed and weld 

tabs removed (if required) 
P  ‐ 

 

☒ 

7. Backing removed, weld 
tabs removed and 
finished, and fillet welds 
added (if required)  

P/D  ‐ 

  

☒ 
8. Placement of reinforcing 

or contouring fillet welds 
(if required)  

P/D  ‐ 
  

☒  9. Repair activities   P  ‐   

☒ 
10. Document acceptance or 

rejection of welded 
joint/member  

P  ‐ 
 

   

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 
  STOKES ELEMENTARY SCHOOL 
 

SCHEDULE OF SPECIAL INSPECTION  Tetra Tech 
01 80 00 -4   

STRUCTURAL STEEL 

NONDESTRUCTIVE TESTING (SECTION N5.5, AISC 360‐10 & SECTION J6.2, AISC 341‐10):  

Required  Task  Perform  Observe  Description 

☐ 

1. CJP welds (Risk Cat. II)  

‐  O 

Ultrasonic testing shall be performed on 
10% of CJP groove welds in butt, T‐ and 
corner joints subject to transversely 
applied tension loading in materials 5/16‐
inch thick or greater. Testing rate must 
be increased if > 5% of welds tested have 
unacceptable defects.  

☒ 

2. CJP welds (Risk Cat. III,  IV 
or V)  

‐  O 

Ultrasonic testing shall be performed on 
all CJP groove welds in butt, T‐ and corner 
joints subject to transversely applied 
tension loading in materials 5/16‐inch 
thick or greater.  

☒ 

3. CJP welds  

‐  O 

Ultrasonic testing shall be performed on 
100% of CJP groove welds in materials 
5/16‐inch or greater.  Magnetic particle 
testing shall be performed on 25% of all 
beam‐to‐column CJP groove welds. 

☒ 

4. Access holes (flange > 2”)  

‐  O 

Thermally cut surfaces of access holes 
shall be MT or PT when the flange 
thickness exceeds 2 in. for rolled shapes, 
or when the web thickness exceeds 2 in. 
for built‐up shapes.  Any cracks shall be 
deemed unacceptable regardless of size 
or location. 

☒ 

5. Welded joints subject to 
fatigue 

‐  O 

Radiographic or Ultrasonically inspect 
welded joints identified on the contract 
documents to be subject to fatigue per 
sections 5.1, 5.2, 5.3, 5.4, 6.1, 6.2, and 6.3 
of Table A‐3.1, AISC 360‐10. 
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Tetra Tech  SCHEDULE OF SPECIAL INSPECTION 
  01 80 00 -5 

STRUCTURAL STEEL 

NONDESTRUCTIVE TESTING (SECTION N5.5, AISC 360‐10 & SECTION J6.2, AISC 341‐10):  

Required  Task  Perform  Observe  Description 

☒ 

6. K‐area NDT  

P  ‐ 

Where welding of doubler plates, 
continuity plates or stiffeners has been 
performed in the k‐area, the web shall be 
tested for cracks using magnetic particle 
testing (MT).  The MT inspection area 
shall include the k‐area base metal within 
3‐inches of the weld.  The MT shall be 
performed no sooner than 48 hours 
following completion of the welding. 

☒ 

7. Base metal NDT for 
lamellar tearing and 
laminations  

‐  O 

After joint completion, base metal thicker 
than 1 1/2 in. loaded in tension in the 
through‐thickness direction in tee and 
corner joints, where the connected 
material is greater than 3/4 in. and 
contains CJP groove welds, shall be 
ultrasonically tested for discontinuities 
behind and adjacent to the fusion line of 
such welds. 

☒ 

8. Beam cope and access 
hole  

‐  O 

At welded splices and connections, 
thermally cut surfaces of beam copes and 
access holes shall be tested using 
magnetic particle testing or penetrant 
testing, when the flange thickness 
exceeds 1 1/2 in. for rolled shapes, or 
when the web thickness exceeds 1 1/2 in. 
for built‐up shapes. 

☒ 

9. Reduced beam section 
repair  

‐  O 

Magnetic particle testing shall be 
performed on any weld and adjacent 
area of the reduced beam section (RBS) 
cut surface that has been repaired by 
welding, or on the base metal of the RBS 
cut surface if a sharp notch has been 
removed by grinding. 

☒  10. Weld tab removal sites 

‐  O 

At the end of welds where weld tabs 
have been removed, magnetic particle 
testing shall be performed on the same 
beam‐to‐column joints receiving UT. 
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SCHEDULE OF SPECIAL INSPECTION  Tetra Tech 
01 80 00 -6   

STRUCTURAL STEEL 

PRIOR TO BOLTING (TABLE N5.6‐1, AISC 360‐10 & TABLE J7‐1, AISC 341‐10):   

Required  Task  Perform  Observe  Description 

☒ 
1. Manufacture’s 

certification available for 
fastener materials 

P  ‐ 
 

☒ 
2. Fasteners marked in 

accordance with ASTM 
requirements 

‐  O 
 

☒ 

3. Proper fasteners selected 
for joint detail (grade, 
type, bolt length if 
threads are to be 
excluded from shear 
plane 

‐  O 

 

☒ 
4. Proper bolting procedure 

selected for joint detail 
‐  O 

 

☒ 

5. Connecting elements, 
including  appropriate 
faying surface condition 
and hole preparation, if 
specified, meet 
applicable requirements 

‐  O 

 

☒ 

6. Pre‐installation 
verification testing by 
installation personnel 
observed and 
documented for fastener 
assemblies and methods 
used 

 

‐  O/D*** 

 

☒ 

7. Proper storage provided 
for bolts, nuts, washers, 
and other fastener 
components 

‐  O 
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Tetra Tech  SCHEDULE OF SPECIAL INSPECTION 
  01 80 00 -7 

STRUCTURAL STEEL 

DURING BOLTING (TABLE N5.6‐2, AISC 360‐10 & TABLE J7‐2, AISC 341‐10):   

Required  Task  Perform  Observe  Description 

☒ 

1. Fastener assemblies of 
suitable condition, paced 
in all holes and washers 
(if required) are 
positioned as required 

‐  O 

 

☒ 
2. Joint brought to the snug‐

tight condition prior to 
pretensioning operations 

‐  O 
 

☒ 
3. Fastener component not 

turned by the wrench 
prevented from rotating 

‐  O 
 

☒ 

4. Fasteners are 
pretensioned in 
accordance with RCSC 
Specification, progressing 
systematically from the 
most rigid point toward 
the free edges  

‐  O 

 

AFTER BOLTING (TABLE N5.6‐3, AISC 360‐10 & TABLE J7‐3, AISC 341‐10):  

Required  Task  Perform  Observe  Description 

☒ 
Document acceptance or 
rejection of bolted 
connections 

P  ‐ 
  

OTHER STEEL INSPECTIONS (SECTION N5.7, AISC 360‐10):  

Required  Task  Perform  Observe  Description 

☒ 

1. Anchor rods and other 
embedments supporting 
structural steel  P  ‐ 

Verify the diameter, grade, type, and 
length of the anchor rod or embedded 
item, and the extent or depth of 
embedment prior to placement of 
concrete. 

☒ 

2. Fabricated steel or 
erected steel frame 

‐  O 

Verify compliance with the details 
shown on the construction documents, 
such as braces, stiffeners, member 
locations and proper application of 
joint details at each connection. 

   NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 
  STOKES ELEMENTARY SCHOOL 
 

SCHEDULE OF SPECIAL INSPECTION  Tetra Tech 
01 80 00 -8   

STRUCTURAL STEEL 

OTHER STEEL INSPECTIONS (Tables J8‐1 & J10‐1, AISC 341‐10):  

Required  Task  Perform  Observe  Description 

☒ 
1. Reduced beam sections 

(RBS)  
P/D  ‐ 

 Contour and finish 
 Dimensional tolerances 

☒ 
2. Protected zones  

P/D  ‐ 
No holes or unapproved attachments 
made by fabricator or erector  

☐ 
3. H‐piles  

P/D  ‐ 
No holes or unapproved attachments 
made by the responsible contractor  
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Tetra Tech  SCHEDULE OF SPECIAL INSPECTION 
  01 80 00 -9 

STEEL CONSTRUCTION OTHER THAN STRUCTURAL STEEL 

STEEL ROOF AND FLOOR DECKS (IBC TABLE 1705.2.2):  

Required  Task  Continuous  Periodic  Description 

☒ 

1. Material verification of 
cold‐formed steel deck  

‐  P 

Confirm that identification markings 
are provided to conform to ASTM 
standards specified on approved 
construction documents. Verify 
material with manufacturer’s certified 
test reports. 

☒ 
2. Floor and roof deck welds 

‐  P 
Visual inspection to confirm that welds 
meet acceptance criteria of AWS D1.3 
and verify welder qualifications. 

WELDING OF REINFORCING STEEL (IBC TABLE 1705.2.2):  

Required  Task  Continuous  Periodic  Description 

☒ 

1. Verification of weldability 

‐  P 

Verify weldability of reinforcing steel, 
other than ASTM A 706 based upon 
carbon equivalent and in accordance 
with AWS D1.4. 

☒ 

2. Reinforcing steel resisting 
flexural and axial forces 
in intermediate or special 
moment fames, and 
boundary elements of 
special structural walls 

C  ‐ 

Visually inspect all welds in accordance 
with AWS D1.4. 

☒ 
3. Shear reinforcement 

C  ‐ 
Visually inspect all welds in accordance 
with AWS D1.4. 

☒ 
4. Other reinforcing steel 

‐  P 
Visually inspect all welds in accordance 
with AWS D1.4. 
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CONCRETE CONSTRUCTION 

IBC TABLE 1705.3, 1705.12.1:  

Required  Task  Continuous  Periodic  Description 

☒ 

1. Reinforcing steel, 
including prestressing 
tendons 

‐  P 

Verify prior to placing concrete that 
reinforcing is of specified type, grade 
and size; that it is free of oil, dirt and 
rust; that it is located and spaced 
properly; that hooks, bends, ties, 
stirrups and supplemental 
reinforcement are placed correctly; 
that lap lengths, stagger and offsets are 
provided; and that all mechanical 
connections are installed per the 
manufacturer’s instructions and/or 
evaluation report. 

☒ 

2. Anchors cast in concrete 

‐  P 

Verify prior to placing concrete that 
cast in anchors have proper 
embedment, spacing and edge 
distance. 

☒ 
3. Post‐installed anchors or 

dowels  C   
Inspect all post‐installed 
anchors/dowels as required by the 
approved ICC‐ES report. 

☒ 
4. Use of required mix 

design 
‐  P 

Verify that all mixes used comply with 
the approved construction documents 

☒ 
5. Concrete slump, air 

content, and 
temperature 

C  ‐ 
At the time fresh concrete is sampled 
to fabricate specimens for strength test 
verify these tests are performed. 

☒ 

6. Concrete & shotcrete 
placement 

C  ‐ 

Verify proper application techniques 
are used during concrete conveyance 
and depositing avoids segregation or 
contamination. Verify that concrete is 
properly consolidated. 

☒ 
7. Curing temperature and 

techniques   ‐  P 
Inspect curing , cold weather 
protection and hot weather protection 
procedures. 

☐ 

8. Pre‐stressed concrete 

C  ‐ 

Verify application of prestressing forces 
and grouting of bonded prestressing 
tendons in the seismic force‐resisting 
system.  
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Tetra Tech  SCHEDULE OF SPECIAL INSPECTION 
  01 80 00 -11 

CONCRETE CONSTRUCTION 

IBC TABLE 1705.3, 1705.12.1:  

Required  Task  Continuous  Periodic  Description 

☐ 

9. Erection of precast 
concrete 

‐  P 

Verify that all precast elements are 
lifted, assembled and braced in 
accordance with the approved 
construction documents. 

☒ 

10. In‐situ concrete strength 
verification 

‐  P 

Prior to the removal of shores and 
forms or the stressing of post‐
tensioned tendons verify that adequate 
strength has been achieved. 

☒ 

11. Formwork 

‐  P 

Inspect the forms to ensure that they 
are placed plumb and conform to the 
shapes, lines, and dimensions of the 
members as required by the approved 
construction documents. 

☒ 

12. Reinforcement complying 
with ASTM A 615 in 
special moment frames, 
special structural walls 
and coupling beams 

‐  P 

Verify that ASTM A 615 reinforcing 
steel used in these areas complies with 
ACI 318: 21.1.5.2 by means of certified 
mill test reports. If this reinforcing steel 
is to be welded chemical tests shall be 
performed in accordance with ACI 318: 
3.5.2. 

☐ 

13. Reinforcement 
placement within 
progressive collapse 
resisting system (#) 

C  ‐ 

Visual inspect reinforcing steel 
placement with a particular emphasis 
on reinforcing steel anchorages, laps 
and other details within the progressive 
collapse resisting system, including 
horizontal tie force elements, vertical 
tie force elements and bridging 
elements. 
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WOOD CONSTRUCTION 

IBC 1705.5, 1705.10.1 & 1705.11.2 

Required  Task  Continuous  Periodic  Description 

☐ 

1. High‐load diaphragms 

‐  P 

Verify thickness and grade of 
sheathing, size of framing members at 
panel edges, nail/staple diameters and 
length, and the number of fastener 
lines and fastener spacing are per 
approved plans.  

☐ 
2. Metal‐plate‐connected 

wood trusses spanning 60 
feet or greater 

‐  P 
Verify that temporary and permanent 
truss bracing is installed in accordance 
with approved truss package.  

☒ 
3. Field Gluing (*, **) 

C  ‐ 
Inspect all field gluing of structural 
wood element within the main wind‐
force resisting system. 

☒ 

4. Nailing, bolting, 
anchoring and other 
fastening of components 
(*, **) 

‐  P 

If fasteners within the main wind‐force 
resisting system are spaced less than 4‐
inches, verify that proper nailing, 
bolting, anchoring and other fastening 
of shear walls, diaphragms, drag struts, 
braces, and holdowns. 

☐ 

5. Nailing, bolting, 
anchoring and other 
fastening of components 
(#)  ‐  P 

Verify proper nailing, bolting, 
anchoring, and other fastening 
components within the progressive 
collapse resisting system, including 
horizontal tie force elements, vertical 
tie force elements and bridging 
elements. 
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SOILS CONSTRUCTION 

IBC TABLE 1705.6 

Required  Task  Continuous  Periodic  Description 

☒ 
1. Foundation bearing 

capacity   ‐  P 
Verify the materials below foundations 
are adequate to achieve the design 
bearing capacity. 

☒ 
2. Excavations 

‐  P 
Verify the excavations are extended to 
the proper depth and have reached 
proper material. 

☒ 
3. Perform classification and 

testing of compacted fill 
materials 

‐  P 
 

☒ 

4. Compacted fill material 

C  ‐ 

Verify the use of proper materials, 
densities and lift thicknesses during 
placement and compaction of 
compacted fill. 

☒ 
5. Subgrade 

‐  P 
Prior to placement of compacted fill, 
observe sub‐grade and verify that site 
has been prepared properly. 
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Statement of Special Inspections 

Project: 
Location: 
Owner: 

Design Professional in Responsible Charge: 

This Statement of Special Inspections is submitted as a condition for permit issuance in accordance with the 
Special Inspection and Structural Testing requirements of the Building Code.  It includes a schedule of Special 
Inspection services applicable to this project as well as the name of the Special Inspection Coordinator and 
the identity of other approved agencies to be retained for conducting these inspections and tests.  This 
Statement of Special Inspections encompass the following disciplines: 

  Structural   Mechanical/Electrical/Plumbing 
  Architectural   Other: 

The Special Inspection Coordinator shall keep records of all inspections and shall furnish inspection reports to 
the Building Official and the Registered Design Professional in Responsible Charge.  Discovered 
discrepancies shall be brought to the immediate attention of the Contractor for correction.  If such 
discrepancies are not corrected, the discrepancies shall be brought to the attention of the Building Official and 
the Registered Design Professional in Responsible Charge.  The Special Inspection program does not relieve 
the Contractor of his or her responsibilities. 

Interim reports shall be submitted to the Building Official and the Registered Design Professional in 
Responsible Charge. 

A Final Report of Special Inspections documenting completion of all required Special Inspections, testing and 
correction of any discrepancies noted in the inspections shall be submitted prior to issuance of a Certificate of 
Use and Occupancy. 

Job site safety and means and methods of construction are solely the responsibility of the Contractor. 

Interim Report Frequency: or  per attached schedule. 

Prepared by: 

Design Professional Seal 

Andrew T. Coats, PE 
(type or print name) 

Signature Date 

Owner’s Authorization: Building Official’s Acceptance: 

Signature Date Signature Date 

CASE Form 101    •    Statement of Special Inspections    •    CASE 2004 

Tetra Tech STATEMENT OF SPECIAL INSPECTIONS 
01 90 00-1 

HVAC Improvements
Stokes Elementary School 

Caesar Rodney School District
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Schedule of Inspection and Testing Agencies 
This Statement of Special Inspections / Quality Assurance Plan includes the following building systems: 

   Soils and Foundations     Spray Fire Resistant Material 
   Cast-in-Place Concrete     Wood Construction 
   Precast Concrete     Exterior Insulation and Finish System 
   Masonry     Mechanical & Electrical Systems 
   Structural Steel     Architectural Systems 
   Cold-Formed Steel Framing    Special Cases 

Special Inspection  Agencies Firm Address, Telephone, e-mail 
1. Special Inspection

Coordinator

2. Inspector

3. Inspector

4. Testing Agency

5. Testing Agency

6. Other

Note:  The inspectors and testing agencies shall be engaged by the Owner or the Owner’s Agent, and not by 
the Contractor or Subcontractor whose work is to be inspected or tested. Any conflict of interest must be 
disclosed to the Building Official, prior to commencing work. 

CASE Form 101    •    Statement of Special Inspections    •    CASE 2004 

Tetra Tech STATEMENT OF SPECIAL INSPECTIONS
01 90 00-2 

200-163183-17001-07 HVCA IMPROVEMENTS 
STOKES  ELEMENTARY SCHOOL

X
X

X

X
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  01 91 13 - 1 

SECTION 019113 

GENERAL COMMISSIONING REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes general requirements that apply to implementation of commissioning 
without regard to systems, subsystems, and equipment being commissioned. 

B. Related Sections include the following: 

1. Division 01 Section "HVAC Commissioning Requirements" for specific requirements for 
commissioning HVAC systems. 

2. Division 01 Section "Electrical Commissioning Requirements" for specific requirements 
for commissioning electrical systems. 

3. Division 01 Section "Plumbing System Commissioning Requirements" for specific 
requirements for commissioning Plumbing systems. 

4. Division 01 Section "Contract Closeout" for specific requirements for closeout at 
substantial and final completion. 

5. Division 01 Section "Contract Closeout" for Specific Requirements for training and 
demonstration of systems to Owner. 

6. Division 01 Section "Contract Closeout" for Specific Requirements related to the 
Preparation of systems operation and maintenance manuals. 

1.3 DEFINITIONS 

A. CxA:  Commissioning Authority. 

B. OPR:  Owner's Project Requirements. 

C. Systems, Subsystems, and Equipment:  Where these terms are used together or separately, they 
shall mean "as-built" systems, subsystems, and equipment. 

D. TAB:  Testing, Adjusting, and Balancing. 
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GENERAL COMMISSIONING REQUIREMENTS  Tetra Tech 
01 91 13 - 2  

1.4 COMMISSIONING TEAM 

A. Members Appointed by Contractor(s):  Individuals, each having authority to act on behalf of the 
entity he or she represents, explicitly organized to implement the commissioning process 
through coordinated actions.  The commissioning team shall consist of, but not be limited to, 
representatives of Contractor, including Project superintendent and subcontractors, installers, 
suppliers, and specialists deemed appropriate by the CxA. 

B. Members Appointed by Owner: 

1. CxA:  The designated person, company, or entity that plans, schedules, and coordinates 
the commissioning team to implement the commissioning process.  Owner will engage 
the CxA under a separate contract.  The CxA for this project shall be performed by  Gipe 
Associates, Inc., 8719 Brooks Drive, Easton, Maryland 21601, (410) 822-8688 -  
telephone, (410) 822-6306 – fax. 

2. All contractor commissioning requirements and costs associated with commissioning the 
project shall be included in the base bid. 

3. Representatives of the facility user and operation and maintenance personnel. 
4. Architect and Engineering design professionals. 

1.5 OWNER'S RESPONSIBILITIES 

A. Assign operation and maintenance personnel and schedule them to participate in commissioning 
team activities including, but not limited to, the following: 

1. Coordination meetings. 
2. Training in operation and maintenance of systems, subsystems, and equipment. 
3. Testing meetings. 
4. Demonstration of operation of systems, subsystems, and equipment. 

1.6 CONTRACTOR'S RESPONSIBILITIES 

A. Provide utility services required for the commissioning process. 

B. Contractor shall assign representatives with expertise and authority to act on behalf of the 
Contractor and schedule them to participate in and perform commissioning team activities 
including, but not limited to, the following: 

1. Participate in commissioning and construction-phase coordination meetings. 
2. Participate in maintenance orientation and inspection. 
3. Participate in operation and maintenance training sessions. 
4. Participate in final review at acceptance meeting. 
5. Certify that Work is complete and systems are operational according to the Contract 

Documents, including calibration of instrumentation and controls. 
6. Evaluate performance deficiencies identified in test reports and, in collaboration with 

entity responsible for system and equipment installation, recommend corrective action. 
7. Review and approve final commissioning documentation. 
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Tetra Tech  GENERAL COMMISSIONING REQUIREMENTS 
  01 91 13 - 3 

8. Certify that all pre-test work and pre-testing of functional performance tests are complete 
and operational prior to scheduling performed testing by CxA.  Submit completed 
functional performance test forms with data from pre-testing. 

9. During functional performance testing, a representative from the mechanical contractor, 
controls contractor, and test/balance engineer must be present and participate in testing. 

C. Subcontractors shall assign representatives with expertise and authority to act on behalf of 
subcontractors and schedule them to participate in and perform commissioning team activities 
including, but not limited to, the following: 
1. Pre-test all systems/equipment prior to engaging CxA for Functional Performance 

Testing. 
2. Participate in commissioning and construction-phase coordination meetings. 
3. Participate in maintenance orientation and inspection. 
4. Participate in procedures meeting for testing. 
5. Participate in final review at acceptance meeting. 
6. Provide schedule for operation and maintenance data submittals, equipment startup, and 

testing to CxA for incorporation into the commissioning plan.  Update schedule on a 
weekly basis throughout the construction period. 

7. Provide information to the CxA for developing construction-phase commissioning plan. 
8. Participate in training sessions for Owner's operation and maintenance personnel. 
9. Provide updated Project Record Documents to the CxA on a daily basis. 
10. Gather and submit operation and maintenance data for systems, subsystems, and 

equipment to the CxA, as specified in Division 01 Section "Operation and Maintenance 
Data." 

11. Provide technicians who are familiar with the construction and operation of installed 
systems and who shall develop specific test procedures and participate in testing of 
installed systems, subsystems, and equipment. 

12. The test/balance subcontractor, mechanical contractor, and automatic temperature 
controls subcontractor must be on-site and provide assistance during all functional 
performance testing. 

1.7 CxA'S RESPONSIBILITIES 

A. Organize and lead the commissioning team. 

B. Prepare a construction-phase commissioning plan.  Collaborate with Contractor and with 
subcontractors to develop test and inspection procedures.  Include design changes and 
scheduled commissioning activities coordinated with overall Project schedule.  Identify 
commissioning team member responsibilities, by name, firm, and trade specialty, for 
performance of each commissioning task. 

C. Convene commissioning team meetings for the purpose of coordination, communication, and 
conflict resolution; discuss progress of the commissioning processes.  Responsibilities include 
arranging for facilities, preparing agenda and attendance lists, and notifying participants.  The 
CxA shall prepare and distribute minutes to commissioning team members and attendees within 
five workdays of the commissioning meeting. 

D. At a mutually agreed upon time, conduct an initial construction-phase coordination meeting for 
the purpose of reviewing the commissioning activities and establishing tentative schedules for 
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operation and maintenance submittals; operation and maintenance training sessions; TAB 
Work; and Project completion. 

E. Observe and inspect construction and report progress and deficiencies.  In addition to 
compliance with the Contract Documents, inspect systems and equipment installation for 
adequate accessibility for maintenance and component replacement or repair. 

F. Prepare Project-specific test and inspection procedures and checklists. 

G. Schedule, direct, witness, and document tests, inspections, and systems startup. 

H. Compile test data, inspection reports, and certificates and include them in the systems manual 
and commissioning report. 

I. Certify date of acceptance and startup for each item of equipment for start of warranty periods. 

J. Review Project Record Documents for accuracy.  Request revisions from Contractor to achieve 
accuracy.  Project Record Documents requirements are specified in Division 01 Section "Project 
Record Documents." 

K. Review and comment on operation and maintenance documentation and systems manual outline 
for compliance with the Contract Documents.  Operation and maintenance documentation 
requirements are specified in Division 01 Section "Operation and Maintenance Data." 

L. Assemble the final commissioning documentation, including the commissioning report and 
Project Record Documents. 

1.8 COMMISSIONING DOCUMENTATION 

A. Commissioning Plan:  A document, prepared by CxA, that outlines the schedule, allocation of 
resources, and documentation requirements of the commissioning process, and shall include, but 
is not limited to the following: 

1. Plan for delivery and review of submittals, systems manuals, and other documents and 
reports.  Identification of the relationship of these documents to other functions and a 
detailed description of submittals that are required to support the commissioning 
processes.  Submittal dates shall include the latest date approved submittals must be 
received without adversely affecting commissioning plan. 

2. Description of the organization, layout, and content of commissioning documentation 
(including systems manual) and a detailed description of documents to be provided along 
with identification of responsible parties. 

3. Identification of systems and equipment to be commissioned. 
4. Description of schedules for testing procedures along with identification of parties 

involved in performing and verifying tests. 
5. Identification of items that must be completed before the next operation can proceed. 
6. Description of responsibilities of commissioning team members. 
7. Description of observations to be made. 
8. Description of requirements for operation and maintenance training, including required 

training materials. 
9. Description of expected performance for systems, subsystems, equipment, and controls. 
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10. Schedule for commissioning activities with specific dates coordinated with overall 
construction schedule. 

11. Identification of installed systems, subsystems, and equipment, including design changes 
that occurred during the construction phase. 

12. Process and schedule for documenting changes on a continuous basis to appear in Project 
Record Documents. 

13. Process and schedule for completing prestart and startup checklists for systems, 
subsystems, and equipment to be verified and tested. 

14. Step-by-step procedures for testing systems, subsystems, and equipment with 
descriptions for methods of verifying relevant data, recording the results obtained, and 
listing parties involved in performing and verifying tests. 

B. Test Checklists:  CxA, with assistance of Contractor and Subcontractors, shall develop test 
checklists for each system, subsystem, or equipment including interfaces and interlocks, and 
include a separate entry, with space for comments, for each item to be tested.  Prepare separate 
checklists for each mode of operation and provide space to indicate whether the mode under test 
responded as required.  Provide space for testing personnel to sign off on each checklist.  
Specific checklist content requirements are specified in Division 01 Section "HVAC 
Commissioning Requirements", "Electrical Commissioning Requirements" and "Plumbing 
System Commissioning Requirements”.  Test checklists will be jointly developed as the project 
progresses.  Each checklist, regardless of system, subsystem, or equipment being tested, shall 
include, but not be limited to, the following: 

1. Name and identification code of tested item. 
2. Test number. 
3. Time and date of test. 
4. Indication of whether the record is for a first test or retest following correction of a 

problem or issue. 
5. Dated signatures of the person performing test and of the witness, if applicable. 
6. Individuals present for test. 
7. Deficiencies. 
8. Issue number, if any, generated as the result of test. 

C. Certificate of Readiness:  Certificate of Readiness shall be signed by Contractor, 
Subcontractor(s), Installer(s), and CxA certifying that systems, subsystems, equipment, and 
associated controls are ready for testing.  Completed test checklists signed by the responsible 
parties shall accompany this certificate. 

D. Test and Inspection Reports:  CxA shall record test data, observations, and measurements on 
test checklists.  Photographs, forms, and other means appropriate for the application shall be 
included with data.  CxA shall compile test and inspection reports and test and inspection 
certificates and include them in systems manual and commissioning report. 

E. Corrective Action Documents:  CxA shall document corrective action taken for systems and 
equipment that fail tests.  Include required modifications to systems and equipment and 
revisions to test procedures, if any.  Retest systems and equipment requiring corrective action 
and document retest results. 

F. Issues Log:  CxA shall prepare and maintain an issues log that describes design, installation, 
and performance issues that are at variance with the Contract Documents.  Identify and track 
issues as they are encountered, documenting the status of unresolved and resolved issues. 
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1. Creating an Issues Log Entry: 

a. Identify the issue with unique numeric or alphanumeric identifier by which the 
issue may be tracked. 

b. Assign a descriptive title of the issue. 
c. Identify date and time of the issue. 
d. Identify test number of test being performed at the time of the observation, if 

applicable, for cross-reference. 
e. Identify system, subsystem, and equipment to which the issue applies. 
f. Identify location of system, subsystem, and equipment. 
g. Include information that may be helpful in diagnosing or evaluating the issue. 
h. Note recommended corrective action. 
i. Identify commissioning team member responsible for corrective action. 
j. Identify expected date of correction. 
k. Identify person documenting the issue. 

2. Documenting Issue Resolution: 

a. Log date correction is completed or the issue is resolved. 
b. Describe corrective action or resolution taken.  Include description of diagnostic 

steps taken to determine root cause of the issue, if any. 
c. Identify changes to the Contract Documents that may require action. 
d. State that correction was completed and system, subsystem, and equipment is 

ready for retest, if applicable. 
e. Identify person(s) who corrected or resolved the issue. 
f. Identify person(s) documenting the issue resolution. 

3. Issues Log Report:  On a periodic basis, but not less than for each commissioning team 
meeting, CxA shall prepare a written narrative for review of outstanding issues and a 
status update of the issues log.  As a minimum, CxA shall include the following 
information in the issues log and expand it in the narrative: 

a. Issue number and title. 
b. Date of the identification of the issue. 
c. Name of the commissioning team member assigned responsibility for resolution. 
d. Expected date of correction. 

G. Commissioning Report:  CxA shall document results of the commissioning process including 
unresolved issues and performance of systems, subsystems, and equipment.  The 
commissioning report shall indicate whether systems, subsystems, and equipment have been 
completed and are performing according to the Contract Documents.  The commissioning report 
shall include, but is not limited to, the following: 

1. Lists and explanations of substitutions; compromises; variances in the Contract 
Documents; record of conditions; and, if appropriate, recommendations for resolution.  
This report shall be used to evaluate systems, subsystems, and equipment and shall serve 
as a future reference document during Owner occupancy and operation.  It shall describe 
components and performance that exceed requirements of the Contract Documents and 
those that do not meet requirements of the Contract Documents.  It may also include a 
recommendation for accepting or rejecting systems, subsystems, and equipment. 

2. Commissioning plan. 
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3. Testing plans and reports. 
4. Corrective modification documentation. 
5. Issues log. 
6. Completed test checklists. 
7. Listing of off-season test(s) not performed and a schedule for their completion. 
8. All commissioning documents must be submitted to the building Owner within 90 days 

of the date of receipt of the Certificate of Occupancy. 

H. Systems Manual:  CxA shall gather required information and compile systems manual.  Systems 
manual shall include, but is not limited to, the following: 
1. Project Record Documents as specified in Division 01 Section "Project Record 

Documents." 
2. Final commissioning plan. 
3. Commissioning report. 
4. Operation and maintenance data as specified in Division 01 Section "Operation and 

Maintenance Data." 

1.9 SUBMITTALS 

A. Test Checklists and Report Forms:  CxA shall submit sample checklists and forms to Contractor 
quality-control manager and subcontractors for review and comment.  Submit two copies of 
each checklist and report form. 

B. Test and Inspection Reports:  CxA shall submit test and inspection reports. 

C. Corrective Action Documents:  CxA shall submit corrective action documents. 

1.10 QUALITY ASSURANCE 

A. Instructor Qualifications:  Factory-authorized service representatives, experienced in training, 
operation, and maintenance procedures for installed systems, subsystems, and equipment. 

B. Test Equipment Calibration:  Comply with test equipment manufacturer's calibration procedures 
and intervals.  Recalibrate test instruments immediately whenever instruments have been 
repaired following damage or dropping.  Affix calibration tags to test instruments.  Instruments 
shall have been calibrated within six months prior to use. 

1.11 COORDINATION 

A. Coordinating Meetings:  CxA shall conduct coordination meetings of the commissioning team 
to review progress on the commissioning plan, to discuss scheduling conflicts, and to discuss 
upcoming commissioning process activities. 

B. Pretesting Meetings:  CxA shall conduct pretest meetings of the commissioning team to review 
startup reports, pretest inspection results, testing procedures, testing personnel and 
instrumentation requirements, and manufacturers' authorized service representative services for 
each system, subsystem, equipment, and component to be tested. 
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C. Testing Coordination:  CxA shall coordinate sequence of testing activities to accommodate 
required quality-assurance and -control services with a minimum of delay and to avoid 
necessity of removing and replacing construction to accommodate testing and inspecting. 

1. Schedule times for tests, inspections, obtaining samples, and similar activities. 

D. Manufacturers' Field Services:  CxA and Contractor shall coordinate services of manufacturers' 
field services. 

1.12 ALTERNATES 

A. Refer to Division 01 Section, “Alternates” for description of work under this section affected by 
alternates. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 OPERATION AND MAINTENANCE TRAINING REQUIREMENTS 

A. Training Preparation Conference:  Before operation and maintenance training, CxA shall 
convene a training preparation conference to include Owner's operation and maintenance 
personnel, Contractor, and subcontractors.  In addition to requirements specified in Division 01 
Section "Demonstration and Training," perform the following: 
 
1. Review installed systems, subsystems, and equipment. 
2. Review instructor qualifications. 
3. Review instructional methods and procedures. 
4. Review training module outlines and contents. 
5. Review course materials (including operation and maintenance manuals). 
6. Inspect and discuss locations and other facilities required for instruction. 
7. Review and finalize training schedule and verify availability of educational materials, 

instructors, audiovisual equipment, and facilities needed to avoid delays. 
8. For instruction that must occur outside, review weather and forecasted weather conditions 

and procedures to follow if conditions are unfavorable. 

B. Training Modules:  Develop an instruction program that includes individual training modules 
for each system, subsystem, and equipment as specified in Division 01 Section "Demonstration 
and Training." 

END OF SECTION 

 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS  200-163183-17001-07 
STOKES ELEMENTARY SCHOOL     
 

 
Tetra Tech  HVAC COMMISSIONING REQUIREMENTS 
  01 91 15 - 1 

SECTION 01 91 15 

HVAC COMMISSIONING REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes requirements for commissioning the HVAC system and its subsystems 
and equipment.  This Section supplements the general requirements specified in Division 01 
Section "General Commissioning Requirements." 

B. Related Sections include the following: 

1. Division 01 Section "General Commissioning Requirements" for general requirements 
for commissioning processes that apply to this Section. 

C. The following systems and/or equipment shall be commissioned: 
 
1. 100% Outside Air Units 
2. Air Flow Monitoring Stations. 
3. Automatic Temperature Control System. 
4. Boilers and burners. 
5. Chilled water system/chiller. 
6. Condensate overflow alarms. 
7. Condensate pumps. 
8. Duct detectors. 
9. Ductless heat pumps and air conditioning units. 
10. Electric Heaters/Radiant Heat Panels. 
11. Exhaust Fans and ventilation fans. 
12. Fan coil systems. 
13. Flow measuring stations. 
14. Flow Switches. 
15. Freeze protection pumps. 
16. High temperature alarms. 
17. Hot water systems. 
18. HVAC controls and sequences of operation. 
19. Kitchen ventilation system. 
20. Pumps. 
21. Supply air systems, including steam humidifiers. 
22. Variable frequency drives. 
23. Variable refrigerant volume systems (indoor and outdoor units). 
24. Variable refrigerant volume system ATC interface and systems integration. 
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1.3 DEFINITIONS 

A. Architect:  Includes Architect identified in the Contract for Construction between Owner and 
Contractor, plus consultant/design professionals responsible for design of HVAC, electrical, 
communications, controls for HVAC systems, and other related systems. 

B. CxA:  Commissioning Authority. 

C. Systems, Subsystems, and Equipment:  Where these terms are used together or separately, they 
shall mean "as-built" systems, subsystems, and equipment. 

D. TAB:  Testing, Adjusting, and Balancing. 

1.4 CONTRACTOR'S RESPONSIBILITIES 

A. The following responsibilities are in addition to those specified in Division 01 Section "General 
Commissioning Requirements." 

B. Contractor: 

1. Attend procedures meeting for TAB Work. 
2. Certify that TAB Work is complete. 
3. Assist performing functional performance tests. 

C. Mechanical Contractor: 

1. Attend TAB verification testing. 
2. Provide measuring instruments and logging devices to record test data, and data 

acquisition equipment to record data for the complete range of testing for the required test 
period. 

3. Assist performing functional performance tests. 

D. HVAC Instrumentation and Control Contractor:  With the CxA, review control designs for 
compliance with the Contract Documents, controllability with respect to actual equipment to be 
installed, and recommend adjustments to control designs and sequence of operation 
descriptions. 

E. TAB Subcontractor: 

1. Contract Documents Review:  With the CxA, review the Contract Documents before 
developing TAB procedures. 

a. Verify the following: 

1) Accessibility of equipment and components required for TAB Work. 
2) Adequate number and placement of duct balancing dampers to allow proper 

balancing while minimizing sound levels in occupied spaces. 
3) Adequate number and placement of balancing valves to allow proper 

balancing and recording of water flow. 
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4) Adequate number and placement of test ports and test instrumentation to 
allow reading and compilation of system and equipment performance data 
needed to conduct both TAB and commissioning testing. 

5) Air and water flow rates have been specified and compared to central 
equipment output capacities. 

b. Identify discontinuities and omissions in the Contract Documents. 
c. This review of the Contract Documents by the TAB Subcontractor satisfies 

requirements for a design review report as specified in Division 23 Section 
"Testing Adjusting & Balancing for HVAC & Plumbing." 

d. Assist performing functional performance tests. 
 

2. Additional Responsibilities:  Participate in tests specified in Division 23 Sections 
"Instrumentation & Controls of HVAC & Plumbing Systems." 

F. Electrical Contractor: 

1. With the Mechanical Contractor, coordinate installations and connections between and 
among electrical and HVAC systems, subsystems, and equipment. 

2. Attend TAB verification testing. 

1.5 COMMISSIONING DOCUMENTATION 

A. The following are in addition to documentation specified in Division 01 Section "General 
Commissioning Requirements." 

B. Test Checklists:  CxA with assistance of Contractor shall develop test checklists for HVAC 
systems, subsystems, and equipment, including interfaces and interlocks with other systems.  
CxA shall prepare separate checklists for each mode of operation and provide space to indicate 
whether the mode under test responded as required.  In addition to the requirements specified in 
Division 01 Section "General Commissioning Requirements," checklists shall include, but not 
be limited to, the following: 

1. Calibration of sensors and sensor function. 
2. Testing conditions under which test was conducted, including (as applicable) ambient 

conditions, set points, override conditions, and status and operating conditions that 
impact the results of test. 

3. Control sequences for HVAC systems. 
4. Strength of control signal for each set point at specified conditions. 
5. Responses to control signals at specified conditions. 
6. Sequence of response(s) to control signals at specified conditions. 
7. Electrical demand or power input at specified conditions. 
8. Power quality and related measurements. 
9. Expected performance of systems, subsystems, and equipment at each step of test. 
10. Narrative description of observed performance of systems, subsystems, and equipment.  

Notation to indicate whether the observed performance at each step meets the expected 
results. 

11. Interaction of auxiliary equipment. 
12. Issues log. 
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1.6 SUBMITTALS 

A. The following submittals are in addition to those specified in Division 01 Section "General 
Commissioning Requirements." 

B. Testing Procedures:  CxA shall submit detailed testing plan, procedures, and checklists for each 
series of tests.  Submittals shall include samples of data reporting sheets that will be part of the 
reports. 

C. Certificate of Readiness:  CxA shall compile certificates of readiness from Contractor certifying 
that systems, subsystems, equipment, and associated controls are ready for testing. 

D. Certificate of Completion of Installation, Prestart, and Startup:  CxA shall certify that 
installation, prestart, and startup activities have been completed.  Certification shall include 
completed checklists provided by TAB Subcontractor as specified in Division 23 Section 
"Testing Adjusting & Balancing for HVAC & Plumbing." 

E. Test and Inspection Reports:  CxA shall compile and submit test and inspection reports and 
certificates, and shall include them in systems manual and commissioning report. 

F. Corrective Action Documents:  CxA shall submit corrective action documents. 

G. Certified TAB Reports:  CxA shall submit verified, certified TAB reports. 

1.7 ALTERNATES 

A. Refer to Division 01 Section, “Alternates” for description of work under this section affected by 
alternates. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 TESTING PREPARATION 

A. Prerequisites for Testing: 

1. Certify that HVAC systems, subsystems, and equipment have been completed, calibrated, 
and started; are operating according to the Contract Documents; and that Certificates of 
Readiness are signed and submitted. 

2. Certify that HVAC instrumentation and control systems have been completed and 
calibrated; are operating according to the Contract Documents; and that pretest set points 
have been recorded. 

3. Certify that TAB procedures have been completed, and that TAB reports have been 
submitted, discrepancies corrected, and corrective work approved. 

4. Test systems and intersystem performance after approval of test checklists for systems, 
subsystems, and equipment. 
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5. Set systems, subsystems, and equipment into operating mode to be tested (e.g., normal 
shut down, normal auto position, normal manual position, unoccupied cycle, emergency 
power, and alarm conditions). 

6. Verify each operating cycle after it has been running for a specified period and is 
operating in a steady-state condition. 

7. Inspect and verify the position of each device and interlock identified on checklists.  Sign 
off each item as acceptable, or failed.  Repeat this test for each operating cycle that 
applies to system being tested. 

8. Check safety cutouts, alarms, and interlocks with duct detectors and life-safety systems 
during each mode of operation. 

9. Annotate checklist or data sheet when a deficiency is observed. 
10. Verify equipment interface with monitoring and control system and TAB criteria; include 

the following:  
a. All temperature alarms. 
b. All pump status alarms. 
c. Supply and return flow rates for VAV and constant volume systems in each 

operational mode. 
d. Minimum outdoor-air intake in each operational mode and at minimum and 

maximum airflows. 
e. Total exhaust airflow and total outdoor-air intake. 
f. Supply and return flow rates for water to air geothermal heat pump systems in each 

operational mode. 
g. 100% outside air units. 
h. Minimum outdoor-air intake in each operational mode and at minimum and 

maximum airflows. 
i. Supply, outside air, exhaust and return air flow rates for ERVs in each operating 

mode. 
j. Kitchen ventilation supply and exhaust air flow rates and temperatures, including 

optical and exhaust sensors. 
k. Pump flow rates, pressure and amperage at each operating mode. 
l. 100% outside air unit air and water flow rates and temperatures in each operating 

mode. 
m. Sequences of operation of all HVAC equipment. 
n. Ductless heat pumps and air conditioning units with air flow rates, fluid flow rates, 

and temperatures. 
o. Variable speed drive parameters at each operated mode. 
p. Electric heating equipment volts, amps, and temperature rise. 
q. Boiler temperatures, flow rates, low water cut-off interlock, flame failure 

interlocks, and amperage. 
r. Supply and return air flow rates for all HVAC equipment. 
s. Operation/Accuracy of flow measuring stations at various flow rates. 
t. Operation of variable refrigerant flow systems in all modes. 
u. Chiller flow rates, temperatures, set points, and safeties. 
v. Fluid flow rates and temperature for all water cooled equipment. 
w. Set point and operation of “high temperature” alarms. 
x. Test operation and air temperatures of hot gas re-heat coils. 
y. Set point and operation of high temperature alarms. 
z. Test freeze protection pumps. 
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11. Verify proper responses of monitoring and control system controllers and sensors to 
include the following: 

a. For each controller or sensor, record the indicated monitoring and control system 
reading and the test instrument reading.  If initial test indicates that the test reading 
is outside of the control range of the installed device, check calibration of the 
installed device and adjust as required.  Retest malfunctioning devices and record 
results on checklist or data sheet. 

b. Report deficiencies and prepare an issues log entry. 

12. Verify that HVAC equipment field quality-control testing has been completed and 
approved.  CxA shall direct, witness, and document field quality-control tests, 
inspections, and startup specified in individual Division 23 Sections. 

B. Testing Instrumentation:  Install measuring instruments and logging devices to record test data 
for the required test period.  Instrumentation shall monitor and record full range of operating 
conditions and shall allow for calculation of total capacity of system for each mode of 
operation.  For individual room cooling tests, provide temporary heaters to impose a cooling 
load.  Operational modes include the following: 

1. Heating/Cooling Mode. 
2. Occupied and unoccupied. 
3. Warm up and cool down. 
4. Life-safety and safety systems. 
5. Duct detectors. 
6. Fire safety. 
7. Temporary upset of system operation. 
8. Partial occupancy conditions. 
9. Special cycles. 
10. Variable refrigerant volume units in heating/cooling modes. 
11. Lead/standby modes where redundant equipment is indicated. 
12. All alarms. 
13. Kitchen make-up air unit and exhaust air fan at full, partial, and minimum air flow rates. 
14. Flow switch shut-down and alarm. 
15. Condensate overflow safety switch shut-down and alarm. 
16. Condensate pump operation. 

3.2 TAB VERIFICATION 

A. TAB Subcontractor shall coordinate with CxA for work required in Division 23 Section 
"Testing Adjusting & Balancing for HVAC & Plumbing."  TAB Subcontractor shall copy CxA 
with required reports, sample forms, checklists, and certificates. 

B. Contractor, HVAC Contractor, and CxA shall witness TAB Work. 

C. TAB Preparation: 

1. TAB Subcontractor shall provide CxA with data required for "Pre-Field TAB 
Engineering Reports" specified in Division 23 Section "Testing Adjusting & Balancing 
for HVAC & Plumbing." 
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a. CxA shall use this data to certify that prestart and startup activities have been 
completed for systems, subsystems, and equipment installation. 

D. Verification of Final TAB Report: 

1. CxA shall select, at random, 10 percent of report for field verification. 
2. CxA shall notify TAB Subcontractor 10 days in advance of the date of field verification; 

however, notice shall not include data points to be verified.  The TAB Subcontractor shall 
use the same instruments (by model and serial number) that were used when original data 
were collected. 

3. Failure of an item is defined as follows: 

a. For all readings a deviation of more than 10 percent. 

4. Failure of more than 10 percent of selected items shall result in rejection of final TAB 
report. 

E. If deficiencies are identified during verification testing, CxA shall notify the HVAC Contractor 
and Architect, and shall take action to remedy the deficiency.  Architect shall review final 
tabulated checklists and data sheets to determine if verification is complete and that system is 
operating according to the Contract Documents. 

F. CxA shall certify that TAB Work has been successfully completed. 

3.3 TESTING 

A. Test systems and intersystem performance after test checklists for systems, subsystems, and 
equipment have been approved. 

B. Perform tests using design conditions whenever possible. 

1. Simulate conditions by imposing an artificial load when it is not practical to test under 
design conditions and when written approval for simulated conditions is received from 
CxA.  Before simulating conditions, calibrate testing instruments.  Set and document 
simulated conditions and methods of simulation.  After tests, return settings to normal 
operating conditions. 

2. Alter set points when simulating conditions is not practical and when written approval is 
received from CxA. 

3. Alter sensor values with a signal generator when design or simulating conditions and 
altering set points are not practical.  Do not use sensor to act as signal generator to 
simulate conditions or override values. 

C. Scope of HVAC Contractor Testing: 

1. Testing scope shall include entire HVAC installation, from central equipment for heat 
generation and refrigeration through distribution systems to each conditioned space.  It 
shall include measuring capacities and effectiveness of operational and control functions. 

2. Test all operating modes, interlocks, control responses, responses to abnormal or 
emergency conditions, and verify proper response of building automation system 
controllers and sensors. 
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D. Detailed Testing Procedures:  CxA, with HVAC Contractor, TAB Subcontractor, and HVAC 
Instrumentation and Control Contractor, shall prepare detailed testing plans, procedures, and 
checklists for HVAC systems, subsystems, and equipment. 

E. HVAC Instrumentation and Control System Testing: 

1. Field testing plans and testing requirements are specified in Division 23 Section 
"Instrumentation & Controls of HVAC & Plumbing Systems".  The CxA, HVAC 
Contractor, Equipment Provider/Manufacturer and the HVAC Instrumentation and 
Control Contractor shall collaborate to prepare testing plans. 

2. CxA shall convene a meeting of appropriate entities to review test report of HVAC 
instrumentation and control systems. 

F. Energy Supply System Testing:  HVAC Contractor shall prepare a testing plan to verify 
performance of gas systems and equipment.  Plan shall include the following: 

1. Sequence of testing and testing procedures for each equipment item and pipe section to 
be tested, identified by pipe zone or sector identification marker.  Markers shall be keyed 
to Drawings for each pipe sector showing the physical location of each designated pipe 
test section.  Drawings keyed to pipe zones or sectors shall be formatted to allow each 
section of piping to be physically located and identified when referred to in system 
testing plan. 

2. Tracking checklist for managing and ensuring that all pipe sections have been tested. 

G. Heat-Generation System Testing:  HVAC Contractor shall prepare a testing plan to verify 
performance of air handling units, condensate receivers, and auxiliary equipment, variable 
refrigerant volume units, unit heaters, radiant heat panels, radiant heat panels, kitchen make-up 
air units, 100% outside air units, and hot gas re-heat coils.  Plan shall include the following: 

1. Sequence of testing and testing procedures for each item of equipment and section of pipe 
to be tested, identified by identification marker.  Markers shall be keyed to Drawings for 
each pipe sector showing the physical location of each item of equipment and pipe test 
section.  Drawings shall be formatted to allow each item of equipment and section of 
piping to be physically located and identified when referred to in the system testing plan. 

2. Tracking checklist for managing and ensuring that all pipe sections have been tested. 
3. Variable refrigerant flow equipment volts, amps, temperatures, and modes of operation. 

H. Refrigeration System Testing:  HVAC Contractor shall prepare a testing plan to verify 
performance of chillers, refrigerant compressors, condensers, variable refrigerant volume 
systems, ductless units, and other refrigeration systems.  Plan shall include the following: 

1. Sequence of testing and testing procedures for each item of equipment and section of pipe 
to be tested, identified by identification marker.  Markers shall be keyed to Drawings 
showing the physical location of each item of equipment and pipe test section.  Drawings 
shall be formatted to allow each item of equipment and section of piping to be physically 
located and identified when referred to in the system testing plan. 

2. Tracking checklist for managing and ensuring that all pipe sections have been tested. 
3. Variable refrigerant flow equipment volts, amps, temperatures, and modes of operation. 

I. HVAC Distribution System Testing:  HVAC Contractor shall prepare a testing plan to verify 
performance of air, air handling units, and hydronic distribution systems, special exhaust 
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kitchen ventilation systems, and other distribution systems.  Include HVAC terminal equipment 
and unitary equipment.  Plan shall include the following: 

1. Sequence of testing and testing procedures for each item of equipment and section of pipe 
to be tested, identified by identification marker.  Markers shall be keyed to Drawings 
showing the physical location of each item of equipment and pipe test section.  Drawings 
shall be formatted to allow each item of equipment and section of piping to be physically 
located and identified when referred to in the system testing plan. 

2. Tracking checklist for managing and ensuring that all pipe sections have been tested. 
3. Equipment, air flow rates, air temperatures, fluid flow rates, safeties, freeze protection 

pump operation, and demand controlled ventilation. 

J. Deferred Testing: 

1. If tests cannot be completed because of a deficiency outside the scope of the HVAC 
system, the deficiency shall be documented and reported to Owner.  Deficiencies shall be 
resolved and corrected by appropriate parties and test rescheduled. 

2. If the testing plan indicates specific seasonal testing, appropriate initial performance tests 
shall be completed and documented and additional tests scheduled. 

K. Testing Reports: 

1. Reports shall include measured data, data sheets, and a comprehensive summary 
describing the operation of systems at the time of testing. 

2. Include data sheets for each controller to verify proper operation of the control system, 
the system it serves, the service it provides, and its location.  For each controller, provide 
space for recording its readout, the reading at the controller's sensor(s), plus comments.  
Provide space for testing personnel to sign off on each data sheet. 

3. Prepare a preliminary test report.  Deficiencies will be evaluated by Architect to 
determine corrective action.  Deficiencies shall be corrected and test repeated. 

END OF SECTION 
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SECTION 02 41 19 

SELECTIVE DEMOLITION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Demolition and removal of selected portions of building or structure. 

2. Salvage of existing items to be reused or recycled. 

1.2 MATERIALS OWNERSHIP 

A. Unless otherwise indicated on the drawings, demolition waste becomes property of Contractor. 

1.3 INFORMATIONAL SUBMITTALS 

A. Engineering Survey: Submit engineering survey of condition of building. 

B. Proposed Protection Measures: Submit report, including Drawings, that indicates the measures 

proposed for protecting individuals and property, for dust control and for noise control. Indicate 

proposed locations and construction of barriers. 

C. Schedule of selective demolition activities with starting and ending dates for each activity. 

D. Predemolition photographs or video. 

E. Statement of Refrigerant Recovery: Signed by refrigerant recovery technician. 

1.4 QUALITY ASSURANCE 

A. Refrigerant Recovery Technician Qualifications: Certified by an EPA-approved certification 

program. 

1.5 FIELD CONDITIONS 

A. Owner will occupy portions of building immediately adjacent to selective demolition area. 

Conduct selective demolition so Owner's operations will not be disrupted. 

B. Conditions existing at time of inspection for bidding purpose will be maintained by Owner as 

far as practical. 
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C. Notify Architect of discrepancies between existing conditions and Drawings before proceeding 

with selective demolition. 

D. Hazardous Materials: It is not expected that hazardous materials will be encountered in the 

Work. 

1. If suspected hazardous materials are encountered, do not disturb; immediately notify 

Architect and Owner. Hazardous materials will be removed by Owner under a separate 

contract. 

E. Storage or sale of removed items or materials on-site is not permitted. 

F. Utility Service: Maintain existing utilities indicated to remain in service and protect them 

against damage during selective demolition operations. 

1. Maintain fire-protection facilities in service during selective demolition operations. 

G. Arrange selective demolition schedule so as not to interfere with Owner's operations. 

1.6 WARRANTY 

A. Existing Warranties: Remove, replace, patch, and repair materials and surfaces cut or damaged 

during selective demolition, by methods and with materials and using approved contractors so 

as not to void existing warranties. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Regulatory Requirements: Comply with governing EPA notification regulations before 

beginning selective demolition. Comply with hauling and disposal regulations of authorities 

having jurisdiction. 

B. Standards: Comply with ASSE A10.6 and NFPA 241. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that utilities have been disconnected and capped before starting selective demolition 

operations. 

B. Perform an engineering survey of condition of building to determine whether removing any 

element might result in structural deficiency or unplanned collapse of any portion of structure or 

adjacent structures during selective building demolition operations. 
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3.2 PREPARATION 

A. Refrigerant: Before starting demolition, remove refrigerant from mechanical equipment 

according to 40 CFR 82 and regulations of authorities having jurisdiction. 

3.3 UTILITY SERVICES AND MECHANICAL/ELECTRICAL SYSTEMS 

A. Existing Services/Systems to Remain: Maintain services/systems indicated to remain and 

protect them against damage. 

B. Existing Services/Systems to Be Removed, Relocated, or Abandoned: Locate, identify, 

disconnect, and seal or cap off utility services and mechanical/electrical systems serving areas 

to be selectively demolished. 

1. Owner will arrange to shut off indicated services/systems when requested by Contractor. 

2. Arrange to shut off utilities with utility companies. 

3. If services/systems are required to be removed, relocated, or abandoned, provide 

temporary services/systems that bypass area of selective demolition and that maintain 

continuity of services/systems to other parts of building. 

4. Disconnect, demolish, and remove fire-suppression systems, plumbing, and HVAC 

systems, equipment, and components indicated on Drawings to be removed. 

a. Piping to Be Removed: Remove portion of piping indicated to be removed and cap 

or plug remaining piping with same or compatible piping material. 

b. Piping to Be Abandoned in Place: Drain piping and cap or plug piping with same 

or compatible piping material and leave in place. 

c. Equipment to Be Removed: Disconnect and cap services and remove equipment. 

d. Equipment to Be Removed and Reinstalled: Disconnect and cap services and 

remove, clean, and store equipment; when appropriate, reinstall, reconnect, and 

make equipment operational. 

e. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove 

equipment and deliver to Owner. 

f. Ducts to Be Removed: Remove portion of ducts indicated to be removed and plug 

remaining ducts with same or compatible ductwork material. 

g. Ducts to Be Abandoned in Place: Cap or plug ducts with same or compatible 

ductwork material and leave in place. 

3.4 PROTECTION 

A. Temporary Protection: Provide temporary barricades and other protection required to prevent 

injury to people and damage to adjacent buildings and facilities to remain. 

B. Temporary Shoring: Design, provide, and maintain shoring, bracing, and structural supports as 

required to preserve stability and prevent movement, settlement, or collapse of construction and 

finishes to remain, and to prevent unexpected or uncontrolled movement or collapse of 

construction being demolished. 

C. Remove temporary barricades and protections where hazards no longer exist. 
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3.5 SELECTIVE DEMOLITION 

A. General: Demolish and remove existing construction only to the extent required by new 

construction and as indicated. Use methods required to complete the Work within limitations of 

governing regulations and as follows: 

1. Neatly cut openings and holes plumb, square, and true to dimensions required. Use 

cutting methods least likely to damage construction to remain or adjoining construction. 

Use hand tools or small power tools designed for sawing or grinding, not hammering and 

chopping. Temporarily cover openings to remain. 

2. Cut or drill from the exposed or finished side into concealed surfaces to avoid marring 

existing finished surfaces. 

3. Do not use cutting torches. 

4. Locate selective demolition equipment and remove debris and materials so as not to 

impose excessive loads on supporting walls, floors, or framing. 

5. Dispose of demolished items and materials promptly. 

B. Site Access and Temporary Controls: Conduct selective demolition and debris-removal 

operations to ensure minimum interference with roads, streets, walks, walkways, and other 

adjacent occupied and used facilities. 

C. Removed and Salvaged Items: 

1. Clean salvaged items. 

2. Pack or crate items after cleaning. Identify contents of containers. 

3. Store items in a secure area until delivery to Owner. 

4. Transport items to Owner's storage area off-site. 

5. Protect items from damage during transport and storage. 

D. Removed and Reinstalled Items: 

1. Clean and repair items to functional condition adequate for intended reuse. 

2. Pack or crate items after cleaning and repairing. Identify contents of containers. 

3. Protect items from damage during transport and storage. 

4. Reinstall items in locations indicated. Comply with installation requirements for new 

materials and equipment. Provide connections, supports, and miscellaneous materials 

necessary to make item functional for use indicated. 

E. Existing Items to Remain: Protect construction indicated to remain against damage and soiling 

during selective demolition. When permitted by Architect, items may be removed to a suitable, 

protected storage location during selective demolition and cleaned and reinstalled in their 

original locations after selective demolition operations are complete. 

3.6 CLEANING 

A. Remove demolition waste materials from Project site and dispose of them in an EPA-approved 

construction and demolition waste landfill acceptable to authorities having jurisdiction. 

1. Do not allow demolished materials to accumulate on-site. 
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2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces 

and areas. 

3. Remove debris from elevated portions of building by chute, hoist, or other device that 

will convey debris to grade level in a controlled descent. 

4. Comply with requirements specified in Section 01 74 19 "Construction Waste 

Management and Disposal." 

B. Burning: Do not burn demolished materials. 

C. Clean adjacent structures and improvements of dust, dirt, and debris caused by selective 

demolition operations. Return adjacent areas to condition existing before selective demolition 

operations began. 

END OF SECTION
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SECTION 03 30 00 

CAST-IN-PLACE CONCRETE 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes cast-in-place concrete, including formwork, reinforcement, concrete materials, 

mixture design, placement procedures, and finishes. 

B. Related Requirements: 

1. See Civil Drawings General Notes, Section "Earth Moving" for drainage fill under slabs-

on-grade. 

2. See Civil Drawings General Notes, Section "Concrete Paving" for concrete pavement and 

walks. 

1.3 DEFINITIONS 

A. Cementitious Materials: Portland cement alone or in combination with one or more of the 

following: blended hydraulic cement, fly ash, and other pozzolans, materials subject to 

compliance with requirements. 

B. W/C Ratio: The ratio by weight of water to cementitious materials. 

1.4 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1. Before submitting design mixtures, review concrete design mixture and examine 

procedures for ensuring quality of concrete materials. Require representatives of each 

entity directly concerned with cast-in-place concrete to attend, including the following: 

a. Contractor's superintendent. 

b. Independent testing agency responsible for concrete design mixtures. 

c. Ready-mix concrete manufacturer. 

d. Concrete Subcontractor. 

e. Special concrete finish Subcontractor. 
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2. Review special inspection and testing and inspecting agency procedures for field quality 

control, concrete finishes and finishing, cold- and hot-weather concreting procedures, 

curing procedures, construction contraction and isolation joints, and joint-filler strips, 

semi-rigid joint fillers, forms and form removal limitations, shoring and reshoring 

procedures, vapor-barrier installation, anchor rod and anchorage device installation 

tolerances, steel reinforcement installation, methods for achieving specified floor and slab 

flatness and levelness floor and slab flatness and levelness measurement, concrete repair 

procedures, and concrete protection. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Design Mixtures: For each concrete mixture. Submit alternate design mixtures when 

characteristics of materials, Project conditions, weather, test results, or other circumstances 

warrant adjustments. 

1. Indicate amounts of mixing water to be withheld for later addition at Project site. 

C. Steel Reinforcement Shop Drawings: Placing Drawings that detail fabrication, bending, and 

placement. Include bar sizes, lengths, material, grade, bar schedules, stirrup spacing, bent bar 

diagrams, bar arrangement, splices and laps, mechanical connections, tie spacing, hoop spacing, 

and supports for concrete reinforcement. 

D. Construction Joint Layout: Indicate proposed construction joints required to construct the 

structure. 

1. Location of construction joints is subject to approval of the Architect. 

E. Slab on Grade Contraction/Control Joint Layout: Indicate proposed Slab on Grade Control 

Joints which meet specified requirements. 

1. Location of all Slab on Grade Control Joint are subject to approval of the Architect. 

2. Provide dimensions to all Slab on Grade Control Joint locations. 

3. Submittals to indicate all items associated with Slab on Grade Control Joints, such as: 

a. Second-Pour “Diamonds” around all column pier locations inside Column 

Isolation Joints. 

b. Additional rebar at mid-depth of slab at re-entrant corners, door openings, slab 

opening, etc. 

c. Housekeeping pad layout 

1.6 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer, manufacturer and testing agency. 

B. Welding certificates. 

C. Material Certificates: For each of the following, signed by manufacturers: 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS  200-163183-17001-07 

STOKES ELEMENTARY SCHOOL     

Tetra Tech  CAST-IN-PLACE CONCRETE 

  03 30 00 - 3 

1. Cementitious materials. 

2. Admixtures. 

3. Form materials and form-release agents. 

4. Steel reinforcement and accessories. 

5. Fiber reinforcement. 

6. Curing compounds. 

7. Floor and slab treatments. 

8. Bonding agents. 

9. Adhesives. 

10. Vapor barrier. 

11. Semirigid joint filler. 

12. Joint-filler strips. 

13. Repair materials. 

D. Material Test Reports: For the following, from a qualified testing agency: 

1. Aggregates 

E. Formwork Shop Drawings: Prepared by or under the supervision of a qualified professional 

engineer, detailing fabrication, assembly, and support of formwork. 

1. Shoring and Reshoring: Indicate proposed schedule and sequence of stripping formwork, 

shoring removal, and reshoring installation and removal. 

F. Floor surface flatness and levelness measurements indicating compliance with specified 

tolerances. 

G. Field quality-control reports. 

H. Minutes of preinstallation conference. 

1.7 QUALITY ASSURANCE 

A. Installer Qualifications: A qualified installer who employs on Project personnel qualified as 

ACI-certified Flatwork Technician and Finisher and a supervisor who is an ACI-certified 

Concrete Flatwork Technician. 

B. Manufacturer Qualifications: A firm experienced in manufacturing ready-mixed concrete 

products and that complies with ASTM C 94 requirements for production facilities and 

equipment. 

1. Manufacturer certified according to NRMCA's "Certification of Ready Mixed Concrete 

Production Facilities." 

C. Testing Agency Qualifications: An independent agency, qualified according to ASTM C 1077 

and ASTM E 329 for testing indicated. 

1. Personnel conducting field tests shall be qualified as ACI Concrete Field Testing 

Technician, Grade 1, according to ACI CP-1 or an equivalent certification program. 
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2. Personnel performing laboratory tests shall be ACI-certified Concrete Strength Testing 

Technician and Concrete Laboratory Testing Technician, Grade I. Testing agency 

laboratory supervisor shall be an ACI-certified Concrete Laboratory Testing Technician, 

Grade II. 

D. Welding Qualifications: Qualify procedures and personnel according to AWS D1.4. 

1.8 PRECONSTRUCTION TESTING 

A. Preconstruction Testing Service: Engage a qualified testing agency to perform preconstruction 

testing on concrete mixtures. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Steel Reinforcement: Deliver, store, and handle steel reinforcement to prevent bending and 

damage. Avoid damaging coatings on steel reinforcement. 

1.10 FIELD CONDITIONS 

A. Cold-Weather Placement: Comply with ACI 306.1 and as follows. Protect concrete work from 

physical damage or reduced strength that could be caused by frost, freezing actions, or low 

temperatures. 

1. When average high and low temperature is expected to fall below 40 deg F for three 

successive days, maintain delivered concrete mixture temperature within the temperature 

range required by ACI 301. 

2. Do not use frozen materials or materials containing ice or snow. Do not place concrete on 

frozen subgrade or on subgrade containing frozen materials. 

3. Do not use calcium chloride, salt, or other materials containing antifreeze agents or 

chemical accelerators unless otherwise specified and approved in mixture designs. 

B. Hot-Weather Placement: Comply with ACI 301 and as follows: 

1. Maintain concrete temperature below 90 deg F at time of placement. Chilled mixing 

water or chopped ice may be used to control temperature, provided water equivalent of 

ice is calculated to total amount of mixing water. Using liquid nitrogen to cool concrete is 

Contractor's option. 

2. Fog-spray forms, steel reinforcement, and subgrade just before placing concrete. Keep 

subgrade uniformly moist without standing water, soft spots, or dry areas. 

PART 2 - PRODUCTS 

2.1 CONCRETE, GENERAL 

A. ACI Publications: Comply with the following unless modified by requirements in the Contract 

Documents: 
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1. ACI 301. 

2. ACI 117. 

2.2 FORM-FACING MATERIALS 

A. Smooth-Formed Finished Concrete: Form-facing panels that provide continuous, true, and 

smooth concrete surfaces. Furnish in largest practicable sizes to minimize number of joints. 

1. Plywood, metal, or other approved panel materials. 

2. Exterior-grade plywood panels, suitable for concrete forms, complying with DOC PS 1, 

and as follows: 

a. High-density overlay, Class 1 or better. 

b. Medium-density overlay, Class 1 or better; mill-release agent treated and edge 

sealed. 

c. Structural 1, B-B or better; mill oiled and edge sealed. 

d. B-B (Concrete Form), Class 1 or better; mill oiled and edge sealed. 

3. Overlaid Finnish birch plywood. 

B. Rough-Formed Finished Concrete: Plywood, lumber, metal, or another approved material. 

Provide lumber dressed on at least two edges and one side for tight fit. 

C. Pan-Type Forms: Glass-fiber-reinforced plastic or formed steel, stiffened to resist plastic 

concrete loads without detrimental deformation. 

D. Chamfer Strips: Wood, metal, PVC, or rubber strips, 3/4 by 3/4 inch, minimum. 

E. Rustication Strips: Wood, metal, PVC, or rubber strips, kerfed for ease of form removal. 

F. Form-Release Agent: Commercially formulated form-release agent that does not bond with, 

stain, or adversely affect concrete surfaces and does not impair subsequent treatments of 

concrete surfaces. 

1. Formulate form-release agent with rust inhibitor for steel form-facing materials. 

G. Form Ties: Factory-fabricated, removable or snap-off glass-fiber-reinforced plastic or metal 

form ties designed to resist lateral pressure of fresh concrete on forms and to prevent spalling of 

concrete on removal. 

1. Furnish units that leave no corrodible metal closer than 1 inch to the plane of exposed 

concrete surface. 

2.3 STEEL REINFORCEMENT 

A. Reinforcing Bars: ASTM A 615, Grade 60, deformed. 

B. Galvanized Reinforcing Bars:  ASTM A 615, Grade 60, deformed bars, ASTM A 767, Class I 

zinc coated after fabrication and bending. 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 

  STOKES ELEMENTARY SCHOOL  

   

CAST-IN-PLACE CONCRETE  Tetra Tech 

03 30 00 - 6   

C. Plain-Steel Wire: ASTM A 1064/A 1064M, as drawn. 

D. Deformed-Steel Wire: ASTM A 1064/A 1064M. 

2.4 REINFORCEMENT ACCESSORIES 

A. Joint Dowel Bars: ASTM A 615, Grade 60, plain-steel bars, cut true to length with ends square 

and free of burrs. 

B. Zinc Repair Material: ASTM A 780. 

C. Bar Supports: Bolsters, chairs, spacers, and other devices for spacing, supporting, and fastening 

reinforcing bars in place precast concrete according to CRSI's "Manual of Standard Practice," of 

greater compressive strength than concrete and as follows: 

1. For concrete surfaces exposed to view, where legs of wire bar supports contact forms, use 

CRSI Class 1 plastic-protected steel wire or CRSI Class 2 stainless-steel bar supports. 

2. For zinc-coated reinforcement, use galvanized wire or dielectric-polymer-coated wire bar 

supports. 

2.5 CONCRETE MATERIALS 

A. Source Limitations: Obtain each type or class of cementitious material of the same brand from 

the same manufacturer's plant, obtain aggregate from single source, and obtain admixtures from 

single source from single manufacturer. 

B. Cementitious Materials: 

1. Portland Cement: ASTM C 150, Type I; Type II or Type I/II gray. 

2. Fly Ash: ASTM C 618, Class F or C. 

3. Blended Hydraulic Cement: ASTM C 595, Type IS, portland blast-furnace slag, Type IP, 

portland-pozzolan, Type IL, portland-limestone, or Type IT, ternary blended cement. 

C. Normal-Weight Aggregates: ASTM C 33, Class 3S coarse aggregate or better, graded. Provide 

aggregates from a single source with documented service record data of at least 10 years' 

satisfactory service in similar applications and service conditions using similar aggregates and 

cementitious materials.  ASTM C33, Class 4S coarse aggregate or better, graded, for exterior 

concrete. 

1. Maximum Coarse-Aggregate Size:  

a. 1-1/2 inches nominal, for slabs on grade. 

b. All other concrete: 1 inch nominal. 

2. Fine Aggregate: Free of materials with deleterious reactivity to alkali in cement. 

D. Air-Entraining Admixture: ASTM C 260. 

E. Chemical Admixtures: Certified by manufacturer to be compatible with other admixtures and 

that do not contribute water-soluble chloride ions exceeding those permitted in hardened 

concrete. Do not use calcium chloride or admixtures containing calcium chloride. 
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1. Water-Reducing Admixture: ASTM C 494/C 494M, Type A. 

2. Retarding Admixture: ASTM C 494/C 494M, Type B. 

3. Water-Reducing and Retarding Admixture: ASTM C 494/C 494M, Type D. 

4. High-Range, Water-Reducing Admixture: ASTM C 494/C 494M, Type F. 

5. High-Range, Water-Reducing and Retarding Admixture: ASTM C 494/C 494M, Type G. 

6. Plasticizing and Retarding Admixture: ASTM C 1017/C 1017M, Type II. 

F. Water: ASTM C 94 and potable. 

2.6 FIBER REINFORCEMENT 

A. Synthetic Macro-Fiber: Polyolefin macro-fibers engineered and designed for use in concrete, 

complying with ASTM C 1116, Type III, 1 to 2-1/4 inches long. 

2.7 VAPOR BARRIER 

A. Vapor Barrier: Water-vapor transmission rate (permeance) less than 0.015 perms (gr/ft2/hr/in-

Hg), in accordance with ASTM E 1745. The product must meet water-vapor transmission rate 

(0.01 perms) requirement for both the new material and the ASTM E 1745 mandatory 

conditioning test (ASTM E 1745; paragraph 7.12 through 7.15.) Provide all manufacturers’ 

accessories required for complete installation including mastic and seam tape. Seam tape to be 

provided with a water-vapor transmission rate of 0.3 perms or lower. 

1. Products: Subject to compliance with requirements, provide one of the following: 

a. Layfield Construction Materials; VaporFlex 15. 

b. Reef Industries, Inc.; Griffolyn Vaproguard. 

c. Stego Industries, LLC; Stego Wrap 15 mil Class A. 

2.8 LIQUID FLOOR TREATMENTS 

A. Penetrating Liquid Floor Treatment: Clear, chemically reactive, waterborne solution of 

inorganic silicate or siliconate materials and proprietary components; odorless; that penetrates, 

hardens, and densifies concrete surfaces. 

2.9 CURING MATERIALS 

A. Evaporation Retarder: Waterborne, monomolecular film forming, manufactured for application 

to fresh concrete. 

B. Moisture-Retaining Cover: ASTM C 171, polyethylene film or white burlap-polyethylene sheet. 

C. Water: Potable. 

D. Clear, Waterborne, Membrane-Forming Curing Compound: ASTM C 309, Type 1, Class B, 

nondissipating, certified by curing compound manufacturer to not interfere with bonding of 

floor covering. 
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E. Clear, Waterborne, Membrane-Forming Curing and Sealing Compound: ASTM C 1315, 

Type 1, Class A. 

2.10 RELATED MATERIALS 

A. Expansion- and Isolation-Joint-Filler Strips:  ASTM D 1751, asphalt-saturated cellulosic fiber 

or ASTM D 1752, cork or self-expanding cork. 

B. Bonding Agent: ASTM C 1059, Type II, nonredispersible, acrylic emulsion or styrene 

butadiene. 

C. Epoxy Bonding Adhesive: ASTM C 881, two-component epoxy resin, capable of humid curing 

and bonding to damp surfaces, of class suitable for application temperature and of grade to suit 

requirements, and as follows:  

1. Types I and II, nonload bearing or Types IV and V, load bearing, for bonding hardened 

or freshly mixed concrete to hardened concrete. 

D. Reglets: Fabricate reglets of not less than 0.022-inch-thick, galvanized-steel sheet. Temporarily 

fill or cover face opening of reglet to prevent intrusion of concrete or debris. 

E. Dovetail Anchor Slots: Hot-dip galvanized-steel sheet, not less than 0.034 inch thick, with bent 

tab anchors. Temporarily fill or cover face opening of slots to prevent intrusion of concrete or 

debris. 

2.11 REPAIR MATERIALS 

A. Repair Underlayment: Cement-based, polymer-modified, self-leveling product that can be 

applied in thicknesses from 1/8 inch and that can be feathered at edges to match adjacent floor 

elevations. 

1. Cement Binder: ASTM C 150, portland cement or hydraulic or blended hydraulic cement 

as defined in ASTM C 219. 

2. Primer: Product of underlayment manufacturer recommended for substrate, conditions, 

and application. 

3. Aggregate: Well-graded, washed gravel, 1/8 to 1/4 inch or coarse sand as recommended 

by underlayment manufacturer. 

4. Compressive Strength: Not less than 4100 psi at 28 days when tested according to 

ASTM C 109/C 109M. 

B. Repair Overlayment: Cement-based, polymer-modified, self-leveling product that can be 

applied in thicknesses from 1/4 inch and that can be filled in over a scarified surface to match 

adjacent floor elevations. 

1. Cement Binder: ASTM C 150, portland cement or hydraulic or blended hydraulic cement 

as defined in ASTM C 219. 

2. Primer: Product of topping manufacturer recommended for substrate, conditions, and 

application. 
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3. Aggregate: Well-graded, washed gravel, 1/8 to 1/4 inch or coarse sand as recommended 

by topping manufacturer. 

4. Compressive Strength: Not less than 5000 psi at 28 days when tested according to 

ASTM C 109/C 109M. 

2.12 CONCRETE MIXTURES, GENERAL 

A. Prepare design mixtures for each type and strength of concrete, proportioned on the basis of 

laboratory trial mixture or field test data, or both, according to ACI 301. 

1. Use a qualified independent testing agency for preparing and reporting proposed mixture 

designs based on laboratory trial mixtures. 

B. Cementitious Materials: Use fly ash, and pozzolan, as needed to reduce the total amount of 

portland cement, which would otherwise be used, by not less than 40 percent.  Limit percentage, 

by weight, of cementitious materials other than portland cement in concrete as follows: 

1. Fly Ash: 25 percent. 

2. Combined Fly Ash and Pozzolan: 25 percent. 

C. Admixtures: Use admixtures according to manufacturer's written instructions. 

1. Use water-reducing, high-range water-reducing or plasticizing admixture in concrete, as 

required, for placement and workability. 

2. Use water-reducing and -retarding admixture when required by high temperatures, low 

humidity, or other adverse placement conditions. 

3. Use water-reducing admixture in pumped concrete, and concrete with a w/c ratio below 

0.50. 

4. Use corrosion-inhibiting admixture in concrete mixtures where indicated. 

2.13 CONCRETE MIXTURES FOR BUILDING ELEMENTS 

A. Footings and Foundation Walls: Normal-weight concrete. 

1. Minimum Compressive Strength 4,000 psi at 28 days. 

2. Maximum W/C Ratio: 0.50. 

3. Slump Limit:4 inches, 8 inches for concrete with verified slump of 2 to 4 inches before 

adding high-range water-reducing admixture or plasticizing admixtureplus or minus 1 

inch. 

4. Air Content: 6 percent, plus or minus 1.5 percent at point of delivery for 1-inchnominal 

maximum aggregate size. 

B. Slabs-on-Grade: Normal-weight concrete. 

1. Minimum Compressive Strength: 4,000 psi at 28 days. 

2. Maximum W/C Ratio: 0.50. 

3. Minimum Cementitious Materials Content: 470 lb/cu. yd.. 

4. Slump Limit: 4 inches plus or minus 1 inch. 

5. Air Content: Do not allow air content of trowel-finished floors to exceed 3 percent. 
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C. Suspended Slabs: Normal-weight concrete. 

1. Minimum Compressive Strength:  4000 psi. 

2. Maximum W/C Ratio:  0.45. 

3. Minimum Cementitious Materials Content:  520 lb/cu. yd.. 

4. Slump Limit:  4 inches, 8 inches for concrete with verified slump of 2 to 4 inches before 

adding high-range water-reducing admixture or plasticizing admixture, plus or minus 1 

inch. 

5. Air Content: Do not allow air content of trowel-finished floors to exceed 3 percent. 

6. Synthetic Macro-Fiber: Uniformly disperse in concrete mixture at manufacturer's 

recommended rate, but not less than a rate of 3.0 lb/cu. yd.. 

2.14 FABRICATING REINFORCEMENT 

A. Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice." 

2.15 CONCRETE MIXING 

A. Ready-Mixed Concrete: Measure, batch, mix, and deliver concrete according to ASTM C 94 

and ASTM C 1116, and furnish batch ticket information. 

1. When air temperature is between 85 and 90 deg F, reduce mixing and delivery time from 

1-1/2 hours to 75 minutes; when air temperature is above 90 deg F, reduce mixing and 

delivery time to 60 minutes. 

PART 3 - EXECUTION 

3.1 FORMWORK INSTALLATION 

A. Design, erect, shore, brace, and maintain formwork, according to ACI 301, to support vertical, 

lateral, static, and dynamic loads, and construction loads that might be applied, until structure 

can support such loads. 

B. Construct formwork so concrete members and structures are of size, shape, alignment, 

elevation, and position indicated, within tolerance limits of ACI 117. 

C. Limit concrete surface irregularities, designated by ACI 347 as abrupt or gradual, as follows: 

1. Class A, 1/8 inch for smooth-formed finished surfaces. 

2. Class B, 1/4 inch for rough-formed finished surfaces. 

D. Construct forms tight enough to prevent loss of concrete mortar. 

E. Construct forms for easy removal without hammering or prying against concrete surfaces. 

Provide crush or wrecking plates where stripping may damage cast-concrete surfaces. Provide 

top forms for inclined surfaces steeper than 1.5 horizontal to 1 vertical. 

1. Install keyways, reglets, recesses, and the like, for easy removal. 
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2. Do not use rust-stained steel form-facing material. 

F. Set edge forms, bulkheads, and intermediate screed strips for slabs to achieve required 

elevations and slopes in finished concrete surfaces. Provide and secure units to support screed 

strips; use strike-off templates or compacting-type screeds. 

G. Provide temporary openings for cleanouts and inspection ports where interior area of formwork 

is inaccessible. Close openings with panels tightly fitted to forms and securely braced to prevent 

loss of concrete mortar. Locate temporary openings in forms at inconspicuous locations. 

H. Chamfer exterior corners and edges of permanently exposed concrete. 

I. Form openings, chases, offsets, sinkages, keyways, reglets, blocking, screeds, and bulkheads 

required in the Work. Determine sizes and locations from trades providing such items. 

J. Clean forms and adjacent surfaces to receive concrete. Remove chips, wood, sawdust, dirt, and 

other debris just before placing concrete. 

K. Retighten forms and bracing before placing concrete, as required, to prevent mortar leaks and 

maintain proper alignment. 

L. Coat contact surfaces of forms with form-release agent, according to manufacturer's written 

instructions, before placing reinforcement. 

3.2 EMBEDDED ITEM INSTALLATION 

A. Place and secure anchorage devices and other embedded items required for adjoining work that 

is attached to or supported by cast-in-place concrete. Use setting drawings, templates, diagrams, 

instructions, and directions furnished with items to be embedded. 

1. Install anchor rods, accurately located, to elevations required and complying with 

tolerances in Section 7.5 of AISC 303. 

2. Install dovetail anchor slots in concrete structures as indicated. 

3.3 REMOVING AND REUSING FORMS 

A. General: Formwork for sides of beams, walls, columns, and similar parts of the Work that does 

not support weight of concrete may be removed after cumulatively curing at not less than 50 

deg F for 24 hours after placing concrete. Concrete has to be hard enough to not be damaged by 

form-removal operations, and curing and protection operations need to be maintained. 

1. Remove forms only if shores have been arranged to permit removal of forms without 

loosening or disturbing shores. 

B. Clean and repair surfaces of forms to be reused in the Work. Split, frayed, delaminated, or 

otherwise damaged form-facing material are not acceptable for exposed surfaces. Apply new 

form-release agent. 

C. When forms are reused, clean surfaces, remove fins and laitance, and tighten to close joints. 

Align and secure joints to avoid offsets. Do not use patched forms for exposed concrete surfaces 

unless approved by Architect. 
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3.4 SHORING AND RESHORING INSTALLATION 

A. Comply with ACI 318 and ACI 301 for design, installation, and removal of shoring and 

reshoring. 

1. Do not remove shoring or reshoring until measurement of slab tolerances is complete. 

B. In multistory construction, extend shoring or reshoring over a sufficient number of stories to 

distribute loads in such a manner that no floor or member will be excessively loaded or will 

induce tensile stress in concrete members without sufficient steel reinforcement. 

C. Plan sequence of removal of shores and reshore to avoid damage to concrete. Locate and 

provide adequate reshoring to support construction without excessive stress or deflection. 

3.5 VAPOR-BARRIER INSTALLATION 

A. Sheet Vapor Barriers: Place, protect, and repair sheet vapor barrier according to ASTM E 1643 

and manufacturer's written instructions. 

1. Lap joints 6 inches and seal with manufacturer's recommended tape. 

3.6 STEEL REINFORCEMENT INSTALLATION 

A. General: Comply with CRSI's "Manual of Standard Practice" for fabricating, placing, and 

supporting reinforcement. 

1. Do not cut or puncture vapor barrier. Repair damage and reseal vapor barrier before 

placing concrete. 

B. Clean reinforcement of loose rust and mill scale, earth, ice, and other foreign materials that 

reduce bond to concrete. 

C. Accurately position, support, and secure reinforcement against displacement. Locate and 

support reinforcement with bar supports to maintain minimum concrete cover. Do not tack weld 

crossing reinforcing bars. 

1. Weld reinforcing bars according to AWS D1.4/D 1.4M, where indicated. 

D. Set wire ties with ends directed into concrete, not toward exposed concrete surfaces. 

E. Zinc-Coated Reinforcement: Repair cut and damaged zinc coatings with zinc repair material 

according to ASTM A 780/A 780M. Use galvanized-steel wire ties to fasten zinc-coated steel 

reinforcement. 

3.7 JOINTS 

A. General: Construct joints true to line with faces perpendicular to surface plane of concrete. 
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B. Construction Joints: Install so strength and appearance of concrete are not impaired, at locations 

indicated or as approved by Architect. 

1. Place joints perpendicular to main reinforcement. Continue reinforcement across 

construction joints unless otherwise indicated. Do not continue reinforcement through 

sides of strip placements of floors and slabs. 

2. Form keyed joints as indicated. Embed keys at least 1-1/2 inches into concrete. 

3. Locate horizontal joints in walls and columns at the top of footings or floor slabs. 

4. Space vertical joints in walls as indicated. Locate joints beside piers integral with walls, 

near corners, and in concealed locations where possible. 

5. Use a bonding agent at locations where fresh concrete is placed against hardened or 

partially hardened concrete surfaces. 

6. Use epoxy-bonding adhesive at locations where fresh concrete is placed against hardened 

or partially hardened concrete surfaces. 

C. Contraction/Control Joints in Slabs-on-Grade: Form weakened-plane contraction/control joints, 

sectioning concrete into areas as approved in Contractor furnished Slab on Grade 

Contraction/Control Joint Layout Shop Drawings. Construct contraction/control joints for a 

depth equal to at least one-fourth of concrete thickness as follows: 

1. Grooved Joints: Form contraction/control joints after initial floating by grooving and 

finishing each edge of joint to a radius of 1/8 inch. Repeat grooving of 

contraction/control joints after applying surface finishes. Eliminate groover tool marks on 

concrete surfaces. 

2. Sawed Joints: Form contraction/control joints with power saws equipped with 

shatterproof abrasive or diamond-rimmed blades. Cut 1/8-inch-wide joints into concrete 

when cutting action does not tear, abrade, or otherwise damage surface and before 

concrete develops random contraction cracks. 

3. Install Contraction/Control Joints at maximum 15 feet in on center in both directions. 

Install on column lines wherever possible. 

D. Isolation Joints in Slabs-on-Grade: After removing formwork, install joint-filler strips at slab 

junctions with vertical surfaces, such as column pedestals, foundation walls, grade beams, and 

other locations, as indicated. 

1. Extend joint-filler strips full width and depth of joint, terminating flush with finished 

concrete surface unless otherwise indicated. 

2. Terminate full-width joint-filler strips not less than 1/2 inch or more than 1 inch below 

finished concrete surface where joint sealants, specified in Section 07 92 00 "Joint 

Sealants," are indicated. 

3. Install joint-filler strips in lengths as long as practicable. Where more than one length is 

required, lace or clip sections together. 

E. Doweled Joints: Install dowel bars and support assemblies at joints where indicated. Lubricate 

or asphalt coat one-half of dowel length to prevent concrete bonding to one side of joint. 

3.8 CONCRETE PLACEMENT 

A. Before placing concrete, verify that installation of formwork, reinforcement, and embedded 

items is complete and that required inspections are completed. 
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B. Do not add water to concrete during delivery, at Project site, or during placement unless 

approved by Architect. 

C. Before test sampling and placing concrete, water may be added at Project site, subject to 

limitations of ACI 301. 

1. Do not add water to concrete after adding high-range water-reducing admixtures to 

mixture. 

D. Deposit concrete continuously in one layer or in horizontal layers of such thickness that no new 

concrete is placed on concrete that has hardened enough to cause seams or planes of weakness. 

If a section cannot be placed continuously, provide construction joints as indicated. Deposit 

concrete to avoid segregation. 

1. Deposit concrete in horizontal layers of depth not to exceed formwork design pressures 

and in a manner to avoid inclined construction joints. 

2. Consolidate placed concrete with mechanical vibrating equipment according to ACI 301. 

3. Do not use vibrators to transport concrete inside forms. Insert and withdraw vibrators 

vertically at uniformly spaced locations to rapidly penetrate placed layer and at least 6 

inches into preceding layer. Do not insert vibrators into lower layers of concrete that have 

begun to lose plasticity. At each insertion, limit duration of vibration to time necessary to 

consolidate concrete and complete embedment of reinforcement and other embedded 

items without causing mixture constituents to segregate. 

E. Deposit and consolidate concrete for floors and slabs in a continuous operation, within limits of 

construction joints, until placement of a panel or section is complete. 

1. Consolidate concrete during placement operations, so concrete is thoroughly worked 

around reinforcement and other embedded items and into corners. 

2. Maintain reinforcement in position on chairs during concrete placement. 

3. Screed slab surfaces with a straightedge and strike off to correct elevations. 

4. Slope surfaces uniformly to drains where required. 

5. Begin initial floating using bull floats or darbies to form a uniform and open-textured 

surface plane, before excess bleedwater appears on the surface. Do not further disturb 

slab surfaces before starting finishing operations. 

3.9 FINISHING FORMED SURFACES 

A. Rough-Formed Finish: As-cast concrete texture imparted by form-facing material with tie holes 

and defects repaired and patched. Remove fins and other projections that exceed specified limits 

on formed-surface irregularities. 

1. Apply to concrete surfaces not exposed to public view. 

B. Smooth-Formed Finish: As-cast concrete texture imparted by form-facing material, arranged in 

an orderly and symmetrical manner with a minimum of seams. Repair and patch tie holes and 

defects. Remove fins and other projections that exceed specified limits on formed-surface 

irregularities. 
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1. Apply to concrete surfaces exposed to public view; to receive a rubbed finish; or to be 

covered with a coating or covering material applied directly to concrete. 

C. Rubbed Finish: Apply the following to smooth-formed-finished as-cast concrete where 

indicated: 

1. Smooth-Rubbed Finish: Not later than one day after form removal, moisten concrete 

surfaces and rub with carborundum brick or another abrasive until producing a uniform 

color and texture. Do not apply cement grout other than that created by the rubbing 

process. 

D. Related Unformed Surfaces: At tops of walls, horizontal offsets, and similar unformed surfaces 

adjacent to formed surfaces, strike off smooth and finish with a texture matching adjacent 

formed surfaces. Continue final surface treatment of formed surfaces uniformly across adjacent 

unformed surfaces unless otherwise indicated. 

3.10 FINISHING FLOORS AND SLABS 

A. General: Comply with ACI 302.1R recommendations for screeding, restraightening, and 

finishing operations for concrete surfaces. Do not wet concrete surfaces. 

B. Scratch Finish: While still plastic, texture concrete surface that has been screeded and bull-

floated or darbied. Use stiff brushes, brooms, or rakes to produce a profile amplitude of 1/4 inch 

in one direction. 

1. Apply scratch finish to surfaces to receive concrete floor toppings. 

C. Trowel Finish: After applying float finish, apply first troweling and consolidate concrete by 

hand or power-driven trowel. Continue troweling passes and restraighten until surface is free of 

trowel marks and uniform in texture and appearance. Grind smooth any surface defects that 

would telegraph through applied coatings or floor coverings. 

1. Apply a trowel finish to surfaces exposed to view or to be covered with resilient flooring, 

carpet, ceramic or quarry tile set over a cleavage membrane, paint, or another thin-film-

finish coating system. 

2. Finish surfaces to the following tolerances, according to ASTM E 1155, for a randomly 

trafficked floor surface: 

a. Specified overall values of flatness, F(F) 35; and of levelness, F(L) 25; with 

minimum local values of flatness, F(F) 24; and of levelness, F(L) 17; for slabs-on-

grade. 

D. Broom Finish: Apply a broom finish to exterior concrete platforms, steps, ramps, and elsewhere 

as indicated. 

1. Immediately after float finishing, slightly roughen trafficked surface by brooming with 

fiber-bristle broom perpendicular to main traffic route. Coordinate required final finish 

with Architect before application. 
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3.11 MISCELLANEOUS CONCRETE ITEM INSTALLATION 

A. Filling In: Fill in holes and openings left in concrete structures after work of other trades is in 

place unless otherwise indicated. Mix, place, and cure concrete, as specified, to blend with in-

place construction. Provide other miscellaneous concrete filling indicated or required to 

complete the Work. 

B. Curbs: Provide monolithic finish to interior curbs by stripping forms while concrete is still 

green and by steel-troweling surfaces to a hard, dense finish with corners, intersections, and 

terminations slightly rounded. 

C. Equipment Bases and Foundations: 

1. Coordinate sizes and locations of concrete bases with actual equipment provided. 

2. Construct concrete bases 6 inches high unless otherwise indicated, and extend base not 

less than 6 inches in each direction beyond the maximum dimensions of supported 

equipment unless otherwise indicated or unless required for seismic anchor support. 

3. Minimum Compressive Strength:  4000 psi at 28 days. 

4. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, 

install dowel rods on 18-inch centers around the full perimeter of concrete base. 

5. For supported equipment, install epoxy-coated anchor bolts that extend through concrete 

base and anchor into structural concrete substrate. 

6. Prior to pouring concrete, place and secure anchorage devices. Use setting drawings, 

templates, diagrams, instructions, and directions furnished with items to be embedded. 

7. Cast anchor-bolt insert into bases. Install anchor bolts to elevations required for proper 

attachment to supported equipment. 

3.12 CONCRETE PROTECTING AND CURING 

A. General: Protect freshly placed concrete from premature drying and excessive cold or hot 

temperatures. Comply with ACI 306.1 for cold-weather protection and ACI 301 for hot-weather 

protection during curing. 

B. Evaporation Retarder: Apply evaporation retarder to unformed concrete surfaces if hot, dry, or 

windy conditions cause moisture loss approaching 0.2 lb/sq. ft. x h before and during finishing 

operations. Apply according to manufacturer's written instructions after placing, screeding, and 

bull floating or darbying concrete, but before float finishing. 

C. Formed Surfaces: Cure formed concrete surfaces. If forms remain during curing period, moist 

cure after loosening forms. If removing forms before end of curing period, continue curing for 

remainder of curing period. 

D. Unformed Surfaces: Begin curing immediately after finishing concrete. Cure unformed 

surfaces, including floors and slabs, concrete floor toppings, and other surfaces. 

E. Cure concrete according to ACI 308.1, by one or a combination of the following methods: 

1. Moisture Curing: Keep surfaces continuously moist for not less than seven days with the 

following materials: 
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a. Water. 

b. Continuous water-fog spray. 

c. Absorptive cover, water saturated, and kept continuously wet. Cover concrete 

surfaces and edges with 12-inch lap over adjacent absorptive covers. 

2. Moisture-Retaining-Cover Curing: Cover concrete surfaces with moisture-retaining cover 

for curing concrete, placed in widest practicable width, with sides and ends lapped at 

least 12 inches, and sealed by waterproof tape or adhesive. Cure for not less than seven 

days. Immediately repair any holes or tears during curing period, using cover material 

and waterproof tape. 

a. Moisture cure or use moisture-retaining covers to cure concrete surfaces to receive 

floor coverings. 

b. Moisture cure or use moisture-retaining covers to cure concrete surfaces to receive 

penetrating liquid floor treatments. 

c. Cure concrete surfaces to receive floor coverings with either a moisture-retaining 

cover or a curing compound that the manufacturer certifies does not interfere with 

bonding of floor covering used on Project. 

3. Curing Compound: Apply uniformly in continuous operation by power spray or roller 

according to manufacturer's written instructions. Recoat areas subjected to heavy rainfall 

within three hours after initial application. Maintain continuity of coating and repair 

damage during curing period. 

a. Removal: After curing period has elapsed, remove curing compound without 

damaging concrete surfaces by method recommended by curing compound 

manufacturer unless manufacturer certifies curing compound does not interfere 

with bonding of floor covering used on Project. 

4. Curing and Sealing Compound: Apply uniformly to floors and slabs indicated in a 

continuous operation by power spray or roller according to manufacturer's written 

instructions. Recoat areas subjected to heavy rainfall within three hours after initial 

application. Repeat process 24 hours later and apply a second coat. Maintain continuity 

of coating and repair damage during curing period. 

3.13 LIQUID FLOOR TREATMENT APPLICATION 

A. Penetrating Liquid Floor Treatment: Prepare, apply, and finish penetrating liquid floor treatment 

according to manufacturer's written instructions. 

1. Remove curing compounds, sealers, oil, dirt, laitance, and other contaminants and 

complete surface repairs. 

2. Apply liquid until surface is saturated, scrubbing into surface until a gel forms; rewet; 

and repeat brooming or scrubbing. Rinse with water; remove excess material until surface 

is dry. Apply a second coat in a similar manner if surface is rough or porous. 

B. Sealing Coat: Uniformly apply a continuous sealing coat of curing and sealing compound to 

hardened concrete by power spray or roller according to manufacturer's written instructions. 
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3.14 JOINT FILLING 

A. Prepare, clean, and install joint filler according to manufacturer's written instructions. 

1. Defer joint filling until concrete has aged at least two month(s). Do not fill joints until 

construction traffic has permanently ceased. 

B. Remove dirt, debris, saw cuttings, curing compounds, and sealers from joints; leave contact 

faces of joints clean and dry. 

C. Install semirigid joint filler full depth in saw-cut joints and at least 2 inches deep in formed 

joints. Overfill joint and trim joint filler flush with top of joint after hardening. 

3.15 CONCRETE SURFACE REPAIRS 

A. Defective Concrete: Repair and patch defective areas when approved by Architect. Remove and 

replace concrete that cannot be repaired and patched to Architect's approval. 

B. Patching Mortar: Mix dry-pack patching mortar, consisting of 1 part portland cement to 2-1/2 

parts fine aggregate passing a No. 16 sieve, using only enough water for handling and placing. 

C. Repairing Formed Surfaces: Surface defects include color and texture irregularities, cracks, 

spalls, air bubbles, honeycombs, rock pockets, fins and other projections on the surface, and 

stains and other discolorations that cannot be removed by cleaning. 

1. Immediately after form removal, cut out honeycombs, rock pockets, and voids more than 

1/2 inch in any dimension to solid concrete. Limit cut depth to 3/4 inch. Make edges of 

cuts perpendicular to concrete surface. Clean, dampen with water, and brush-coat holes 

and voids with bonding agent. Fill and compact with patching mortar before bonding 

agent has dried. Fill form-tie voids with patching mortar or cone plugs secured in place 

with bonding agent. 

2. Repair defects on surfaces exposed to view by blending white portland cement and 

standard portland cement so that, when dry, patching mortar matches surrounding color. 

Patch a test area at inconspicuous locations to verify mixture and color match before 

proceeding with patching. Compact mortar in place and strike off slightly higher than 

surrounding surface. 

3. Repair defects on concealed formed surfaces that affect concrete's durability and 

structural performance as determined by Architect. 

D. Repairing Unformed Surfaces: Test unformed surfaces, such as floors and slabs, for finish and 

verify surface tolerances specified for each surface. Correct low and high areas. Test surfaces 

sloped to drain for trueness of slope and smoothness; use a sloped template. 

1. Repair finished surfaces containing defects. Surface defects include spalls, popouts, 

honeycombs, rock pockets, crazing and cracks in excess of 0.01 inch wide or that 

penetrate to reinforcement or completely through unreinforced sections regardless of 

width, and other objectionable conditions. 

2. After concrete has cured at least 14 days, correct high areas by grinding. 
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3. Correct localized low areas during or immediately after completing surface finishing 

operations by cutting out low areas and replacing with patching mortar. Finish repaired 

areas to blend into adjacent concrete. 

4. Correct other low areas scheduled to receive floor coverings with a repair underlayment. 

Prepare, mix, and apply repair underlayment and primer according to manufacturer's 

written instructions to produce a smooth, uniform, plane, and level surface. Feather edges 

to match adjacent floor elevations. 

5. Correct other low areas scheduled to remain exposed with a repair topping. Cut out low 

areas to ensure a minimum repair topping depth of 1/4 inch to match adjacent floor 

elevations. Prepare, mix, and apply repair topping and primer according to manufacturer's 

written instructions to produce a smooth, uniform, plane, and level surface. 

6. Repair defective areas, except random cracks and single holes 1 inch or less in diameter, 

by cutting out and replacing with fresh concrete. Remove defective areas with clean, 

square cuts and expose steel reinforcement with at least a 3/4-inch clearance all around. 

Dampen concrete surfaces in contact with patching concrete and apply bonding agent. 

Mix patching concrete of same materials and mixture as original concrete, except without 

coarse aggregate. Place, compact, and finish to blend with adjacent finished concrete. 

Cure in same manner as adjacent concrete. 

7. Repair random cracks and single holes 1 inch or less in diameter with patching mortar. 

Groove top of cracks and cut out holes to sound concrete and clean off dust, dirt, and 

loose particles. Dampen cleaned concrete surfaces and apply bonding agent. Place 

patching mortar before bonding agent has dried. Compact patching mortar and finish to 

match adjacent concrete. Keep patched area continuously moist for at least 72 hours. 

E. Perform structural repairs of concrete, subject to Architect's approval, using epoxy adhesive and 

patching mortar. 

F. Repair materials and installation not specified above may be used, subject to Architect's 

approval. 

3.16 FIELD QUALITY CONTROL 

A. Special Inspections: Owner will engage a special inspector and qualified testing and inspecting 

agency to perform field tests and inspections and prepare test reports. 

B. Testing Agency: Engage a qualified testing and inspecting agency to perform tests and 

inspections and to submit reports. 

C. Inspections: 

1. Steel reinforcement placement. 

2. Steel reinforcement welding. 

3. Headed bolts and studs. 

4. Verification of use of required design mixture. 

5. Concrete placement, including conveying and depositing. 

6. Curing procedures and maintenance of curing temperature. 

7. Verification of concrete strength before removal of shores and forms from beams and 

slabs. 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 

  STOKES ELEMENTARY SCHOOL  

   

CAST-IN-PLACE CONCRETE  Tetra Tech 

03 30 00 - 20   

D. Concrete Tests: Testing of composite samples of fresh concrete obtained according to 

ASTM C 172 shall be performed according to the following requirements: 

1. Testing Frequency: Obtain one composite sample for each day's pour of each concrete 

mixture exceeding 5 cu. yd., but less than 25 cu. yd., plus one set for each additional 50 

cu. yd. or fraction thereof. 

2. Testing Frequency: Obtain at least one composite sample for each 100 cu. yd. or fraction 

thereof of each concrete mixture placed each day. 

a. When frequency of testing provides fewer than five compressive-strength tests for 

each concrete mixture, testing shall be conducted from at least five randomly 

selected batches or from each batch if fewer than five are used. 

3. Slump: ASTM C 143; one test at point of placement for each composite sample, but not 

less than one test for each day's pour of each concrete mixture. Perform additional tests 

when concrete consistency appears to change. 

4. Concrete Temperature: ASTM C 1064; one test hourly when air temperature is 40 deg F 

and below or 80 deg F and above, and one test for each composite sample. 

5. Compression Test Specimens: ASTM C 31. 

a. Cast and laboratory cure two sets of two standard cylinder specimens for each 

composite sample. 

b. Cast and field cure two sets of two standard cylinder specimens for each composite 

sample. 

6. Compressive-Strength Tests: ASTM C 39/C 39M; test one set of two laboratory-cured 

specimens at 7 days and one set of two specimens at 28 days. 

a. Test one set of two field-cured specimens at 7 days and one set of two specimens 

at 28 days. 

b. A compressive-strength test shall be the average compressive strength from a set of 

two specimens obtained from same composite sample and tested at age indicated. 

7. When strength of field-cured cylinders is less than 85 percent of companion laboratory-

cured cylinders, Contractor shall evaluate operations and provide corrective procedures 

for protecting and curing in-place concrete. 

8. Strength of each concrete mixture will be satisfactory if every average of any three 

consecutive compressive-strength tests equals or exceeds specified compressive strength 

and no compressive-strength test value falls below specified compressive strength by 

more than 500 psi. 

9. Test results shall be reported in writing to Architect, concrete manufacturer, and 

Contractor within 48 hours of testing. Reports of compressive-strength tests shall contain 

Project identification name and number, date of concrete placement, name of concrete 

testing and inspecting agency, location of concrete batch in Work, design compressive 

strength at 28 days, concrete mixture proportions and materials, compressive breaking 

strength, and type of break for both 7- and 28-day tests. 

10. Nondestructive Testing: Impact hammer, sonoscope, or other nondestructive device may 

be permitted by Architect but will not be used as sole basis for approval or rejection of 

concrete. 

11. Additional Tests: Testing and inspecting agency shall make additional tests of concrete 

when test results indicate that slump, air entrainment, compressive strengths, or other 
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requirements have not been met, as directed by Architect. Testing and inspecting agency 

may conduct tests to determine adequacy of concrete by cored cylinders complying with 

ASTM C 42 or by other methods as directed by Architect. 

12. Additional testing and inspecting, at Contractor's expense, will be performed to determine 

compliance of replaced or additional work with specified requirements. 

13. Correct deficiencies in the Work that test reports and inspections indicate do not comply 

with the Contract Documents. 

E. Measure floor and slab flatness and levelness according to ASTM E 1155 within 24 hours of 

finishing. 

3.17 PROTECTION OF LIQUID FLOOR TREATMENTS 

A. Protect liquid floor treatment from damage and wear during the remainder of construction 

period. Use protective methods and materials, including temporary covering, recommended in 

writing by liquid floor treatments installer. 

END OF SECTION 
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SECTION 05 12 00 

STRUCTURAL STEEL FRAMING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Structural steel. 

2. Grout. 

B. Related Requirements: 

1. Section 05 50 00 "Metal Fabrications" for steel lintels and shelf angles not attached to 

structural-steel frame, miscellaneous steel fabrications and other steel items not defined 

as structural steel. 

2. Section 09 91 13 "Exterior Painting" and Section 09 91 23 "Interior Painting" and for 

surface-preparation and priming requirements. 

 

1.3 DEFINITIONS 

A. Structural Steel: Elements of the structural frame indicated on Drawings and as described in 

AISC 303, "Code of Standard Practice for Steel Buildings and Bridges." 

1.4 COORDINATION 

A. Coordinate selection of shop primers with topcoats to be applied over them. Comply with paint 

and coating manufacturers' written recommendations to ensure that shop primers and topcoats 

are compatible with one another. 

B. Coordinate installation of anchorage items to be embedded in or attached to other construction 

without delaying the Work. Provide setting diagrams, sheet metal templates, instructions, and 

directions for installation. 

1.5 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 

  STOKES ELEMENTARY SCHOOL  

   

STRUCTURAL STEEL FRAMING  Tetra Tech 

05 12 00 - 2   

1.6 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: Show fabrication of structural-steel components. 

1. Include details of cuts, connections, splices, camber, holes, and other pertinent data. 

2. Include embedment Drawings. 

3. Indicate welds by standard AWS symbols, distinguishing between shop and field welds, 

and show size, length, and type of each weld. Show backing bars that are to be removed 

and supplemental fillet welds where backing bars are to remain. 

4. Indicate type, size, and length of bolts, distinguishing between shop and field bolts. 

Identify pretensioned and slip-critical, high-strength bolted connections. 

C. Welding Procedure Specifications (WPSs) and Procedure Qualification Records (PQRs): 

Provide according to AWS D1.1/D1.1M, "Structural Welding Code - Steel," for each welded 

joint whether prequalified or qualified by testing, including the following: 

1. Power source (constant current or constant voltage). 

2. Electrode manufacturer and trade name, for demand critical welds. 

D. Delegated-Design Submittal: For structural-steel connections indicated to comply with design 

loads, include analysis data signed and sealed by the qualified professional engineer licensed in 

the State of Delaware, responsible for their preparation. 

1.7 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer fabricator and testing agency. 

B. Welding certificates. 

C. Paint Compatibility Certificates: From manufacturers of topcoats applied over shop primers, 

certifying that shop primers are compatible with topcoats. 

D. Mill test reports for structural steel, including chemical and physical properties. 

E. Product Test Reports: For the following: 

1. Bolts, nuts, and washers including mechanical properties and chemical analysis. 

2. Direct-tension indicators. 

3. Tension-control, high-strength, bolt-nut-washer assemblies. 

4. Shop primers. 

5. Nonshrink grout. 

F. Survey of existing conditions. 

G. Source quality-control reports. 

H. Field quality-control and special inspection reports. 
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1.8 QUALITY ASSURANCE 

A. Fabricator Qualifications: A qualified fabricator that participates in the AISC Quality 

Certification Program and is designated an AISC-Certified Plant, Category STD. 

B. Installer Qualifications: A qualified installer who participates in the AISC Quality Certification 

Program and is designated an AISC-Certified Erector, Category ACSE. 

C. Shop-Painting Applicators: Qualified according to AISC's Sophisticated Paint Endorsement P1 

and Endorsement P2 or to SSPC-QP 3, "Standard Procedure for Evaluating Qualifications of 

Shop Painting Applicators." 

D. Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M, 

"Structural Welding Code - Steel." 

1. Welders and welding operators performing work on bottom-flange, demand-critical 

welds shall pass the supplemental welder qualification testing, as required by 

AWS D1.8/D1.8M. FCAW-S and FCAW-G shall be considered separate processes for 

welding personnel qualification. 

E. Comply with applicable provisions of the following specifications and documents: 

1. AISC 303. 

2. AISC 341 and AISC 341s1. 

3. AISC 360. 

4. RCSC's "Specification for Structural Joints Using ASTM A 325 or A 490 Bolts." 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Store materials to permit easy access for inspection and identification. Keep steel members off 

ground and spaced by using pallets, dunnage, or other supports and spacers. Protect steel 

members and packaged materials from corrosion and deterioration. 

1. Do not store materials on structure in a manner that might cause distortion, damage, or 

overload to members or supporting structures. Repair or replace damaged materials or 

structures as directed. 

B. Store fasteners in a protected place in sealed containers with manufacturer's labels intact. 

1. Fasteners may be repackaged provided Owner's testing and inspecting agency observes 

repackaging and seals containers. 

2. Clean and relubricate bolts and nuts that become dry or rusty before use. 

3. Comply with manufacturers' written recommendations for cleaning and lubricating 

ASTM F 1852 fasteners and for retesting fasteners after lubrication. NOT FOR B
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Connections: Provide details of connections required by the Contract Documents to be selected 

or completed by structural-steel fabricator, including comprehensive engineering analysis by a 

qualified professional engineer, to withstand loads indicated and comply with other information 

and restrictions indicated. 

1. Select and complete connections using schematic details indicated and AISC 360. 

2. Use Allowable Stress Design; data are given at service-load level. 

B. Moment Connections:  Type PR, partially restrained. 

C. Construction:  Combined system of moment frame and braced frame. 

2.2 STRUCTURAL-STEEL MATERIALS 

A. W-Shapes:  ASTM A 992/A 992M. 

B. Channels, Angles:  ASTM A 572/A 572M, Grade 50. 

C. Plate and Bar:  ASTM A 36/A 36M. 

D. Cold-Formed Hollow Structural Sections: ASTM A 500/A 500M, Grade C, structural tubing. 

E. Welding Electrodes: Comply with AWS requirements. 

2.3 BOLTS, CONNECTORS, AND ANCHORS 

A. High-Strength Bolts, Nuts, and Washers: ASTM A 325, Type 1, heavy-hex steel structural 

bolts; ASTM A 563, Grade C, heavy-hex carbon-steel nuts; and ASTM F 436, Type 1, hardened 

carbon-steel washers; all with plain finish. 

1. Direct-Tension Indicators: ASTM F 959, Type 325, compressible-washer type with plain 

finish. 

B. High-Strength Bolts, Nuts, and Washers: ASTM A 490, Type 1, heavy-hex steel structural 

bolts; ASTM A 563, Grade DH, heavy-hex carbon-steel nuts; and ASTM F 436, Type 1, 

hardened carbon-steel washers with plain finish. 

1. Direct-Tension Indicators: ASTM F 959, Type 490, compressible-washer type with plain 

finish. 

C. Tension-Control, High-Strength Bolt-Nut-Washer Assemblies: ASTM F 1852, Type 1, heavy-

hex head assemblies consisting of steel structural bolts with splined ends, heavy-hex carbon-

steel nuts, and hardened carbon-steel washers. 

1. Finish:  Plain. 
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D. Unheaded Anchor Rods:  ASTM F 1554, Grade 55, weldable. 

1. Configuration:  Straight. 

2. Nuts: ASTM A 563 heavy-hex carbon steel. 

3. Plate Washers: ASTM A 36/A 36M carbon steel. 

4. Washers: ASTM F 436, Type 1, hardened carbon steel. 

5. Finish:  Plain. 

E. Headed Anchor Rods:  ASTM F 1554, Grade 55, weldable, straight. 

1. Nuts: ASTM A 563 heavy-hex carbon steel. 

2. Plate Washers: ASTM A 36/A 36M carbon steel. 

3. Washers: ASTM F 436, Type 1, hardened carbon steel. 

4. Finish:  Plain. 

F. Threaded Rods:  ASTM A 36/A 36M. 

1. Nuts: ASTM A 563 heavy-hex carbon steel. 

2. Washers:  ASTM F 436, Type 1, hardened carbon steel. 

3. Finish:  Plain. 

G. Clevises and Turnbuckles: Made from cold-finished carbon steel bars, ASTM A 108, 

Grade 1035. 

2.4 PRIMER 

A. Primer: SSPC-Paint 25, Type I, zinc oxide, alkyd, linseed oil primer and compatible with 

topcoat. 

2.5 GROUT 

A. Nonmetallic, Shrinkage-Resistant Grout: ASTM C 1107/C 1107M, factory-packaged, 

nonmetallic aggregate grout, noncorrosive and nonstaining, mixed with water to consistency 

suitable for application and a 30-minute working time. 

2.6 FABRICATION 

A. Structural Steel: Fabricate and assemble in shop to greatest extent possible. Fabricate according 

to AISC 303, "Code of Standard Practice for Steel Buildings and Bridges," and to AISC 360. 

1. Camber structural-steel members where indicated. 

2. Fabricate beams with rolling camber up. 

3. Identify high-strength structural steel according to ASTM A 6/A 6M and maintain 

markings until structural steel has been erected. 

4. Mark and match-mark materials for field assembly. 

5. Complete structural-steel assemblies, including welding of units, before starting shop-

priming operations. 

B. Thermal Cutting: Perform thermal cutting by machine to greatest extent possible. 
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1. Plane thermally cut edges to be welded to comply with requirements in 

AWS D1.1/D1.1M. 

C. Bolt Holes: Cut, drill or punch standard bolt holes perpendicular to metal surfaces. 

D. Finishing: Accurately finish ends of columns and other members transmitting bearing loads. 

E. Cleaning: Clean and prepare steel surfaces that are to remain unpainted according to SSPC-

SP 3, "Power Tool Cleaning." 

F. Steel Wall-Opening Framing: Select true and straight members for fabricating steel wall-

opening framing to be attached to structural-steel frame. Straighten as required to provide 

uniform, square, and true members in completed wall framing. Build up welded framing, weld 

exposed joints continuously, and grind smooth. 

G. Welded Door Frames: Build up welded door frames attached to structural-steel frame. Weld 

exposed joints continuously and grind smooth. Plug-weld fixed steel bar stops to frames. Secure 

removable stops to frames with countersunk machine screws, uniformly spaced not more than 

10 inches o.c. unless otherwise indicated. 

H. Holes: Provide holes required for securing other work to structural steel and for other work to 

pass through steel members. 

1. Cut, drill, or punch holes perpendicular to steel surfaces. Do not thermally cut bolt holes 

or enlarge holes by burning. 

2. Baseplate Holes: Cut, drill, mechanically thermal cut, or punch holes perpendicular to 

steel surfaces. 

3. Weld threaded nuts to framing and other specialty items indicated to receive other work. 

2.7 SHOP CONNECTIONS 

A. High-Strength Bolts: Shop install high-strength bolts according to RCSC's "Specification for 

Structural Joints Using ASTM A 325 or A 490 Bolts" for type of bolt and type of joint 

specified. 

1. Joint Type:  Snug tightened or Pretensioned. 

B. Weld Connections: Comply with AWS D1.1/D1.1M for tolerances, appearances, welding 

procedure specifications, weld quality, and methods used in correcting welding work. 

2.8 SHOP PRIMING 

A. Shop prime steel surfaces except the following: 

1. Surfaces embedded in concrete or mortar. Extend priming of partially embedded 

members to a depth of 2 inches. 

2. Surfaces to be field welded. 

3. Surfaces of high-strength bolted, slip-critical connections. 
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B. Surface Preparation: Clean surfaces to be painted. Remove loose rust and mill scale and spatter, 

slag, or flux deposits. Prepare surfaces according to the following specifications and standards: 

1. SSPC-SP 3, "Power Tool Cleaning." 

C. Priming: Immediately after surface preparation, apply primer according to manufacturer's 

written instructions and at rate recommended by SSPC to provide a minimum dry film thickness 

of 1.5 mils. Use priming methods that result in full coverage of joints, corners, edges, and 

exposed surfaces. 

1. Stripe paint corners, crevices, bolts, welds, and sharp edges. 

2. Apply two coats of shop paint to surfaces that are inaccessible after assembly or erection. 

Change color of second coat to distinguish it from first. 

D. Painting: Prepare steel and apply a one-coat, nonasphaltic primer complying with SSPC-

PS Guide 7.00, "Painting System Guide 7.00: Guide for Selecting One-Coat Shop Painting 

Systems," to provide a dry film thickness of not less than 1.5 mils. 

2.9 SOURCE QUALITY CONTROL 

A. Testing Agency:  Owner will engage a qualified testing agency to perform shop tests and 

inspections. 

1. Provide testing agency with access to places where structural-steel work is being 

fabricated or produced to perform tests and inspections. 

B. Bolted Connections: Inspect and test shop-bolted connections according to RCSC's 

"Specification for Structural Joints Using ASTM A 325 or A 490 Bolts." 

C. Welded Connections: Visually inspect shop-welded connections according to 

AWS D1.1/D1.1M and the following inspection procedures, at testing agency's option: 

1. Liquid Penetrant Inspection: ASTM E 165. 

2. Magnetic Particle Inspection: ASTM E 709; performed on root pass and on finished 

weld. Cracks or zones of incomplete fusion or penetration are not accepted. 

3. Ultrasonic Inspection: ASTM E 164. 

4. Radiographic Inspection: ASTM E 94. 

D. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify, with certified steel erector present, elevations of concrete- and masonry-bearing surfaces 

and locations of anchor rods, bearing plates, and other embedments for compliance with 

requirements. 
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1. Prepare a certified survey of existing conditions. Include bearing surfaces, anchor rods, 

bearing plates, and other embedments showing dimensions, locations, angles, and 

elevations. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Provide temporary shores, guys, braces, and other supports during erection to keep structural 

steel secure, plumb, and in alignment against temporary construction loads and loads equal in 

intensity to design loads. Remove temporary supports when permanent structural steel, 

connections, and bracing are in place unless otherwise indicated. 

3.3 ERECTION 

A. Set structural steel accurately in locations and to elevations indicated and according to 

AISC 303 and AISC 360. 

B. Baseplates and Leveling Plates: Clean concrete- and masonry-bearing surfaces of bond-

reducing materials, and roughen surfaces prior to setting plates. Clean bottom surface of plates. 

1. Set plates for structural members on wedges, shims, or setting nuts as required. 

2. Weld plate washers to top of baseplate. 

3. Snug-tighten anchor rods after supported members have been positioned and plumbed. 

Do not remove wedges or shims but, if protruding, cut off flush with edge of plate before 

packing with grout. 

4. Promptly pack grout solidly between bearing surfaces and plates so no voids remain. 

Neatly finish exposed surfaces; protect grout and allow to cure. Comply with 

manufacturer's written installation instructions for shrinkage-resistant grouts. 

C. Maintain erection tolerances of structural steel within AISC 303, "Code of Standard Practice for 

Steel Buildings and Bridges." 

D. Align and adjust various members that form part of complete frame or structure before 

permanently fastening. Before assembly, clean bearing surfaces and other surfaces that are in 

permanent contact with members. Perform necessary adjustments to compensate for 

discrepancies in elevations and alignment. 

1. Level and plumb individual members of structure. 

2. Make allowances for difference between temperature at time of erection and mean 

temperature when structure is completed and in service. 

E. Splice members only where indicated. 

F. Do not use thermal cutting during erection. 

G. Do not enlarge unfair holes in members by burning or using drift pins. Ream holes that must be 

enlarged to admit bolts. 
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3.4 FIELD CONNECTIONS 

A. High-Strength Bolts: Install high-strength bolts according to RCSC's "Specification for 

Structural Joints Using ASTM A 325 or A 490 Bolts" for type of bolt and type of joint 

specified. 

1. Joint Type:  Snug tightened or Pretensioned. 

B. Weld Connections: Comply with AWS D1.1/D1.1M for tolerances, appearances, welding 

procedure specifications, weld quality, and methods used in correcting welding work. 

1. Comply with AISC 303 and AISC 360 for bearing, alignment, adequacy of temporary 

connections, and removal of paint on surfaces adjacent to field welds. 

2. Remove backing bars or runoff tabs, back gouge, and grind steel smooth. 

3.5 FIELD QUALITY CONTROL 

A. Special Inspections:  Owner will engage a qualified special inspector to perform the following 

special inspections: 

1. Verify structural-steel materials and inspect steel frame joint details. 

2. Verify weld materials and inspect welds. 

3. Verify connection materials and inspect high-strength bolted connections. 

B. Testing Agency:  Owner will engage a qualified testing agency to perform tests and inspections. 

C. Bolted Connections: Inspect and test bolted connections according to RCSC's "Specification for 

Structural Joints Using ASTM A 325 or A 490 Bolts." 

D. Welded Connections: Visually inspect field welds according to AWS D1.1/D1.1M. 

1. In addition to visual inspection, test and inspect field welds according to 

AWS D1.1/D1.1M and the following inspection procedures, at testing agency's option: 

a. Liquid Penetrant Inspection: ASTM E 165. 

b. Magnetic Particle Inspection: ASTM E 709; performed on root pass and on 

finished weld. Cracks or zones of incomplete fusion or penetration are not 

accepted. 

c. Ultrasonic Inspection: ASTM E 164. 

d. Radiographic Inspection: ASTM E 94. 

3.6 REPAIRS AND PROTECTION 

A. Touchup Painting: Immediately after erection, clean exposed areas where primer is damaged or 

missing and paint with the same material as used for shop painting to comply with SSPC-PA 1 

for touching up shop-painted surfaces. 

1. Clean and prepare surfaces by SSPC-SP 2 hand-tool cleaning or SSPC-SP 3 power-tool 

cleaning. 
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B. Touchup Painting: Cleaning and touchup painting are specified in Section 09 91 13 "Exterior 

Painting" and Section 09 91 23 "Interior Painting." 

C. Touchup Priming: Cleaning and touchup priming are specified in Section 09 96 00 "High-

Performance Coatings." 

END OF SECTION 
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SECTION 06 10 53 

MISCELLANEOUS ROUGH CARPENTRY 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Wood blocking, cants, and nailers. 

2. Plywood backing panels. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of process and factory-fabricated product. 

1.3 INFORMATIONAL SUBMITTALS 

A. Evaluation Reports: For the following, from ICC-ES: 

1. Preservative-treated wood. 

2. Fire-retardant-treated wood. 

3. Power-driven fasteners. 

PART 2 - PRODUCTS 

2.1 WOOD PRODUCTS, GENERAL 

A. Lumber: DOC PS 20 and applicable rules of grading agencies indicated. If no grading agency is 

indicated, provide lumber that complies with the applicable rules of any rules-writing agency 

certified by the ALSC Board of Review. Provide lumber graded by an agency certified by the 

ALSC Board of Review to inspect and grade lumber under the rules indicated. 

1. Factory mark each piece of lumber with grade stamp of grading agency. 

2. Dress lumber, S4S, unless otherwise indicated. 

B. Maximum Moisture Content of Lumber:  15 percent unless otherwise indicated. 

2.2 WOOD-PRESERVATIVE-TREATED MATERIALS 

A. Preservative Treatment by Pressure Process: AWPA U1; Use Category UC2 for interior 

construction not in contact with ground, Use Category UC3b for exterior construction not in 

contact with ground, and Use Category UC4a for items in contact with ground. 
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1. Preservative Chemicals: Acceptable to authorities having jurisdiction and containing no 

arsenic or chromium. 

B. Kiln-dry lumber after treatment to a maximum moisture content of 19 percent. Do not use 

material that is warped or does not comply with requirements for untreated material. 

C. Mark lumber with treatment quality mark of an inspection agency approved by the ALSC Board 

of Review. 

D. Application: Treat all miscellaneous carpentry unless otherwise indicated. 

2.3 FIRE-RETARDANT-TREATED MATERIALS 

A. Fire-Retardant-Treated Lumber and Plywood by Pressure Process: Products with a flame-spread 

index of 25 or less when tested according to ASTM E 84, and with no evidence of significant 

progressive combustion when the test is extended an additional 20 minutes, and with the flame 

front not extending more than 10.5 feet beyond the centerline of the burners at any time during 

the test. 

1. Exterior Type: Treated materials shall comply with requirements specified above for fire-

retardant-treated lumber and plywood by pressure process after being subjected to 

accelerated weathering according to ASTM D 2898. Use for exterior locations and where 

indicated. 

2. Interior Type A: Treated materials shall have a moisture content of 28 percent or less 

when tested according to ASTM D 3201 at 92 percent relative humidity. Use where 

exterior type is not indicated. 

3. Design Value Adjustment Factors: Treated lumber shall be tested according to 

ASTM D 5664, and design value adjustment factors shall be calculated according to 

ASTM D 6841. For enclosed roof framing, framing in attic spaces, and where high-

temperature fire-retardant treatment is indicated, provide material with adjustment factors 

of not less than 0.85 modulus of elasticity and 0.75 for extreme fiber in bending for 

Project's climatological zone. 

B. Kiln-dry lumber after treatment to a maximum moisture content of 19 percent. Kiln-dry 

plywood after treatment to a maximum moisture content of 15 percent. 

C. Identify fire-retardant-treated wood with appropriate classification marking of qualified testing 

agency. 

D. Application: Treat all miscellaneous carpentry unless otherwise indicated. 

1. Framing for raised platforms. 

2. Concealed blocking. 

3. Roof framing and blocking. 

4. Wood cants, nailers, curbs, equipment support bases, blocking, and similar members in 

connection with roofing. 

5. Plywood backing panels. 
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2.4 DIMENSION LUMBER FRAMING 

A. Non-Load-Bearing Interior Partitions:  Construction or No. 2 grade of any species. 

B. Other Framing:  No. 2 grade of any of the following species: 

1. Hem-fir (north); NLGA. 

2. Southern pine; SPIB. 

3. Douglas fir-larch; WCLIB or WWPA. 

4. Southern pine or mixed southern pine; SPIB. 

5. Spruce-pine-fir; NLGA. 

6. Douglas fir-south; WWPA. 

7. Hem-fir; WCLIB or WWPA. 

8. Douglas fir-larch (north); NLGA. 

9. Spruce-pine-fir (south); NeLMA, WCLIB, or WWPA. 

2.5 MISCELLANEOUS LUMBER 

A. General: Provide miscellaneous lumber indicated and lumber for support or attachment of other 

construction, including the following: 

1. Blocking. 

2. Nailers. 

3. Rooftop equipment bases and support curbs. 

4. Cants. 

5. Furring. 

6. Grounds. 

7. Utility shelving. 

B. Dimension Lumber Items:  Construction or No. 2 grade lumber of any species. 

C. Concealed Boards:  15 percent maximum moisture content of any of the following species and 

grades: 

1. Mixed southern pine or southern pine, No. 2 grade; SPIB. 

2. Eastern softwoods, No. 2 Common grade; NELMA. 

3. Northern species, No. 2 Common grade; NLGA. 

4. Western woods, Construction or No. 2 Common grade; WCLIB or WWPA. 

2.6 PLYWOOD BACKING PANELS 

A. Equipment Backing Panels: Plywood, DOC PS 1, Exterior, A-C, fire-retardant treated, in 

thickness indicated or, if not indicated, not less than 3/4-inch nominal thickness. 

2.7 FASTENERS 

A. General: Provide fasteners of size and type indicated that comply with requirements specified in 

this article for material and manufacture. 
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1. Where carpentry is exposed to weather, in ground contact, pressure-preservative treated, 

or in area of high relative humidity, provide fasteners with hot-dip zinc coating 

complying with ASTM A 153/A 153M. 

B. Screws for Fastening to Metal Framing:  ASTM C 1002, length as recommended by screw 

manufacturer for material being fastened. 

C. Power-Driven Fasteners: Fastener systems with an evaluation report acceptable to authorities 

having jurisdiction, based on ICC-ES AC70. 

PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Framing Standard: Comply with AF&PA's WCD 1, "Details for Conventional Wood Frame 

Construction," unless otherwise indicated. 

B. Set carpentry to required levels and lines, with members plumb, true to line, cut, and fitted. Fit 

carpentry accurately to other construction. Locate nailers, blocking, and similar supports to 

comply with requirements for attaching other construction. 

C. Install plywood backing panels by fastening to studs; coordinate locations with utilities 

requiring backing panels. 

D. Do not splice structural members between supports unless otherwise indicated. 

E. Comply with AWPA M4 for applying field treatment to cut surfaces of preservative-treated 

lumber. 

F. Securely attach carpentry work to substrate by anchoring and fastening as indicated, complying 

with the following: 

1. Table 2304.9.1, "Fastening Schedule," in ICC's International Building Code. 

2. Table R602.3(1), "Fastener Schedule for Structural Members," and Table R602.3(2), 

"Alternate Attachments," in ICC's International Residential Code for One- and Two-

Family Dwellings. 

3. ICC-ES evaluation report for fastener. 

3.2 PROTECTION 

A. Protect wood that has been treated with inorganic boron (SBX) from weather. If, despite 

protection, inorganic boron-treated wood becomes wet, apply EPA-registered borate treatment. 

Apply borate solution by spraying to comply with EPA-registered label. 

END OF SECTION 
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SECTION 07 84 13 
 

FIRE PROTECTION, HVAC & PLUMBING PENETRATION FIRESTOPPING 
 
PART 1    GENERAL 
 
1.1 SUMMARY 
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 
 

B. Section includes: 
 

1. Through-penetration firestopping in fire rated construction. 
 

2. Through-penetration smoke-stopping in smoke partitions. 
 

C. Related items: 
 

1. Fire dampers and manufactured devices:  Refer to Division 23 Section HVAC Air 
Distribution. 

 
2. Smoke dampers and combination fire/smoke dampers.  Refer to  Division 23 

Section HVAC Air Distribution. 
 
1.2 REFERENCES 
 

A. Underwriters Laboratories 
 

1. UL Fire Resistance Directory 
 

a. Through-penetration firestop devices (XHCR) 
 

b. Fire resistance rating (BXUV) 
 

c. Through-penetration firestop systems (XHEZ) 
 

d. Fill, void, or cavity material (XHHW) 
 

B. American Society for Testing and Materials Standards: 
 

1. ASTM E 814-88:  Standard Test Method for Fire Tests of Through-Penetration 
Firestops. 

 
1.3 DEFINITIONS 
 

A. Assembly:  Particular arrangement of materials specific to given type of construction 
described or detailed in referenced documents. 

 
B. Barriers:  Time-rated fire walls, smoke barrier walls, time-rated ceiling/floor assemblies 

and structural floors. 
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C. Firestopping:  Methods and materials applied in penetrations and unprotected openings to 

limit spread of heat, fire, gasses and smoke. 
 

D. Penetration:  Opening or foreign material passing through or into barrier or structural 
floor such that full thickness of rated materials is not obtained. 

 
E. System:  Specific products and applications, classified and numbered by Underwriters 

Laboratories, Inc. to close specific barrier penetrations. 
 

F. Sleeve:  Metal fabrication or pipe section extended through thickness of barrier and used 
to permanently guard penetration.  Sleeves are described as part of penetrating system in 
other sections and may or may not be required. 

 
1.4 SYSTEM DESCRIPTION 
 

A. Design Requirements 
 

1. Fire-rated construction:  Maintain barrier and structural floor fire resistance 
ratings including resistance to cold smoke at all penetrations.  

 
2. Smoke barrier construction:  Maintain barrier and structural floor resistance to 

cold smoke at all penetrations.  
 
1.5 SUBMITTALS 
 

A. Submit in accordance with Division 01 Section Submittal Procedures, unless otherwise 
indicated. 

 
B. Product data:  Manufacturer's specifications and technical data including the following: 

 
1. Detailed specification of construction and fabrication. 

 
2. Manufacturer's installation instructions. 

 
C. Shop drawings:  Indicate dimensions, description of materials and finishes, general 

construction, specific modifications, component connections, anchorage methods, 
hardware, and installation procedures, plus the following specific requirements. 

 
1. Details of each proposed assembly identifying intended products and applicable 

UL system number, or UL classified devices. 
 

2. Manufacturer or manufacturer's representative shall provide qualified 
engineering judgment and drawings relating to non-standard applications as 
needed. 

 
D. Quality control submittals: 

 
1. Statement of qualifications. 

 
E. Applicators' qualifications statement: 
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1. List past projects indicating required experience. 

 
1.6 QUALITY ASSURANCE 
 

A. Installer's qualifications:  Fire experienced in installation or application of systems 
similar in complexity to those required for this project, plus the following: 

 
1. Acceptable to or licensed by manufacturer, State or local authority where 

applicable. 
 

2. At least 2 years experience with systems. 
 

3. Successfully completed at least 5 comparable scale projects using this system. 
 

B. Local and State regulatory requirements:  Submit forms or acceptance for proposed 
assemblies not conforming to specific UL Firestop System numbers, or UL classified 
devices. 

 
C. Materials shall have been tested to provide fire rating at least equal to that of the 

construction. 
 
1.7 DELIVERY, STORAGE, AND HANDLING 
 

A. Packing and shipping: 
 

1. Deliver products in original unopened packaging with legible manufacturer's 
identification. 

 
2. Coordinate delivery with scheduled installation date, allow minimum storage at 

site. 
 

B. Storage and protection:  Store materials in a clean, dry, ventilated location.  Protect from 
soiling, abuse, moisture and freezing when required. Follow manufacturer's instructions. 

 
1.8 PROJECT CONDITIONS 
 

A. Existing condition: 
 

1. Verify existing conditions and substrates before starting work. Correct 
unsatisfactory conditions before proceeding. 

 
2. Proceed with installation only after penetrations of the substrate and supporting 

brackets have been installed. 
 

B. Environmental requirements: 
 

1. Furnish adequate ventilation if using solvent. 
 

2. Furnish forced air ventilation during installation if required by manufacturer. 
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3. Keep flammable materials away from sparks or flame. 
 

4. Provide masking and drop cloths to prevent contamination of adjacent surfaces 
by firestopping materials. 

 
1.9 WARRANTY 
 

A. Submit copies of written warranty agreeing to repair or replace joint sealers which fail in 
joint adhesion, extrusion resistance, migration resistance, or general durability or appear 
to deteriorate in any other manner not clearly specified by submitted manufacturer's data 
as an inherent quality of the material for the exposure indicated.  The warranty period 
shall be two (2) years from date of substantial completion unless otherwise noted. 

 
PART 2    PRODUCTS 
 
2.1 THROUGH-PENETRATION FIRESTOPPING OF FIRE-RATED CONSTRUCTION 
 

A. Systems of devices listed in the UL Fire Resistance Directory under categories XHCR 
and XHEZ may be used, providing that it conforms to the construction type, penetrant 
type, annular space requirements and fire rating involved in each separate instance, and 
that the system be symmetrical for wall applications.  Systems or devices must be 
asbestos-free. 

 
1. Additional requirements:  Withstand the passage of cold smoke either as an 

inherent property of the system, or by the use of a separate product included as a 
part of the UL system or device, and designed to perform this function. 

 
2. Acceptable manufacturers and products. 

 
a. Those listed in the UL Fire Resistance directory for the UL System 

involved and as further defined in the System and Applications Schedule 
in Part 3.6 of this section. 

 
3. All firestopping products must be from a single manufacturer.  All trades shall 

use products from the same manufacturer unless otherwise noted. 
 
2.2 SMOKE-STOPPING AT SMOKE PARTITIONS 
 

A. Through-penetration smoke-stopping:  Any system complying with the requirements for 
through-penetration firestopping in fire-rated construction, as specified in The Systems 
and Applications Schedule in Part 3.6 of this section, is acceptable, provided that the 
system includes the specified smoke seal or will provide a smoke seal.  The length of 
time of the fire resistance may be disregarded. 

 
2.3 ACCESSORIES 
 

A. Fill, void or cavity materials:  As classified under category XHHW in the UL Fire 
Resistance Directory. 

 
B. Forming materials:  As classified under category XHKU in the UL Fire Resistance 

Directory. 
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PART 3     EXECUTION 
 
3.1 EXAMINATION 
 

A. Verification of conditions:  Examine areas and conditions under which work is to be 
performed and identify conditions detrimental to proper or timely completion. 

 
1. Verify barrier penetrations are properly sized and in suitable condition for 

application of materials. 
 

2. Do not proceed until unsatisfactory conditions have been corrected. 
 

B. Coordinate an inspection of all Mechanical Firestopping systems with the Fire Marshal 
prior to installation of ceilings, walls, etc. 

 
3.2 PREPARATION 
 

A. Clean surfaces to be in contact with penetration seal materials of dirt, grease, oil, loose 
materials, rust, or other substances that may affect proper fitting, adhesion, or the 
required fire resistance. 

 
3.3 INSTALLATION 
 

A. Install penetration seal materials in accordance with printed instructions of the UL Fire 
Resistance Directory and in accordance with manufacturer's instruction. 

 
B. Seal holes or voids made by penetrations to ensure an effective smoke barrier. 

 
C. Protect materials from damage on surfaces subject to traffic. 

 
D. When large openings are created in walls or floors to permit installation of pipes, ducts, 

or other items, close unused portions of opening with firestopping materials tested for the 
application.  See UL Fire Resistance Directory or Section 3.6 of this document. 

 
E. Install smoke stopping as specified for firestopping. 

 
3.4 FIELD QUALITY CONTROL 
 

A. Examine penetration sealed areas to ensure proper installation before concealing or 
enclosing areas. 

 
B. Keep areas of work accessible until inspection by applicable code authorities. 

 
C. Perform under this section patching and repairing of firestopping caused by cutting or 

penetration by other trades. 
 
3.5 ADJUSTING AND CLEANING   
 

A. Clean up spills of liquid components. 
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B. Neatly cut and trim materials as required. 
 

C. Remove equipment, materials and debris, leaving area in undamaged, clean condition. 
 
3.6 SYSTEMS AND APPLICATION SCHEDULES* 
 

PENETRATING   
ITEM 

     CONCRETE      GYPSUM   WOOD FLOOR/CEILING 

   Metal Pipe CAJ1001   CP25S/L, CP25N/S 
CAJ1006   CS-195+, FS-195+ 
CAJ1007   FS-195+, 1-inch& 2-inch Wide 
CAJ1009   2000, 2000+, 2003 
CAJ1010   2000, 2000+, 2003 
CAJ1012   2000, 2000+, 2003 
CAJ1013   2000, 2000+, 2003 
CAJ1014   2000, 2000+, 2003 
CAJ1015   2000, 2000+, 2003 
CAJ1017   FD 150 
CAJ1021   FD 150 
CAJ1027   MPS-2+ 
CAJ1044   CP 25WB+ 
CAJ1052   CP 25S/L, CP 25N/S 
CAJ1058   2000, 2000+, 2003 
CAJ1060   2000, 2000+, 2003 
CAJ1063   2000, 2000+, 2003 
CAJ1066   CP 25N/S,CP 25S/L, CP 
25WB+ 
CAJ1091   CP 25N/S,CP 25S/L, CP 
25WB+ 
CAJ1092   CP 25WB+ 
CAJ1112   FS-195+ 
CAJ1160   CP 25S/L, CP 25N/S 
CAJ1175   CP 25WB+ 
CAJ1176   CP 25WB+ 
CAJ1188   2000+ 
 
CBJ1020   CS-195+, FS-195+ 
CBJ1021   CS-195+, MPS-2+ 
CBJ1031   2001 
CBJ1032   2001 
 
FA1002   CP 25WB+ 
 
WJ1010   CP25WB+ 
WJ1023   2001 
 

WL1001   CP 25 
WL1002   FS-195+ 
WL1003   CP 25WB+,CP 25N/S 
WL1008   2000+ 
WL1009   2000+ 
WL1010   2000+ 
WL1016   CP 25WB+ 
WL1017   CP 25WB+,CP 25N/S 
WL1032   CP 25WB+,CP 25N/S 
WL1036   FD 150 
WL1037   CS-195+,FS-195+ 
WL1067   CP 25N/S 
WL1073   CP 25WB+ 
WL1080   MPS2+ 
WL1082   2000+ 
 
 

FC1002   CP 25 
FC1003   2000,2000+,20003 
FC1006   CP 25WB+ 
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PENETRATING   
ITEM 

     CONCRETE      GYPSUM   WOOD FLOOR/CEILING 

Non-Metallic CAJ2001   FS-195+, 1-inch& 2-inch 
WIDE, PPD'S 
CAJ2002   FS-195+ 
CAJ2003   CS-195+, FS-195+ 
CAJ2005   FS-195 
CAJ2006   FS-195+ 
CAJ2013   FS-195+ 
CAJ2019   2000, 2000+, 2003 
CAJ2027   FS-195+, CP 25N/S, CP 25S/L, 
          CP 25WB+ 
CAJ2028   FS-195, MPS-2+ 
CAJ2029   FS-195+, PPD'S 
CAJ2030   CS-195+, FS-195+ 
CAJ2040   FS-195+, CP 25WB+ 
CAJ2044   FS-195+, CP 25N/S, CP 25S/L 
          CP 25 WB+ 
CAJ2090   FS-195+ 
CAJ2177   FS-195+, PPD'S 
 
FA2001    FS-195+, PPD'S 
FS2002    CS-195+, FS-195+, MPS-2+, 
PPD'S 
FA2011    FS-195+ 
 
WJ2012    FS-195+ 1-inch WIDE 
 

WL2002   FS-195+, PPD'S 
WL2003   FS-195+ 
WL2004   FS-195+ 
WL2005   FS-195+ 4' WIDE 
WL2006   FS-195+ 
WL2013   FS-195+ 
WL2031   CS-195+, FS-195+ 
WL2032   CS-195+, FS-195+ 
WL2033   FS-195+ 
WL2073   FS-195+ 1-inch WIDE 

FC2002   FS-195+, PPD'S 
FC2007   FS-195+, PPD'S 
FC2008   FS-195+ 
FC2009   FS-195+, PPD'S 
FC2024   FS-195 
FC2026   FS-195+ 
FC2028   FS-195, 1' & 
         2-inch WIDE, PPD'S 

 
Insulated 
 Metallic 
  Pipe 

CAJ5001   CP 25N/S, CP 25S/L, CP 
25WB+ 
CAJ5002   FS-195+ 
CAJ5003   FS-195+ 
CAJ5005   MPS-2+ 
CAJ5009   2000+, 2003 
CAJ5017   FS-195+, CP 25 
CAJ5022   FS-195+ 
CAJ5024   FS-195+ 
CAJ5030   CS-195+, FS-195+ 
CAJ5041   2000, 2000+, 2003 
CAJ5060   CP 25WB+ 
CAJ5074   2000+ 
 
CBJ5002   CP 25 
CBJ5003   FS-195+ 
 
FA5001   FS-195+, CP 25WB+ 
 

WL5001   FS-195+ 
WL5002   FS-195+ 
WL5009   FS-195+ 
WL5010   FS-195+ 
WL5011   CP 25WB+ 
WL5032   2000+ 
WL5038   CP 25WB+ 
WL5039   CP 25WB+ 
WL5040   CP 25WB+ 
WL5045   CP 25WB+ 
WL5053   2000+ 

FC5002   FS-195+ 
FC5008   FS-195+ 

Miscellaneous  
  Mechanical 
   HVAC 
   Ducts 

CAJ7001   CP 25N/S CP 25S/L 
CAJ7003   CP 25WB+ 
CAJ7009   DUCT WRAP, BULK PUTTY 

 FC7001   CP 25S/L, CP 
25N/S 

   Mixed 
Penetrating 
  Items 
  Combos 

CAJ8001   CS-195+ FS-195 
CAJ8003   2000, 2000+, 20003 
CAJ8004   2000, 2000+, 20003 
CAJ8006   2001 
CAJ8013   FS-195+, CP 25 
 
CBJ8004   CS-195, FS-195+ 
CBJ8005   CS-195+, MPS-2+ 
CBJ8008   2001 
 
FA8001   FS-195+, CP 25WB+ 
 

WL8002   CS-195+, FS-195+  

 * Underwriter's Laboratories, Inc., Fire Resistance Directory.    
    
   
END OF SECTION 
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SECTION 07 92 00 

JOINT SEALANTS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Silicone joint sealants. 

2. Mildew-resistant joint sealants. 

3. Latex joint sealants. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each joint-sealant product. 

B. Samples: For each kind and color of joint sealant required. 

1.3 INFORMATIONAL SUBMITTALS 

A. Product test reports. 

B. Preconstruction laboratory test reports. 

C. Sample warranties. 

1.4 WARRANTY 

A. Special Installer's Warranty: Installer agrees to repair or replace joint sealants that do not 

comply with performance and other requirements specified in this Section within specified 

warranty period. 

1. Warranty Period:  Two years from date of Substantial Completion. 

B. Special Manufacturer's Warranty: Manufacturer agrees to furnish joint sealants to repair or 

replace those joint sealants that do not comply with performance and other requirements 

specified in this Section within specified warranty period. 

1. Warranty Period:  Five years from date of Substantial Completion. NOT FOR B
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PART 2 - PRODUCTS 

2.1 JOINT SEALANTS, GENERAL 

A. Colors of Exposed Joint Sealants:  As selected by Architect from manufacturer's full range. 

2.2 SILICONE JOINT SEALANTS 

A. Silicone, S, NS, 50, NT: Single-component, nonsag, plus 50 percent and minus 50 percent 

movement capability, nontraffic-use, neutral-curing silicone joint sealant; ASTM C 920, 

Type S, Grade NS, Class 50, Use NT. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to 

the following: 

a. GE Construction Sealants; Momentive Performance Materials Inc. 

b. May National Associates, Inc.; a subsidiary of Sika Corporation. 

c. Pecora Corporation. 

2.3 MILDEW-RESISTANT JOINT SEALANTS 

A. Mildew-Resistant Joint Sealants: Formulated for prolonged exposure to humidity with fungicide 

to prevent mold and mildew growth. 

B. Silicone, Mildew Resistant, Acid Curing, S, NS, 25, NT: Mildew-resistant, single-component, 

nonsag, plus 25 percent and minus 25 percent movement capability, nontraffic-use, acid-curing 

silicone joint sealant; ASTM C 920, Type S, Grade NS, Class 25, Use NT. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to 

the following: 

a. GE Construction Sealants; Momentive Performance Materials Inc. 

b. Pecora Corporation. 

c. Tremco Incorporated. 

C. Acrylic Latex: Acrylic latex or siliconized acrylic latex, ASTM C 834, Type OP, Grade NF. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to 

the following: 

a. May National Associates, Inc.; a subsidiary of Sika Corporation. 

b. Pecora Corporation. 

c. Sherwin-Williams Company (The). 
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2.4 JOINT-SEALANT BACKING 

A. Cylindrical Sealant Backings: ASTM C 1330, Type C (closed-cell material with a surface skin), 

and of size and density to control sealant depth and otherwise contribute to producing optimum 

sealant performance. 

B. Bond-Breaker Tape: Polyethylene tape or other plastic tape recommended by sealant 

manufacturer. 

2.5 MISCELLANEOUS MATERIALS 

A. Primer: Material recommended by joint-sealant manufacturer where required for adhesion of 

sealant to joint substrates indicated, as determined from preconstruction joint-sealant-substrate 

tests and field tests. 

B. Cleaners for Nonporous Surfaces: Chemical cleaners acceptable to manufacturers of sealants 

and sealant backing materials. 

C. Masking Tape: Nonstaining, nonabsorbent material compatible with joint sealants and surfaces 

adjacent to joints. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Surface Cleaning of Joints: Clean out joints immediately before installing joint sealants to 

comply with joint-sealant manufacturer's written instructions and the following requirements: 

1. Remove laitance and form-release agents from concrete. 

2. Clean nonporous joint substrate surfaces with chemical cleaners or other means that do 

not stain, harm substrates, or leave residues capable of interfering with adhesion. 

B. Joint Priming: Prime joint substrates where recommended by joint-sealant manufacturer or as 

indicated by preconstruction joint-sealant-substrate tests or prior experience. 

C. Masking Tape: Use masking tape where required to prevent contact of sealant or primer with 

adjoining surfaces. 

3.2 INSTALLATION OF JOINT SEALANTS 

A. General: Comply with ASTM C 1193 and joint-sealant manufacturer's written installation 

instructions for products and applications indicated, unless more stringent requirements apply. 

B. Install sealant backings of kind indicated to support sealants during application and at position 

required to produce cross-sectional shapes and depths of installed sealants relative to joint 

widths that allow optimum sealant movement capability. 

C. Install bond-breaker tape behind sealants where sealant backings are not used between sealants 

and backs of joints. 
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D. Install sealants using proven techniques that comply with the following and at the same time 

backings are installed: 

1. Place sealants so they directly contact and fully wet joint substrates. 

2. Completely fill recesses in each joint configuration. 

3. Produce uniform, cross-sectional shapes and depths relative to joint widths that allow 

optimum sealant movement capability. 

E. Tooling of Nonsag Sealants: Immediately after sealant application and before skinning or curing 

begins, tool sealants to form smooth, uniform beads of configuration indicated. Use tooling 

agents that are approved in writing by sealant manufacturer and that do not discolor sealants or 

adjacent surfaces. 

1. Provide concave joint profile per Figure 8A in ASTM C 1193 unless otherwise indicated. 

3.3 JOINT-SEALANT SCHEDULE 

A. Joint-Sealant Application: Exterior joints in vertical surfaces and horizontal nontraffic surfaces. 

1. Joint Locations: 

a. Joints in between trim and brick work. 

2. Joint Sealant:  Silicone, nonstaining, S, NS, 50, NT. 

3. Joint-Sealant Color:  As selected by Architect from manufacturer's full range of colors. 

B. Joint-Sealant Application: Interior joints in vertical surfaces and horizontal nontraffic surfaces 

not subject to significant movement. 

1. Joint Locations: 

a. Perimeter joints between interior wall surfaces and frames of interior doors and 

windows. 

b. Other joints as required. 

2. Joint Sealant:  Acrylic latex. 

3. Joint-Sealant Color:  As selected by Architect from manufacturer's full range of colors. 

C. Joint-Sealant Application: Mildew-resistant interior joints in vertical surfaces and horizontal 

nontraffic surfaces. 

1. Joint Locations: 

a. Joints between plumbing fixtures and adjoining walls, floors, and counters. 

2. Joint Sealant:  Silicone, mildew resistant, acid curing, S, NS, 25, NT. 

3. Joint-Sealant Color:  As selected by Architect from manufacturer's full range of colors. 
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SECTION 08 31 13 

ACCESS DOORS AND FRAMES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes access doors and frames for walls and ceilings. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Samples: For each type of access door and frame and for each finish specified. 

C. Product Schedule: For access doors and frames. 

PART 2 - PRODUCTS 

2.1 ACCESS DOORS AND FRAMES 

A. Flush Access Doors with Concealed Flanges: 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to, 

the following: 

a. Larsens Manufacturing Company. 

b. Milcor; Commercial Products Group of Hart & Cooley, Inc. 

c. Williams Bros. Corporation of America (The). 

 

2. Description: Face of door flush with frame; with concealed flange for gypsum board 

installation and concealed hinge. 

3. Locations:  Wall and ceiling. 

4. Uncoated Steel Sheet for Door:  Nominal 0.060 inch, 16 gage, factory primed. 

5. Frame Material:  Same material and thickness as door. 

6. Latch and Lock:  Cam latch, screwdriver operated. 

2.2 MATERIALS 

A. Steel Plates, Shapes, and Bars: ASTM A 36/A 36M. 
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B. Steel Sheet: Uncoated or electrolytic zinc coated, ASTM A 879/A 879M, with cold-rolled steel 

sheet substrate complying with ASTM A 1008/A 1008M, Commercial Steel (CS), exposed. 

C. Frame Anchors: Same material as door face. 

D. Inserts, Bolts, and Anchor Fasteners: Hot-dip galvanized steel according to 

ASTM A 153/A 153M or ASTM F 2329. 

2.3 FABRICATION 

A. Metal Surfaces: For metal surfaces exposed to view in the completed Work, provide materials 

with smooth, flat surfaces without blemishes. Do not use materials with exposed pitting, seam 

marks, roller marks, rolled trade names, or roughness. 

B. Doors and Frames: Grind exposed welds smooth and flush with adjacent surfaces. Furnish 

mounting holes, attachment devices and fasteners of type required to secure access doors to 

types of supports indicated. 

C. Latch and Lock Hardware: 

1. Quantity: Furnish number of latches and locks required to hold doors tightly closed. 

2. Keys: Furnish two keys per lock and key all locks alike. 

2.4 FINISHES 

A. Painted Finishes: Comply with coating manufacturer's written instructions for cleaning, 

conversion coating, and applying and baking finish. 

1. Factory Primed: Apply manufacturer's standard, lead- and chromate-free, universal 

primer immediately after surface preparation and pretreatment. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with manufacturer's written instructions for installing access doors and frames. 

B. Adjust doors and hardware, after installation, for proper operation. 
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SECTION 09 22 16 

NON-STRUCTURAL METAL FRAMING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Non-load-bearing steel framing systems for interior partitions. 

2. Suspension systems for interior ceilings and soffits. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1.3 INFORMATIONAL SUBMITTALS 

A. Product Certificates: For each type of code-compliance certification for studs and tracks. 

B. Evaluation reports for firestop tracks or post-installed anchors and power-actuated fasteners 

from ICC-ES or other qualified testing agency acceptable to authorities having jurisdiction. 

1.4 QUALITY ASSURANCE 

A. Code-Compliance Certification of Studs and Tracks: Provide documentation that framing 

members are certified according to the product-certification program of the Certified Steel Stud 

Association, the Steel Framing Industry Association or the Steel Stud Manufacturers 

Association. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Fire-Test-Response Characteristics: For fire-resistance-rated assemblies that incorporate non-

load-bearing steel framing, provide materials and construction identical to those tested in 

assembly indicated, according to ASTM E 119 by an independent testing agency. 

B. STC-Rated Assemblies: For STC-rated assemblies, provide materials and construction identical 

to those tested in assembly indicated on Drawings, according to ASTM E 90 and classified 

according to ASTM E 413 by an independent testing agency. 
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2.2 FRAMING SYSTEMS 

A. Framing Members, General: Comply with ASTM C 754 for conditions indicated. 

1. Steel Sheet Components: Comply with ASTM C 645 requirements for metal unless 

otherwise indicated. 

B. Studs and Tracks: ASTM C 645. 

1. Steel Studs and Tracks: 

a. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not 

limited to the following: 

1) Phillips Manufacturing Co. 

2) SCAFCO Steel Stud Company. 

3) Steel Construction Systems. 

4) Steel Network, Inc. (The). 

 

b. Minimum Base-Metal Thickness:  0.0329 inch (20 gauge). 

c. Depth:  As indicated on Drawings. 

C. Slip-Type Head Joints: Where indicated, provide one of the following: 

1. Deflection Track: Steel sheet top track manufactured to prevent cracking of finishes 

applied to interior partition framing resulting from deflection of structure above; in 

thickness not less than indicated for studs and in width to accommodate depth of studs. 

D. Cold-Rolled Channel Bridging: Steel, 0.0538-inch minimum base-metal thickness, with 

minimum 1/2-inch-wide flanges. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to 

the following: 

a. ClarkDietrich Building Systems. 

b. MarinoWARE. 

c. MRI Steel Framing, LLC. 

d. SCAFCO Steel Stud Company. 

e. Steel Construction Systems. 

 

2. Depth:  1-1/2 inches. 

3. Clip Angle: Not less than 1-1/2 by 1-1/2 inches, 0.068-inch-thick, galvanized steel. 
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2.3 SUSPENSION SYSTEMS 

A. Tie Wire: ASTM A 641/A 641M, Class 1 zinc coating, soft temper, 0.062-inch-diameter wire, 

or double strand of 0.048-inch-diameter wire. 

2.4 AUXILIARY MATERIALS 

A. General: Provide auxiliary materials that comply with referenced installation standards. 

1. Fasteners for Steel Framing: Of type, material, size, corrosion resistance, holding power, 

and other properties required to fasten steel members to substrates. 

B. Isolation Strip at Exterior Walls: Provide the following: 

1. Foam Gasket: Adhesive-backed, closed-cell vinyl foam strips that allow fastener 

penetration without foam displacement, 1/8 inch thick, in width to suit steel stud size. 

PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Installation Standard: ASTM C 754. 

1. Gypsum Board Assemblies: Also comply with requirements in ASTM C 840 that apply 

to framing installation. 

B. Install framing and accessories plumb, square, and true to line, with connections securely 

fastened. 

C. Install supplementary framing, and blocking to support fixtures, equipment services, heavy trim, 

grab bars, toilet accessories, furnishings, or similar construction. 

D. Install bracing at terminations in assemblies. 

E. Do not bridge building control and expansion joints with non-load-bearing steel framing 

members. Frame both sides of joints independently. 

3.2 INSTALLING FRAMED ASSEMBLIES 

A. Install framing system components according to spacings indicated, but not greater than 

spacings required by referenced installation standards for assembly types. 

B. Where studs are installed directly against exterior masonry walls or dissimilar metals at exterior 

walls, install isolation strip between studs and exterior wall. 

C. Install studs so flanges within framing system point in same direction. 
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D. Install tracks at floors and overhead supports. Extend framing full height to structural supports 

or substrates above suspended ceilings except where partitions are indicated to terminate at 

suspended ceilings. Continue framing around ducts that penetrate partitions above ceiling. 

1. Slip-Type Head Joints: Where framing extends to overhead structural supports, install to 

produce joints at tops of framing systems that prevent axial loading of finished 

assemblies. 

2. Other Framed Openings: Frame openings other than door openings the same as required 

for door openings unless otherwise indicated. Install framing below sills of openings to 

match framing required above door heads. 

3. Fire-Resistance-Rated Partitions: Install framing to comply with fire-resistance-rated 

assembly indicated and support closures and to make partitions continuous from floor to 

underside of solid structure. 

a. Firestop Track: Where indicated, install to maintain continuity of fire-resistance-

rated assembly indicated. 

4. Sound-Rated Partitions: Install framing to comply with sound-rated assembly indicated. 

 

END OF SECTION 
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SECTION 09 29 00 

GYPSUM BOARD 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Interior gypsum board. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Samples: For each texture finish indicated on same backing indicated for Work. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Fire-Resistance-Rated Assemblies: For fire-resistance-rated assemblies, provide materials and 

construction identical to those tested in assembly indicated according to ASTM E 119 by an 

independent testing agency. 

2.2 GYPSUM BOARD, GENERAL 

A. Size: Provide maximum lengths and widths available that will minimize joints in each area and 

that correspond with support system indicated. 

2.3 INTERIOR GYPSUM BOARD 

A. Gypsum Board, Type X: ASTM C 1396/C 1396M. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to 

the following: 

a. CertainTeed Corporation. 

b. Georgia-Pacific Gypsum LLC. 

c. National Gypsum Company. 

d. USG Corporation. 

 

NOT FOR B
ID

DIN
G P

URPOSES

http://contact.arcomnet.com/ContentContact.aspx?sect=092900&ver=03/01/17&format=SF&sid=13666
http://www.specagent.com/Lookup?ulid=12043
http://www.specagent.com/Lookup?uid=123457104192
http://www.specagent.com/Lookup?uid=123457104194
http://www.specagent.com/Lookup?uid=123457104195
http://www.specagent.com/Lookup?uid=123457104198


200-163183-17001-07  HVAC IMPROVEMENTS 

  STOKES ELEMENTARY SCHOOL 

GYPSUM BOARD  Tetra Tech 

09 29 00 - 2 

2. Thickness: 5/8 inch. 

3. Long Edges:  Tapered. 

2.4 TRIM ACCESSORIES 

A. Interior Trim: ASTM C 1047. 

1. Material:  Galvanized or aluminum-coated steel sheet, rolled zinc, plastic, or paper-faced 

galvanized-steel sheet. 

2. Shapes: 

a. Cornerbead. 

b. LC-Bead: J-shaped; exposed long flange receives joint compound. 

c. L-Bead: L-shaped; exposed long flange receives joint compound. 

d. Expansion (control) joint. 

2.5 JOINT TREATMENT MATERIALS 

A. General: Comply with ASTM C 475/C 475M. 

B. Joint Tape: 

1. Interior Gypsum Board: Paper. 

C. Joint Compound for Interior Gypsum Board: For each coat, use formulation that is compatible 

with other compounds applied on previous or for successive coats. 

1. Prefilling: At open joints, rounded or beveled panel edges, and damaged surface areas, 

use setting-type taping compound. 

2. Embedding and First Coat: For embedding tape and first coat on joints, fasteners, and 

trim flanges, use setting-type taping compound. 

a. Use setting-type compound for installing paper-faced metal trim accessories. 

3. Fill Coat: For second coat, use drying-type, all-purpose compound. 

4. Finish Coat: For third coat, use drying-type, all-purpose compound. 

5. Skim Coat: For final coat of Level 5 finish, use drying-type, all-purpose compound. 

2.6 AUXILIARY MATERIALS 

A. General: Provide auxiliary materials that comply with referenced installation standards and 

manufacturer's written instructions. 

B. Steel Drill Screws: ASTM C 1002 unless otherwise indicated. 

1. Use screws complying with ASTM C 954 for fastening panels to steel members from 

0.033 to 0.112 inch thick. 
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2. For fastening cementitious backer units, use screws of type and size recommended by 

panel manufacturer. 

C. Acoustical Sealant: Manufacturer's standard nonsag, paintable, nonstaining latex sealant 

complying with ASTM C 834. Product effectively reduces airborne sound transmission through 

perimeter joints and openings in building construction as demonstrated by testing representative 

assemblies according to ASTM E 90. 

1. Manufacturers: Subject to compliance with requirements, available manufacturers 

offering products that may be incorporated into the Work include, but are not limited to 

the following: 

a. Pecora Corporation; AC-20 FTR. 

b. USG Corporation; sheet rock acoustical sealant. 

 

PART 3 - EXECUTION 

3.1 APPLYING AND FINISHING PANELS 

A. Examine panels before installation. Reject panels that are wet, moisture damaged, and mold 

damaged. 

B. Comply with ASTM C 840. 

C. Isolate perimeter of gypsum board applied to non-load-bearing partitions at structural 

abutments. Provide 1/4- to 1/2-inch-wide spaces at these locations and trim edges with edge 

trim where edges of panels are exposed. Seal joints between edges and abutting structural 

surfaces with acoustical sealant. 

D. For trim with back flanges intended for fasteners, attach to framing with same fasteners used for 

panels. Otherwise, attach trim according to manufacturer's written instructions. 

E. Prefill open joints, rounded or beveled edges, and damaged surface areas. 

F. Apply joint tape over gypsum board joints, except for trim products specifically indicated as not 

intended to receive tape. 

G. Gypsum Board Finish Levels: Finish panels to levels indicated below and according to 

ASTM C 840: 

1. Level 1: Ceiling plenum areas, concealed areas, and where indicated. 

2. Level 2:  Where indicated on Drawings. 

3. Level 3:  Where indicated on Drawings. 

4. Level 4:  At panel surfaces that will be exposed to view unless otherwise indicated. NOT FOR B
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3.2 PROTECTION 

A. Protect installed products from damage from weather, condensation, direct sunlight, 

construction, and other causes during remainder of the construction period. 

B. Remove and replace panels that are wet, moisture damaged, and mold damaged. 

END OF SECTION 
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SECTION 09 51 13 

ACOUSTICAL PANEL CEILINGS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes acoustical panels and exposed suspension systems for interior ceilings. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Samples: For each exposed product and for each color and texture specified. 

C. Delegated-Design Submittal: For seismic restraints for ceiling systems. 

1. Include design calculations for seismic restraints including analysis data signed and 

sealed by the qualified professional engineer responsible for their preparation. 

1.3 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Reflected ceiling plans, drawn to scale, and coordinated with each 

other, using input from installers of the items involved. 

B. Product test reports. 

C. Research reports. 

D. Field quality-control reports. 

1.4 CLOSEOUT SUBMITTALS 

A. Maintenance data. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 01 40 00 

"Quality Requirements," to design seismic restraints for ceiling systems. 
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B. Seismic Performance: Suspended ceilings shall withstand the effects of earthquake motions 

determined according to ASCE/SEI 7. 

C. Surface-Burning Characteristics: Comply with ASTM E 84; testing by a qualified testing 

agency. Identify products with appropriate markings of applicable testing agency. 

1. Flame-Spread Index: Class A according to ASTM E 1264. 

2. Smoke-Developed Index:  450 or less. 

2.2 ACOUSTICAL PANELS - TYPE A1 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to the following: 

1. Armstrong World Industries, Inc.; School Zone – Fine Fissured, 1824, white 

B. Acoustical Panel Standard: Manufacturer's standard panels according to ASTM E 1264. 

C. Classification: Provide panels complying with ASTM E 1264 for type, form, and pattern as 

follows: 

1. Type and Form:  Type IV, mineral base with membrane-faced overlay; Form 2, water 

felted; with vinyl overlay on face, back, and sealed edges. 

2. Pattern:  As indicated by manufacturer's designation. 

D. Color:  White. 

E. Light Reflectance (LR): Not less than .85. 

F. Ceiling Attenuation Class (CAC): Not less than 35. 

G. Noise Reduction Coefficient (NRC): Not less than 0.70. 

H. Edge/Joint Detail:  Tegular. 

I. Thickness:  3/4 inch. 

J. Modular Size:  24 by 48 inches. 

2.3 ACOUSTICAL PANELS - TYPE A2 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to the following: 

1. Armstrong World Industries, Inc.; School Zone – Fine Fissured, 1714, white. 

B. Acoustical Panel Standard: Manufacturer's standard panels according to ASTM E 1264. 

C. Classification: Provide panels complying with ASTM E 1264 for type, form, and pattern as 

follows: 

NOT FOR B
ID

DIN
G P

URPOSES

http://www.specagent.com/Lookup?ulid=344
http://www.specagent.com/Lookup?uid=123457020639
http://www.specagent.com/Lookup?ulid=344
http://www.specagent.com/Lookup?uid=123457020639


HVAC IMPROVEMENTS   200-163183-17001-07 

STOKES ELEMENTARY SCHOOL 

Tetra Tech  ACOUSTICAL PANEL CEILINGS 

  09 51 13 - 3 

1. Type and Form:  Type IV, mineral base with membrane-faced overlay; Form 2, water 

felted; with vinyl overlay on face, back, and sealed edges. 

2. Pattern:  As indicated by manufacturer's designation. 

D. Color:  White. 

E. Light Reflectance (LR): Not less than .85. 

F. Ceiling Attenuation Class (CAC): Not less than 40. 

G. Noise Reduction Coefficient (NRC): Not less than 0.70. 

H. Edge/Joint Detail:  Square. 

I. Thickness:  3/4 inch. 

J. Modular Size:  24 by 48 inches. 

2.4 ACOUSTICAL PANELS - TYPE A3 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to the following: 

1. Armstrong World Industries, Inc.; School Zone – Fine Fissured, 1713, white 

B. Acoustical Panel Standard: Manufacturer's standard panels according to ASTM E 1264. 

C. Classification: Provide panels complying with ASTM E 1264 for type, form, and pattern as 

follows: 

1. Type and Form:  Type IV, mineral base with membrane-faced overlay; Form 2, water 

felted; with vinyl overlay on face, back, and sealed edges. 

2. Pattern:  As indicated by manufacturer's designation. 

D. Color:  White. 

E. Light Reflectance (LR): Not less than .85. 

F. Ceiling Attenuation Class (CAC): Not less than 35. 

G. Noise Reduction Coefficient (NRC): Not less than 0.70. 

H. Edge/Joint Detail:  Square. 

I. Thickness:  3/4 inch. 

J. Modular Size:  24 by 24 inches. NOT FOR B
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2.5 METAL SUSPENSION SYSTEM 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to the following: 

1. Armstrong Prelude XL 15/16” Exposed Tee. 

 

B. Metal Suspension-System Standard: Manufacturer's standard, direct-hung, metal suspension 

system and accessories according to ASTM C 635/C 635M. 

C. Wide-Face, Capped, Double-Web, Steel Suspension System: Main and cross runners roll 

formed from cold-rolled steel sheet; prepainted, electrolytically zinc coated, or hot-dip 

galvanized, G30 coating designation; with prefinished 15/16-inch-wide metal caps on flanges. 

1. Structural Classification:  Intermediate-duty system. 

2. End Condition of Cross Runners:  Override (stepped) type. 

3. Face Design: Flat, flush. 

4. Cap Material:  Cold-rolled steel. 

5. Cap Finish:  Painted white. 

2.6 ACCESSORIES 

A. Attachment Devices: Size for five times the design load indicated in ASTM C 635/C 635M, 

Table 1, "Direct Hung," unless otherwise indicated. Comply with seismic design requirements. 

B. Hold-Down Clips: Manufacturer's standard hold-down. 

C. Impact Clips: Manufacturer's standard impact-clip system designed to absorb impact forces 

against acoustical panels. 

D. Seismic Clips: Manufacturer's standard seismic clips designed to secure acoustical panels in 

place during a seismic event. 

2.7 METAL EDGE MOLDINGS AND TRIM 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to the following: 

1. Armstrong. 

 

B. Roll-Formed, Sheet-Metal Edge Moldings and Trim: Type and profile indicated or, if not 

indicated, manufacturer's standard moldings for edges and penetrations that comply with 

seismic design requirements; formed from sheet metal of same material, finish, and color as that 

used for exposed flanges of suspension-system runners. 

C. External Aluminum Panel Trim: Basis of Design Product. 

1. Armstrong Axion Classic Trim, Height as indicated on Drawings. 
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PART 3 - EXECUTION 

3.1 PREPARATION 

A. Measure each ceiling area and establish layout of acoustical panels to balance border widths at 

opposite edges of each ceiling. Avoid using less-than-half-width panels at borders unless 

otherwise indicated. 

B. Layout openings for penetrations centered on the penetrating items. 

3.2 INSTALLATION 

A. Install acoustical panel ceilings according to ASTM C 636/C 636M and manufacturer's written 

instructions. 

B. Install edge moldings and trim of type indicated at perimeter of acoustical ceiling area and 

where necessary to conceal edges of acoustical panels. 

1. Apply acoustical sealant in a continuous ribbon concealed on back of vertical legs of 

moldings before they are installed. 

2. Do not use exposed fasteners, including pop rivets, on moldings and trim. 

3. Arrange directionally patterned acoustical panels as follows: 

a. As indicated on reflected ceiling plans. 

b. Install panels with pattern running in one direction parallel to long axis of space. 

4. Install hold-down clips in areas indicated; space according to panel manufacturer's 

written instructions unless otherwise indicated. 

3.3 FIELD QUALITY CONTROL 

A. Special Inspections:  Owner will engage a qualified special inspector to perform inspections. 

1. Periodic inspection during the installation of suspended ceiling grids according to 

ASCE/SEI 7. 

END OF SECTION 
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SECTION 09 65 13 

RESILIENT BASE AND ACCESSORIES 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Thermoplastic-rubber base. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Samples: For each exposed product and for each color and texture specified. 

PART 2 - PRODUCTS 

2.1 THERMOSET-RUBBER BASE 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to the following: 

1. Johnsonite; a Tarkett company. 

 

B. Product Standard: ASTM F 1861, Type TS (rubber, vulcanized thermoset), Group I (solid, 

homogeneous). 

1. Style and Location: 

a. Style B, Cove:  Provide in areas with resilient floor coverings. 

C. Thickness: 0.125 inch. 

D. Height:  4 inches. 

E. Lengths:  Cut lengths 48 inches long or coils in manufacturer's standard length. 

F. Outside Corners:  Job formed or preformed. 

G. Inside Corners:  Job formed or preformed. 

H. Colors:  To match existing base. 
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2.2 INSTALLATION MATERIALS 

A. Trowelable Leveling and Patching Compounds: Latex-modified, portland-cement-based or 

blended hydraulic-cement-based formulation provided or approved by resilient-product 

manufacturer for applications indicated. 

B. Adhesives: Water-resistant type recommended by resilient-product manufacturer for resilient 

products and substrate conditions indicated. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Prepare substrates according to manufacturer's written instructions to ensure adhesion of 

resilient products. 

B. Fill cracks, holes, and depressions in substrates with trowelable leveling and patching 

compound; remove bumps and ridges to produce a uniform and smooth substrate. 

C. Do not install resilient products until materials are the same temperature as space where they are 

to be installed. 

D. Immediately before installation, sweep and vacuum clean substrates to be covered by resilient 

products. 

3.2 RESILIENT BASE INSTALLATION 

A. Comply with manufacturer's written instructions for installing resilient base. 

B. Apply resilient base to walls, columns, pilasters, casework and cabinets in toe spaces, and other 

permanent fixtures in rooms and areas where base is required. 

C. Install resilient base in lengths as long as practical without gaps at seams and with tops of 

adjacent pieces aligned. 

D. Tightly adhere resilient base to substrate throughout length of each piece, with base in 

continuous contact with horizontal and vertical substrates. 

E. Do not stretch resilient base during installation. 

F. On masonry surfaces or other similar irregular substrates, fill voids along top edge of resilient 

base with manufacturer's recommended adhesive filler material. 

G. Preformed Corners: Install preformed corners before installing straight pieces. 

H. Job-Formed Corners: 

1. Outside Corners: Use straight pieces of maximum lengths possible and form with returns 

not less than 3 inches in length. 
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a. Form without producing discoloration (whitening) at bends. 

2. Inside Corners: Use straight pieces of maximum lengths possible and form with returns 

not less than 3 inches in length. 

a. Miter or cope corners to minimize open joints. 

3.3 RESILIENT ACCESSORY INSTALLATION 

A. Comply with manufacturer's written instructions for installing resilient accessories. 

3.4 CLEANING AND PROTECTION 

A. Comply with manufacturer's written instructions for cleaning and protecting resilient products. 

END OF SECTION
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SECTION 09 91 23 

INTERIOR PAINTING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes surface preparation and the application of paint systems on the following 

interior substrates: 

1. Concrete masonry units (CMUs). 

2. Gypsum board. 

1.2 DEFINITIONS 

A. MPI Gloss Level 1: Not more than five units at 60 degrees and 10 units at 85 degrees, according 

to ASTM D 523. 

B. MPI Gloss Level 2: Not more than 10 units at 60 degrees and 10 to 35 units at 85 degrees, 

according to ASTM D 523. 

C. MPI Gloss Level 3: 10 to 25 units at 60 degrees and 10 to 35 units at 85 degrees, according to 

ASTM D 523. 

D. MPI Gloss Level 4: 20 to 35 units at 60 degrees and not less than 35 units at 85 degrees, 

according to ASTM D 523. 

E. MPI Gloss Level 5: 35 to 70 units at 60 degrees, according to ASTM D 523. 

F. MPI Gloss Level 6: 70 to 85 units at 60 degrees, according to ASTM D 523. 

G. MPI Gloss Level 7: More than 85 units at 60 degrees, according to ASTM D 523. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. Include preparation requirements and application 

instructions. 

1. Include Printout of current "MPI Approved Products List" for each product category 

specified, with the proposed product highlighted. 

B. Samples: For each type of paint system and in each color and gloss of topcoat. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Benjamin Moore & Co. 

2. Glidden Professional. 

3. PPG Paints. 

4. Sherwin-Williams Company (The). 

 

B. Products: Subject to compliance with requirements, provide product listed in the Interior 

Painting Schedule for the paint category indicated. 

2.2 PAINT, GENERAL 

A. MPI Standards: Products shall comply with MPI standards indicated and shall be listed in its 

"MPI Approved Products Lists." 

B. Material Compatibility: 

1. Materials for use within each paint system shall be compatible with one another and 

substrates indicated, under conditions of service and application as demonstrated by 

manufacturer, based on testing and field experience. 

2. For each coat in a paint system, products shall be recommended in writing by topcoat 

manufacturers for use in paint system and on substrate indicated. 

C. Colors:  To match existing surrounding surfaces. 

1. Ten percent of surface area will be painted with deep tones. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions, with Applicator present, for compliance with requirements 

for maximum moisture content and other conditions affecting performance of the Work. 

B. Maximum Moisture Content of Substrates: When measured with an electronic moisture meter 

as follows: 

1. Masonry (Clay and CMUs): 12 percent. 

2. Gypsum Board: 12 percent. 

C. Verify suitability of substrates, including surface conditions and compatibility with existing 

finishes and primers. 
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D. Proceed with coating application only after unsatisfactory conditions have been corrected. 

1. Application of coating indicates acceptance of surfaces and conditions. 

3.2 PREPARATION 

A. Comply with manufacturer's written instructions and recommendations in "MPI Architectural 

Painting Specification Manual" applicable to substrates and paint systems indicated. 

B. Remove hardware, covers, plates, and similar items already in place that are removable and are 

not to be painted. If removal is impractical or impossible because of size or weight of item, 

provide surface-applied protection before surface preparation and painting. 

1. After completing painting operations, use workers skilled in the trades involved to 

reinstall items that were removed. Remove surface-applied protection if any. 

3.3 APPLICATION 

A. Apply paints according to manufacturer's written instructions and recommendations in "MPI 

Architectural Painting Specification Manual." 

B. Apply paints to produce surface films without cloudiness, spotting, holidays, laps, brush marks, 

roller tracking, runs, sags, ropiness, or other surface imperfections. Cut in sharp lines and color 

breaks. 

3.4 INTERIOR PAINTING SCHEDULE 

A. CMU Substrates: 

1. Institutional Low-Odor/VOC Latex System MPI INT 4.2E: 

a. Block Filler: Block filler, latex, interior/exterior, MPI #4. 

1) Basis of Design: Sherwin Williams. 

b. Intermediate Coat: Latex, interior, institutional low odor/VOC, matching topcoat. 

c. Topcoat: Latex, interior, institutional low odor/VOC (MPI Gloss 

Level 4), MPI #146. 

1) Basis of Design: Sherwin Williams. 

B. Gypsum Board Substrates: 

1. Institutional Low-Odor/VOC Latex System MPI INT 9.2M: 

a. Prime Coat: Primer sealer, interior, institutional low odor/VOC, MPI #149. 

1) Basis of Design: Sherwin Williams. 

b. Topcoat: Latex, interior, institutional low odor/VOC (MPI Gloss 

Level 4), MPI #146. 
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1) Basis of Design: Sherwin Williams. 

 

END OF SECTION 
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SECTION 11 33 00 

RETRACTABLE STAIRS 

PART 1 - GENERAL 

1.1 SECTIONS INCLUDES 

A. Manual disappearing stairways.  

1.2 REFERENCES 

A. ANSI A14.9:  Safety Requirements for Ceiling Mounted Disappearing Climbing Systems. 

1.3 SUBMITTALS 

A. Submit under provisions of Section 01 33 00. 

B. Manufacturer's data sheets on each product to be used, including: 

1.  Preparation instructions and recommendations. 

2.  Storage and handling requirements and recommendations. 

3.  Installation methods. 

C. Shop Drawings for Stairs: 

1.  Plan and section of stair installation. 

2.  Indicate rough opening dimensions for ceiling and/or roof openings. 

1.4 DELIVERY, STORAGE AND HANDLING 

A. Store stairway until installation inside under cover in manufacturer's unopened packaging. If 

stored outside, under a tarp or suitable cover. 

1.5 WARRANTY 

A. Limited Warranty: One year against defective material and workmanship, covering parts only. 

Defective parts, as deemed by the manufacturer, will be replaced at no charge, freight excluded, 

upon inspection at manufacturer's plant. NOT FOR B
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Basis of Design Manufacturer: Precision Ladders, LLC, P. O. Box 2279; Morristown, TN 

37816-2279; Tel: 423-586-2265; Fax: 423-586-2091; www.PrecisionLadders.com  

2.2 MANUAL DISAPPEARING STAIRWAYS 

A. Manual Disappearing Stairway. 

1. Standard Model:  Super Simplex Disappearing Stairway as manufactured by Precision 

Ladders LLC.  Stairs for ceiling heights 7’-0” – 12’-0”: Model 1000 (ceiling height in 

inches). Stairs for ceiling heights 12’-1” – 13’-6”: Model 2000 (ceiling height in inches). 

B. Performance Standard:  Unit shall comply with ANSI A14.9, Commercial Type, for rough 

openings between 27 inches to 39 inches. Stairway capacity shall be rated at 500 lbs. 

C. Accessories: 

1. Steel pole to aid opening and closing stairways. 

2. Stairs for ceiling heights 9’ -10” – 12’ -0” shall be equipped with a patented Precision 

Fold Assist to aid in folding and unfolding of sections.  Stairs for ceiling heights 12’ 1” – 

13’6” shall be equipped with 2 Fold Assists.  Precision Fold-Assist is optional on 

stairways for ceiling heights of 9’ 9” and below. 

D. COMPONENTS 

1. Ceiling Opening: 

a. Ceiling height of 9’ 9” or less requires an opening of 30” x 54” 

b. Ceiling heights from 9’ 10” – 12’ 0” require opening of 30” x 64” 

c. Ceiling heights from 12’ 1” – 13’ 6” require opening of 22 ½” x 72”  

2. Stairway Stringer: 6005-T5 Extruded aluminum channel 5” x 1” x 1/8”; tri-fold design; 

steel blade type hinges; adjustable feet with plastic Mar-guard.  Pitch shall be 63°. 

3. Stairway Tread: 6005-T5 extruded aluminum channel 5 3/16 inches by 1 1/4 inches by 

1/8 inch. Depth is 5 3/16 inches. Deeply serrated top surface. Riser Height: 9-1/2 inches. 

Clear Tread Width for Standard Width: 18 inches. 

4. Railing: Aluminum bar handrail riveted to stringers, upper section only. 

5. Frame: 

a. If ceiling to floor (or roof deck) above is under 12”, frame shall be 1/8” steel 

formed channel, box. 

b. When ceiling to floor (or roof deck) above is 12” or greater, the frame shall be 1/8” 

steel, 63° (with built-in steps) on the hinge end, 90° on the other end, custom depth 

to fill distance from ceiling to floor above.  This custom frame will require a longer 

opening in the floor above than is required at the ceiling level. 
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6. Door Panel 

a. Standard (non-fire rated) door shall be constructed of 1/8 inch (3 mm) aluminum 

sheet attached to stairway frame with a steel piano hinge. Door overlaps bottom 

flange of frame. Eye bolt accommodates pole for opening and closing door. 

7. Hardware: 

a. Steel blade type hinge connecting stringer sections. Zinc plated and chromate 

sealed. 

b. Steel operating arms, both sides. Zinc coat with clear trivalent chromate. 

c. Double acting steel springs and cable, both sides. 

d. Rivets rated at 1100 lb (499 kg) shear strength each. 

e. Steel section alignment clips at stringer section joints. 

f.  Molded rubber guards at corners of aluminum door panel. 

8. Finishes: Mill finish on aluminum stairway components. Prime coat on frame. 

2.3 FABRICATION 

A. Completely fabricate ladder ready for installation before shipment to the site. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Do not begin installation until rough opening and structural support have been properly 

prepared. Layout openings for penetrations centered on the penetrating items. 

B. If substrate preparation is the responsibility of another installer, notify Architect of 

unsatisfactory preparation before proceeding. 

C. Examine materials upon arrival at site.  Notify the carrier and manufacturer of any damage. 

3.2 INSTALLATION 

A. Install in accordance with manufacturer's instructions.  

3.3 PROTECTION 

A. Protect installed products until completion of project. 

B. Touch-up, repair or replace damaged products before Substantial Completion. 

END OF SECTION 
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SECTION 21 05 00 
 

COMMON WORK RESULTS FOR FIRE PROTECTION 
 
PART 1. GENERAL 
 
1.1. SUMMARY 
 

A. All work under Division 21 is subject to the Division 01, General Conditions and Special 
Requirements for the entire contract. 

 
B. Provide all labor, materials, equipment, and services necessary for and incidental to the 

complete installation and operation of all mechanical work. 
 

C. Unless otherwise specified, all submissions shall be made to, and acceptances and 
approvals made by the Architect and the Engineer. 

 
D. Contract Drawings are generally diagrammatic and all offsets, fittings, transitions and 

accessories are not necessarily shown.  Furnish and install all such items as may be 
required to fit the work to the conditions encountered.  Arrange piping, equipment, and 
other work generally as shown on the contract drawings, providing proper clearance and 
access.  Where departures are proposed because of field conditions or other causes, 
prepare and submit detailed shop drawings for approval in accordance with Submittals 
specified below.  The right is reserved to make reasonable changes in location of 
equipment, and piping up to the time of rough-in or fabrication. 

 
E. Conform to the requirements of all rules, regulations and codes of local, state and federal 

authorities having jurisdiction. 
 

F. Coordinate the work under Division 21 with the work of all other construction trades. 
 

G. Be responsible for all construction means, methods, techniques, procedures, and phasing 
sequences used in the work.  Furnish all tools, equipment and materials necessary to 
properly perform the work in first class, substantial, and workmanlike manner, in 
accordance with the full intent and meaning of the contract documents. 

 
H. The existing fire protection system shall be removed and a new fire protection system 

installed as indicated on the Contract Drawings.  
 
1.2. PERMITS AND FEES 
 

A. Obtain all permits and pay taxes, fees and other costs in connection with the work.  File 
necessary plans, prepare documents, give proper notices and obtain necessary approvals.  
Deliver inspection and approval certificates to Owner prior to final acceptance of the 
work. 

 
B. Permits and fees shall comply with the Division 01, General Requirements of the 

specification. 
 
1.3. EXAMINATION OF SITE 
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A. Examine the site, determine all conditions and circumstances under which the work must 
be done, and make all necessary allowances for same.  No additional cost to the Owner 
will be permitted for contractors failure to do so. 

 
B. Examine and verify specific conditions described in individual specifications sections. 

 
C. Verify that utility services are available, of the correct characteristics, and in the correct 

locations. 
 

1.4. CONTRACTOR QUALIFICATION 
 

A. Any Contractor or Subcontractor performing work under Division 21 shall be fully 
qualified and acceptable to the Architect and Owner.  Submit the following evidence 
when requested: 

 
1. A list of not less than five comparable projects which the Contractor completed. 

 
2. Letter of reference from not less than three registered professional engineers, 

general contractors or building owners. 
 

3. Local and/or State License, where required. 
 

4. Membership in trade or professional organizations where required. 
 

B. A Contractor is any individual, partnership, or corporation, performing work by contract 
or subcontract on this project. 

 
C. Acceptance of a Contractor or Subcontractor will not relieve the Contractor or 

subcontractor of any contractual requirements or his responsibility to supervise and 
coordinate the work, of various trades. 

 
1.5. MATERIALS AND EQUIPMENT 
 

A. Materials and equipment installed as a permanent part of the project shall be new, unless 
otherwise indicated or specified, and of the specified type and quality.  Existing items of 
equipment are being relocated under another Division of these specifications.  The 
Contractor shall be responsible for connecting all utilities as shown on the drawings, to 
equipment identified as existing. 

 
B. Where material or equipment is identified by proprietary name, model number and/or 

manufacturer, furnish named item, or its equal, subject to approval by Engineer.  
Substituted items shall be equal or better in quality and performance and must be suitable 
for available space, required arrangement, and application.  Submit all data necessary to 
determine suitability of substituted items, for approval. 

 
C. The suitability of named item only has been verified.  Where more than one item is 

named, only the first named item has been verified as suitable.  Substituted items, 
including items other than first named shall be equal or better in quality and performance 
to that of specified items, and must be suitable for available space, required arrangement 
and application.  Contractor, by providing other than the first named manufacturer, 
assumes responsibility for all necessary adjustments and modifications necessary for a 
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satisfactory installation. Adjustments and modifications shall include but not be limited to 
electrical, structural, support, and architectural work. 

 
D. Substitution will not be permitted for specified items of material or equipment where 

noted. 
 
E. All items of equipment furnished shall have a service record of at least five (5) years. 

 
1.6. FIRE SAFE MATERIALS 
 

A. Unless otherwise indicated, materials and equipment shall conform to UL, NFPA and 
ASTM standards for fire safety with smoke and fire hazard rating not exceeding flame 
spread of 25 and smoke developed of 50. 

 
1.7. REFERENCED STANDARDS, CODES AND SPECIFICATIONS 
 

A. Specifications, Codes and Standards listed below are included as part of this 
specification, latest edition. 

B. ASTM  -  American Society for Testing and Materials 
C. FM  - Factory Mutual 
D. IBC  - International Building Code 
E. IEEE  -  Institute of Electrical and Electronics Engineers 
F. MSSP  -  Manufacturers Standards Society of the Valve and Fittings 

Industry 
G. NEC  -  National Electrical Code 
H. NEMA  -  National Electrical Manufacturers Association 
I. NFPA  -  National Fire Protection Association 
J. UL  -  Underwriters' Laboratories 
K. State of Delaware Fire Protection Requirements.  

 
L. All equipment materials, piping and installation shall comply with the codes and 

standards listed in the enforceable edition of the Applicable National Fire Protection 
Association Pamphlets. 

 
M. Fire Protection Systems design, equipment and installation shall comply with the 

Delaware State Fire Prevention Regulations, latest edition including all Annexes and 
Addendums. 

 
1.8. SUBMITTALS, REVIEW AND ACCEPTANCE 
 

A. Equipment, materials, installation, workmanship and arrangement of work are subject to 
review and acceptance.  No substitution will be permitted after acceptance of equipment 
or materials except where such substitution is considered by the Architect to be in best 
interest of Owner. 

 
B. After acceptance of Material and Equipment List, submit  six (6)  copies or more as 

required under General Conditions of  complete descriptive data for all items.  Data shall 
consist of specifications, data sheets, samples, capacity ratings, performance curves, 
operating characteristics, catalog cuts, dimensional drawings, wiring diagrams, 
installation instructions, and any other information necessary to indicate complete 
compliance with Contract Documents.  Edit submittal data specifically for application to 
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this project. 
 

C. Thoroughly review and stamp all submittals to indicate compliance with contract 
requirements prior to submission.  Coordinate installation requirements and any electrical 
requirements for equipment submitted.  Contractor shall be responsible for correctness of 
all submittals. 

 
D. Submittals will be reviewed for general compliance with design concept in accordance 

with contract documents, but dimensions, quantities, or other details will not be verified. 
 

E. Identify submittals, indicating intended application, location and service of submitted 
items.  Refer to specification sections or paragraphs and drawings where applicable.  
Clearly indicate exact type, model number, style, size and special features of proposed 
item.  Submittals of a general nature will not be acceptable.  For substituted items, clearly 
list on the first page of the submittal all differences between the specified item and the 
proposed item.  The contractor shall be responsible for corrective action and maintaining 
the specification requirements if differences have not been clearly indicated in the 
submittal. 

 
F. Submit actual operating conditions or characteristics for all equipment where required 

capacities are indicated.  Factory order forms showing only required capacities will not 
be acceptable.  Call attention, in writing, to deviation from contract requirements. 

 
G. Acceptance will not constitute waiver of contract requirements unless deviations are 

specifically indicated and clearly noted. Use only final or corrected submittals and data 
prior to fabrication and/or installation. 

 
H. For any submittal requiring more than two (2) reviews by the Engineer (including those 

caused by a change in subcontractor or supplier) the Owner will withhold contractor's 
funds by a change order to the contract to cover the cost of additional reviews.  One 
review is counted for each action including rejection or return of any reason. 

 
I. For resubmissions, the Contractor must address in writing all of the Engineer’s comments 

on the original submission to verify compliance. 
 
1.9. SHOP DRAWINGS 
 

A. Prepare and submit shop drawings for all mechanical equipment, specially fabricated 
items, modifications to standard items, specially designed systems where detailed design 
is not shown on the contract drawings, or where the proposed installation differs from 
that shown on contract drawings. 

 
B. Submit data and shop drawings including but not limited to the list below, in addition to 

provisions of the paragraph above.  Identify all shop drawings by the name of the item 
and system and the applicable specification paragraph number and drawing number. 

 
C. Every submittal including, but not limited to the list below, shall be forwarded with its 

own transmittal as a separate, distinct shop drawing.  Grouping of items/systems that are 
not related shall be unacceptable. 

 
D. Items and Systems 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS  200-163183-17001-07 
STOKES ELEMENTARY SCHOOL     
 

Tetra Tech  COMMON WORK RESULTS FOR FIRE PROTECTION 
  21 05 00 - 5 

 
Access Doors/Panels including layout and location 
Alarm Check Valves 
Backflow Preventers 
Coordinated Drawings 
Drip Pans 
Exterior Equipment/Piping Supports 
Fire Protection System including Hydraulic Calculations, Equipment and Devices 
Fire Stopping - Methods and Materials 
Flowmeter and Primary Elements (Flow Fittings) 
Gongs 
Hose Valve Cabinets and Hose Valves 
Identification System 
Material and Equipment List 
Operations and Maintenance Manuals 
Pipe Materials Including Itemized Schedule  
Preliminary Pipe Pressure Tests  
Pressure Relief Valves 
Pressure Gauges 
Strainers 
Test Certificates 
Valves 
Weatherproof Assembly Components  
Wiring Diagrams, Flow Diagrams and Operating Instructions 
Zone Valve Assemblies and Wire Mesh Enclosures 

 
E. Contractor, additionally, shall submit for review any other shop drawings as required by 

the Architect.  No item shall be delivered to the site, or installed, until the Contractor has 
received a submittal from the Engineer marked Reviewed or Comments Noted.  After the 
proposed materials have been reviewed, no substitution will be permitted except where 
approved by the Architect. 

 
F. For any shop drawing requiring more than two (2) reviews by the Engineer (including 

those caused by a change in subcontractor or supplier) the Owner will withhold 
contractor's funds by a change order to the contract to cover the cost of additional 
reviews.  One review is counted for each action including rejection or return of any 
reason. 

 
1.10. SUPERVISION AND COORDINATION 
 

A. Provide complete supervision, direction, scheduling, and coordination of all work under 
the Contract, including that of subcontractors. 

 
B. Coordinate rough-in of all work and installation of sleeves, anchors, and supports for 

piping, equipment, and other work performed under Division 21. 
C. Arrange for pipe spaces, chases, slots, and openings in building structure during progress 

of construction to allow for fire protection installations. 
 

D. Coordinate electrical work required under Division 21 with that under Division 26.  
Coordinate all work under Division 21 with work under all other Divisions. 
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E. Supply services of an experienced (10 years minimum) and competent Project Manager 
to be in constant charge of work at site. 

 
F. Where a discrepancy exists within the specifications or drawings or between the 

specifications and drawings, the more stringent (or costly) requirement shall apply until 
clarification can be obtained from the Engineer. Failure to clarify such discrepancies with 
the Engineer will not relieve the Contractor of the responsibility of conforming to the 
requirements of the Contract. 

 
G. Failure of contractor to obtain a full and complete set of contract documents (either 

before or after bidding) will not relieve the contractor of the responsibility of complying 
with the intent of the contract documents. 

 
1.11. CUTTING AND PATCHING 
 

A. Accomplish all cutting and patching necessary for the installation of work under Division 
21.  Damage resulting from this work to other work already in place, shall be repaired at 
Contractor's expense.  Where cutting is required, perform work in neat and workmanlike 
manner.  Restore disturbed work to match and blend with existing construction and 
finish, using materials compatible with the original.  Use mechanics skilled in the 
particular trades required. 

 
B. Do not cut structural members without approval from the Architect or Structural 

Engineer. 
 
1.12. PENETRATION OF WATERPROOF CONSTRUCTION 
 

A. Coordinate the work to minimize penetration of waterproof construction, including roofs, 
exterior walls, and interior waterproof construction.  Where such penetrations are 
necessary, furnish and install all necessary curbs, sleeves, flashings, fittings and caulking 
to make penetrations absolutely watertight. 

 
B. Where pipes penetrate roofs, flash pipe with Stoneman Stormtite, Pate or approved equal, 

roof flashing assemblies with skirt and caulked counter flashing sleeve. 
 

C. Furnish and install pitch pockets or weather tight curb assemblies where required. 
 

D. Furnish and install curbs, specifically designed for application to the particular roof 
construction, and install in accordance with the manufacturer's instructions.  The 
Contractor shall be responsible for sleeve sizes and locations.  All roof penetrations shall 
be installed in accordance with manufacturer’s instructions, the National Roofing 
Contractors Association, SMACNA, and as required by other divisions of these 
specifications. 

 
1.13. CONNECTIONS AND ALTERATIONS TO EXISTING WORK 
 

A. Unless otherwise noted on the drawings, where existing fire protection work is removed, 
pipes, valves, etc., shall be removed, including hangers, to a point below finished floors 
or behind finished walls and capped.  Such point shall be far enough behind finished 
surfaces to allow for installation of normal thickness of required finish material. 
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B. Where work specified in Division 21 connects to existing equipment and piping, etc., 
Contractor shall perform all necessary alterations, cuttings, fittings, etc., of existing work 
as may be necessary to make satisfactory connections between new and existing work, 
and to leave completed work in a finished and workmanlike condition. 

 
C. Where the work specified under Division 21, or under other Divisions, requires relocation 

of existing equipment, piping, etc., Contractor shall perform all work and make necessary 
changes to existing work as may be required to leave completed work in a finished and 
workmanlike condition.   

 
D. Where the relocation of existing equipment is required for access or the installation of 

new equipment, the contractor shall temporarily remove and/or relocate and re-install as 
required to leave the existing and new work in a finished and workman like condition. 

 
1.14. DEMOLITION 
 

A. Unless otherwise noted all existing equipment, piping,  etc., shall remain. 
 

B. Where existing equipment is indicated to be removed, all associated piping, conduit, 
power, controls, insulation, hangers,  supports and housekeeping pads, etc.   Patch, paint 
and repair walls/roof/floor to match existing and/or new finishes. 

 
C. Provide necessary piping, valves,  temporary feeds, etc., as required. Drain and refill 

piping systems as often as necessary to accommodate phasing and to minimize time 
lengths of outages. 

 
D. The Contractor shall be responsible for visiting the site and determining the existing 

conditions in which the work is to be performed. 
 

E. Where any abandoned pipes in existing floors, walls, pipe tunnels, ceilings, etc., conflict 
with new work, remove abandoned pipes as necessary to accommodate new work. 

 
F. The location of all existing equipment, piping, etc., indicated is approximate only and 

shall be checked and verified.  Install all new fire protection work to connect to or clear 
existing work as applicable. 

 
G. Maintain egress at all times. Coordinate egress requirements with the State Fire Marshal, 

the Owner and the authorities having jurisdiction. 
 

H. Make provisions and include in bid all costs associated with confined entry/space 
requirements in crawl spaces  and all other applicable OSHA regulations. 

 
I. Where required to maintain the existing systems in operation, temporarily backfeed 

existing systems from new equipment.  Contractor shall temporarily extend existing 
piping systems to new piping systems with the appropriate shut-off valves and tamper 
switches. 

 
J. At completion of project all temporary piping, valves, controls, etc., shall be removed in 

their entirely. 
 

K. Existing piping, equipment,  materials, etc., not required for re-use or re-installation in 
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this project, shall be removed from the project site. 
 

L. Deliver to the Owner, on the premises where directed, existing equipment and materials 
which are removed and which are desired by the Owner or are indicated to remain the 
property of the Owner. 

 
M. All other materials and equipment which are removed shall become property of the 

Contractor and shall be promptly removed, from the premises, and disposed of by the 
Contractor, in an approved manner.   

 
N. Where piping is removed, remove all pipe hangers which were supporting the removed 

piping.  Patch the remaining penetration voids with like materials and paint to match 
existing construction. 

 
O. Where required, provide and coordinate removal and re-installation of existing 

equipment. Take care to protect materials and equipment indicated for reuse. Contractor 
shall repair or replace items which are damaged.  Contractor shall have Owner’s 
representative present to confirm condition of equipment prior to demolition. 

 
P. Before demolition begins, and in the presence of the Owners representative, test and note 

all deficiencies in all existing systems affected by demolition but not completely removed 
by demolition. Provide a copy of the list of system deficiencies to the Owner and the 
Engineer.  Videotape existing conditions in each space prior to beginning demolition 
work. 

 
Q. The Owner shall have the first right of refusal for all devices and equipment removed by 

the Contractor. 
 

R. All devices and equipment designated by the Owner to remain the property of the Owner 
shall be moved and stored by the Contractor at a location on site as designated by the 
Owner. It shall be the Contractor’s responsibility to store all  devices and equipment in a 
safe manner to prevent damage while stored. 

 
S. All existing equipment refused by the Owner shall become the property of the Contractor 

and shall be removed from the site by the Contractor in a timely manner and disposed of 
in a legal manner. 

 
T. Work Abandoned in Place: cut and remove underground pipe a minimum of 2 inches 

beyond face of adjacent construction.  Cap and patch surface to match existing finish. 
 

U. Temporary Disconnection: Remove, store, clean, reinstall, reconnect, and make 
operational equipment indicated for relocation. 

 
V. Terminate services and utilities in accordance with local laws, ordinances, rules and 

regulations. 
 
1.15. ALTERNATES 
 

A. Refer to Division 01 Section, “Alternates” for description of work under this section 
affected by alternates. 
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1.16. DEFINITIONS 
 

A. Approve - to permit use of material, equipment or methods conditional upon compliance 
with contract documents requirements. 

 
B. Furnish and install or provide means to supply, erect, install, and connect to complete for 

readiness for regular operation, the particular work referred to. 
 

C. Contractor means the mechanical contractor and any of his subcontractors, vendors, 
suppliers, or fabricators. 

 
D. Piping includes pipe, all fittings, valves, hangers, insulation, identification, and other 

accessories relative to such piping. 
 

E. Concealed means hidden from sight in chases, formed spaces, shafts, hung ceilings, 
embedded in construction or in crawl space.  

 
F. Exposed means not installed underground or concealed as defined above. 

 
G. Invert Elevation means the elevation of the inside bottom of pipe. 

 
H. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred  

spaces,  pipe and duct shafts, unheated spaces immediately below roof,  spaces above 
ceiling, unexcavated spaces, crawl spaces, and tunnels. 
 

I. Review - limited observation or checking to ascertain general conformance with design 
concept of the work and with information given in contract documents.  Such action does 
not constitute a waiver or alteration of the contract requirements. 

 
J. Building Line:  Exterior wall of building. 

 
PART 2. ELECTRICAL REQUIREMENTS 
 
2.1. GENERAL MOTOR AND ELECTRICAL REQUIREMENTS 
 

A. Furnish and install control and interlock wiring for the equipment furnished.  In general, 
power wiring and motor starting equipment will be provided under Division 26.  
Carefully review the contract documents to coordinate the electrical work under Division 
21 with the work under Division 26.  Where the electrical requirements of the equipment 
furnished differ from the provisions made under Division 26, make the necessary 
allowances under Division 21.  Where no electrical provisions are made under Division 
26, include all necessary electrical work under Division 21. 

 
B. All electrical work performed under Division 21 shall conform to the applicable 

requirements of Division 26 and conforming to the National Electrical Code.  All wiring, 
conduit, etc., installed in ceiling plenums must be plenum rated per NFPA  and the IBC. 

 
C. Provide wiring diagrams with electrical characteristics and connection requirements. 

 
D. Test Reports: Indicate test results verifying nominal efficiency and power factor for three 

phase motors larger than five (5) horsepower. 
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E. Protect motors stored on site from weather and moisture by maintaining factory covers 

and suitable weatherproof covering.  For extended outdoor storage, remove motors from 
equipment and store separately. 

 
F. All motors shall be furnished with visible nameplate indicating motor horsepower, 

voltage, phase, cycles, RPM, full load amps, locked rotor amps, frame size, 
manufacturer’s name and model number, service factor, power factor and efficiency. 

 
G. Nominal efficiency and power factor shall be  as scheduled at full load and rated voltage 

when tested in accordance with IEEE 112. 
 

H. Brake horsepower load requirement at specified duty shall not exceed 85 percent of 
nameplate horsepower times NEMA service factor for motors with 1.0 and 1.15 service 
factors.    

 
I. All single phase motors shall be provided with thermal protection: Internal protection 

shall automatically open power supply circuit to motor when winding temperature 
exceeds a safe value calibrated to temperature ratings of motor insulation. Thermal 
protection device shall automatically reset when motor temperature returns to normal 
range, unless otherwise indicated. 

 
2.2. MOTORS AND CONTROLS 
 

A. Motors and controls shall conform to the latest requirements of IEEE, NEMA, NFPA-70 
and shall be UL listed.  Motor sizes are specified with the driven equipment.  Motor 
starting and control equipment is specified either with the motor which is controlled or in 
an electrical specification section.  The Contractor is advised to consult all specification 
sections to determine responsibility for motors and controls. 

 
B. Motors shall be designed, built and tested in accordance with the latest revision of 

NEMA Standard MG l. 
 

C. Motors shall be suitable for use under the conditions and with the equipment to which 
applied, and designed for operation on the electrical systems specified or indicated. 

 
1. Motor capacities shall be such that the horsepower rating and the rated full-load 

current will not be exceeded while operating under the specified operating 
conditions.  Under no condition shall the motor current exceed that indicated on 
the nameplates. 

 
2. Motor sizes noted in the individual equipment specifications are minimum 

requirements only.  It is the responsibility of the equipment manufacturers and of 
the Contractor to furnish motors, electrical circuits and equipment of ample 
capacity to operate the equipment without overloading, exceeding the rated full-
load current, or overheating at full-load capacity under the most severe operating 
service of this equipment.  Motors shall have sufficient torque to accelerate the 
total WR2 of the driven equipment to operating speed. 

 
3. Motors shall be continuous duty type and shall operate quietly at all speeds and 

loads. 
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4. Motors shall be designed for operation on 60 hertz power service.  Unless 

otherwise specified or shown, motors less than ½ horsepower shall be single 
phase, and motors ½ horsepower and larger shall be 3 phase unless otherwise 
noted. 

 
5. Motors shall be mounted so that the motor can be removed without removing the 

entire driven unit. 
 

D. Single phase motors, smaller than 1/20 horsepower shall be ball or sleeve bearing; drip-
proof, totally enclosed or explosion proof, as specified; 120 volts; permanent-split 
capacitor or shaded pole type.  These motors shall not be used for general power 
purposes, and shall only be provided as built-in components.   When approved by the 
Engineer, deviations from the specifications will be permitted as follows: 

 
1. Open motors may be installed as part of an assembly where enclosure within a 

cabinet provides protection against moisture. 
 

2. Motors used in conjunction with low voltage control systems may have a voltage 
rating less than 115 volts. 

 
E. Single phase motors, greater than 1/20 horsepower and less than ½ horsepower shall be 

ball bearing; drip-proof, totally enclosed or explosion proof, as specified, with Class A or 
B insulation, as standard with the motor manufacturer; 115 or 120/208/240 volts as 
required; capacitor start-induction run, permanent split capacitor, or repulsion start-
induction run type with minimum efficiency of 70 percent and a minimum full load 
power of 77 percent. 

 
F. Except as otherwise specified in the various specification sections, 3 phase motors 60 

horsepower and smaller shall be NEMA design B squirrel cage induction type meeting 
the requirements of this paragraph.  Motors shall be drip-proof, totally enclosed or 
explosion proof, as specified or indicated.  Insulation shall be Class B or F,  at 40 degrees 
C ambient temperature.  Drip-proof motors shall have a 1.15 service factor and totally 
enclosed and explosion proof motors shall have a service factor of 1.00 or higher.  
Motors specified for operation at 480, 240, and 208 volts shall be nameplated 460, 230, 
200 volts, respectively.  Efficiencies and percent power factor at full load for three phase 
motors shall be not less than the values listed below for premium efficiency motors: 

 
MOTOR NAMEPLATE MINIMUM PERCENT 

EFFICIENCY AT 
NOMINAL SPEED AND 
RATED LOAD 

MINIMUM PERCENT 
POWER FACTOR 

1HP and above to 85.5 percent 84 percent 

1-½ HP 86.5 percent 85 percent 

2HP 86.5 percent 85 percent 

3HP 89.5 percent 86 percent 

5HP 89.5 percent 87 percent 
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7½ HP 91 percent 86 percent 

10HP 91.7 percent 85 percent 

15HP 93.0 percent 85 percent 

20HP 93.0 percent 86 percent 

25HP 93.6 percent 85 percent 

50HP and above 94.5 percent 88 percent 

60 HP 95.0 percent 90 percent 

75HP 95.0 percent 90 percent 

100 HP 95.4 percent 90 percent 

125 HP 95.8 percent 95 percent 

150 HP and above 96.0 percent 95 percent 

 
G. Three phase motors ½ HP or greater shall be the Duty Master XE by Reliance Electric 

Company, Super-E Premium Efficiency of Baldor Motor and Drives, E-plus Efficient 
Standard Duty Motor of the Electric Motor Division of Gould, Inc., the MAC II High 
Efficiency motor of Westinghouse Electric Corp., the equivalent product of General 
Electric, or approved equal. 

 
H. Motor frames shall be NEMA Standard T-Frames of steel, aluminum, or cast iron with 

end brackets of cast-iron or aluminum with steel inserts. 
 
2.3. MOTOR INSTALLATION  
 

A. Install in accordance with manufacturer’s instructions. 
 

B. Install securely on firm foundation. Mount ball bearing motors to support shaft regardless 
of shaft position. 

 
C. Check line voltage and phase and ensure agreement with nameplate.  Check that proper 

thermal overloads have been installed prior to operating motors. 
 
2.4. WIRING DIAGRAMS 
 

A. The Contractor is responsible for obtaining and submitting wiring diagrams for all major 
items of equipment. 

 
B. Wiring diagrams shall be provided with shop drawings for all equipment requiring 

electric power. 
 
PART 3. EXECUTION 
 
3.1. EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 
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A. Install equipment to provide maximum possible headroom, if mounting heights are not 
indicated. 

 
B. Install equipment according to approved submittal data. Portions of the work are shown 

only in diagrammatic form.  Refer conflicts to Architect. 
 

C. Install equipment level and plumb, parallel and perpendicular to other building systems 
and components in exposed interior spaces, unless otherwise indicated. 

 
D. Install fire protection equipment to facilitate service, maintenance, and repair or 

replacement of components. Connect equipment for ease of disconnecting, with 
minimum interference to other installations.  Extend grease fittings to accessible 
locations. 

 
E. Install equipment giving right of way to piping installed at required slope. 

 
F. Install flexible connectors on equipment side of shutoff valves, horizontally and parallel 

to equipment shafts if possible. 
 
G. Do not install equipment or piping over electrical gear, electrical panels, motor 

controllers, and similar electrical equipment.  Install equipment and piping to maintain 
clear space above and in front of all electrical components per the National Electric Code. 

 
3.2. SUPPORTS, HANGERS AND FOUNDATIONS 
 

A. Provide supports, hangers, braces, attachments and foundations required for the work.  
Support and set the work in a thoroughly substantial and workmanlike manner without 
placing strains on materials, equipment, or building structure, submit shop drawings for 
approval.  Coordinate all work with the requirements of the structural division. 

 
B. Supports, hangers, braces, and attachments shall be standard manufactured items or 

fabricated structural steel shapes.  All interior hangers shall be galvanized or steel with 
rust inhibiting paint.  For un-insulated copper piping provide copper hanger to prevent 
contact of dissimilar metals.  All exterior hangers shall be constructed of galvanized steel 
utilizing galvanized rods, nuts, washers, bolts, etc.  At contractor’s option stainless steel 
may be utilized for exterior hangers, rods, nuts, washers, bolts, etc. 

 
3.3. DEMONSTRATION AND TRAINING VIDEO RECORDINGS 
 

A. General:  Record demonstration and training video recordings.  Record each training 
module separately. 

 
1. At beginning of each training module, record each chart containing learning 

objective and lesson outline. 
 

B. Video Recording Format:  Provide high-quality color video recordings with menu 
navigation in format acceptable to Engineer 

 
C. Recording: Mount camera on tripod before starting recording, unless otherwise necessary 

to show area of demonstration and training.  Display continuous running time. 
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D. Narration:  Describe scenes on video recording by audio narration by microphone while 
video recording is recorded.  Include description of items being viewed. 

 
E. Transcript: Provide a transcript of the narration.  Display images and running time 

captured from videotape opposite the corresponding narration segment. 
 

3.4. PROVISIONS FOR ACCESS 
 

A. The contractor shall provide access panels and doors for all concealed equipment, valves, 
strainers, controls, control devices, and other devices requiring maintenance, service, 
adjustment, balancing or manual operation. 

 
B. Where access doors are necessary, furnish and install manufactured painted steel door 

assemblies consisting of hinged door, key locks, and frame designed for the particular 
wall or ceiling construction.  Properly locate each door. Door sizes shall be a 12 inches x 
12 inches for hand access, 18 inches x 18 inches for shoulder access and 24 inches x 24 
inches for full body access where required.  Review locations and sizes with Architect 
prior to fabrication.   Provide U.L. approved and labeled access doors where installed in 
fire rated walls or ceilings.  Doors shall be Milcor Metal Access Doors as manufactured 
by Inland-Ryerson, Mifab, or approved equal. 

 
1. Acoustical or Cement Plaster:  Style B 
2. Hard Finish Plaster:  Style K or L 
3. Masonry or Dry Wall:  Style M 

 
C. Where access is by means of liftout ceiling tiles or panels, mark each ceiling grid using 

small color-coded and numbered tabs.  Provide a chart or index for identification.  Place 
markers within ceiling grid not on ceiling tiles. 

 
D. Access panels, doors, etc. described herein shall be furnished under the section of 

specifications providing the particular service and to be turned over to the pertinent trade 
for installation.  Coordinate installation with installing contractor.  All access doors shall 
be painted in baked enamel finish to match ceiling or wall finish. 

 
E. Submit shop drawings indicating the proposed location of all access panels/doors.  

Access doors in finished spaces shall be coordinated with air devices, lighting and 
sprinklers to provide a neat and symmetrical appearance. 

 
F. Where access doors are installed in wet locations (i.e. shower rooms, toilet rooms, 

kitchens, dishwasher rooms, can wash rooms, and similar spaces, etc.) provide aluminum 
access doors/frames. 

 
3.5. PAINTING AND FINISHES 
 

A. Provide protective finishes on all materials and equipment.  Use coated or corrosion-
resistant materials, hardware and fittings throughout the work.  Paint bare, untreated 
ferrous surfaces with rust-inhibiting paint.  All exterior components including supports, 
hangers, nuts, bolts, washers, vibration isolators, etc. shall be stainless steel. 

 
B. Clean surfaces prior to application of insulation, adhesives, coatings, paint, or other 

finishes. 
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C. Provide factory-applied finishes where specified.  Unless otherwise indicated factory-

applied paints shall be baked enamel with proper pretreatment. 
 

D. Protect all finishes and restore any finishes damaged as a result of work under Division 
21 to their original condition. 

 
E. The preceding requirements apply to all work, whether exposed or concealed. 

 
F. Remove all construction marking and writing from exposed equipment, piping and 

building surfaces.  Do not paint manufacturer's labels or tags. 
 

G. All exposed piping, equipment, etc. shall be painted.  Colors shall be as stated in this 
division or as selected by the Architect and conform to ANSI Standards. 

 
H. All exposed piping, equipment, etc. in finished spaces shall be painted.  Colors shall be as 

selected by the Architect and conform to ANSI Standards. 
 
3.6. CLEANING OF SYSTEMS 
 

A. Thoroughly clean systems after satisfactory completion of pressure tests and before 
permanently connecting equipment, and other accessory items.  Blow out and flush 
piping until interior surfaces are free of foreign matter. 

 
B. Flush piping to remove cutting oil, excess pipe joint compound, solder slag and other 

foreign materials.  Do not use system pumps until after cleaning and flushing has been 
accomplished to the satisfaction of the Engineer.  Employ chemical cleaners, including a 
non-foaming detergent, not harmful to system components.  After cleaning operation, 
final flushing and refilling, the residual alkalinity shall not exceed 300 parts per million.  
Submit a certificate of completion to Engineer stating name of service company used. 

 
C. Pay for labor and materials required to locate and remove obstructions from systems that 

are clogged with construction refuse after acceptance. Replace and repair work disturbed 
during removal of obstructions. 

 
D. Leave systems clean, and in complete running order. 

 
3.7. COLOR SELECTION 
 

A. Color of finishes shall be as selected by the Architect. 
 

B. Submit color of factory-finished equipment for acceptance prior to ordering. 
 
3.8. PROTECTION OF WORK 
 

A. Protect work, material and equipment from weather and construction operations before 
and after installation.  Properly store and handle all materials and equipment. 

 
B. Cover temporary openings in piping and equipment to prevent the entrance of water, dirt, 

debris, or other foreign matter.  Deliver pipes and tubes with factory applied end caps. 
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C. Cover or otherwise protect all finishes. 
 

D. Replace damaged materials, devices, finishes and equipment. 
 

E. Protect stored pipes and tubes from moisture and dirt. Elevate above grade.  Do not 
exceed structural capacity of floor, where stored inside. 

 
3.9. OPERATION OF EQUIPMENT 
 

A. Clean all systems and equipment prior to initial operation for testing, or other purposes.  
Lubricate, adjust, and test all equipment in accordance with manufacturer's instructions.  
Do not operate equipment unless all proper safety devices or controls are operational.  
Provide all maintenance and service for equipment that is authorized for operation during 
construction. 

 
B. Where specified, or otherwise required, provide the services of the manufacturer's 

factory-trained servicemen or technicians to start up the equipment.  Where factory start-
up of equipment is not specified, provide field start-up by qualified technician. 

 
C. Submit factory start-up sheets or field start-ups sheets for all equipment.  

 
3.10. IDENTIFICATIONS, FLOW DIAGRAMS, ELECTRICAL DIAGRAMS AND OPERATING 

INSTRUCTIONS 
 

A. Contractor shall submit for approval working fire protection drawings of each piping 
system installed in the building.  Diagrams shall indicate the location and the 
identification number of each valve in the particular system.  Following approval by all 
authorities, the diagrams shall be framed, mounted under safety glass and hung in each 
Mechanical Room where directed.  Contractor shall deliver the tracing or sepia from 
which the diagrams were reproduced to the Owner. 

 
B. All valves shall be plainly tagged.  For any bypass valves, install sign indicating valve 

position as “Normally Open” or “Normally Closed” as required. 
 

C. All items of equipment, including motor starters, fire pump controllers, jockey pump 
controllers and disconnects  shall be furnished with white on black plastic permanent 
identification cards. Lettering shall be a minimum of ¼ inch high. Identification plates 
shall be secured, affixed to each piece of equipment, starters, disconnects, panels by 
screw or adhesive (tuff bond #TB2 or as approved equal).  Equipment identification and 
room name or area served shall be on each label. 

 
D. Provide six (6) copies of operating and maintenance instructions for all principal items of 

equipment furnished.  This material shall be bound as a volume of the Operation and 
Maintenance Booklet as hereinafter specified. 

 
E. All piping installed under this contract shall be stenciled with direction of flow arrows 

and with stenciled letters naming each pipe and service. Refer to Division 21 Section, 
“Fire Protection Piping, Fittings, Valves, Etc”.  Color code all direction of flow arrows 
and labels.  In finished spaces omit labeling and direction of flow arrows.  Paint in color 
as selected by Architect. 
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F. Submit list of wording, symbols, letter size, and color coding for fire protection 
identification. Submit samples of equipment identification cards, piping labels, and valve 
tags to Engineer for review prior to installation. 

 
G. Provide at least four (4) hours of straight time instruction to the operating personnel.  

Time of instruction shall be designated by the Owner.  
 

H. Contractor shall demonstrate Sequences of Operation of all fire protection equipment in 
presence of Owner’s representative, and Fire Marshal. 

 
3.11. WALL AND FLOOR PENETRATION 
 

A. All penetrations of partitions, ceilings, roofs and floors by piping or conduit under 
Division 21 shall be sleeved, sealed, and caulked airtight for sound and air transfer 
control.   

 
B. All penetration of fire rated assemblies shall be sleeved, sealed, caulked and protected to 

maintain the rating of the wall, roof, or floor.  Fire Marshal approved U.L. assemblies 
shall be utilized.  See Division 07 Section, “Fire Protection, HVAC and Plumbing 
Protection Firestopping”. 

 
C. Where piping extends through exterior walls or below grade, provide waterproof pipe 

penetration seals, as specified in another division of these specifications. 
 

D. Provide pipe escutcheons for sleeved pipes  in finished areas. 
 

E. Piping sleeves: 
 

1. Galvanized steel pipe, standard weight where pipes are exposed and roofs and 
concrete and masonry walls.  On exterior walls provide anchor flange welded to 
perimeter. 

 
2. Twenty-two (22) gauge galvanized steel elsewhere. 

 
F. Extend all floor sleeves through floor at least 2-inches above finished floor, caulk sleeve 

the entire depth and furnish and install floor plate. 
 

G. Sleeves for penetrations in kitchen and hood service areas shall finish .375 inches above 
floor or flush with wall surfaces and be neatly pointed up to fit snuggly against floor or 
wall material. 

 
3.12. RECORD DRAWINGS 
 

A. Upon completion of the mechanical installations, the Contractor shall deliver to the 
Architect one complete set of prints of the fire protection drawings which shall be legibly 
marked in red pencil to show all changes and departures of the installation as compared 
with the original design.  They shall be suitable for use in preparation of Record 
Drawings. 

 
B. Contractor shall incorporate all sketches, addendums, value engineering, change orders, 

etc., into record drawings prior to delivering to Architect. 
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3.13. WARRANTY 
 

A. Contractor's attention is directed to warranty obligations contained in the GENERAL 
CONDITIONS. 

 
B. The above shall not in any way void or abrogate equipment manufacturer's guarantee or 

warranty.  Certificates of equipment manufacturer’s warranties shall be included in the 
operations and maintenance manuals. 

 
C. The contractor guarantees for a two year period from the time of final acceptance by the 

Owner. 
 

1. That the work contains no faulty or imperfect material or equipment or any 
imperfect, careless, or unskilled workmanship. 

 
2. That all work, equipment, machines, devices, etc. shall be adequate for the use to 

which they are intended, and shall operate with ordinary care and attention in a 
satisfactory and efficient manner. 

 
3. That the contractor will re-execute, correct, repair, or remove and replace with 

proper work, without cost to the Owner, any work found to be deficient.  The 
contractor shall also make good all damages caused to their work or materials in 
the process of complying with this section. 

 
4. That the entire work shall be water-tight and leak-proof. 

 
3.14.  LUBRICATION 
 

A. All bearings, motors, and all equipment requiring lubrication shall be provided with 
accessible fittings for same.  Before turning over the equipment to the Owner, the 
Contractor shall fully lubricate each item of equipment, shall provide one year's supply of 
lubricant for each, and shall provide Owner with complete written lubricating 
instructions, together with diagram locating the points requiring lubrication.  Include this 
information in the Operations and Maintenance Booklet. 

 
B. In general, all motors and equipment shall be provided with grease lubricated roller or 

ball bearings with Alemite or equal accessible or extended grease fittings and drain plugs. 
 
3.15. OPERATION AND MAINTENANCE MANUALS 
 

A. The Contractor shall have prepared six (6) hardcopies and one (1) electronic copy of the 
Operation and Maintenance Manuals and deliver these copies of the manuals to the 
Owner.  The manuals shall be as specified herein.  The manuals must be approved and 
will not be accepted as final until so stamped. 

 
B. The manuals shall be bound in a three-ring loose-leaf binder similar to National No. 3881 

with the following title lettered on the front:  Operations and Maintenance Manuals –      
Nellie Stokes Elementary School – Fire Protection.  No sheets larger than 8-1/2 inches x 
11 inches shall be used, except sheets that are neatly folded to 8-1/2 inches x 11 inches 
and used as a pull-out.  Provide divider tabs and table of contents for organizing and 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS  200-163183-17001-07 
STOKES ELEMENTARY SCHOOL     
 

Tetra Tech  COMMON WORK RESULTS FOR FIRE PROTECTION 
  21 05 00 - 19 

separating information. 
 

C. Provide the following data in the booklet: 
 

1. As first entry, an approved letter indicating the starting/ending time of 
Contractor’s  warranty period. 

2. Maintenance operation and lubrication instructions on each piece of equipment 
furnished. 

3. Manufacturer's extended limited warranties on equipment. 
4. Chart form indicating frequency and type of routine maintenance for all fire 

protection equipment. The chart shall also indicate model number of equipment, 
location and service. 

5. Provide sales and authorized service representatives names, address, and phone 
numbers of all equipment and subcontractors. 

6. Provide supplier and subcontractor’s names, address, and phone number. 
7. Catalog data of all equipment, valves, etc. shall include wiring diagrams, parts 

list and assembly drawing. 
8. Provide and install in locations as directed by the Owner, valve charts including 

valve tag number, valve type, valve model number, valve manufacturer, style, 
service and location.  Each valve chart shall be enclosed in a durable polymer 
based frame with a cover safety glass.    

9. Access panel charts with index illustrating the location and purpose of access 
panels. 

10. Approved Fire Protection Certificates. 
11. Start-up reports for equipment. 

 
D. Submit Operations and Maintenance Manuals prior to anticipated date of substantial 

completion for Engineer review and approval.  Substantial completion requires that 
Operations and Maintenance Manuals be reviewed and approved. 

 
3.16. INSTALLATION AND COORDINATION DRAWINGS 
 

A. Prepare, submit, and use composite installation and coordination drawings to assure 
proper coordination and installation of work.  Drawings shall include, but not be limited, 
to the following: 
1. Complete Plumbing, Sprinkler and HVAC Piping Drawings showing 

coordination with lights, electrical equipment, HVAC equipment and structural 
amenities. 

 
B. Draw plans to a scale not less than 3/8-inch equals one foot.  Include plans, sections, and 

elevations of proposed work, showing all equipment, and piping  in areas involved.  Fully 
dimension all work including lighting fixtures, conduits, pullboxes, panelboards, and 
other electrical work, walls, doors, ceilings, columns, beams, joists and other 
architectural and structural work. 

 
C. Identify all equipment and devices on wiring diagrams and schematics.  Where field 

connections are shown to factory-wired terminals, include manufacturer's literature 
showing internal wiring. 

 
3.17. PIPING SYSTEMS TESTING 
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A. The entire new fire protection piping systems shall be tested hydrostatically before 
insulation covering is applied and proven tight under the following gauge pressures for a 
duration of four (4) hours.  Testing to be witnessed by Owner's representative and 
documented in writing. 

 
SYSTEM TEST PRESSURE 
Fire Protection (Refer to NFPA) 200 psi 

 
B. Testing and acceptance thereof shall be in accordance with local requirements and shall 

meet approval of authority having jurisdiction. Submit certificates and approved permits 
and insert one (1) copy in the Operations and Maintenance Manuals. 

 
3.18. PHASING 
 

A. Refer to Architectural Specifications and contract drawings for any required phasing. 
 

B. Maintain building egress and traffic ways at all times.  Coordinate egress requirements 
with the State Fire Marshal, the Owner and Authorities having jurisdiction. 

 
C. Provide dust barriers/partitions, penetration closures, etc, to ensure safety of building 

occupants and protection of existing surroundings. 
 

D. The Building shall remain watertight at all times. 
 

E. Refer to phasing plans for additional requirements. 
 

F. Provide necessary piping, valves,  etc. as required.  Drain and refill piping systems as 
often as necessary to accommodate phasing and to minimize time length of outages. 
Temporarily feed new systems with existing system where required.  

 
G. Within thirty days of Award of Contract, the Contractor shall submit a minimum of six 

(6) copies of the proposed Phasing Plan (Drawings and detailed written description) to 
the Architect for review and approval based on the general and specific requirements 
indicated on the Drawings and Specifications.  The phasing plan shall reflect the work of 
all trades. The phasing plan shall be updated as often as needed (i.e. major deviations 
and/or modified sequence of events) and reviewed during each progress meeting so the 
facility and Architect can be aware of the areas of construction and progress as it relates 
to the approved schedule. 

 
H. Due to phased construction, some systems must be operated  until later phases are 

completed.  
 

I. While work is in progress, except for designated short intervals during which connections 
are made, continuity of service shall be maintained to all existing systems. Interruptions 
shall be coordinated with the Owner as to time and duration.  The contractor shall be 
responsible for any interruptions to service and shall repair any damages to existing 
systems caused by his operations. 

 
3.19. OUTAGES 
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A. Provide a minimum of fourteen (14) days notice to schedule outages.  The Contractor 
shall include in their bid outages and/or work in occupied areas to occur on weekends, 
holidays, or at night.  Coordinate and get approval of all outages with the Owner. 

 
B. Submit Outage Request form, attached at end of this Section, to Owner for approval. 

 
 
 
 
END OF SECTION 
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OUTAGE REQUEST 
 
 
DATE APPLIED:                                                      BY:                                  
 
DATE FOR OUTAGE:                                                      FIRM:                                 
 
START OUTAGE-TIME:                                                  DATE:                                     
 
END OUTAGE -- TIME:                                                   DATE:                                    
 
AREAS AND ROOMS:                                         

  FLOOR(S):                                         
 
   AREA(S):                                      
 
   ROOM(S):                                        
 
WORK TO BE PERFORMED:                                       
 
SYSTEM(S):                                                
 
                                                                                                                                                   
    
REQUEST APPROVED BY:                                        
     (FOREMAN OR OTHER PERSON IN CHARGE) 
 

 
 
(FOR OWNER’S USE ONLY): 
 
APPROVED:             
 
YES           NO         BY:                                                 DATE:                                  
 
DATE/TIME-AS REQUESTED:                                   OTHER :                                    
 
OWNER’S PRESENCE REQUIRED:         
  
 
YES:          NO:          NAME:                                         
 
POINT OF CONTACT:                                                                PHONE:                                       

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS  200-163183-17001-07 
STOKES ELEMENTARY SCHOOL     
 

Tetra Tech  FIRE PROTECTION PIPING, FITTINGS, AND VALVES 
  21 05 05 - 1 

 
SECTION 21 05 05 

 
FIRE PROTECTION PIPING, FITTINGS AND VALVES 

 
PART 1. GENERAL 
 
1.1. SUMMARY 
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

 
1.2. SYSTEM DESCRIPTION CONDITIONS 
 

A. Provide all labor and materials necessary to furnish and install all piping systems on this 
project as herein specified and/or shown on the drawings.   

 
B. All piping and insulation installed in ceiling plenums must be plenum rated and comply with 

NFPA and the authority having jurisdiction. 
 

C. Where more than one piping system material is specified, ensure system components are 
compatible and joined to ensure the integrity of the system is not jeopardized.  Provide 
necessary joining fittings.  Ensure flanges, union, and couplings for servicing are 
consistently provided. 

 
D. Use unions, flanges, and couplings downstream of valves and at equipment or apparatus 

connections. Do not use direct welded or threaded connections to valves, equipment or other 
apparatus. 

 
E. Use non-conducting dielectric connections whenever jointing dissimilar metals in open 

systems. 
 

F. Provide pipe hangers and supports in accordance with ASTM B31.9, MSS SP69 and NFPA-
13 unless indicated otherwise. 

 
G. Use 3/4 inch (20 mm) ball valves with cap and chain for drains at main shut-off valves, low 

points of piping, bases of vertical risers, and at equipment.  Pipe to nearest floor drain. 
 
1.3. QUALITY ASSURANCE 
 

A. Valves: Manufacturer's name and pressure rating marked on valve body. 
 

B. To assure uniformity and compatibility of piping components in grooved piping systems, all 
grooved products utilized shall be supplied by a single manufacturer.  Grooving tools shall 
be of the same manufacturer as the grooved components. 

 
C. If the product is available domestically it shall be supplied as such. 

 
1.4. DELIVERY, STORAGE AND HANDLING 
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A. Deliver, store, protect and handle products to site under as hereinbefore specified. 
 

B. Accept valves on site in shipping containers with labeling in place.  Inspect for damage. 
 

C. Provide temporary protective coating on cast iron and steel valves. 
 

D. Provide temporary end caps and closures on piping and fittings.  Maintain in place until 
installation. 

 
E. Protect piping systems from entry of foreign materials by temporary covers, completing 

sections of the work, and isolating parts of completed systems. 
 
1.5. EXTRA MATERIALS 
 

A. Provide one (1) repacking kit for each size valve. 
 
1.6. ALTERNATES 
 

A. Refer to Division 01 Section, “Alternates” for description of work under this section affected 
by alternates. 
 

PART 2.  PRODUCTS 
 
2.1. PIPE MATERIALS 
 

A. All materials, unless otherwise specified, shall be new and of the best quality of their 
respective kinds, and shall conform to the requirements and ordinances of local, state and 
insurance authorities having jurisdiction.   

 
1. Fire Protection Piping (NFPA-13): 

 
a). Piping Above Grade (Inside):  Steel, schedule 40, ASTM A53, black pipe. 

Piping 4 inches and smaller shall be ASTM A120, black steel pipe. Sizes 4-
inches and above shall be standard weight, black, cast iron with screwed 
fittings, schedule 10 steel piping shall be acceptable when approved by the 
authority having jurisdiction.   

 
b). Piping Above Grade (Outside):  Galvanized Steel 

 
c). Wet Pipe Fittings:  Steel fittings shall be ASME B16.9, wrought steel, butt 

welded. Cast iron fittings shall be ASME 16.1, flanges and flanged fittings. 
 Malleable iron fittings shall be ASME B16.3, threaded fittings.  
Mechanical grooved couplings shall be malleable iron housing clamps to 
engage and lock C shaped elastomeric sealing gasket, steel bolts, nuts, and 
washers; galvanized for galvanized pipe.  Mechanical formed fittings shall 
be carbon steel housing with integral pipe stop and O-ring and O-ring 
uniformity compressed into permanent mechanical engagement onto pipe. 

 
d). Dry Pipe Fittings:  UL listed for dry pipe service. 
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e). Victaulic, Grinnell, or approved equal, grooved end fittings and mechanical 
couplings shall be used for wet pipe and dry pipe systems 2” and larger.  
Couplings and fitting shall be UL listed and FM approved.  Fittings shall be 
ASTM A536 ductile iron, ASTM A234 forged steel or ASTM A53 
fabricated steel with factory grooved ends designed to accept Victaulic 
couplings. 
 

f). Victaulic, Grinnell, or approved equal mechanical couplings shall consist of 
two ASTM A536 ductile iron housings, pressure-responsive, synthetic 
rubber gasket and plated steel bolts and nuts. 

 
i. Rigid Type: Housings shall be cast with offsetting, angle-pattern 

bolt pads to provide system rigidity and support and hanging in 
accordance with NFPA-13.  Tongue and recess rigid type couplings 
shall only be used if the contractor uses a torque wrench for 
installation.  Required torque shall be in accordance with the 
manufacturer’s latest recommendation. 
1.) 1-1/4” through 8”: “Installation Ready” stab-on rigid 

coupling, designed for direct ‘stab’ installation onto grooved 
end pipe without prior field disassembly and no loose part.  
Victaulic FireLock EZ Style 009H (1-1/4” – 4”) and Victaulic 
QuickVic Style 107H (2”-8”). 

2.) 2” and Larger: Standard rigid coupling design.  Victaulic 
Style 07 Zero-Flex. 
 

ii. Flexible Type: use in seismic areas and where required by NFPA-
13. 
1.) 2” through 8”:  “Installation Ready” stab-on flexible 

coupling, designed for direct ‘stab’ installation onto grooved 
end pipe without prior field disassembly and no loose parts.  
Victaulic QuickVic Style 177. 

2.) 2” and Larger:  Standard flexible coupling design.  
Victaulic Style 75 or 77. 
 

iii.  
 
Fire Protection 
Service 

Temperature Range Gasket Recommendation

Freezer Applications -30°F to 0°F (-34°C to 
17°C) 

Grade L Silicone 
FlushSeal® Design 

Water/Wet Systems Ambient Grade EPDM, Type A-C 
Shaped, FireLock EZ, or 
QuickVic Design 

 
g). Gate Valves:  2-1/2 inches & larger - listed 175 lb. OS&Y, flanged.  2 

inches & smaller - UL/FM listed 175 lb., bronze, screwed.  Furnish all 
sprinkler control valves with slow close manual operator and position 
indicator.  Tamper switches furnish under Division 21. 

 
h). Grooved End Gate Valves:  2-1/2inches and Larger – UL listed/FM 
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approved, 250 psi maximum pressure rating, OS&Y, ductile iron body, 
bronze mounted, grooved ends.  Victaulic FireLock Series 771. 

 
i). Grooved End Butterfly Valves: 2 inches & Larger: UL listed/FM approved, 

up to 365 psi maximum pressure rating, ductile iron body, nickel-plated 
ductile iron disc, Nitrile seat, weather-proof actuator with two pre-wired 
supervisory switches.  Victaulic FireLock Series 765 or Series 705. 

 
j). Globe Valves:  2 inches & smaller - 175 lb., bronze, screwed, UL/FM listed. 

 
k). Check Valves: 2-1/2 inches & smaller - UL/FM listed 175 lb., flanged 

swing check.  2 inches & smaller - listed 175 lb., bronze swing check, 
screwed. 

 
l). Grooved End Check Valves:  2 inches and Larger: UL listed/FM approved, 

up to 365 psi maximum pressure rating, ductile iron body, spring-loaded 
stainless steel or EPDM coated ductile iron disc, nickel-plated or welded-in 
nickel seat.  Victaulic FireLock Series 717H or Series 717. 

 
m). Finish: All exposed fire protection piping shall be primed and painted with 

epoxy red paint.  White letters shall indicate pipe and indicate direction of 
flow. Painting shall be provided under Division 09. 

 
n). Special Requirements:  All fire protection piping, valves, fittings and joints 

shall comply with applicable National Fire Protection Pamphlets (NFPA) 
local codes, building codes, Fire Marshal, Owner's Insurance Underwriter,  
and the authority having jurisdiction. 

 
B. Steel pipe shall be similar and equal to National Allied Tube or Wheatland black or zinc-

coated (galvanized) as hereinafter specified.  Pipe shall be free from all defects which may 
affect the durability for the intended use.  Each length of pipe shall be stamped with the 
manufacturer's name. 

 
C. Copper pipe shall be Revere, Anaconda or Chase with approved solder fittings. 

 
D. Welding fittings for steel pipe shall meet the requirements of ASTM Standard A-23 and shall 

be standard catalog products.  Fittings fabricated by metering and notching pipe will not be 
accepted. 

 
2.2. PIPE HANGERS 

 
A. All hangers for metallic piping shall be adjustable, wrought clevis type, or adjustable 

malleable split ring swivel type, having rods with machine threads.  Hangers shall be 
Grinnell Company's Figure 260 for pipe ¾-inch and larger, and Figure 65 for pipe 2-inches 
and smaller, or approved equal.  Adjustable pipe stanchion with U-bolt shall be Grinnell 
Company's Figure 191.  Pipe roller supports shall be Grinnell's Figure 181 or Figure 271.  
Exterior pipe hangers shall be galvanized or stainless steel construction.  For copper piping 
in direct contact with the hanger, hanger construction shall be copper coated to prevent 
contact of dissimilar metals similar to Grinnell's Figure CT-65.  Hanger spacing and rod sizes 
for steel and copper pipe shall not be less than the following: 
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NOMINAL PIPE 
SIZE IN 

 
STD. STEEL PIPE MAXIMUM SPAN 

FT. COPPER TUBE 

 
MINIMUM ROD 
DIAMETER INCHES 
OF ASTM A36 
STEEL THREADED 
RODS 

 
3/4 & 1 

 
6 5 

 
3/8 

 
1 -  ½   

 
6 8 

 
3/8 

 
2 

 
8 8 

 
3/8 

 
2 – ½   

 
10 9 

 
 ½   

 
3 

 
12 10 

 
½   

 
4 

 
14 12 

 
5/8 

 
5 

 
14 12 

 
5/8 

 
6 

 
16 14 

 
3/4 

 
8 

 
18 16 

 
7/8 

 
10 

 
20 18 

 
7/8 

 
12 

 
20 18 

 
7/8 

 
B. Anchors, guides, and roller supports shall be installed in accordance with the contract 

drawings and manufacturer's recommendations to provide pipe support and control pipe 
movement for all piping systems. Anchors and guides shall be securely attached to the pipe 
support structure.  Submit shop drawing for proposed pipe support structure for guides and 
anchors for approval of the Structural Engineer.  Pipe alignment guides shall be Fig. 255 
Grinnell, or as approved equal.  Guides shall be sized to accommodate the pipe with 
insulation.  Guides shall be steel factory, fabricated, with bolted two section outer cylinder 
and base for alignment of piping and two section guiding spider for bolting to pipe. 

 
C. Hangers for pipe sizes ½  to 1 ½  inch (13 to 38 mm): Carbon steel, adjustable swivel, split 

ring, comply with NFPA-13. 
 

D. Hangers for pipe sizes 2 to 4 inches (50 to 100 mm): Carbon steel, adjustable, clevis. Comply 
with NFPA-13. 

 
E. Hangers for cold pipe sizes 6 inches (150 mm) and over: adjustable steel yoke, cast iron roll, 

double hanger, comply with NFPA-13. 
 

F. Multiple or Trapeze hangers: Steel channels with welded spacers and hanger rods. 
 

G. Wall support for pipe sizes to 3 inches (76 mm): cast iron hook, comply with NFPA-13. 
 

H. Wall support for pipe sizes 4 inches (100 mm) and over: Welded steel bracket and wrought 
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steel clamp, comply with NFPA-13. 
 

I. Wall support for  pipe sizes 6 inches (150 mm) and over: welded steel bracket and wrought 
steel clamp with adjustable steel yoke and cast iron roll, comply with NFPA-13.. 

 
J. Vertical Support: Steel riser clamp, comply with NFPA-13. 

 
K. Floor support for pipe: Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, and 

concrete pier or steel support, comply with NFPA-13. 
 

L. Copper pipe support: Carbon steel ring, adjustable, copper plated, comply  with NFPA-13. 
 

M. Hanger rods: Mild steel threaded both ends, threaded one end, or continuous threaded, 
comply with NFPA-13. 

 
N. Inserts: Malleable iron case of galvanized steel shell and expander plug for threaded 

connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms; 
size inserts to suit threaded hanger rods. 

 
O. Victaulic Style 009H, 107H, and 07, Grinnell, or approved equal, rigid couplings may be 

used with IPS steel piping systems, which meet the support and hanging requirements of 
NFPA-13.  An adequate number of Victaulic Style 177, 75, and 77, Grinnell, or approved 
equal, flexible couplings shall also be used to compensate for thermal expansion/contraction 
of the pipe. 

 
2.3. VALVES 
 

A. Provide parts list and assembly drawings (exploded view) for all valves in shop drawing 
submittals.  Provide valves of the same type by the same manufacturer.  All valves shall be 
provided with tamper switches and coordinated with Division 28.  

 
2.4. PRESSURE GAUGES 
 

A. Unless otherwise indicated, pressure gauges shall be the bronze bourdon tube type, 4-1/2-
inch dial, stem mounting, cast aluminum adjustable pointer, 1 percent accuracy over middle 
half of scale range, 1-1/2 percent over balance:  Trerice Model 600C; Weksler Instruments, 
Ernst Gage Co., Miljoco, or as approved equal. 

 
B. Gauges shall have pressure, vacuum, compound, or retard ranges as required, select ranges 

so that the normal readings are at the approximate midpoint and maximum system pressures 
do not exceed full scale. 

 
C. Furnish and install a gauge valve at each pressure gauge.  Gauge valves shall be Crane 

Model No. 88, Needle Valve, Ernst Gage Co. FLG 200, Wexler Instrument Corp. Type 
BBV4, or approved equal, rated for pressure intended. 

 
D. Gauge connections for pressure gauges, thermometers, or control instruments shall be made 

using tee fittings, except that gauge connections up to 1-inch size in steel may be using 
threaded extra heavy pipe couplings welded directly to the main, provided that the main is at 
least 2-inch size for 2-inch connections, 3-inch size for 3/4-inch connections, and 4-inch size 
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for 1-inch connections.  Minimum gauge connection shall be 2-inch ips. 
 

E. Provide snubbers on all gauges.  Snubbers shall be No. 872 by Trerice, RS1/RS6 by Wexler 
Instruments, Miljoco, or as approved equal. 

 
2.5. ESCUTCHEONS 
 

A. Provide chromium plated escutcheons properly fitted and secured with set screws on all 
exposed piping which passes through walls, floors or ceilings of finished spaces. 

 
B. All escutcheon plates shall be chrome plated spun brass of plain pattern, and shall be set tight 

on the pipe and to the building surface.  Plastic escutcheon plates will not be accepted. 
 
2.6. DIELECTRIC CONNECTIONS: 
 

A. Furnish and install electrically insulated dielectric waterway fittings, unions or flanges, as 
manufactured by EPCO Sales, Inc., or Victaulic Co. at the following locations: 

 
1. Where steel piping systems join copper piping. 

 
2. Avoid the installation of steel nipples, cast iron or steel valves and specialties, or 

other ferrous components in predominately copper piping systems.  Where such 
installation is necessary, isolate the component with dielectric connections.  Do not 
mix steel pipe and copper tube in the same run of pipe or in the same section of a 
piping system. 

 
2.7. SLEEVES 
 

A. Sleeves shall be provided around all pipes through walls, floors, ceilings, partitions, roof 
structure members or other building parts.  Sleeves shall be standard weight galvanized iron 
pipe two sizes larger than the pipe or insulation so that pipe or insulation shall pass through 
masonry or concrete walls or floors.  Provide 20 gauge galvanized steel sheet or galvanized 
pipe sleeves for all piping passing through frame walls. 

 
B. Sleeves through floors shall be flush with the floor except for sleeves passing through 

Equipment Rooms which shall extend ¾-inch above the floor.   Space between the pipe and 
sleeve shall be caulked.  Escutcheon plates shall be constructed to conceal the ends of 
sleeves.  Each trade shall be responsible for drilling existing floors and walls for necessary 
sleeve holes.  Drilling methods and tools shall be as hereinbefore specified. 

 
C. Sleeves through walls and floors shall be sealed with with a waterproof caulking compound. 

 
D. Firestop at sleeves that penetrate smoke barriers smoke partitions and/or rated walls/floors. 

 
2.8. WATER PROOF PIPE PENETRATION SEALS 
 

A. Provide and install waterproof pipe penetration seals at all pipes that enter the building below 
grade or through exterior wall. 

 
B. Link seals are to be Metraflex Metraseals, Model MS, Linkseal, or approved equal, black  
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EPDM seal material, glass reinforced plastic pressure plates, zinc plated nuts and bolts, seals 
are to be resistant to sunlight and ozone, pressure rated to make a hydrostatic seal of up to 20 
psig and up to 40 feet of head, temperature rated from –40 degrees F to 250 degrees  F. 

 
PART 3. EXECUTION 
 
3.1. GENERAL PIPING INSTALLATION REQUIREMENTS 
 

A. All pipes shall be cut accurately to measurements established at the building, and shall be 
worked into place without springing or forcing, properly clearing all windows, doors and 
other openings.  Excessive cutting or other weakening of the building structure to facilitate 
piping installation will not be permitted.  All pipes shall be so installed as to permit free 
expansion and contraction without causing damage.  All open ends of pipe lines, equipment, 
etc., shall be properly capped or plugged during installation to keep dirt or  other foreign 
material out of the system.  All pipes shall be run parallel with the lines of the building and 
as close to walls, columns and ceilings as may be practical, with proper pitch.  All piping 
shall be arranged so as not to interfere with removal of other equipment on devices not to 
block access to doors, windows, manholes, or other access openings.  Flanges or unions, as 
applicable for the type of piping specified, shall be provided in the piping at connections to 
all items of equipment,  and installed so that there will be no interference with the installation 
of the equipment.  All valves and specialties shall be placed to permit easy operation and 
access and all valves shall be regulated, packed and glands adjusted at the completion of the 
work before final acceptance.  All piping shall be installed so as to avoid air or liquid pockets 
throughout the work.  Ends of pipe shall be reamed so as to remove all burrs. 

 
B. All piping shall be run to provide a minimum clearance of 2-inches between finished 

covering on such piping and all adjacent work.  Group piping wherever practical at common 
elevations. 
 

C. All valves and other fittings shall be readily accessible. 
 

D. Drain valves with hose connections shall be provided at low points for drainage of piping 
systems.  Blow down valves shall be provided at the ends of all mains and branches so as to 
properly clean by blowing down the lines throughout in the direction of normal flow. 

 
E. Spring clamp plates (escutcheons) shall be provided where pipes are exposed in the building 

and run through walls, floors, or ceilings.  Plates shall be chrome plated spun brass of plain 
pattern, and shall be set tight on the pipe and to the building surface. 

 
F. Install all valves with stem upright or horizontal, not inverted. 

 
G. Where pipe support members are welded to structural building framing, scrape, brush clean, 

weld and apply one coat of zinc rich primer.  
 

H. Protect piping systems from entry of foreign materials by temporary covers, completing 
sections of the work, and isolating parts of completed system. 

 
I. All water containing pipes shall be routed clear of combustion air dampers and louvers to 

prevent freezing condition when dampers are open. 
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J. Where zone valve assemblies are installed in stairwells, install primed and painted 18 gauge 
removable mesh screen.  Color of paint shall be as selected by Architect. 

 
3.2. PRESSURE GAGE INSTALLATION REQUIREMENTS. 
 

A. Install pressure gages in piping tees with pressure-gage valve located on a pipe at most 
readable location. 

 
B. Adjust faces of gages to proper angle for best visibility. 

 
C. Clean windows of gages and clean factory-finished surfaces.  Replace cracked and broken 

window, and repair scratched and marred surfaces with manufacturer's touch up paint. 
 
3.3. VALVE INSTALLATION REQUIREMENTS 
 

A. Examine piping system for compliance with requirements for installation tolerances and 
other conditions affecting performance of valves.  Do not proceed with installation until 
unsatisfactory conditions have been corrected. 

 
B. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove 

special packing materials, such as blocks, used to prevent disc movement during shipping 
and handling. 

 
C. Operate valves from fully open to fully closed positions.  Examine guides and seats made 

accessible by such operation. 
 

D. Examine threads on valve and mating pipe for form and cleanliness. 
 

E. Examine mating flange faces for conditions that might cause leakage.  Check bolting for 
proper size, length, and material.  Check gasket material for proper size, material 
composition suitable for service, and freedom from defects and damage. 

 
F. Do not attempt to repair defective valves; replace with new valves. 

 
G. Install valves as indicated, according to manufacturer's written instructions. 

 
H. Piping installation requirements are specified in other Division 21 Sections.  Drawings 

indicate the general arrangement of piping, fittings, and specialties. 
 

I. Install valves with unions or flanges at each piece of equipment arranged to allow servicing, 
maintenance, and equipment removal without system shutdown. 

 
J. Locate valves for easy access and provide separate support where necessary. 

 
K. Install valves in horizontal piping with stem at or above the center of the pipe. 

 
L. Install valves in a position to allow full stem movement. 

 
M. Adjust or replace packing after piping systems have been tested and put into service, but 

before final adjusting and balancing. Replace valves if leak persists. 
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3.4. PIPE JOINTS INSTALLATION REQUIREMENTS 
 

A. Screwed Joints:  All screwed joints shall be made with tapered threads properly cut.  
Screwed joints shall be made perfectly tight with a stiff mixture of graphite and oil, applied 
with a brush to the male threads on the fittings. 

 
B. Grooved Joints:  Install in accordance with the manufacturer’s (Victaulic, Grinnell or 

approved equal) guidelines and recommendations.  All grooved couplings, fittings, valves, 
and specialties shall be the products of a single manufacturer.  Grooving tools shall be of the 
same manufacturer as the grooved components.  The gasket style and elastomeric material 
(grade) shall be verified as suitable for the intended service as specified.  Gaskets shall be 
molded and produced by Victaulic.  Grooved end shall be clean and free from indentations, 
projections, and roll marks in the area from pipe end to groove for proper gasket sealing.  A 
Victaulic factory-trained field representative shall provide on-site training for contractor’s 
field personnel in the proper use of grooving tools and installation of grooved piping 
products.  Factory-trained representative shall periodically review the product installation.  
Contractor shall remove and replace any improperly installed products. 

 
C. Soldered Joints and Copper Piping:  Joints in copper piping shall conform to the following 

minimum standards. 
 

1. The pipes shall be cut to a length making certain that the ends are square, using a 
fins hacksaw blade or tube cutter.  The ends of all pipes shall be reamed and all 
burrs removed. 

 
2. The outside end of the pipe and the cut end of the fitting shall be cleaned with steel 

wool, sand cloth, or steel wire brush.  All dark spots shall be removed. 
 

3. The flux shall be applied evenly and sparingly to the outside end of the pipe and the 
inside of the outer end of the fitting until all surfaces to be jointed are completely 
covered.  The piping and fitting shall be slipped together and reworked several times 
to insure an even distribution of the flux. 

 
4. The correct amount of solder per joint for each size pipe shall be used in accordance 

with the manufacturer's recommendations. 
 

5. Solder joints shall be made by using a direct flame from a torch. 
 

6. On pipe sizes larger than ¼-inch, the fittings and valves in the pipe shall be moved 
or tapped with a hammer when the solder starts to melt to insure an even distribution 
of the solder. 

 
7. The excess solder shall be removed while it is still in the plastic state leaving a fillet 

around the cup of the fitting. 
 

8. Solder joints shall be suitable for working pressure of 100 psig and for working 
temperature of not less than 250 degrees F.  The type of solder and flux used will be 
submitted for approval.  Type 95-5 shall be the minimum standard. 
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D. Where copper piping joins steel piping, approved bronze adapters shall be used. 
 

E. Prohibited Connections:  No direct weld, soldered, or brazed connections, without unions or 
flanges, shall be made to valves, strainers, apparatus, or related equipment.  Right and left 
couplings, long threads, or caulking of pipe threads or gasket joints will not be permitted. 

 
3.5. HANGERS AND SUPPORTS INSTALLATION REQUIREMENTS 
 

A. General:  All hangers shall be of an approved type arranged to maintain the required grading 
and pitching of lines to prevent vibration and to provide for expansion and contraction.    
Saddles shall be Grinnells Figure 173/273 or approved equal.  Provide approved spacers 
between saddles and pipe where flexible insulation is specified.  Provide insulation 
protection shields for insulated piping without saddles.  Shield shall be Grinnell Figure 167 
or as approved equal. Comply with NFPA-13. 

 
B. Spacing:  Regardless of spacing, hangers shall be provided at or near all changes in direction, 

both vertical and horizontal, for all piping.   
 

C. Vertical Lines:  Shall be supported at their bases, using either a suitable hanger placed in a 
horizontal line near the riser, or a base type fitting set on a pedestal, foundation or support.  
All vertical lines extending through more than one floor level shall be supported at each floor 
with a riser clamp.  Riser clamp shall be Grinnell Co.'s Figure 261, or approved equal.  All 
vertical drops to pump suction elbows shall be supported by floor posts. 

 
D. Racks and Brackets:  All horizontal piping on vertical walls shall be properly supported by 

suitable racks securely anchored into the wall construction.  Where not practical to obtain 
ceiling anchorage, all piping near walls shall be supported by approved brackets securely 
anchored into the wall construction.  Washer plates (Fib. 60, 60L) and other miscellaneous 
attachments, fasteners, etc., shall be Grinnell or as approved equal.  All exterior hanger and 
bracket systems in their entirety shall be galvanized. 

 
E. Pipe Hangers and supports shall be attached to the panel point at the top chord of bar joist or 

at a location approved by the structural engineer. 
 

F. Select hangers and components for loads imposed.  Secure rods with double nuts. 
 

G. Support of horizontal piping shall allow for vertical adjustment after installation of piping. 
 

H. Support overhead piping with clevis hangers.  
 

I. Do not support all parallel piping from the same joist.  Stagger all supports in accordance 
with the structural engineer's recommendations.  

 
J. Fabricate and install steel anchors by welding steel shapes, plates, and bars to piping and to 

structure.  Comply with ASME B31.9 and AWS D1.1. 
 

K. Construct concrete anchors of poured-in-place concrete of dimensions indicated and include 
embedded fasteners. 

 
L. Refer to structural documents for appropriate connection/attachment materials to building. 
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3.6. PIPING  IDENTIFICATION INSTALLATION REQUIREMENTS 
 

A. All piping  shall be identified with painted background marked with the name of the service 
with arrows to indicate flow direction.  Color code and system identification shall comply 
with ANSI Standards and piping identification system shall comply with ASME A13.1-81., 
scheme for the identification of piping systems and ASHRAE Fundamentals Handbook, 
latest edition. 

 
B. Markings shall be plain block letters, stenciled on pipes,  and shall be located near each 

branch connection, near each valve, and at least every 10 feet on straight runs of pipe.  
Where pipes are adjacent to each other, markings shall be neatly lined up.  All markings shall 
be located in such manner as to be easily legible from the floor.  Pipe identification schedule 
shall be as follows: 

 
 
OUTSIDE DIAMETER OF PIPE 
OR COVERING (INCHES) 

LENGTH OF COLOR 
FIELD (INCHES) 

SIZE OF LETTERS 
(INCHES) 

 
 ½  to 1  ¼   8 ½   
 
 1-½  to 2 8 ¾  
 
2  ½  to 6 12 1 ¼  
 
8 to 10 24 2 ½   
 
Over 10  32 3  ½   

 
3.7. VALVE IDENTIFICATION REQUIREMENTS 
 

A. All valves shall be tagged with a numbered tag. 
 

B. The tags shall be made of 1-inch diameter brass tags fastened to the valve by means of brass 
chains.  Numbers shall agree with valve numbers on diagrammatic herein before specified. 

 
C. Provide a minimum of six (6) valve charts with valve numbers indicating valve type, size, 

manufacturer and service. 
 

D. Additional valve charts shall be mounted behind glazed wooden frames and be hung in the 
main fire protection riser room.  Additional copies shall be provided in each copy of the 
O&M manuals. 
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SECTION 21 10 03 
 

WATER BASED FIRE SUPPRESSION SYSTEM - SPRINKLERS & STANDPIPES 
 
PART 1. GENERAL 
 
1.1. REFERENCE 
 

A. The conditions of the Contract and General Requirements apply to the work specified in 
this section.  All work under this section shall also be subject to the requirements of 
Division 21 Section, Common Work Results for Fire Protection and Division 01 Section, 
General Requirements. 

 
B. Submit complete shop drawings of all equipment utilized with the system in accordance 

with Division 21 Section, Common Work Results for Fire Protection.  Submittals shall 
include but not be limited to the following fire protection system and accessories: 

 
•Ball Drip Valves 
•Fire Department Siamese Connection 
•Pressure Sensing Devices, Valves 
•Alarm Check Valves 
•Pressure/Vacuum Gauges 
•Inspector’s Test Station 
•Eccentric Reducers 
•Pressure Switches 
•Valves and Piping 
•Backflow Preventers 
•Standpipe Valves 
• Flow Switches 
•Tamper Switches 
•Hose Valve Cabinets 
•Main Drains 
•Auxiliary Drains 
•Blind Flange with Escutcheon 
•Hose Valves/Cabinets 

 
C. Provide sprinklers, piping and associated equipment complete and ready for operation. 

Equipment materials, installation, workmanship, fabrication, assembly, erection, 
examination, inspection, and testing shall be in accordance with NFPA-13, NFPA-70, 
NFPA-14, NFPA-72E, and NFPA-101 .  Devices and equipment for fire protection 
service shall be U.L listed or FM approved. 

 
D. All of the equipment and devices shall be included within the project Operations and 

Maintenance Manuals.      
 

E. Refer to Division 21 Section, Fire Protection Pipes, Valves, and Fittings for pipe 
materials. 

 
F. Fire Protection Systems design, equipment and installation shall comply with the 

Delaware State Fire Prevention Regulations, latest edition including all Annexes and 
Addendums. 
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1.2. DESCRIPTION 
 

A. Provide all facilities, labor, materials, tools, equipment, appliances, transportation, 
supervision, and related work necessary to complete the work specified in this Section 
and as shown on the drawings.  The work shall be performed by a licensed sprinkler 
contractor only.  All equipment, piping, devices, and valves shall be sized based on 
hydraulic calculations.  Include a 10 psig safety factor with hydraulic calculations. 

 
B. Layout sprinkler system complete and size all fire protection piping in accordance with 

requirements of the National Fire Protection Association and the State Fire Marshal.  
System shall be designed for occupancy as required by applicable codes.  Conceal fire 
protection piping in finished spaces unless indicated otherwise.  System drains and 
inspector's test shall not be located in finished spaces. 

 
C. Sprinkler equipment and work shall conform to requirements of National Fire Protection 

Association Standard No. 13, No.14, and No. 24.  In addition, all work shall conform to 
requirements of all codes and regulations of authorities having jurisdiction over this 
work, including, but not limited to, State Fire Marshal, County Fire Marshal, Life Safety 
Codes and International Code, and Insurance Underwriter.  

 
D. Preliminary Shop Drawing:  Prior to preparing detailed working drawings for submission 

to State Fire Marshal, submit preliminary sprinkler system layout to the Architect for 
review and approval.  Show all finished ceilings, light fixtures, air diffusers and other 
ceiling mounted devices.  Coordinate sprinkler head types and locations with ceiling 
types.  All sprinkler heads in acoustic tile ceilings shall be centered in the tile. 

 
E. The fire protection contractor shall prepare dimensioned and detailed working drawings, 

specifications, and hydraulic calculations and submit same to the State Fire Marshal 
and/or County Fire Marshal for review and approval.  Prior to submission to the Fire 
Marshal, the Fire Protection Contractor shall have all fire protection drawings, submittals, 
calculations reviewed and approved by a registered Fire Protection Engineer or a level III 
Nicet Technician. One set of these approved documents shall be provided to the Engineer 
for record purposes.  All costs related to changes required to obtain the Fire Marshal's or 
Insurance Underwriters’ approval shall be the responsibility of the contractor. 

 
F. Manufactured equipment and materials shall be submitted to the Engineer for review and 

approval, in accordance with the requirements of Division 21 Section, Common Work 
Results for Fire Protection. 

 
G. Hydraulic calculations should be based on an available water supply as follows: 

 
Static Pressure   = 51 psig

Residual Pressure   = 34 psig

Flow = 750 gpm

Existing Pipe Material For Hydraulic Calculations 
Assume Roughness Coefficient 
C factor = 100 for all Exterior 
Piping.
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H. Hydraulic calculations shall include a 10 psig safety factor to account for pipe aging and 

deterioration of water supply. 
 
I. For small areas subject to freezing (loading dock, exterior canopy, etc.), Contractor shall 

provide and install freeze proof heads, piping, control valves, tamper switches, test 
stations, (backflow preventers, expansion chambers, fill cup, drain valve) etc., as required 
by NFPA-13 and the authority having jurisdiction. Glycol loops shall be acceptable at 
contractor’s option subject to the approval of the Authority having jurisdiction. 

 
J. All stage/platforms shall be fully sprinklered/protected per the requirements of N.F.P.A.-

13, N.F.P.A.-101, and the International Building Code.  Provide and install Hose Valves 
on both sides of stages/platforms in addition to sprinkler protection. Hose connections 
shall be 1 ½ inch with sufficient 1 ½ inch hose to provide fire protection for the 
stage/platform area.  The hose connections shall be equipped with approved adjustable 
fog nozzles and be mounted in a cabinet. 

 
K. Where combustible construction materials are located above ceilings, provide above 

ceiling fire protection in accordance with N.F.P.A-13. 
 
1.3. DELIVERY, STORAGE AND PROTECTION 
 

A. Refer to Division 01 Section, General Requirements: Transport, handle, store, and protect 
products. 

 
B. Accept equipment and devices on site in factory packing. Inspect for damage. Comply 

with manufacturer’s rigging and installation instructions for all equipment. 
 

C. Protect components from physical damage including effects of weather, water, and 
construction debris. 

 
D. Provide temporary inlet and outlet caps, and maintain in place until installation. 

 
1.4. EXTRA MATERIALS 
 

A. Provide extra sprinklers under provisions of NFPA-13. Provide suitable wrenches for 
each sprinkler type and metal storage cabinet. 

 
1.5. PERMITS FROM THE AUTHORITY HAVING JURISDICTION AND FEES 
 

A. Pay all permits, fees, and charges required for this work. 
 
1.6. HYDRANT FLOW TESTS 
 

A. The Fire Protection Contractor shall perform a hydrant flow test. 
 

B. The hydrant flow test shall be performed by the Fire Protection Contractor in the vicinity 
of each building at no additional cost to the Owner. 

 
C. Where practical, tests shall be performed between 9:00 a.m. and 5:00 p.m. on a normal 

working day during summer.  If conducting the test is impractical during these hours, 
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then a local Fire Department representative shall be present to "observe" the test during 
"off peak" hours and to acknowledge the correctness of results. 

 
D. The tests shall be submitted for review prior to submitting any hydraulic calculations.  

The test data shall contain the following: 
 

1. Date of the test 
2. Who performed the test and who was present. 
3. Site plan indicating locations and diameters of water mains and locations of the 

hydrants tests. 
4. Grade elevation of the hydrant tests 
5. Static pressure in psig 
6. Flow in GPM 
7. Residual pressure in psig 
8. Hydrant butt size in inches 
9. Hydrant coefficient 

 
1.7. ALTERNATES 
 

A. Refer to Division 01 Section, Alternates - Alternates for description of work under this 
section affected by alternates. 
 

PART 2. PRODUCTS 
 
2.1. SPECIALTIES 
 

A. All sprinkler heads shall be U.L. listed and shall be of the same manufacturer throughout 
the building. 

 
B. Piping shall be in accordance with Division 21 Section, Fire Protection Piping, Fittings, 

and Valves, etc.  All exposed fire protection piping in unfinished areas shall be painted 
with red epoxy paint.  White letters shall identify piping and indicate direction of flow.  
Exposed fire protection piping within finished areas shall be painted in color as 
determined by the Architect/Engineer. 

 
C. Shut-off valves shall be UL approved O.S. and Y. double disc gate valves or UL/FM 

approved grooved end butterfly valves. 
 

D. Check valves shall be swing check type or spring-loaded type UL approved for the 
application. 

 
E. Fire department connection shall be Potter-Roemer 5750 Series, or approved equal, with 

individual drop clapper valves, plugs, and chains on each connection.  Exposed parts 
shall be polished chrome plated.  Threads shall match local Fire Department 
specifications.  Where required by local Fire Department, provide Storz type Fire 
department connection.  Escutcheon shall be lettered "AUTO SPRINKLER", "AUTO 
SPRINKLER - STANDPIPE", as required.  Locate as shown on drawings and connect to 
main fire line through check valve with ball drip.  Discharge ball drip drain line as 
indicated on contract drawings. 

 
F. Coordinate the fire protection systems with the fire alarm system specified under 
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Division 26.  Provide alarm initiating devices with proper contact arrangement.  All 
electrical wiring shall be furnished and installed under Division 26. 

 
G. Flow control valve, alarm switches and valve supervision shall be furnished and installed 

under this Division.  All wiring shall be accomplished by the electrical contractor, under 
Division 26.  Provide any additional flow control valves, alarm switches, tamper switches 
and flow switches required by NFPA-13 but not indicated on contract drawings. 
Coordinate with the alarm system and electrical subcontractor. 

 
H. Pipe and fittings shall meet the requirements of NFPA 13 and NFPA-24. 

 
I. Wet pipe alarm check valve shall be Victaulic FireLock Series 750, or approved equal.  

Valve shall be UL listed and FM approved for sprinkler systems with 175 psig maximum 
working pressure.  Provide complete valve trim package including all necessary valves, 
gauges, fittings, nipples and alarm test.  Valve internal components shall be replaceable 
without removing the valve from the installed position.  Valve shall be installed in the 
vertical position only. 

 
J. Retard Chamber shall be Victaulic Series 752.  Retard Chamber shall be UL listed and 

FM approved.  Chamber shall prevent false alarms with ordinary city water pressure 
surges. 

 
K. Water motor alarm shall be Victaulic Series 760.  Alarm shall be UL listed and FM 

approved. Alarm shall be hydraulically driven and tested 100 percent at low flow, 5 psig. 
Gong assembly and motor housing shall be finished with corrosion resistant, red enamel.  
Furnish unit with nylon bearings and inlet strainer.  At contractor's option install electric 
gong. Provide power and control wiring under this Division of specifications. 

 
L. Stage/platform standpipe angle valves shall be Potter-Roemer 2500 series 1 ½ inch angle 

valve, brass body, brass mounting, inside screw rising stem, red handle, cap and chain.  
Provide unit with 50' hose length, 1 ½ inch valve size, and 1 ½ inch diameter polyflex 
hose.  Provide each unit with fog nozzle as required.  Valve cabinet shall be Potter-
Roemer series fully recessed fire hose cabinet, 20 gauge white glossy polyester coated 
steel box, 20 gauge tubular steel door with 18 gauge frame.  Door and frame finished 
with white prime polyester coating  Provide with break glass steel door, cam catch, 
identify decal, recessed or surface mounted unit as indicated. 

 
2.2. SPRINKLER HEADS  
 

A. Suspended or Drywall Ceilings: 
 

1. Manufacturer: Victaulic, Viking, Grinnell, Reliable, or approved equal. 
 

2. All sprinkler heads installed in suspended ceilings and drywall ceilings including 
bulkheads shall be Victaulic Model V38 concealed quick response sprinkler or 
approved equal. Cover plate shall be finished with a polyester baked enamel 
finish.  Color selection by Architect.  Provide cover assembly with each head.  
Frangible glass bulb shall be temperature rated for specific area hazard. 

 
3. Sprinkler heads in all other areas with finished ceilings shall be Victaulic Model 
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V27 or approved equal.  These sprinklers shall be standard pendant type with 
matching screw on escutcheon plate. Sprinkler and escutcheon plate finish shall 
be chrome plated.  Fusible link shall be temperature rated for specific area 
hazard. 

 
B. Exposed Area Type: 

 
1. Manufacturers: Victaulic, Viking, Grinnell, Reliable, or approved equal. 

 
2. Sprinkler heads in unfinished or exposed areas shall be Victaulic Model V27, or 

approved equal. These sprinklers shall be standard, ½ inch upright, pendant or 
conventional where required. Provide guards where hereinafter indicated. 
Sprinklers shall be brass with frangible glass bulb temperature rated for specific 
area hazard. Provide standard brass, screw on flat escutcheon plate. 

 
C. Sidewall type: 

 
1. Manufacturers: Victaulic, Viking, Grinnell, Reliable, or approved equal. 

 
2. Sidewall sprinklers shall be Victaulic Model V27 semi-recessed horizontal 

sidewall type with matching screw on escutcheon plate. Sprinkler and escutcheon 
plate finish shall be chrome plated. Frangible glass bulb shall be temperature 
rated for specific area hazard. 

 
D. Dry Sprinklers: 

 
1. Manufacturers: Victaulic, Viking, Grinnell, Reliable, or approved equal. 

 
2. Sprinkler heads for areas subject to freezing (walk-in boxes), and similar spaces 

shall be Victaulic Model V36 dry sprinkler or approved equal.  Dry sprinkler 
shall be standard or expose pendant type with matching escutcheon plate. 
Sprinkler and escutcheon plate shall be chrome plated. Frangible glass bulb shall 
be temperature rated for specific area hazard.  Length of heads shall be as 
required to suit field conditions.  Provide adjustable surface mounted escutcheon 
plate with each head.  Provide flush ceiling plate. For small systems, per NFPA-
13, glycol loops shall be acceptable at Contractor’s option, subject to the 
approval of the authority having jurisdiction. 

 
E. Attic Sprinklers: 

 
1. Manufacturers: Victaulic, Viking, Grinnell, Reliable. 

 
2. Sprinkler heads for attic areas shall be Central Attic type or approved equal wet 

or dry sprinkler specifically listed for attic applications. Model and deflection 
type shall be as required to accommodate dual directional, single directional, 
back to back, and hip applications.  Sprinklers and escutcheon shall be Natural 
Brass finish. Fusible links shall be temperature rated for specific application.  
Fast response glass bulb or fusible link shall be furnished. 

 
F. Quick Response Type: 
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1. Manufacturers: Victaulic, Viking, Grinnell, Reliable or approved equal. 
 

2. Sprinkler heads shall be listed quick response sprinklers in accordance with 
NFPA-13 and NFPA-101.  Quick response sprinklers shall be Victaulic Model 
V27 or approved equal.  Model and deflector style shall be as required to 
accommodate upright, pendant, sidewall or recessed mounting. Sprinklers and 
escutcheon plates shall be chrome plated. Frangible glass bulb shall be 
temperature rated for specific area hazard. 

 
G. The temperature rating of the sprinklers shall be as required by N.F.P.A.-13 and or the 

authority having jurisdiction. 
 

H. All sprinkler heads installed in lay-in ceiling tiles shall be located in the center of the tile 
to provide a symmetrical, aesthetic and neat appearance.  All sprinkler heads installed in 
bulkheads, recesses, and soffits shall be centered to provide a symmetrical, aesthetic and 
neat appearance. 

 
I. Provide extended escutcheons in rooms with surface mounted lighting fixtures. 

 
J. Additional heads shall be furnished as required by NFPA-13.  The heads shall be in a 

cabinet designed to hold the heads and include one sprinkler head wrench for each type 
of sprinkler.  Cabinet shall be mounted where indicated in the field. 

 
K. Head guards shall be provided in mechanical spaces, penthouses, janitors’ closets, 

electrical rooms, storage areas, gymnasiums, and auxiliary gymnasiums.  Finish for head 
guards in finished spaces shall be selected by Architect. 

 
L. Sprinkler escutcheons and guards shall be listed, supplied, and approved for use with the 

sprinkler, by the sprinkler manufacturer. 
 
M. Provide high temperature sprinkler heads for use adjacent to skylights, heaters, lights, or 

other high temperature areas. 
 
2.3. FLEXIBLE SPRINKLER DROPS 

 
A. Stainless Steel Sprinkler Fittings 

 
1. Manufacturer:  Victaulic AquaFlex® 

 
2. In lieu of rigid pipe offsets for concealed locations only, or return bends for 

sprinkler drops, the Victaulic AquaFlex® stainless steel, multiple-use, sprinkler 
fitting system may be used to locate sprinklers as required by final finished 
ceiling tiles and walls.  The drop system shall consist of a braided or unbraided 
(corrugated) type 304 stainless steel flexible tube, a zinc-plated steel 1” NPT 
male threaded nipple for connection to branch-line piping, and a zinc-plated steel 
reducer with ½” or ¾” NPT female thread for connection to the sprinkler head.  
Union joints shall be provided for ease of installation.  The flexible drop shall 
attach to the ceiling grid using a one-piece open gate bracket.  The braided drop 
system is FM approved for sprinkler services to 200 psi and can be installed 
without the use of tools, and the unbraided system is UL listed for sprinkler 
services to 175 psi. 
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2.4. SIGNS 
 

A. Provide 9 inch x 7 inch signs suspended from control valves which indicate the purpose 
of the valve and its normal position, Central Type A or approved equal. 

 
B. All control, drain, and test connection valves shall be provided with signs indicating 

purpose. 
 

C. Signs shall be fabricated of an approved material, painted red with white lettering. 
 

D. Signs shall have typed labels. Handwritten labels shall not be acceptable. 
 
2.5. DRAINS 
 

A. The sprinkler systems shall be arranged to be completely drainable.  Means of drainage 
shall be provided with adequate protection from freezing. 

 
B. Drain valve may be combined with sprinkler alarm test valve and sight glass, G/J 

Innovations Sure-Test or approved equal.  Valve shall be UL listed with positive off 
handle for off, test or drain, integral sight glass, orifice size equal to smallest sprinkler 
orifice and full 1 inch drain. 

 
2.6. ALARM DEVICES 
 

A. Approved water flow switches shall be installed to activate the fire alarm, and annunciate 
sprinkler flow at a minimum on each floor, each system riser, where indicated on the 
contract documents and where required by N.F.P.A. or the authority having jurisdiction.  
Conductors shall be provided under the electric division to provide fire alarm, and 
annunciation.  Activation of the sprinkler system by one sprinkler or equivalent test shall 
cause the fire alarm system to activate, and the appropriate lamp(s) to activate on the 
annunciator.  An approved test shall be provided for each water flow switch. 

 
B. All valves controlling water supply for sprinklers shall be electrically supervised in 

accordance with requirements of NFPA 13 and 72A, and provided under this Division.  
Provide separate valve chart for all fire protection valve indicating valve type, normal 
position, size, location and type of supervision insert in O&M manual and mount 
additional copies in fire pump room and mechanical rooms. 

 
C. Valve tamper switches shall be Model OSY2 as manufactured by System Sensor or 

Model OSYSU-A2 as manufactured by Potter Electric Signal Company or approved 
equal.  The valve tamper switches shall monitor the open position of  all OS&Y gate 
valves. Each tamper switches shall contain two sets of single pole double throw, Form C 
contacts.  All valve tamper switches shall have tamper resistant covers that upon removal 
of the cover will cause the switches to operate.  Tamper switches shall be suitable for 
125/250 VAC @ 15 AMPS.  All tamper switches shall be U.L. listed and F.M. approved. 

 
D. Pressure type flow switches shall be Model EPS10 as manufactured by System Sensor or 

Model PS10-2 as manufactured by Potter Electric Signal Company or approved equal.  
Each pressure type flow switch shall contain two sets of single pole double throw switch 
contacts.  All pressure type flow switches shall have tamper resistant covers that upon 
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removal of the cover will cause the switches to operate.  Pressure type flow switches shall 
be suitable for 125/250 VAC @ 10 AMPS.  All pressure type flow switches shall be U.L. 
listed and F.M. approved. 

 
E. Vane Type waterflow switch with retard shall be WFD Series as manufactured by System 

Sensor or Model VSR-F as manufactured by Potter Electric Signal Company or approved 
equal.  The VAC type waterflow switches shall contain two single pole, double throw 
form C, snap return switches.  All Vane type waterflow switches shall have tamper 
resistant covers that upon removal of the cover will cause the switches to operate.  Vane 
type waterflow switches shall be suitable for 125/250 VAC @ 10 AMPS.  All vane type 
waterflow switches shall be U.L. listed and F.M. approved. 

 
2.7. GAUGES 
 

A. A listed 3 ½ inch dial spring pressure gauge shall be connected to the top of each 
standpipe.  Gauges shall be located in a suitable place to prevent freezing.  Each gauge 
shall be controlled by a valve having arrangement for draining. 

 
B. Listed pressure gauges with connections not smaller than ¼ inch shall be installed at the 

system main drain, at each main drain associated with a floor control valve, and above 
and below each alarm check-valve. 

 
C. All pressure gauges shall be listed and shall have a maximum limit not less than twice the 

normal working pressure at the point where installed.  They shall be installed to permit 
removal and shall be located where they will not be subject to freezing. 

 
2.8. DOUBLE DETECTOR CHECK VALVE BACKFLOW PREVENTER (FIRE PROTECTION 

SYSTEM) 
 

A. The sprinkler system backflow preventer shall be provided under this Division and 
coordinated with Plumbing Contractor.  Backflow preventer shall be sized for sprinkler 
demand to limit pressure drop to 5 psig. 

 
B. Backflow preventers for Fire Protection Systems shall be ASSE/AWWA-1015 approved, 

double detector check-valve backflow preventer assemblies at sprinkler system water 
service connections. Units shall be specifically listed for Fire Protection use.  Units shall 
be double detector check valve as manufactured by Watts 709 DCDA, Ames, Conbraco, 
Wilkens, or approved equal with OS&Y Gate valves, U.L. listed, F.M. approved, NSF-61 
approved.  Units shall be suitable for minimum 175 psi working pressure.  Backflow 
preventers shall be factory tested at two (2) times the working pressure encountered or as 
required by N.F.P.A.  Backflow preventer shall be capable of withstanding test pressures 
per N.F.P.A. 

 
C. Backflow preventer shall be factory finished with epoxy coated paint or shall be 304 

stainless steel. 
 

D. Pipe any discharge openings full size, through air gap fittings, to nearest floor drain.  
Maintain clearances for servicing as required by Plumbing Code and authority having 
jurisdiction. Discharge piping shall be Type L copper pipe. 

 
E. Provide and install tamper switches on all backflow preventers OS&Y gate valves or 
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butterfly valves.  Backflow preventer shall be installed between 12 inches and 60 inches 
above finished floor. Provide 18 inch clearance around backflow preventer for service 
and maintenance. 

 
F. Unit shall include auxiliary piping with approval backflow preventer and water meter.  

Meter shall indicate flow in gallons per minute. 
 
2.9. AUTOMATIC BALL DRIP VALVES 
 

A. Provide and install automatic ball drip valves at  the Fire Department connection.   
Discharge ball drip valves to closest floor drain or building exterior as required, with 
suitable air gap.  Automatic ball drip valves shall be ITT-AC Pump or approved equal. 

 
2.10. VALVES 
 

A. Provide and install control valves as indicated on contract drawings and as required by 
N.F.P.A.-13.  Gate valves shall be listed O.S. & Y. type. All control valves shall be 
supervised open.  Supervision shall be as required by N.F.P.A.-13.  Victaulic Series 705 
and 765 grooved end butterfly valves shall be supervised in the open position and 
Victaulic Series 707 and 766 shall be supervised closed, for fire pump metering test lines 
for NFPA-20 and rooftop test units, as well as pressure reducing valve by-pass lines per 
NFPA-14. 

 
2.11. BLIND FLANGE FOR FORWARD FLOW TESTING OF BACKFLOW PREVENTER 
 

A. A blind flange with normally closed control valve shall be provided for use in forward 
flow testing of backflow preventer.  Blind flange shall be sized to flow entire system 
demand in accordance with NFPA-13 and NFPA-25, latest edition.  Control valve shall 
be monitored with tamper switch. 

 
B. Identify and label blind flange "Backflow Preventer Test Connection" to differentiate 

fitting on exterior wall from Fire Department connection. 
 

C. Install ball drip in test pipe to allow drainage and prevent freezing. 
 
PART 3. EXECUTION 
 
3.1. GENERAL INSTALLATION REQUIREMENTS 
 

A. Install equipment in accordance with manufacturer's instructions. 
 

B. Where required, install buried shut-off valves in valve box. Provide post indicator. 
 

C. Provide approved double check valve assembly at sprinkler system water source 
connection. 

 
D. Locate fire department connection with sufficient clearance from walls, obstructions, or 

adjacent Siamese connectors to allow full swing of fire department wrench handle. 
 

E. Locate outside alarm gong on building wall. 
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F. Place pipe runs to minimize obstruction to other work. 
 

G. Place piping in concealed spaces above finished ceilings. 
 

H. Center sprinklers in two directions in ceiling tile and provided piping offsets as required. 
 

I. Apply masking tape or paper cover to ensure concealed sprinklers, cover plates, and 
sprinkler escutcheons do not receive field paint finish. Remove after painting.  Replace 
painted sprinklers. 

 
J. Flush entire piping system of foreign matter. 

 
K. Install guards on sprinklers where subject to abuse and where specified. 

 
L. Hydrostatically test entire system. 

 
M. Test must be witnessed by Fire Marshal/authority having jurisdiction/ Owner’s insurance 

underwriter/ Architect/Engineer. 
 

N. Refer to plumbing floor plans for approximate locations of sprinkler zones control valve 
assemblies and routing of fire protection mains. 

 
O. Locate inspectors test stations for sprinkler zones per NFPA-13.  Provide and install drain 

piping from all approved terminations.  Provide splash blocks for terminations outside.  
Splash block locations shall be approved by the Architects. 

 
P. The fire protection contractor shall hydraulically prove the most remote area per NFPA-

13. 
 

Q. Coordinate locations of sprinkler heads with lights, diffusers, ceiling types, etc. 
 
R. Hydrostatically test system at 200 PSI for 4 hours, per NFPA-13. 
 
S. Provide and install class III standpipe hose valves on each side of stage/platform per 

NFPA-13, NFPA-101, NFPA-14 and the BOCA Building Code provide indicating 
control valve for each hose valve.  

 
T. Provide dry pipe sprinklers at all walk-in freezers, etc., as required by NFPA-13. 
 
U. The sprinkler bulb protector must remain in place until the sprinkler is completely 

installed and before the system is placed in service.  Remove bulb protectors carefully by 
hand after installation.  Do not use any tools to remove bulb protectors. 

 
V. Refer to Architectural Drawings for exact location and extent of all fire rated walls and 

smoke barriers. 
 
W. Grooved joint piping systems shall be installed in accordance with the manufacturer’s 

(Victaulic) guidelines and recommendations.  All grooved couplings, fittings, valves, and 
specialties shall be the products of a single manufacturer.  Grooving tools shall be of the 
same manufacturer as the grooved components.  The gasket style and elastomeric 
material (grade) shall be verified as suitable for the intended service as specified.  
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Gaskets shall be molded and produced by Victaulic.  Grooved end shall be clean and free 
from indentations, projections, and roll marks in the area from pipe end to groove for 
proper gasket sealing. 

 
3.2. INTERFACE WITH OTHER PRODUCTS   
 

A. Ensure required devices are installed and connected as required to fire alarm system. 
 
3.3. LAYOUT 
 

A. Coordinate layout and installation of fire protection system with all other buildings 
structural, mechanical and electrical work.  Locate sprinkler heads symmetrically with 
respect to ceiling tiles, lighting fixtures, registers, grilles, diffusers, etc.  Provide piping 
offsets as required to maintain symmetry.  Note that a preliminary sprinkler layout is to 
be submitted for review.  Contractor is cautioned that sprinkler mains must be located to 
prevent conflict with other work and in any case, sprinkler contractor shall be responsible 
for coordination of his work with work of other trades. 

 
B. Unless otherwise indicated, the entire building shall be protected throughout with a wet 

pipe sprinkler system. 
 
3.4. WET PIPE SPRINKLER SYSTEM 
 

A. System components shall include, but not be limited to flow control valves, electrical 
connections to central fire alarm system, Siamese fire department connection, check 
valves, main piping, branch piping, inspector's test, drains, sprinkler heads, hose valves 
and cabinet, ball drip valves, signs, standpipes, etc. and all other incidental appurtenances 
as required. 

 
3.5. VALVE INSTALLATION 
 

A. Gate Valves:  Install fire-protection-service valves supervised-open, located to control 
sources of water supply except from fire department connections.  Provide permanent 
identification signs indicating portion of system controlled by each valve. 

 
B. Install check valve in each water-supply connection.  Install backflow preventers instead 

of check valves in potable-water supply sources. 
 

C. Alarm Check Valves:  Install valves in vertical position for proper direction of flow, 
including bypass check valve and retard chamber drain-line connection. 

 
3.6. CONNECTIONS 

A. Connect water supplies to standpipes and sprinklers.  Include backflow preventers. 

B. Install ball drip valves at each check valve for fire department connection.  Drain to floor 
drain or outside building. 

C. Connect piping to specialty valves,  specialties, fire department connections, and 
accessories. 
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D. Connect alarm devices to fire alarm. 

3.7. COMMISSIONING 

A. Verify that specialty valves, trim, fittings, controls, and accessories are installed and 
operate correctly. 

B. Verify that specified tests of piping are complete. 

C. Verify that damaged sprinklers and sprinklers with paint or coating not specified are 
replaced with new, correct type. 

D. Verify that sprinklers are correct types, have correct finishes and temperature ratings, and 
have guards as required for each application. 

E. Verify that potable-water supplies have correct types of backflow preventers. 

F. Verify that fire department connections have threads compatible with local fire 
department equipment 

G. Fill wet-pipe sprinkler piping with water. 

H. Energize circuits to electrical equipment and devices. 

I. Adjust operating controls and pressure settings. 

J. Coordinate with fire alarm tests.  Operate as required. 

3.8. DRAINS 

A. The sprinkler system shall be arranged to be completely drainable.  Means of drainage 
shall be provided with adequate protection from freezing. 

3.9. TESTS 

A. The sprinkler systems installation shall be hydrostatically tested, inspected, and 
approved, in accordance with NFPA Standard No. 13, NFPA Standard No. 14, and NFPA 
Standard No. 25.  Test certificate shall be forwarded to the Office of the State Fire 
Marshal and the Architect as proof of compliance. 

B. Tests shall be performed in accordance with the requirements of the Office of the State 
Fire Marshal and shall prove the systems to be adequate and satisfactory in every respect.  
All tests shall be performed in the presence of the State Fire Marshal or his 
representative. 

C. Any deficiencies revealed by these tests shall be corrected and the systems shall be 
retested until acceptable results are obtained. 

3.10. AS-BUILT DRAWINGS & PROJECT CLOSEOUT 

A. Provide separate as-built drawings of all fire protection systems meeting requirements of 
General Mechanical Requirements hereinbefore specified. 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 
  STOKES ELEMENTARY SCHOOL  
   

WATER BASED FIRE SUPPRESSION SYSTEM – SPRINKLERS AND STANDPIPES Tetra Tech 
21 10 03 - 14   

B. At the completion of the work, provide a sealed plan of the building indicating the 
locations of all control valves, low point drains, flow switches, and Inspectors Test 
Stations. The plan shall be neatly drawn and color coded to indicate the portion of the 
building protected by each system, framed under glass and permanently mounted on the 
wall adjacent to the system header. 

C. Include manufacturers literature, cleaning procedures, replacement parts, lists, and repair 
data for equipment. 

D. Include manufacturers’ instructions, start-up data, troubleshooting, check lists for all 
equipment. 

3.11. WARRANTY 

A. The Contractor's attention is directed to the warranty obligations contained in the Article 
of the General Conditions of the specifications entitled "warranty". 

3.12. OWNER TRAINING 

A. Upon completion of the project, furnish a complete copy of NFPA-25 to Owner. Provide 
correspondence indicating that the pamphlet has been turned over to the Owner. 

1. Contractor shall provide at least four (4) hours of training to the Owner on the 
proper inspection, testing, and maintenance of the installed fire protection 
system. 

2. Schedule training with the Owner through the Architect and/or Engineer with at 
least seven (7) days prior notice. 

3. A Victaulic factory-trained field representative shall provide on-site training for 
contractor’s field personnel in the proper use of grooving tools and installation of 
grooved piping products.  Factory-trained representative shall periodically review 
the product installation.  Contractor shall remove and replace any improperly 
installed products. 

END OF SECTION 
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SECTION 22 05 00 
 

COMMON WORK RESULTS FOR PLUMBING 
 
PART 1 GENERAL 
 
1.1 SUMMARY 
 

A. All work under Division 22 is subject to the Division 01, General Requirements, the 
General Conditions and Supplementary Conditions. 

 
B. Provide all labor, materials, equipment, and services necessary for and incidental to the 

complete installation and operation of all plumbing work. 
 

C. Unless otherwise specified, all submissions shall be made to, and acceptances and 
approvals made by the Architect and the Engineer. 

 
D. Contract Drawings are generally diagrammatic and all offsets, fittings, transitions and 

accessories are not necessarily shown.  Furnish and install all such items as may be 
required to fit the work to the conditions encountered.  Arrange piping, equipment, and 
other work generally as shown on the contract drawings, providing proper clearance and 
access.  Where departures are proposed because of field conditions or other causes, 
prepare and submit detailed shop drawings for approval in accordance with Submittals 
specified below.  The right is reserved to make reasonable changes in location of 
equipment, piping,  up to the time of rough-in or fabrication. 

 
E. Conform to the requirements of all rules, regulations and codes of local, state and federal 

authorities having jurisdiction. 
 

F. Coordinate the work under Division 22 with the work of all other construction trades. 
 

G. Be responsible for all construction means, methods, techniques, procedures, and phasing 
sequences used in the work.  Furnish all tools, equipment and materials necessary to 
properly perform the work in first class, substantial, and workmanlike manner, in 
accordance with the full intent and meaning of the contract documents. 

 
1.2 PERMITS AND FEES 
 

A. Obtain all permits and pay taxes, fees and other costs in connection with the work.  File 
necessary plans, prepare documents, give proper notices and obtain necessary approvals.  
Deliver inspection and approval certificates to Owner prior to final acceptance of the 
work. 

 
B. Permits and fees shall comply with the Division 01, General Requirements of the 

specification. 
 
1.3 EXAMINATION OF SITE 
 

A. Examine the site, determine all conditions and circumstances under which the work must 
be done, and make all necessary allowances for same.  No additional cost to the Owner 
will be permitted for contractors failure to do so. 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 
  STOKES ELEMENTARY SCHOOL  
   

COMMON WORK RESULTS FOR PLUMBING  Tetra Tech 
22 05 00 - 2   

 
B. Examine and verify specific conditions described in individual specifications sections. 

 
C. Verify that utility services are available, of the correct characteristics, and in the correct 

locations. 
 
1.4 CONTRACTOR QUALIFICATION 
 

A. Any Contractor or Subcontractor performing work under Division 22 shall be fully 
qualified and acceptable to the Architect and Owner.  Submit the following evidence 
when requested: 

 
1. A list of not less than five comparable projects which the Contractor completed. 

 
2. Letter of reference from not less than three registered professional engineers, 

general contractors or building owners. 
 

3. Local and/or State License, where required. 
 

4. Membership in trade or professional organizations where required. 
 

B. A Contractor is any individual, partnership, or corporation, performing work by contract 
or subcontract on this project. 

 
C. Acceptance of a Contractor or Subcontractor will not relieve the Contractor or 

subcontractor of any contractual requirements or his responsibility to supervise and 
coordinate the work, of various trades. 

 
1.5 MATERIALS AND EQUIPMENT 
 

A. Materials and equipment installed as a permanent part of the project shall be new, unless 
otherwise indicated or specified, and of the specified type and quality. Existing items of 
equipment are being relocated under another Division of these specifications.  The 
Contractor shall be responsible for connecting all utilities as shown on the drawings, to 
equipment identified as existing. 

 
B. Where material or equipment is identified by proprietary name, model number and/or 

manufacturer, furnish named item, or its equal, subject to approval by Engineer.  
Substituted items shall be equal or better in quality and performance and must be suitable 
for available space, required arrangement, and application.  Submit all data necessary to 
determine suitability of substituted items, for approval. 

 
C. The suitability of named item only has been verified.  Where more than one item is 

named, only the first named item has been verified as suitable.  Substituted items, 
including items other than first named shall be equal or better in quality and performance 
to that of specified items, and must be suitable for available space, required arrangement 
and application.  Contractor, by providing other than the first named manufacturer, 
assumes responsibility for all necessary adjustments and modifications necessary for a 
satisfactory installation. Adjustments and modifications shall include but not be limited to 
electrical, structural, support, and architectural work. 
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D. Substitution will not be permitted for specified items of material or equipment where 
noted. 

 
E. All items of equipment furnished shall have a service record of at least five (5) years. 

 
1.6 FIRE SAFE MATERIALS 
 

A. Unless otherwise indicated, materials and equipment shall conform to UL, NFPA and 
ASTM standards for fire safety with smoke and fire hazard rating not exceeding flame 
spread of 25 and smoke developed of 50. 

 
1.7 REFERENCED STANDARDS, CODES AND SPECIFICATIONS 
 

A. Specifications, Codes and Standards listed below are included as part of this 
specification, latest edition. 

B. ASHRAE -  American Society of Heating, Refrigerating and Air   
   Conditioning Engineers 

C. ASME  - American Society of Mechanical Engineers 
D. ASPE  - American Society of Plumbing Engineers 
E. ASTM  -  American Society for Testing and Materials 
F. AWWA -  American Water Works Association 
G. ASME CSD-1 - American Society of Mechanical Engineers Controls and Safety 

Devices for Automatically Fired Boilers 
H. CS  -  Commercial Standard 
I. CSD   Control and Safety Devices 
J. DNREC  - Delaware Department of Natural Resources and    

  Environmental Control 
K. EPA  - Environmental Protection Agency 
L. FDA  - Food and Drug Administration 
M. FM  - Factory Mutual 
N. IBC  - International Building Code 
O. IEEE  -  Institute of Electrical and Electronics Engineers 
P. MSSP  -  Manufacturers Standards Society of the Valve and Fittings 

Industry 
Q. NEC  -  National Electrical Code 
R. NEMA  -  National Electrical Manufacturers Association 
S. NSF  - National Sanitation Foundation 
T. TEMA  -  Tubular Exchanger Manufacturers Association 
U. UL  -  Underwriters' Laboratories 

 
V. All plumbing equipment and materials shall comply with the codes and standards listed 

in the latest edition of ASHRAE HVAC Applications Handbook, Chapter entitled Codes 
and Standards. 

 
1.8 SUBMITTALS, REVIEW AND ACCEPTANCE 
 

A. Equipment, materials, installation, workmanship and arrangement of work are subject to 
review and acceptance.  No substitution will be permitted after acceptance of equipment 
or materials except where such substitution is considered by the Architect to be in best 
interest of Owner. 
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B. After acceptance of Material and Equipment List, submit  six (6)  copies or more as 
required under General Conditions of  complete descriptive data for all items.  Data shall 
consist of specifications, data sheets, samples, capacity ratings, performance curves, 
operating characteristics, catalog cuts, dimensional drawings, wiring diagrams, 
installation instructions, and any other information necessary to indicate complete 
compliance with Contract Documents.  Edit submittal data specifically for application to 
this project. 

 
C. Thoroughly review and stamp all submittals to indicate compliance with contract 

requirements prior to submission.  Coordinate installation requirements and any electrical 
requirements for equipment submitted.  Contractor shall be responsible for correctness of 
all submittals. 

 
D. Submittals will be reviewed for general compliance with design concept in accordance 

with contract documents, but dimensions, quantities, or other details will not be verified. 
 

E. Identify submittals, indicating intended application, location and service of submitted 
items.  Refer to specification sections or paragraphs and drawings where applicable.  
Clearly indicate exact type, model number, style, size and special features of proposed 
item.  Submittals of a general nature will not be acceptable.  For substituted items, clearly 
list on the first page of the submittal all differences between the specified item and the 
proposed item.  The contractor shall be responsible for corrective action and maintaining 
the specification requirements if differences have not been clearly indicated in the 
submittal. 

 
F. Submit actual operating conditions or characteristics for all equipment where required 

capacities are indicated.  Factory order forms showing only required capacities will not 
be acceptable.  Call attention, in writing, to deviation from contract requirements. 

 
G. Acceptance will not constitute waiver of contract requirements unless deviations are 

specifically indicated and clearly noted. Use only final or corrected submittals and data 
prior to fabrication and/or installation. 

 
H. For any submittal requiring more than two (2) reviews by the Engineer (including those 

caused by a change in subcontractor or supplier) the Owner will withhold contractor's 
funds by a change order to the contract to cover the cost of additional reviews.  One 
review is counted for each action including rejection or return of any reason. 

 
I. For resubmissions, the Contractor must address in writing all of the Engineer’s comments 

on the original submission to verify compliance. 
 

1.9 SHOP DRAWINGS 
 

A. Prepare and submit shop drawings for all plumbing equipment, specially fabricated items, 
modifications to standard items, specially designed systems where detailed design is not 
shown on the contract drawings, or where the proposed installation differs from that 
shown on contract drawings. 

 
B. Submit data and shop drawings including but not limited to the list below, in addition to 

provisions of the paragraph above.  Identify all shop drawings by the name of the item 
and system and the applicable specification paragraph number and drawing number. 
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C. Every submittal including, but not limited to the list below, shall be forwarded with its 

own transmittal as a separate, distinct shop drawing.  Grouping of items/systems that are 
not related shall be unacceptable. 

 
D. Items and Systems 
 

Access Doors/Panels including layout and location 
Automatic Temperature Control System and Equipment as it relates to plumbing system 
Backflow Preventers 
Coordinated Drawings 
Drain Valves  
Drip Pans 
Equipment Rails 
Fire Stopping - Methods and Materials 
Gas Pressure Regulating Valves 
Gas Quick Disconnect Valves 
Gas Solenoid Valves and Valve Boxes 
Hose Bibbs and Wall Hydrants 
Identification System 
Material and Equipment List 
Operations and Maintenance Manuals 
Pipe Materials Including Itemized Schedule 
Plumbing Fixtures & Trim 
Preliminary Testing and Balancing Report  
Pressure/Temperature Relief Valves 
Pressure Regulating Valves 
Roof Curbs 
Strainers 
Test Certificates 
Thermal Insulation Materials Include Table Summary 
Thermometers and Gauges 
Vacuum Breakers 
Valves 
Vibration Isolation Materials 
Weatherproof Assembly Components  
Wiring Diagrams, Flow Diagrams and Operating Instructions 

 
E. Contractor, additionally, shall submit for review any other shop drawings as required by 

the Architect.  No item shall be delivered to the site, or installed, until the Contractor has 
received a submittal from the Engineer marked Reviewed or Comments Noted.  After the 
proposed materials have been reviewed, no substitution will be permitted except where 
approved by the Architect. 

 
1.10 SUPERVISION AND COORDINATION 
 

A. Provide complete supervision, direction, scheduling, and coordination of all work under 
the Contract, including that of subcontractors. 

 
B. Coordinate rough-in of all work and installation of sleeves, anchors, and supports for 

piping, equipment, and other work performed under Division 22. 
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C. Arrange for pipe spaces, chases, slots, and openings in building structure during progress 

of construction to allow for mechanical installations. 
 

D. Coordinate electrical work required under Division 22 with that under Division 26.  
Coordinate all work under Division 22 with work under all other Divisions. 

 
E. Supply services of an experienced (10 years minimum) and competent Project Manager 

to be in constant charge of work at site. 
 

F. Where a discrepancy exists within the specifications or drawings or between the 
specifications and drawings, the more stringent (or costly) requirement shall apply until 
clarification can be obtained from the Engineer. Failure to clarify such discrepancies with 
the Engineer will not relieve the Contractor of the responsibility of conforming to the 
requirements of the Contract. 

 
G. Failure of contractor to obtain a full and complete set of contract documents (either 

before or after bidding) will not relieve the contractor of the responsibility of complying 
with the intent of the contract documents. 

 
H. Coordinate installation of large equipment requiring positioning before closing in 

building. 
 
1.11 CUTTING AND PATCHING 
 

A. Accomplish all cutting and patching necessary for the installation of work under Division 
22.  Damage resulting from this work to other work already in place, shall be repaired at 
Contractor's expense.  Where cutting is required, perform work in neat and workmanlike 
manner.  Restore disturbed work to match and blend with existing construction and 
finish, using materials compatible with the original.  Use mechanics skilled in the 
particular trades required. 

 
B. Do not cut structural members without approval from the Architect or Engineer. 

 
1.12 PENETRATION OF WATERPROOF CONSTRUCTION 
 

A. Coordinate the work to minimize penetration of waterproof construction, including roofs, 
exterior walls, and interior waterproof construction.  Where such penetrations are 
necessary, furnish and install all necessary curbs, sleeves, flashings, fittings and caulking 
to make penetrations absolutely watertight. 

 
B. Where plumbing vents or other pipes penetrate roofs, flash pipe with Stoneman Stormtite, 

Pate or approved equal, roof flashing assemblies with skirt and caulked counter flashing 
sleeve. 
 

C. Furnish and install pitch pockets or weather tight curb assemblies where required. 
 

D. Furnish and install roof drains, curbs, and vent assemblies specifically designed for 
application to the particular roof construction, and install in accordance with the 
manufacturer's instructions.  The Contractor shall be responsible for sleeve sizes and 
locations.  All roof penetrations shall be installed in accordance with manufacturer’s 
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instructions, the National Roofing Contractors Association, SMACNA, and as required 
by other divisions of these specifications. 

 
E. All work associated with the existing roof shall be performed so as to maintain the 

existing roof warranty. 
 
1.13 CONCRETE AND MASONRY WORK 
 

A. Furnish and install concrete and masonry work for equipment foundations, supports, 
pads, and other items required under Division 22.  Perform work in accordance with 
requirements of other applicable Divisions of these specifications. 

 
B. Concrete shall test not less than 3,000 psi compressive strength after 28 days. 

 
C. Grout shall be non-shrink, high strength mortar, free of iron of chlorides and suitable for 

use in contact with all metals, without caps or other protective finishes.  Apply in 
accordance with manufacturer's instructions and standard grouting practices. 

 
1.14 CONNECTIONS AND ALTERATIONS TO EXISTING WORK 
 

A. Unless otherwise noted on the drawings, where existing plumbing work is removed all 
pipes, valves,  etc., shall be removed, including hangers, to a point below finished floors 
or behind finished walls and capped.  Such point shall be far enough behind finished 
surfaces to allow for installation of normal thickness of required finish material. 

 
B. Where work specified in Division 22 connects to existing equipment, piping, etc., 

Contractor shall perform all necessary alterations, cuttings, fittings, etc., of existing work 
as may be necessary to make satisfactory connections between new and existing work, 
and to leave completed work in a finished and workmanlike condition. 

 
C. Where the work specified under Division 22, or under other Divisions, requires relocation 

of existing equipment, piping, etc., Contractor shall perform all work and make necessary 
changes to existing work as may be required to leave completed work in a finished and 
workmanlike condition.  Where existing insulation is disturbed, replace insulation where 
removed or damaged equal to existing, in type, thickness, density, finish and thermal 
resistance (R-value) value. 

 
D. Where the relocation of existing equipment is required for access or the installation of 

new equipment, the contractor shall temporarily remove and/or relocate and re-install as 
required to leave the existing and new work in a finished and workman like condition. 

 
1.15 DEMOLITION 
 

A. Unless otherwise noted all existing equipment, piping, etc., shall remain. 
 

B. Where existing equipment is indicated to be removed, all associated piping, conduit, 
power, controls, insulation, hangers, supports and housekeeping pads, etc., patch, paint 
and repair walls/roof/floor to match existing and/or new finishes. 
 

C. Provide necessary piping, valves, traps, temporary feeds,  etc., as required. Drain and 
refill piping systems as often as necessary to accommodate phasing and to minimize time 
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lengths of outages. 
 

D. The Contractor shall be responsible for visiting the site and determining the existing 
conditions in which the work is to be performed. 

 
E. Refer to phasing plans for additional requirements. 

 
F. Where any abandoned pipes in existing floors, walls, pipe tunnels, ceilings, etc., conflict 

with new work, remove abandoned pipes as necessary to accommodate new work. 
 

G. The location of all existing equipment, piping, etc., indicated is approximate only and 
shall be checked and verified.  Install all new plumbing work to connect to or clear 
existing work as applicable. 

 
H. Maintain egress at all times. Coordinate egress requirements with the State Fire Marshal, 

the Owner and the authorities having jurisdiction. 
 

I. When applicable, make provisions and include in bid all costs associated with confined 
entry/space requirements in crawl spaces, tunnels  and all other applicable OSHA and 
MOSH regulations. 

 
J. Where required to maintain the existing systems in operation, temporarily backfeed 

existing systems from new equipment.  Contractor shall temporarily extend existing 
piping systems to new piping systems with the appropriate shut-off valves. 

 
K. At completion of project all temporary piping, valves, controls, etc., shall be removed in 

their entirely. 
 

L. Existing piping, equipment, materials, etc., not required for re-use or re-installation in 
this project, shall be removed from the project site. 

 
M. Deliver to the Owner, on the premises where directed, existing equipment and materials 

which are removed and which are desired by the Owner or are indicated to remain the 
property of the Owner. 

 
N. All other materials and equipment which are removed shall become property of the 

Contractor and shall be promptly removed, from the premises, and disposed of by the 
Contractor, in an approved manner.  Contractor shall be responsible for proper disposal 
of all removed equipment containing refrigerants.  Contractor shall include in his bid all 
cost associated with the evacuation, removal and disposal of all existing equipment 
containing refrigerants in accordance with EPA and Health Department requirements. 

 
O. Where piping is removed, remove all pipe  hangers which were supporting the removed 

piping.  Patch the remaining penetration voids with like materials and paint to match 
existing construction. 

 
P. Where required, provide and coordinate removal and re-installation of existing 

equipment. Take care to protect materials and equipment indicated for reuse. Contractor 
shall repair or replace items which are damaged.  Contractor shall have Owner’s 
representative present to confirm condition of equipment prior to demolition. 
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Q. Before demolition begins, and in the presence of the Owners representative, test and note 
all deficiencies in all existing systems affected by demolition but not completely removed 
by demolition. Provide a copy of the list of system deficiencies to the Owner and the 
Engineer.  Videotape existing conditions in each space prior to beginning demolition 
work. 

 
R. The Owner shall have the first right of refusal for all plumbing fixtures, devices and 

equipment removed by the Contractor. 
 

S. All plumbing fixtures, devices and equipment designated by the Owner to remain the 
property of the Owner shall be moved and stored by the Contractor at a location on site as 
designated by the Owner. It shall be the Contractor’s responsibility to store all plumbing 
fixtures, devices and equipment in a safe manner to prevent damage while stored. 

 
T. All existing equipment refused by the Owner shall become the property of the Contractor 

and shall be removed from the site by the Contractor in a timely manner and disposed of 
in a legal manner. 

 
U. Work Abandoned in Place: cut and remove underground pipe a minimum of 2 inches 

beyond face of adjacent construction.  Cap and patch surface to match existing finish. 
 

V. Temporary Disconnection: Remove, store, clean, reinstall, reconnect, and make 
operational equipment indicated for relocation. 

 
W. Terminate services and utilities in accordance with local laws, ordinances, rules and 

regulations. 
 
1.16 EXCAVATION AND BACKFILLING 
 

A. GENERAL 
 

1. Perform all necessary excavation, or installation of work under Division 22, in 
whatever materials or conditions encountered, using suitable methods and 
equipment. 

 
2. Accurately establish required lines and grades and properly locate the work. 

 
3. Determine the locations of all existing utilities before commencing the work. 

 
B. Excavation: (Refer also to other portions of the specifications) 

 
1. Excavate only the required elevations.  If excavation is carried below the 

foundation lines or other required limits, backfill the excess with concrete. 
 

2. Keep banks of trenches as nearly vertical as possible, and provide sheeting and/or 
shoring as required for protection of work and safety of personnel.  Follow local, 
State, OSHA, Guidelines. 

 
3. Keep excavations dry.  Protect excavations from freezing. 

 
C. Backfilling: (Refer also to other portions of the specifications) 
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1. Backfill excavations to the required elevations and restore surfaces to their 

original or required conditions. 
 

2. Backfill shall be similar material, free from objectionable matter such as rubbish, 
roots, stumps, brush, rocks and other sharp objects.  Unless otherwise indicated, 
suitable material from the excavation may be used for backfill. 

 
3. Carefully place and mechanically tamp backfill in layers not exceeding 12 inches 

loose thickness.  Compact to 95 percent minimum. 
 

4. Do not backfill against frozen material.  Do not use frozen material for backfill. 
 
1.17 DRIVE GUARDS 
 

A. Provide safety guards on all exposed belt drives, motor couplings, and other rotating 
machinery.  Provide fully enclosed guards where machinery is exposed from more than 
one direction. 

 
B. When available, guards shall be factory fabricated and furnished with the equipment.  

Otherwise fabricate guards of heavy gauge steel, rigidly braced, removable, and finish to 
match equipment served. Provide openings for tachometers. Guards shall meet local, 
State and O.S.H.A. requirements. 

 
1.18 VIBRATION ISOLATION 
 

A. Furnish and install vibration isolators, flexible connections, supports, anchors and/or 
foundations required to prevent transmission of vibration from equipment, or piping to 
building structure.  See Division 23 Section, Vibration Controls for HVAC, Plumbing and 
Fire Protection.   

 
1.19 ALTERNATES 
 

A. Refer to Division 01 Section, “Alternates” for description of work under this section 
affected by alternates. 

 
1.20 FASTENERS 
 

A. All fasteners located in public spaces including classrooms, corridors, lobbies, etc., shall 
be provided with tamper proof fasteners.  Provide Pin Phillips hardware as manufactured 
by Challenge Industries or approved equal. 

 
1.21 DEFINITIONS 
 

A. Approve - to permit use of material, equipment or methods conditional upon compliance 
with contract documents requirements. 

 
B. Furnish and install or provide means to supply, erect, install, and connect to complete for 

readiness for regular operation, the particular work referred to. 
 

C. Contractor means the mechanical contractor and any of his subcontractors, vendors, 
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suppliers, or fabricators. 
 

D. Piping includes pipe, all fittings, valves, hangers, insulation, identification, and other 
accessories relative to such piping. 

 
E. Concealed means hidden from sight in chases, formed spaces, shafts, hung ceilings, 

embedded in construction or in crawl space. 
 

F. Exposed means not installed underground or concealed as defined above. 
 

G. Invert Elevation means the elevation of the inside bottom of pipe. 
 

H. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred  
spaces,  pipe and duct shafts, unheated spaces immediately below roof,  spaces above 
ceiling, unexcavated spaces, crawl spaces, and tunnels. 

 
I. Review - limited observation or checking to ascertain general conformance with design 

concept of the work and with information given in contract documents.  Such action does 
not constitute a waiver or alteration of the contract requirements. 

 
J. ECM:  Electronically Commutating Motor. 

 
K. Building Line:  Exterior wall of building. 

 
1.22 MINIMUM EFFICIENCY REQUIREMENTS 
 

A. All plumbing equipment shall be manufactured to provide the minimum efficiency 
requirements as specified in ASHRAE Standard 90.1, latest edition. 

 
B. All piping and equipment insulation shall comply with ASHRAE Standard 90.1, latest 

edition. 
 

C. All service water/heating equipment shall be manufactured to provide the minimum 
efficiency requirements as specified in ASHRAE Standard 90.1, latest edition. 

 
D. All plumbing devices, controls, accessories, and components shall be manufactured to 

provide the minimum efficiency requirements as specified in ASHRAE Standard 90.1, 
latest edition. 

 
1.23 SYSTEM INTEGRATION 

 
A. For all plumbing equipment specified to be provided with packaged controls and 

interfaced with the automatic temperature control system, provide system integration 
between the equipment manufacturer and the automatic temperature control 
subcontractor. 
 

B. Plumbing equipment submittals requiring system integration as defined above must 
identify all required system integration points. 

 
C. Plumbing equipment manufacturers must coordinate with ATC subcontractor regarding 

system integration prior to submitting on the equipment. 
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D. A system integration meeting must be arranged by the Mechanical Contractor and 

include, but not be limited to the systems integrator for the plumbing equipment 
manufacturer and the ATC Subcontractor.  This portion of systems integration must 
occur prior to plumbing equipment being delivered to the project. 

 
E. Once the plumbing equipment is on site, a second systems integration meeting must be 

arranged by the Mechanical Contractor to coordinate the packaged controls with the ATC 
system.  The plumbing equipment manufacturer’s representative familiar with system 
integration and the ATC subcontractor familiar with programming must be present. 

 
F. A final system integrations meeting shall occur once all equipment is in place and ready 

for operation.  The Mechanical Contractor, the plumbing equipment systems’ integrator, 
and the ATC Subcontractor shall meet on site to jointly program, schedule, verify points, 
interlock devices, and fully set up all systems integration components. 

 
G. All systems integration coordination, programming, and graphics must be completed 

prior to requesting commissioning and/or inspections by the Engineer of Record. 
 

1.24 LEAD FREE REQUIREMENTS 
 
A. All plumbing fixtures, equipment, and devices that contact potable water must be lead 

free per the State requirements.  Potable water systems shall also comply with NSF 61 – 
Annex G and NSF-372. 
 

PART 2 ELECTRICAL REQUIREMENTS 
 
2.1 WIRING DIAGRAMS 
 

A. The Contractor is responsible for obtaining and submitting wiring diagrams for all major 
items of equipment. 

 
B. Wiring diagrams shall be provided with shop drawings for all equipment requiring 

electric power. 
 

C. Provide wiring diagrams for all major plumbing items of equipment to electrical 
contractor and ATC subcontractor for coordination. 

 
PART 3 EXECUTION 
 
3.1 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 
 

A. Install equipment to provide maximum possible headroom, if mounting heights are not 
indicated. 

 
B. Install equipment according to approved submittal data. Portions of the work are shown 

only in diagrammatic form.  Refer conflicts to the Architect. 
 

C. Install equipment level and plumb, parallel and perpendicular to other building systems 
and components in exposed interior spaces, unless otherwise indicated. 
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D. Install plumbing equipment to facilitate service, maintenance, and repair or replacement 
of components. Connect equipment for ease of disconnecting, with minimum interference 
to other installations.  Extend grease fittings to accessible locations. 

 
E. Install equipment giving right of way to piping installed at required slope. 

 
F. Install flexible connectors on equipment side of shutoff valves, horizontally and parallel 

to equipment shafts if possible. 
 
G. Do not install equipment or piping over electrical gear, electrical panels, motor 

controllers, and similar electrical equipment.  Install equipment and piping to maintain 
clear space above and in front of all electrical components per the National Electric Code. 

 
3.2 SUPPORTS, HANGERS AND FOUNDATIONS 
 

A. Provide supports, hangers, braces, attachments and foundations required for the work.  
Support and set the work in a thoroughly substantial and workmanlike manner without 
placing strains on materials, equipment, or building structure, submit shop drawings for 
approval.  Coordinate all work with the requirements of the structural division. 

 
B. Supports, hangers, braces, and attachments shall be standard manufactured items or 

fabricated structural steel shapes.  All interior hangers shall be galvanized or steel with 
rust inhibiting paint.  For un-insulated copper piping provide copper hanger to prevent 
contact of dissimilar metals.  All exterior hangers shall be constructed of stainless steel 
utilizing stainless steel rods, nuts, washers, bolts, etc.   

 
C. Concrete housekeeping pads and foundations shall be not less than 4 inches high  and 

shall extend a minimum of 6 inches beyond equipment bases.  Provide wire-mesh 
reinforcement; chamfer exposed edges and corners; and finish exposed surfaces smooth. 

 
D. Where new concrete housekeeping pads are placed on existing concrete, saw cut the 

existing concrete to the perimeter dimension of the new pad to a depth of ½ inch.  Break 
out the top ½ inch area of the existing concrete.  Add stubs of #4 rebar angled into the 
existing concrete at a depth of approximately 50 percent of the existing slab thickness.  
The top portion of the rebar stub shall extend into the new pad by approximately 50 
percent of its thickness.  Furnish one rebar stub per every two square feet of new pad.  
Chemically bond the new concrete to the existing concrete. 

 
3.3 DEMONSTRATION AND TRAINING VIDEO RECORDINGS 

 
A. General:  Record demonstration and training video recordings.  Record each training 

module separately. 
 
1. At beginning of each training module, record each chart containing learning 

objective and lesson outline. 
 

B. Video Recording Format:  Provide high-quality color video recordings with menu 
navigation in format acceptable to Engineer 
 

C. Recording: Mount camera on tripod before starting recording, unless otherwise necessary 
to show area of demonstration and training.  Display continuous running time. 
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D. Narration:  Describe scenes on video recording by audio narration by microphone while 

video recording is recorded.  Include description of items being viewed. 
 
E. Transcript: Provide a transcript of the narration.  Display images and running time 

captured from videotape opposite the corresponding narration segment. 
 

3.4 PROVISIONS FOR ACCESS 
 

A. The contractor shall provide access panels and doors for all concealed equipment, valves, 
strainers, dampers, filters, controls, control devices, cleanouts, traps, and other devices 
requiring maintenance, service, adjustment, balancing or manual operation. 

 
B. Where access doors are necessary, furnish and install manufactured painted steel door 

assemblies consisting of hinged door, key locks, and frame designed for the particular 
wall or ceiling construction.  Properly locate each door. Door sizes shall be a 12 inches x 
12 inches for hand access, 18 inches x 18 inches for shoulder access and 24 inches x 24 
inches for full body access where required.  Review locations and sizes with Architect 
prior to fabrication.   Provide U.L. approved and labeled access doors where installed in 
fire rated walls or ceilings.  Doors shall be Milcor Metal Access Doors as manufactured 
by Inland-Ryerson, Mifab, or approved equal. 

 
1. Acoustical or Cement Plaster:  Style B 
2. Hard Finish Plaster:  Style K or L 
3. Masonry or Dry Wall:  Style M 

 
C. Where access is by means of liftout ceiling tiles or panels, mark each ceiling grid using 

small color-coded and numbered tabs.  Provide a chart or index for identification.  Place 
markers within ceiling grid not on ceiling tiles. 

 
D. Access panels, doors, etc. described herein shall be furnished under the section of 

specifications providing the particular service and to be turned over to the pertinent trade 
for installation.  Coordinate installation with installing contractor.  All access doors shall 
be painted in baked enamel finish to match ceiling or wall finish. 

 
E. Submit shop drawings indicating the proposed location of all access panels/doors.  

Access doors in finished spaces shall be coordinated with air devices, lighting and 
sprinklers to provide a neat and symmetrical appearance. 

 
F. Where access doors are installed in wet locations (i.e. shower rooms, toilet rooms, 

kitchen rooms, kitchens, dishwasher rooms, can wash rooms, and similar spaces, etc.) 
provide aluminum access doors/frame. 

 
3.5 PAINTING AND FINISHES 
 

A. Provide protective finishes on all materials and equipment.  Use coated or corrosion-
resistant materials, hardware and fittings throughout the work.  Paint bare, untreated 
ferrous surfaces with rust-inhibiting paint.  All exterior components including supports, 
hangers, nuts, bolts, washers, vibration isolators, etc. shall be stainless steel. 

 
B. Clean surfaces prior to application of insulation, adhesives, coatings, paint, or other 
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finishes. 
 

C. Provide factory-applied finishes where specified.  Unless otherwise indicated factory-
applied paints shall be baked enamel with proper pretreatment. 

 
D. Protect all finishes and restore any finishes damaged as a result of work under Division 

22 to their original condition. 
 

E. The preceding requirements apply to all work, whether exposed or concealed. 
 

F. Remove all construction marking and writing from exposed equipment, piping and 
building surfaces.  Do not paint manufacturer's labels or tags. 

 
G. All exposed piping, equipment, etc. shall be painted.  Colors shall be as stated in this 

division or as selected by the Architect and conform to ANSI Standards. 
 

H. All exterior roof mounted equipment, piping and vents shall be painted to match roof in 
color as selected by Architect. 

 
I. All exposed piping, equipment, etc. in finished spaces shall be painted.  Colors shall be as 

selected by the Architect and conform to ANSI Standards. 
 

J. All exposed piping, equipment, etc., in Mechanical Rooms, Penthouses, Fire Pump 
Rooms, Mezzanines, Crawlspaces, and Storage where PVC jacketed shall not require 
painting.  Label and identify and color code as specified. 

 
3.6 CLEANING OF SYSTEMS 
 

A. Thoroughly clean systems after satisfactory completion of pressure tests and before 
permanently connecting fixtures, equipment, traps, strainers, and other accessory items.  
Blow out and flush piping until interior surfaces are free of foreign matter. 

 
B. Flush piping in re-circulating water systems to remove cutting oil, excess pipe joint 

compound, solder slag and other foreign materials.  Do not use system pumps until after 
cleaning and flushing has been accomplished to the satisfaction of the Engineer.  Employ 
chemical cleaners, including a non-foaming detergent, not harmful to system 
components.  After cleaning operation, final flushing and refilling, the residual alkalinity 
shall not exceed 300 parts per million.  Submit a certificate of completion to Engineer 
stating name of service company used. 

 
C. Maintain strainers and dirt pockets in clean condition. 

 
D. Pay for labor and materials required to locate and remove obstructions from systems that 

are clogged with construction refuse after acceptance. Replace and repair work disturbed 
during removal of obstructions. 

 
E. Leave systems clean, and in complete running order. 
 

3.7 COLOR SELECTION 
 

A. Color of finishes shall be as selected by the Architect. 
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B. Submit color of factory-finished equipment for acceptance prior to ordering. 
 

3.8 PROTECTION OF WORK 
 

A. Protect work, material and equipment from weather and construction operations before 
and after installation.  Properly store and handle all materials and equipment. 

 
B. Cover temporary openings in piping and equipment to prevent the entrance of water, dirt, 

debris, or other foreign matter.  Deliver pipes and tubes with factory applied end caps. 
 

C. Cover or otherwise protect all finishes. 
 

D. Replace damaged materials, devices, finishes and equipment. 
 

E. Protect stored pipes and tubes from moisture and dirt. Elevate above grade.  Do not 
exceed structural capacity of floor, where stored inside. 

 
3.9 OPERATION OF EQUIPMENT 
 

A. Clean all systems and equipment prior to initial operation for testing, balancing, or other 
purposes.  Lubricate, adjust, and test all equipment in accordance with manufacturer's 
instructions.  Do not operate equipment unless all proper safety devices or controls are 
operational.  Provide all maintenance and service for equipment that is authorized for 
operation during construction. 

 
B. Where specified, or otherwise required, provide the services of the manufacturer's 

factory-trained servicemen or technicians to start up the equipment.  Where factory start-
up of equipment is not specified, provide field start-up by qualified technician. 

 
C. Submit factory start-up sheets or field start-ups sheets for all equipment prior to the 

commencement of testing and balancing work. Testing and balancing work shall not 
commence until start-up reports have been completed, reviewed by Engineer and 
forwarded to Testing and Balancing Agency. 

 
D. Do not use plumbing systems for temporary services or temporary conditioning during 

construction.  Refer to Division 01 section "Temporary Facilities and Controls" for 
temporary plumbing during construction. 

 
E. Upon completion of work, clean and restore all equipment to new conditions; replace 

expendable items such as filters. 
 
3.10 IDENTIFICATIONS, FLOW DIAGRAMS, ELECTRICAL DIAGRAMS AND OPERATING 

INSTRUCTIONS 
 

A. Contractor shall submit for approval schematic piping diagrams of each piping system 
installed in the building.  Diagrams shall indicate the location and the identification 
number of each valve in the particular system.  Following approval by all authorities, the 
diagrams shall be framed, mounted under safety glass and hung in each Mechanical 
Room where directed.  Contractor shall deliver the tracing or sepia from which the 
diagrams were reproduced to the Owner. 
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B. All valves shall be plainly tagged.  For any bypass valves, install sign indicating valve 

position as “Normally Open” or “Normally Closed” as required. 
 

C. All items of equipment, including motor starters and disconnects shall be furnished with 
white on black plastic permanent identification cards. Lettering shall be a minimum of ¼ 
inch high. Identification plates shall be secured, affixed to each piece of equipment, 
starters, disconnects, panels by screw or adhesive (tuff bond #TB2 or as approved equal).  
Equipment identification and room name or area served shall be on each panel. 

 
D. Provide six (6) copies of operating and maintenance instructions for all principal items of 

equipment furnished.  This material shall be bound as a volume of the Operations and 
Maintenance Manuals as hereinafter specified. 

 
E. All lines piping installed under this contract shall be stenciled with direction of flow 

arrows and with stenciled letters naming each pipe  and service. Refer to Division 22 
Section, Plumbing Piping, Fittings, Valves, Etc.   Color code all direction of flow arrows 
and labels.  In finished spaces omit labeling and direction of flow arrows.  Paint in color 
as selected by Architect. 

 
F. Submit list of wording, symbols, letter size, and color coding for plumbing identification. 

Submit samples of equipment identification cards, piping labels, labels, and valve tags to 
Engineer for review prior to installation. 

 
G. Provide at least 16  hours of straight time instruction to the operating personnel.  Time of 

instruction shall be designated by the Owner.  Additional instruction time for the 
automatic temperature control (ATC) system is specified in Division 23 Section, 
Instrumentation and Controls of HVAC and Plumbing Systems. 

 
H. Contractor shall demonstrate Sequences of Operation of all plumbing equipment in 

presence of Owner’s representative, Engineer, and ATC subcontractor. 
 
3.11 WALL AND FLOOR PENETRATION 
 

A. All penetrations of partitions, ceilings, roofs and floors by piping or conduit under 
Division 22 shall be sleeved, sealed, and caulked airtight for sound and air transfer 
control.  Penetrations of mechanical room partitions, ceilings, and floors shall be as 
specified in Division 07 Section, Fire Protection, HVAC and Plumbing Penetration 
Firestopping. 

 
B. All penetration of fire rated assemblies shall be sleeved, sealed, caulked and protected to 

maintain the rating of the wall, roof, or floor.  Fire Marshal approved U.L. assemblies 
shall be utilized.  See Division 07 Section, Fire Protection, HVAC and Plumbing 
Penetration Firestopping. 

 
C. Where piping extends through exterior walls or below grade, provide waterproof pipe 

penetration seals, as specified in another division of these specifications. 
 

D. Provide pipe escutcheons and duct flanges for sleeved pipes and ducts in finished areas. 
 

E. Piping sleeves: 
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1. Galvanized steel pipe, standard weight where pipes are exposed and roofs and 

concrete and masonry walls.  On exterior walls provide anchor flange welded to 
perimeter. 
 

2. Twenty-two (22) gauge galvanized steel elsewhere. 
 
F. Extend all floor sleeves through floor at least 2-inches above finished floor, caulk sleeve 

the entire depth and furnish and install floor plate. 
 

G. Sleeves for penetrations in kitchen and food service areas shall finish .375 inches above 
floor or flush with wall surfaces and be neatly pointed up to fit snuggly against floor or 
wall material. 

 
3.12 RECORD DRAWINGS 
 

A. Upon completion of the mechanical installations, the Contractor shall deliver to the 
Architect one complete set of prints of the mechanical contract drawings which shall be 
legibly marked in red pencil to show all changes and departures of the installation as 
compared with the original design.  They shall be suitable for use in preparation of 
Record Drawings. 

 
B. Contractor shall incorporate all sketches, addendums, value engineering, change orders, 

etc., into record drawings prior to delivering to Architect. 
 
3.13 WARRANTY 
 

A. Contractor's attention is directed to warranty obligations contained in the General  
Conditions and Supplementary Conditions. 

 
B. The above shall not in any way void or abrogate equipment manufacturer's guarantee or 

warranty.  Certificates of equipment manufacturer’s warranties shall be included in the 
operations and maintenance manuals. 

 
C. The contractor guarantees for a two year period from the time of final acceptance by the 

Owner. 
 

1. That the work contains no faulty or imperfect material or equipment or any 
imperfect, careless, or unskilled workmanship. 

 
2. That all work, equipment, machines, devices, etc. shall be adequate for the use to 

which they are intended, and shall operate with ordinary care and attention in a 
satisfactory and efficient manner. 

 
3. That the contractor will re-execute, correct, repair, or remove and replace with 

proper work, without cost to the Owner, any work found to be deficient.  The 
contractor shall also make good all damages caused to their work or materials in 
the process of complying with this section. 

 
4. That the entire work shall be water-tight and leak-proof. 
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3.14  LUBRICATION 
 

A. All bearings, motors, and all equipment requiring lubrication shall be provided with 
accessible fittings for same.  Before turning over the equipment to the Owner, the 
Contractor shall fully lubricate each item of equipment, shall provide one year's supply of 
lubricant for each, and shall provide Owner with complete written lubricating 
instructions, together with diagram locating the points requiring lubrication.  Include this 
information in the Operations and Maintenance Manuals. 

 
B. In general, all motors and equipment shall be provided with grease lubricated roller or 

ball bearings with Alemite or equal accessible or extended grease fittings and drain plugs. 
 
3.15 OPERATIONS AND MAINTENANCE MANUALS 
 

A. The Contractor shall have prepared six (6) hardcopies and one (1) electronic copy of the 
Operations and Maintenance Manuals and deliver these copies of the manuals to the 
Owner.  The manuals shall be as specified herein.  The manuals must be approved and 
will not be accepted as final until so stamped. 

 
B. The manuals shall be bound in a three-ring loose-leaf binder similar to National No. 3881 

with the following title lettered on the front:  Operations and Maintenance Manual          
Nellie Stokes Elementary School – Plumbing Systems.  No sheets larger than 8-1/2 inches 
x 11 inches shall be used, except sheets that are neatly folded to 8-1/2 inches x 11 inches 
and used as a pull-out.  Provide divider tabs and table of contents for organizing and 
separating information. 

 
C. Provide the following data in the booklet: 

 
1. As first entry, an approved letter indicating the starting/ending time of 

Contractor’s warranty period. 
2. Catalog data on each piece of plumbing equipment furnished. 
3. Maintenance operation and lubrication instructions on each piece of plumbing 

equipment furnished. 
4. Complete catalog data on each piece of plumbing equipment furnished including 

approved shop drawing. 
5. Manufacturer's extended limited warranties on equipment including but not 

limited to water heaters. 
6. Chart form indicating frequency and type of routine maintenance for all 

plumbing equipment. The chart shall also indicate model number of equipment, 
location and service. 

7. Provide sales and authorized service representatives names, address, and phone 
numbers of all equipment and subcontractors. 

8. Provide supplier and subcontractor’s names, address, and phone number. 
9. Catalog data of all equipment, valves, etc. shall include wiring diagrams, parts 

list and assembly drawing. 
10. Provide and install in locations as directed by the Owner, valve charts including 

valve tag number, valve type, valve model number, valve manufacturer, style, 
service and location.  Each valve chart shall be enclosed in a durable polymer 
based frame with a cover safety glass.   . 

11. Copy of the approved balancing report for plumbing equipment/system. 
12. Access panel charts with index illustrating the location and purpose of access 
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panels. 
13. Approved Health and Plumbing and Electrical Certificates. 
14. Start-up reports for equipment. 
15. Insert color graphic with embedded parameters for ATC system into Record and 

Information Booklet. 
 

D. Submit Operations and Maintenance Manuals prior to the anticipated date of substantial 
completion for Engineer review and approval.  Substantial completion requires that 
Operations and Maintenance Manuals reviewed and approved. 

 
3.16 INSTALLATION AND COORDINATION DRAWINGS 
 

A. Prepare, submit, and use composite installation and coordination drawings to assure 
proper coordination and installation of work.  Drawings shall include, but not be limited, 
to the following: 

 
1. Complete Plumbing, Sprinkler and HVAC Piping Drawings showing 

coordination with lights, electrical equipment, HVAC equipment and structural 
amenities. 

 
B. Draw plans to a scale not less than 3/8-inch equals one foot.  Include plans, sections, and 

elevations of proposed work, showing all equipment, and piping in areas involved.  Fully 
dimension all work including lighting fixtures, conduits, pullboxes, panelboards, and 
other electrical work, walls, doors, ceilings, columns, beams, joists and other 
architectural and structural work. 

 
C. Identify all equipment and devices on wiring diagrams and schematics.  Where field 

connections are shown to factory-wired terminals, include manufacturer’s literature 
showing internal wiring. 

 
3.17 PIPING SYSTEMS TESTING 
 

A. The entire new plumbing piping systems shall be tested hydrostatically before insulation 
covering is applied and proven tight under the following gauge pressures for a duration of 
four (4) hours.  Testing to be witnessed by Owner’s representative and documented in 
writing. 

 
SYSTEM TEST PRESSURE 
Domestic Water & Coil Drain Piping 100 psi 

Sanitary & Storm Water Piping As specified below 

 
B. All gas piping shall be pressure tested in accordance with NFPA-54.  Gas piping systems 

shall be proven tight under the following gauge pressures for a duration of four(4) hours: 
 

SYSTEM TEST PRESSURE 

Gas Piping 100 psig 

 
C. All storm, waste, vent and water piping shall be tested by the Contractor and approved by 
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the Engineer before acceptance.  All storm, soil, and waste piping, located underground, 
shall be tested before backfilling.  The costs of all equipment required for tests are to be 
included in the contract price. 

 
D. The entire new drainage system and venting system shall have all necessary openings 

plugged and filled with water to the level of the highest stack above or at the roof.  The 
system shall hold this water for thirty (30) minutes without showing a drop greater than 
1inch.  Where a portion of the system is to be tested, the test shall be conducted in the 
same manner as described for the entire system, except a vertical stack 10 feet above the 
highest horizontal line to be tested may be installed and filled with water to maintain 
sufficient pressure, or a pump may be used to supply the required pressure.  The pressure 
shall be maintained for thirty (30) minutes.  All testing shall be in accordance with the 
local Plumbing Code and witnessed by the Plumbing Inspector or authority having 
jurisdiction. 

 
E. Upon completion of roughing-in and before setting equipment and fixtures, the entire 

new water piping system shall be tested at a hydrostatic pressure of not less than one 
hundred (100) pounds per square inch gauge and proven tight at this pressure.  Where a 
portion of the water piping system is to be concealed before completion, this portion shall 
be tested separately in a manner described for the entire system. 

 
F. Testing and acceptance thereof shall be in accordance with local requirements and shall 

meet approval of authority having jurisdiction. Submit certificates and approved permits 
and insert one (1) copy in the Operations and Maintenance Manuals. 

 
3.18 EQUIPMENT BY OTHERS 
 

A. This Contractor shall make all system connections required to equipment furnished and 
installed under other divisions or furnished by the Owner.  Connections shall be complete 
in all respects to render this equipment functional to its fullest intent. 

 
B. It shall be the responsibility of the supplier of this equipment to furnish complete 

instructions for connections.  Failure to do so will not relieve this contractor of any 
responsibility for improper equipment operation. 

 
3.19 PHASING 
 

A. Refer to Architectural Specifications and contract drawings for any required phasing. 
 

B. Maintain building egress and traffic ways at all times.  Coordinate egress requirements 
with the State Fire Marshal, the Owner and Authorities having jurisdiction. 

 
C. Provide dust barriers/partitions, penetration closures, etc, to ensure safety of building 

occupants and protection of existing surroundings. 
 

D. The Building shall remain watertight at all times. 
 

E. Refer to phasing plans for additional requirements. 
 

F. Provide necessary piping, valves, etc. as required.  Drain and refill piping systems as 
often as necessary to accommodate phasing and to minimize time length of outages. 
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Provide valves, to maintain existing systems in operation until all equipment is 
connected.   Temporarily feed new systems with existing system where required or 
shown on contract drawings. 

 
G. Within thirty days of Award of Contract, the Contractor shall submit a minimum of six 

(6) copies of the proposed Phasing Plan (Drawings and detailed written description) to 
the Architect for review and approval based on the general and specific requirements 
indicated on the Drawings and Specifications.  The phasing plan shall reflect the work of 
all trades. The phasing plan shall be updated as often as needed (i.e. major deviations 
and/or modified sequence of events) and reviewed during each progress meeting so the 
facility and Architect can be aware of the areas of construction and progress as it relates 
to the approved schedule. 

 
H. Due to phased construction, some systems must be operated at part load conditions until 

later phases are completed. 
 

I. While work is in progress, except for designated short intervals during which connections 
are made, continuity of service shall be maintained to all existing systems. Interruptions 
shall be coordinated with the Owner as to time and duration.  The contractor shall be 
responsible for any interruptions to service and shall repair any damages to existing 
systems caused by his operations. 

 
3.20 OUTAGES 
 

A. Provide a minimum of fourteen (14) days notice to schedule outages.  The Contractor 
shall include in their bid outages and/or work in occupied areas to occur on weekends, 
holidays, or at night.  Coordinate and get approval of all outages with the Owner. 

 
B. Submit Outage Request form, attached at end of this Section, to Owner for approval. 
 

 
 

END OF SECTION 
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OUTAGE REQUEST 
 
 
DATE APPLIED:                                                      BY:                                  
 
DATE FOR OUTAGE:                                                      FIRM:                                 
 
START OUTAGE-TIME:                                                  DATE:                                     
 
END OUTAGE -- TIME:                                                   DATE:                                    
 
AREAS AND ROOMS:                                         

  FLOOR(S):                                         
 
   AREA(S):                                      
 
   ROOM(S):                                        
 
WORK TO BE PERFORMED:                                       
 
SYSTEM(S):                                                
 
                                                                                                                                                   
    
REQUEST APPROVED BY:                                        
     (FOREMAN OR OTHER PERSON IN CHARGE) 
 

 
 
(FOR OWNER’S USE ONLY): 
 
APPROVED:             
 
YES           NO         BY:                                                 DATE:                                  
 
DATE/TIME-AS REQUESTED:                                   OTHER :                                    
 
OWNER’S PRESENCE REQUIRED:         
  
 
YES:          NO:          NAME:                                         
 
POINT OF CONTACT:                                                                PHONE:                                       
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SECTION 22 05 05 
 

PLUMBING PIPING, FITTINGS AND VALVES 
 
PART 1. GENERAL 
 
1.1. SUMMARY 
 

A. The conditions of the contract and other general requirements apply to the work specified in 
this section.  All work under this section shall also be subject to the requirements of Division 
22 Section, Common Work Results for Plumbing and Division 01, General Requirements. 

B. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

 
1.2. SYSTEM DESCRIPTION CONDITIONS 
 

A. Provide all labor and materials necessary to furnish and install all piping systems on this 
project as herein specified and/or shown on the drawings.  Final connections to equipment 
furnished in other sections of the specifications shall be included under this section. 

 
B. All piping and insulation installed in ceiling plenums must be plenum rated and comply with 

NFPA and International Building Code (IBC). 
 

C. Where more than one piping system material is specified, ensure system components are 
compatible and joined to ensure the integrity of the system is not jeopardized.  Provide 
necessary joining fittings.  Ensure flanges, union, and couplings for servicing are 
consistently provided. 

 
D. Use unions, flanges, and couplings downstream of valves and at equipment or apparatus 

connections. Do not use direct welded or threaded connections to valves, equipment or other 
apparatus. 

 
E. Use non-conducting dielectric connections whenever jointing dissimilar metals in open 

systems. 
 

F. Provide pipe hangers and supports in accordance with ASTM B31.9 and MSS SP69 unless 
indicated otherwise. 

 
G. Use spring loaded "silent" check valves on discharge of all pumps. 

 
H. Use 3/4 inch (20 mm) ball valves with cap and chain for drains at main shut-off valves, low 

points of piping, bases of vertical risers, and at equipment.  Pipe to nearest floor drain. 
 

I. At all runout piping serving equipment, use swing joints with elbows to prevent excessive 
movement of piping due to expansion. 

 
1.3. QUALITY ASSURANCE 
 

A. Valves: Manufacturer's name and pressure rating marked on valve body. 
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B. Welding Materials and Procedures: Conform to ASME Code and applicable state labor 

regulation. Provide certificate of compliance from authority having jurisdiction indicating 
approval of welders. 

 
C. Welders Certification: In accordance with ASME Section 9. 
 
D. All grooved joint couplings, fittings, valves, and specialties shall be the products of a single 

manufacturer.  Grooving tools shall be of the same manufacturer as the grooved components. 
 
E. All castings used for coupling housings, fittings, and valve bodies shall be date stamped for 

quality assurance and traceability. 
 

F. Maintain one copy of each document on site. 
 
1.4. DELIVERY, STORAGE AND HANDLING 
 

A. Deliver, store, protect and handle products to site under as hereinbefore specified. 
 

B. Accept valves on site in shipping containers with labeling in place.  Inspect for damage. 
 

C. Provide temporary protective coating on cast iron and steel valves. 
 

D. Provide temporary end caps and closures on piping and fittings.  Maintain in place until 
installation. 

 
E. Protect piping systems from entry of foreign materials by temporary covers, completing 

sections of the work, and isolating parts of completed systems. 
 
1.5. ENVIRONMENTAL REQUIREMENTS 
 

A. Do not install underground piping when bedding is wet or frozen. 
 
1.6. EXTRA MATERIALS 
 

A. Provide one (1) repacking kit for each size valve. 
 
1.7. ALTERNATES 
 

A. Refer to Division 01 Section, “Alternates” for description of work under this section affected 
by alternates. 
 

1.8. LEAD FREE REQUIREMENTS 
 
A. All plumbing fixtures, equipment, and devices that contact potable water must be lead free 

per the State requirements. 
 

1.9. PLASTIC PIPE PENETRATIONS 
 
A. Install UL listed collars, sealing methods, and firestopping at all plastic pipe penetrations of 
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smoke walls and fire rated walls per NFPA. 
 
PART 2.  PRODUCTS 
 
2.1. PIPE MATERIALS 
 

A. All materials, unless otherwise specified, shall be new and of the best quality of their 
respective kinds, and shall conform to the requirements and ordinances of local, state and 
insurance authorities having jurisdiction.   

 
1. Sanitary Underground - Within Building to 5 Feet Outside of Foundation Wall: 

 
a). Pipe & Fittings: Cast iron soil pipe, Hubless cast iron soil pipe and fittings 

must be marked with the collective trademark of the Cast Iron Soil Pipe 
Institute and listed by NSF International as compliant with CISPI 301.   
 

b). Hubless pipe and fittings shall be joined using Heavy Duty Shielding 
Coupling, ASTM C 1540  Type 304 Stainless Steel corrugated shield and 
bands, and polychloroprene (neoprene) based rubber sleeve conforming to 
ASTM C564.   

 
i. Approved Manufacturers: 

1) Husky SD 4000 
2) Clamp All 125 
3) MG 

 
c). Service Weight pipe and fittings must be marked with the Cast Iron Soil 

Pipe Institute collective trademark and listed by NSF International as 
compliant with ASTM A 74.  Gaskets must be polychloroprene (neoprene) 
based rubber Service Weight type conforming to ASTM C564. 

 
i. Approved manufacturers: 

1) AB&I 
2) Charlotte 
3) Tyler 

 
2. Sanitary and Vents Above Floor Inside Building: 

 
a). Pipe & Fittings: Cast iron No-Hub pipe and fittings shall be marked with the 

collective trademark of the Cast Iron Soil Pipe Institute and listed by NSF 
International as compliant with CISPI 301, ASTM C564. Installation and 
support shall be in accordance with Cast Iron Soil Pipe Institute 
recommendation.  Joints shall be made with neoprene gaskets and 304 
stainless steel clamp and shield assemblies.  Sealing sleeve shall be 
polychloroprene (neoprene) based rubber sleeve conforming to ASTM 
C564. 
 

b). Hubless Cast Iron Soil Pipe and Fittings 
i. Hubless pipe and fittings must be listed by NSF International as 

compliant with CISPI 301. 
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ii. Manufacturers: 
1) AB&I 
2) Charlotte 
3) Tyler 
 

c). Medium Duty Shielding Coupling, ASTM C 1540, Type 304 Stainless Steel 
corrugated shield and bands, and polychloroprene (neoprene) based rubber 
sleeve conforming to ASTM C564. 
i. Approved manufacturers: 

1) Clamp-All 
2) Mission Rubber Company 
3) Husky HD 2000 

 
3. Indirect Waste Piping: 

 
a). Pipe & Fittings: Hard drawn Type L copper tubing with cast brass drainage 

fittings.  ASTM B88-78 and ANSI B16.1877.  All exposed indirect waste 
piping shall be chrome plated or primed and painted with silver paint. 

 
4. Storm Water Below Grade or Under Building to Point 5 Feet from Building Line: 

 
a). PVC Pipe: Schedule 40 DWV or cellular core.  Fittings: Schedule 40 PVC, 

ASTM D 2665 or ASTM F891 socket fittings.  Joints: ASTM D2855, 
solvent weld with ASTM D2564 solvent cement. 

 
b). Downspout Boots with Cleanout Tees: 

Smith, Zurn, Josam, Neenah or approved equal cast iron body downspout 
boot with strap.  Furnish unit with cast holes and galvanized flat head bolts. 
 Refer to the Architectural Contract documents for exact size.  Downspout 
boots shall discharge into coated cast iron cleanout tee with bronze plug.  
All components shall be painted in color as selected by Architect. 

 
c). Perforated Elevator Pit & Foundation Drain Piping: Advanced drainage 

system, Certain-Teed Corp. or approved equal.  Perforated, polyethylene 
(PE) pipe and fittings: ASTM F 405, corrugated, for coupled joints.  
Couplings shall be manufacturer's standard band type. 

 
5. Storm Water Above Floor Inside Building: 

 
a). PVC Pipe: Schedule 40 DWV or cellular core.  Fittings: Schedule 40 PVC, 

ASTM D 2665 or ASTM F891 socket fittings.  Joints: ASTM D2855, 
solvent weld with ASTM D2564 solvent cement. 

 
6. Domestic Cold Water Outside of Building Below Ground or Under Building to 

Point 5 Feet from Building Line: 
 

a). Pipe:  2-1/2 inches & smaller, soft temper type K.  ASTM B88 - No joints 
below grade except as approved by the Engineer. 

 
3 inches & larger, ductile iron pipe for water, ANSI 21.50 & 21.51 with 
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double thickness cement mortar lining, ANSI 21.4. 
 

b). Fittings & Joints:  wrought copper solder joint fittings, ANSI B16.22.  
Joints for copper piping shall be ASTM B32, SOLDER, grade 95TA. 

 
Cast iron pressure fittings, ANSI 21.10, Class 250.  Mechanical 
specification for mechanical joint for cast iron pressure pipe & fittings 
ANSI A21.11.  Joints for ductile iron pipe shall be AWWA C111, rubber 
gasket with 3/4 inch diameter rods. 

 
7. Domestic Hot, Cold, and Recirc., Water Piping Inside Buildings, Above Grade: 

 
a). Pipe or Tubing:  2 inches & smaller, all water lines soft temper Type K 

copper tubing below ground, hard temper Type L copper tubing above 
ground, ASTM B88, or Type 304/304L, Schedule 10S, stainless steel to 
ASTM A312. 

 
2-1/2 inches & larger, hot dipped galvanized steel  A120, ASTM A53, 
Grade B, Schedule 40 steel, or hard copper tube, Type L with copper-tube 
dimensioned grooved ends; copper ground - end fittings; copper tubing, 
keyed couplings; and grooved joints.  (Flaring of tube or fitting ends to 
accommodate alternate sized couplings is not permitted.) 

 
Provide dielectric fittings between steel and copper. Victaulic Style 47 or 
approved equal. 

 
b). Fittings & Joints:  Copper tubing fittings and joints shall be solder type 

wrought copper - 95-5 silver solder or braze (lead and antimony based 
solders are prohibited). Galvanized steel pipe fittings and joints shall be 
ANSI B16.12 hot dipped galvanized threaded ends and 125 lb. galvanized 
cast iron fittings or 150 lb. galvanized malleable iron. 
i. Stainless steel fittings shall be Vic-Press or approved equal for 

Schedule 10S pipe.  Fittings shall be precision, cold drawn, 
stainless steel with EPDM O-ring seals. (Seals shall be UL 
classified in accordance with ANSI/NSF61 for Potable Water 
service.)  Fittings rated for working pressures to 500-psi. 

ii. Grooved joint couplings shall consist of two ductile iron housing 
segments cast with offsetting angle pattern bolt pads, FlushSeal 
elastomer gasket, and ASTM A449 electroplated steel bolts and 
nuts.  (Gasket shall be UL classified in accordance with 
ASNI/NSF61 for Potable Water service, and shall meet the lead 
content requirements of NSF-372.) Installation-Ready, for direct 
stab installation without field disassembly.  Victaulic Style 607H or 
approved equal. 

iii. Installation-ReadyTM fittings for grooved end copper tubing shall be 
manufactured to copper-tube dimensions.  Fittings shall be ductile 
iron conforming to ASTM A-536, Grade 65-45-12, with 
Installation-ReadyTM ends, complete with PVDF (Poly Vinylidene 
Fluoride) and Grade “EHP” EPDM-HP (Grade ‘T’ Nitrile) gasket; 
and ASTM A449 electroplated steel bolts and nuts.  System shall 
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be rated to 300 psi (2065 kPa) with Type K or L Copper Tubing.   
1) UL classified in accordance with NSF-61 for potable water 

service.  The system shall meet the low-lead requirements 
of NSF-372. 

 
c). Gate Valves:  2-1/2 inches & larger - OS&Y, IBBM flanged, 125 lb. 

standard solid wedge. 
 

2 inches & smaller - bronze solder end, bronze body, solid wedge, rising 
stem, 200 lb. w.o.g. non-shock.  However, use brass valves only on all 
copper pipe. 

 
d). Butterfly Valves:  Cast brass body to UNS C87850, elastomer pressure 

responsive seat, aluminum-bronze disc with stainless steel stem.  Stem shall 
be offset from the disc centerline to provide complete 360-degree 
circumferential seating.  Copper-tube dimensioned grooved ends, suitable 
for working pressures to 300-psig CWP Victaulic Style 608N or approved 
equal. 
 

e). Ball Valves: Shut-off valves 2-inches and smaller shall be ball valves. Ball 
valves shall be 150 lbs, brass or bronze body, standard port, 2 piece body, 
TFE seats with bronze trim.  Ball valves shall be threaded end or solder end, 
or Vic-Press end as required to accommodate piping.  Ball valves shall be as 
manufactured by Victaulic, Conbraco, Crane, Apollo, Nibco, Watts or 
engineer approved equal. 

 
f). Unions:   2-1/2 inches & larger - 150 lb. brass companion flanges. 

 
2 inches & smaller - wrought copper, ground joint solder ends; threaded 
hexagonal stainless steel union with Vic-Press ends, Victaulic P589 or 
approved equal. 

 
g). Check Valves: 2-1/2 inches & larger - IBBM, 125 lb. std. flanged bronze 

swing check, with metal disc; 2-inches and smaller - 125 lb. std. screwed or 
solder ends. 

 
h). Globe Valves: 2 inches and smaller, bronze body, bronze trim, rising stem, 

hand wheel, inside screw, renewable composition disc, solder ends, 150 lb, 
with back seating capacity. 

 
2 inches & larger: IBBM, 150 lb, bronze trim, rising stem, handwheel 
OS&Y, plug type disc, flanged ends, renewable seat and disc. 

 
Globe valves shall be Conbraco, Crane, Nibco, Milwaukee, Watts or 
approved equal. 

 
i). Combination Shut-off/Balancing Valves: 

 
Victaulic/TA Hydronics, Taco Circuit Setter, Bell & Gossett Circuit Setter 
Plus, Flowset Accuset, Gerand, or engineer approved equal, ½ inch-3 inches 
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300 psi rated globe type or ball valve with DZR brass Ametal (copper-
alloy) or bronze body/brass ball construction with glass and carbon filled 
TFE seats, in-line flow meter and balancing and shut-off valve with built in 
ball valve for flow adjustment.  Valve shall have memory stop, calibrated 
nameplate, Schrader valve connections and preformed molded insulation.  
Valves shall be leaktight at full rated working pressure.  Balance valve size 
shall be selected based on manufacturer’s acceptable flow range and design 
flow rate.  Pressure drop through combination shut off balance valves shall 
not exceed 5 feet of head at design flow rate. 

 
j). Extended Valve Stems: Provide and install round collar type extended 

valve stems on all valves installed in insulated piping. Valve stem and collar 
shall be selected to suit insulation thickness and maintain valve handles 
outside of insulation. 
 

k). (Alternate):  At contractor’s option, Viega ProPress pressure seal 
mechanical fittings may be utilized. 

 
i. Viega, ProPress Pressure Seal Fittings:  Bronze, or copper shall 

conform to ASME B16.51, ICC LC 1002, IAPMO PS 117, NSF 
61, and NSF 61-G or NSF 372.  ProPress fittings ½-inch thru 4-
inch for use with ASTM B88 copper tube type L and ½-inch up to 
1-1/4-inch annealed copper tube.  ProPress fittings shall have an 
EPDM sealing element grip ring, PBT separator ring, EPDM 
sealing element and Smart Connect (SC) feature.   

 
8. Gas Piping: 

 
a). Pipe: Inside Building Above Ground:   Schedule 40 uncoated black steel 

pipe, ASTMA 53 or A120. 
 

b). Outside Building, Below Ground:  Copper type L tubing, ASTM B88 
Below Ground.   

 
c). Outside building above grade/roof:  Schedule 40 black steel pipe, ASTM 

A53 or A120. 
 

d). Fittings & Joints: 150 lb. screwed malleable iron ASTM B16.3 with joints 
sealed with litharge and glycerin.  Piping 2 ½ inches  and larger and any 
concealed piping within walls must be welded, ASTM A24 forged steel 
welded type joints shall be threaded or welded to ANSI B31.1 or ASME 
Sec. 1. 

 
e). Plug Valves:  2- ½ inches  & larger ASME B16.38 and MSS SP-78 cast 

iron lubricated plug valves with 125 psig pressure rating, 3 turn type.  Gas 
valves are prohibited above ceilings. 

 
f). Cocks:  2 inches& smaller - bronze, Crane 270.  AGA certified bronze 

body, plug type with bronze plug, ball type with chrome plated brass ball, 
for 5 psig or less gas.  Include AGA stamp, flat or square head or lever 
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handle, and threaded ends conforming to ASME B1.20.1 
 

g). Ball Valves:  Full flow, double seal, ball type with bronze body, Buna-N 
seals and O-ring packing, chrome plated brass ball and designed for 
working pressures up to 175 psig.  Valves shall be 3 turn type. MSS SP-78, 
class 175 WOG. 

 
h). Kitchen Equipment Gas Solenoid Valve: 

The main gas supply to the kitchen equipment shall be furnished with a new 
automatic solenoid gas valve.  Valve shall be U.L. listed and interlocked 
with hood suppression system. Coordinate with Food Service Documents. 

 
i). Gas Vents:  Install vent piping for gas pressure regulators and gas trains, 

extend outside building to a non-hazardous location away from any 
potential source of ignition, and vent to atmosphere.  Pipe material shall be 
identical to gas piping here-in before specified.  Terminate vents with 
turned down, reducing elbow fittings with corrosion-resistant insect screen 
in large end. 

 
j). Finish:  All gas piping downstream of regulator, installed exposed in a 

kitchen, or piping installed on a roof shall be primed and finished with two 
coats of rust resistant paint with pewter gray finish.  Paint shall be two part 
epoxy-exterior paint as manufactured by Pittsburgh Paint, Themeco, or 
approved equal. Painting shall be provided under another Section of these 
Specifications. 

 
B. Steel pipe shall be similar and equal to National Tube Company, Grinnell, Republic, or 

Bethlehem black or zinc-coated (galvanized) as hereinafter specified.  Pipe shall be free from 
all defects which may affect the durability for the intended use.  Each length of pipe shall be 
stamped with the manufacturer's name. 

 
C. Copper pipe shall be Revere, Anaconda or Chase with approved solder fittings. 
 
D. Welding fittings for steel pipe shall meet the requirements of ASTM Standard A-23 and shall 

be standard catalog products.  Fittings fabricated by metering and notching pipe will not be 
accepted. 

 
2.2. PIPE HANGERS, ROLLER SUPPORTS, ANCHORS, GUIDES, AND SADDLES 
 

A. All hangers for metallic piping shall be adjustable, wrought clevis type, or adjustable 
malleable split ring swivel type, having rods with machine threads.  Hangers shall be 
Grinnell Company's Figure 260, Carpenter and Patterson, or approved equal for pipe ¾-inch 
and larger, and Figure 65 for pipe 2-inches and smaller, or approved equal.  Adjustable pipe 
stanchion with U-bolt shall be Grinnell Company's Figure 191.  Pipe roller supports shall be 
Grinnell's Figure 181 or Figure 271.  Exterior pipe hangers shall be galvanized or stainless 
steel construction.  For copper piping in direct contact with the hanger, hanger construction 
shall be copper coated to prevent contact of dissimilar metals similar to Grinnell's Figure CT-
65.  Hanger spacing and rod sizes for steel and copper pipe shall not be less than the 
following: 
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NOMINAL PIPE 
SIZE IN 

 
STD. STEEL PIPE MAXIMUM SPAN 

FT. COPPER TUBE 

 
MINIMUM ROD 
DIAMETER INCHES 
OF ASTM A36 
STEEL THREADED 
RODS 

 
3/4 & 1 

 
6 5 

 
3/8 

 
1 -  ½   

 
6 8 

 
3/8 

 
2 

 
8 8 

 
3/8 

 
2 – ½   

 
10 9 

 
 ½   

 
3 

 
12 10 

 
½   

 
4 

 
14 12 

 
5/8 

 
5 

 
14 12 

 
5/8 

 
6 

 
16 14 

 
3/4 

 
8 

 
18 16 

 
7/8 

 
10 

 
20 18 

 
7/8 

 
12 

 
20 18 

 
7/8 

 
B. Install hangers for cast-iron and storm water soil piping with the following maximum 

horizontal spacing and minimum rod diameters: 
 

1. NPS 1-1/2 and NPS 2 (DN 40 and DN 50):  60 inches (1500 mm) with 3/8-inch (10-
mm) rod. 

2. NPS 3 (DN 80):  60 inches (1500 mm) with 1/2-inch (13-mm) rod. 
3. PS 4 and NPS 5 (DN 100 and DN 125):  60 inches (1500 mm) with 5/8-inch (16-

mm) rod. 
4. NPS 6 (DN 150):  60 inches (1500 mm) with 3/4-inch (19-mm) rod. 
5. NPS 8 to NPS 12 (DN 200 to DN 300):  60 inches (1500 mm) with 7/8-inch (22-

mm) rod. 
6. NPS 15 (DN 375):  60 inches (1500 mm) with 1-inch (25-mm) rod. 
7. Spacing for 10-foot (3-m) lengths may be increased to 10 feet (3 m).  Spacing for 

fittings is limited to 60 inches (1500 mm). 

C. Install supports for vertical cast-iron soil piping every 15 feet (4.5 m). 
 

D. Anchors, guides, and roller supports shall be installed in accordance with the contract 
drawings and manufacturer's recommendations to provide pipe support and control pipe 
movement for all piping systems. Anchors and guides shall be securely attached to the pipe 
support structure.  Submit shop drawing for proposed pipe support structure for guides and 
anchors for approval of the Structural Engineer.  Pipe alignment guides shall be Fig. 255 
Grinnell, or as approved equal.  Guides shall be sized to accommodate the pipe with 
insulation.  Guides shall be steel factory, fabricated, with bolted two section outer cylinder 
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and base for alignment of piping and two section guiding spider for bolting to pipe. 
 

E. Hangers for pipe sizes ½  to 1 ½  inch (13 to 38 mm): Carbon steel, adjustable swivel, split 
ring. 

 
F. Hangers for cold pipe sizes 2 inches (50 mm) and over: Carbon steel, adjustable, clevis. 

 
G. Hangers for cold pipe sizes 2 to 4 inches (50 to 100 mm): Carbon steel, adjustable, clevis. 

 
H. Hangers for cold pipe sizes 6 inches (150 mm) and over: adjustable steel yoke, cast iron roll, 

double hanger. 
 

I. Multiple or Trapeze hangers: Steel channels with welded spacers and hanger rods. 
 

J. Multiple or Trapeze hangers for hot pipe sizes 6 inches (150 mm) and over: Steel channels 
with welded spacers and hanger rod, cast iron roll. 

 
K. Wall support for pipe sizes to 3 inches (76 mm): cast iron hook 

 
L. Wall support for pipe sizes 4 inches (100 mm) and over: Welded steel bracket and wrought 

steel clamp. 
 

M. Wall support for hot pipe sizes 6 inches (150 mm) and over: welded steel bracket and 
wrought steel clamp with adjustable steel yoke and cast iron roll. 

 
N. Vertical Support: Steel riser clamp. 

 
O. Floor support for cold pipe: Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, 

and concrete pier or steel support. 
 

P. Floor support for hot pipe sizes to 4 inches (100 mm): Cast iron adjustable pipe saddle, lock 
nut, nipple, floor flange, and concrete pier or steel support. 

 
Q. Floor support for hot pipe sizes 6 inches (150 mm) and over: Adjustable cast iron roll and 

stand, steel screws, and concrete pier or steel support. 
 

R. Copper pipe support: Carbon steel ring, adjustable, copper plated. 
 

S. Hanger rods: Mild steel threaded both ends, threaded one end, or continuous threaded. 
 

T. Inserts: Malleable iron case of galvanized steel shell and expander plug for threaded 
connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms; 
size inserts to suit threaded hanger rods. 

 
2.3. VALVES 
 

A. Provide parts list and assembly drawings (exploded view) for all valves in shop drawing 
submittals.  Provide valves of the same type by the same manufacturer.   

 
B. Check valves in base mounted pump discharges shall be of the vertical type and shall be 
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Miller "non-slam" check valves or approved equal suitable for service intended.  Check 
valves in circulator discharges shall be horizontal type. 

 
C. Provide at each base mounted pump a suction diffuser of size and type shown on drawings.  

Units shall consist of a cast iron angle type body with inlet vanes, magnetic insert, and 
blowdown connection tapped gauge post, 125 psi ANSI flange and a combination stainless 
steel diffuser strainer with 3/16-inch diameter opening for pump protection.  Unit shall be 
equipped with a disposable fine mesh start up strainer which shall be removable after 30 
days.  Flow direction shall be from inside the strainer to outside for ease of service and 
cleaning.  The body shall fit the pump and connecting pipe size.  The unit shall be provided 
with an adjustable support foot to relieve piping strains from the pump suction.  Suction 
diffuser shall be Taco "SD" Series Catalog 300-4.1, Bell and Gossett Model FLG, 
Armstrong, or approved equal. 

 
D. Multi-purpose valve (non-slam check valve, throttling valve, shut-off valves and calibrated 

balancing valve) shall be provided at discharge side of each constant speed pump.  The valve 
shall be of heavy-duty cast iron construction with standard ANSI flanged connections and 
rated for a maximum working pressure of 175 psig at 240oF.  The valve shall be fitted with a 
stainless steel stem or stem sleeve and brass seat with "O" ring seal.  Valve shall be Taco 
"Plus One" Number 300-4.2, Bell and Gossett 3DS Triple Duty Valve,  Armstrong, or as 
approved equal, and shall have check and plug valve features plus a memory stop with 
pointer and scale.  Provide additional shut-off valve to allow servicing of check valve if a 
multipurpose valve is utilized in lieu of separate check, shut-off, and balance valve.  Provide 
additional shut-off valve downstream of multi-purpose valve to allow servicing of multi-
purpose check valve feature.  Provide pre-manufactured, removable  insulation covers for all 
multipurpose valves. 
 

2.4. STRAINERS 
 

A. Strainers shall be of the basket or "Y" type and shall be heavy and durable, constructed of 
best grade gray iron with the bottoms drilled and plugged.  Bodies shall have arrows clearly 
cast on the sides to show flow direction.  Strainers shall be equipped with easily removable 
covers and brass sediment baskets made of brass not less than #22 gauge in thickness.  Total 
area of basket perforations shall be not less than four times the cross section of the entering 
pipe.  Flow shall be into basket, and then out through the perforations.  Strainers shall be 
suitable for water or the intended fluid.  Strainers 2 inches and smaller shall have threaded or 
solder ends, 2 inches and larger shall have flanged ends.   

 
B. Strainer screens shall be stainless steel with perforations and shall be 1/16-inch for pipe sizes 

5 inches and less, 1/8-inch (40 percent open area) perforations for pipe sizes 6-inch and 
greater.  

 
C. Provide valved and capped (with chain) blowdowns in each strainer.  Blowdown valves shall 

be Appolo 78-100/200 series or as approved equal. 
 

D. Strainers shall be manufactured by Watts, Mueller, Armstrong, Yarway, Spirax/Sarco or as 
approved equal. 

 
2.5. UNIONS, FLANGES, AND COUPLINGS 
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A. Unions in steel pipe 2-inches and smaller shall be malleable  iron with brass inserted seats 
designed for a working pressure of 150 psig. 

 
B. Unions in copper pipe 2-inches and smaller shall be sweat fittings with bronze seats designed 

for a working pressure of 125 psig. 
 

C. Flanges for steel pipe over 2 inches shall be 150 psig, forged steel, slip on. Gaskets shall be 
1/16 inch thick pre-formed neoprene. 

 
D. Flanges for copper pipe over 2 inches shall be bronze. Gaskets shall be 1/16 inch thick 

preformed neoprene. 
 
2.6. MANUAL AIR VENTS 
 

A. Manual air vents shall be similar to the hereinafter specified gauge valves.  Provide 1/4-inch 
size on ¾-inch pipe and smaller, ½ -inch size on 1-inch pipe and larger.  Install at all high 
points of piping.  Valves shall be Crane No. 88, or as approved equal, with threaded ends, 
bronze body, bronze or brass bonnet and bronze stem. 

 
2.7. THERMOMETERS 
 

A. Unless otherwise indicated, thermometers shall be ASTM E1, in a glass type, organic filled, 
9-inch scale size, corrosion-resistant metal case, with "any-angle" mounting with positive 
locking device.  Trerice Industrial Thermometers, Weksler Instruments, Ernst Gage Co., 
Miljoco, or approved equal.  Insertion stem length shall suite the pipe size and configuration. 
 Thermometer wells shall be brass with brass union hubs in copper and in ferrous piping.  
Where piping is insulated or otherwise covered, use wells with lagging extension.  Where 
wells are installed in pipe tees at turns, increase pipe size so that well does not restrict flow. 
Accuracy shall be 2 percent. 

 
B. Unless otherwise indicated, thermometer ranges shall be as follows: 

 
1. Domestic cold water: 0 degrees F to 100 degrees F, 1 degrees F Division. 
2. Domestic hot and hot water recirculating:  30 degrees F to 180 degrees F, 2 degrees 

F Division. 
 

C. Provide heat conducting compound in wells. 
 
D. At Contractor's option, light powered thermometers may be utilized in lieu of organic filled 

thermometers. 
 
2.8. PRESSURE GAUGES 
 

A. Unless otherwise indicated, pressure gauges shall be the bronze bourdon tube type, 4-1/2-
inch dial, stem mounting, cast aluminum adjustable pointer, 1 percent accuracy over middle 
half of scale range, 1-1/2 percent over balance:  Trerice Model 600C; Weksler Instruments, 
Ernst Gage Co., Miljoco, or as approved equal. 

 
B. Gauges shall have pressure, vacuum, compound, or retard ranges as required, select ranges 

so that the normal readings are at the approximate midpoint and maximum system pressures 
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do not exceed full scale. 
 

C. Furnish and install a gauge valve at each pressure gauge.  Gauge valves shall be Crane 
Model No. 88, Needle Valve, Ernst Gage Co. FLG 200, Wexler Instrument Corp. Type 
BBV4, or approved equal, rated for pressure intended. 

 
D. Gauge connections for pressure gauges, thermometers, or control instruments shall be made 

using tee fittings, except that gauge connections up to 1-inch size in steel may be using 
threaded extra heavy pipe couplings welded directly to the main, provided that the main is at 
least 2-inch size for 2-inch connections, 3-inch size for 3/4-inch connections, and 4-inch size 
for 1-inch connections.  Minimum gauge connection shall be 2-inch ips. 

 
E. Provide snubbers on all gauges.  Snubbers shall be No. 872 by Trerice, RS1/RS6 by Wexler 

Instruments, Miljoco or as approved equal. 
 
2.9. PIPING SPECIALTIES 
 

A. Furnish and install flexible pipe connections, as specified and/or shown on the drawings, at 
suction and discharge connections of all base mounted and vertical in-line pumps, all 
vibrating equipment and elsewhere as shown.  Pump flexible connections shall be utilized at 
all pumps.  Refer to Division 23 Section, Vibration Control for HVAC, Plumbing and Fire 
Protection Equipment for specifications. 

 
B. Pressure relief valves shall be provided in the number and sizes required to relieve 110 

percent of the full input to the systems.  Valves shall be rated; and installed in accordance 
with ASME, and CSD-1 including all amendments.  Pipe discharge full size to floor drain, 
(with union) and support discharge pipe to prevent exerting any strain on relief valve body, 
piping to be Type-L copper.  Water safety relief valves shall be Watts Series 740, Conbraco, 
Series 154A, Bell and Gossett, or approved equal.  Provide pressure gauge adjacent to all 
safety relief valves. 

 
C. Gas relief valve piping shall be sized and installed in accordance with the latest edition of 

ASME Boiler & Pressure Vessel Code, CSD-1 including amendments.  Pipe material shall 
be as specified for gas piping.  Gas relief valve piping material shall be the same as 
hereinbefore specified for gas piping. 

 
2.10. ESCUTCHEONS 
 

A. Provide chromium plated escutcheons properly fitted and secured with set screws on all 
exposed piping which passes through walls, floors or ceilings of finished spaces. 

 
B. All escutcheon plates shall be chrome plated spun brass of plain pattern, and shall be set tight 

on the pipe and to the building surface.  Plastic escutcheon plates will not be accepted. 
 
2.11. DIELECTRIC CONNECTIONS: 
 

A. Furnish and install electrically insulated dielectric unions, waterway fittings, or flanges, as 
manufactured by Victaulic Company, EPCO Sales, Inc., at the following locations: 

 
1. Where steel piping systems join copper piping. 
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2. Where copper tube connects to domestic water storage tanks, water heaters, heat 

exchangers, expansion tanks, and other steel vessels. 
 

3. Avoid the installation of steel nipples, cast iron or steel valves and specialties, or 
other ferrous components in predominately copper piping systems.  Where such 
installation is necessary, isolate the component with dielectric connections.  Do not 
mix steel pipe and copper tube in the same run of pipe or in the same section of a 
piping system. 

 
4. Dielectric Waterway:  Copper silicon casting conforming to UNS C87850 with 

grooved and/or threaded ends.  UL classified in accordance with NSF-61 for potable 
water service, and shall meet the low lead requirements of NSF-372.  Basis of 
Design:  Victaulic Series 647. 

 
2.12. SLEEVES 
 

A. Sleeves shall be provided around all pipes through walls, floors, ceilings, partitions, roof 
structure members or other building parts.  Sleeves shall be standard weight galvanized iron 
pipe two sizes larger than the pipe or insulation so that pipe or insulation shall pass through 
masonry or concrete walls or floors.  Provide 20 gauge galvanized steel sheet or galvanized 
pipe sleeves for all piping passing through frame walls. 

 
B. Sleeves through floors shall be flush with the floor except for sleeves passing through 

Equipment Rooms which shall extend ¾-inch above the floor.   Refer to Division 23 Section, 
Vibration Controls for HVAC, Plumbing and Fire Protection Equipment for mechanical 
equipment room penetrations additional requirements.  Space between the pipe and sleeve 
shall be caulked.  Escutcheon plates shall be constructed to conceal the ends of sleeves.  
Each trade shall be responsible for drilling existing floors and walls for necessary sleeve 
holes.  Drilling methods and tools shall be as hereinbefore specified. 

 
C. Sleeves through walls and floors shall be sealed with a waterproof caulking compound. 

 
D. Firestop at sleeves that penetrate smoke barriers smoke partitions and/or rated walls/floors. 

 
2.13. PRESSURE REDUCING VALVES 
 

A. Provide pressure reducing valves as indicated, of size and capacity selected by the installer to 
maintain operating pressure on the system.  Body shall be cast-iron or bronze construction, 
renewable stainless steel seat, non-corrosive disc, water tight cage assembly, adjustable 
pressure ranges and inlet strainer Watts Regulator Model 223-S, Armstrong, Bell and Gossett 
or as approved equal. 

 
B. Provide pressure gauge adjacent to all pressure reducing valves to verify proper set point. 

 
2.14. WATER PROOF PIPE PENETRATION SEALS 
 

A. Provide and install waterproof pipe penetration seals at all pipes that enter the building below 
grade or through exterior wall. 
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B. Link seals are to be Metraflex Metraseals, Model MS, Linkseal, or approved equal, black  
EPDM seal material, glass reinforced plastic pressure plates, zinc plated nuts and bolts, seals 
are to be resistant to sunlight and ozone, pressure rated to make a hydrostatic seal of up to 20 
psig and up to 40 feet of head, temperature rated from –40 degrees F to 250 degrees  F. 

 
2.15. GAS PRESSURE REGULATORS 
 

A. Gas pressure regulators shall be as manufactured by Equimeter, Inc., Maxitrol Co., 
Rockwell, Fisher Controls, American Meter Co., or approved equal.  Gas pressure regulators 
shall maintain a constant downstream pressure with a variable inlet pressure. 

 
B. Gas pressure regulators shall comply with ANSI Z21.18 and shall be single stage, steel 

jacketed, corrosion-resistant type.  Include atmospheric vent, elevation compensator, with 
threaded ends conforming to ASME B1.20.1 for 2 inch NPS and smaller and flanged ends 
for 2 ½  inch NPS and larger. 

 
C. Each pressure regulator shall have an identification stamped on diaphragm cover and shall be 

painted AGA grey.  Regulator inlet and outlet pressures, and flow volume in cubic feet per 
hour of specified gas are as indicated on the contract drawings.  

 
D. Regulators installed exposed on roof or outside shall be designed and listed for outside 

installation. 
 
2.16. FLEXIBLE GAS PIPE CONNECTIONS 

 
A. Description: Comply with AGA LC 1 and include the following: 
 

1. Tubing:  Corrugated stainless steel with plastic jacket or coating. 
 

2. Fittings: Copper alloy with ends made to fit corrugated tubing.  Include ends with 
threads according to ASME B1.20.1 if connection to threaded pipe or fittings is 
required. 

 
3. Striker Plates:  Steel, designed to protect tubing from penetrations. 

 
4. Manifolds: malleable iron or steel with protective coating. Include threaded 

connections according to ASME B1.20.1 for pipe inlet and corrugated tubing 
outlets. 

 
5. Available Manufacturers: 

a). OmegaFlex, Inc. 
b). Titeflex Corp. 
c). Tru-Flex Metal Hose Corp. 
d). Ward Industries, Inc. 

 
2.17. TRANSITION FITTINGS 

 
A. General Requirements: 
 

1. Same size as pipes to be joined. 
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2. Pressure rating at least equal to pipes to be joined. 

 
3. End connections compatible with pipes to be joined. 

 
B. Fitting-Type Transition Couplings:  Manufactured piping coupling or specified piping 

system fitting. 
 
C. Plastic-to-Metal Transition Fittings: 
 

1. Manufacturers:  Subject to compliance with requirements, provide products by one 
of the following: 

 
a). Charlotte Pipe and Foundry Company. 
b). Harvel Plastics, Inc. 
c). Spears Manufacturing Company. 

 
2. Description: PVC or  CPVC one-piece fitting with manufacturer's Schedule 80 

equivalent dimensions; one end with threaded brass insert and one solvent-cement-
socket end. 

 
D. Plastic-to-Metal Transition Unions: 
 

1. Manufacturers:  Subject to compliance with requirements, provide products by one 
of the following: 

 
a). Colonial Engineering, Inc. 
b). NIBCO INC. 
c). Spears Manufacturing Company. 

 
2. Description:  PVC or CPVC four-part union.  Include brass threaded end, solvent-

cement-joint plastic end, rubber O-ring, and union nut. 
 

2.18. ROOFTOP GAS PIPING SUPPORTS/BASES 
 
A. Furnish and install rooftop gas piping supports for all piping installed on the roof.  Entire 

system shall be as manufactured by Eberl Iron Works or approved equal. 
 

B. Bases: The base supports shall be the non-penetrating type preventing need for additional 
barriers.  Base material shall be heavy duty rubber manufactured from 100% recycled ground 
crumb rubber. 

 
C. Pipe Supports:  The pipe supports shall be elevated pipe roller supports.  To allow for 

expansion and contraction the supports shall include pipe rollers, threaded rods, and 
supporting hardware.  All supports shall be type 304 stainless steel with stainless steel 
hardware.  Furnish with pipe straps to restrain pipes on the rollers. 

 
PART 3. EXECUTION 
 
3.1. GENERAL PIPING INSTALLATION REQUIREMENTS 
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A. All pipes shall be cut accurately to measurements established at the building, and shall be 

worked into place without springing or forcing, properly clearing all windows, doors and 
other openings.  Excessive cutting or other weakening of the building structure to facilitate 
piping installation will not be permitted.  All pipes shall be so installed as to permit free 
expansion and contraction without causing damage.    All open ends of pipe lines, 
equipment, etc., shall be properly capped or plugged during installation to keep dirt or  other 
foreign material out of the system.  All pipes shall be run parallel with the lines of the 
building and as close to walls, columns and ceilings as may be practical, with proper pitch.  
All piping shall be arranged so as not to interfere with removal of other equipment on 
devices not to block access to doors, windows, manholes, or other access openings.  Flanges 
or unions, as applicable for the type of piping specified, shall be provided in the piping at 
connections to all items of equipment, coils, etc., and installed so that there will be no 
interference with the installation of the equipment, ducts, etc.  All valves and specialties shall 
be placed to permit easy operation and access and all valves shall be regulated, packed and 
glands adjusted at the completion of the work before final acceptance.  All piping shall be 
installed so as to avoid air or liquid pockets throughout the work.  Ends of pipe shall be 
reamed so as to remove all burrs. 

 
B. All piping shall be graded to convey entrained air to high points where automatic air vents 

shall be provided.  The size of supply and return pipes for each piece of equipment shall in 
no case be smaller than the outlets in the equipment. 

 
C. All piping shall be run to provide a minimum clearance of 2-inches between finished 

covering on such piping and all adjacent work.  Group piping wherever practical at common 
elevations. 

 
D. All valves, strainers, caps, and other fittings shall be readily accessible. 

 
E. Rough-in and final connections are required to all equipment and fixtures provided under 

this Contract. 
 

F. Drain valves with hose connections shall be provided at low points for drainage of piping 
systems.  Blow down valves shall be provided at the ends of all mains and branches so as to 
properly clean by blowing down the lines throughout in the direction of normal flow. 

 
G. Discharge lines from all relief valves shall be piped to within 4-inches of floor and extend to 

floor drains wherever floors are not pitched to drains.  Pitch the relief valve piping away 
from the relief valve to issue that no fluid can be trapped in valve discharge.  Support all 
relief valve piping to prevent exerting strain on the relief valve body.  The end of the relief 
valve discharge piping shall not be threaded to prevent capping or plugging. 

 
H. All branches from water mains shall be taken from the top of the supply mains at an angle of 

forty-five (45) degrees above the horizontal, unless otherwise directed.  Branches feeding 
down shall be taken from the side or bottom of the main on water mains only.  All 
connections shall be carefully made to insure unrestricted circulation, eliminate air pockets 
or trapped condensate, and permit the complete drainage of the system. 

 
I. Cutoff valves shall be provided on each branch line from the mains on all plumbing lines. 
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J. Shut-off valves shall be installed at the inlet and outlet of each piece of equipment to permit 
isolation for maintenance and repair.   

 
K. Balancing valves shall be installed in all domestic re-circulating systems and at all pumps, 

and where indicated on the drawings. 
 

L. Unions shall be installed on all bypasses, at all connections to equipment, where shown on 
drawings or where required to facilitate removal of equipment whether shown or not. 

 
M. Spring clamp plates (escutcheons) shall be provided where pipes are exposed in the building 

and run through walls, floors, or ceilings.  Plates shall be chrome plated spun brass of plain 
pattern, and shall be set tight on the pipe and to the building surface. 

 
N. If the size of any piping is not clearly evident in the drawings, the Contractor shall request 

instructions for the Engineer as to the proper sizing.  Any changes resulting from the 
Contractor's failure to request clarification shall be at his expense.  Where pipe size 
discrepancies or conflicts exist in the drawings, the larger pipe size shall govern. 

 
O. Install all valves with stem upright or horizontal, not inverted. 

 
P. Where pipe support members are welded to structural building framing, scrape, brush clean, 

weld and apply one coat of zinc rich primer.  
 

Q. Provide clearance for installation of insulation and access to valves and fittings. 
 

R. Protect piping systems from entry of foreign materials by temporary covers, completing 
sections of the work, and isolating parts of completed system. 

 
S. All water containing pipes shall be routed clear of combustion air dampers and louvers to 

prevent freezing condition when dampers are open. 
 
T. Provide manual air vents at top of piping systems. 
 
U. Where access doors are required, install piping so that valves can be grouped together to 

minimize the quantity of access doors. 
 
V. Install manufactured U.L. listed firestop collars at all floor/wall penetrations for all PVC and 

CPVC pipe penetrations. 
 
3.2. THERMOMETER AND PRESSURE GAGE INSTALLATION REQUIREMENTS. 
 

A. Install thermometers and adjust vertical and tilted positions. 
 

B. Install separable sockets in vertical position in piping tees where fixed thermometers are 
indicated. 

 
1. Install with socket extending to one-third diameter of pipe. 

 
2. Fill sockets with oil or graphite and secure caps. 
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C. Install pressure gages in piping tees with pressure-gage valve located on a pipe at most 
readable location. 

 
D. Adjust faces of thermometer and gages to proper angle for best visibility. 

 
E. Clean windows of thermometer and gauges and clean factory-finished surfaces.  Replace 

cracked and broken window, and repair scratched and marred surfaces with manufacturer's 
touch up paint. 

 
3.3. VALVE INSTALLATION REQUIREMENTS 
 

A. Examine piping system for compliance with requirements for installation tolerances and 
other conditions affecting performance of valves.  Do not proceed with installation until 
unsatisfactory conditions have been corrected. 

 
B. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove 

special packing materials, such as blocks, used to prevent disc movement during shipping 
and handling. 

 
C. Operate valves from fully open to fully closed positions.  Examine guides and seats made 

accessible by such operation. 
 

D. Examine threads on valve and mating pipe for form and cleanliness. 
 

E. Examine mating flange faces for conditions that might cause leakage.  Check bolting for 
proper size, length, and material.  Check gasket material for proper size, material 
composition suitable for service, and freedom from defects and damage. 

 
F. Examine grooved ends for form and cleanliness.  Grooved ends shall be clean and free from 

indentations, projections, and roll marks in the area from pipe end to groove. 
 
G. Do not attempt to repair defective valves; replace with new valves. 

 
H. Install valves as indicated, according to manufacturer's written instructions. 

 
I. Piping installation requirements are specified in other Division 22 Sections.  Drawings 

indicate the general arrangement of piping, fittings, and specialties. 
 

J. Install valves with unions or flanges at each piece of equipment arranged to allow servicing, 
maintenance, and equipment removal without system shutdown. 

 
K. Locate valves for easy access and provide separate support where necessary. 

 
L. Install valves in horizontal piping with stem at or above the center of the pipe. 

 
M. Install valves in a position to allow full stem movement. 

 
N. Adjust or replace packing after piping systems have been tested and put into service, but 

before final adjusting and balancing. Replace valves if leak persists. 
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3.4. WASTE AND VENT PIPING INSTALLATION REQUIREMENTS 
 

A. Each pipe shall be laid true to line and grade and in such manner as to form a close 
concentric joint with the adjoining pipe and to prevent sudden offsets of the flow line.  All 
pipe when laid shall rest on the full length of the barrel and bell holes shall be dug in trench 
bottoms to make joints.  Pipe shall not be adjusted to grade by use of block or wedges.  
Where rock or old foundations are encountered, trenches shall be excavated 6-inches below 
grade and crusher run limestone shall be used as a bedding material to support barrel of pipe. 

 
B. As the work progresses, the interior of the sewer shall be cleared of all dirt and superfluous 

materials of every description. 
 

C. Trenches shall be kept free from water until the pipe jointing material has set and pipe shall 
not be laid when the conditions of the trench or the weather is  unsuitable for such work.  At 
all times, when work is not in progress, all open ends of pipe and fittings shall be securely 
closed to the satisfaction of the Engineer, so that no trench water, earth or other substance 
will enter the pipe or fittings. 

 
D. Slip joints will be permitted only in trap seals or on the inlet side of the trap.  Unions on the 

sewer side of the trap shall be ground faced, and shall not be concealed or enclosed.  Install 
bell and spigot pipe with bell end upstream. 

 
E. Threaded joints shall be American Standard taper screw threads with permacel joint 

compound applied to the male thread.  Connections between threaded pipe and cast iron pipe 
shall have a ring or half coupling screwed on to form a spigot end on the threaded pipe. 

 
F. Establish invert elevations, slopes for drainage to 1/8 inch per foot.  Maintain gradients. 
 

3.5. PIPE JOINTS INSTALLATION REQUIREMENTS 
 

A. Welded Joints:  Joints in piping 2-1/2-inches and larger shall be fusion welded.  Welding 
shall be in accordance with recommendations of the American Welding Society.  Welding 
fittings shall conform in physical and chemical properties to the latest revisions of the 
American Society for Testing Materials. 

 
B. Qualify welding procedures, welders and operators in accordance with ASME B31.1, or 

ASME B31.9 as applicable, for shop and project site welding of piping work.  Certify 
welding of piping work using Standard Procedure Specifications by, and welders tested 
under supervision of, National Certified Pipe Welding Bureau (NCPWB).  Submit welders 
qualifications for approval. 

 
C. Grooved Joints:  Grooved joint shall be installed in accordance with the manufacturer’s 

written recommendations.  Grooved ends shall be clean and free from indentations, 
projections, or roll marks.  The gasket shall be molded and produced by the coupling 
manufacturer of an elastomer suitable for the intended service.  The coupling manufacturer’s 
factory trained representative shall provide on-site training for the contractor’s field 
personnel in the use of grooving tools and installation of product.  The representative shall 
periodically visit the job site to ensure best practices in grooved product installation are 
being followed.  (A distributor’s representative is not considered qualified to conduct the 
training.) 
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D. Screwed Joints:  All screwed joints shall be made with tapered threads properly cut.  

Screwed joints shall be made perfectly tight with a stiff mixture of graphite and oil, applied 
with a brush to the male threads on the fittings. 
 

E. Soldered Joints and Copper Piping:  Joints in copper piping shall conform to the following 
minimum standards. 

 
1. The pipes shall be cut to a length making certain that the ends are square, using a 

fins hacksaw blade or tube cutter.  The ends of all pipes shall be reamed and all 
burrs removed. 

 
2. The outside end of the pipe and the cut end of the fitting shall be cleaned with steel 

wool, sand cloth, or steel wire brush.  All dark spots shall be removed. 
 

3. The flux shall be applied evenly and sparingly to the outside end of the pipe and the 
inside of the outer end of the fitting until all surfaces to be jointed are completely 
covered.  The piping and fitting shall be slipped together and reworked several times 
to insure an even distribution of the flux. 

 
4. The correct amount of solder per joint for each size pipe shall be used in accordance 

with the manufacturer's recommendations. 
 

5. Solder joints shall be made by using a direct flame from a torch. 
 

6. On pipe sizes larger than ¼-inch, the fittings and valves in the pipe shall be moved 
or tapped with a hammer when the solder starts to melt to insure an even distribution 
of the solder. 

 
7. The excess solder shall be removed while it is still in the plastic state leaving a fillet 

around the cup of the fitting. 
 

8. Solder joints shall be suitable for working pressure of 100 psig and for working 
temperature of not less than 250 degrees F.  The type of solder and flux used will be 
submitted for approval.  Type 95-5 shall be the minimum standard. 

 
9. Lead and antimony-based solders shall not be used for potable water systems.  

Brazing and silver solders are acceptable.  
 

F. Where copper piping joins steel piping, approved bronze adapters shall be used. 
 

G. Prohibited Connections:  No direct weld, soldered, or brazed connections, without unions or 
flanges, shall be made to valves, strainers, apparatus, or related equipment.  Right and left 
couplings, long threads, or caulking of pipe threads or gasket joints will not be permitted. 

 
H. Mechanical specification for mechanical joint for cast iron pressure pipe & fittings, ANSI 

A21.11. 
 

I. When installing gas piping which is to be concealed (i.e., in walls), unions, tube fittings, 
running threads, right- and left-hand couplings, bushings, and swing joints made by 
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combination of fittings shall not be used. All concealed piping within walls shall be welded. 
 

1. Gas Piping 
 

2. Final Gas Connections:  Unless otherwise specified herein, final connections shall 
be made with rigid metallic pipe and fittings. 

 
3. Pipe Joints: 

 
a). Pipe joints shall be designed and installed to effectively sustain the 

longitudinal pull-out forces caused by contraction of the piping or 
superimposed loads. 
 

b). Threaded Metallic Joints:  Threaded joints in metallic pipe shall have 
tapered threads evenly cut and shall be made with UL approved graphite 
joint sealing compound for gas service.  After cutting and before threading, 
pipe shall be reamed and burrs shall be removed.  Caulking of threaded 
joints to stop or prevent leaks shall not be permitted. 
 

c). Welded Metallic Joints:  Beveling, alignment, heat treatment, and 
inspection of welds shall conform to ASME B31.2.  Weld defects shall be 
removed and repairs made to the weld, or the weld joints shall be entirely 
removed and rewelded.  After filler metal has been removed from its 
original package, it shall be protected or stores so that its characteristics or 
welding properties are not affected adversely.  Electrodes that have been 
wetted or have lost any of their coating shall not be used. 

 
d). Thermoplastic Joints:  Jointing procedures shall conform to AGA 01.  

Solvent cement or heat of fusion joints shall not be made between different 
kinds of plastics. 
 

e). Joining Thermoplastic to Metallic Piping:  When compression-type 
mechanical joints are used, the gasket material in the fittings shall be 
compatible with the plastic piping and with the gas in the system.  An 
internal tubular rigid stiffener shall be used in conjunction with the fitting, 
and the stiffener shall be flush with the end of the pipe or tubing and shall 
extend at least to the outside end of the compression fitting when installed.  
The stiffener shall be free of rough or sharp edges and shall not be a force 
fit in the plastic.  A split tubular stiffener shall not be used. 
 

f). Special Requirements;  Drips, grading of the lines, freeze protection, and 
branch outlet locations shall be as shown and shall comply with NFPA 54 
and/or NFPA-58. 

 
g). Install containment conduits for gas piping below slabs, within building, in 

gastight conduits extending minimum of 4 inches (100mm) outside 
building, and vented to atmosphere.  Terminate vents with turned-down, 
reducing-elbow fittings with corrosion-resistant insect screens  in large end. 
 Prepare and paint outside of conduits with coal-tar epoxy-polyamide paint 
according to SSPC-Paint 16. 
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h). Install gas meter per manufacturer’s requirements. 

 
i). Install metal shut-off valves upstream and downstream of gas meter with 

full size normally closed bypass valve. 
 

j). Install strainer on inlet of gas meter. 
 

4. Install concrete filled, steel, schedule 40, painted pipe bollards around gas meter and 
regulator. 
 

J. Plastic piping solvent cement joints:  Clean and dry joining surfaces.  Join pipe and fittings 
according to the following: 

 
1. Comply with ASTM F 402 for safe handling practice of cleaners, primers, and 

solvent cements.  Apply primer. 
2. PVC Piping:  Join according to ASTM D2855. 
3. CPVC Piping:  Join according to ASTM D284.6/D 2845M Appendix. 

 
3.6. HANGERS AND SUPPORTS INSTALLATION REQUIREMENTS 
 

A. General:  All hangers shall be of an approved type arranged to maintain the required grading 
and pitching of lines to prevent vibration and to provide for expansion and contraction.  
Provide protection saddles between hangers and insulation on heating water insulated pipe.  
Saddles shall be Grinnells Figure 173/273 or approved equal.  Provide approved spacers 
between saddles and pipe where flexible insulation is specified.  Provide insulation 
protection shields for insulated piping without saddles.  Shield shall be Grinnell Figure 167 
or as approved equal. 

 
B. Spacing:  Regardless of spacing, hangers shall be provided at or near all changes in direction, 

both vertical and horizontal, for all piping.  For cast iron soil pipe, one hanger shall be placed 
at each hub or bell. 

 
C. Vertical Lines:  Shall be supported at their bases, using either a suitable hanger placed in a 

horizontal line near the riser, or a base type fitting set on a pedestal, foundation or support.  
All vertical lines extending through more than one floor level shall be supported at each floor 
with a riser clamp.  Riser clamp shall be Grinnell Co.'s Figure 261, or approved equal.  All 
vertical drops to pump suction elbows shall be supported by floor posts. 

 
D. Racks and Brackets:  All horizontal piping on vertical walls shall be properly supported by 

suitable racks securely anchored into the wall construction.  Where not practical to obtain 
ceiling anchorage, all piping near walls shall be supported by approved brackets securely 
anchored into the wall construction.  Washer plates (Fib. 60, 60L) and other miscellaneous 
attachments, fasteners, etc., shall be Grinnell or as approved equal.  All exterior hanger and 
bracket systems in their entirety shall be galvanized. 

 
E. Pipe Hangers and supports shall be attached to the panel point at the top chord of bar joist or 

at a location approved by the structural engineer. 
 

F. Select hangers and components for loads imposed.  Secure rods with double nuts. 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 
  STOKES ELEMENTARY SCHOOL  
   

PLUMBING PIPING FITTINGS, VALVES  Tetra Tech 
22 05 05 - 24   

 
G. Support of horizontal piping shall allow for vertical adjustment after installation of piping. 

 
H. Support overhead piping with clevis hangers.  

 
I. Do not support all parallel piping from the same joist.  Stagger all supports in accordance 

with the structural engineer's recommendations.  
 

J. Refer to structural documents for appropriate connection/attachment materials to building. 
 
3.7. AIR VENTING INSTALLATION REQUIREMENTS 
 

A. The top of each plumbing piping system and other points as indicated or where necessary for 
the removal of air from the system or equipment, shall be vented using an approved type of 
manual air vent. 

 
B. In addition to manual air vents at high points of system, each item of water heat transfer 

equipment shall be manually vented using an approved type manual air vent.  All air vents 
shall be accessible. 

 
3.8. DIRT POCKETS INSTALLATION 
 

A. Dirt pockets shall be installed at the base of all risers and ahead of all gas equipment and as 
indicated on the drawings. 

 
3.9. EXPANSION LOOPS AND SWING CONNECTION INSTALLATION REQUIREMENTS  
 

A. Install expansion fittings according to manufacturer's written instructions. 
 

B. Install expansion fittings in sizes matching pipe size in which they are installed. 
 

C. Align expansion fittings to avoid end-loading and torsional stress. 
 

D. Install pipe bends and loops cold-sprung in tension or compression as required to partly 
absorb tension or compression produced during anticipated change in temperature. 

 
E. Attach pipe bends and loops to anchors. 

 
1. Steel Anchors:  Attach by welding.  Comply with ASME B31.9 and ASME Boiler 

and Pressure Vessel Code:  Section IX, "Welding and Brazing Qualifications." 
2. Concrete Anchors:  Attach by fasteners.  Follow fastener manufacturer's written 

instructions. 
 

F. Connect risers and branch connections to mains with at least five pipe fittings, including tee 
in main. 

 
G. Connect risers and branch connections to plumbing equipment with at least four pipe fittings, 

including tee in riser. 
 

H. Connect mains and branch connections to plumbing equipment with at least four pipe 
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fittings, including tee in main. 
 
3.10. PIPING  IDENTIFICATION REQUIREMENTS 
 

A. All piping shall be identified with painted background marked with the name of the service 
with arrows to indicate flow direction.  Color code and system identification shall comply 
with ANSI Standards and piping identification system shall comply with ASME A13.1-81., 
scheme for the identification of piping systems and ASHRAE Fundamentals Handbook, 
latest edition. 

 
B. Markings shall be plain block letters, stenciled on pipes,  and shall be located near each 

branch connection, near each valve, and at least every 10 feet on straight runs of pipe.  
Where pipes are adjacent to each other, markings shall be neatly lined up.  All markings shall 
be located in such manner as to be easily legible from the floor.  Pipe identification schedule 
shall be as follows: 

 
 
OUTSIDE DIAMETER OF PIPE 
OR COVERING (INCHES) 

LENGTH OF COLOR 
FIELD (INCHES) 

SIZE OF LETTERS 
(INCHES) 

 
 ½  to 1  ¼   8 ½   
 
1-½  to 2 8 ¾  
 
2  ½  to 6 12 1 ¼  
 
8 to 10 24 2 ½   
 
Over 10  32 3  ½   

 
3.11. VALVE IDENTIFICATION REQUIREMENTS 
 

A. All valves shall be tagged with a numbered tag. 
 

B. The tags shall be made of 1-inch diameter brass tags fastened to the valve by means of brass 
chains.  Numbers shall agree with valve numbers on diagrammatic herein before specified. 

 
C. Provide a minimum of six (6) valve charts with valve numbers indicating valve type, size, 

manufacturer and service. 
 

D. Additional valve charts shall be mounted behind glazed wooden frames and be hung in each 
mechanical equipment room including each air handling unit mechanical equipment room.  
Additional copies shall be provided in each copy of the O&M manuals. 

 
3.12. CLEANING PIPING AND EQUIPMENT 
 

A. All water, plumbing piping, and pumped condensate systems shall be cleaned by filling with 
a solution of one (1) pound of trisodium phosphate to each 50 gallons of water and 
circulating this solution for a period of six (6) hours during which time the system shall reach 
operating temperature.  The systems shall then be flushed with fresh water and refilled with 
fresh water  purged of all air. 
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B. All water, plumbing, and pumped condensate piping system shall be flushed clean with fresh 

water.  See Division 22 Sections, Plumbing Fixture and Plumbing Equipment for domestic 
potable water cleaning and sterilization.   
 

3.13. PRESSURE SEAL FITTING INSTALLATION REQUIREMENTS  
 
A. Viega, ProPress Pressure Seal bronze, or copper fittings:  Sealing element shall be verified 

for the intended use.  Tube ends shall be cut on a right angle (square) to the tube. Tube ends 
shall be reamed and chamfered, all grease oil or dirt shall be removed from the tube end with 
a clean rag.  Visually examine the fitting sealing element to ensure there is no damage, and it 
is properly seated into the fitting.  Utilizing a Viega Insertion Depth Inspection Gauge mark 
the tube wall, with a felt tip pen, at the appropriate location, or insert the tube fully into the 
fitting and mark the tube wall at the face of the fitting.  Always examine the tube to ensure it 
is fully inserted into the fitting prior to pressing the joint.  ProPress fittings shall be installed 
according to the most current edition of the Viega installation guidelines.  Installers shall 
attend a Viega ProPress installation training class.  
 

B. After ProPress Pressure seal fittings have been installed a “two step test” shall be followed.  
Pressurize the system with application appropriate test medium, water between 15 and 85 
psi, or air/dry nitrogen between .5 and 45 psi.  Check the pressure gauge for pressure loss.  If 
the system does not hold pressure, walk the system and check for un-pressed fittings.  Should 
you identify an un-pressed ensure the tube is fully inserted into the fitting and properly 
marked, prior to pressing the joint.  After appropriate repairs have been made, retest the 
system per local code, or specification requirements, not to exceed 600 psi with water or 200 
psi when using air. 

 
 
 END OF SECTION 
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SECTION 22 07 01 
 

PLUMBING INSULATION 
 
PART 1. GENERAL 
 
1.1. REFERENCE 
 

A. The Conditions of the Contract and other General Requirements apply to the work specified 
in this Section.  All work under this Section shall be subject to the requirements of Division 
22 Section, Common Work Results for Plumbing. 

 
B. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section 
 
1.2. DESCRIPTION 
 

A. All piping and equipment installed under this Contract shall be covered as specified. 
 
1.3. SCOPE 
 

A. The work covered by this specification consists of furnishing all labor, equipment, materials 
and accessories, and performing all operations required, for the correct fabrication and 
installation of thermal insulation applied to all piping, equipment, and  systems, in 
accordance with applicable project specifications and drawings, subject to the terms and 
conditions of the contract. 

 
1.4. STANDARDS 
 

A. Thermal insulation materials shall meet the property requirements of one or more of the 
following specifications as applicable to the specific product or use: 

 
1. American Society for Testing of Materials Specifications: 

 
a). ASTM C 547, “Standard Specification for Mineral Fiber Preformed Pipe 

Insulation”. 
 

b). ASTM C 533, “Standard Specification for Calcium Silicate Pipe & Block 
Insulation”. 

 
c). ASTM C 55, “Standard Specification for Mineral Fiber Blanket and Felt 

Insulation”. 
 

d). ASTM E 96, “Standard Test Methods for Water Vapor Transmission of 
Materials”. 

 
e). ASTM C 585, “Recommended Practice for Inner and Outer Diameters of 

Rigid Pipe Insulation for Nominal Sizes of Pipe and Tubing (NPS 
System)”. 
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f). ASTM C 612, “Standard Specification for Mineral Fiber Block and Board 
Thermal Insulation”. 

 
g). ASTM C 1136, “Standard Specification for Barrier Material, Vapor, “Type 

1 or 2 (Jacket only). 
 

h). ASHRAE 90.1 “Energy efficient design of new buildings except low-rise 
residential buildings”, latest edition. 

 
B. Insulation materials, including all weather and vapor barrier materials, closures, hangers, 

supports, fitting covers, and other accessories, shall be furnished and installed in strict 
accordance with project drawings, plans, and specifications. 

 
1.5. SYSTEM PERFORMANCE 
 

A. Insulation materials furnished and installed hereunder should meet the minimum economic 
insulation thickness requirements of the North American Insulation Manufacturers’ 
Association (NAIMA) (formerly known as TIMA), to ensure cost-effective energy 
conservation performance.  Alternatively, materials should meet the minimum thickness 
requirements of National Voluntary Consensus Standard 90.1, (latest edition) and “Energy 
Efficient Design of New Buildings,” of the American Society of Heating, Refrigeration, and 
Air-Conditioning Engineers (ASHRAE), latest edition.  However, if other factors such as 
condensation control or personnel protection are to be considered, the selection of the 
thickness of insulation should satisfy the controlling factor.  As minimum, all insulation 
thicknesses shall be as hereinafter specified. 

 
B. Insulation materials furnished and installed hereunder shall meet the fire hazard requirements 

of any one of the following specifications: 
 

1. American Society for Testing of Materials ASTM E 84 
 

2. Underwriters’ Laboratories, Inc.   UL 723 
 

3. National Fire Protection Association  NFPA 255 
 
C. Calcium silicate products shall include a visual identification system to permit positive field 

determination of their asbestos-free characteristics. 
 
1.6. QUALITY ASSURANCE 
 

A. Insulation materials and accessories furnished and installed hereunder shall, where required, 
be accompanied by manufacturers’ current submittal or data sheets showing compliance with 
applicable specifications listed in Section 1.4 above. 

 
B. Insulation materials and accessories shall be installed in a workmanlike manner by skilled 

and experienced workers who are regularly engaged in commercial insulation work. 
 

1.7. DELIVERY AND STORAGE OF MATERIALS 
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A. All of the insulation materials and accessories covered by this specification shall be delivered 
to the job site and stored in a safe, dry place with appropriate labels and/or other product 
identification. 

 
B. The Contractor shall use whatever means are necessary to protect the insulation materials 

and accessories before, during, and after installation.  No insulation material shall be 
installed that has become damaged in any way.   The Contractor shall also use all means 
necessary to protect work and materials installed by other trades. 

 
C. If any insulation material has become wet because of transit or job site exposure to moisture 

or water, the Contractor shall not install such material, and shall remove it from the job site.  
An exception may be allowed in cases where the Contractor is able to demonstrate that wet 
insulation when fully dried out (either before installation, or afterward following exposure to 
system operating temperatures) will provide installed performance that is equivalent in all 
respects to new, completely dry insulation.  In such cases, consult the insulation 
manufacturer in writing for technical assistance. 

 
D. Maintain ambient temperatures and conditions required by manufacturers of adhesives, 

mastics, and insulation cements.  Protect all insulation from water, construction traffic, dirt, 
chemical and mechanical damage. 

 
1.8. ALTERNATES 
 

A. Refer to Division 01 Section, Alternates for description of work under this section affected 
by alternates. 
 

PART 2. PRODUCTS 
 
2.1. GENERAL 
 

A. All materials to be insulated shall be thoroughly cleaned, after completion of successful tests, 
and shall be covered as specified below.   Fiberglass insulation shall be Owens-Corning,  
Manville, Armstrong, or P.P.G, or as approved equal. 

 
2.2. PIPE INSULATION MATERIALS 
 

A. Unless otherwise noted, insulation shall be one piece or half sectional molded fibrous glass 
with “K” rating  of .23 at 75  degrees F mean temperature, for service temperatures between  
-60 degrees F and +450 degrees F with all service poly-encapsulated jacket.  Pipe insulation 
shall be fiberglass ASJmax SSL II with double closure system as manufactured by Owens 
Corning, Johns Manville, Knauf or approved equal. 

 
B. Unless otherwise noted, pipe insulation jacket shall be factory-applied vinyl coated, 

embossed and reinforced vapor barrier laminate, with a perm rating of not more than 0.02 
perms.  All hot and cold, concealed and exposed butt strips shall be of the same material as 
the jacket.  Jacket and butt strips shall be sealed with field-applied Foster 85-20/85-50 or 
Childers CP-82 (5 gallon cans only) adhesive.  Jacket and butt strips shall be off-white color 
and shall be equivalent to Owens-Corning Fiberglass 25-ASJ. 
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C. For fittings on all piping, valves, and flanges, apply fiberglass molded or segmented 
insulation equal in thickness to the adjoining insulation and securely fasten in place using 
wire.  Cold piping:  Apply a tack coat of vapor barrier coating and reinforcing mesh.  After 
½ hour, apply second coat of same vapor barrier coating, UL labeled, Type C, for cold water 
piping. Hot piping Type H for hot water piping:  Apply tack of breather mastic.  Wrap fitting 
with fiberglass reinforcing cloth overlapping adjoining sections of pipe insulation by 2-
inches.  Apply a second coat of breather mastic over the reinforcing cloth, working it to a 
smooth finish.  As an option to the above hot fittings, a polyvinyl chloride fitting cover may 
be supplied. 

 
D. All pipe insulation, jackets, or facings, and adhesives used to adhere jacket or facing to the 

insulation, including fittings and butt strips, shall have non-combustible fire and smoke 
hazard system rating and label as tested by ASTM E-84, NFPA 225, and UL 73, not 
exceeding Flame Spread 25, Fuel Contributed 50, Smoke Developed 50.  Accessories such 
as adhesives, mastic cements, tapes and cloth for fittings shall have the same ratings as listed 
above.  All products or their shipping cartons shall bear the Underwriter’s label indicating 
that flame and smoke ratings do not exceed the above criteria. 

 
E. For piping having a vapor barrier insulation and for all insulated piping requiring supports, 

hangers and supports shall be installed outside the insulation.  Wherever hangers and 
supports are installed outside the insulation, pipe insulation protecting shields shall be 
provided.  Where insulation is a load bearing material, of sufficient strength to support the 
weight of the piping, pipe shields one-third the circumference of the insulation and of a 
length not less than three times the diameter of the insulation (maximum length 24-inches) 
shall be provided.  Insulation of 7-1/4 pound or greater density will be considered as load 
bearing for pipe sizes up to and including 2-inches.  Where insulation is not of sufficient 
strength to support the weight of the piping, a half section of high density fiberglass or foam 
inserts, shall be provided.  Vapor barrier and finish shall be applied as required to match 
adjoining insulation. In addition, shields shall be furnished as specified above. 

 
F. For piping located outside of the building, a corrugated aluminum weatherproof jacketing 

system shall be provided.  This system shall be Micro-Lot ML as manufactured by Manville, 
Polyweld by Pabco Metals Corp., Childers, or as approved equal, and installed per the 
manufacturer’s recommendations.  Where outdoor piping is receiving electric heat tape, the 
insulation shall be oversized so that the heat tape is not compressed tightly to the pipe.  Pipe 
jacketing shall be corrugated (3/16-inch) deep aluminum, .016-inch thickness of H-14 temper 
with aluminum strapping of .75-inch width and .020 inch thickness with moisture barrier.  
Aluminum jacketing elbows shall be smooth, .016-inch thickness and 1100 alloy.  All 
jacketing shall have an integrally bonded moisture barrier over the entire surface in contact 
with the insulation.  Longitudinal joints shall be applied so they will shed water and shall be 
sealed completely and shall be sealed completely with metal jacketing sealant.  Sealant shall 
be Foster 95-44 or Childers CP-76.  Circumferential joints shall be closed using preformed 
butt strips following manufacturer’s recommendations for securement.  Jacket seams shall be 
located on the bottom side of the horizontal piping.   

 
G. All disturbed piping insulation in existing areas shall be re-insulated with insulation type, 

density, and thickness as specified for new piping.  Insulation damaged due to new work and 
demolition only shall be replaced unless otherwise noted. 
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H. On cold systems such as domestic cold water, vapor barrier performance is extremely 
important.  All penetrations and seams of the ASJ and exposed ends of insulation must be 
sealed with vapor barrier coating.  The ASJ must be protected with either a vapor barrier 
coating or a suitable vapor retarding outer jacket.  Vapor seals at butt joints shall be applied 
at every fourth pipe section joint and at each fitting to provide isolation of water incursion.  
Vapor Barrier Coating:  Foster 30-65; Childers CP-34 or Vimasco 749.  Permeance shall be 
0.03 perms or less at 45 mils dry at test by ASTM E96. 

 
I. Fittings and valves shall be insulated with pre-formed fiberglass fittings, fabricated sections 

of  Fiberglass pipe insulation, Fiberglass pipe and tank insulation, Fiberglass blanket 
insulation, or insulating cement.  Thickness shall be equal to adjacent pipe insulation.  Finish 
shall be with pre-formed PVC fitting covers or as otherwise specified on contract drawings.  
Where applicable, Victaulic PVC fitting valve and coupling covers shall be utilized. 
Victaulic PVC covers shall be installed with matching pipe insulation jacketing material, 
vinyl tape, solvent weld adhesive and appropriate fasteners. 

 
1. Flanges, couplings and valve bonnets shall be covered with an oversized pipe 

insulation section sized to provide the same insulation thickness as on the main pipe 
section.  An oversized insulation section shall be used to form a collar between the 
two insulation sections with low density blanket insulation being used to fill gaps.  
Jacketing shall match that used on straight pipe sections.  Rough cut ends shall be 
coated with a suitable weather or vapor-resistant mastic as dictated by the system 
location and service.  Finish valve installation with a Tyvac jacket with ends that 
secure to adjacent piping. 

 
2. On hot systems where fittings are to be left exposed, insulation ends should be 

beveled away from bolts for easy access. 
 

3. On cold systems, particular care must be given to vapor sealing the fitting cover or 
finish to the pipe insulation vapor barrier.  All valve stems must be sealed with 
caulking which allows free movement of the stem but provides a seal against 
moisture incursion.  All gauge and thermometer penetrations and extensions shall be 
correctly sealed and insulated to prevent surface condensation. 

 
J. All piping shall be supported in such a manner that neither the insulation or the 

vapor/weather barrier is compromised by the hanger or the effects of the hanger.  In all cases, 
hanger spacing must be such that the circumferential joint may be made outside the hanger.  
On cold systems, vapor barrier must be continuous, including material covered by the hanger 
saddle. 

 
1. Piping systems 3-inches (7.5cm) in diameter or less, insulated with Fiberglass 

insulation, may be supported by placing saddles of the proper length and spacing, as 
designated in Owens-Corning Pub. 1-IN-12534, under the insulation.  Hangers 
saddles shall be minimum 16 gauge with a saddle arc of 120 degrees minimum. 

 
2. For hot or cold piping systems larger than 3-inches (7.5 cm) in diameter, operating 

at temperatures less than +200 degrees F (93 degrees C) and insulated with fiber 
glass, high density inserts such as foam with sufficient compressive strength shall be 
used to support the weight of the piping system.  At temperatures exceeding +_200 
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degrees F (93 degrees C), Owens-Corning Pink or IIG, Calcium Silicate pipe 
insulation shall be used for high density inserts. 

 
3. Owens-Corning Pink Calcium Silicate pipe insulation may be used to support the 

entire weight of the piping system provided the hanger saddle is designed so the 
maximum compressive load does not exceed 100 psi (7kg/cm). 

 
4. Where pipe shoes and roller supports are required, insulation shall be inserted in the 

pipe shoe to minimize pipe heat loss.  Where possible, the pipe shoe shall be sized to 
be flush with the outer pipe insulation diameter. 

 
5. Thermal expansion and contraction of the piping and insulation system shall 

generally be taken care of by utilizing double layers of insulation and staggering 
both longitudinal and circumferential joints. Where long runs are encountered, 
expansion joints may be required where single layers of insulation are being used 
and should be so noted on the contract drawings. 

 
6. On vertical runs, insulation support rings shall be used. 

 
2.3. PIPING INSULATION THICKNESSES SCHEDULE 
 

A. All piping shall be insulated with pipe insulation of the thicknesses indicted below: 
 

 
PIPING INSULATION THICKNESS SCHEDULE 
SERVICES 

 
THICKNESS 

 
All Drain Piping from Cooling Coils/Evaporators 

 
½-inch thickness 

 
All Domestic Hot and Cold Water Piping , including Re-
circulating Piping 

 
1-inch thickness 

 
Above Grade Trap Priming Lines 

 
½ -inch thickness 

 
2.4. EQUIPMENT INSULATION MATERIALS AND THICKNESSES 
 

A. The following equipment shall be insulated with Fiberglass Rigid Board Insulation or Foam 
Plastic Insulation: 

 
1. Domestic Water Meters. 

 
2. Backflow Preventer Valve Bodies. 

 
3. Plumbing Pumps. 

 
4. All Pump Volutes and Strainers. 

 
5. Make-up Water Valve Bodies 

 
B. Insulation for cold surfaces shall be 1-1/2-inch thickness, 6 lb. density, 705 FRK with a "K" 

rating of .23 at 75 degrees F mean temperature.  Insulation for hot surfaces except as 
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otherwise noted shall be 1-1/2-inch thickness, 6 lb. density, 705 with a "K" rating of .23 at 
75 degrees F mean temperature.  Insulation shall be applied with staggered joints firmly 
butted and joined.  The insulation shall be held in place by steel bands.  Bands shall be 1-
inch by 25 gauge galvanized steel spaced on not over 12-inch centers.  All joints and voids 
shall be filled with Owens-Corning #110 cement, well troweled into openings.  For 705 FRK 
insulation, all joints and voids shall be FRK taped and vapor sealed.  There shall be applied 
over the insulation surface 1-inch galvanized wire netting laced together at all edges and 
wired to the steel bands with 16 gauge soft annealed wire.  Over this shall be applied 2-inch 
thick layer of Owens-Corning #110 cement applied in two layers.  Install metal corner beads 
at all corners and edges in order to provide a permanent installation.  Onto the dry cement 
surface apply a brush coat of Foster Sealfas 30-36 or Childers CP-50AMV1 lagging adhesive 
at the rate of 60-70 square feet per gallon.  Embed into wet coating a layer of 8 ounce canvas 
smoothed out to avoid wrinkles and lap all seams a minimum of 2-inches.  Apply a second 
brush coat of Sealfas 30-36 or Childers CP-50 AMV1 lagging adhesive to the entire surface 
at the rate of 60-70 square feet per gallon.  Cleanouts, nameplates, and manholes shall not be 
insulated, and the insulation on surrounding surfaces shall be neatly beveled off at such 
openings. 

 
C. Insulation Installation on Pumps: 
 

1. Fabricate metal boxes lined with insulation.  Fit boxes around pumps and coincide 
box joints with splits in pump casings. Fabricate joints with outward bolted flanges. 
 Bolt flanges on 6-inch (150-mm) centers, starting at corners.  Install 3/8-inch- (10-
mm-) diameter fasteners with wing nuts.  Alternatively, secure the box sections 
together using a latching mechanism. 
 

2. Fabricate boxes from aluminum at least 0.040 inch (1.0 mm) thick. 
 

3. For below ambient services, install a vapor barrier coating at seams, joints, and 
penetrations.  Seal between flanges with replaceable gasket material to form a vapor 
barrier. 

 
D. Mechanical fasteners shall be utilized to hold insulation to surface with bands as required to 

hold the curvature of the material. 
 

E. Support rings shall be provided to support the top head insulation where required. 
 

F. Outdoor installations require a weather barrier mastic for protection of the insulation 
jacketing. 

 
G. Insulation types materials shall be suitable for temperatures encountered by each item of 

equipment. 
 
2.5. ACCESSORY MATERIALS 
 

A. Accessory materials installed as part of insulation work under this section shall include, but 
not be limited to: 

 
1. Closure Materials - Butt strips, bands, wires, staples, mastics, adhesives; pressure-

sensitive tapes. 
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2. Field-applied jacketing materials - sheet metal, plastic, canvas, fiber glass cloth, 

insulating cement; PVC fitting covers, PVC jacketing. 
 

3. Support Materials - Hanger straps, hanger rods, saddles. 
 

4. Fasteners, weld pins/studs, speed clips, insulation washers. 
 

5. Metal mesh or expanded metal lagging. 
 

B. All accessory materials shall be installed in accordance with project drawings and 
specifications, manufacturer's instructions, and/or in conformance with the current edition of 
the Midwest Insulation Contractors Association (MICA) "Commercial & Industrial 
Insulation Standards." 

 
2.6. FIELD-APPLIED JACKET 
 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated. 
 

B. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and 
forming.  Thickness is indicated in field-applied jacket schedules.  

 
1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 
a). Johns Manville; Zeston. 
b). P.I.C. Plastics, Inc.; FG Series. 
c). Proto PVC Corporation; LoSmoke. 
d). Speedline Corporation; SmokeSafe. 

 
2. Adhesive:  As recommended by jacket material manufacturer. VOC content not to 

exceed 250 g/L. 
 

3. Color:   High Gloss White  
 

4. Factory-fabricated fitting covers to match jacket if available; otherwise, field 
fabricate. 
a). Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, 

flanges, unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, 
and P-trap and supply covers for lavatories. 

 
5. Factory-fabricated tank heads and tank side panels. 

 
PART 3. EXECUTION 
 
3.1. WORKMANSHIP 
 

A. The Contractor shall take special care to prevent soiling equipment below or adjacent to 
areas being insulated.  He shall be completely responsible for removing insulation cement 
splashes and smears and all surfaces that he mars or otherwise soils or defaces, and he will be 
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totally responsible for restoring these damaged surfaces to their like-new condition when 
delivered to the site. 

 
3.2. SITE INSPECTION 
 

A. Before starting work under this section, carefully inspect the site and installed work of other 
trades and verify that such work is complete to the point where installation of materials and 
accessories under this section can begin. 
 

B. Verify that all materials and accessories can be installed in accordance with project drawings 
and specifications and material manufacturers' recommendations. 

 
C. Verify, by inspecting product labeling, submittal data, and/or certifications which may 

accompany the shipments, that all materials and accessories to be installed on the project 
comply with applicable specifications and standards and meet specified thermal and physical 
properties. 

 
3.3. PREPARATION 
 

A. Ensure that all pipe and equipment surfaces over which insulation is to be installed are clean 
and dry. 

 
B. Ensure that insulation is clean, dry, and in good mechanical condition with all factory-

applied vapor or weather barriers intact and undamaged.  Wet, dirty, or damaged insulation 
shall not be acceptable for installation. 

 
C. Ensure that pressure testing of piping systems has been completed prior to installing 

insulation. 
 
3.4. INSTALLATION 
 

A. Piping Systems 
 

1. General: 
 

a). Install all insulation materials and accessories in accordance with 
manufacturer's published instructions and recognized industry practices to 
ensure that it will serve its intended purpose. 

 
b). Install insulation on piping subsequent to installation of heat tracing, 

painting, testing, and acceptance tests. 
 

c). Install insulation materials with smooth and even surfaces.  Insulate each 
continuous run of piping with full-length units of insulation, with single cut 
piece to complete run.  Do not use cut pieces or scraps abutting each other.  
Butt insulation joints firmly to ensure complete, tight fit over all piping 
surfaces.  

 
d). Maintain the integrity of factory-applied vapor barrier jacketing on all pipe 

insulation, protecting it against puncture, tear or other damage.  Seal all 
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tears, punctures and other penetrations of the pipe insulation vapor barrier 
coating. 

 
e). On exposed piping, locate insulation and cover seams in least visible 

location. 
 

2. Fittings:  Cover valves, fittings, unions, flanges, strainers, flexible connections, 
expansion joints, pump bodies, strainers, blowdowns, backflow preventers, autoflow 
valves and similar items in each piping system using one of the following: 

 
a). Mitered sections of insulation equivalent in thickness and composition to 

that installed on straight pipe runs. 
 

b). Insulation cement equal in thickness to the adjoining insulation. 
 

c). PVC fitting covers insulated with material equal in thickness and 
composition to adjoining insulation. 

 
3. Penetrations:  Extend piping insulation without interruption through walls, floors, 

and similar piping penetrations, except where otherwise specified. 
 

4. Joints: 
 

a). Butt pipe insulation against hanger inserts. For hot pipes, apply 3-inch 
(7.5cm) wide vapor barrier tape or bank over butt joints.  For cold piping, 
apply wet coat of vapor barrier lap cement on butt joints, and seal joints 
with 3-inch (7.5cm) wide vapor barrier tape or band. 

 
b). All pipe insulation ends shall be tapered and sealed, regardless of service. 

 
5. For heat traced piping, insulate fittings, joints, and valves with insulation of like 

material, thickness and finish as adjoining pipe.  Size insulation large enough to 
enclose pipe and heat tracer.  Cover with aluminum jacket with seams located on 
bottom side of horizontal piping. 

 
B. Equipment Insulation: 

 
1. General: 

 
a). Install insulation in accordance with manufacturer's published instructions 

and recognized industry practices to ensure that it will serve its intended 
purpose. 

 
b). Install insulation on equipment after installation of heat tracing, painting, 

testing, and acceptance tests. 
 

c). Install insulation materials with smooth, even surfaces. Rework poorly 
fitted joints.  Do not use joint sealer or mastic as filler for joint gaps and 
excessive voids resulting from poor workmanship.  Apply insulation using 
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staggered joint method for both single and double layer installation, 
applying each layer of insulation separately. 

 
d). Coat insulated surfaces where specified on contract drawings with layer of 

insulating cement, troweled in a workmanlike manner, leaving a smooth and 
continuous surface.  Fill in seams, broken edges, and depressions.  Cover 
over wire mesh and joints with cement sufficiently thick to remove surface 
irregularities. 

 
e). Maintain the integrity of factory-applied vapor barrier jacketing on all 

insulation, protecting it against puncture, tears or other damage.  Seal all 
tears, punctures and other penetrations of equipment insulation facing. 

 
f). Where specification calls for field-applied all-service vapor barrier 

jacketing, it shall be neatly fitted and tightly secured.  Lap seams 2-inches 
(5cm) (min.). Seal all joints with adhesive.  Tape with 3-inches (7.5cm) 
matching pressure-sensitive tape or 3-inch (7.5cm) glass fabric and vapor 
barrier coating. 

 
g). On exposed equipment, locate insulation and cover seams in least visible 

location. 
 

2. Removable Insulation:   Provide removable insulation sections to cover parts of 
equipment which must be opened periodically for maintenance, such as vessel 
covers, fasteners, flanges, frames accessories, manholes, handholes, cleanouts 
ASME stamp, and manufacturer nameplates. 

 
3. Areas Left Uninsulated:  Items such as manholes, handholes, clean-outs, ASME 

stamp, and manufacturers' nameplates should be left uninsulated unless omitting 
insulation would cause a condensation problem.  When such is the case, provide 
removable insulation and appropriate tagging to identify the presence of these items. 
 Provide neatly beveled edges at interruptions of insulation. 

 
4. Equipment Exposed to Weather:  Protect outdoor insulation from weather by 

installation of weather barrier mastic protective finish or jacketing as recommended 
by the jacketing manufacturer. 

 
3.5. FIELD QUALITY ASSURANCE 
 

A. Upon completion of all insulation work covered by this specification, visually inspect the 
work and verify that it has been correctly installed.  This may be done while work is in 
progress, to assure compliance with requirements herein to cover and protect insulation 
materials during installation. 

 
3.6. PROTECTION 
 

A. Replace damaged insulation which cannot be satisfactorily repaired, including insulation 
with vapor barrier damage and moisture-saturated insulation. 
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B. The insulation contractor shall advise the general and/or the mechanical contractor as to 
requirements for protection of the insulation work during the remainder of the construction 
period, to avoid damage and deterioration of the finished insulation work. 

 
3.7. SAFETY PRECAUTIONS 
 

A. Insulation contractor's employees shall be properly protected during installation of all 
insulation.  Protection shall include proper attire when handling and applying insulation 
materials, and shall include (but not be limited to) disposable dust respirators, gloves, hard 
hats, and eye protection. 

 
B. The insulation contractor shall conduct all job site operations in compliance with applicable 

provisions of the Occupational Safety and Health Act, as well as with all state and/or local 
safety and health codes and regulations that may apply to the work. 

 
3.8. INSULATION COVERING 
 

A. Unless otherwise noted, all exposed equipment insulation shall have  a field applied PVC 
jacket cover neatly cut and pasted over equipment insulation.  PVC shall be high gloss white 
and shall be 20 mils thick.  Exposed areas include, but are not limited to, all mechanical 
equipment rooms/fan rooms, mezzanines, penthouses, boiler rooms, janitor’s closets, 
kitchens, electric rooms, and piping and ductwork exposed in an occupied space. 

 
B. Unless otherwise noted, all exposed pipe insulation required to be insulated shall be jacketed 

with a PVC Jacketing with fitting covers.  PVC jacket shall be color fade resistant, white 
high gloss, U.S.D.A. authorized as manufactured by Proto Corporation or approved equal.  
PVC jacketing shall be high impact, ultraviolet resistant PVC.  Minimum thickness shall be 
20 mils, roll stock ready for shop or field cutting and forming. 

 
C. Where PVC jackets are indicated, install with 1 inch overlap at longitudinal seams and end 

joints, for horizontal applications, install with longitudinal seams along top and bottom of 
tanks and vessels.  Seal with manufacturers recommended adhesive. 

 
1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and 

the finish bead along seam and joint edge. 
 
 
 END OF SECTION 
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SECTION 22 40 05 
 

PLUMBING EQUIPMENT 
 
PART 1. GENERAL 

 
1.1. GENERAL 
 

A. For General Mechanical Requirements, see Division 22 Section, Common Work Results for 
Plumbing & Division 01, General Requirements. 

 
B. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 specifications apply to this Section. 
 

C. All exposed bolts, screws, etc., shall be vandal proof. 
 

D. All plumbing materials and equipment shall be new and of best grade, free of defects and 
complete with all required appurtenances and accessories. 

 
E. Piping and insulation are specified under other sections. 

 
F. Provide all materials, equipment and perform all labor required to install plumbing system 

complete as specified, as drawings indicated and as required by the State of Delaware, 
National Standard Plumbing Code , International Plumbing Code, City of Dover Code, the 
local code,  and all other authorities have jurisdiction. 

 
G. Provide stops for all plumbing equipment.  Stops are to be accessible. 

 
H. Provide pumps with manufacturer's name, model number, and rating/capacity identified. 

 
I. Ensure products and installation of specified products are in conformance with 

recommendations and requirements of the following organizations: 
 

1. American Gas Association (AGA). 
2. National Sanitation Foundation (NSF). 
3. American Society of Mechanical Engineers (ASME). 
4. National Board of Boiler and Pressure Vessel Inspectors (NBBPVI). 
5. National Electrical Manufacturers' Association (NEMA). 
6. Underwriters Laboratories (UL). 

 
J. Ensure pumps operate at specified system fluid temperatures without vapor binding and 

cavitations, are non-overloading in parallel or individual operation, operate within 25 percent 
of midpoint of published maximum efficiency curve. 

 
1.2. REFERENCES 
 

A. ANSI/ASSE   1011 - Hose Connection Vacuum Breakers. 
 

B. ANSI/ASSE 1012 - Backflow Preventers with Immediate Atmospheric Vent. 
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C. ANSI/ASSE 1013 - Backflow Preventers, Reduced Pressure Principle. 
 

D. ANSI/ASE 1019 - Wall Hydrants, Frost Proof Automatic Draining Anti-Backflow Types. 
 

E. ANSI A112.21.1 - Floor Drains. 
 

F. ANSI A112.21.2  - Roof Drains. 
 

G. ANSI A112.26.1  - Water Hammer Arrestors. 
 

H. AWWA C506 - Backflow Prevention Devices - Reduced Pressure Principle and Double 
Check Valve Types. 

 
I. PDI WH-201   Water Hammer Arresters. 

 
J. ANSI/ASHRAE 90A - Energy Conservation in New Building Design. 

 
K. ASME Section VIIID - Pressure Vessels; Boiler and Pressure Vessel Codes. 

 
L. ANSI/NFPA 54 - National Fuel Gas Code. 

 
M. ANSI/NFPA 58 - Storage and Handling of Liquefied Petroleum Gases. 

 
N. ANSI/NFPA 70 - National Electrical Code. 

 
O. IBC - International Building Code 

 
1.3. DELIVERY, STORAGE, AND HANDLING 
 

A. Deliver, store, protect and handle products to site under provisions of General Requirements. 
 

B. Accept equipment on site in factory packaging.  Inspect for damage. 
 

C. Protect installed equipment from damage by securing areas and by leaving factory packaging 
in place to protect equipment and prevent use. 

 
1.4. FIELD MEASUREMENTS 
 

A. Verify that field measurements are as indicated on shop drawings and per the manufacturer. 
 

1.5. ALTERNATES 
 

A. Refer to Division 01 Section, Alternates for description of work under this section affected 
by alternates. 
 

PART 2. PRODUCTS 
 
2.1. FLOOR DRAINS 
 

A. Provide Nikaloy strainers on all floor drains unless specified otherwise. 
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B. Provide flashing clamps on all drains penetrating waterproofing membrane. 

 
C. Provide suitable flashing material and clamping collar for drains which are not set in place 

when slab is poured. 
 

D. Provide backwater valves for all floor drains connecting directly to the storm water system.  
Depending on conditions of the particular installation backwater valves may be an integral 
part of the drains or a separate device.  Accessibility to valves must be maintained for 
maintenance.  Provide an adequately sized extension sleeve up to floor or grade as required. 

 
E. Backwater valves are normally closed, flapper type with bronze or brass seat and disc and 

stainless steel pin. 
 

F. Provide traps for all floor drains connected to the sanitary system.  
 

G. Provide E & S primer valve (one valve per trap, per floor drain) on all remote floor drains.  
When installed on fixture in finished area, primer valve shall be concealed behind a Josam 
58650 access door.  In Mechanical Rooms, mezzanines, penthouses, and all other locations 
indicated on the contract drawing, priming lines shall be connected to automatic trap primer. 

 
H. In lieu of joints specified in piping section, neoprene gaskets may be used if designed for use 

with the drains and cleanouts employed and if approved by the local plumbing authority. 
 
I. Where applicable, for floor drains utilized for washing machines, provide a stainless steel lint 

screen/strainer. 
 

J. Schedule of Drains and Accessories: 
 

1. FDR.-1:  General Service Floor Drain:  Zurn ZN-415 floor and shower drain, dura 
coated cast iron body with bottom outlet, combination invertible membrane clamp 
and adjustable collar with Type "B" polished nickel bronze strainer.  Provide with ½ 
-inch trap primer connection. 

 
K. Approved Manufacturers:  Josam, J.R. Smith, Zurn, Wade, Ancon, Mifab, Watts. 

 
2.2. CLEANOUTS 
 

A. Provide cleanouts in sanitary and storm drainage systems at ends of runs, at changes in 
direction, near the base of stacks, every 50 feet in horizontal runs, of 4-inch diameter or less, 
every 100 feet in horizontal runs over 4-inches, and where indicated. 

 
B. Cleanouts shall be full size of pipe up to 4-inches and shall be 4-inches for larger sizes.  

Where installed in finished floors inserts shall match adjacent floor construction. 
 

C. Materials and Approved Manufacturers:  Josam, J.R. Smith, Zurn , Wade or Ancon, Mifab, 
Watts,  equal to Josam numbers given below: 

 
1. Concealed Piping    C.I. Pipe 
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2. Unfinished Areas 
 

3. Floors       57000-Z-CI 
4. Walls        58600-PLG 

 
5. Finished Areas - Floors 
6. Terrazzo       56040-13 
7. Composition Tile      57000-X-12 
8. Ceramic Tile       57000-X 
9. Carpet        56070-14 
10. Carpet insert to match adjacent carpet in type, color and grade. 

 
11. Finished Areas - Walls 

 
12. Plaster/Dry Wall      58640-COT 
13. Tile/CMU       58600-COT 

 
2.3. WALL HYDRANTS 
 

A. Wall Hydrant (Exterior):  Josam 71000 Series Hydrasan anti-siphon wall hydrant, 3/4-inch 
non-freeze, key operated wall hydrant with hinged locking cover, polished bronze box and 
cover and bronze casing and integral vacuum breaker.  Seat and disc shall be removable from 
front of the hydrant.  Wall thickness; see architectural drawings.  Wall hydrants shall 
conform to ANSI/ASSE 1019 with wall plate, lock shield and removable key. 

 
B. Approved Manufacturers:  Josam, Wade, Zurn, J.R. Smith, Mifab, Watts, or approved equal. 
 

2.4. SHOCK ABSORBERS 
 

A. Provide shock absorbers equal to Josam Shokstops at all fast closing valves, at the top of all 
cold water risers, at each flush valve or battery of flush valves, and where indicated.  Sizes 
and locations shall be in accordance with PDI Standard WH 201. 

 
B. Shock absorbers shall conform to ANSI A112.26.1, precharged suitable for operation in 

temperature range -100 to 300 degrees F and maximum 250 psig working pressure. 
 

C. Approved Manufacturers:  Josam, Wade, Zurn, J.R. Smith, Sioux Chief, Watts, or approved 
equal. 

 
2.5. VACUUM BREAKERS 
 

A. Provide vacuum breakers on water connections to fixtures and equipment where minimum 
air gaps required by Plumbing Code are not possible and on hose bibbs and other outlets to 
which hoses can be attached. 

 
B. Vacuum breakers not subject to back pressure, Watts No. 288A; vacuum breakers subject to 

back pressure, Watts Series 9D or for hose threads, Watts Series 8A.     
 

C. Hose connection backflow preventers shall be ASSE 1052, suitable for at least 5 gpm flow 
and applications with up to 10 foot head back pressure.  Include two (2) check valves, 
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intermediate atmospheric vent, and non-removable, ASME B1.20.7 garden-hose thread on 
outlet. 

 
D. Hose connection vacuum breakers shall be ASSE 1011, nickel plated, with nonremovable 

and manual drain features, and ASME B1.20.7 garden-hose threads on outlet.  Units attached 
to rough-bronze finish hose connections may be rough bronze. 

 
E. Approved manufacturers:  Watts, Beeco, B&K Industries, Zurn, Sparco, Conbraco or 

approved equal. 
 
2.6. VACUUM RELIEF VALVES 
 

A. Provide vacuum relief valves on cold water supply to water heaters, where indicated on the 
contract drawings, or where required by the authority having jurisdiction. 

 
B. Vacuum relief valves shall be Watts Regulator Co. Series 36A or approved equal. 

 
2.7. HOSE BIBBS 
 

A. Chicago Faucet No. 952 or approved equal hose and faucet.  Bronze or brass with integral 
mounting flange, replaceable hexagonal disc, hose threaded spout, polished chrome plated 
where exposed in finished areas, with hand wheel and removable key, integral vacuum 
breaker in conformance with ANSI/ASSE 1011. 

 
B. Hose bibbs in finished areas shall be polished chrome finish. 

 
C. Approved Manufacturers:  Chicago Faucet, American Standard, Crane, T&S Brass, Watts. 

 
2.8. BACKFLOW PREVENTER (REDUCED PRESSURE PRINCIPAL TYPE) 
 

A. Furnish and install reduced pressure principal backflow preventers at all cold water make-up 
connections to HVAC water systems, and where indicated on contract drawings. 

 
B. Backflow preventers shall be of bronze body construction, inlet and discharge OS&Y gate 

valves, stainless steel check and relief valve seats, stainless steel relief valve shafts and 
flange bolts.  Ball valve test cocks shall be bronze body. 

 
C. Pressure ratings shall be up to 175 psi and temperature ratings shall be up to 210  degrees F 

continuous. 
 

D. Install unit per local code requirements and authorities having jurisdiction.  Unless otherwise 
noted, install backflow preventers between 12 inches and 60 inches above finished floor. 

 
E. Units shall be approved by ASSE 1013, UPC, UL, and shall be No. 909 with air gap fitting 

and inlet/outlet gate valves as manufactured by Watts Regulator, Conbraco, Wilkens, or as 
approved equal.  Pipe discharge to nearest floor drain/floor sink.  Provide minimum 18-inch 
clearance for servicing and testing. 

 
F. Pipe discharge of backflow preventer full size to closest floor drain utilizing type "L" copper. 
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G. Furnish test kit for field testing units.  Watts Model TK-9A Analog Differential Gauge or 
approved equal. 

 
2.9. TRAP PRIMING STATION-AUTOMATIC TRAP PRIMER 
 

A. Trap priming stations shall be Precision Plumbing Products, Inc., Electronic Trap Priming 
manifold Model PT.  The manifold shall supply a minimum of 2 ounces of potable water per 
opening at 20 PSIG once in each 24 hour period. The Electronic Trap Priming Manifold 
must be capable of equally priming from 4 through 30 individual floor drain traps. 

 
B. The unit shall be factory assembled and prepiped, and shall include a bronze body 3/4-inch 

female NPT WOG rated ball valve 3/4-inch, Water Hammer Arrestor, copper barrel with 
brass piston and type "L" copper sweat connection, electronic brass body 3/4-inch solenoid 
valve, and type "L" copper manifold with brass 2-inch compression fitting and orifice 
opening for precision water distribution to each floor drain trap.  Unit shall be pre-piped with 
atmospheric vacuum breaker. 

 
C. Electronic components shall include single point power connection at 120 volt 1 phase 60 

hertz, manual over-ride switch, minimum 5 amp breaker, 24 hour geared timer with relay and 
5 second dwell function. 

 
D. All components shall be factory assembled, tested and supplied in a 16 gauge steel enclosure 

suitable for surface or recess mounting, as indicated on contract drawings. In addition, all 
components must comply with nationally recognized standards.  The Precision Plumbing 
Products Electronic Trap Priming Manifold shall be fully warranted for the life of the 
plumbing system. 

 
E. When only a single trap primer is required, as in the case of a restroom with one floor drain 

in a toilet (or similar) the contractor may submit, in lieu of an electronic multiple station, a 
single station for review by the Engineer.  The fixture serving the trap primer must be within 
10' of the trap.  Components shall be brass, bronze, and chrome, of the highest quality. 

 
F. Access door shall be finished with a prime coat and fire rated where installed in a rated wall. 

 Access door latch shall be Allen key type. 
 
2.10. TRAP SEAL PRIMER VALVES 
 

A. Provide and install one valve per trap, per floor drain on all remote floor drains. When 
installed on a fixture in a finished area, primer valve shall be concealed behind an access 
door.  In mechanical rooms, mezzanines, penthouses, and all other locations indicated on 
contract drawings, priming lines shall be connected to automatic trap primer station.  Trap 
seal primer valves shall be as manufactured by E&S, Precision Plumbing Products, Sioux 
Chief, Mifab, Watts, or approved equal. 

 
B. Trap seal primer valves shall be ASSE 1018, water supply fed type with the following 

characteristics: 
 

1. 125 psig minimum working pressure. 
 

2. Bronze body with atmospheric - vented drain chamber. 
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3. Inlet and outlet connections: ½  inch NPS threaded or solder joint. 

 
4. Gravity drain outlet connection: ½  inch NPS threaded or solder joint. 

 
5. Finish: chrome plated 

 
2.11. INTERIOR RECESSED WALL HYDRANTS 
 

A. Provide and install recessed wall hydrants where indicated on the contract drawings.  
Recessed wall hydrants shall be Zurn Model Z 1330, Josam, Ancon, Mifab, Watts or 
approved equal. 

 
B. Units shall be encased Ecotrol “anti-siphon" wall hydrant for interior wall installation. Unit 

shall be suitable for hot or cold water as indicated on Contract Drawings. 
 

C. Each unit shall be complete with integral backflow preventer, all bronze interior parts, non-
turning operating coupling with hemispherical neoprene  plunger and 3/4-inch solder inlet. 

 
D. Furnish each unit mounted in a stainless steel box and hinged cover with operating key lock 

and "water" stamped on cover. 
 

E. Furnish each unit with the following accessories: 
1. 3/4  inch – 90 degrees  inlet elbow with union nut 
2. cylinder lock 
3. key operator 

 
2.12. GAS  SOLENOID SHUT-OFF VALVES: 
 

A. Furnish and install gas  solenoid shut-off valves where indicated on the contract drawings.  
Valve sizes shall be identical to pipe size that solenoid valve is installed within.  Gas 
solenoid valves shall be ASCO 8215G Series or approved equal. 

 
B. Solenoid enclosures shall have "red-hat" metal solenoid enclosure.  Solenoid valves shall be 

normally closed type, suitable for operation on electrical characteristics as indicated on the 
contract drawings.   Valve body shall be aluminum with Buna "N" seating. 

 
C. Valves shall be suitable for operating with an operating differential pressure of 50 psig.  

Valves shall be suitable for operation at maximum fluid temperatures of 125 degrees F.   
 

D. Gas solenoid valves shall be U.L. listed and F.M. approved. 
 
PART 3. EXECUTION 
 
3.1. GENERAL INSTALLATION REQUIREMENTS 
 

A. Install all equipment in accordance with manufacturer's instructions. 
 

B. Install components plumb and level. 
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C. Cleanouts in vertical pipes shall be installed  in tees near floor.  Cleanouts in horizontal pipes 
shall be installed with wyes on long sweep quarter beds. Cleanouts punching water proofing 
membranes shall have flashing clamps. Cleanout access covers in dry wall or gypsum board 
shall be painted to match walls. 

 
D. Unless otherwise noted, drains are to be installed at the low point of floors. Protect drains 

during remainder of construction period to avoid clogging with dirt and debris and to prevent 
damage from traffic and construction work. 

 
E. Install floor drains in low points so the top of grates are at or below the finished floor level. 

 
F. Drains not functioning properly shall be removed and re-installed properly at the expense of 

the contractor. 
 

G. Coordinate cutting and forming of roof and floor construction to receive drains to required 
invert elevations. 

 
H. Extend cleanouts to finish floor or wall surface. Lubricate threaded cleanout plugs with 

mixture of graphite and linseed oil. Ensure clearance at cleanout for rodding of drainage 
system. 

 
I. Encase exterior cleanouts in concrete flush with grade. 

 
J. All plumbing, vents in exterior walls shall be offset a minimum of 3'-0" in ceiling at roof 

before penetration. 
 

K. All plumbing vents within a 10'-0" radius of exhaust vents shall be extended to a height of 3'-
0" above exhaust vent crown. 

 
L. All plumbing vents within a 10'-0" radius of any rooftop unit or intake louver shall be 

extended to a height of 3'-0" above fresh air intake. 
 

M. Slopes and invert elevations of all interior piping shall be established before any piping is 
installed in order that proper slopes will be maintained.  All piping shall be located and 
determined where to be run to avoid conflict with other trades. 

 
N. Unless otherwise noted, all plumbing piping shall be routed as high as possible between 

bottom of roof joists and above ceiling to allow proper installation of ductwork, fire 
protection piping, conduits, etc. 

 
O. Coordinate with Architectural Drawings before roughing in plumbing. 

 
P. All openings in ceilings and plenum walls for plumbing shall be sealed air tight and 

protected with fire stop. 
 

Q. See site plan for extent of all piping leaving and entering building. 
 

R. See domestic water riser diagrams for location of valves, shock absorbers, etc. 
 

S. Make proper HW, CW, re-cir., waste, and vent connections to all equipment even though all 
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branch main, elbows and connections are not shown. 
 

T. Cleanouts shall be provided near base of each vertical waste or solid stack.  Provide 18" 
minimum clearance for access. 

 
U. Unless otherwise noted, sanitary waste piping shown is below floor and all other piping is 

overhead, above ceiling.  Domestic hot, cold and re-circ. water piping shall be installed 
between ceiling and roof insulation. 

 
V. Unless otherwise noted, horizontal sanitary piping pitches shall be 1 percent. 

 
W. Unless otherwise noted, all domestic water piping and limited area fire protection piping 

shall be installed on heated side of ceiling insulation. 
 

X. All piping and installation shall comply with all local and national plumbing codes. Test 
piping as required by plumbing code and authority having jurisdiction. 

 
Y. For sizes of all domestic water piping see plumbing fixture schedule and domestic water riser 

diagrams. 
 

Z. For sizes of all sanitary and vent piping see plumbing fixture schedule and sanitary/vent riser 
diagrams. 

 
3.2. PLUMBING SPECIALTY INSTALLATION REQUIREMENTS 
 

A. General:  Install plumbing specialty components, connections, and devices according to 
manufacturer's written instructions. 

 
B. Install backflow preventers of type, size, and capacity indicated, at each water-supply 

connection to mechanical equipment and systems, and to other equipment and water systems 
as indicated.  Comply with authorities having jurisdiction.  Locate backflow preventers in 
same room as connected equipment.  Install air-gap fitting on units with atmospheric-vent 
connection and pipe relief outlet drain to nearest floor drain.  Do not install bypass around 
backflow preventer. Label all piping downstream of backflow preventers as "non-potable" 
water. 

 
C. Field test all backflow preventers and submit test reports to Engineer.  Furnish test kits as 

required for field testing. 
 

D. Install pressure regulators with inlet and outlet shutoff valves and balance valve bypass.  
Install pressure gages on inlet and outlet. 

 
E. Install strainers on supply side of each control valve, pressure regulator, and solenoid valve, 

and where indicated. 
 

F. Install hose bibbs with integral or field-installed vacuum breaker. 
 

G. Install wall hydrants with integral or field-installed vacuum breaker. 
 

H. All hose bibs shall be mounted 18" above finished floor, unless otherwise specified. 
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I. All wall hydrants shall be mounted 24" above finished grade unless otherwise specified. 

 
J. Install trap seal primer valves with valve outlet piping pitched down toward drain trap a 

minimum of one percent and connect to floor-drain body, trap, or inlet fitting.  Adjust valve 
for proper flow.  Install trap priming stations plumb and level with adequate access for 
servicing and maintenance. 

 
K. For floor drains located in toilet rooms and similar spaces where flush valves are utilized.  

Contractor may utilize trap primer line from flush valve tail piece. 
 

M. Install backwater valves in building drain piping as indicated.  For interior installation, 
provide cleanout deck plate flush with floor and centered over backwater valve cover, and of 
adequate size to remove valve cover for servicing.Fasten wall-hanging plumbing specialties 
securely to supports attached to building substrate if supports are specified and to building 
wall construction if no support is indicated.  For exterior installation provide handhole with 
hinged cover and top mounted to be flush with grade. 

 
O. Fasten recessed, wall-mounting plumbing specialties to reinforcement built into walls. 

 
P. Secure supplies to supports or substrate. 

 
Q. Install individual stop valve in each water supply to plumbing specialties.  Use ball, gate, or 

globe valve if specific valve as appropriate is not indicated. 
 

R. Install water-supply stop valves in accessible locations. 
 

S. Install escutcheons at wall, floor, and ceiling penetrations in exposed finished locations and 
within cabinets and millwork.  Use deep-pattern escutcheons if required to conceal 
protruding pipe fittings. 

 
T. Include wood-blocking reinforcement for recessed and wall-mounting plumbing specialties. 
 
U. Install ball valves at all shock absorbers to allow removal for service/replacement. 

 
3.3. WATER METER INSTALLATION REQUIREMENTS 
 

A. Install water meters, piping, and specialties according to Manufacturer’s requirements. 
 

1. Install displacement-type water meters with shutoff valve on water meter inlet.  
Install valve on water meter outlet and valved bypass around meter, unless 
prohibited by authorities having jurisdiction. 

 
2. Install compound-type water meters with shutoff valves on water meter inlet and 

outlet and on valved bypass around meter.  Support meters, valves, and piping on 
brick or concrete piers. 

 
3. Install detector-type water meters with shutoff valves on water meter inlet and outlet 

and on full-size valved bypass around meter.  Support meter, valves, and piping on 
brick or concrete piers.Install roughing-in piping and specialties for water meter 
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installation according to utility's instructions and requirements. 
 

C. Install power and control wiring from water meter to ATC system. 
 
D. Field insulate and jacket water meter to prevent condensation. 

 
3.4. TESTING 
 

A. After plumbing fixtures are connected, all piping and fixtures shall be tested for operation 
and a smoke or peppermint test shall be made on all soil, waste and vent piping. 

 
B. After the building has been occupied and the various equipment is in actual use, the 

Contractor shall make an operating test of all equipment at a time directed by the Engineer to 
determine that all contract requirements are met. 

 
3.5. CLEANING AND STERILIZATION 
 

A. After final testing for leaks, all potable water lines shall be thoroughly flushed, by plumbing 
contractor, to remove foreign material.  Before placing the systems in service, sterilize the 
new water lines in accordance with local health department codes and at a minimum 
according to the following procedure: 

 
1. Through a 3/4-inch hose connection in each branch main and building main, pump 

in sufficient sodium hypochlorite to produce a free available chlorine residual of not 
less than 200 ppm.  Plumbing Contractor shall provide plumbing connections and 
power for pumping chlorine into system. 

 
2. Proceed upstream from the point of chlorine application opening all faucets and taps 

until chlorine is detected.  Close faucets and taps when chlorine is evident. 
 

3. When chlorinated water has been brought to every faucet and tap with a minimum 
concentration of 200 ppm chlorine, retain this water in the system for at least three 
(3) hours. 
 

4. CAUTION: Over-concentration of chlorine and more than three (3) hours of 
retention may result in damage to piping system.  It is not necessary to retain 
chlorine in any system for twenty-four hours to achieve sterilization.  AWWA states 
that 200 ppm chlorine for three hours is sufficient. 

 
5. At the end of the retention period, no less than 100 ppm of chlorine shall be present 

at the extreme end of the system. 
 

6. Proceed to open all faucets and taps and thoroughly flush all new lines until the 
chlorine residual in the water is less than 1.0 ppm. 

 
7. Obtain representative water sample from the system for analysis by an independent 

and recognized bacteriological laboratory. 
 

8. If the sample tested for coliform organisms is negative, a letter and laboratory report 
shall be submitted by the service organization to the Contractor, certifying 
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successful completion of the sterilization.  Additionally, this report shall be 
forwarded to the Owner as well as be included in the O&M Manual. 

 
9. If any samples tested indicate the presence of coliform organisms, the entire 

sterilization procedure shall be repeated. 
 

10. Take precautions to avoid use of plumbing fixtures and domestic water systems 
during sterilization period.  Place signs on all plumbing fixtures and outlets during 
sterilization period. 

 
3.6. EXAMINATION 
 

A. Verify that walls and floor finishes are prepared and ready for installation of fixtures. 
 

B. Verify that electric power is available and of the correct characteristics. 
 
3.7. PREPARATION 
 

A. Review the Kitchen Equipment Consultant's equipment cut sheets. Confirm rough-in 
location and size of fixtures and openings prior to commencing work. 

 
B. Rough-in fixture piping connections in accordance with minimum sizes indicated in fixture 

rough-in schedule for particular fixtures. 
 
3.8. INTERFACE WITH OTHER PRODUCTS 
 

A. Review millwork shop drawings. Confirm location and size of fixtures and openings before 
rough-in and installation. 

 
3.9. CLEANING 
 

A. At completion, clean plumbing equipment.  
 

END OF SECTION 
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SECTION 23 05 00 
 

COMMON WORK RESULTS FOR HVAC 
 
PART 1. GENERAL 
 
1.1. SUMMARY 
 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

 
B. Provide all labor, materials, equipment, and services necessary for and incidental to the 

complete installation and operation of all mechanical work. 
 

C. Unless otherwise specified, all submissions shall be made to, and acceptances and 
approvals made by the Architect and the Engineer. 

 
D. Contract Drawings are generally diagrammatic and all offsets, fittings, transitions and 

accessories are not necessarily shown.  Furnish and install all such items as may be 
required to fit the work to the conditions encountered.  Arrange piping, ductwork, 
equipment, and other work generally as shown on the contract drawings, providing 
proper clearance and access.  Where departures are proposed because of field conditions 
or other causes, prepare and submit detailed shop drawings for approval in accordance 
with Submittals specified below.  The right is reserved to make reasonable changes in 
location of equipment, piping, and ductwork, up to the time of rough-in or fabrication. 

 
E. Conform to the requirements of all rules, regulations and codes of local, state and federal 

authorities having jurisdiction. 
 

F. Coordinate the work under Division 23 with the work of all other construction trades. 
 

G. Be responsible for all construction means, methods, techniques, procedures, and phasing 
sequences used in the work.  Furnish all tools, equipment and materials necessary to 
properly perform the work in first class, substantial, and workmanlike manner, in 
accordance with the full intent and meaning of the contract documents. 

 
1.2. PERMITS AND FEES 
 

A. Obtain all permits and pay taxes, fees and other costs in connection with the work.  File 
necessary plans, prepare documents, give proper notices and obtain necessary approvals.  
Deliver inspection and approval certificates to Owner prior to final acceptance of the 
work. 

 
B. Permits and fees shall comply with the Division 01, General Requirements of the 

specification. 
 

1.3. EXAMINATION OF SITE 
 

A. Examine the site, determine all conditions and circumstances under which the work must 
be done, and make all necessary allowances for same.  No additional cost to the Owner 
will be permitted for contractors’ failure to do so. 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 
  STOKES ELEMENTARY SCHOOL  
   

COMMON WORK RESULTS FOR HVAC  Tetra Tech 
23 05 00 - 2   

 
B. Examine and verify specific conditions described in individual specifications sections. 

 
C. Verify that utility services are available, of the correct characteristics, and in the correct 

locations. 
 
1.4. CONTRACTOR QUALIFICATION 
 

A. Any Contractor or Subcontractor performing work under Division 23 shall be fully 
qualified and acceptable to the Architect/Engineer and Owner.  Submit the following 
evidence when requested: 

 
1. A list of not less than five comparable projects which the Contractor completed. 

 
2. Letter of reference from not less than three registered professional engineers, 

general contractors or building owners. 
 

3. Local and/or State License, where required. 
 

4. Membership in trade or professional organizations where required. 
 

B. A Contractor is any individual, partnership, or corporation, performing work by contract 
or subcontract on this project. 

 
C. Acceptance of a Contractor or Subcontractor will not relieve the Contractor or 

subcontractor of any contractual requirements or his responsibility to supervise and 
coordinate the work, of various trades. 

 
1.5. MATERIALS AND EQUIPMENT 
 

A. Materials and equipment installed as a permanent part of the project shall be new, unless 
otherwise indicated or specified, and of the specified type and quality.  

 
B. Where material or equipment is identified by proprietary name, model number and/or 

manufacturer, furnish named item, or its equal, subject to approval by Engineer.  
Substituted items shall be equal or better in quality and performance and must be suitable 
for available space, required arrangement, and application.  Submit all data necessary to 
determine suitability of substituted items, for approval. 

 
C. The suitability of named item only has been verified.  Where more than one item is 

named, only the first named item has been verified as suitable.  Substituted items, 
including items other than first named shall be equal or better in quality and performance 
to that of specified items, and must be suitable for available space, required arrangement 
and application.  Contractor, by providing other than the first named manufacturer, 
assumes responsibility for all necessary adjustments and modifications necessary for a 
satisfactory installation. Adjustments and modifications shall include but not be limited to 
electrical, structural, support, and architectural work. 

 
D. Substitution will not be permitted for specified items of material or equipment where 

noted. 
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E. All items of equipment furnished shall have a service record of at least five (5) years. 
 
1.6. FIRE SAFE MATERIALS 
 

A. Unless otherwise indicated, materials and equipment shall conform to UL, NFPA and 
ASTM standards for fire safety with smoke and fire hazard rating not exceeding flame 
spread of 25 and smoke developed of 50. 

 
1.7. REFERENCED STANDARDS, CODES AND SPECIFICATIONS 
 

A. Specifications, Codes and Standards listed below are included as part of this 
specification, latest edition. 

B. AABC  -  Associated Air Balance Council 
C. ABMA  -  American Boiler Manufacturers Association 
D. ACCA   -  Air Conditioning Contractors of America 
E. ADC  -  Air Diffusion Council 
F. AGA  -  American Gas Association 
G. AMCA  -  Air Movement and Control Association 
H. ANSI   -  American National Standards Institute 
I. ARI  -  Air Conditioning and Refrigeration Institute 
J. ASHRAE -  American Society of Heating, Refrigerating and Air   

   Conditioning Engineers 
K. ASME  - American Society of Mechanical Engineers 
L. ASPE  - American Society of Plumbing Engineers 
M. ASTM  -  American Society for Testing and Materials 
N. ASME CSD-1 - American Society of Mechanical Engineers Controls and Safety 

Devices for Automatically Fired Boilers 
O. CS  -  Commercial Standard 
P. CSD   Control and Safety Devices 
Q. DNREC - Delaware Department of Natural Resources 
R. FM  - Factory Mutual 
S. IBC  - International Building Code 
T. IBR  -  Institute of Boiler and Radiator Manufacturers 
U. IEEE  -  Institute of Electrical and Electronics Engineers 
V. MSSP  -  Manufacturers Standards Society of the Valve and Fittings 

Industry 
W. NEC  -  National Electrical Code 
X. NEMA  -  National Electrical Manufacturers Association 
Y. NFPA  -  National Fire Protection Association 
Z. NSF  - National Sanitation Foundation 
AA. SMACNA -  Sheet Metal and Air Conditioning Contractors National 

Association 
BB. UL  -  Underwriters' Laboratories 
CC. State of Delaware Fire Protection Regulations. 
DD. All mechanical equipment and materials shall comply with the codes and standards listed 

in the latest edition of ASHRAE HVAC Applications Handbook, Chapter entitled Codes 
and Standards. 

 
1.8. SUBMITTALS, REVIEW AND ACCEPTANCE 
 

A. Equipment, materials, installation, workmanship and arrangement of work are subject to 
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review and acceptance.  No substitution will be permitted after acceptance of equipment 
or materials except where such substitution is considered by the Architect to be in best 
interest of Owner. 

 
B. After acceptance of Material and Equipment List, submit six (6) copies or more as 

required under General Conditions of complete descriptive data for all items.  Data shall 
consist of specifications, data sheets, samples, capacity ratings, performance curves, 
operating characteristics, catalog cuts, dimensional drawings, wiring diagrams, 
installation instructions, and any other information necessary to indicate complete 
compliance with Contract Documents.  Edit submittal data specifically for application to 
this project. 

 
C. Thoroughly review and stamp all submittals to indicate compliance with contract 

requirements prior to submission.  Coordinate installation requirements and any electrical 
requirements for equipment submitted.  Contractor shall be responsible for correctness of 
all submittals. 

 
D. Submittals will be reviewed for general compliance with design concept in accordance 

with contract documents, but dimensions, quantities, or other details will not be verified. 
 

E. Identify submittals, indicating intended application, location and service of submitted 
items.  Refer to specification sections or paragraphs and drawings where applicable.  
Clearly indicate exact type, model number, style, size and special features of proposed 
item.  Submittals of a general nature will not be acceptable.  For substituted items, clearly 
list on the first page of the submittal all differences between the specified item and the 
proposed item.  The contractor shall be responsible for corrective action and maintaining 
the specification requirements if differences have not been clearly indicated in the 
submittal. 

 
F. Submit actual operating conditions or characteristics for all equipment where required 

capacities are indicated.  Factory order forms showing only required capacities will not 
be acceptable.  Call attention, in writing, to deviation from contract requirements. 

 
G. Acceptance will not constitute waiver of contract requirements unless deviations are 

specifically indicated and clearly noted. Use only final or corrected submittals and data 
prior to fabrication and/or installation. 

 
H. For any submittal requiring more than two (2) reviews by the Engineer (including those 

caused by a change in subcontractor or supplier) the Owner will withhold contractor's 
funds by a change order to the contract to cover the cost of additional reviews.  One 
review is counted for each action including rejection or return of any reason. 

 
I. For resubmissions, the Contractor must address in writing all of the Engineer’s comments 

on the original submission to verify compliance. 
 

1.9. SHOP DRAWINGS 
 

A. Prepare and submit shop drawings for all mechanical equipment, specially fabricated 
items, modifications to standard items, specially designed systems where detailed design 
is not shown on the contract drawings, or where the proposed installation differs from 
that shown on contract drawings. 
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B. Submit data and shop drawings including but not limited to the list below, in addition to 

provisions of the paragraph above.  Identify all shop drawings by the name of the item 
and system and the applicable specification paragraph number and drawing number. 

 
C. Every submittal including, but not limited to the list below, shall be forwarded with its 

own transmittal as a separate, distinct shop drawing.  Grouping of items/systems that are 
not related shall be unacceptable. 

 
D. Items and Systems 
 

Access Doors/Panels including layouts and locations 
Airflow Monitoring Stations 
Air Cooled Chillers 
Air Handling Units 
Air Distribution Systems 
Air Separators 
Antifreeze Fluids 
Antifreeze Tanks 
Automatic Temperature Control Systems and Equipment 
Automatic Glycol Feed Systems & Pressure Tanks 
Branch Selector Boxes/Heat Recovery Boxes 
Breaching and Stacks 
Carbon Dioxide Sensors 
Carbon Monoxide Detectors 
Central Control and Monitoring Systems (CCMS) and Equipment 
Chemical Feed Systems 
Chillers 
Condensate Pumps 
Condensing Units 
Coordinated Drawings 
Direct Buried Piping 
Direct Fired Make-up Air Units 
Drip Pans 
Duct Materials 
Electric Recessed Cabinet Convectors 
Electric Unit Heaters 
Electric Radiant Heat Panels 
Equipment Rails 
Expansion Tanks and Accessories 
Exterior Equipment/Duct Piping Supports 
Exterior Pipe Roller Supports 
Fan Coil Units 
Fans 
Filters 
Filter Housings 
Fire Stopping - Methods and Materials 
Fire Dampers 
Flow Measuring Stations 
Flowmeter and Primary Elements (Flow Fittings) 
Gas Furnaces 
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Glycol Feed Systems  
Grilles, Registers, Diffusers 
Horizontal Recessed Cabinet Unit Heaters 
Horizontal Hot Water Unit Heaters 
Identification Systems 
In-Line Circulators 
Intake Hoods 
Kitchen Make-up Air Units 
Kitchen Ventilation System Units 
Louvers 
Material and Equipment Lists 
Operations and Maintenance Manuals 
Pipe Enclosures 
Pipe Guides and Anchors 
Pipe Materials Including Itemized Schedules  
Preliminary Testing and Balancing Reports  
Pressure Relief Valves 
Pressure Regulating Valves 
Pumps 
Radiant Heat Panels 
Refnets 
Refrigerant Monitoring Systems 
Roof Curbs 
Rooftop Units 
Relief Hoods 
Screen shots of ATC System Graphics 
Split System Air Conditioning Units Ductless  
Split System Heat Pumps, Ductless 
Static Pressure Gauges 
Strainers 
Thermal Insulation Materials Include Table Summaries 
Thermometers and Gauges 
Unit Heaters 
Variable Frequency Drive Motor Bearing Protective Rings 
Variable Refrigerant Volume Equipment 
Variable Speed Drives  
Vertical In-Line Pumps 
Vertical Cabinet Unit Heaters 
Vibration Isolation Materials 
Water Heater Flue/Combustion Air Piping 
Water Treatment Services 
Weatherproof Assembly Components 
Wiring Diagrams, Flow Diagrams and Operating Instructions 

 
E. Contractor, additionally, shall submit for review any other shop drawings as required by 

the Architect.  No item shall be delivered to the site, or installed, until the Contractor has 
received a submittal from the Engineer marked Reviewed or Comments Noted.  After the 
proposed materials have been reviewed, no substitution will be permitted except where 
approved by the Architect. 

 
F. For any shop drawing requiring more than two (2) reviews by the Engineer (including 
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those caused by a change in subcontractor or supplier) the Owner will withhold 
contractor's funds by a change order to the contract to cover the cost of additional 
reviews.  One review is counted for each action including rejection or return of any 
reason. 

 
1.10. SUPERVISION AND COORDINATION 
 

A. Provide complete supervision, direction, scheduling, and coordination of all work under 
the Contract, including that of subcontractors. 

 
B. Coordinate rough-in of all work and installation of sleeves, anchors, and supports for 

piping, ductwork, equipment, and other work performed under Division 23. 
 

C. Arrange for pipe spaces, chases, slots, and openings in building structure during progress 
of construction to allow for mechanical installations. 

 
D. Coordinate electrical work required under Division 23 with that under Division 26.  

Coordinate all work under Division 23 with work under all other Divisions. 
 

E. Supply services of an experienced (10 year minimum) and competent Project Manager to 
be in constant charge of work at site. 

 
F. Where a discrepancy exists within the specifications or drawings or between the 

specifications and drawings, the more stringent (or costly) requirement shall apply until 
clarification can be obtained from the Engineer. Failure to clarify such discrepancies with 
the Engineer will not relieve the Contractor of the responsibility of conforming to the 
requirements of the Contract. 

 
G. Failure of contractor to obtain a full and complete set of contract documents (either 

before or after bidding) will not relieve the contractor of the responsibility of complying 
with the intent of the contract documents. 

 
H. Coordinate installation of large equipment requiring positioning before closing in 

building.  Where required arrange for manufacturer to ship equipment in modules. 
 
1.11. CUTTING AND PATCHING 
 

A. Accomplish all cutting and patching necessary for the installation of work under Division 
23.  Damage resulting from this work to other work already in place, shall be repaired at 
Contractor's expense.  Where cutting is required, perform work in neat and workmanlike 
manner.  Restore disturbed work to match and blend with existing construction and 
finish, using materials compatible with the original.  Use mechanics skilled in the 
particular trades required. 

 
B. Do not cut structural members without approval from the Architect or Engineer. 

 
1.12. PENETRATION OF WATERPROOF CONSTRUCTION 
 

A. Coordinate the work to minimize penetration of waterproof construction, including roofs, 
exterior walls, and interior waterproof construction.  Where such penetrations are 
necessary, furnish and install all necessary curbs, sleeves, flashings, fittings and caulking 
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to make penetrations absolutely watertight. 
 

B. Where pipes penetrate roofs, flash pipe with Stoneman Stormtite, Pate or approved equal, 
roof flashing assemblies with skirt and caulked counter flashing sleeve. 

 
C. Furnish and install pitch pockets or weather tight curb assemblies where required. 

 
D. Furnish and install roof drains, curbs, vent assemblies, and duct sleeves specifically 

designed for application to the particular roof construction, and install in accordance with 
the manufacturer's instructions.  The Contractor shall be responsible for sleeve sizes and 
locations.  All roof penetrations shall be installed in accordance with manufacturer’s 
instructions, the National Roofing Contractors Association, SMACNA, and as required 
by other divisions of these specifications. 

 
E. All work associated with the existing roof shall be performed so as to maintain the roof 

warranty. 
 

1.13. CONCRETE AND MASONRY WORK 
 

A. Furnish and install concrete and masonry work for equipment foundations, supports, 
pads, and other items required under Division 23.  Perform work in accordance with 
requirements of other applicable Divisions of these specifications. 

 
B. Concrete shall test not less than 3,000 psi compressive strength after 28 days. 

 
C. Grout shall be non-shrink, high strength mortar, free of iron of chlorides and suitable for 

use in contact with all metals, without caps or other protective finishes.  Apply in 
accordance with manufacturer's instructions and standard grouting practices. 

 
1.14. CONNECTIONS AND ALTERATIONS TO EXISTING WORK 
 

A. Unless otherwise noted on the drawings, where existing mechanical work is removed, 
pipes, valves, ductwork, etc., shall be removed, including hangers, to a point below 
finished floors or behind finished walls and capped.  Such point shall be far enough 
behind finished surfaces to allow for installation of normal thickness of required finish 
material. 

 
B. Where work specified in Division 23 connects to existing equipment, piping, ductwork, 

etc., Contractor shall perform all necessary alterations, cuttings, fittings, etc., of existing 
work as may be necessary to make satisfactory connections between new and existing 
work, and to leave completed work in a finished and workmanlike condition. 

 
C. Where the work specified under Division 23, or under other Divisions, requires relocation 

of existing equipment, piping, ductwork, etc., Contractor shall perform all work and 
make necessary changes to existing work as may be required to leave completed work in 
a finished and workmanlike condition.  Where existing insulation is disturbed, replace 
insulation where removed or damaged equal to existing, in type, thickness, density, finish 
and thermal resistance (R-value) value. 

 
D. Where the relocation of existing equipment is required for access or the installation of 

new equipment, the contractor shall temporarily remove and/or relocate and re-install as 
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required to leave the existing and new work in a finished and workman like condition. 
 
1.15. DEMOLITION 
 

A. Unless otherwise noted all existing equipment, piping, ductwork, etc., shall remain. 
 

B. Where existing equipment is indicated to be removed, all associated piping, conduit, 
power, controls, insulation, hangers, ductwork, supports and housekeeping pads, etc., 
patch, paint and repair walls/roof/floor to match existing and/or new finishes. 

 
C. Provide necessary piping, valves, traps, temporary feeds, drips, etc., as required. Drain 

and refill piping systems as often as necessary to accommodate phasing and to minimize 
time lengths of outages. 

 
D. The Contractor shall be responsible for visiting the site and determining the existing 

conditions in which the work is to be performed. 
 

E. Where any abandoned pipes in existing floors, walls, pipe tunnels, ceilings, etc., conflict 
with new work, remove abandoned pipes as necessary to accommodate new work. 

 
F. The location of all existing equipment, piping, ductwork, etc., indicated is approximate 

only and shall be checked and verified.  Install all new mechanical/plumbing/fire 
protection work to connect to or clear existing work as applicable. 

 
G. Maintain egress at all times. Coordinate egress requirements with the State Fire Marshal, 

the Owner and the authorities having jurisdiction. 
 

H. Make provisions and include in bid all costs associated with confined entry/space 
requirements in all other applicable OSHA regulations. 

 
I. Where required to maintain the existing systems in operation, temporarily backfeed 

existing systems from new equipment.  Contractor shall temporarily extend existing 
piping systems to new piping systems with the appropriate shut-off valves. 

 
J. At completion of project all temporary piping, valves, controls, etc., shall be removed in 

their entirely. 
 

K. Existing piping, equipment, ductwork, materials, etc., not required for re-use or re-
installation in this project, shall be removed from the project site. 

 
L. Deliver to the Owner, on the premises where directed, existing equipment and materials 

which are removed and which are desired by the Owner or are indicated to remain the 
property of the Owner. 

 
M. All other materials and equipment which are removed shall become property of the 

Contractor and shall be promptly removed, from the premises, and disposed of by the 
Contractor, in an approved manner.  Contractor shall be responsible for proper disposal 
of all removed equipment containing refrigerants.  Contractor shall include in his bid all 
cost associated with the evacuation, removal and disposal of all existing equipment 
containing refrigerants in accordance with EPA and Health Department requirements.  
Where existing split systems or ductless units are indicated to be relocated, extend 
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refrigeration piping, power, and control wiring to the same. 
 

N. Where piping and/or ductwork is removed, remove all pipe or ductwork hangers which 
were supporting the removed piping or ductwork.  Patch the remaining penetration voids 
with like materials and paint to match existing construction. 

 
O. Where required, provide and coordinate removal and re-installation of existing 

equipment. Take care to protect materials and equipment indicated for reuse. Contractor 
shall repair or replace items which are damaged.  Contractor shall have Owner’s 
representative present to confirm condition of equipment prior to demolition. 

 
P. Before demolition begins, and in the presence of the Owners representative, test and note 

all deficiencies in all existing systems affected by demolition but not completely removed 
by demolition. Provide a copy of the list of system deficiencies to the Owner and the 
Engineer.  Videotape existing conditions in each space prior to beginning demolition 
work. 

 
Q. The Owner shall have the first right of refusal for all fixtures, devices and equipment 

removed by the Contractor. 
 

R. All devices and equipment designated by the Owner to remain the property of the Owner 
shall be moved and stored by the Contractor at a location on site as designated by the 
Owner. It shall be the Contractor’s responsibility to store all devices and equipment in a 
safe manner to prevent damage while stored. 

 
S. All existing equipment refused by the Owner shall become the property of the Contractor 

and shall be removed from the site by the Contractor in a timely manner and disposed of 
in a legal manner. 

 
T. Work Abandoned in Place: Cut and remove underground pipe a minimum of 2 inches 

beyond face of adjacent construction.  Cap and patch surface to match existing finish. 
 

U. Temporary Disconnection: Remove, store, clean, reinstall, reconnect, and make 
operational equipment indicated for relocation. 

 
V. Terminate services and utilities in accordance with local laws, ordinances, rules and 

regulations. 
 
W. Where hydronic system piping and equipment is removed, Contractor shall be 

responsible for proper disposal of all contained fluids containing glycol (ethylene or 
propylene), hazardous waste and water treatment chemicals.  Contractor shall include in 
his bid all associated costs with the removal, testing, and disposal of hydronic system 
fluid in accordance with EPA, Health Department, and the Local Authority Having 
Jurisdiction. 

 
1.16. EXCAVATION AND BACKFILLING 
 

A. General 
 

1. Perform all necessary excavation, or installation of work under Division 23, in 
whatever materials or conditions encountered, using suitable methods and 
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equipment. 
 

2. Accurately establish required lines and grades and properly locate the work. 
 

3. Determine the locations of all existing utilities before commencing the work. 
 

B. Excavation: (Refer also to other portions of the specifications) 
 

1. Excavate only the required elevations.  If excavation is carried below the 
foundation lines or other required limits, backfill the excess with concrete. 

 
2. Keep banks of trenches as nearly vertical as possible, and provide sheeting and/or 

shoring as required for protection of work and safety of personnel.  Follow local, 
State, OSHA, and MOSH Guidelines. 

 
3. Keep excavations dry.  Protect excavations from freezing. 

 
C. Backfilling: (Refer also to other portions of the specifications) 

 
1. Backfill excavations to the required elevations and restore surfaces to their 

original or required conditions. 
 

2. Backfill shall be similar material, free from objectionable matter such as rubbish, 
roots, stumps, brush, rocks and other sharp objects.  Unless otherwise indicated, 
suitable material from the excavation may be used for backfill. 

 
3. Carefully place and mechanically tamp backfill in layers not exceeding 12 inches 

loose thickness.  Compact to 95 percent minimum. 
 

4. Do not backfill against frozen material.  Do not use frozen material for backfill. 
 
1.17. DRIVE GUARDS 
 

A. Provide safety guards on all exposed belt drives, motor couplings, and other rotating 
machinery.  Provide fully enclosed guards where machinery is exposed from more than 
one direction. 

 
B. When available, guards shall be factory fabricated and furnished with the equipment.  

Otherwise fabricate guards of heavy gauge steel, rigidly braced, removable, and finish to 
match equipment served. Provide openings for tachometers. Guards shall meet local, 
State and O.S.H.A. requirements. 

 
1.18. VIBRATION ISOLATION 
 

A. Furnish and install vibration isolators, flexible connections, supports, anchors and/or 
foundations required to prevent transmission of vibration from equipment, piping or 
ductwork to building structure.  See Division 23 Section, “Vibration Control for HVAC, 
Plumbing and Fire Protection Equipment”.   

 
1.19. ALTERNATES 
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A. Refer to Division 01 Section, “Alternates” for description of work under this section 
affected by alternates. 

 
1.20. FASTENERS/CAPS 
 

A. For all exterior grade and roof mounted equipment containing refrigerant install lockable 
caps on service valves to prevent tampering.  Lockable caps shall be Model NPR as 
manufactured by Rector Seal or approved equal.  Provide Model NPR Novent 
screwdriver tool with swiveling tip.  Caps shall be suitable and specific for the refrigerant 
type utilized. 

 
1.21. DEFINITIONS 
 

A. Approve - to permit use of material, equipment or methods conditional upon compliance 
with contract documents requirements. 

 
B. Furnish and install or provide means to supply, erect, install, and connect to complete for 

readiness for regular operation, the particular work referred to. 
 

C. Contractor means the mechanical contractor and any of his subcontractors, vendors, 
suppliers, or fabricators. 

 
D. Piping includes pipe, all fittings, valves, hangers, insulation, identification, and other 

accessories relative to such piping. 
 

E. Ductwork includes duct material, fittings, hangers, insulation, sealant, identification and 
other accessories  

 
F. Concealed means hidden from sight in chases, formed spaces, shafts, hung ceilings, 

embedded in construction or in crawl space.  
 

G. Exposed means not installed underground or concealed as defined above. 
 

H. Invert Elevation means the elevation of the inside bottom of pipe. 
 

I. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred  
spaces,  pipe and duct shafts, unheated spaces immediately below roof,  spaces above 
ceiling, unexcavated spaces, crawl spaces, and tunnels. 

 
J. Review - limited observation or checking to ascertain general conformance with design 

concept of the work and with information given in contract documents.  Such action does 
not constitute a waiver or alteration of the contract requirements. 

 
K. SCR:  Silicon Controlled Rectifier:  Solid state switching device to provide fast, infinitely 

variable proportional control. 
 

L. ECM:  Electronically Commutating Motor. 
 

M. Building Line:  Exterior wall of building. 
 

1.22. MINIMUM EFFICIENCY REQUIREMENTS 
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A. All heating, ventilating, and air conditioning equipment shall be manufactured to provide 

the minimum efficiency requirements as specified in ASHRAE Standard 90.1, latest 
edition. 

 
B. All piping, ductwork, and equipment insulation shall comply with ASHRAE Standard 

90.1, latest edition. 
 

C. All mechanical devices, controls, accessories, and components shall be manufactured to 
provide the minimum efficiency requirements as specified in ASHRAE Standard 90.1, 
latest edition. 

 
1.23. SYSTEM INTEGRATION 

 
A. For all HVAC equipment specified to be provided with packaged controls and interfaced 

with the automatic temperature control system, provide system integration between the 
equipment manufacturer and the automatic temperature control subcontractor. 
 

B. HVAC equipment submittals requiring system integration as defined above must identify 
all required system integration points. 

 
C. HVAC equipment manufacturers must coordinate with ATC subcontractor regarding 

system integration prior to submitting on the equipment. 
 
D. A system integration meeting must be arranged by the Mechanical Contractor and 

include, but not be limited to the systems integrator for the HVAC equipment 
manufacturer and the ATC Subcontractor.  This portion of systems integration must 
occur prior to HVAC equipment being delivered to the project. 

 
E. Once the HVAC equipment is on site, a second systems integration meeting must be 

arranged by the Mechanical Contractor to coordinate the packaged controls with the ATC 
system.  The HVAC equipment manufacturer’s representative familiar with system 
integration and the ATC subcontractor familiar with programming must be present. 

 
F. A final system integrations meeting shall occur once all equipment is in place and ready 

for operation.  The Mechanical Contractor, the HVAC equipment systems’ integrator, 
and the ATC Subcontractor shall meet on site to jointly program, schedule, verify points, 
interlock devices, and fully set up all systems integration components. 

 
G. All systems integration coordination, programming, and graphics must be completed 

prior to requesting commissioning and/or inspections by the Engineer of Record. 
 

1.24. NAMEPLATES 
 
A. For all fuel conversions of existing equipment provide and affix new nameplates to all 

equipment that reflects the new fuel source. 
 

PART 2. ELECTRICAL REQUIREMENTS 
 
2.1. GENERAL MOTOR AND ELECTRICAL REQUIREMENTS 
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A. Furnish and install control and interlock wiring for the equipment furnished.  In general, 
power wiring and motor starting equipment will be provided under Division 26.  
Carefully review the contract documents to coordinate the electrical work under Division 
23 with the work under Division 26.  Where the electrical requirements of the equipment 
furnished differ from the provisions made under Division 26, make the necessary 
allowances under Division 23.  Where no electrical provisions are made under Division 
26, include all necessary electrical work under Division 23. 

 
B. All electrical work performed under Division 23 shall conform to the applicable 

requirements of Division 26 and conforming to the National Electrical Code.  All wiring, 
conduit, etc., installed in ceiling plenums must be plenum rated per NFPA and the 
International Building Code. 

 
C. Provide wiring diagrams with electrical characteristics and connection requirements. 

 
D. Test Reports: Indicate test results verifying nominal efficiency and power factor for three 

phase motors larger than five (5) horsepower. 
 

E. Protect motors stored on site from weather and moisture by maintaining factory covers 
and suitable weatherproof covering.  For extended outdoor storage, remove motors from 
equipment and store separately. 

 
F. All motors shall be furnished with visible nameplate indicating motor horsepower, 

voltage, phase, cycles, RPM, full load amps, locked rotor amps, frame size, 
manufacturer’s name and model number, service factor, power factor and efficiency. 

 
G. Motors located in exterior locations, wet air streams, air cooled condensers, and outdoors 

shall be totally enclosed weatherproof epoxy-treated type. 
 

H. Nominal efficiency and power factor shall be as scheduled at full load and rated voltage 
when tested in accordance with IEEE 112. 

 
I. Brake horsepower load requirement at specified duty shall not exceed 85 percent of 

nameplate horsepower times NEMA service factor for motors with 1.0 and 1.15 service 
factors.    

 
J. All single phase motors shall be provided with thermal protection: Internal protection 

shall automatically open power supply circuit to motor when winding temperature 
exceeds a safe value calibrated to temperature ratings of motor insulation. Thermal 
protection device shall automatically reset when motor temperature returns to normal 
range, unless otherwise indicated. 

 
2.2. MOTORS AND CONTROLS 
 

A. Motors and controls shall conform to the latest requirements of IEEE, NEMA, NFPA-70 
and shall be UL listed.  Motor sizes are specified with the driven equipment.  Motor 
starting and control equipment is specified either with the motor which is controlled or in 
an electrical specification section.  The Contractor is advised to consult all specification 
sections to determine responsibility for motors and controls. 

 
B. Motors shall be designed, built and tested in accordance with the latest revision of 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS  200-163183-17001-07 
STOKES ELEMENTARY SCHOOL     
 

Tetra Tech  COMMON WORK RESULTS FOR HVAC 
  23 05 00 - 15 

NEMA Standard MG l. 
 

C. Motors used with variable-frequency controllers shall have ratings, characteristics, and 
features coordinated with and approved by the variable frequency controller (drive) 
manufacturer.  As a minimum the following shall apply to variable frequency controlled 
motors: 

 
1. Motors shall be manufactured to withstand peak voltages of 1600 volts with .1 

microsecond rise time per NEMA MG-1. 
 

2. Critical vibration frequencies of motor shall not be within operating range of 
variable frequency controller output. 

 
3. Temperature rise: Match rating for Class B insulation. 

 
4. Insulation: Class F. 

 
5. Thermal Protection: Conform to MG1 requirements for thermally protected 

motors. 
 

D. Motors shall be suitable for use under the conditions and with the equipment to which 
applied, and designed for operation on the electrical systems specified or indicated. 

 
1. Motor capacities shall be such that the horsepower rating and the rated full-load 

current will not be exceeded while operating under the specified operating 
conditions.  Under no condition shall the motor current exceed that indicated on 
the nameplates. 

 
2. Motor sizes noted in the individual equipment specifications are minimum 

requirements only.  It is the responsibility of the equipment manufacturers and of 
the Contractor to furnish motors, electrical circuits and equipment of ample 
capacity to operate the equipment without overloading, exceeding the rated full-
load current, or overheating at full-load capacity under the most severe operating 
service of this equipment.  Motors shall have sufficient torque to accelerate the 
total WR2 of the driven equipment to operating speed. 

 
3. Motors shall be continuous duty type and shall operate quietly at all speeds and 

loads. 
 

4. Motors shall be designed for operation on 60 hertz power service.  Unless 
otherwise specified or shown, motors less than ½ horsepower shall be single 
phase, and motors ½ horsepower and larger shall be 3 phase unless otherwise 
noted. 

 
5. Motors shall be mounted so that the motor can be removed without removing the 

entire driven unit. 
 

E. Single phase motors, smaller than 1/20 horsepower shall be ball or sleeve bearing; drip-
proof, totally enclosed or explosion proof, as specified; 120 volts; permanent-split 
capacitor or shaded pole type.  These motors shall not be used for general power 
purposes, and shall only be provided as built-in components of such mechanical 
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equipment as fans, unit heaters, humidifiers and damper controllers.  When approved by 
the Engineer, deviations from the specifications will be permitted as follows: 

 
1. Open motors may be installed as part of an assembly where enclosure within a 

cabinet provides protection against moisture. 
 

2. Motors used in conjunction with low voltage control systems may have a voltage 
rating less than 115 volts. 

 
F. Single phase motors, greater than 1/20 horsepower and less than ½ horsepower shall be 

ball bearing; drip-proof, totally enclosed or explosion proof, as specified, with Class A or 
B insulation, as standard with the motor manufacturer; 115 or 120/208/240 volts as 
required; capacitor start-induction run, permanent split capacitor, or repulsion start-
induction run type with minimum efficiency of 70 percent and a minimum full load 
power of 77 percent. 

 
G. Except as otherwise specified in the various specification sections, 3 phase motors 60 

horsepower and smaller shall be NEMA design B squirrel cage induction type meeting 
the requirements of this paragraph.  Motors shall be drip-proof, totally enclosed or 
explosion proof, as specified or indicated.  Insulation shall be Class B or F,  at 40 degrees 
C ambient temperature.  Drip-proof motors shall have a 1.15 service factor and totally 
enclosed and explosion proof motors shall have a service factor of 1.00 or higher.  
Motors specified for operation at 480, 240, and 208 volts shall be nameplated 460, 230, 
200 volts, respectively.  Efficiencies and percent power factor at full load for three phase 
motors shall be not less than the values listed below for premium efficiency motors: 

 
MOTOR NAMEPLATE MINIMUM 

PERCENT 
EFFICIENCY AT 
NOMINAL SPEED 
AND RATED LOAD 

MINIMUM PERCENT 
POWER FACTOR 

1HP and above to 85.5 percent 84 percent 

1-½ HP 86.5 percent 85 percent 

2HP 86.5 percent 85 percent 

3HP 89.5 percent 86 percent 

5HP 89.5 percent 87 percent 

7½ HP 91 percent 86 percent 

10HP 91.7 percent 85 percent 

15HP 93.0 percent 85 percent 

20HP 93.0 percent 86 percent 

25HP 93.6 percent 85 percent 

50HP and above 94.5 percent 88 percent 

 
H. Three phase motors ½ HP or greater shall be the Duty Master XE by Reliance Electric 
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Company, Super-E Premium Efficiency of Baldor Motor and Drives, E-plus Efficient 
Standard Duty Motor of the Electric Motor Division of Gould, Inc., the MAC II High 
Efficiency motor of Westinghouse Electric Corp., the equivalent product of General 
Electric, or approved equal. 

 
I. For motors serving equipment being controlled by a variable speed drive, motor shall be 

premium efficiency inverter duty rated. 
 

J. Motor frames shall be NEMA Standard T-Frames of steel, aluminum, or cast iron with 
end brackets of cast-iron or aluminum with steel inserts. 

 
K. Control of each motor shall be manual or automatic as specified for each in the various 

mechanical sections.  In general, and unless otherwise specified for a particular item in 
the various mechanical sections of the specifications, motor starters and controls shall be 
specified and provided under the various electrical sections of these specifications. 
 

L. Provide manufacturer’s warranty for all motors for minimum of 5 years including all 
labor and materials. 

 
2.3. MOTOR INSTALLATION  
 

A. Install in accordance with manufacturer’s instructions. 
 

B. Install securely on firm foundation. Mount ball bearing motors to support shaft regardless 
of shaft position. 

 
C. Check line voltage and phase and ensure agreement with nameplate.  Check that proper 

thermal overloads have been installed prior to operating motors. 
 

D. Use adjustable motor mounting bases for belt-driven motors. 
 

E. Align pulleys and install belts. 
 

F. Tension belts according to manufacturer’s written instructions. 
 
2.4. WIRING DIAGRAMS 
 

A. The Contractor is responsible for obtaining and submitting wiring diagrams for all major 
items of equipment. 

 
B. Wiring diagrams shall be provided with shop drawings for all equipment requiring 

electric power. 
 

C. Provide wiring diagrams for all major mechanical items of equipment to electrical 
contractor and ATC subcontractor for coordination. 

 
2.5. VARIABLE FREQUENCY DRIVE MOTOR BEARING PROTECTIVE RINGS: 

 
A. For all motors driven by a variable frequency PWM drive include a maintenance free, 

circumferential, conductive micro fiber shaft grounding ring to discharge shaft currents. 
Grounding rings shall be manufactured by AEGIS SGR or approved equal. 
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B. Furnish units with one year warranty. 

 
C. Size and select Bearing Protective Rings per the manufacturer requirements based on the 

motor size, shaft diameter, and shaft shoulder length. For motors with slingers furnish 
and install NEMA /IEC kit as required. 
 

D. Furnish and apply Colloidal silver shaft coating to all shafts with Bearing Protective 
Rings to improve shaft voltage discharge capability. 

 
PART 3. EXECUTION 
 
3.1. EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 
 

A. Install equipment to provide maximum possible headroom, if mounting heights are not 
indicated. 

 
B. Install equipment according to approved submittal data. Portions of the work are shown 

only in diagrammatic form.  Refer conflicts to Architect. 
 

C. Install equipment level and plumb, parallel and perpendicular to other building systems 
and components in exposed interior spaces, unless otherwise indicated. 

 
D. Install mechanical equipment to facilitate service, maintenance, and repair or replacement 

of components. Connect equipment for ease of disconnecting, with minimum interference 
to other installations.  Extend grease fittings to accessible locations. 

 
E. Install equipment giving right of way to piping installed at required slope. 

 
F. Install flexible connectors on equipment side of shutoff valves, horizontally and parallel 

to equipment shafts if possible. 
 
G. Do not install equipment, ductwork, or piping over electrical gear, electrical panels, 

motor controllers, and similar electrical equipment.  Install equipment, ductwork, and 
piping to maintain clear space above and in front of all electrical components per the 
National Electric Code. 

 
3.2. SUPPORTS, HANGERS AND FOUNDATIONS 
 

A. Provide supports, hangers, braces, attachments and foundations required for the work.  
Support and set the work in a thoroughly substantial and workmanlike manner without 
placing strains on materials, equipment, or building structure, submit shop drawings for 
approval.  Coordinate all work with the requirements of the structural division. 

 
B. Supports, hangers, braces, and attachments shall be standard manufactured items or 

fabricated structural steel shapes.  All interior hangers shall be galvanized or steel with 
rust inhibiting paint.  For un-insulated copper piping provide copper hanger to prevent 
contact of dissimilar metals.  All exterior hangers shall be constructed of stainless steel 
utilizing stainless steel rods, nuts, washers, bolts, etc.   

 
C. Concrete housekeeping pads and foundations shall be not less than 4 inches high (6 
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inches for chillers) and shall extend a minimum of 6 inches beyond equipment bases.  
Provide wire-mesh reinforcement; chamfer exposed edges and corners; and finish 
exposed surfaces smooth. 

 
D. Where new concrete housekeeping pads are placed on existing concrete, saw cut the 

existing concrete to the perimeter dimension of the new pad to a depth of ½ inch.  Break 
out the top ½ inch area of the existing concrete.  Add stubs of #4 rebar angled into the 
existing concrete at a depth of approximately 50 percent of the existing slab thickness.  
The top portion of the rebar stub shall extend into the new pad by approximately 50 
percent of its thickness.  Furnish one rebar stub per every two square feet of new pad.  
Chemically bond the new concrete to the existing concrete. 

 
3.3. PROVISIONS FOR ACCESS 
 

A. The contractor shall provide access panels and doors for all concealed equipment, valves, 
strainers, dampers, filters, controls, control devices, cleanouts, fire dampers, damper 
operators, traps,  and other devices requiring maintenance, service, adjustment, balancing 
or manual operation. 

 
B. Where access doors are necessary, furnish and install manufactured painted steel door 

assemblies consisting of hinged door, key locks, and frame designed for the particular 
wall or ceiling construction.  Properly locate each door. Door sizes shall be a 12 inches x 
12 inches for hand access, 18 inches x 18 inches for shoulder access and 24 inches x 24 
inches for full body access where required.  Review locations and sizes with Architect 
prior to fabrication.  Mark each access door within finished spaces with a small color 
coded and numbered tab.  Provide a chart or index for identification.  Provide U.L. 
approved and labeled access doors where installed in fire rated walls or ceilings.  Doors 
shall be Milcor Metal Access Doors as manufactured by Inland-Ryerson, Mifab, or 
approved equal. 

 
1. Acoustical or Cement Plaster:  Style B 
2. Hard Finish Plaster:  Style K or L 
3. Masonry or Dry Wall:  Style M 

 
C. Where access is by means of liftout ceiling tiles or panels, mark each ceiling grid using 

small color-coded and numbered tabs.  Provide a chart or index for identification.  Place 
markers within ceiling grid not on ceiling tiles. 
 

D. Access panels, doors, etc. described herein shall be furnished under the section of 
specifications providing the particular service and to be turned over to the pertinent trade 
for installation.  Coordinate installation with installing contractor.  All access doors shall 
be painted in baked enamel finish to match ceiling or wall finish. 

 
E. Submit shop drawings indicating the proposed location of all access panels/doors.  

Access doors in finished spaces shall be coordinated with air devices, lighting and 
sprinklers to provide a neat and symmetrical appearance. 

 
F. Where access doors are installed in wet locations (i.e. shower rooms, toilet rooms, 

natatoriums, kitchens, dishwasher rooms, can wash rooms, and similar spaces, etc…) 
provide aluminum access doors/frames. 
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3.4. PAINTING AND FINISHES 
 

A. Provide protective finishes on all materials and equipment.  Use coated or corrosion-
resistant materials, hardware and fittings throughout the work.  Paint bare, untreated 
ferrous surfaces with rust-inhibiting paint.  All exterior components including supports, 
hangers, nuts, bolts, washers, vibration isolators, etc. shall be stainless steel. 

 
B. Clean surfaces prior to application of insulation, adhesives, coatings, paint, or other 

finishes. 
 

C. Provide factory-applied finishes where specified.  Unless otherwise indicated factory-
applied paints shall be baked enamel with proper pretreatment. 

 
D. Protect all finishes and restore any finishes damaged as a result of work under Division 

23 to their original condition. 
 

E. The preceding requirements apply to all work, whether exposed or concealed. 
 

F. Remove all construction marking and writing from exposed equipment, ductwork, piping 
and building surfaces.  Do not paint manufacturer's labels or tags. 

 
G. All exposed ductwork, piping, equipment, etc. shall be painted.  Colors shall be as stated 

in this division or as selected by the Architect and conform to ANSI Standards. 
 

H. All exterior roof mounted ductwork, equipment, piping, breeching, and vents shall be 
painted to match roof in color as selected by Architect. 

 
I. All exposed ductwork, piping, equipment, etc. in finished spaces shall be painted.  Colors 

shall be as selected by the Architect and conform to ANSI Standards. 
 

J. All exposed ductwork, piping, equipment, etc., in Mechanical Rooms, Boiler Rooms, 
Penthouses, Fire Pump Rooms, Mezzanines, and Storage where PVC jacketed shall not 
require painting.  Label and identify and color code as specified. 

 
3.5. CLEANING OF SYSTEMS 
 

A. Thoroughly clean systems after satisfactory completion of pressure tests and before 
permanently connecting fixtures, equipment, traps, strainers, and other accessory  items.  
Blow out and flush piping until interior surfaces are free of foreign matter. 

 
B. Flush piping in re-circulating water systems to remove cutting oil, excess pipe joint 

compound, solder slag and other foreign materials.  Do not use system pumps until after 
cleaning and flushing has been accomplished to the satisfaction of the Engineer.  Employ 
chemical cleaners, including a non-foaming detergent, not harmful to system 
components.  After cleaning operation, final flushing and refilling, the residual alkalinity 
shall not exceed 300 parts per million.  Submit a certificate of completion to Engineer 
stating name of service company used. 

 
C. Maintain strainers and dirt pockets in clean condition. 

 
D. Clean fans, ductwork, enclosures, flues, registers, grilles, and diffusers at completion of 
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work. 
 

E. Install filters of equal efficiency to those specified in permanent air systems operated for 
temporary heating during construction. Replace with clean filters as specified prior to 
acceptance and after cleaning of system. 

 
F. Pay for labor and materials required to locate and remove obstructions from systems that 

are clogged with construction refuse after acceptance. Replace and repair work disturbed 
during removal of obstructions. 

 
G. Leave systems clean, and in complete running order. 
 
H. All HVAC piping/equipment strainers must be pulled and cleaned prior to substantial 

completion.  In addition six (6) months after substantial completion all HVAC 
piping/equipment strainers must be pulled and cleaned a second time.  Document and 
submit verification of strainer cleaning to Engineer, Owner, and Construction Manager. 

 
3.6. COLOR SELECTION 
 

A. Color of finishes shall be as selected by the Architect. 
 

B. Submit color of factory-finished equipment for acceptance prior to ordering. 
 
3.7. PROTECTION OF WORK 
 

A. Protect work, material and equipment from weather and construction operations before 
and after installation.  Properly store and handle all materials and equipment. 

 
B. Cover temporary openings in piping, ductwork, and equipment to prevent the entrance of 

water, dirt, debris, or other foreign matter.  Deliver pipes and tubes with factory applied 
end caps. 

 
C. Cover or otherwise protect all finishes. 

 
D. Replace damaged materials, devices, finishes and equipment. 

 
E. Protect stored pipes and tubes from moisture and dirt. Elevate above grade.  Do not 

exceed structural capacity of floor, where stored inside. 
 
3.8. OPERATION OF EQUIPMENT 
 

A. Clean all systems and equipment prior to initial operation for testing, balancing, or other 
purposes.  Lubricate, adjust, and test all equipment in accordance with manufacturer's 
instructions.  Do not operate equipment unless all proper safety devices or controls are 
operational.  Provide all maintenance and service for equipment that is authorized for 
operation during construction. 

 
B. Where specified, or otherwise required, provide the services of the manufacturer's 

factory-trained servicemen or technicians to start up the equipment.  Where factory start-
up of equipment is not specified, provide field start-up by qualified technician. 
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C. Submit factory start-up sheets or field start-ups sheets for all equipment prior to the 
commencement of testing and balancing work. Testing and balancing work shall not 
commence until start-up reports have been completed, reviewed by Engineer and 
forwarded to Testing and Balancing Agency. 

 
D. Do not use mechanical systems for temporary services or temporary conditioning during 

construction, unless approved by Owner in writing.  Refer to Division 01 Section 
"Temporary Facilities and Controls" for temporary heating/cooling during construction. 

 
E. Upon completion of work, clean and restore all equipment to new conditions; replace 

expendable items such as filters. 
 
3.9. DEMONSTRATION AND TRAINING VIDEO RECORDINGS 

 
A. General:  Record demonstration and training video recordings.  Record each training 

module separately. 
 
1. At beginning of each training module, record each chart containing learning 

objective and lesson outline. 
 

B. Video Recording Format:  Provide high-quality color video recordings with menu 
navigation in format acceptable to Engineer 
 

C. Recording: Mount camera on tripod before starting recording, unless otherwise necessary 
to show area of demonstration and training.  Display continuous running time. 

 
D. Narration:  Describe scenes on video recording by audio narration by microphone while 

video recording is recorded.  Include description of items being viewed. 
 
E. Transcript: Provide a transcript of the narration.  Display images and running time 

captured from videotape opposite the corresponding narration segment. 
 

3.10. IDENTIFICATIONS, FLOW DIAGRAMS, ELECTRICAL DIAGRAMS AND OPERATING 
INSTRUCTIONS 

 
A. Contractor shall submit for approval schematic piping diagrams of each piping system 

installed in the building.  Diagrams shall indicate the location and the identification 
number of each valve in the particular system.  Following approval by all authorities, the 
diagrams shall be framed, mounted under safety glass and hung in each Mechanical 
Room where directed.  Contractor shall deliver the tracing or sepia from which the 
diagrams were reproduced to the Owner. 

 
B. All valves shall be plainly tagged.  For any bypass valves, install sign indicating valve 

position as “Normally Open” or “Normally Closed” as required. 
 

C. All items of equipment, including motor starters, disconnects and ATC panels shall be 
furnished with white on black plastic permanent identification cards. Lettering shall be a 
minimum of ¼ inch high. Identification plates shall be secured, affixed to each piece of 
equipment, starters, disconnects, panels by screw or adhesive (tuff bond #TB2 or as 
approved equal). 
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D. Provide six (6) copies of operating and maintenance instructions for all principal items of 
equipment furnished.  This material shall be bound as a volume of the Record and 
Information Booklet as hereinafter specified. 

 
E. All lines piping and ductwork installed under this contract shall be stenciled with 

direction of flow arrows and with stenciled letters naming each pipe and ductwork and 
service. Refer to Division 23 Section, “HVAC Piping, Fittings, Valves, Etc.” and 
Division 23 Section, “HVAC Air Distribution”.  Color-code all direction of flow arrows 
and labels.  In finished spaces omit labeling and direction of flow arrows.  Paint in color 
as selected by Architect. 

 
F. Submit list of wording, symbols, letter size, and color coding for mechanical 

identification. Submit samples of equipment identification cards, piping labels, ductwork 
labels, and valve tags to Engineer for review prior to installation. 

 
G. Provide at least 16 hours of straight time instruction to the operating personnel.  Time of 

instruction shall be designated by the Owner.  Additional instruction time for the 
automatic temperature control (ATC) system is specified in Division 23 Section, 
“Instrumentation & Controls of HVAC & Plumbing Systems”. 

 
H. Contractor shall demonstrate Sequences of Operation of all equipment in presence of 

Owner’s representative, Engineer, and ATC subcontractor. 
 
3.11. WALL AND FLOOR PENETRATION 
 

A. All penetrations of partitions, ceilings, roofs and floors by ducts, piping or conduit under 
Division 23 shall be sleeved, sealed, and caulked airtight for sound and air transfer 
control.  Penetrations of mechanical room partitions, ceilings, and floors shall be as 
specified in Division 23 Section, “Vibration Control for HVAC, Plumbing and Fire 
Protection Equipment”. 

 
B. All penetration of fire rated assemblies shall be sleeved, sealed, caulked and protected to 

maintain the rating of the wall, roof, or floor.  Fire Marshal approved U.L. assemblies 
shall be utilized.  See Division 07 Section, “Fire Protection, HVAC & Plumbing 
Penetration Firestopping”. 

 
C. Where piping extends through exterior walls or below grade, provide waterproof pipe 

penetration seals, as specified in another division of these specifications. 
 

D. Provide pipe escutcheons and duct flanges for sleeved pipes and ducts in finished areas. 
 

E. Piping sleeves: 
 

1. Galvanized steel pipe, standard weight where pipes are exposed and roofs and 
concrete and masonry walls.  On exterior walls provide anchor flange welded to 
perimeter. 

 
2. Twenty-two (22) gauge galvanized steel elsewhere. 

 
F. Ductwork sleeves: 20 gauge galvanized steel. 
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G. Extend all floor sleeves through floor at least 3/4-inches above finished floor, caulk 
sleeve the entire depth and furnish and install floor plate. 
 

H. Sleeves for penetrations in kitchen and hood service areas shall finish .375 inches above 
floor or flush with wall surfaces and be neatly pointed up to fit snuggly against floor or 
wall material. 

 
3.12. RECORD DRAWINGS 
 

A. Upon completion of the mechanical installations, the Contractor shall deliver to the 
Architect one complete set of prints of the mechanical contract drawings which shall be 
legibly marked in red pencil to show all changes and departures of the installation as 
compared with the original design.  They shall be suitable for use in preparation of 
Record Drawings. 

 
B. Contractor shall incorporate all sketches, addendums, value engineering, change orders, 

etc., into record drawings prior to delivering to Architect. 
 
3.13. WARRANTY 
 

A. Contractor's attention is directed to warranty obligations contained in the GENERAL 
CONDITIONS. 

 
B. The above shall not in any way void or abrogate equipment manufacturer's guarantee or 

warranty.  Certificates of equipment manufacturer’s warranties shall be included in the 
operations and maintenance manuals. 

 
C. The Contractor guarantees for a two year period from the time of final acceptance by the 

Owner. 
 

1. That the work contains no faulty or imperfect material or equipment or any 
imperfect, careless, or unskilled workmanship. 

 
2. That all work, equipment, machines, devices, etc. shall be adequate for the use to 

which they are intended, and shall operate with ordinary care and attention in a 
satisfactory and efficient manner. 

 
3. That the contractor will re-execute, correct, repair, or remove and replace with 

proper work, without cost to the Owner, any work found to be deficient.  The 
contractor shall also make good all damages caused to their work or materials in 
the process of complying with this section. 

 
4. That the entire work shall be water-tight and leak-proof. 

 
3.14.  LUBRICATION 
 

A. All bearings, motors, and all equipment requiring lubrication shall be provided with 
accessible fittings for same.  Before turning over the equipment to the Owner, the 
Contractor shall fully lubricate each item of equipment, shall provide one year's supply of 
lubricant for each, and shall provide Owner with complete written lubricating 
instructions, together with diagram locating the points requiring lubrication.  Include this 
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information in the Record and Information Booklet. 
 

B. In general, all motors and equipment shall be provided with grease lubricated roller or 
ball bearings with Alemite or equal accessible or extended grease fittings and drain plugs. 

 
3.15. OPERATIONS AND MAINTENANCE MANUALS 
 

A. The Contractor shall have prepared six (6) hardcopies and one (1) electronic copy of the 
Operations and Maintenance Manuals and deliver these copies of the booklet to the 
Owner.  The booklet shall be as specified herein.  The booklet must be approved and will 
not be accepted as final until so stamped. 

 
B. The booklet shall be bound in a three-ring loose-leaf binder similar to National No. 3881 

with the following title lettered on the front:  Operations and Maintenance Manuals – 
Nellie Stokes Elementary School - HVAC.  No sheets larger than 8-1/2 inches x 11 inches 
shall be used, except sheets that are neatly folded to 8-1/2 inches x 11 inches and used as 
a pull-out.  Provide divider tabs and table of contents for organizing and separating 
information. 

 
C. Provide the following data in the booklet: 

 
1. As first entry, an approved letter indicating the starting/ending time of 

Contractor’s warranty period. 
2. Maintenance operation and lubrication instructions on each piece of equipment 

furnished. 
3. Complete catalog data on each piece of heating and air conditioning equipment 

furnished including approved shop drawing. 
4. Manufacturer's extended limited warranties on equipment including but not 

limited to chiller, variable frequency drives, air conditioning compressors, and 
VRV Equipment. 

5. Chart form indicating frequency and type of routine maintenance for all 
mechanical equipment. The chart shall also indicate model number of equipment, 
location and service. 

6. Provide sales and authorized service representatives names, address, and phone 
numbers of all equipment and subcontractors. 

7. Provide supplier and subcontractor’s names, address, and phone number. 
8. Catalog data of all equipment, valves, etc. shall include wiring diagrams, parts 

list and assembly drawing. 
9. Provide and install in locations as directed by the Owner, valve charts including 

valve tag number, valve type, valve model number, valve manufacturer, style, 
service and location.  Each valve chart shall be enclosed in a durable polymer 
based frame with a cover safety glass.   

10. Copy of the approved balancing report including duct leakage data. 
11. ATC systems including as-built ATC drawings of systems including internal of 

all panels. 
12. Access panel charts with index illustrating the location and purpose of access 

panels. 
13. Approved HVAC and Electrical Certificates. 
14. Start-up reports for equipment. 
15. Water treatment test reports. 
16. Provide and install in locations as directed by Owner, filter charts, including filter 
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type, size, model number, manufacturer, quantity and size for each filter utilized 
on the project. Filter charts shall be enclosed in a durable polymer based frame 
with a cover safety glass. 

17. Insert color graphic with embedded parameters for ATC system into record and 
information booklet.  

18. Filter charts indicating equipment served, size, and type of filter required. 
19. Documentation of strainer pulling and cleaning. 
 

D. Submit Record and Information Booklets prior to anticipated date of substantial 
completion for Engineer review and approval.  Substantial completion requires that 
Record and Information booklets be reviewed and approved. 

 
3.16. INSTALLATION AND COORDINATION DRAWINGS 
 

A. Prepare, submit, and use composite installation and coordination drawings to assure 
proper coordination and installation of work.  Drawings shall include, but not be limited, 
to the following: 

 
1. Complete Ductwork, Plumbing, Sprinkler and HVAC Piping Drawings showing 

coordination with lights, electrical equipment, HVAC equipment and structural 
amenities. 

 
B. Draw plans to a scale not less than 3/8-inch equals one foot.  Include plans, sections, and 

elevations of proposed work, showing all equipment, piping and ductwork in areas 
involved.  Fully dimension all work including lighting fixtures, conduits, pullboxes, 
panelboards, and other electrical work, walls, doors, ceilings, columns, beams, joists and 
other architectural and structural work. 

 
C. Identify all equipment and devices on wiring diagrams and schematics.  Where field 

connections are shown to factory-wired terminals, include manufacturer's literature 
showing internal wiring. 

 
D. Refer to Division 01 Section “Project Management and Coordination” for additional 

requirements related to coordination drawings. 
 
3.17. PIPING SYSTEMS TESTING 
 

A. The entire new HVAC piping systems shall be tested hydrostatically before insulation 
covering is applied and proven tight under the following gauge pressures for a duration of 
four (4) hours.  Testing to be witnessed by Owner's representative and documented in 
writing. 

 
SYSTEM TEST PRESSURE 
Heating, and Chilled Water Supply & Return 
Piping,  Including Chemical Treatment Piping 

100 psi 

Refrigerant Piping 550 psig with Nitrogen 

 
B. All new piping shall be pressure tested in accordance with NFPA-30. Piping systems 

shall be proven tight under the following gauge pressures for a duration of four (4) hours: 
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C. Ductwork pressure testing shall be as specified in another division of these specifications. 
 

D. Testing and acceptance thereof shall be in accordance with local requirements and shall 
meet approval of authority having jurisdiction. Submit certificates and approved permits 
and insert one (1) copy in the Operations and Maintenance Manuals. 

 
E. Refrigerant piping shall be tested utilizing nitrogen per equipment manufacturer’s 

requirements. 
 
3.18. EQUIPMENT BY OTHERS 
 

A. This Contractor shall make all system connections required to equipment furnished and 
installed under other divisions or furnished by the Owner.  Connections shall be complete 
in all respects to render this equipment functional to its fullest intent. 

 
B. It shall be the responsibility of the supplier of this equipment to furnish complete 

instructions for connections.  Failure to do so will not relieve this contractor of any 
responsibility for improper equipment operation. 

 
3.19. ADDITIONAL FILTERS AND BELTS 
 

A. One complete set of additional filters and belts shall be turned over to the owner upon 
final acceptance of the building by the owner.  Provide correspondence to the Engineer 
(copy) documenting that additional filters and belts have been turned over to Owner. 

 
B. All filters and belts shall be tagged and identified for equipment served. Furnish filters in 

protection wrap. 
 
3.20. PHASING 
 

A. Refer to Architectural Specifications and contract drawings for any required phasing. 
 

B. Maintain building egress and traffic ways at all times.  Coordinate egress requirements 
with the State Fire Marshal, the Owner and Authorities having jurisdiction. 

 
C. Provide dust barriers/partitions, penetration closures, etc, to ensure safety of building 

occupants and protection of existing surroundings. 
 

D. The Building shall remain watertight at all times. 
 

E. Refer to phasing plans for additional requirements. 
 

F. Provide necessary piping, valves, drips, piping, conduit, controllers, ATC wiring, etc. as 
required.  Drain and refill piping systems as often as necessary to accommodate phasing 
and to minimize time length of outages. Provide steam traps, drips, valves, etc., to 
maintain existing steam system in operation until all equipment is connected to the hot 
water system.  Temporarily feed new systems with existing system where required or 
shown on contract drawings. 

 
G. At completion of the first phase the ATC System shall be sufficiently complete to turn 

over HVAC equipment.  All wiring, testing, balancing, commissioning, programming, 
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graphics, and ATC computer shall be completed and operational for all equipment in 
each phase prior to Owner taking ownership of the same. 

 
H. Within thirty days of Award of Contract, the Contractor shall submit a minimum of six 

(6) copies of the proposed Phasing Plan (Drawings and detailed written description) to 
the Architect for review and approval based on the general and specific requirements 
indicated on the Drawings and Specifications.  The phasing plan shall reflect the work of 
all trades. The phasing plan shall be updated as often as needed (i.e. major deviations 
and/or modified sequence of events) and reviewed during each progress meeting so the 
facility and Architect can be aware of the areas of construction and progress as it relates 
to the approved schedule. 

 
I. Due to phased construction, some systems must be operated at part load conditions until 

later phases are completed.  
 

J. While work is in progress, except for designated short intervals during which connections 
are made, continuity of service shall be maintained to all existing systems. Interruptions 
shall be coordinated with the Owner as to time and duration.  The contractor shall be 
responsible for any interruptions to service and shall repair any damages to existing 
systems caused by his operations. 

 
3.21. STRAINER CLEANING  

 
A. All equipment strainers must be pulled and cleaned at substantial completion.  Document 

in writing and via digital photographs that all strainers have been pulled and cleaned. 
 

B. One year after project substantial completion all strainers shall be pulled again and 
cleaned.  Document in writing and via digital photographs that all strainers were pulled 
and clean at the one year after project substantial completion data.  

 
C. Insert documentation that the strainers have been pulled and cleaned in the Record and 

Information Books. 
 
D. Re-purge hydronic systems of all air after strainers are pulled and cleaned. 
 

3.22. OUTAGES 
 

A. Provide a minimum of fourteen (14) days notice to schedule outages.  The Contractor 
shall include in their bid outages and/or work in occupied areas to occur on weekends, 
holidays, or at night.  Coordinate and get approval of all outages with the Owner. 

 
B. Submit Outage Request form, attached at end of this Section, to Owner for approval. 

 
 
 

END OF SECTION 
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OUTAGE REQUEST 
 
 
DATE APPLIED:                                                      BY:                                  
 
DATE FOR OUTAGE:                                                      FIRM:                                 
 
START OUTAGE-TIME:                                                  DATE:                                     
 
END OUTAGE -- TIME:                                                   DATE:                                    
 
AREAS AND ROOMS:                                         

  FLOOR(S):                                         
 
   AREA(S):                                      
 
   ROOM(S):                                        
 
WORK TO BE PERFORMED:                                       
 
SYSTEM(S):                                                
 
                                                                                                                                                   
    
REQUEST APPROVED BY:                                        
     (FOREMAN OR OTHER PERSON IN CHARGE) 
 

 
 
(FOR OWNER’S USE ONLY): 
 
APPROVED:             
 
YES           NO         BY:                                                 DATE:                                  
 
DATE/TIME-AS REQUESTED:                                   OTHER :                                    
 
OWNER’S PRESENCE REQUIRED:         
  
 
YES:          NO:          NAME:                                         
 
POINT OF CONTACT:                                                                PHONE:                                       
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SECTION 23 05 05 
 

HVAC PIPING, FITTINGS AND VALVES 
 
PART 1. GENERAL 
 
1.1. SUMMARY 
 

A. The conditions of the contract and other general requirements apply to the work specified in 
this section.  All work under this section shall also be subject to the requirements of Division 
23 Section, Common Work Results for HVAC and Division 01, General Requirements. 

B. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

 
1.2. SYSTEM DESCRIPTION CONDITIONS 
 

A. Provide all labor and materials necessary to furnish and install all piping systems on this 
project as herein specified and/or shown on the drawings.  Final connections to equipment 
furnished in other sections of the specifications shall be included under this section. 

 
B. All piping and insulation installed in ceiling plenums must be plenum rated and comply with 

NFPA and International Building Code (IBC). 
 

C. Where more than one piping system material is specified, ensure system components are 
compatible and joined to ensure the integrity of the system is not jeopardized.  Provide 
necessary joining fittings.  Ensure flanges, union, and couplings for servicing are 
consistently provided. 

 
D. Use unions, flanges, and couplings downstream of valves and at equipment or apparatus 

connections. Do not use direct welded or threaded connections to valves, equipment or other 
apparatus. 

 
E. Use non-conducting dielectric connections whenever jointing dissimilar metals in open 

systems. 
 

F. Provide pipe hangers and supports in accordance with ASTM B31.9 and MSS SP69 unless 
indicated otherwise. 

 
G. Use spring loaded "silent" check valves on discharge of all pumps. 

 
H. Use 3/4 inch (20 mm) ball valves with cap and chain for drains at main shut-off valves, low 

points of piping, bases of vertical risers, and at equipment.  Pipe to nearest floor drain. 
 

I. At all runout piping serving equipment, use swing joints with elbows to prevent excessive 
movement of piping due to expansion. 

 
1.3. QUALITY ASSURANCE 
 

A. Valves: Manufacturer's name and pressure rating marked on valve body. 
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B. Welding Materials and Procedures: Conform to ASME Code and applicable state labor 

regulation. Provide certificate of compliance from authority having jurisdiction indicating 
approval of welders. 

 
C. Welders Certification: In accordance with ASME Section 9. 

 
D. All grooved joint couplings, fittings, valves, and specialties shall be the products of a single 

manufacturer.  Grooving tools shall be of the same manufacturer as the grooved components. 
 

1. All castings used for coupling housings, fittings, and valve bodies shall be date 
stamped for quality assurance and traceability. 

 
E. Maintain one copy of each document on site. 

 
1.4. DELIVERY, STORAGE AND HANDLING 
 

A. Deliver, store, protect and handle products to site under as hereinbefore specified. 
 

B. Accept valves on site in shipping containers with labeling in place.  Inspect for damage. 
 

C. Provide temporary protective coating on cast iron and steel valves. 
 

D. Provide temporary end caps and closures on piping and fittings.  Maintain in place until 
installation. 

 
E. Protect piping systems from entry of foreign materials by temporary covers, completing 

sections of the work, and isolating parts of completed systems. 
 
1.5. ENVIRONMENTAL REQUIREMENTS 
 

A. Do not install underground piping when bedding is wet or frozen. 
 
1.6. EXTRA MATERIALS 
 

A. Provide one (1) repacking kit for each size valve. 
 
1.7. ALTERNATES 
 

A. Refer to Division 01 Section, “Alternates” for description of work under this section affected 
by alternates. 

 
PART 2.  PRODUCTS 
 
2.1. PIPE MATERIALS 
 

A. All materials, unless otherwise specified, shall be new and of the best quality of their 
respective kinds, and shall conform to the requirements and ordinances of local, state and 
insurance authorities having jurisdiction.   
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1. Heating & Chilled Water Supply & Return Piping, Chemical Treatment Piping,  
Glycol Piping, (Inside of Building): 

 
a). Pipe:  Schedule 40 Black steel pipe, ASTM A53   

1-1/2 inch and smaller - Type F, ASTM A53 steel (CW) with threaded joints 
     

2 inch and larger - Grade B, Type E, ASTM A53 steel (ERW) with welded, 
flanged or grooved joints. 

 
b). Fittings & Joints:  2-1/2 inches & larger, schedule 40 wrought steel ASTM 

A234 Grade WPB or Std. B16.9 long radius welding; factory-fabricated 
from ASTM A53 pipe; or ASTM A536 ductile iron; 2 inches & smaller 125 
lb. std. cast iron screwed, ASTM Standard B16.4; or Vic-Press precision, 
cold drawn, stainless steel with elastomer O-ring seals.  Joints shall be 
threaded or AWS D1.1 welded.  Victaulic or approved equal grooved joints 
shall be acceptable. 

 
c). Flanges:  Wrought steel Class 150 welding neck. ASTM Standard B16.5. 

 
d). Grooved Joint Couplings:  Two ductile iron housings, pressure responsive 

elastomer gasket, and ASTM A449 zinc electroplated steel bolts and nuts.  
Couplings shall comply with ASTM F1476 Standard Specification for the 
Performance of Gasketed Mechanical Couplings for Use in Piping 
Applications.   

 
i. Rigid Type:  Coupling housings shall be cast with offsetting, angle-

pattern bolt pads to provide joint rigidity and support and hanging 
in accordance with ASNI B31.1 and B31.9. 
 
a. Victaulic Style 107H, Installation-Ready or approved 

equal, for direct stab installation without field disassembly, 
with grade EHP gasket, suitable for water service to +250 
degrees F. 

 
ii. Flexible Type:  For use in locations where vibration attenuation and 

stress relief are required, and for the elimination of flexible 
connectors.  Victaulic Installation-Ready Style 177 or Style 77, or 
approved equal. 

iii. 14” and Larger:  AGS Series, two segment coupling with lead-in 
chamfer on housing key and wide width FlushSeal gasket.  
Victaulic Style W07 (rigid) and Style W77 (flexible), or approved 
equal. 

iv. Flange adapters shall be suitable for direct connection to ANSI 
Class 125 or 150 flanged components.  Victaulic Style 741/W741, 
or approved equal. 

v. Rolled form grooves only.  Cut grooves are prohibited. 
vi. Verify gasket compatibility on Chemical Treatment piping. 

 
e). Gate Valves:  2-1/2 inches & larger - IBBM, 150 lb.  OS&Y grooved end  

or flanged; 2 inches & smaller -  150 lb. Bronze body bronze trim.  Basis of 
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Design:  Victaulic Series 771V or approved equal. 
 

For valves 4 inch and larger located in mechanical equipment spaces 10 
feet-0 inch or greater above finished floor, valve shall have chain wheel 
operators with chains extending to within 6 feet-0 inch above finished floor. 
 Chain wheels and guides shall be galvanized. 

 
f). Ball Valves:  Shut-off valves 2 inches and smaller shall be ball valves. Ball 

valves shall be 150 lbs, brass or bronze body, standard port, 2 piece body, 
TFE seats with bronze trim.  Ball valves shall be VicPress end, threaded end 
or solder end as required to accommodate piping.  Ball valves shall be as 
manufactured by Victaulic, Conbraco, Crane, Apollo, Nibco, Watts or 
engineer approved equal. 

 
g). Globe Valves:   2-1/2 inches & larger – IBBM 125 lb.std. flanged,  with No. 

1 disc; 2 inches & smaller -  bronze 150 lb.std. screw ends, with #1 disc. 
 

h). Check Valves:   2-1/2 inches & larger – IBBM or stainless steel trim, 125 
lb.std. grooved end or flanged spring-assisted swing check suitable for 
vertical or horizontal installation, with metal disc; 2 inch & smaller - 125 lb. 
std. screwed.  Provide "silent" spring loaded check valves at all pump 
discharges.  Victaulic Series 716/W715 or approved equal. 

 
i). Balancing Valves:  Victaulic Series 377/365, DeZurik Series 100, Fig. 118 

or approved equal, ductile iron or cast iron construction, stainless steel 
bearings, nickel seats (3 inches and larger) non-lubricated, eccentric plug 
with EPDM, chlorobutyl rubber or Bunz-N resilient faced plugs suitable for 
230 degrees F, semi-steel screwed with fig. 159, removable lever and open. 
nut for valves 3 inches and smaller.  For valves 4-inch and larger, provide 
gear operators and grooved ends or flanged connections.  Provide chain 
operated valves for sizes 4-inches and larger located 10 feet-0 inches or 
more above finished floor.  Chains shall extend to within 6 inch-0 inches 
above finished floor.  All valves shall have adjustable memory stop.  Chain 
wheel and guide shall be galvanized. 

 
j). Butterfly Valves:  Victaulic Vic300 MasterSeal/ AGS-Vic300, DeZurik, 

high performance or Keystone K-Loc, type with infinite position lever (for 
3-inches and smaller) and pressure-responsive seat or double seat type and 
memory stop.  Provide gear operator on valves 4-inches and larger.   

 
i. Valve stem shall be stainless steel, and shall be offset from the disc 

centerline to provide complete 360 degree circumferential seating. 
 

ii. Valve shall be rated to +250 deg F in sizes through 12-inches. 
 

iii. Seat shall be elastomer, of a grade suitable for the intended service. 
 The seat shall be pressure responsive in sizes through 12 inches. 

 
 

iv. For valves 4 inches and larger located 10 feet-0 inches or more 
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above finished floor shall be provided with chain operators with 
chains extending to within 6 feet-0 inches above finished floor.  
Chain wheel and guide shall be galvanized. 

 
k). Combination Shut-off/Balancing Valves: 

 
Victaulic/ TA Hydronics, Taco Circuit Setter, Bell & Gossett Circuit Setter 
Plus, Flowset Accuset, Gerand,  or as approved equal, 2-inch-3-inch 300 lb. 
rated Ametal (copper-alloy) body globe type or ball valve with bronze 
body/brass ball construction with glass and carbon filled TFE seats, in-line 
flow meter and balancing and shut-off valve with built in ball valve for flow 
adjustment.  Valve shall have memory stop, calibrated nameplate, Schrader 
valve connections and preformed molded insulation.  Valves shall be 
leaktight at full rated working pressure.   Balance valve size shall be 
selected based on manufacturer’s acceptable flow range and design flow 
rate.  Pressure drop through combination shut off balance valves shall not 
exceed 5 feet of head at design flow rate.  
 
Coil-Hook-up Connections:  Victaulic Koil-Kits Series 799 or 79V or 
approved equal may be used at coil connections.  The kit shall include a 
autoflow balancing valve, Series 78Y Strainer-Ball, Series 78U Union-Port 
fitting, with Series 78T ball valve and required coil hoses.  A Style 793 
and/or 794 differential pressure controller shall be provided as required.   

 
l). Extended Valve Stems: Provide and install round collar type extended 

valve stems on all valves installed in insulated piping. Valve stem and collar 
shall be selected to suit insulation thickness and maintain valve handles 
outside of insulation. 

 
m). Alternate:  

 
i. At contractors option all HVAC water supply and return lines may 

be copper type L (ASTM Std. B88) with wrought copper fittings 
(ASTM Std. B 16.22) with brazed or 95-5 silver solder joints lead 
and antimony based solders are prohibited and all bronze valves 
may be used on piping 2 inches and less in size. 

ii. At Contractors option, Viega Pro Press/ Mega Press Pressure Seal 
mechanical fittings may be utilized. Viega, ProPress Pressure Seal 
Fittings:  Bronze or copper shall conform to ASME B16.51, ICC 
LC 1002, and IAPMO PS 117.  ProPress fittings ½-inch thru 4- 
inch for use with ASTM B88 copper tube type L and ½-inch up to 
1-1/4-inch annealed copper tube.  ProPress fittings shall have an 
EPDM sealing element and Smart Connect (SC) feature.  2-1/2-
inch thru 4-inch shall have a 420 stainless steel grip ring, PBT 
separator ring, EPDM sealing element and Smart Connect (SC) 
feature. 
 

2. Refrigeration Piping:   
 

a). Concealed:  Tube Size ¾ -inch & Smaller: 
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ASTM B280, copper tube; Type ACR, soft annealed temper fittings; cast 
copper-alloy fittings for flared copper tubes; flared joints. Fittings shall be 
ASME B16.22, wrought copper.  Joints shall be brazed, AWS A5.8, BCUP 
silver/phosphorous/copper alloy with melting range 1190 to 1480 degrees F. 

 
b). Concealed:  Tube Size 7/8 inch through 4-1/8inches:  

 
Copper tube, Type ACR, soft annealed temper; wrought-copper, brazed-
joint fittings; brazed joints. 

 
c). Exposed:  Tube Size ¾ Inch and Smaller: 

 
Copper pipe, Type ASTM B88, Type K with brazed wrought-copper 
fittings conforming to ASME B16.22.  Filler metal shall be brazing type 
conform to AWS A5.8. 
 

d). Exposed:  Tube Sizes 7/8 Inch and Larger: 
 
Copper pipe, Type ASTM B88, Type K with brazed wrought-copper 
fittings conforming to ASME B16-22.  Filler metal shall be brazing type 
conforming to AWS A5.8. 
 

e). Brazed Joints: Braze joints using American Welding Society (AWS) 
classification BCuP-4 for brazing filler metal. 

 
f). Flexible connectors:  500-psig (3450-kPa) minimum operating pressure; 

stainless-steel core and high-tensile stainless-steel-braid covering; 
dehydrated, pressure tested, minimum 7 inches (180 mm) long. 

 
g). Diaphragm Packless Valves:  

500-psig (3450-kPa) working pressure and 275 degrees Fahrenheit (135 
degrees C) working temperature; globe design with straight-through or 
angle pattern; forged-brass or bronze body and bonnet, phosphor bronze 
and stainless-steel diaphragms, rising stem and handwheel, stainless-steel 
spring, nylon seat disc, and with solder-end connections. 

 
h). Packed-Angle Valves: 500-psig (3450-kPa) working pressure and 275 

degrees Fahrenheit (135 degrees C) working temperature; forged-brass or 
bronze body, forged-brass seal caps with copper gasket, back seating, rising 
stem and seat, molded stem packing, and with solder-end connections. 

 
i). Check Valves: Smaller than NPS 1 (DN 25):  400-psig (2760-kPa) 

operating pressure and 285 degrees Fahrenheit (141 deg Celsius) operating 
temperature; cast-brass body, with removable piston, 
polytetrafluoroethylene seat, and stainless-steel spring; globe design.  Valve 
shall be straight-through pattern, with brazed-end connections. 

 
j). Check Valves: NPS 1 (DN 25) and Larger:  400-psig (2760-kPa) operating 

pressure and 285 degrees Fahrenheit (141 deg Celsius) operating 
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temperature; cast-bronze body, with cast-bronze or forged-brass bolted 
bonnet; floating piston with mechanically retained polytetrafluoroethylene 
seat disc.  Valve shall be straight-through or angle pattern, with solder-end 
connections. 

 
k). Service Valves:  500-psig (3450-kPa) pressure rating; forged-brass 

body with copper stubs, brass caps, removable valve core, integral ball 
check valve, and with brazed-end connections. 

 
l). Service valves for VRV branch selector boxes and indoor heat pumps shall 

be bi-directional Sporlan model EBVT with access fitting.  Valves shall be 
rated for 700psig, shall be U.L. listed, suitable for full refrigeration service 
temperature range of -40°F to 325°F.  Valves shall include the following 
additional features: 

 
i. Welded body joint with forged brass body construction with 

extended copper fittings. 
ii. Dual Teflon seals. 
iii. Full size ports to minimize pressure drop. 
iv. ¼ turn operation with stainless steel stop plate. 
v. Internal ball relief port to allow positive shut-off in either direction, 

even during system evacuation. 
vi. Suitable for R-410A refrigerant. 
vii. Date code stamped into valve body. 

 
m). Solenoid Valves: Comply with ARI 760; 250 deg Fahrenheit (121 

deg Celsius) temperature rating and 400-psig (2760-kPa) working pressure; 
forged brass, with polytetrafluoroethylene valve seat, 2-way, straight-
through pattern, and brazed-end connections; manual operator; fitted with 
suitable NEMA 250 enclosure of type required by location, with 1/2-inch 
(16-GRC) conduit adapter and 24-V, normally closed holding coil. 

 
n). Pressure-Regulating Valves: 

 
Comply with ARI 770; pilot operated, forged brass or cast bronze, stainless-
steel bottom spring, pressure-gage tapings, 24-V dc standard coil, and 
wrought-copper fittings for brazed-end connections; suitable for refrigerant 
specified. 

 
o). Pressure Relief Valves: Straight-through or angle pattern, brass body and 

disc, neoprene seat, and factory sealed and ASME labeled for standard 
pressure setting. 

 
3. Cooling Coil A/C Condensate Drain and Floor Drain Piping that is Collecting A/C 

Condensate Piping: 
 

a). Pipe & Fittings: All A/C condensate drain piping, including floor drain 
piping that is collecting A/C condensate, shall be constructed of Type L 
copper tubing, with sweat fittings made with 95-5 solder.  Washout plugs 
(cleanouts) shall be strategically located to allow periodic flush out of 
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system.  At a minimum, provide washout plugs at equipment connections 
and at direction changes of 90 degrees F or greater. 

 
b). Provide backwater valve (ball float type) at connections of condensate 

piping to stormwater piping and air gap fitting.  Backwater valve shall be 
Model Z1099 as manufactured by Zurn or approved equal.  Backwater 
valve shall have drain coated cast iron body, plastic ball float, bronze 
backwater bushing and replaceable neoprene seat. 

 
B. Steel pipe shall be similar and equal to National Tube Company, Grinnell, Republic, or 

Bethlehem black or zinc-coated (galvanized) as hereinafter specified.  Pipe shall be free from 
all defects which may affect the durability for the intended use.  Each length of pipe shall be 
stamped with the manufacturer's name. 

 
C. Copper pipe shall be Revere, Anaconda or Chase with approved solder fittings. 

 
D. Welding fittings for steel pipe shall meet the requirements of ASTM Standard A-23 and shall 

be standard catalog products.  Fittings fabricated by metering and notching pipe will not be 
accepted. 

 
2.2. PIPE HANGERS, ROLLER SUPPORTS, ANCHORS, GUIDES, AND SADDLES 
 

A. All hangers for metallic piping shall be adjustable, wrought clevis type, or adjustable 
malleable split ring swivel type, having rods with machine threads.  Hangers shall be 
Grinnell Company's Figure 260 for pipe ¾-inch and larger, and Figure 65 for pipe 2-inches 
and smaller, or approved equal.  Adjustable pipe stanchion with U-bolt shall be Grinnell 
Company's Figure 191.  Pipe roller supports shall be Grinnell's Figure 181 or Figure 271.  
Exterior pipe hangers shall be galvanized or stainless steel construction.  For copper piping 
in direct contact with the hanger, hanger construction shall be copper coated to prevent 
contact of dissimilar metals similar to Grinnell's Figure CT-65.  Hanger spacing and rod sizes 
for steel and copper pipe shall not be less than the following: 

 
 
NOMINAL PIPE 
SIZE IN 

 
STD. STEEL PIPE MAXIMUM SPAN 

FT. COPPER TUBE 

 
MINIMUM ROD 
DIAMETER INCHES 
OF ASTM A36 
STEEL THREADED 
RODS 

 
3/4 & 1 

 
6 5 

 
3/8 

 
1 -  ½   

 
6 8 

 
3/8 

 
2 

 
8 8 

 
3/8 

 
2 – ½   

 
10 9 

 
 ½   

 
3 

 
12 10 

 
½   

 
4 

 
14 12 

 
5/8 

 
5 

 
14 12 

 
5/8 
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NOMINAL PIPE 
SIZE IN 

 
STD. STEEL PIPE MAXIMUM SPAN 

FT. COPPER TUBE 

 
MINIMUM ROD 
DIAMETER INCHES 
OF ASTM A36 
STEEL THREADED 
RODS 

6 16 14 3/4 
 
8 

 
18 16 

 
7/8 

 
10 

 
20 18 

 
7/8 

 
12 

 
20 18 

 
7/8 

 
B. Anchors, guides, and roller supports shall be installed in accordance with the contract 

drawings and manufacturer's recommendations to provide pipe support and control pipe 
movement for all piping systems. Anchors and guides shall be securely attached to the pipe 
support structure.  Submit shop drawing for proposed pipe support structure for guides and 
anchors for approval of the Structural Engineer.  Pipe alignment guides shall be Fig. 255 
Grinnell, or as approved equal.  Guides shall be sized to accommodate the pipe with 
insulation.  Guides shall be steel factory, fabricated, with bolted two section outer cylinder 
and base for alignment of piping and two section guiding spider for bolting to pipe. 

 
C. Hangers for pipe sizes ½ to 1 ½ inch (13 to 38 mm): Carbon steel, adjustable swivel, split 

ring. 
 

D. Hangers for cold pipe sizes 2 inches (50 mm) and over: Carbon steel, adjustable, clevis. 
 

E. Hangers for cold pipe sizes 2 to 4 inches (50 to 100 mm): Carbon steel, adjustable, clevis. 
 

F. Hangers for cold pipe sizes 6 inches (150 mm) and over: adjustable steel yoke, cast iron roll, 
double hanger. 

 
G. Multiple or Trapeze hangers: Steel channels with welded spacers and hanger rods. 

 
H. Multiple or Trapeze hangers for hot pipe sizes 6 inches (150 mm) and over: Steel channels 

with welded spacers and hanger rod, cast iron roll. 
 

I. Wall support for pipe sizes to 3 inches (76 mm): cast iron hook 
 

J. Wall support for pipe sizes 4 inches (100 mm) and over: Welded steel bracket and wrought 
steel clamp. 

 
K. Wall support for hot pipe sizes 6 inches (150 mm) and over: welded steel bracket and 

wrought steel clamp with adjustable steel yoke and cast iron roll. 
 

L. Vertical Support: Steel riser clamp. 
 

M. Floor support for cold pipe: Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, 
and concrete pier or steel support. 
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N. Floor support for hot pipe sizes to 4 inches (100 mm): Cast iron adjustable pipe saddle, lock 
nut, nipple, floor flange, and concrete pier or steel support. 

 
O. Floor support for hot pipe sizes 6 inches (150 mm) and over: Adjustable cast iron roll and 

stand, steel screws, and concrete pier or steel support. 
 

P. Copper pipe support: Carbon steel ring, adjustable, copper plated. 
 

Q. Hanger rods: Mild steel threaded both ends, threaded one end, or continuous threaded. 
 

R. Inserts: Malleable iron case of galvanized steel shell and expander plug for threaded 
connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms; 
size inserts to suit threaded hanger rods. 

 
S. For exterior pipe supports provide stainless steel brackets and anchors. 

 
2.3. HYDRONIC EXPANSION LOOPS 
 

A. Provide hydronic flexible expansion loops of size and material noted on drawings as 
manufactured by Metroloop or approved equal.  Flexible loops shall be designed to impart 
no thrust loads on the anchors.  The loop shall consist of two flexible sections of hose and 
braid, two 90 degree elbows, and a 180 degree return.  Loops shall be installed in a neutral, 
precompressed, or pre-extended condition as required for application.  Loops are to be 
installed within four pipe diameters, both upstream and downstream, from a pipe guide. 

 
B. Where indicated provided nested loops and support the 180 degrees return bend.  Nested 

loops shall be sized to absorb the axial compression movement as scheduled on the contract 
drawings. 

 
2.4. VALVES 
 

A. Provide parts list and assembly drawings (exploded view) for all valves in shop drawing 
submittals.  Provide valves of the same type by the same manufacturer.   

 
B. Check valves in base mounted pump discharges shall be of the vertical type and shall be 

Victaulic Series 716/ W715, Miller "non-slam" check valves or approved equal suitable for 
service intended.  Check valves in circulator discharges shall be horizontal type. 

 
C. Provide at each base mounted pump a suction diffuser of size and type shown on drawings.  

Units shall consist of a ductile cast iron angle type body with inlet vanes, magnetic insert, 
and blowdown connection tapped gauge post, 125 psi ANSI flange and a combination 
stainless steel diffuser strainer with 5/32 or 3/16-inch diameter opening for pump protection. 
 Unit shall be equipped with a disposable fine 20-mesh stainless steel start up strainer which 
shall be removable after 30 days.  Flow direction shall be from inside the strainer to outside 
for ease of service and cleaning.  The body shall fit the pump and connecting pipe size.  The 
unit shall be provided with a base support boss or an adjustable support foot to relieve piping 
strains from the pump suction.  Suction diffuser shall be Victaulic 731 Series, Taco "SD" 
Series Catalog 300-4.1, Bell and Gossett Model FLG, Armstrong, Patterson, or engineer 
approved equal. 
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D. Multi-purpose valve (non-slam check valve, throttling valve, shut-off valves and calibrated 
balancing valve) shall be provided at discharge side of constant speed pumps.  The valve 
shall be of heavy-duty cast iron construction with standard ANSI flanged connections and 
rated for a maximum working pressure of 175 psig at 240oF.  The valve shall be fitted with a 
stainless steel stem or stem sleeve and brass seat with "O" ring seal.  Valve shall be Taco 
"Plus One" Number 300-4.2, Bell and Gossett 3DS Triple Duty Valve, Armstrong, Patterson, 
or as approved equal, and shall have check and plug valve features plus a memory stop with 
pointer and scale.  Provide additional shut-off valve to allow servicing of check valve if a 
multipurpose valve is utilized in lieu of separate check, shut-off, and balance valve.  Provide 
additional shut-off valve downstream of multi-purpose valve to allow servicing of multi-
purpose check valve feature.  Provide pre-manufactured, removable  insulation covers for all 
multipurpose valves. 
 

E. Triple Duty Valve Assembly: Assembly shall consist of a Victaulic Master Seal or approved 
equal butterfly valve with memory stop and a Series 779 Venturi-Check, rated for water 
service to 230 degrees Fahrenheit (110 degrees Celsius) and pressures to 300 psig (2065-
kPa). 

 
F. Do not install multipurpose valves or balance valves on the discharge of variable speed 

pumps. 
 
2.5. AUTOMATIC FLOW CONTROL VALVES 
 

A. Automatic flow control valves shall be provided and installed where indicated.  Units shall 
be factory set to maintain constant flow with plus or minus 5 percent over system pressure 
fluctuations, and equipped with a readout kit including flow meter, probes, hoses, flow 
charts, and carrying case. Each valve shall have an identification tag attached by chain and 
be factory marked with the zone identification, valve number and flow rate.  Valves shall be 
line size and shall be Model AC or WU as manufactured by Flow Design, Inc., Victaulic 
Series 76, Griswald Controls, Bell & Gossett, or approved equal. 

 
B. Valves shall be selected for 2 - 32 psig flow range.  Furnish valves with extended valve 

handle, stem extender, ball valve, flow regulator and unions. 
 

C. Design: 
 

1. The GPM for the automatic flow control valves shall be factory set and shall 
automatically limit the rate of flow to within 5% of the specified GPM over at least 
95 percent of the control range. 

 
2. For ½ -inch – 2-inches, the flow cartridge shall be removable from the Y-body 

housing without the use of special tools to provide access for regulator change-out, 
inspection and cleaning without breaking the main piping.  (Access shall be similar 
to that provided for removal of a Y-strainer screen). 

 
3. Pump Head Requirements: the permanent pressure loss added to the pump head 

shall not exceed seven feet. 
 

4. Each valve shall have two P/T ports. 
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5. All automatic flow control devices shall be supplied by a single source and certified 
flow tests, witnessed by a professional engineer, shall be available. 

 
6. Five-year product warranty and free first-year cartridge exchange, up to 10 percent. 
 

D. Construction: 
 

1. The internal wear surfaces of the valve cartridge shall be stainless steel. 
 

2. The internal flow cartridge body shall have machined threads so the spring free 
height may be compensated for without the use of fixed shims. A crimped sheet 
metal design is not acceptable. 

 
3. The internal flow cartridge shall be permanently marked with the GPM and spring 

range. 
 

4. For ½-inch through 2-inch pipe sizes: An assembly shall consist of a brass Y-type 
body, integral brass-body ball valve and "O" ring type union; Flow Design Model 
AC or approved equal. 

 
5. For 2  ½-inches and larger flanged connections: Ductile-iron body suitable for 

mounting wafer style between standard 150# or 300# flanges.  The long flange bolts 
and nuts shall be provided with each control valve. Flow Design Model WS or 
approved equal. 

 
6. All valves shall be factory leak tested at 100 psig air under water. 

 
E. Minimum ratings: 

 
1. ½-inch through 2-inch pipe size: 400 PSIG at 250 degrees Fahrenheit. 

 
2. 2 ½ -inch through 14-inch pipe size: 600 PSIG at 250 degrees Fahrenheit. 

 
3. 16-inch through 30 -inch pipe size: 250 PSIG at 250 degrees Fahrenheit. 

 
F. Flow Verification 

 
1. The differential pressure across the Automatic Flow Control Valve shall be 

measured for flow verification and to determine the amount of system over heading 
or under pumping. 

 
2.6. STRAINERS 
 

A. Strainers shall be of the basket or "Y" type and shall be heavy and durable, constructed of 
ductile iron to ASTM A536 or the best grade gray iron with the bottoms drilled and plugged. 
 Bodies shall have arrows clearly cast on the sides to show flow direction.  Strainers shall be 
equipped with easily removable covers and brass sediment baskets made of stainless steel or 
brass not less than #22 gauge in thickness.  Total area of basket perforations shall be not less 
than four times the cross section of the entering pipe.  Flow shall be into basket, and then out 
through the perforations.  Strainers shall be suitable for water or the intended fluid.  Strainers 
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2 inches and smaller shall have threaded or solder ends, 2 inches and larger shall have 
flanged ends.  

 
B. Strainer screens shall be stainless steel with perforations and shall be 1/16-inch for pipe sizes 

5 inches and less, 1/8-inch (40 percent open area) perforations for pipe sizes 6-inch and 
greater.  

 
C. Provide valved and capped (with chain) blowdowns in each strainer.  Blowdown valves shall 

be Appolo 78-100/200 series or as approved equal. 
 

D. Strainers shall be manufactured by Victaulic Style 732/W732, Watts, Mueller, Armstrong, 
Yarway, Spirax/Sarco or as approved equal. 

 
2.7. UNIONS, FLANGES, AND COUPLINGS 
 

A. Unions in steel pipe 2-inches and smaller shall be malleable iron with brass inserted seats 
designed for a working pressure of 150 psig. 

 
B. Unions in copper pipe 2-inches and smaller shall be sweat fittings with bronze seats designed 

for a working pressure of 125 psig. 
 

C. Unions in stainless steel pipe 2-inches and smaller shall be hexagonal threaded type stainless 
steel unions, with VicPress ends.  Basis of Design:  Victaulic Style P584. 

 
D. Flanges for steel pipe over 2 inches shall be 150 psig, forged steel, slip on. Gaskets shall be 

1/16 inch thick pre-formed neoprene. 
 

E. Flanges for copper pipe over 2 inches shall be bronze. Gaskets shall be 1/16 inch thick 
preformed neoprene. 

 
2.8. MANUAL AIR VENTS 
 

A. Manual air vents shall be similar to the hereinafter specified gauge valves.  Provide 1/4-inch 
size on ¾-inch pipe and smaller, ½ -inch size on 1-inch pipe and larger.  Install at all high 
points of piping.  Valves shall be Crane No. 88, or as approved equal, with threaded ends, 
bronze body, bronze or brass bonnet and bronze stem. 

 
2.9. AUTOMATIC AIR VENTS 
 

A. Provide at air separators, expansion tanks and where shown on the drawings, float actuated 
non-modulating high capacity air vent to purge free air from the system and provide a 
positive shut-off at pressures up to 150 psig at a maximum temperature of 250 degrees 
Fahrenheit.  The high capacity air vent shall prevent air from entering the system if the 
system pressure drops below atmospheric pressure.  The air vent shall be pilot operated for 
intermittent purging of free air up to pressures of 2 psig during normal system operation and 
diaphragm operated for full capacity purging of free air at pressures between 2 and 150 psig. 
 The high capacity air vent shall be constructed of cast iron and fitted with components of 
type 313 stainless steel, brass, EPDM and silicone rubber.  Pipe discharge to closest floor 
drains with Type K copper tubing.  The high capacity vent shall be Model 107 by Bell and 
Gossett, Model 13w by Spirax Sarco, Taco, Spirotherm Spirotop, or as approved equal. 
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2.10. THERMOMETERS 
 

A. Unless otherwise indicated, thermometers shall be ASTM E1, in a glass type, organic filled, 
9-inch scale size, corrosion-resistant metal case, with "any-angle" mounting with positive 
locking device.  Trerice Industrial Thermometers, Weksler Instruments, Ernst Gage Co., 
Miljoco, or approved equal.  Insertion stem length shall suite the pipe size and configuration. 
 Thermometer wells shall be brass with brass union hubs in copper and in ferrous piping.  
Where piping is insulated or otherwise covered, use wells with lagging extension.  Where 
wells are installed in pipe tees at turns, increase pipe size so that well does not restrict flow. 
Accuracy shall be 2 percent. 

 
B. Unless otherwise indicated, thermometer ranges shall be as follows: 

 
1. Chilled water, glycol systems: 0 degrees F to 100 degrees Fahrenheit, 1 degrees 

Fahrenheit Division 
2. Heating Water: 30 degrees Fahrenheit to 240 degrees Fahrenheit, 2 degrees 

Fahrenheit Division. 
 

C. Provide heat conducting compound in wells. 
 
D. At Contractor's option, light powered thermometers may be utilized in lieu of organic filled 

thermometers. 
 
2.11. PRESSURE GAUGES 
 

A. Unless otherwise indicated, pressure gauges shall be the bronze bourdon tube type, 4-1/2-
inch dial, stem mounting, cast aluminum adjustable pointer, 1 percent accuracy over middle 
half of scale range, 1-1/2 percent over balance:  Trerice Model 600C; Weksler Instruments, 
Ernst Gage Co., Miljoco, or as approved equal. 

 
B. Gauges shall have pressure, vacuum, compound, or retard ranges as required, select ranges 

so that the normal readings are at the approximate midpoint and maximum system pressures 
do not exceed full scale. 

 
C. Furnish and install a gauge valve at each pressure gauge.  Gauge valves shall be Crane 

Model No. 88, Needle Valve, Ernst Gage Co. FLG 200, Wexler Instrument Corp. Type 
BBV4, or approved equal, rated for pressure intended. 

 
D. Gauge connections for pressure gauges, thermometers, or control instruments shall be made 

using tee fittings, except that gauge connections up to 1-inch size in steel may be using 
threaded extra heavy pipe couplings welded directly to the main, provided that the main is at 
least 2-inch size for 2-inch connections, 3-inch size for 3/4-inch connections, and 4-inch size 
for 1-inch connections.  Minimum gauge connection shall be 2-inch ips. 

 
E. Provide snubbers on all gauges.  Snubbers shall be No. 872 by Trerice, RS1/RS6 by Wexler 

Instruments, Miljoco or as approved equal. 
 
2.12. FLOW METERS 
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A. Griswold or Bell & Gossett Venturi disturbed flow measurement quickset flow meters shall 
be utilized in lieu of sentinel type flow meters.  Units shall consist of a spun steel venturi 
welded into the pipe.  Disturbed fluid shall be channeled through the throat of the venturi 
with a multi-point Piezo Ring.  Accuracy shall be ± 1% PSID with no straight pipe run 
required.  Furnish differential pressure gauge supplied with carrying case and hoses. 

 
2.13. PIPING SPECIALTIES 
 

A. Furnish and install flexible pipe connections, as specified and/or shown on the drawings, at 
suction and discharge connections of all base mounted and vertical in-line pumps, and 
connections to chillers, all vibrating equipment, and elsewhere as shown. Pump flexible 
connections shall be utilized at pumps. Refer to Division 23 Section, Vibration Controls for 
HVAC, Plumbing and Fire Protection Equipment for specifications. 

 
B. Pressure relief valves shall be provided in the number and sizes required to relieve 110 

percent of the full input to the systems.  Valves shall be rated; and installed in accordance 
with ASME, and CSD-1 including all amendments.  Pipe discharge full size to floor drain, 
(with union) and support discharge pipe to prevent exerting any strain on relief valve body, 
piping to be Type-L copper.  Water safety relief valves shall be Watts Series 740, Conbraco, 
Series 154A, Bell and Gossett, or approved equal.  Provide pressure gauge adjacent to all 
safety relief valves. 

 
C. Gas relief valve piping shall be sized and installed in accordance with the latest edition of 

ASME Boiler & Pressure Vessel Code, CSD-1 including amendments.  Pipe material shall 
be as specified for gas piping.  Gas relief valve piping material shall be the same as 
hereinbefore specified for gas piping. 

 
2.14. ESCUTCHEONS 
 

A. Provide chromium plated escutcheons properly fitted and secured with set screws on all 
exposed piping which passes through walls, floors or ceilings of finished spaces. 

 
B. All escutcheon plates shall be chrome plated spun brass of plain pattern, and shall be set tight 

on the pipe and to the building surface.  Plastic escutcheon plates will not be accepted. 
 
2.15. DIELECTRIC CONNECTIONS: 
 

A. Furnish and install electrically insulated dielectric waterway fittings, unions or flanges, as 
manufactured by Victaulic Company Style 47, EPCO Sales, Inc., or approved equal at the 
following locations: 

 
1. Where steel piping systems join copper piping. 

 
2. Where copper tube connects to domestic water storage tanks, water heaters, heat 

exchangers, expansion tanks, and other steel vessels. 
 

3. Avoid the installation of steel nipples, cast iron or steel valves and specialties, or 
other ferrous components in predominately copper piping systems.  Where such 
installation is necessary, isolate the component with dielectric connections.  Do not 
mix steel pipe and copper tube in the same run of pipe or in the same section of a 
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piping system. 
 

4. Dielectric Waterway: Copper silicon casting conforming to UNS C87850 with 
grooved and/or threaded ends.  UL classified in accordance with NSF-61 for potable 
water service, and shall meet the low-lead requirements of NSF-372.  Basis of 
Design: Victaulic Series 647. 

 
2.16. SLEEVES 
 

A. Sleeves shall be provided around all pipes through walls, floors, ceilings, partitions, roof 
structure members or other building parts.  Sleeves shall be standard weight galvanized iron 
pipe two sizes larger than the pipe or insulation so that pipe or insulation shall pass through 
masonry or concrete walls or floors.  Provide 20 gauge galvanized steel sheet or galvanized 
pipe sleeves for all piping passing through frame walls. 

 
B. Sleeves through floors shall be flush with the floor except for sleeves passing through 

Equipment Rooms which shall extend ¾-inch above the floor.   Refer to Division 23 Section, 
Vibration Controls for HVAC, Plumbing and Fire Protection Equipment for mechanical 
equipment room penetrations additional requirements.  Space between the pipe and sleeve 
shall be caulked.  Escutcheon plates shall be constructed to conceal the ends of sleeves.  
Each trade shall be responsible for drilling existing floors and walls for necessary sleeve 
holes.  Drilling methods and tools shall be as hereinbefore specified. 

 
C. Sleeves through walls and floors shall be sealed with a waterproof caulking compound. 

 
D. Firestop at sleeves that penetrate smoke barriers smoke partitions and/or rated walls/floors. 

 
2.17. PRESSURE REDUCING VALVES 
 

A. Provide pressure reducing valves as indicated, of size and capacity selected by the installer to 
maintain operating pressure on the system.  Body shall be cast-iron or bronze construction, 
renewable stainless steel seat, non-corrosive disc, water tight cage assembly, adjustable 
pressure ranges and inlet strainer Watts Regulator Model 223-S, Armstrong, Bell and Gossett 
or as approved equal. 

 
B. Provide pressure gauge adjacent to all pressure reducing valves to verify proper set point. 

 
2.18. WATER PROOF PIPE PENETRATION SEALS 
 

A. Provide and install waterproof pipe penetration seals at all pipes that enter the building below 
grade or through exterior wall. 

 
B. Link seals are to be Metraflex Metraseals, Model MS, Linkseal, or approved equal, black  

EPDM seal material, glass reinforced plastic pressure plates, zinc plated nuts and bolts, seals 
are to be resistant to sunlight and ozone, pressure rated to make a hydrostatic seal of up to 20 
psig and up to 40 feet of head, temperature rated from –40 degrees F to 250 degrees  
Fahrenheit. 

 
2.19. TEST PLUGS 
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A. Where indicated, furnish and install P/T plugs or Pete’s Plugs as manufactured by IMAC 
Systems or approved equal. 
 

B. Description: Nickel-plated, brass-body test plug in NPS 2 (DN15) fitting.  Test plugs shall be 
as manufactured by Trerice, Watts, Natural Meter or approved equal.  Test-station fitting 
made for insertion in piping tee fitting. 

 
C. Body: Length as required to extend beyond insulation.  Brass or stainless steel with core 

inserts and gasketed and threaded cap.  Include extended stem on units to be installed in 
insulated piping. 

 
D. Thread Size:  NPS ¼ (DN 8) or NPS ½ (DN15) as required, ASME B1.20.1 pipe thread. 
 
E. Pressure Rating: 500 psig minimum. 
 
F. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F. 

 
G. Core Inserts: One or two self-sealing valves, suitable for inserting 1/8 inch OD probe from 

dial-type thermometer or pressure gage.  Chlorosulfonated polyethylene synthetic and 
EPDM self-sealing rubber. 

 
H. Core Insert: Self-sealing valve, suitable for inserting 1/8 inch OD probe from dial-type 

thermometer or pressure gage. 
 

I. Core Material for Air, Water, Oil, and Gas: 20 to 300 degrees F chlorosulfonated 
polyethylene synthetic rubber. 

 
J. Test-Plug Cap: Gasketed and threaded cap, with retention chain or strap. 

 
K. Pressure Gage and Thermometer Ranges: approximately two times the system's operating 

conditions. 
 

L. Self-closing valves with caps and retaining straps. 
 

PART 3. EXECUTION 
 
3.1. GENERAL PIPING INSTALLATION REQUIREMENTS 
 

A. All pipes shall be cut accurately to measurements established at the building, and shall be 
worked into place without springing or forcing, properly clearing all windows, doors and 
other openings.  Excessive cutting or other weakening of the building structure to facilitate 
piping installation will not be permitted.  All pipes shall be so installed as to permit free 
expansion and contraction without causing damage.  All horizontal mains shall pitch down in 
the direction of flow with a grade of not less than 1 inch in 40 feet.  All open ends of pipe 
lines, equipment, etc., shall be properly capped or plugged during installation to keep dirt or 
other foreign material out of the system.  All pipes shall be run parallel with the lines of the 
building and as close to walls, columns and ceilings as may be practical, with proper pitch.  
All piping shall be arranged so as not to interfere with removal of other equipment on 
devices not to block access to doors, windows, manholes, or other access openings.  Flanges 
or unions, as applicable for the type of piping specified, shall be provided in the piping at 
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connections to all items of equipment, coils, etc., and installed so that there will be no 
interference with the installation of the equipment, ducts, etc.  All valves and specialties shall 
be placed to permit easy operation and access and all valves shall be regulated, packed and 
glands adjusted at the completion of the work before final acceptance.  All piping shall be 
installed so as to avoid air or liquid pockets throughout the work.  Ends of pipe shall be 
reamed so as to remove all burrs. 

 
B. All piping shall be graded to convey entrained air to high points where automatic air vents 

shall be provided.  The size of supply and return pipes for each piece of equipment shall in 
no case be smaller than the outlets in the equipment. 

 
C. All piping shall be run to provide a minimum clearance of 2-inches between finished 

covering on such piping and all adjacent work.  Group piping wherever practical at common 
elevations. 

 
D. All valves, strainers, caps, and other fittings shall be readily accessible. 

 
E. Drain valves with hose connections shall be provided at low points for drainage of piping 

systems.  Blow down valves shall be provided at the ends of all mains and branches so as to 
properly clean by blowing down the lines throughout in the direction of normal flow. 

 
F. Discharge lines from all relief valves shall be piped to within 4-inches of floor and extend to 

floor drains wherever floors are not pitched to drains.  Pitch the relief valve piping away 
from the relief valve to issue that no fluid can be trapped in valve discharge.  Support all 
relief valve piping to prevent exerting strain on the relief valve body.  The end of the relief 
valve discharge piping shall not be threaded to prevent capping or plugging. 

 
G. All branches from water mains shall be taken from the top of the supply mains at an angle of 

forty-five (45) degrees above the horizontal, unless otherwise directed.  Branches feeding 
down shall be taken from the side or bottom of the main on water mains only.  All 
connections shall be carefully made to insure unrestricted circulation, eliminate air pockets 
or trapped condensate, and permit the complete drainage of the system. 

 
H. Cutoff valves shall be provided on each branch line from the mains on all heating/air 

conditioning lines. 
 

I. Shut-off valves shall be installed at the inlet and outlet of each coil and piece of equipment to 
permit isolation for maintenance and repair.  Units having multiple coils shall have separate 
valves for each coil. 

 
J. Balancing valves shall be installed in all heating/air conditioning water branches and at all 

pumps, and where indicated on the drawings. 
 

K. Unions shall be installed on all bypasses, ahead of all traps, at all connections to equipment, 
where shown on drawings or where required to facilitate removal of equipment whether 
shown or not. 
 

L. Spring clamp plates (escutcheons) shall be provided where pipes are exposed in the building 
and run through walls, floors, or ceilings.  Plates shall be chrome plated spun brass of plain 
pattern, and shall be set tight on the pipe and to the building surface. 
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M. If the size of any piping is not clearly evident in the drawings, the Contractor shall request 

instructions for the Engineer as to the proper sizing.  Any changes resulting from the 
Contractor's failure to request clarification shall be at his expense.  Where pipe size 
discrepancies or conflicts exist in the drawings, the larger pipe size shall govern. 

 
N. Approved expansion loops shall be provided to permit free expansion and contraction of  all 

piping systems. 
 

O. Install all valves with stem upright or horizontal, not inverted. 
 

P. Where pipe support members are welded to structural building framing, scrape, brush clean, 
weld and apply one coat of zinc rich primer.  

 
Q. Provide clearance for installation of insulation and access to valves and fittings. 

 
R. Protect piping systems from entry of foreign materials by temporary covers, completing 

sections of the work, and isolating parts of completed system. 
 

S. All water containing pipes shall be routed clear of combustion air dampers and louvers to 
prevent freezing condition when dampers are open. 

 
T. Provide manual air vents at top of piping systems. 

 
3.2. THERMOMETER AND PRESSURE GAGE INSTALLATION REQUIREMENTS. 
 

A. Install thermometers and adjust vertical and tilted positions. 
 

B. Install separable sockets in vertical position in piping tees where fixed thermometers are 
indicated. 

 
1. Install with socket extending to one-third diameter of pipe. 

 
2. Fill sockets with oil or graphite and secure caps. 

 
C. Install pressure gages in piping tees with pressure-gage valve located on a pipe at most 

readable location. 
 

D. Adjust faces of thermometer and gages to proper angle for best visibility. 
 

E. Clean windows of thermometer and gages and clean factory-finished surfaces.  Replace 
cracked and broken window, and repair scratched and marred surfaces with manufacturer's 
touch up paint. 

 
3.3. VALVE INSTALLATION REQUIREMENTS 
 

A. Examine piping system for compliance with requirements for installation tolerances and 
other conditions affecting performance of valves.  Do not proceed with installation until 
unsatisfactory conditions have been corrected. 
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B. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove 
special packing materials, such as blocks, used to prevent disc movement during shipping 
and handling. 

 
C. Operate valves from fully open to fully closed positions.  Examine guides and seats made 

accessible by such operation. 
 

D. Examine threads on valve and mating pipe for form and cleanliness. 
 

E. Examine mating flange faces for conditions that might cause leakage.  Check bolting for 
proper size, length, and material.  Check gasket material for proper size, material 
composition suitable for service, and freedom from defects and damage. 

 
F. Do not attempt to repair defective valves; replace with new valves. 

 
G. Install valves as indicated, according to manufacturer's written instructions. 

 
H. Piping installation requirements are specified in other Division 23 Sections.  Drawings 

indicate the general arrangement of piping, fittings, and specialties. 
 

I. Install valves with unions or flanges at each piece of equipment arranged to allow servicing, 
maintenance, and equipment removal without system shutdown. 

 
J. Locate valves for easy access and provide separate support where necessary. 

 
K. Install valves in horizontal piping with stem at or above the center of the pipe. 

 
L. Install valves in a position to allow full stem movement. 

 
M. For chain-wheel operators, extend chains to 60 inches above finished floor elevation. 

 
N. Adjust or replace packing after piping systems have been tested and put into service, but 

before final adjusting and balancing. Replace valves if leak persists. 
 

O. Install flow control valves with clearances from center line of valve to ceiling to allow 
servicing as required by manufacturer. 

 
3.4. AUTOFLOW CONTROL VALVE INSTALLATION 
 

A. Install automatic flow control valves on the return lines of coils as indicated on the contract 
drawings.   A balancing valve on supply side is not acceptable. 

 
B. The standard ports and handles shall clear 1-inch thick insulation.  Provide handle and port 

extensions for all insulation over 1-inch thick.   Do not insulate flow control valves used on 
heating coils. 

 
C. Install, on the supply side of coils, a Y-strainer (40 mesh, 2 GPM or less; 20 mesh, above 2 

GPM) with brass blow down valve with ¾-inch hose-end connection with cap. Inline 
(basket) strainer is not acceptable. 
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D. Where installed in piping with a vapor barrier, field insulate valve body to prevent surface 
condensation. 

 
3.5. REFRIGERANT PIPING AND ACCESSORIES INSTALLATION REQUIREMENTS 
 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 
piping systems; indicated locations and arrangements were used to size pipe and calculate 
friction loss, expansion, pump sizing, and other design considerations.  Install piping as 
indicated unless deviations to layout are approved on Shop Drawings. 
 

B. Install refrigerant piping according to ASHRAE 15. 
 
C. Install piping in concealed locations unless otherwise indicated and except in equipment 

rooms and service areas. 
 
D. Install piping indicated to be exposed and piping in equipment rooms and service areas at 

right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically 
indicated otherwise.  All exposed piping shall be hard copper tubing with brazed joints.  
Refer to Architectural Contract Documents to determine exposed areas. 

 
E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 
 
F. Install piping adjacent to units to allow service and maintenance. 
 
G. Install piping free of sags and bends.  Install VEE clevis hangers and VEE troughs on pipes 

less than ¾”inch in diameter. 
 
H. Install fittings for changes in direction and branch connections. 
 
I. Select system components with pressure rating equal to or greater than system operating 

pressure. 
 
J. Install piping as short and direct as possible, with a minimum number of joints, elbows, and 

fittings. 
 
K. Arrange piping to allow inspection and service of refrigeration equipment.  Install valves and 

specialties in accessible locations to allow for service and inspection.  Install access doors or 
panels as specified if valves or equipment requiring maintenance is concealed behind 
finished surfaces. 

 
L. Install refrigerant piping in protective conduit where installed below ground. 
 
M. Install refrigerant piping in rigid or flexible conduit in locations where exposed to 

mechanical injury. 
 
N. Slope refrigerant piping as follows: 
 

1. Install horizontal hot-gas discharge piping with a uniform slope downward away 
from compressor. 

2. Install horizontal suction lines with a uniform slope downward to compressor. 
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3. Install traps and double risers to entrain oil in vertical runs. 
4. Liquid lines may be installed level. 

 
O. When brazing, remove solenoid-valve coils and sight glasses; also remove valve stems, seats 

and packing, and accessible internal parts of refrigerant specialties.  Do not apply heat near 
expansion-valve bulb. 
 

P. Install piping with adequate clearance between pipe and adjacent walls and hangers or 
between pipes for insulation installation. 

 
Q. Identify refrigerant piping and valves. 
 
R. Install sleeves for piping penetrations of walls, ceilings, and floors.  Comply with 

requirements for sleeves specified in Division 23 Section, “Common Work Results for 
HVAC”. 

 
S. Install sleeve seals for piping penetrations of concrete walls and slabs.  Comply with 

requirements for sleeve seals specified in Division 23 Section, “Common Work Results for 
HVAC”. 

 
T. Install escutcheons for piping penetrations of walls, ceilings, and floors.  Comply with 

requirements for escutcheons specified in Division 23 Section, “Common Work Results for 
HVAC”. 

 
U. Install the following pipe attachments: 
 

1. Adjustable steel clevis hangers for individual horizontal runs less than 20 feet (6m) 
long. 

2. Roller hangers and spring hangers for individual horizontal runs 20 feet (6m) or 
longer. 

3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet (6m) or 
longer, supported on a trapeze. 

4. Spring hangers to support vertical runs. 
5. Copper-clad hangers and supports for hangers and supports in direct contact with 

copper pipe. 
 
V. Install hangers for copper tubing with the following maximum spacing and minimum rod 

sizes: 
 
1. NPS ½ (DN 15): Maximum span, 60 inches (1500mm); minimum rod size, ¼ inch 

(6.4mm). 
2. NPS 5/8 (DN 18): Maximum span, 60 inches (1500mm); minimum rod size, ¼ inch 

(6.4mm). 
3. NPS 1 (DN 25): Maximum span, 72 inches (1800mm); minimum rod size, ¼ inch 

(6.4mm). 
4. NPS 1-1/4 (DN 32): Maximum span, 96 inches (2400mm); minimum rod size, 3/8 

inch (9.5mm). 
5. NPS 1-1/2 (DN 40): Maximum span, 96 inches (2400mm); minimum rod size, 3/8 

inch (9.5mm). 
6. NPS 2 (DN 50): Maximum span, 96 inches (2400mm); minimum rod size, 3/8 inch 
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(9.5mm). 
7. NPS 2-½ (DN 65): Maximum span, 108 inches (2700mm); minimum rod size, 3/8 

inch (9.5mm). 
8. NPS 3 (DN 80): Maximum span, 10 feet (3m); minimum rod size, 3/8 inch (9.5mm). 
9. NPS 4 (DN 100): Maximum span, 12 feet (3.7m); minimum rod size, 1/2 inch 

(13mm). 
 

W. For all interior refrigerant pipe/tubing that is less than 3/4inch in diameter, utilize VEE type 
clevis hanger Model 200 V and VEE type trough Model 200 VT; as manufactured by 
Carpenter and Patterson or approved equal.  VEE  trough materials shall be carbon steel with 
pre-galvanized finish.  Install as required to maintain maximum hanger spacing 
requirements. 
 

X. Support multifloor vertical runs at least at each floor. 
 

Y. Furnish and install complete refrigerant piping systems between the indoor units and outdoor 
units, branch selector boxes, indoor units, and compressor units.  Support piping in 
accordance with Division 23 Section, HVAC Piping, Fittings, Valves, Etc.  Piping shall be 
sized as recommended by unit manufacturer taking into account length of vertical and 
horizontal runs, and refrigerant type.  Provide and install dual sets of refrigerant piping on all 
units required to have dual independent circuits. 

 
Z. Furnish and install all required piping accessories including, but not limited to, thermal 

expansion valves, Sporlan, or approved equal; Packless isolation valves at condenser and 
evaporator coil, Henry or approved equal, charging valve with chained seal cap, Henry or 
approved equal, sight glasses, Henry or approved equal; filter dryer with replaceable 
cartridge, sporland, or approved equal, liquid line solenoid valve l20V/1/60 Hz., Sporlan, or 
approved equal.  Contractor shall provide traps and double suction risers if required by 
equipment manufacturer.  Pitch piping for proper oil return.  Submit shop drawings on all 
components, and piping arrangements. 

 
AA. All accessories shall be ARI rated.  Furnish required nitrogen and refrigerant to fully test and 

charge system. Flood piping system with nitrogen when brazing. 
 

BB. Refrigerant piping shall be Type 1 hard temper (ACR) copper tubing with wrought copper 
brazed fittings.  Make joints with brazed wrought copper fittings. 

 
CC. Refrigerant piping shall be cleaned, dehydrated and evacuated.  Piping shall be evacuated 

and held to less than 2.5 mm Hg vacuum for a period of not less than 12 hours without 
appreciable pressure rise.  Vacuum shall then be broken with refrigerant or dry nitrogen and 
re-evacuated to 2.5 mm Hg vacuum for an additional 12 hours.  Piping test to be witnessed 
by Owner's representative and documented in writing. Submit results of tests to 
Architect/Engineer. 

 
DD. All refrigerant/suction lines sets shall be fully insulated.  Exterior pipe insulation shall be 

fully jacketed as specified in Division 23 Section, “HVAC Insulation”.  Exposed interior 
pipe insulation shall be fully jacketed as specified in Division 23 Section, “HVAC 
Insulation”. 

 
EE. Follow ASHRAE 15, latest edition procedures for charging and purging of systems and for 
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disposal of refrigerant. 
 

FF. Provide replaceable cartridge filter-driers, with isolation valves and valved bypass. 
 

GG. Locate expansion valve sensing bulb immediately downstream of evaporator on suction line. 
 

HH. Provide external equalizer piping on expansion valves with refrigerant distributor connected 
to evaporator. 

 
II. Install flexible connectors at right angles to axial movement of compressor, parallel to 

crankshaft. 
 

JJ. Fully charge completed system with refrigerant after tested. 
 

KK. Provide electrical connection to solenoid valves. 
 

LL. Install liquid indicators in liquid line leaving condenser, in liquid line leaving, and on leaving 
side of liquid solenoid valves. 

 
MM. Install strainers immediately upstream from each automatic valve, including expansion 

valves, solenoid valves, hot-gas bypass valves, and compressor suction valves. 
 

NN. Install strainers in main liquid line where multiple expansion valves with integral strainers 
are used. 

 
OO. Install strainers in suction line of steel pipe. 

 
PP. Install moisture-liquid indicators in liquid lines between filter-dryers and thermostatic 

expansion valves and in liquid line to receiver. 
 

QQ. Install flexible connectors at or near compressors where piping configuration does not absorb 
vibration. 

 
RR. Test and inspect refrigerant piping according to ASME B31.5, Chapter VI. 

 
1. Test refrigerant piping, specialties.  Isolate compressor, condenser, evaporator, and 

safety devices from test pressure. 
2. Test high- and low-pressure side piping of each system at not less than the lower of 

the design pressure or the setting of pressure relief device protecting high and low 
side of system. 

a). System shall maintain test pressure at the manifold gage throughout 
duration of test. 

b). Test joints and fittings by brushing a small amount of soap and glycerin 
solution over joint. 

c). Fill system with nitrogen to raise a test pressure of 150 psig (1035 kPa) or 
higher as required by authorities having jurisdiction. 

d). Remake leaking joints using new materials, and retest until satisfactory 
results are achieved. 

SS. Adjust thermostatic expansion valve to obtain proper evaporator superheat requirements. 
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TT. Adjust high- and low-pressure switch settings to avoid short cycling in response to 
fluctuating suction pressure. 

UU. Adjust set-point temperature of the conditioned air or chilled-water controllers to the system 
design temperature. 

VV. Perform the following adjustments before operating the refrigeration system, according to 
manufacturer's written instructions: 

1. Open shutoff valves in condenser water circuit. 
 

2. Check compressor oil level above center of sight glass. 
 

3. Open compressor suction and discharge valves. 
 

4. Open refrigerant valves, except bypass valves that are used for other purposes. 
 

5. Check compressor-motor alignment, and lubricate motors and bearings. 
 
WW. Before installing copper tubing other than Type ACR, clean tubing and fittings with 

trichloroethylene. 
 
XX. Replace core of filter-dryer after system has been adjusted and design flow rates and 

pressures are established. 
 
YY. Charge system using the following procedures: 

 
1. Install core in filter-dryer after leak test but before evacuation. 

 
2. Evacuate entire refrigerant system with a vacuum pump to a vacuum of 500 

micrometers (67 Pa).  If vacuum holds for 12 hours, system is ready for charging. 
 

3. Break vacuum with refrigerant gas, allowing pressure to build up to 2 psig (14 kPa). 
 

4. Charge system with a new filter-dryer core in charging line.  Provide full-operating 
charge. 

 
3.7. PIPE JOINTS INSTALLATION REQUIREMENTS 
 

A. Welded Joints:  Joints in piping 2-1/2-inches and larger shall be fusion welded.  Welding 
shall be in accordance with recommendations of the American Welding Society.  Welding 
fittings shall conform in physical and chemical properties to the latest revisions of the 
American Society for Testing Materials. 

 
B. Qualify welding procedures, welders and operators in accordance with ASME B31.1, or 

ASME B31.9 as applicable, for shop and project site welding of piping work.  Certify 
welding of piping work using Standard Procedure Specifications by, and welders tested 
under supervision of, National Certified Pipe Welding Bureau (NCPWB).  Submit welders 
qualifications for approval. 

 
C. Grooved Joints: Grooved joint shall be installed in accordance with the manufacturer’s 
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written recommendations.  Grooved ends shall be clean and free from indentations, 
projections, or roll marks.  The gasket shall be molded and produced by the coupling 
manufacturer of an elastomer suitable for the intended service.  The coupling manufacturer’s 
factory trained representative shall provide on-site training for the contractor’s field 
personnel in the use of grooving tools and installation of product.  The representative shall 
periodically visit the job site to ensure best practices in grooved product installation are 
being followed.  (A distributor’s representative is not considered qualified to conduct the 
training.) 

 
D. Screwed Joints:  All screwed joints shall be made with tapered threads properly cut.  

Screwed joints shall be made perfectly tight with a stiff mixture of graphite and oil, applied 
with a brush to the male threads on the fittings. 

 
E. Soldered Joints and Copper Piping:  Joints in copper piping shall conform to the following 

minimum standards. 
 

1. The pipes shall be cut to a length making certain that the ends are square, using a 
fins hacksaw blade or tube cutter.  The ends of all pipes shall be reamed and all 
burrs removed. 

 
2. The outside end of the pipe and the cut end of the fitting shall be cleaned with steel 

wool, sand cloth, or steel wire brush.  All dark spots shall be removed. 
 

3. The flux shall be applied evenly and sparingly to the outside end of the pipe and the 
inside of the outer end of the fitting until all surfaces to be jointed are completely 
covered.  The piping and fitting shall be slipped together and reworked several times 
to insure an even distribution of the flux. 

 
4. The correct amount of solder per joint for each size pipe shall be used in accordance 

with the manufacturer's recommendations. 
 

5. Solder joints shall be made by using a direct flame from a torch. 
 

6. On pipe sizes larger than ¼-inch, the fittings and valves in the pipe shall be moved 
or tapped with a hammer when the solder starts to melt to insure an even distribution 
of the solder. 

 
7. The excess solder shall be removed while it is still in the plastic state leaving a fillet 

around the cup of the fitting. 
 

8. Solder joints shall be suitable for working pressure of 100 psig and for working 
temperature of not less than 250 degrees F.  The type of solder and flux used will be 
submitted for approval.  Type 95-5 shall be the minimum standard. 

 
9. Lead and antimony-based solders shall not be used for potable water systems.  

Brazing and silver solders are acceptable.  
 

F. Where copper piping joins steel piping, approved bronze adapters shall be used. 
 

G. Prohibited Connections:  No direct weld, soldered, or brazed connections, without unions or 
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flanges, shall be made to valves, strainers, apparatus, or related equipment.  Right and left 
couplings, long threads, or caulking of pipe threads or gasket joints will not be permitted. 

 
3.8. HANGERS, SUPPORTS, ANCHORS, GUIDES INSTALLATION REQUIREMENTS 
 

A. General:  All hangers shall be of an approved type arranged to maintain the required grading 
and pitching of lines to prevent vibration and to provide for expansion and contraction.  
Provide protection saddles between hangers and insulation on heating water insulated pipe.  
Saddles shall be Grinnells Figure 173/273 or approved equal.  Provide approved spacers 
between saddles and pipe where flexible insulation is specified.  Provide insulation 
protection shields for insulated piping without saddles.  Shield shall be Grinnell Figure 167 
or as approved equal. 

 
B. Spacing:  Regardless of spacing, hangers shall be provided at or near all changes in direction, 

both vertical and horizontal, for all piping.  For cast iron soil pipe, one hanger shall be placed 
at each hub or bell. 

 
C. Vertical Lines:  Shall be supported at their bases, using either a suitable hanger placed in a 

horizontal line near the riser, or a base type fitting set on a pedestal, foundation or support.  
All vertical lines extending through more than one floor level shall be supported at each floor 
with a riser clamp.  Riser clamp shall be Grinnell Co.'s Figure 261, or approved equal.  All 
vertical drops to pump suction elbows shall be supported by floor posts. 

 
D. Racks and Brackets:  All horizontal piping on vertical walls shall be properly supported by 

suitable racks securely anchored into the wall construction.  Where not practical to obtain 
ceiling anchorage, all piping near walls shall be supported by approved brackets securely 
anchored into the wall construction.  Washer plates (Fib. 60, 60L) and other miscellaneous 
attachments, fasteners, etc., shall be Grinnell or as approved equal.  All exterior hanger and 
bracket systems in their entirety shall be galvanized. 

 
E. Pipe Hangers and supports shall be attached to the panel point at the top chord of bar joist or 

at a location approved by the structural engineer. 
 

F. Select hangers and components for loads imposed.  Secure rods with double nuts. 
 

G. Support of horizontal piping shall allow for vertical adjustment after installation of piping. 
 

H. Support overhead piping with clevis hangers.  
 

I. Do not support all parallel piping from the same joist.  Stagger all supports in accordance 
with the structural engineer's recommendations.  

 
J. Install guides on piping adjoining expansion fittings and loops. 

 
K. Attach guides to pipe and secure to building structure. 

 
L. Install anchors at locations to prevent stresses from exceeding those permitted by 

ASME B31.9 and to prevent transfer of loading and stresses to connected equipment. 
 

M. Fabricate and install steel anchors by welding steel shapes, plates, and bars to piping and to 
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structure.  Comply with ASME B31.9 and AWS D1.1. 
 

N. Construct concrete anchors of poured-in-place concrete of dimensions indicated and include 
embedded fasteners. 

 
O. Install pipe anchors according to expansion fitting manufacturer's written instructions if 

expansion fittings are indicated. 
 

P. Use grout to form flat bearing surfaces for expansion fittings, guides, and anchors installed 
on or in concrete. 

 
Q. Refer to structural documents for appropriate connection/attachment materials to building. 

 
3.9. AIR VENTING INSTALLATION REQUIREMENTS 
 

A. The top of each hydronic water supply and return piping and other points as indicated or 
where necessary for the removal of air from the system or equipment, shall be vented using 
an approved type of manual air vent. 

 
B. In addition to manual air vents at high points of system, each item of water heat transfer 

equipment shall be manually vented using an approved type manual air vent.  All air vents 
shall be accessible. 

 
3.10. EXPANSION LOOPS AND SWING CONNECTION INSTALLATION REQUIREMENTS  
 

A. Install expansion fittings according to manufacturer's written instructions. 
 

B. Install expansion fittings in sizes matching pipe size in which they are installed. 
 

C. Align expansion fittings to avoid end-loading and torsional stress. 
 

D. Install pipe bends and loops cold-sprung in tension or compression as required to partly 
absorb tension or compression produced during anticipated change in temperature. 

 
E. Attach pipe bends and loops to anchors. 

 
1. Steel Anchors:  Attach by welding.  Comply with ASME B31.9 and ASME Boiler 

and Pressure Vessel Code:  Section IX, "Welding and Brazing Qualifications." 
 

2. Concrete Anchors:  Attach by fasteners.  Follow fastener manufacturer's written 
instructions. 

 
F. Connect risers and branch connections to mains with at least five pipe fittings, including tee 

in main. 
 

G. Connect risers and branch connections to terminal units with at least four pipe fittings, 
including tee in riser. 

 
H. Connect mains and branch connections to terminal units with at least four pipe fittings, 

including tee in main. 
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3.11. PIPING  IDENTIFICATION INSTALLATION REQUIREMENTS 
 

A. All piping shall be identified with painted background marked with the name of the service 
with arrows to indicate flow direction.  Color code and system identification shall comply 
with ANSI Standards and piping identification system shall comply with ASME A13.1-81., 
scheme for the identification of piping systems and ASHRAE Fundamentals Handbook, 
latest edition. 

 
B. Markings shall be plain block letters, stenciled on pipes,  and shall be located near each 

branch connection, near each valve, and at least every 10 feet on straight runs of pipe.  
Where pipes are adjacent to each other, markings shall be neatly lined up.  All markings shall 
be located in such manner as to be easily legible from the floor.  Pipe identification schedule 
shall be as follows: 

 
 
OUTSIDE DIAMETER OF PIPE 
OR COVERING (INCHES) 

LENGTH OF COLOR 
FIELD (INCHES) 

SIZE OF LETTERS 
(INCHES) 

 
 ½  to 1  ¼   8 ½   
 
 1-½  to 2 8 ¾  
 
2  ½  to 6 12 1 ¼  
 
8 to 10 24 2 ½   
 
Over 10  32 3  ½   

 
3.12. VALVE IDENTIFICATION REQUIREMENTS 
 

A. All valves shall be tagged with a numbered tag. 
 

B. The tags shall be made of 1-inch diameter brass tags fastened to the valve by means of brass 
chains.  Numbers shall agree with valve numbers on diagrammatic herein before specified. 

 
C. Provide a minimum of six (6) valve charts with valve numbers indicating valve type, size, 

manufacturer and service. 
 

D. Additional valve charts shall be mounted behind glazed wooden frames and be hung in each 
mechanical equipment room including each air handling unit mechanical equipment room.  
Additional copies shall be provided in each copy of the O&M manuals. 
 

3.13. CLEANING PIPING AND EQUIPMENT 
 

A. All glycol, chilled water, condensate, heating water, and HVAC systems shall be cleaned by 
filling with a solution of one (1) pound of trisodium phosphate to each 50 gallons of water 
and circulating this solution for a period of six (6) hours during which time the system shall 
reach operating temperature.  The systems shall then be flushed with fresh water and refilled 
with fresh water and/or where indicated antifreeze solution and purged of all air. 

 
B. All glycol, condensate, chilled water, heating water, HVAC, piping system shall be flushed 
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clean with fresh water.  See Division 22 Sections, Plumbing Fixtures and Plumbing 
Equipment for domestic potable water cleaning and sterilization.  Where indicated, hydronic 
systems shall be filled with 30 percent by volume antifreeze.  

 
C. Any equipment, such as coils that have small tubing, shall be bypassed to prevent deposition 

of debris from the piping.  Water balancing shall not be scheduled until the completion of  
the cleaning and treatment process. 

 
D. All strainers shall be inspected and cleaned prior to testing and balancing.  In addition, prior 

to substantial completion, contractor must inspect and clean all strainers. 
 

 
 END OF SECTION 
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SECTION 23 05 48 
 

VIBRATION CONTROLS FOR HVAC, PLUMBING AND FIRE PROTECTION    EQUIPMENT 
 
PART 1   RELATED DOCUMENTS 
 
1.1 GENERAL 
 

A. Drawings and General Provisions of Contract, including General and Supplementary Conditions 
and Division 0I Specification Sections apply to work of this section. 

 
B. All work under this section shall also be subject to the requirements of Division 23 Section, 

Common Work Results for HVAC. 
 
1.2 SUMMARY 
 

A. Provide all labor and materials necessary to furnish and install vibration control systems on this 
project as herein specified and/or shown on the drawings. 

 
B. Mount all mechanical equipment on suitable vibration isolators so as to prevent transmission of  

vibration into or through the building structure.  Isolators shall be as manufactured by Mason 
Industries, Inc., Korfund, Inc., Amber Booth, Vibration Mounting and Controls, or approved 
equal, and shall be selected by the isolator manufacturer for each item of equipment in 
accordance with requirements hereinafter specified. 

 
C. The equipment manufacturer shall supply all pump and motor bases, fan and motor bases, 

cradles, isolation pipe/duct hangers, spring and/or neoprene isolators, neoprene pads, flexible 
connectors, etc. as a coordinated package by a single manufacturer. 

 
D. Select isolators for uniform static deflections according to distribution of weight; and for not less 

than the indicated isolation efficiency with the lowest rotational speed of equipment as the 
disturbing frequency. 

 
E. Isolators and bases shall be stable during stopping and starting of equipment without transverse 

or eccentric movement of equipment, and shall be designed to resist horizontal forces of 
equipment which may operate unbalanced. 

 
F. In general, select isolators on the basis of criteria as specified in the ASHRAE Applications 

Handbook, Latest Edition. 
 
1.3 SUBMITTALS 
 

A. Shop Drawings: Indicate inertia bases and locate vibration isolators, with static and dynamic load 
on each. 

 
B. Product Data: Provide schedule of vibration isolator type with location and load on each. 

 
C. Manufacturer’s Installation Instructions: Indicate special procedures and setting dimensions. 

 
D. Manufacturer’s Certificate: Certify that isolators are properly installed and adjusted to meet or 
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exceed specified requirements. 
 
1.4 PROJECT RECORD DOCUMENTS 
 

A. Record actual locations of hangers including attachment points. 
 
1.5 COLOR CODING 
 

A. All springs shall be color coded for load carrying capacity. 
 
1.6 ALTERNATES 
 

A. Refer to Division 01 Section, Alternates - Alternates for description of work under this section 
affected by alternates. 
 

PART 2   PRODUCTS 
 
2.1 MANUFACTURER 
 

A. Isolators shall be the equivalent of the following types by Mason Industries, Inc., Korfund, Inc. 
or approved equal. 

 
2.2 CORROSION PROTECTION FOR STEEL PARTS 
 

A. Where steel parts are exposed to weather or humid environments provide hot-dipped galvanized 
coating of at least 2 ounces of zinc per square foot of surface.  Coat springs with neoprene. 

 
2.3 SPRING MOUNTS AND SOUND PADS 
 

A. Provide all spring mounts with leveling devices, minimum .25 inch thick neoprene sound pads, 
and zinc chromate plated hardware. 

 
B. All sound pads shall be size for minimum deflection of .05 inch; meet requirements for neoprene 

pad isolators. 
 
2.4 SPRINGS 
 

A. All springs shall have minimum horizontal stiffness equal to 75 percent vertical stiffness, with 
working deflection between .3 and .6 of maximum deflection. 

 
2.5 NEOPRENE 
 

A. Grade durometer 40, 50 OR 60 AND OIL RESISTANT. 
 
2.6 FLOOR MOUNTED ISOLATORS: 
 

A. Neoprene Isolation Pads:  Provide pads at least  ¼ " thick with cross-ribbed or waffle design.  For 
concentrated loads provide steel bearing plates bonded or cold cemented to the pads.  Neoprene 
isolation pads shall be Type Super W. 
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B. Neoprene Isolators:  Rubber (neoprene)-in-shear mounting:  Provide molded neoprene isolators 
having steel base plates with mounting holes and, at the top, steel mounting plates with mounting 
holes or threaded inserts.  Provide elements of type and size coded with molded letters or color-
coded for capacity identification.  Embed metal parts completely in neoprene.  Double deflection 
neoprene mountings shall have a minimum static deflection of 0.35".  Bolt holes shall be 
provided for these areas where bolting is required.  On equipment such as small vent sets and 
close coupled pumps, steel rails shall be used above the mounting to compensate for the over-
hang.  Mountings shall be type ND or rails type DNR. 

 
2.7 SPRING ISOLATORS 
 

A. General:  Provide spring isolators or protected spring isolators that are adjustable and laterally 
stable with free-standing springs of horizontal stiffness at minimum 80 percent of the vertical 
(axial) stiffness.  For machine-attached and floor-attached restraining elements, separate from 
metal-to-metal contact by neoprene cushions 1/8 inch thick minimum.  Provide neoprene 
acoustic friction pads at least ¼  inch thick. 

 
B. Spring Isolator:  Spring type isolators shall be free standing and laterally stable without any 

housing and complete with ¼ " neoprene acoustical friction pads between the baseplate and the 
support.  All mountings shall have leveling bolts that must be rigidly bolted to the equipment.  
Spring diameters shall be no less than 0.8 of the compressed height of the spring at rated load.  
Springs shall have a minimum additional travel to solid equal to 50% of the rated deflections, 
compressed spring height and solid spring height.  Mountings shall be type SLF as manufactured 
by Mason Industries, Inc. or as approved equal. 

 
C. Restrained Spring Isolator: Equipment with operating weight different from the installed weight 

such as chillers, boilers, etc. and equipment exposed to the wind such as air cooled chillers, and 
fans, shall be mounted on spring mountings as described above, but a housing shall be used that 
includes vertical limit stops to prevent spring extension when weight is removed.  The housing 
shall serve as blocking during erection and mounts shall be located between the supporting steel 
and roof or the grillage and dunnage as shown on the drawings.  The installed and operating 
heights shall be the same.  A minimum clearance of ½" shall be maintained around restraining 
bolts and between the housing and the spring so as not to interfere with the spring action.  Limit 
stops shall be out of contact during normal operations.  Mounting shall be type SLR. 

 
2.8 SUSPENSION ISOLATORS 
 

A. General:  Provide hangers with suspension isolators encased in open steel brackets.  Isolate 
hanger rods from isolator steel brackets with neoprene-lined opening. 

 
B. Suspension Neoprene Isolators:  Provide double-deflection elements with minimum 3/8 inch 

deflection.   
 

C. Suspension Spring Isolators:  Vibration hangers shall contain a steel spring and 0.3" deflection 
neoprene element in series.  The neoprene element shall be molded with a rod isolation bushing 
that passes through the hanger box.  Spring diameters and hanger box lower hole sizes shall be 
large enough to permit the hanger rod to swing thru a 30o arc before contacting the hole and short 
circuiting the spring.  Springs shall have a minimum additional travel to solid equal to 50% of the 
rated deflection.  Submittals shall include a scale drawing of the hanger showing the 30o 
capability.  Hangers shall be type 30N. 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 
  STOKES ELEMENTARY SCHOOL  

VIBRATION CONTROLS FOR HVAC, PLUMBING & FIRE PROTECTION EQUIPMENT Tetra Tech 
23 05 48 - 4   

 
D. Precompressed Suspension Spring Isolators:  Vibration hangers shall be as described in "C" 

above, but they shall be precompressed to the rated deflection so as to keep the piping or 
equipment at a fixed elevation during installation.  The hangers shall be designed with a release 
mechanism to free the spring after the installation is complete and the hanger is subjected to its 
full load.  Deflection shall be clearly indicated by means of a scale.  Submittals shall include a 
scale drawing of the hanger showing the 30o capability.  Hangers shall be type PC30N. 

 
E. Ductwork Suspension Spring Isolators:  Vibration hangers shall contain a steel spring located in 

a neoprene cup manufactured with a grommet to prevent short circuiting of the hanger rod.  The 
cup shall contain a steel washer designed to properly distribute the load on the neoprene and 
prevent its extrusion.  Spring diameters and hanger box lower hole sizes shall be large enough to 
permit the hanger rod to swing thru a 30o arc before contacting the hole and short circuiting the 
spring.  Spring shall have a minimum additional travel to solid equal to 50% of the rated 
deflection.  Hangers shall be provided with an eye bolt on the spring end and provision to attach 
the housing to the flat iron duct straps.  Submittals shall include a scale drawing of the hanger 
showing the 30o capability.  Hangers shall be type W30. 

 
2.9 INERTIA BASES 
 

A. Structural Bases:  Vibration isolator manufacturer shall furnish integral structural steel bases.  
Bases shall be rectangular in shape for all equipment other than centrifugal refrigeration 
machines and pump bases which may be "T" or "L" shaped.  Pump bases for split case pumps 
shall include supports for suction and discharge base ells.  All perimeter members shall be beams 
with a minimum depth equal to 1/10th of the longest dimension of the base.  Beam depth need 
not exceed 14" provided that the deflection and misalignment is kept within acceptable limits as 
determined by the manufacturer.  Height saving brackets shall be employed in all mounting 
locations to provide a base clearance of one inch- bases shall be type WF. 

 
B. Structural Rails:  Vibration isolator manufacturer shall provide steel members welded to height 

saving brackets to cradle machines having legs or bases that do not require a complete 
supplementary base.  Members shall be sufficiently rigid to prevent strains in the equipment.  
Inverted saddles shall be type ICS. 

 
C. Concrete Bases:  Vibration isolator manufacturer shall furnish rectangular structural beam or 

channel concrete forms for floating foundations.  Bases for split case pumps shall be large 
enough to provide support for suction and discharge base ells.  The base depth need not exceed 
12" unless specifically recommended by the base manufacturer for mass or rigidity.  In general, 
bases shall be a minimum of 1/12th of the longest dimension of the base, but not less than 6".  
Forms shall include minimum concrete reinforcement consisting of half inch bars or angles 
welded in place on 6" centers running both ways in a layer 1-1/2" above the bottom, or additional 
steel as is required by the structural conditions.  Forms shall be furnished with steel members to 
hold anchor-bolt sleeves when the anchor bolts fall in concrete locations.  Height saving brackets 
shall be employed in all mounting locations to maintain a 1" clearance below the base.   Concrete 
shall be 3,000 psi concrete.  Mass of concrete inertia bases shall be minimum of 2 times weight 
of isolated equipment.  Bases shall be type K. 

 
2.10 FLEXIBLE CONNECTORS FOR PIPING 
 

A. General:  Straight or elbow flexible connectors rated for temperatures, pressures, and fluids to be 
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conveyed.  Provide flexible connectors with the strength 4 times operating pressure at highest 
system operating temperature.  Provide elbow flexible connectors with a permanently set angle. 

 
B. Elastomeric Flexible Connectors:  Flexible neoprene connectors shall be manufactured of 

multiple plys of nylon tire cord fabric and neoprene both molded and cured in hydraulic rubber 
presses.  No steel wire or rings shall be used as pressure reinforcement.  Straight connectors shall 
have two spheres.  Connectors up to and including 1 ½ " diameter may have threaded ends.  
Connectors 2" and larger shall be manufactured with floating galvanized flanges recessed to lock 
the connector's raised face neoprene flanges.  Hoses shall be installed on the equipment side of 
the shut-off valves.  Connectors shall be rated a minimum of 150 psi at 220oF.  Flanged 
equipment shall be directly connected to neoprene elbows in the size range 2 ½ " through 12" if 
the piping makes a 90o turn at the equipment.  All straight through connections shall be made 
with twin-spheres properly pre-extended as recommended by the manufacturer to prevent 
additional elongation under pressure.  12" and larger sizes operating above 100 psi shall employ 
control cables with end fittings isolated by means of ½ " thick bridge bearing neoprene washer 
bushings designed for a maximum of 1000 psi. 

 
Submittals shall include two test reports by independent consultants showing minimum 
reductions of 20 DB in vibration accelerations and 10 DB in sound pressure levels at typical 
blade passage frequencies. 

 
Elbows shall be Mason-Flex type MFNEC, straight connectors Mason-Flex type MFTFU or 
MFTNC, and control cable assemblies type ACC. 

 
C. Metal Flexible Connectors:  Fabricated of Grade E phosphor bronze, monel or corrugated 

stainless steel tube covered with comparable bronze or stainless steel braid restraining and 
pressure cover.  Sizes 3" and larger shall be flanged.  Sizes 2 ½ " and smaller shall have male 
nipples.  Lengths shall be as indicated: 

 
 
Nominal Diameter 
(Inches) 

Length (Inches) 

 
½  " 12" 
 
3/4" 12" 
 
1 ½ " 12" 
 
1 ½  " 12" 
 
2" 12" 
 
2 ½ " 12" 
 
3" 18" 
 
4" 18" 
 
5" 24" 
 
6" 24" 
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8" 24" 
 
10" 24" 
 
12" 36" 
 
14" 36" 
 
16" 36" 

 
 

Hoses shall be installed on the equipment side of the shut-off valves horizontally and parallel to 
the equipment shafts wherever possible.  Hoses shall be type BSS. 

 
2.11 NEOPRENE PAD ISOLATORS 
 

A. Rubber or neoprene waffle pads. 
 

1. 30 durometer 
2. Minimum 2  inch (13mm) thick 
3. Maximum loading 40 psi (275 kPa) 
4. Height of ribs shall not exceed 0.7 times width. 

 
B. Configuration: ½  inch (13mm) thick waffle pads bonded each side of ¼  inch (6 mm) thick steel 

plate. 
 
2.12 RUBBER MOUNTS 
 

A. Molded rubber designed for 0.6 inches (13 mm) deflection with threaded insert. 
 
PART 3  EXECUTION 
 
3.1 GENERAL PROVISIONS 
 

A. Install vibration-and-noise isolation materials and equipment as indicated and in accordance with 
machinery manufacturer's instructions. 

 
B. Where neoprene elements of vibration isolator may be subjected to high pipe temperatures above 

160oF, provide metal heat shields or thermal isolators. 
 

C. A minimum of 4" thick reinforced concrete housekeeping pads shall be provided under all floor 
mounted equipment.  A minimum of 6" thick reinforced concrete housekeeping pads shall be 
provided under all chillers.  Rest subbases on structural floor and reinforce with steel rods 
interconnected with floor reinforcing bars by tie bars hooked at both ends.  Provide at least one 
(1) inch clearance between subbases and inertia bases, steel bases, and steel saddles with 
machinery in operation. 

 
D. All vibration isolators exposed to weather or humid environment shall be hot dipped galvanized 

with springs coated with neoprene in accordance with paragraph hereinbefore described. 
 

E. Concrete inertia bases shall be a minimum of two (2) times the weight supported.  Clearance 
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between the underside of the inertia base and the housekeeping pad below shall not be less than 1 
inch.  Concrete shall be 3000 psi.  Install inertia bases in accordance with the recommendations 
of the machinery manufacturer and the inertia base manufacturer. 

 
F. Anchor Bolts and Grout:  Secure machinery to foundations and inertia bases with anchor bolts.  

Grout equipment with baseplates, the full area under baseplates with premixed non-shrinking 
grout.  After grout has set, remove wedges, shims, and jack bolts and fill spaces with grout. 

 
G. Common Machinery Foundations:  Mount electrical motors  on the same foundations as driven 

machinery.  Support piping connections, strainers, valves, and risers on the same foundation as 
the pumps. 

 
H. Vertical Stops:  For machinery affected by wind pressure or having an operational weight 

different from installed weight, provide resilient vertical limit stops which prevent spring 
extension when weight is removed.  Provide vertical stops for machinery containing liquid, such 
as water chillers.  Spring isolated or protected spring isolated machinery must rock and move 
freely within limits of stops or seismic restraint devices. 

 
I. Machinery:  Provide vibration isolators, flexible connectors and seismic snubbers in accordance 

with manufacturer's recommendations.  Machinery with spring isolators or protected spring 
isolators shall rock or move freely within limits of stops or seismic snubber restraints. 

 
J. Stability:  Isolators shall be stable during starting and stopping of machinery without traverse and 

eccentric movement of machinery that would damage or adversely affect the machinery or 
attachments. 

 
K. Lateral Motion:  The installed vibration isolation systems for each piece of floor or ceiling 

mounted machinery shall have a maximum lateral motion under machinery start up and shut 
down conditions of not more than ¼ -inch.  Restrain motions in excess by approved spring 
mountings. 

 
L. Unbalanced Machinery:  Provide foundation suspension systems specifically designed to resist 

horizontal forces for machinery with large unbalanced horizontal forces.  Vibration isolator 
systems shall conform to the machinery manufacturer's recommendations. 

 
M. Nonrotating Machinery:  Mount nonrotating machinery in systems which includes rotating or 

vibrating machinery on isolators having the same deflection as the hangers and supports for the 
pipe connected to. 

 
N. Unitized Machinery Assemblies:  Unitized assemblies such as chillers with evaporator and 

condenser designed with end supports, may be mounted on steel rails and springs in lieu of steel 
bases and springs.  Where the slab or deck is less than 4 inches thick, provide spring isolation 
units with the deflection double that of the vibration isolation schedule, up to a maximum static 
deflection of 5 inches. 

 
O. Roof and Upper Floor Mounted Machinery:  On the roof or upper floors, mount machinery on 

isolators with vertical stops.  Rest isolators on beams or structures designed and installed in 
accordance with the SMACNA ASMM Plate 61. 

 
P. Vibration isolation ceiling hangers shall be installed so that the hanger rods do not touch the 
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sides of the isolator housing, thereby seriously degrading the vibration isolation performance.  
Vibration isolation ceiling hangers shall be located so that the hanger housing may rotate 360o 
without touching any object. 

 
Q. Electrical Connections:  Provide flexible conduit or multiple conductor cable connections for 

machinery with sufficient extra length to permit 2 inch minimum displacement in any direction 
without damage. 

 
R. Systems Not To Be Vibration Isolated:  Do not provide vibration isolation for electrical raceways 

and conduits or for fire protection, storm, sanitary, and domestic water piping systems which do 
not include pumps or other vibrating, rotating, or pulsating equipment including control and 
pressure reducing valves. 

 
S. Install in accordance with manufacturer’s instructions. 

 
T. Install isolation for motor driven equipment. 

 
U. Bases: 

 
1. Set steel bases for one inch (25mm) clearance between housekeeping pad and base. 
2. Set concrete inertia bases for 2 inch (50mm) clearance between housekeeping pad and 

base. 
3. Adjust equipment level. 

 
V. Install spring hangers without binding. 

 
W. On closed spring isolators, adjust so side stabilizers are clear under normal operating conditions. 

 
X. Prior to making piping connections to equipment with operating weights substantially different 

from installed weights, block up equipment with temporary shims to final height. When full load 
is applied, adjust isolators to load to allow shim removal. 

 
Y. Connect wiring to isolated equipment with flexible hanging loop. 

 
3.2 PIPE ISOLATION 
 

A. Horizontal Pipe Isolation: 
 

1. Precompressed Suspension Spring Isolators: 
 

a. For the first three pipe hangers in the main lines near the mechanical equipment 
provide precompressed suspension spring isolators.  Floor supported piping shall 
rest on trained spring isolators.  All precompressed suspension spring isolators 
hangers or the first three trained spring isolators mounts as noted above, will have 
the same static deflection as specified for the mountings under the connected 
equipment.  If piping is connected to equipment located in basements and hangs 
from ceiling under occupied spaces, the first three hangers shall have 0.75" 
deflection for pipe sizes up to and including 3", 1.5" deflection for pipe sizes up to 
and including 6" and 2.5" deflection thereafter.  All other hangers and mounts will 
have a minimum steel spring deflection of 0.75".  Hangers shall be located as close 
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to the overhead supports as practical. 
 

2. Combination Spring and Neoprene Suspension Hanger: 
 

a. For horizontal runs in other than those hereinbefore specified provide suspension 
spring hangers (combination spring and neoprene) with .75" minimum steel spring 
deflection. 

 
b. Chilled and Hot Water Piping: 

 
1). For the first 20 feet of the branch connection of the main supply and return 

piping at each floor. 
2). For all piping over 2" diameter. 

 
 

B. Floor-Supported Piping: 
 

1. Floor supports for piping in equipment rooms and adjacent to isolated equipment shall use 
vibration isolators as described hereinbefore and selected to the guidelines of hangers. 

 
2. The first three adjacent floor supports shall be the restrained spring type with a blocking 

feature that prevents load transfer to equipment flanges as the piping is filled and drained. 
 

3. Where piping is subject to larger thermal movement a slide plate shall be installed on the 
top of the isolator.  Slide plate shall be teflon, graphite or steel. 

 
4. Provide a thermal barrier where neoprene products are installed directly beneath steam or 

hot water lines. 
 

C. Pipe Risers:  Provide pipe riser supports with bearing plates and two layers of ¼ " thick ribbed or 
waffled neoprene pad loaded to not more than 50 psi.  Separate isolation pads with ¼ " steel 
plate.  Weld pipe riser clamps at anchor points to the pipe and to pairs of vertical acoustical pipe 
anchor mountings which shall be rigidly fastened to the steel framing. 

 
D. Supports at Base of Pipe Risers:  Piping isolation supports at the base of risers shall be two layers 

of  ½" thick heavy-duty neoprene pad separated by ¼ " thick steel plate.  Use bearing plates sized 
to provide a pad loading of not more than 500 psi.  Weld the stanchion between the pipe and 
isolation support to the pipe and weld or bolt to the isolation support.  Bolt isolation support to 
the floor slab with resilient sleeves and washers.  Where supplementary steel is required to 
support piping, provide a maximum deflection of 0.08 inches at the mid-span of this steel under 
the load.  Rigidly support piping from the supplementary steel with the supplementary steel 
isolated from the building structure with isolators. 

 
E. Pipe Anchors:  Attach each end of the pipe anchor to an omni-directional pipe isolator which in 

turn shall be rigidly fastened to the steel framing or structural concrete.  Provide a telescoping 
pipe isolator of two sizes of steel tubing separated by a minimum ½ " thick pad of heavy-duty 
neoprene or heavy-duty neoprene and canvas.  Provide vertical restraints by similar material to 
prevent vertical travel in either direction.  The load on the isolation material shall not exceed 500 
psi. 
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3.3 BOILER, MECHANICAL, FAN AND EQUIPMENT ROOM SOUND ISOLATION 
 

A. Do not allow direct contact between pipes or ducts and walls, floor slabs, roofs, ceilings or 
partitions of equipment rooms. 

 
B. Pipe Penetrations:  All piping passing through mechanical equipment room and fan room walls, 

floors and ceilings shall be protected against sound leakage by means of an acoustical wall seal 
as described hereinbefore and fire stopping. 

 
C. Duct Penetrations:  Provide with sound insulation equal to the sound attenuation value of the 

wall, floor, or ceiling penetrated. 
 
3.4 FLEXIBLE PIPE CONNECTORS 
 

A. Provide flexible connectors in accordance with manufacturers instructions where piping systems 
serving vibration isolated equipment and as shown on the drawings.  Flexible connectors shall be 
installed near the connection to the equipment.  Where liquid pulsation dampening is required, 
flexible connectors with spherical configuration may be used.  Provide restraints for pipe 
connectors at pumps to prevent connector failure upon pump start-up. 

 
B. Provide flexible connectors at connections of air compressors to piping systems. 

 
3.5 ISOLATION FOR SPECIFIC EQUIPMENT 
 

A. The vibration isolator manufacture shall provide isolators for all pieces of equipment provided 
for the job.  Isolator shall be selected by the isolator manufacturer on the basis of criteria as 
specified in the ASHRAE  Applications Handbook, latest edition, unless a more stringent 
requirement is indicated on the drawings. 

 
B. Pumps: 

 
1. All base mounted pumps shall be mounted on concrete inertia blocks supported on stable 

steel springs in series with ribbed neoprene pads selected for not less than 1.5 inch static 
deflection under full operating load.  Mason Industries type SLF or as approved equal. 

 
2. Floor support of the initial pipe elbows at the pump discharge and suction diffuser at the 

pump intake shall be made from the isolated inertia base, not from the equipment room 
floor.  Mason Industries Type K or as approved equal. 

 
3. Provide flexible pipe connections at pump suction and discharge.  Mason Industries Type 

BSS or MFTNC/MFTFU with control rods type ACC or as approved equal. 
 

4. Provide discharge and suction vibration isolators at all vertical in-line pumps. 
 

C. Air Handling Units and Kitchen Make-up Air Units: 
 

1. All air handling units, make-up air units, kitchen make-up air units, units shall be 
supported on stable steel springs in series with ribbed neoprene pads selected for not less 
than 2.5" deflection under full operating load.  Mason Industries type SLF springs or as 
approved equal.  Following the manufacturer's specific installation instructions for 
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specific equipment is acceptable. 
 

D. Fans: 
 

1. Fans up to 22" wheel diameter shall be mounted stable steel springs in series with ribbed 
neoprene pads selected for not less than 1.5" static deflection (Mason Industries Type SLF 
or equivalent). 

 
2. Fans with wheel diameters 24" and greater shall be mounted on unhoused stable steel 

springs in series with ribbed neoprene pads and structural rails selected for not less than 
2.5" static deflection (Mason Industries Type SLF or equivalent and structural rails Type 
ICS with thrust restraint provisions) and rails shall be Type ICS. 

 
3. All fans suspended from the ceiling, joists or roof structure, including outside air fans, 

return fans, relief air, ventilation fans, and exhaust fans, shall be suspended using hangers 
incorporating steel springs in series with neoprene, selected for not less than 3.5" static 
deflection under full load (Mason Industries Type 30N or equivalent). 

 
E. Chillers:  Chillers shall be mounted on restrained spring isolator with vertical limit stops for not 

less than 1 inch static deflection under full operating load.  Isolators shall be Mason Industries 
Type SLR or as approved equal. All exterior isolators for chillers shall be hot dipped galvanized 
including all hardware.  Provide neoprene coated springs. 

 
F. Condensing Units:  All condensing units shall be supported on stable steel springs in series with 

ribbed neoprene pads and structural rails selected for not less than 2.5" deflection under full 
operating load. All exterior isolators for condensing units shall be hot dipped galvanized 
including all hardware. Mason Industries Type SLF springs or as approved equal. Provide 
neoprene coated springs. 

 
G. All horizontal, vertical, and recessed unit heaters shall be suspended using hangers incorporating 

steel springs in series with neoprene selected for not less than 1" static deflection under full load 
(Mason Industries Type 30N or equivalent). 

 
H. Ductless Units:  Indoor ductless units shall be supported with rubber grommet type suspension 

isolators.  Outdoor ductless units shall be supported on ribbed neoprene pads resting on roof 
curbs (roof application) or concrete pad. 

 
3.6 MANUFACTURER’S FIELD SERVICES 
 

A. Inspect isolated equipment after installation and submit report.  Include static deflections. 
 
 END OF SECTION 
 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS  200-163183-17001-07 
STOKES ELEMENTARY SCHOOL     
 

Tetra Tech TESTING, ADJUSTING, AND BALANCING FOR HVAC & PLUMBING 
  23 05 93 - 1 

SECTION 23 05 93 
 

TESTING, ADJUSTING, AND BALANCING FOR HVAC AND PLUMBING 
 
PART 1. GENERAL 
 
1.1. GENERAL 
 

A. This section covers performance testing, adjusting and balancing of heating, ventilating, 
air conditioning and domestic re-circulating systems as specified in Division 23 Section, 
Heating, Ventilating, and Air Conditioning Equipment and in Division 22 Section, 
Plumbing Fixtures and Plumbing Equipment. 

 
B. For Common Work Results of HVAC, See Division 23.  See Division 01 for General 

Requirements. 
 

C. The mechanical contractor shall select and employ an impartial, independent balancing 
agency to provide testing and balancing services for the heating, ventilating and air 
conditioning (HVAC) systems and other specified systems of this project. 

 
D. The work included in this section consists of furnishing labor, instruments, and tools 

required in testing, adjusting and balancing the HVAC and plumbing systems, as 
described in these specifications or shown on accompanying drawings.  Services shall 
include checking equipment performance, taking the specified measurements, and 
recording and reporting the results. 

 
E. The items requiring testing, adjusting, and balancing include, but are not limited to, the 

following: 
 

Air Systems: 
Air Flow Monitoring Stations 
Ceiling Paddle Fans 
Coils (Air Temperatures & Static Pressure Drops) 
Chimney Vent Fans 
Diffusers, Registers and Grilles 
Ductless Split System Units (Indoors, Outdoor, & water-cooled units) 
Electric Unit Heaters 
Exhaust Fans 
Fan Coil Units 
Heat Recovery Systems 
Intake Hoods 
Kitchen Hoods – Supply Plenums 
Kitchen Make-up Air Units 
Make-up Air Units 
Power Relief Fans 
Radiant Heat Panels 
Relief Fans 
Relief Hoods 
Return Fans 
Supply Fan AHU 
Unit Heaters 
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Variable Refrigerant Volume Systems 
Ventilation Fans 
Zone Branch and Main Ducts 
 
Hydronic Systems: 
Autoflow valves 
Boilers 
Chillers 
Coils  
Condensate Pumps 
Condensate overflow safety switches 
Differential Pressure Bypass Valves  
Fan Coil Units 
Flow Measuring Stations 
Flow Meter Fittings 
Glycol Feed Pumps 
In-line Pumps 
Kitchen Ventilation Systems 
Make-up Air Units/Outside Air Units 
Pumps 
System Mains and Branches 
Unit Heaters 
 
In addition, any existing fans, equipment or air devices specified to be re-used under this 
project shall be tested and balanced, similar to new fans. 

 
1.2. EXAMINATION 
 

A. Verify that systems are complete and operable before commencing work.  Ensure the 
following conditions: 

 
1. Systems are started and operating in a safe and normal condition. 

 
2. Temperature control systems are installed complete and operable. 

 
3. Proper thermal overload protection is in place for electrical equipment. 

 
4. Final filters are clean and in place.  If required, install temporary media in 

addition to final filters. 
 

5. Duct systems are clean of debris. 
 

6. Fans are rotating correctly. 
 

7. Fire dampers, smoke dampers, and volume dampers are in place and open. 
 

8. Air coil fins are cleaned and combed. 
 

9. Access doors are closed and duct end caps are in place. 
 

10. Air outlets are installed and connected. 
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11. Duct system leakage is minimized. 

 
12. Hydronic systems are flushed, filled, and vented. 

 
13. Pumps are rotating correctly. 

 
14. Proper strainer baskets are clean and in place. 

 
15. Service and balance valves are open. 

 
B. Submit field reports. Report defects and deficiencies noted during performance of 

services which prevent system balance. 
 

C. Beginning of work means acceptance of exiting conditions. 
 
1.3. QUALIFICATIONS OF THE BALANCE AGENCY 
 

A. The balancing agency shall be a member of the Associated Air Balance Council (AABC). 
 

B. The certified test and balance engineer shall be responsible for supervision and 
certification for the total work herein specified. 

 
C. All final reports shall be signed by the certified test and balance engineer. 

 
1.4. PRE-BALANCING CONFERENCE 
 

A. Convene a conference one week prior to commencing work of this Section with all 
appropriate individuals. 

 
1.5. STANDARDS 
 

A. The balancing agency shall perform the services specified herein in accordance with the 
Associated Air Balance Council’s National Standards, including revisions, to the date of 
the contract. 

 
B. All terms in this specification shall have their meaning defined as stated in the National 

Standards. 
 

C. ADC:  Test Code for grilles, registers, and diffusers. 
 

D. ASHRAE III:   Practice for measurement, testing, adjusting and balancing of building 
heating, ventilation, air conditioning, and refrigeration systems. 

 
E. NEBB:   Procedure standards for testing, adjusting, and balancing of environmental 

systems. 
 

F. SMACNA:    HVAC systems testing, adjusting, and balancing. 
 
G. AABC:   Associated Air Balance Council 
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1.6. COORDINATION 
 

A. It will be necessary for the balancing agency to perform its services in close coordination 
with the mechanical contractor. 
 

B. The plans and specifications have indicated meters, valves, dampers, and other devices 
for the purpose of adjusting the system to obtain optimum operating conditions.  It will be 
the responsibility of the mechanical contractor to install these devices in a manner that 
will leave them accessible and readily adjustable.  The balancing agency shall provide 
guidance if there is a questionable arrangement of a control or balancing device. 

 
C. The general contractor, mechanical contractor, temperature control contractor and 

suppliers of the HVAC equipment shall all cooperate with the balancing agency to 
provide all necessary data on the design and proper application of the system 
components. 

 
1.7. INSTALLATION TOLERANCE 
 

A. Unless otherwise indicated, all air devices shall be adjusted to within plus or minus 10 
percent of design.  All fans shall be adjusted to within plus or minus 5 percent of design. 
All pumps and Hydronic equipment shall be adjusted to within plus or minus 5 percent of 
design. 

 
1.8. RESPONSIBILITIES OF THE MECHANICAL CONTRACTOR 
 

A. The mechanical contractor shall sufficiently complete the installation and start all HVAC 
systems to insure they are working properly and shall perform all other items as described 
hereinafter to assist the balancing agency in performing the testing and balancing of the 
HVAC system. 

 
B. Record equipment manufacturer's standard start-up information and submit to Engineer 

for review. Testing and balancing work shall not commence on any equipment until start-
up reports have been completed, reviewed by Engineer, and forwarded to Testing and 
Balancing Agency. 

 
C. Air Distribution Systems 

 
1. Verify installation for conformity to design. 
 
2. Terminate all supply, return, outside air, exhaust air,  relief air, ventilation air 

ducts, and pressure test them for leakage.  Test pressure and leakage rate shall be 
as specified in Division 23 Section, HVAC Air Distribution System under 
Leakage Tests.  Pressure testing shall be performed by mechanical contractor and 
witnessed by Test and Balance Engineer. 

 
3. Ensure that all splitters, extractors, volume dampers, fire dampers, and smoke 

damper are properly located and functional.  Dampers serving requirements of 
minimum and maximum outside - return - relief, and exhaust air shall provide 
tight closure and full opening, with a smooth and free operation. 

 
4. Verify that all supply - return - exhaust and transfer grilles; registers, and 
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diffusers are installed and operational. 
 

5. Ensure that air-handling systems, units, and associated apparatus, such as heating 
and cooling coils, filter sections, access doors, etc., are blanked and/or sealed to 
eliminate excessive bypass or leakage of air. 

 
6. Ensure that all fans are operating and free of vibration.  All fans and drives shall 

be checked for proper fan rotation and belt tension.  Overload protection shall be 
of proper size and rating.  A record of motor current and voltage shall be made to 
verify that the motors do not exceed nameplate rating.  Record thermal overload 
ratings for all motors  in the Test and Balance Report. 

 
7. Make any necessary changes to the sheaves, belts, and dampers, as required by 

the balancing agency, at no additional cost to the owner. 
 

8. Install clean filters. 
 

9. For heat pumps, provide refrigerant suction and discharge pressure to Test and 
Balance Engineer for inclusion in the final TAB Report. 

 
D. Water Circulating Systems 

 
1. Verify installation for conformity to design. 

 
2. Check all pumps to verify pump alignment and rotation. 

 
3. Ensure that systems are clean, with the proper strainer screens installed for 

normal operation. 
 

4. Check all pump motors for current and voltage, to ensure that motors do not 
exceed nameplate rating. 

 
5. Provide thermal overload protection of proper size and rating.  Record thermal 

overload ratings for all motors.  Insert data in Test and Balance Report. 
 

6. Ensure that all water circulating systems shall be full and free of air; that 
expansion tanks are set for proper water level; and that all air vents were installed 
at high points of systems and are operating. 

 
1.9. RESPONSIBILITIES OF THE TEMPERATURE CONTROL CONTRACTOR 
 

A. The temperature control contractor shall complete the installation of the temperature 
control system, and operate and test all control systems to ensure they are functioning 
properly as designed.  The temperature control contractor shall assist the balancing 
agency in testing and balancing the HVAC systems, as described hereinafter. 

 
1. Verify that all control components are installed in accordance with project 

requirements and are functional, including all electrical interlocks, damper 
sequences, air and water reset, freeze stats and duct smoke detectors.   

 
2. Verify that all controlling instruments are calibrated and set for design operating 
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conditions. 
 

3. Calibrate temperature sensors after installation, and before the temperature 
sensors control verification tests are performed.  The balancing agency shall 
prove the accuracy of final settings by taking temperature readings.  The readings 
shall be in a typical conditional space for each separately controlled zone. 

 
4. The temperature control contractor shall allow sufficient time in the project to 

provide assistance and instruction to the balancing agency in the proper use and 
setting of control components such as, but not limited to, computers, static 
pressure controllers, or any other device that may need set points changed so that 
the testing and balancing work can be performed. 

 
B. All control sequences, software, equipment, and components shall be started-up by a 

qualified technician.  Start-up report shall be submitted to Engineer prior to the 
commencement of testing and balancing work. Testing and balancing shall not 
commence until start-up reports are completed, reviewed by Engineer and forwarded to 
Testing and Balancing Agency. 

 
1.10. NOTIFICATION FOR TESTING AND BALANCING WORK TO BEGIN 
 

A. The mechanical contractor shall notify the balancing agency in writing when all heating, 
ventilating, and air conditioning systems are complete and ready for testing and 
balancing.  The mechanical contractor shall attest that he has completed all items as 
herein described.  
 

B. The following must be completed prior to start of system balancing: 
 

1. All duct work and associated grilles/registers/diffusers installed and completed. 
 

2. Piping systems completed, flushed and filled. 
 

3. Equipment properly started by qualified personnel or start-up technicians. 
 

4. Ceiling tiles installed. 
 

5. Automation system (temperature controls) installed and completed for both air 
and water systems. 

 
6. All equipment controlled in automatic (“Auto”) mode. 

 
7. Access granted to the balancing contractor to the automation/controls system 

provided. 
 
1.11. DEFICIENCIES 
 

A. Any deficiencies in the installation or performance of a system or component observed 
by the TAB agency shall be brought to the attention of the appropriate responsible 
person. 

 
B. The work necessary to correct items on the deficiency listing shall be performed and 
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verified by the affected Contractor before the TAB Agency returns to retest.  Unresolved 
deficiencies shall be noted in the final report. 

 
1.12. ADJUSTING  
 

A. Ensure recorded data represents actual measured observed conditions. 
 

B. Permanently mark settings of valves, dampers, and other adjustment devices allowing 
settings to be restored. Set and lock memory stops. 

 
C. After adjustment, take measurements to verify balance has not been disrupted or that such 

disruption has been rectified. 
 

D. Leave systems in proper working order, replacing belt guards, closing access doors, 
closing doors to electrical switch boxes, and restoring all sensors to specified settings. 
 

E. At final inspection, recheck random selections of data recorded in report. Recheck points 
or areas as selected and witnessed by the Owner. 

 
F. Check and adjust systems approximately six months after final acceptance and submit 

report. 
 
G. Permanently mark the locations of all duct traverses on the exterior surface of the duct 

insulation. 
 
1.13. ALTERNATES 
 

A. Refer to Division 01 Section, Alternates for description of work under this section 
affected by alternates. 
 

1.14. GENERAL COMMISSIONING REQUIREMENTS 
 
A. Refer to Division 01 Section, “General Commissioning” for description of work under 

this Division affected by General Commissioning. 
 

PART 2. PRODUCTS (NOT APPLICABLE) 
 
PART 3. EXECUTION 
 
3.1. GENERAL 
 

A. Perform all testing and balancing in complete accordance with AABC National Standards 
for Field Measurements and Instrumentation. 

 
B. Furnish all test instruments and equipment.  All instruments must have been calibrated 

within twelve (12) months prior to use and shall be checked for accuracy prior to and 
during the work.  Submit certificate for calibration of all equipment utilized on project 
with date of calibration clearly identified. 

 
C. Review all systems designs and equipment, manufacturers’ data, and be completely 

familiar with the work before proceeding. 
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D. Report all malfunctions or deficiencies to the contractor so that corrective action can be 

taken.  Test and Balance Report shall not be submitted for review until all malfunctions 
or deficiencies are corrected.  Repeat tests where required until design conditions are 
achieved. 
 

E. Where systems or equipment cannot be balanced or adjusted to design conditions, 
determine the cause and submit a complete report to the Engineer. 

 
F. Retest or rebalance the system as required during the warranty period. 

 
G. Test and balance all systems under adequate load condition.  If, in the opinion of the 

Engineer, there is insufficient load to properly test and balance the systems, perform 
sufficient preliminary balancing and adjustment to permit operation of the systems until 
such time as final testing and balancing can be done.  Provide in writing the future date 
when systems shall be tested under sufficient load. 

 
H. At project completion provide a complete set of ½ scale drawings indicating the locations 

of all duct traverses. 
 
3.2. EXAMINATION 

 
A. Examine the Contract Documents to become familiar with Project requirements and to 

discover conditions in systems’ designs that may preclude proper TAB of systems and 
equipment. 
 

B. Examine systems for installed balancing devices, such as test ports, gage cocks, 
thermometer wells, flow-control devices, balancing valves and fittings, and manual 
volume dampers.  Verify that locations of these balancing devices are accessible. 

 
C. Examine the approved submittals for HVAC systems and equipment. 

 
D. Examine design data including HVAC system descriptions, statements of design 

assumptions for environmental conditions and systems’ output, and statements of 
philosophies and assumptions about HVAC system and equipment controls. 

 
E. Examine ceiling plenums used for supply, return, or relief air to verify that they meet the 

leakage class of connected ducts and are properly separated from adjacent areas.  Verify 
that penetrations in plenum walls are sealed and fire-stopped if required. 

 
F. Examine equipment performance data including fan and pump curves. 

 
1. Relate performance data to Project conditions and requirements, including 

system effects that can create undesired or unpredicted conditions that cause 
reduced capacities in all or part of a system. 

2. Calculate system-effect factors to reduce performance ratings of HVAC 
equipment when installed under conditions different from the conditions used to 
rate equipment performance.  To calculate system effects for air systems, use 
tables and charts found in AMCA 201, “Fans and Systems,” or in SMACNA’s 
“HVAC Systems – Duct Design”.  Compare results with the design data and 
installed conditions. 
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G. Examine system and equipment installations and verify that field quality-control testing, 

cleaning and adjusting specified in individual Sections have been performed. 
 
H. Examine test reports specified in individual system and equipment Sections. 

 
I. Examine HVAC equipment and filters and verify that bearings are greased, belts are 

aligned and tight, and equipment with functioning controls is ready for operation. 
 

J. Examine terminal units, and verify that they are accessible and their controls are 
connected and functioning. 

 
K. Examine strainers.  Verify that startup screens are replaced by permanent screens and 

indicated perforations. 
 

L. Examine heat-transfer coils for correct piping connections and for clean and straight fins. 
 

M. Examine system pumps to ensure absence of entrained air in the suction piping. 
 

N. Examine operating safety interlocks and controls on HVAC equipment. 
 

O. Report deficiencies discovered before and during performance of TAB procedures.  
Observe and record system reactions to changes in conditions.  Record default set points 
if different from indicated values. 
 

3.3. AIR SYSTEM PROCEDURES 
 

A. The balancing agency shall perform the following testing and balancing functions in 
accordance with the Associated Air Balance Council's National Standards: 

 
1. Fan Speeds - Test and adjust fan RPM to achieve design CFM requirements. 

 
2. Current and Voltage - Measure and record motor current and voltage. Check and 

record thermal overload ratings for all motors. 
 

3. Pitot-Tube Traverse - Perform a Pitot-tube traverse of main supply, return and 
exhaust ducts to obtain total CFM.  If a Pitot-tube traverse is not practical, the 
summation of the outlets or inlets may be used.  An explanation why a traverse 
was not made must appear on the appropriate data sheet. 

 
4. Outside Air - Test and adjust system minimum outside air by Pitot-tube traverse.  

If a Pitot-tube traverse is not practical, the percentage of outside air may be 
determined by calculations from the return air, outside air, and mixed air 
temperatures.  Make allowances for heat of compression and motor heat where 
applicable. 

 
5. Static Pressure - Test and record system static pressures, including suction and 

discharge static pressure of each fan. Record hood static pressure at kitchen hood 
exhaust taps, and similar equipment. Measure static air pressure conditions on air 
supply units, including filter and coil pressure drops, and total pressure across the 
fan. Make fan RPM allowances for 50 percent loading of filters. 
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6. Air Temperature - Take wet-bulb and dry-bulb air temperatures on the entering 

and leaving side of each cooling coil and/or heat recovery coil.  Dry-bulb 
temperature shall be taken on the entering and leaving side of each heating coil. 

 
7. Zone Ducts - Adjust zone ducts to within design CFM requirements.  At least one 

zone balancing damper shall be completely open. 
 

8. Main Ducts - Adjust main ducts to within design CFM requirements and traverse 
for total CFM quantities. 
 

9. Branch Ducts - Adjust branch ducts to within design CFM requirements.  Multi-
diffuser branch ducts shall have at least one outlet or inlet volume damper 
completely open. 

 
10. Magnahelic Gauges - Static pressure at static pressure tips for Magnahelic gauges 

shall be recorded in Test and Balance Reports. 
 

11. Tolerances - Test and balance each diffuser, grille, and register to within 10 
percent of design requirements.  Test and balance all fans to within 5 percent of 
design requirements. 

 
12. Identification - Identify the location and area of each grille, diffuser, register, and 

terminal box.  This information shall be recorded on air outlet data sheets. 
 

13. Description - Record the size, type, and manufacturer of each diffuser, grille, and 
register on air outlet data sheets. 

 
14. Minimizing Drafts - Adjust all diffusers, grilles, and registers to minimize drafts 

in all areas. 
 

15. Test and Balance Engineer shall witness and record all leakage testing of 
ductwork.  Leakage test data shall be included in final Test and Balance Reports. 

 
16. Where modulating dampers are provided, take measurements and balance at 

extreme conditions.  
 

17. Measure temperature conditions across outside air, return air, and exhaust 
dampers to check leakage. 

 
18. For all equipment specified with condensate overflow safety switches/floats test 

operation of such device and record results.  Verify interlock with ATC system. 
 

19. Outside air and exhaust/relief air measurements must be measured and submitted 
in all modes of operation including the following: 

 
a). Min Min Outside Air/Exhaust/Relief air mode (square footage outside 

air). 
b). Min Max Outside Air/Exhaust/Relief air mode (square footage and 

people outside air). 
c). Maximum outside air/exhaust/relief mode (full 100% economizer mode). 
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20. For all outside air modes of operation record and submit full static pressure 

profiles, amperage, BHP, air flow rates, external static pressure, and internal 
static pressure.  Verify airflow rates with air flow monitoring stations and record 
results. 

 
3.4. WATER SYSTEM PROCEDURES 
 

A. The various water circulating systems shall be filled, purged of air, and put into operation 
before hydronic balancing by the mechanical contractor. 

 
B. The flow of water through all coils shall be adjusted by manipulating balancing valves 

until the rated pressure drop through the coil or metering device is obtained.  Perform 
balancing by measurement of temperature differential in conjunction with air balancing. 

 
C. The balancing agency shall perform the following testing and balancing functions in 

accordance with the AABC National Standards. 
 

D. All Hydronic equipment, domestic re-circulating pumps, and HVAC pumps shall be 
Tested and Balanced as described below: 

 
1. Water Treatment - Examine the water in the system and determine if the water 

has been treated and cleaned.  If it has not, request the mechanical contractor to 
clean and treat the water prior to TAB work 

 
2. Strainers - Request that the mechanical contractor clean all strainers. 

 
3. Air Vents - Check all air vents at the high points of the water system and 

determine if they are installed and operating. 
 

4. Valves - Set all balancing valves to the full-open position for balancing.   
 

5. Pumps - Adjust all pumps and domestic hot water re-circulating water pumps to 
meet design GPM requirements.  Check pumps for proper operation.  Pumps 
shall be free of vibration and cavitation.  Measure and record operating current 
and voltage.  Check and record thermal overloads installed on all pumps.  Record 
in Test and Balance Report. 

 
6. Tolerances - Proceed to balance all coils, pumps, balance valves chillers, boilers 

to within 5 percent of design requirements. 
 

7. Marking - Mark all settings and record all data after completing the flow readings 
and coil adjustments. 

 
8. Where available pump capacity (due to diversity) is less than total flow 

requirements or individual system parts, full flow in one part may be simulated 
by temporary restriction of flow to other parts. 

 
9. Test all A/C condensate pumps for proper operation. 

 
10. Test condensate overflow safety switches. 
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E. Chillers: 

 
1. Verify that chillers have been started by others and are in operation.  Test and 

adjust chiller water flows to achieve maximum or design GPM. 
 

2. Current and Voltage - Test and record motor voltage and amperage, and compare 
data with the nameplate limits to ensure compressor motor is not in or above the 
service factor. 
 

3. Test and record temperature profiles of chillers. 
 

4. Description of liquid sufficient to obtain physical properties. 
 

5. Power input to controls and auxiliary components in KW. 
 

6. Dry bulb temperature of air entering condenser ( degrees F). 
 

7. Condenser fans motor power consumption in KW. 
 

8. Condenser fans rotating speed in rpm. 
 

9. Test operation of flow switches. 
 

F. Boilers: 
 

1. Verify that boilers have been filled and started by others, and are in operation. 
 

2. Current and Voltage - As applicable, test and record motor voltage and 
amperage, and compare data with the nameplate limits to ensure motor is not in 
or above the service factor. 

 
3. Test and adjust water flow through water boilers. 

 
4. Test and record temperature and pressure profiles of water or steam boilers. 

 
G. Coils: 

 
1. Tolerances - Test, adjust, and balance all hydronic coils within 5 percent of 

design requirements. 
 

2. Verification - Verify the type, location, final pressure drop and GPM of each coil.  
This information shall be recorded on coil data sheets. 

 
3.5. TESTING AND BALANCING OF EXISTING SYSTEMS 
 

A. The balancing agency shall perform testing and balancing of existing air handling, fan 
and pump systems to the extent indicated.  Existing air devices and terminals shall be re-
tested and balanced where effected by new ductwork modifications. 

 
B. Test and Balance Agency shall assist the mechanical contractor in selection of new 
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sheaves and belts, if required.  Re-sheaving of existing air handling units or fans shall be 
done at no additional cost to owner.  Where required, new sheave and belt size 
calculations shall be forwarded to the Engineer for review and approval. 

 
C. The Test and Balance Agency shall perform water system procedures (here-in before 

specified) on the following hydronic systems. 
 
1. Boiler #1 
2. Boiler #2 
3. HWP-1 
4. HWP-2 
5. Provide temperature measurements across all existing coils and heat exchangers.  

 
3.6. KITCHEN HOOD TESTING AND BALANCING PROCEDURES 
 

A. The kitchen hood exhaust and make-up air quantities shall be tested and balanced to the 
indicated design quantities (CFM).  The air flow of each shall be determined by the use 
of pitot tube traverse and/or a short ridge velgrid. 

 
B. The kitchen hood should then be tested for adequate capture using a 30 second smoke 

bomb. The cooking equipment below the hood should be turned on and brought up to 
normal operating temperature.  All grease filters should be in place.  The kitchen make-
up air unit and exhaust fans shall be on.  The hood static pressure should be recorded and 
documented in the Test and Balance Report and the hood shall be tested and must 
provide 100 percent capture.  If the hood does not prove 100 percent capture, the source 
of the problem shall be determined and the test repeated. Record results of tests within 
TAB report. 

 
3.7. FIRE AND SMOKE TESTING PROCEDURES 
 

A. The TAB agency shall test fire/smoke damper to assure operation.  It shall verify that an 
access door has been installed for each fire and smoke damper.  For fire dampers, the 
TAB agency shall open the access door, disconnect the fusible link, and allow the damper 
to close.  Operation should be smooth and the damper must close completely.  The TAB 
agency shall then reset the damper.  For the smoke damper, the TAB agency shall open 
the access door, activate the damper, and observe operation.  The damper must close 
quickly and completely. The TAB agency shall then reset the damper and observe its 
complete opening.  Record results of tests within TAB report. 

 
3.8. LIFE SAFETY CONTROLS TESTING PROCEDURES 
 

A. The TAB agency shall test and record life safety control operation on the HVAC 
equipment.  It shall verify the installation of required smoke detectors in air handling 
equipment (AHE), and shall verify operation of the smoke detector by activating the 
smoke detector and observing air handler shutdown.  With the controls and alarm 
contractors, the TAB agency shall verify the operation of interconnected systems such as 
the AHU smoke detector’s activation of the fire alarm system and the alarm system’s 
activation of the life safety control sequences. Record results of tests within TAB report. 

 
3.9. VERIFICATION OF TEMPERATURE CONTROL 
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A. The balancing agency shall be assisted by the temperature control contractor in verifying 
the operation and calibration of all temperature control systems.  The following tests shall 
be conducted: 

 
1. Verify that all control components are installed in accordance with project 

requirements and are functional, including all electrical interlocks, damper 
sequences, air and water reset.    

 
2. Verify that all controlling instruments are calibrated and set for design operating 

conditions. 
 

3. Verify the accuracy of the final settings by taking temperature readings.  The 
readings shall be in a typical conditioned space for each separately controlled 
zone. 

 
4. Test and calibrate all air flow monitoring stations for proper air flow. 

 
5. Test and calibrate all static pressure sensors for proper set point and control. 

 
6. Test and calibrate all differential pressure sensors.  Record set point in Record 

and Information Books. 
 
3.10. TEST AND BALANCE REPORTS 
 

A. The test and balance report shall be complete with logs, data, and records as required 
herein.  All logs, data, and records shall be typed on white bond paper and bound.  The 
report shall be certified accurate and complete by the balancing agency's certified test and 
balance engineer. 

 
B. Six (6) copies of the test and balance report are required and shall be submitted to the 

Engineer.  If, in the opinion of the Engineer, test results or portions thereof are 
incomplete or inconclusive, repeat necessary portions of the work to the satisfaction of 
the Engineer. 

 
C. The report shall contain the following general data in a format selected by the balancing 

agency: 
 

1. Project Number 
 

2. Contract Number 
 

3. Project Title 
 

4. Project Location 
 

5. Project Architect 
 

6. Project Mechanical Engineer 
 

7. Test & Balance Agency 
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8. Test & Balance Engineer 
 

9. General Contractor/Construction Manager 
 

10. Mechanical Subcontractor 
 

11. Dates tests were performed 
 

12. Certification 
 

13. Duct Leakage Tests 
 

14. Phone Numbers of all Individuals Listed Above 
 

D. The test and balance report shall be recorded on report forms conforming to the 
recommended forms in the AABC National Standards. 

 
3.11. TEST REPORT FORMS 
 

A. Air Moving Equipment and Fan Test Forms - Submit fan curve showing design and 
operating points of operation.  Also, record the following on each air-handling  
equipment test form: 

 
1. Manufacturer, model number, serial number, arrangement. 

 
2. All design and manufacturer-rated data. 

 
3. Total actual CFM by traverse if practical.  If not practical, the sum of the outlets 

may be used, or a combination of each of these procedures.  For specific systems, 
such as ones with diversity, see the AABC National Standards. 

 
4. Suction and discharge static pressure of each fan, as applicable. Include pressure 

drops across coils, filters, mixing boxes, and similar devices. 
 

5. Outside-air, return-air, and exhaust air total CFM. 
 

6. Actual operating current, voltage and brake horsepower of each fan motor.  For 
packaged equipment, this includes supply fans, relief air fans, and condenser 
fans. 

 
7. Final RPM of each fan. 

 
8. Fan and motor sheave manufacturer, model, size, number of grooves, bore, and 

center distance. 
 

9. Belt size, quantity and make. 
 

10. Static-pressure controls final operating set points (if applicable). 
 

11. Total and external static pressure. 
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B. Pump Test Forms - Submit pump curve showing design, operating, and no-flow points of 
operation.  Also, record the following items on each pump test form: 

 
1. Manufacturer, size, model, service and serial number. 

 
2. All design and manufacturer's rated data. 

 
3. Pump operating suction and discharge pressure and final total dynamic head. 

 
4. No flow (pump discharge valve closed) suction and discharge pressure and 

corresponding total dynamic head.  This procedure is to determine actual 
impeller size.  Record impeller size. 

 
5. Rated and actual operating current, voltage, and brake horsepower of each pump 

motor. 
 

6. Total operating head pressure. 
 

7. Shutoff, discharge and suction pressures. 
 

8. Shutoff, total head pressure. 
 

C. Chiller and Boiler Test Forms - Record the following items on each chiller and boiler test 
form: 

 
1. Manufacturer model number, serial numbers. 

 
2. All design and manufacturer's rated data. 

 
3. Service and location. 

 
4. Actual pressure drop and related GPM primary side. 

 
5. Actual pressure drop and related GPM, secondary side. 

 
6. Primary side entering and leaving temperatures. 

 
7. Secondary side entering and leaving temperatures. 

 
8. Temperature control settings. 

 
9. Electrical characteristics. 

 
10. For air cooled chillers condenser fan speed and kw. 

 
D. Heating and Cooling-Coil Test Forms - Record the following items on each test form: 

 
1. Manufacturer, location, service. 

 
2. All design and manufacturer's rated data. 
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3. Rated and actual water pressure drop through each coil and related GPM. 
 

4. Rated and actual static pressure drop across each coil. 
 

5. Rated and actual entering and leaving water temperatures across each coil. 
 

6. Wet-bulb and dry-bulb temperatures entering and leaving each cooling coil; dry-
bulb temperatures entering and leaving each heating coil. 

 
7. Air flow (Design and Actual). 

 
8. For DX-coil, provide design and actual saturated suction temperature. 

 
9. For DX-Coil, provide design and actual discharge pressures. 

 
E. Air Monitoring Station Test Forms: 

 
1. Identification /location. 

 
2. Manufacturer. 

 
3. Systems. 

 
4. Size and Model Number. 

 
5. Area. 

 
6. Design Velocity. 

 
7. Design Airflow. 

 
8. Test Velocity. 

 
9. Test Airflow. 

 
10. Static Pressure Drop and Velocity Pressure. 

 
11. Station Calibrated Setting. 

 
F. Flow Measuring Station Test Forms: 

 
1. Identification/location. 

 
2. Manufacturer. 

 
3. Size and Model Number. 

 
4. Design and Actual Flow Rate. 

 
5. Design and Actual Pressure Drop. 
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6. ATC flow rate versus field measured flow rate. 
 

G. Electric Motors Test Forms: (Applies to all motors, including pumps, fans and HVAC 
equipment) 

 
1. Manufacturer. 

 
2. Model/Frame. 

 
3. HP/BHP. 

 
4. Phase, voltage, amperage; nameplate, actual, no load. 

 
5. RPM. 

 
6. Service factor. 

 
7. Starter size, rating, heater elements. 

 
8. Sheave Make/Size/Bore. 

 
9. Thermal overload settings 

 
H. V-Belt Drive Test Forms: 

 
1. Identification/location. 

 
2. Required driven RPM. 

 
3. Driven sheave, diameter and RPM. 

 
4. Belt, size and quantity. 

 
5. Motor sheave diameter and RPM. 

 
6. Center to center distance, maximum, minimum, and actual. 

 
I. Duct Traverse Test Forms: 

 
1. System zone/branch. 

 
2. Duct size. 

 
3. Area. 

 
4. Design velocity. 

 
5. Design air flow. 

 
6. Test velocity. 
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7. Test airflow. 
 

8. Duct static pressure. 
 

9. Air temperature. 
 

10. Air correction factor. 
 

J. Duct Leakage Test Forms: 
 

1. Description of ductwork under test. 
 

2. Duct design operating pressure. 
 

3. Duct design test static pressure. 
 

4. Duct capacity, air flow. 
 

5. Maximum allowable leakage duct capacity times leak factor. 
 

6. Test apparatus. 
 

a). Blower. 
 

b). Orifice, tube size. 
 

c). Orifice size. 
 

d). Calibrated. 
 

7. Test static pressure. 
 

8. Test orifice differential pressure. 
 

9. Leakage. 
 

K. Air Distribution Test Sheet: 
 

1. Air terminal number. 
 

2. Room number/location. 
 

3. Terminal type. 
 

4. Terminal size. 
 

5. Area factor. 
 

6. Design velocity. 
 

7. Design air flow. 
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8. Test (final) velocity. 

 
9. Test (final) air flow. 

 
10. Percent of design air flow. 

 
L. Ductless Unit Test Forms: 

 
1. Manufacturer 

 
2. Type, air conditioning, heat pump 

 
3. Identification number 

 
4. Location 

 
5. All design and manufacturer's rated data. 

 
6. Rated and actual entering and leaving dry bulb temperatures. 

 
7. Rated and actual entering and leaving wet bulb temperatures. 

 
8. Air flow (design and actual) 

 
9. Provide actual saturated suction temperature. 

 
10. Actual operating current, voltage and brake horsepower of each fan motor. 

 
11. Final fan RPM. 

 
12. For Air Cooled Variable Refrigerant Volume System test current, voltage, RPM, 

and breaker horsepower for outdoor unit. 
 
M. Fan Coil Unit Data Test Forms: 

 
1. Manufacturer. 

 
2. Type. 

 
3. Identification/number. 

 
4. Location. 

 
5. Model number. 

 
6. Size. 

 
7. Water Pressure drops (all coils). 
 
8. Static pressure 
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9. Test amperage 
 
10. Entering coil conditions (wet bulb and dry bulb). 
 
11. Leaving coil conditions (wet bulb and dry bulb). 
 
12. Water flow rates (all coils) 
 
13. Test voltage. 

 
14. Supply return and outside air flow rates. 

 
N. Kitchen Make-up Air Unit 

 
1. Manufacturer model number, serial numbers. 

 
2. All design and manufacturer’s rated data. 

 
3. Electrical characteristics, design, and actual. 

 
4. Fan speed, static pressure voltage, amp draw. 

 
5. Wet Bulb and dry Bulb temperatures entering, leaving coil design, actual. 

 
6. Air flow rate/RPM at maximum flow and minimum flow. 

 
7. Interlocked exhaust fan air flow rate/RPM at maximum flow and minimum flow. 

 
8. Temperatures entering and leaving the heat pipe, design, and actual. 

 
9. Where applicable entering/leaving temperatures at hot gas re-heat coils, design, 

and actual. 
 

10. For gas fired units, entering and leaving air temperatures. 
 

11. Record the supply fan and exhaust fan maximum hertz/speed and minimum 
hertz/speed.  Provide measurements to ATC subcontractor for fan tracking 
control. 

 
O. Condensate Over Flow Switches/Floats 

 
1. Manufacturer 

 
2. Type 

 
3. Location 

 
4. Equipment shut down verification 

 
5. ATC interlock verification 
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P. Gas Make-up Air Units Test Forms: 

 
1. Manufacturer. 

 
2. Identification number. 

 
3. Location. 

 
4. Model number. 

 
5. Phase, voltage, amperage. 

 
6. Test voltage. 

 
7. Test amperage. 

 
8. Air flow, specified and actual. 

 
9. Temperature rise, specified and actual. 

 
10. Entering and leaving temperature (dry bulb and wet bulb) of enthalpy wheel. 

 
11. Pressure drop, specified and actual. 

 
12. Delivered Gas Pressure, specified and actual. 

 
Q. Electric Radiant Heat Panels Test Forms: 

 
1. Manufacturer. 

 
2. Identification/number. 

 
3. Location. 

 
4. Model number. 

 
5. Design kW and actual kW. 

 
6. Phase, voltage, amperage. 

 
7. Test voltage (each phase). 

 
8. Test amperage (each phase). 

 
9. Air flow, specified and actual. 

 
10. Temperature rise, specified and actual. 

 
END OF SECTION 
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SECTION 23 06 00 

 
HEATING, VENTILATING, AND AIR CONDITIONING EQUIPMENT 

 
PART 1 GENERAL 
 
1.1  GENERAL 
 

A. The Conditions of the Contract and other General Requirements apply to the work 
specified in this section.  All work under this section shall also be subject to the 
requirements of Division 23 Section, Common Work Results for HVAC and Division 01 
Section General Requirements. 

 
1.2 DESCRIPTION 
 

A. The work to be performed shall include all labor, materials and equipment necessary to 
furnish and install complete, all mechanical equipment as shown on drawings, hereinafter 
specified or reasonably implied, and leaving the same in satisfactory operation condition.  
It is the intent that systems be installed complete with all items necessary to accomplish 
this purpose. 

 
1.3 SUBMITTALS 
 

A. Shop Drawings: Indicate assembly, equipment dimensions, weight loading, required 
clearances, construction details, field connection details, and electrical characteristics and 
connection requirements. 

 
B. Product Data: 

 
1. Provide literature which indicates dimensions, weights, capacities, ratings, 

performance, gages and finishes of materials, and electrical characteristics and 
connection requirements. 

2. Provide data of filter media, filter performance data, filter assembly, and filters 
frames. 

3. Provide fan and pump curves with specified operating point clearly plotted. 
4. Submit sound power level data for both fan outlet and casing radiation at rated 

capacity. Submit sound power levels by octave band or sound pressure levels by 
octave band for all equipment. 

5. Submit electrical requirements for power supply wiring including wiring 
diagrams for interlock and control wiring, clearly indicating factory-installed and 
field-installed wiring. 

 
1.4 OPERATION AND MAINTENANCE DATA 
 

A. Maintenance Data: Include instructions for lubrication, filter replacement, motor and 
drive replacement, spare parts lists, and wiring diagrams. 

 
1.5 DELIVERY, STORAGE, AND HANDLING 
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A. Deliver, store, protect and handle products to site under provisions of General 
Requirements. 

 
B. Accept products on site in factory-fabricated protective containers, with factory-installed 

shipping skids and lifting lugs.  Inspect for damage. 
 

C. Store all equipment in clean dry place and protect from weather and construction traffic. 
Handle carefully to avoid damage to components, enclosures, and finish. 

 
D. Comply with manufacturer's installation  instructions for rigging, unloading and 

transporting equipment.       
 

E. Protect all motors, shafts, and bearings from weather and construction dust. 
 
1.6 ENVIRONMENTAL REQUIREMENTS 
 

A. Do not operate any equipment for any purpose, temporary or permanent, until 
ductwork/piping is clean, filters/strainers are in place, bearings lubricated, and equipment 
has been test run under observation. 

 
1.7 ALTERNATES 
 

A. Refer to Division 01 Section,  “Alternates” for description of work under this section 
affected by alternates. 
 

1.8 EXTRA MATERIALS 
 

A. Provide one set of seals for each type and model of pump provided on the project. 
 

PART 2 PRODUCTS 
 
2.1 100% OUTSIDE AIR DOUBLE WALL INDOOR CENTRAL STATION AIR HANDLING 

UNITS  
 

A. Provide and install central station air handling units as shown and scheduled on the plans.  
The units shall be installed in a neat and workmanship like manner in strict accordance 
with specifications.  Air handling units shall be York AirPack, Trane IAQ Modular 
Climate Changers, McQuay Vision, Carrier, Daikin, or approved equal.  Provide 
components as detailed on the contract drawings. 

 
B. General 

 
1. Central station air handling units shall be certified in accordance with the Air 

Conditioning and Refrigeration Institute (ARI) Standards 430 for Central Station 
Air Handling units and 410 for coils. 

 
2. Units shall be provided with nominal 1-inch deflection spring isolators, as 

required, or as recommended by the unit manufacturer. 
 

3. The units shall be furnished complete with double wall insulated casings, 
centrifugal fans, coils as scheduled, insulated drain pan, motor, drive, belt guard, 
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and accessories as required. Coils shall not exceed specified face velocities. 
 

4. Adequate space around all sides of the air handling unit shall be provided for 
proper service and maintenance. 

 
5. All units shall be horizontal draw through medium pressure units. Construct 

casing section located upstream of supply fan for operation at a minimum 4 
inches w.g. negative static pressure and downstream sections for operation at a 
minimum of 6 inches water gauge positive static pressure. 

 
6. All units shall be factory primed and finished in colors as selected by Engineer. 

 
7. Provide unit mounting legs to support all sections of unit and raise unit for proper 

trapping.  Unit mounting devices not constructed of galvanized steel shall be 
chemically cleaned, coated with rust inhibiting primer, and finished with rust 
inhibiting enamel. Contractor shall be responsible for all steel supports and 
hangers for hung units. 

 
8. Fan discharge arrangements shall be coordinated with ductwork layout to 

minimize "system effect" per AMCA-Publication 201-90. 
 

9. Provide 6-inch high unit mounting legs or base rail to support all sections of unit 
and raise unit for proper trapping.  Unit mounting devices shall be galvanized 
steel and a minimum of 10 gauge.  Unit mounting devices not constructed of 
galvanized steel shall be chemically cleaned, coated with rust inhibiting primer, 
and finished with rust inhibiting enamel. Contractor shall be responsible for all 
steel supports and hangers for hung units. 

 
10. All glycol cooling coil capacities shall be based on 30 percent propylene glycol. 

 
C. Construction 

 
1. Unit casing shall be constructed of minimum 18 gauge galvanized metal, formed 

and reinforced to provide a rigid assembly. Formed panels shall be removable to 
provide easy access to internal components.  Each of the sectionalized modules 
and accessories shall be factory assembled.  Removal of side panels shall not 
affect the structural integrity of the unit. 

 
2. All exterior panels and structural frames shall be constructed of G90-U 

galvanized steel.  Casings not constructed of G90-U galvanized steel, casings 
with welds on exterior surfaces, or casings with welds on interior surfaces that 
have burned through to exterior surfaces shall be chemically cleaned, coated with 
rust inhibiting primer, and finished with rust inhibiting enamel in order to prevent 
premature corrosion and microbial growth. 

 
3. Seal and gasket all joints between exterior panels and structural frames with 

closed-cell foam gasketing for air seal and acoustical break. 
 

4. Casing shall have full size removal access doors as shown on drawings.  Access 
doors shall have 2-inch double wall construction.  Provide automotive style 
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neoprene gasketing around full perimeter of access doors to prevent air leakage.  
Provide "ventlock" style non-corrosive alloy latches operable from the inside or 
outside of unit.  If access doors open against unit operating pressure, provide 
safety latches that allow access doors to partially open after first handle 
movement and fully open after second handle movement. 

 
5. Insulate casing sections with 2-inch thick 1 ½ pound per cubic foot density fiber 

glass insulation or equivalent. Provide double wall casing construction and 
encase insulation between solid exterior and double wall interior casing panels 
such that no insulation is exposed to airstream. Foil facing on insulation is not 
acceptable as alternate to double wall construction. Insulation shall comply with 
NFPA 90A. 

 
6. Cooling coil sections shall have positive draining, double-sloped drain pans.  

Each pan shall be of heavy gauge galvanized steel.  Drain connections shall be 
provided on both sides of the pan.  The drain pan shall be of double wall 
construction with closed-cell insulation provided between the interior and 
exterior pans.  Insulation shall be 1-inch - 3/4# insulation sandwiched between 
the pans. 

 
7. Cooling coil sections having stacked coils or finned heights greater than 46-

inches shall have an additional intermediate drain pan(s), each with drop tubes to 
guide condensate to the main drain pan without flooding of the lower coil(s).  
Coil sections shall provide easy removal of coils from either the top or side for 
service and maintenance. 

 
8. Coils sections with two or more coils shall have a 4-inch spacer between each 

adjacent coil. 
 

9. Fan sections with internally mounted motors shall be provided with a standard 
full size access door allowing easy access to the fan/motor assembly. Units with 
externally mounted motors shall be provided with an expanded metal belt guard 
with hole for tachometer. 

 
D. Fans 

 
1. Units shall be provided with double width double inlet, centrifugal-type wheels.  

Fans shall be Standard or Class II (as required by total static pressure) forward 
curved wheels or air foil type as scheduled. Every fan shall be rated in 
accordance with AMCA Standards and the fan section shall be certified in 
accordance with ARI Standard 430.  Fan shafts shall be selected to operate well 
below the first critical speed and each shaft shall be factory coated after assembly 
with an anti-corrosion coating.  After the pre-balanced fan is installed in the air 
handler the entire fan section shall be run to assure smooth and trouble-free 
operation. 

 
2. Fan bearings shall be self-aligning, pillow block or flanged-type re-greasable ball 

bearings and shall be supplied for an average life (L50) or 200,000 hours.  All 
bearings shall be factory-lubricated and equipped with standard hydraulic grease 
fittings and extended lube lines.  Provide dust caps on all hydraulic grease 
fittings. 
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3. Mount fans on isolation bases.  Internally mount motors on same isolation bases 

and internally isolate fans and motors with spring isolators.  Install flexible 
canvas ducts between fan and casings to ensure complete isolation.  Flexible 
canvas ducts shall comply with NFPA 90A. 

 
4. Fan section shall have full height, double wall, hinged, removable access doors 

for inspection and maintenance of internal components.  
 

5. Weigh fan and motor assembly at AHU manufacturer's factory for isolator 
selection.  Statically and dynamically balance fan section assemblies.  Fan 
section assemblies include fan wheels, shafts, bearings, drives, belts, isolation 
bases and isolators. Allow isolators to free float when performing fan balance.  
Measure vibration at each fan shaft bearing in horizontal, vertical and axial 
directions.  Balance at design RPM's as scheduled on drawings. 

 
6. Fans with variable frequency drives shall be balanced for inverter duty operation. 

 
E. Motors and Drives 

 
1. Fan motors shall be externally mounted or as indicated on contract drawings.  Air 

handling units with internal motors shall be provided with additional cooling 
capacity to compensate for motor heat added to airstream. Total cooling capacity, 
as schedule, shall be increased by 2500 BTUH per motor horsepower for units 
with internally mounted motors. 

 
2. Units shall be provided with the motor efficiencies as specified in Division 23 

Section, Common Work Results for HVAC. 
 

3. Motors shall be open NEMA Design B, rigid base, open drip proof, with Class B 
insulation. 

 
4. Fan drives shall be selected for a 1.5 service factor and anti-static belts shall be 

furnished.  One additional set of belts shall be provided for each air handling unit 
and delivered to the Owner's representative at the completion of the project. 

 
5. Fan sections shall be equipped with double width double inlet, centrifugal type 

wheels. 
 

6. Drives shall be variable pitch and suitable for adjustment within plus or minus 15 
percent of specified RPM but not to exceed the maximum RPM of the unit. 

 
F. Coils 

 
1. Cooling, and heating coils shall be furnished to meet the performance 

requirements set forth in the schedule.  All coils shall have performance certified 
in accordance with ARI Standard 410.  Coils shall be arranged in the unit for 
horizontal air flow and selected for a maximum face velocity as scheduled. 
Install coils such that headers and return bends are enclosed by unit casings.  
Low temperature coils (40 degrees F EPT) shall be properly circulated to prevent 
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laminar flow at part load conditions. 
 

2. Coil casing shall be constructed of heavy gauge galvanized metal with aluminum 
die-formed corrugated fins and guide channels to create turbulent wiping behind 
the tubes. The fins shall have drawn collars, be belled and mechanically 
expanded to firmly bind the cooper tubes to the fins.  All coils shall be installed 
on tracks for easy removal from the air handling unit. 

 
3. Drainable water coils shall be designed to operate at 250 psig design working 

pressure and up to 300 degrees F and shall be tested with 325 psig compressed 
air under water.  Circuiting shall provide free draining and venting when 
installed, counter flow of air and water with water velocities not to exceed seven 
feet per second and without exceeding the water pressure drops scheduled.  All 
coils must have same end connections regardless of the number of rows deep.  
Clearly label supply and return headers on outside of units such that direction of 
coil water flow is counter to direction of unit airflow. 

 
4. Construct coils of configuration plate fins and seamless tubes.  Fins shall have 

collars drawn, belled and firmly bonded to tubes by means of mechanical 
expansion of tubes.  Do not use soldering or tinning in bonding process. 

 
5. Construction coil casings of Galvanized G90-U Steel with formed end supports 

and top and bottom channels.  If two or more coils are stacked in unit, install 
intermediate drain channels between coils to drain condensate to main drain pans 
without flooding lower coils or passing condensate through airstream. 
 

6. Coil grommets shall be provided on all coils to completely seal the area between 
the coil connection and the unit casing. 

 
7. Wrap-Around Heat Pipe: De-humidifier heat pipe shall pre-cool the outdoor air 

and reheat the air leaving the cooling coil in a wrap around configuration.  Both 
heat exchangers shall be inside and integral to the equipment cabinet.  Tubes 
shall be ½ -inch OD seamless copper tube, 12 fins per inch and 0.006-inch thick 
fins.  Fins shall be permanently expanded aluminum.  Wrap around heat pipe 
shall be UL listed.   Heat transfer fluid shall be classified as Safety Group A1 in 
BDR/ASHRAE Std. 15-1989R. 
 

G. Filters 
 

1. Filters shall be nominal 2-inch standard size filters; pleated media type.  Filters 
shall be Farr, medium efficiency pleated type 30/30 with welded wire media 
support grid. 

 
2. Provide one additional set of filter media for each air handling unit to be 

delivered to the Owner's representative upon completion of the project. 
 

H. Access Sections and Access Doors 
 

1. Fully insulated, access sections shall be provided as indicated on the drawings. 
Sections provide a minimum of 18-inch accessible space with full-size access 
doors.  Access for inspection and cleaning of the unit drain pan, coils, and fans 
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sections shall be provided. 
 

2. Access doors shall be provided in all sections. Access doors shall be of double 
wall construction. 

 
3. Panels shall be fully removable to allow for a proper way to thoroughly clean 

panels of microbial growth and to access internal parts. 
 

I. Filter Box Section 
 

1. Provide factory fabricated filter box section of the same construction and finish 
as unit casing.  Filter sections shall have filter guides, and full height double wall, 
hinged, removable access door for filter removal.  Provide filter block-offs as 
required to prevent air bypass around filters. Angle filters shall be accessible 
from either side with hinged access doors.   

 
2. Motor operated outside air dampers shall be supplied by ATC contractor and 

installed by mechanical contractor in adjacent ductwork.  Damper blades shall be 
parallel acting and shall rotate in nylon bearings providing smooth action and 
requiring no lubrication.  Dampers shall be sectionalized to limit blade length, 
prevent warping and assure a tight closure.  Actuators shall be provided and 
installed by the ATC contractor. 

 
3. Provide field installed differential pressure gauge, two static pressure tips, vent 

valves, and red pointer flag, and air filter gauge accessory package to measure 
filter resistance.  Accuracy shall be +- 2 percent of full scale 0 to 1.0 inch w.g. 
range.  Gauges shall be 2003 magnahelic by Dwyer Instruments or approved 
equal. 

 
J. Installation 

 
1. Install air handling units and make-up air units where shown, in accordance with 

equipment manufacturer's written instructions, and with recognized industry 
practices, to ensure that units comply with requirements and serve intended 
purposed. 

 
K. The manufacturer shall in his selection, calculate and account for all heat produced within 

the air handling system casing. Heat sources which shall be accounted for are: 
 

1. Heat produced by the inefficiency of the fan in converting energy input to static 
and velocity pressure. 
 

2. Heat produced by the fan motor if located in the airstream. 
 

3. Heat produced by the belts and sheaves, if located in the airstream. 
 

4. Any other gains. 
 

5. The manufacturer shall then modify the coil entering or leaving air temperatures 
such that when the heat gains act on the system, the specified performance is 
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achieved. 
 

L. Air Handling System Efficiency 
 

1. Because it is important to the Owner to minimize the operating cost of equipment 
where applicable, the unit manufacturer's selected air handling unit shall not 
exceed the maximum cumulative break horsepower indicated on the plans. 

 
M. Fan-Section Source Quality Control: the following factory tests are required. 

 
1. Sound Power Level Ratings: Comply with AMCA 301, Methods for Calculating 

Fan Sound Ratings from Laboratory Test Data.  Test fans according to AMCA 
300, Reverberant Room Method for Sound Testing of Fans.  Fans shall bear 
AMCA-certified sound ratings seal. 

 
2. Factory test fan performance for flow rate, pressure, power, air density, rotation 

speed, and efficiency.  Establish ratings according to AMCA 210, Laboratory 
methods of Testing Fans for Rating. 

 
2.2 AIR COOLED SCREW CHILLER  

 
A. Provide packaged air cooled "screw" chiller of the size, capacity, and electrical 

characteristics as shown on the contract drawings. Provide demand limiting feature and 
interlock with automatic temperature control system.   

 
Chiller shall be Trane Model RTAC, Model YCAV as manufactured by York, Daikin, or 
approved equal. 

 
B. General   

 
1. Operating test shall include operation with water flowing through the cooler.  

The unit structure shall be heavy-gauge, galvanized steel.  All external parts shall 
be covered with a baked-on powdered paint to withstand 500 hours of salt-spray 
testing using 5 percent salt-spray solution per ASTM B117 without exhibiting 
any film breakdown beyond 1/8-inch on each side of a scribed line.  (This shall 
be equivalent to an ASTM D 1654 rating of "6".)  The unit shall be shipped with 
a full operating charge of R-134A and reorded refrigerant oil.  All units shall 
contain multiple refrigerant circuits, each with two (2) compressors, for standby 
operation.  All units shall be designed and constructed in accordance with the 
applicable sections of the following: ANSI/ASHRAE 15 Safety Code for 
Mechanical Refrigeration; American Society of Mechanical Engineers (ASME) 
Pressure Vessel Code; National Electrical Code/National Fire Protection 
Association NFPA 70; U.L. and C.U.L. listed.  All units shall be produced at an 
ISO 9000 registered facility.  All units shall be rated in accordance with ARI 
Standard 550 and shall be certified up to 300 tons in accordance with ARI 
Standard 590. 

 
2. All schedule capacities are based on water. 

 
3. Provide bird screen around compressors, tubes, etc, to prevent bird nesting and 

vandalism. 
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4. Provide bird screen around compressors, tubes, etc,  to prevent bird nesting and 

vandalism.  Bird screen shall be heavy gauge, welded wire mesh, coated to resist 
corrosion and factory installed. 

 
5. Furnish chiller with low sound fans, discharge mufflers, and complete 

compressor enclosure attenuator housings. 
 

6. Install and commission, as shown on the schedules and plans, one factory 
assembled, charged, and tested air-cooled screw compressor chiller as specified 
herein. Chiller shall be designed, selected, and constructed using a refrigerant 
with Flammability rating of "1", as defined by ANSI/ASHRAE STANDARD-34 
Number Designation and Safety Classification of Refrigerants.  Chiller shall 
include, but is not limited to:  a complete system with screw compressors, direct 
expansion type evaporator, air-cooled condenser, refrigerant lubrication system, 
interconnecting wiring, safety and operating controls including capacity 
controller, control center, motor starting components, and special features as 
specified herein or required for safe, automatic operation. 

 
7. Cabinet: External structural members shall be constructed of heavy gauge, 

galvanized steel coated with baked on powder paint which, when subject to 
ASTM B117, 1000 hour, 5 percent salt spray test, yields, minimum ASTM 1654 
rating of "6". 
 

8. Chiller shall be delivered to the job site completely assembled and charged with 
refrigerant and oil by the manufacturer. 

 
C. Compressor and Refrigerant Circuits 

 
1. There shall be a maximum of two compressors per refrigerant circuit.  The 

compressor shall be of the accessible-hermetic rotary twin-screw type.  The 
compressor shall be driven by electrical motor via a gear speed-increaser.  The 
compressor housing shall be made of cast iron, precisely machined to provide 
minimal clearance of the rotors.  The design working pressure shall be 250 PSIG 
(992 kPa) on the suction side and 450 PSIG (3.1mPa) on the discharge side 
(hydrostatic tests shall be done at 5 times design working pressure, i.e. 1250 
PSIG (5.0 mPa) and 2250 PSIG (15.5 mPa) respectively).  The compressor shall 
be mounted  on isolators. The rotors shall be manufactured from hot-rolled steel 
and use asymmetric profiles.  Accurate rotor positioning shall be maintained at 
all pressure ratios by four separate, cylindrical, roller bearings for radial loads 
and angular-contact ball bearings for axial loads.  The compressor shall contain 
an internal discharge check-valve to prevent reverse-rotation at shut-down. The 
compressor shall also contain a 500 watt 115 volt/1 phase/60 Hz) temperature-
actuated, immersion heater to prevent refrigerant condensation during shutdown. 

 
2. Capacity Control 

 
Compressor slide valves shall provide fully modulating capacity control from 
100 percent of full load down to 15 percent of chiller full load.  The slide valve 
shall be actuated by oil pressure, controlled by external solenoid valves via the 
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Control Center or approved equal.  Additional capacity controls shall be provided 
as necessary to accomplish sequence of operation. 
 

3. The unit shall contain two (2) separate refrigerant circuits. Each shall be 
constructed of ACR copper tubing with brazed joints and shall include shut-off 
valve with charging connection, liquid sight glass with moisture indicator, direct 
acting maximum operating pressure thermal expansion valve, solenoid valve, and 
filter drier. The entire suction line and liquid line between the expansion valve 
and the cooler shall be insulated with 1-inch flexible closed cell insulation. 

 
4. Accessible Hermetic Motor 

 
The compressor motor shall be refrigerant-gas-cooled,  60 Hz motors shall 
operate at 3,600 RPM.  The motor starter shall have U.L. Class "H" insulation.  
The terminal boxes shall be rain-tight.  The hermetic motor shall be high torque, 
(Wye-Delta) start.  The motor shall be equipped with a minimum of three, 
internal, heat-sensing thermistors. 

 
5. Oil Separation, Lubrication, and Cooling 

 
An external oil separator with no moving parts shall be provided to minimize oil 
carry-over for each circuit.  Oil separation shall be achieved by the impingement 
and direction change of the refrigerant gas as its velocity decreases. The oil 
separators shall be utilized to provide gas/oil separation before the gas enters the 
air-cooled condenser.  The oil separators shall be designed for a maximum 
working pressure of 450 PSIG (3.1mPa) and are UL/CSA-listed. The oil 
separator shall include a sight glass. The compressor shall also have  integral oil 
reservoirs located at the rotor bearings to provide lubrication during start-up, 
coast-down and in the event of power failure. During operation, system-pressure 
differential shall provide proper oil flow without the need of an oil pump. 

 
6. An external, replaceable-cartridge, 3-micron oil filter shall be provided, with 

manual isolation stop-valves for ease of servicing. 
 

7. Oil cooling shall be provided by liquid injection to maintain proper oil 
temperatures for all conditions.  A temperature-blending solenoid, controlled via 
the Millennium Control Center, or equal shall provide consistent oil temperature 
at all times to assure proper oil viscosity, independent of system conditions. 

 
D. Economizer 

 
1. An economizer shall be included in each circuit to enhance the overall system 

performance.  The refrigerant-to-refrigerant, plate-type economizer shall be 
constructed of acid-resistant stainless steel. The heat exchanger shall be 
UL/CSA-listed and designed for 450 PSIG (3.1 mPa).  The temperature limits 
shall be –320 degrees F (-195.6 degrees C) minimum to 365 degrees F (185 
degrees C) maximum. 

 
E. Cooler 

 
1. The dual-circuit cooler shall be a direct-expansion type, with refrigerant in the 
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tubes and chilled liquid in the baffled shell.  The design working pressure of the 
cooler shell (liquid side) shall be 150 PSIG (1.0 mPa), and 200 PSIG (1.6 mPa) 
for the tube (refrigerant side). Refrigerant shall be removable.  The cooler shall 
be equipped with a heater cable covered with 1-½-inch, flexible, closed-cell-
foam insulation (K'0.25 maximum) and thermostatically controlled immersion 
heaters and strip heaters for freeze-up protection to –20 degrees F (-28.9 degrees 
C) ambient.  The cooler shall be constructed and tested in accordance with the 
applicable sections for the ASME Pressure Vessel Code requirements Section 
VIII, Division (1).  The water connections shall be fully accessible and grooved 
to accept victaulic couplings, welded, or flanged. 
 

2. Brazed plate stainless steel heat exchangers shall be UL Listed.  Units shall have 
a water strainer that is factory furnished and installed with blowdown valve. 

 
F. Condenser 

 
1. Coils: The condenser coils shall be constructed of seamless copper tubes, 

arranged in staggered rows, mechanically expanded into aluminum fins and 
include an integral subcooling section.  The design working pressure of the 
condenser coil shall be 450 PSIG (3.1 mPa).  Provide louvered panels to protect 
condensers.  Provide condenser corrosion protection including flexible dip and 
baked epoxy coating. 
 

2. Fans: The condenser fans shall be glass-reinforced polypropylene, high-
efficiency, airfoil-type, providing vertical air discharge.  The fans shall be 
directly driven by independent motors and positioned in extended orifices for low 
sound.  The fan guards shall be constructed of heavy-gauge, rust-resistant, PVC-
coated steel. Fan blades shall be dynamically and statically balanced for 
vibration-free operation. 

 
3. Motors: The fan motors shall be Totally Enclosed Air-Over (TEAO), squirrel-

cage type, and current-protected.  They shall feature ball bearings that are 
double-sealed and permanently lubricated.  Each motor shall have U. L. Class 
"F" insulation. 

 
4. Fans shall be partitioned to avoid cross circulation. 

 
G. Refrigerant Circuit 

 
1. The unit shall contain two independent refrigerant circuits and shall be 

constructed of copper tubing with brazed joints.  The liquid line shall include a 
shutoff valve with a charging port; sight glass with moisture-indicator; direct-
acting maximum-operating-pressure thermal expansion valve; solenoid valve 
with internal relief; and filter-drier.  The entire suction line, and the liquid line 
between the expansion valve and the cooler, shall be insulated with flexible, 
closed cell-insulations. 

 
H. Control Center 

 
1. Each unit shall contain a Control Center or approved equal.  Control center shall 
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include BACnet protocol.  All controls shall be contained within a rain tight/dust 
tight NEMA 3R (and equivalent to IP55 European standard) cabinet with hinged 
outer door having positive-acting latches.  The center shall contain the "user 
friendly" and interactive inputs and outputs as follows: LCD display with light-
emitting-diode back-lighting for outdoor viewing of data, and input buttons for 
DISPLAY (temperatures, pressures, etc.).  ENTRY (enter/cancel inputs, advance 
day, change AM/PM), SET POINTS (change), CLOCK (set time and schedule), 
PRINT (calling up operating and shutdown data), PROGRAM (change inputs for 
special conditions such as brine chilling, and UNIT ON/OFF. 

 
2. The Control Center or approved equal shall be capable of displaying the 

following in English or Metric: return and leaving liquid temperature; low 
leaving-liquid-temperature cutout setting; ambient temperatures (actual outdoor 
temperature, low and high ambient cutout); suction pressure cutout setting; 
percent full-load motor current for each phase and the average of all three phases, 
suction, discharge and oil differential pressures; liquid-pulldown rate-sensitivity 
adjustment (0.5 degrees F to 5 degrees F (6.3 to 2.8 degrees C) per minute in 
one-tenth increment); anti-recycle-timer status; slide-valve position (each 
compressor); superheat status; discharge pressure and current limiting; phase-
rotation safety; compressor-run status; no-cooling-load condition; day; date; 
time: out-of-range message; daily and holiday scheduling of start/stop times; 
automatic or manual lead/lag status; lead-compressor definition; number of 
compressor starts and running hours; evaporator heater, fan operation; liquid line 
solenoid valves; water pump; last fault-shutdown data; number of unloading 
steps; chiller pump control for freeze protection, compressor load-and-unload 
timer status. 

 
3. The standard unit shall include run-signal contacts; automatic pumpdown on 

start-up and shutdown; alarm contacts; evaporator-pump control;  automatic 
restart after power failure, remote start-stop, high suction and discharge pressure 
unloading. Three steps of demand load limiting, and remote chilled liquid re-set 
from an external building automatic system via 4 to 20 Ma or 0 to 10VDC with 
an interface board. 

 
4. The operating program is stored in a non-volatile memory (EPROM) to eliminate 

chiller failure due to AC-power failure/battery discharge.  Programmed setpoints 
are retained in lithium-battery-backed RTC memory for 5 years minimum. 

 
5. Provisions shall be included for: a hard copy print-out from a printer (by others) 

via an RS-232 electrical output; remote water-temperature and current reset. 
 

6. Pressure transducers shall be factory mounted to allow control to sense and 
display discharge pressure. 

 
7. All controls, setpoints and BACNET attributes shall be fully integrated with ATC 

system.  
 

8. The unit shall be protected in two ways: (1) by alarms that shut the unit down and 
require manual reset to restore unit operation and (2) by limit alarms that reduce 
unit operation in response to some out-of-limit condition. Shut down alarms shall 
activate an alarm signal. 
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9. Shutdown Alarms 

 
a. No evaporator water flow (auto restart) 
b. Sensor failures 
c. Low evaporator pressure 
d. Evaporator freeze protection 
e. High condenser pressure 
f. Outside ambient temperature (auto-restart) 
g. Motor protection system 
h. Phase voltage protection (Optional) 

 
10. Limit Alarms 

 
a. Condenser pressure stage down, unloads unit at high discharge pressures. 
b. Low ambient lockout, shuts off unit at low ambient temperatures. 
c. Low evaporator pressure hold, holds stage #1 until pressure rises. 
d. Low evaporator pressure unload, shuts off one compressor. 
 

11. Unit Enable Section 
 
a. Enables unit operation from either local keypad, digital input, or BAS. 

 
12. Unit Mode Selection 

 
a. Selects standard cooling, or test operation mode. 

 
13. Analog Inputs: 

 
a. Reset of leaving water temperature, 4-20mA. 
b. Current Limit. 

 
14. Digital Inputs 

 
a. Unit off switch 
b. Remote start/stop 
c. Flow switch 
d. Motor protection 

 
15. Digital Outputs 

a. Shutdown alarm; field wired, activates on an alarm condition, off when 
alarm is cleared. 

b. Evaporator pump; field wired, starts pump when unit is set to start. 
c. Chiller pump control for freeze protection. (Sends a signal to ATC 

system to energize pump flow for freeze protection.) 
 

I. Building Automation System (BAS) Interface 
 
a. Factory mounted DDC controller(s) shall support operation on a 

BACnet® network via one of the data link/physical layers listed below as 
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specified by the successful Building Automation System (BAS) supplier. 
 

b. BACnet MS/TP master (Clause 9) 
 

c. BACnet IP, (Annex J) 
 

d. BACnet ISO 8802-3, (Ethernet) 
 

e. The information communicated between the BAS and the factory 
mounted unit controllers shall include the reading and writing of data to 
allow unit monitoring, control and alarm notifications as specified in the 
unit sequence of operation and the unit points list. 
 

f. All communication from the chiller unit control as specified in the points 
list shall be via standard BACnet objects. Proprietary BACnet objects 
shall not be allowed. BACnet communications shall conform to the 
BACnet protocol (ANSI/ASHRAE135-2001). A BACnet Protocol 
Implementation Conformance Statement (PICS) shall be provided along 
with the unit submittal. 

 
J. Power Panel 

 
1. The power panels shall contain the compressor power terminals, compressor 

motor-starting contactors with three external over-load protection, three 
additional current transformer sensing on each compressor phase for current 
monitoring, for protection against under-voltage, over voltage, imbalanced 
voltage, single phasing, compressor stall and voltage spikes, and control power 
supply terminal strip for 115-1-60.  The power panel shall contain a 15-amp, 115 
volt convenience outlet with Ground Fault Protection. 

 
2. The compressor and fan power wiring shall be routed through U.L. listed, liquid-

tight, nonmetallic conduit suitable for outdoor use. 
 

3. Single Point Connection Circuit Breaker:  Provide a HACR rated molded case 
capacity circuit breaker (U.L. Approved).  The circuit breaker shall be able to be 
used as disconnect through the door handle and shall be pre-wired from factory 
with terminal block connections.  The external operator handle shall be lockable. 

 
K. Control Transformer 

 
1. A control transformer shall be factory installed to convert unit power voltage to 

115-1-60.  Factory mounting shall include primary and secondary wiring 
between the transformer and the control panel. 

 
L. Tuned Discharge Mufflers 

 
1. Muffler shall be included in each discharge line. It is acoustically tuned to 

attenuate the predominant frequencies of the gas pulsations for the particular 
compressor. 

 
M. Sound Attenuation 
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1. Provide comprehensive sound enhancement package, including, low sound fans 

and an acoustical blanket shall be furnished on each unit. Fans shall be reduced 
RPM, 8 pole fan motors with steeper pitch fans. 

 
N. Start-up and Warranty: 

 
1. Provide the services of the chiller manufacturer's factory trained service 

technician to start the chiller(s).  Service shall also provide concurrent training to 
the Owner's personnel. 

 
2. Provide two (2) year parts and labor warranty with each unit.  Provide extended 

compressor warranty for three (3) additional years. 
 

O. Comprehensive Sound Enhancement Packages: 
 

1. Low sound fans and an acoustical blanket shall be furnished on each unit. Fans 
shall be reduced RPM, 8 pole fan motors with steeper pitch fans. 

 
2. Sound power levels so as not to exceed the following: 

 
 
Sound Power Level db re 1 picowatt 
 
dBa 

 
63Hz- 

 
125Hz- 250Hz- 500Hz- 1000Hz- 2000Hz- 

 
4000Hz- 8000Hz- 

 
99 

 
90 

 
98 99 97 94 92 

 
85 80 

 
3. Compressor sound attenuation shall be of the perimeter design to allow ease of 

removal and access to compressor components. 
 

4. Net chiller capacity shall be maintained as scheduled with the addition of the 
chiller sound enclosures. 

 
P. Vibration Isolators 

 
1. Provide level adjusting spring type, 1-inch deflection isolator with mounting 

brackets for mounting under the unit base.  All exterior vibration isolators shall 
be stainless steel including hardware.  As an alternate, vibration isolators may be 
provided as specified under Section 230548 at contractor's option. 

 
Q. Training: 

 
1. Chiller manufacturer shall include with his bid all cost associated with sending 

one (1) individual to chiller  manufacturer's training center for one (1) week of 
training on the operation, troubleshooting and maintenance of the chiller.  
Training shall include all instruction and work materials. 

 
R. Accessories and Options 

 
1. Microprocessor controlled, Factory installed Across-the-Line type compressor 
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motor starters as standard. 
 

2. Power Supply Connection:   
 

a. Single Point Connection Circuit Breaker:  Provide a HACR rated molded 
case capacity circuit breaker (U.L. Approved).  The circuit breaker shall 
be able to be used as disconnect through the door handle and shall be 
pre-wired from factory with terminal block connections.  The external 
operator handle shall be lockable. 

b. Ground Fault Protection: Factory installed circuit breakers. 
c. Phase loss protection with under/over voltage protection and with LED 

indication of the type of fault. 
 

3. Pressure Transducers and Readout Capability 
 

a. Discharge Pressure Transducers: Permits unit to sense and display 
discharge pressure. 

b. Suction Pressure Transducers: Permits unit to sense and display suction 
pressure. 

 
4. Control Power Transformer: Converts unit power voltage to 120-1-60 (500 VA 

capacity).  Factory mounting includes primary- and secondary-wiring between 
the transformer and the control panel. 

 
5. Flow Switch (Factory Mounted): Vapor proof NEMA 4X switch (150 psig), -20 

degrees F to 250 degrees F. Thermal dispersion type.  Provide additional contacts 
to allow monitoring on the ATC system.  An additional mechanical flow switch 
shall also be installed in evaporator piping. 

 
6. Building Automation System (EMS) Reset Interface: Chiller to accept 4 to 

20mA, 0 to 10 VDC, or discrete contact closure input to reset the leaving chilled 
liquid temperature.  

 
7. Sound Reduction (Factory Mounted):  Acoustic Compressor Blankets. Low 

speed condenser fans. 
 

8. Vibration Isolation (Field Mounted): 
 

a. 1 inch deflection spring isolators: level adjusting, spring and cage type 
isolators for mounting under the unit base rails. 

 
9. Wye strainers with stainless steel mesh size as required by chiller manufacturer.  

Furnish with blowdown valve, pipe extension, two Schraeder valves, fittings, and 
grooved couplings. 

 
S. Source Quality Control 

 
1. Verification of Performance: Rate chillers according to ARI 550 and up to 200 

tons in accordance with ARI Standard 590. 
 

2. Testing Requirements: Factory test for the following: 
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a. Sound-Power-Level Ratings: According to ARI 370 
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2.3 AUTOMATIC GLYCOL MAKEUP SYSTEM 
 

A. Furnish an automatic glycol feeder to provide consistent operating pressure in the closed 
loop system by feeding a controlled percentage of glycol solution. Glycol shall be made-
up automatically from a pre-mixed solution tank.  A low level switch shall prevent pump 
operation when solution level is too low. 

 
B. The glycol feeder package to consist of a prewired control unit in a NEMA 1 steel 

enclosure and a pre-piped flow assembly including a pressure switch, pressure relief 
valve, 50 gallon polyethylene tank, low level switch, positive displacement pump, and 
pressure gauges.    Automatic glycol feed system shall be Pulsafeeder Model GF-1, or 
approved equal. 

 
C. Glycol solution tank shall be 50 gallons polyethylene tank with steel supports for 

mounting the transfer pump below the tank.  Provide hinged polyethylene cover, pump 
suction connection, and drain valve. 

 
D. Positive displacement flooded suction pump rated at capacity as scheduled on the 

contract drawings. 
 

E. Provide PVC piping from the tank to the pump with PVC ball valve and steel strainer.  
Include at discharge a check valve, ball type shutoff valve and pressure relief valve piped 
back to the solution tank. 

 
F. Provide a dolly suitable for transporting 55 gallon drums to the charging station.  Dollies 

shall be suitable for storing a drum in the horizontal position so that the solution may be 
drained into a transfer pail.  Include spring loaded draw valve. 

 
G. Provide 5 gallon plastic pail. 

 
2.4 INDUSTRIAL INHIBITED PROPYLENE GLYCOL 
 

A. Provide a 30 percent by volume (as installed) industrial grade inhibited propylene glycol 
heat transfer fluid as manufactured by the Dow Chemical Company (Dowfrost HD), 
Houghton,  Interstate  Chemical (Intercool P-300) Glycochill Plus or approved equal.  
The 30 percent solution shall provide freeze protection to 12 degrees F and burst 
protection to –20 degrees F.  The propylene glycol solution as supplied by the 
manufacturer shall contain corrosion inhibitors specially formulated for cool storage 
services to keep internal surfaces free from corrosion and fouling and shall include 
buffers, reserve alkalinity agents, antifoaming additives, and a fluorescent dye to aid in 
leak detection. The solution shall be easily re-inhibited using specially formulated 
inhibitor readily available from the field manufacturer. The manufacturer shall provide 
free propylene glycol yearly solution laboratory analysis.  the analysis shall accurately 
report propylene glycol concentration, freeze point temperature, inhibitor level, 
alkalinity, particulate and recommended additions of glycol, inhibitor and buffers to 
ensure twenty-year minimum life. The fluid shall pass the ASTM D-1384 test with less 
than 0.5 mils penetration per year. 

 
B. Automotive antifreeze or any solutions containing silicates shall not be acceptable. 

 
C. Propylene glycol shall be supplied preduilted with deionized water and installed in the 
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specified piping systems.   
 

D. Provide a Misco Products calibrated hand held refractor meter. 
 

E. Provide one spare 55 gallon drum of glycol. 
 

F. Contractor shall chemically clean and flush the completed propylene glycol system. As a 
minimum, system shall be cleaned with a 1 percent to 2 percent solution of trisodium 
phosphate in water. Provide temporary bypasses at the ice storage modules for the initial 
pressure testing, cleaning and flushing operations.  This prevents the transfer of 
contaminants to the clean tubing in the modules.  The system shall be thoroughly flushed 
using clean water and circulated for a minimum of 72 hours at which time water samples 
shall be taken by the contractor who shall certify that the system is free of particulate, mil 
scale, weld scale, solder flux, rust, metal filings, oil, grease, chlorides, sulphates, silicates 
and other foreign matter that could degrade the propylene glycol.  After the system is 
charged with the approved heat transfer fluid, air shall be eliminated from the system, and 
the heat transfer fluid shall be circulated for 72 hours through all components.  The 
contractor shall test and adjust the concentration to achieve 30 percent by volume 
propylene glycol. 

 
G. Entire system shall conform to EPRI Standard propylene glycol systems 15751. 

 
H. Flushing period (72 hours) shall be closely monitored to prevent excess heat build-up due 

to pump heat. 
 
2.5 GLYCOL FEEDER PRESSURE  TANK 
 

A. Provide and install glycol feeder pressure tanks of size, capacity and as indicated on 
contract drawings.  Glycol feeder pressure tanks shall be Therm-X-TROL as 
manufactured by AMTROL Inc., Flexcon, Wessels, Taco or approved equal.  Mount tank  
as detailed on the drawings. 

 
B. Glycol feeder pressure tanks shall be specifically designed for use in glycol systems. 

Tanks shall be pre-charged to require pressure at the factory. The maximum working 
pressure shall be 150 psig.  The maximum operating temperature shall be 200 degrees  F.  
Expansion tanks shall contain removable FDA approved butyl bladder. 

 
C. Before installation, Contractor shall adjust the tank air pre-charge pressures to equal  

glycol feed pump pressure. 
 

D. The tank must be constructed in accordance with Section VIII of the A.S.M.E. boiler and 
pressure vessel code and stamped 150 psig working pressure. 

 
E. Accessories: Pressure gauge and air charging fitting, tank drain, pre-charge as indicated 

on contract drawings and factory installed clip angles. 
 

2.6 DUCTLESS SPLIT SYSTEM AIR CONDITIONER (INVERTER TYPE)   (CEILING 
CASSETTE TYPE) 

 
A. The air conditioning systems shall be a Mitsubishi split type system, Sanyo, LG, Daikin, 
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Samsung, or approved equal.  The system shall consist of a compact ceiling mounted 
packaged evaporator section and matching Slim Line air cooled outdoor unit.  The units 
shall be listed by Electrical Testing Laboratories (ETL) and bear the ETL label.  All 
wiring to be in accordance with the National Electrical Code (NEC).  The units shall be 
rated in accordance with ARI Standard 210 and bear the ARI label.  A full charge of R-
410A for 100 feet of refrigerant tubing shall be provided in the condensing unit. A dry 
nitrogen holding charge shall be provided in the evaporator. System SEER shall meet or 
exceed 1992 Federal Standards. 

 
B. The units shall have a manufacturer's warranty for a period of one (1) year from date of 

installation. The compressor shall have a warranty of six (6) years from date of 
installation. If, during this period, any part should fail to function properly due to defects 
in workmanship or material, it shall be replaced or repaired at the discretion of Mitsubishi 
Electronics America, Inc.  This warranty does not include labor.  Manufacturer shall have 
ten years experience in the U.S. market. 

 
C. Capacity shall be as scheduled on the contract drawings. 

 
D. The indoor unit shall be completely factory assembled and wired.  The casing shall be 

galvanized sheet with grey heat insulation.  This unit shall fit in the ceiling and have the 
capability of attaching a branch supply duct as well as a fresh air duct. The evaporator fan 
shall be an assembly with a high performance, fan direct driven by a single motor.  The 
fan shall be statically and dynamically balanced and run on permanently lubricated 
bearings.  The indoor unit shall have an adjustable air outlet system offering 4-way air 
flow, 3-way air flow, or 2-way air flow.  The auto air swing vanes shall automatically 
swing up and down for uniform air distribution.  Return air shall be filtered by a long-life 
filter to provide approximately 2,500 hours of use in a normal office environment before 
cleaning.  The indoor unit shall be covered with a flat panel which protrudes only 1 inch 
below the ceiling to provide a neat and clean installation.  The coils shall be of 
nonferrous construction with smooth plate fins bonded to copper tubing. The tubing shall 
have inner grooves for high efficiency heat exchange.  All tube joints shall be brazed with 
phoscopper or silver alloy.  The coils shall be pressure tested at the factory.  A 
condensate pan shall extend under the coil and piping. An integral drain pan pump 
capable of lifting condensate 12 inches shall be provided. The unit electrical power 
requirements shall be as indicated on the contract drawings. 

 
E. The control system shall consist of two (2) microprocessors interconnected by a single 

non polar two wire cable as supplied.  Wiring shall run from indoor unit to controller 
direct. NO SPLICES.  When running longer lengths or more than one set of hardwired 
remote controller wires together, a double insulated, two wire cable equivalent to that 
provided e.g. Belden 9407 cable, is mandatory or used shielded two wire cable.  One 
microprocessor shall be factory wired and located within the indoor unit.  It shall have the 
capability of sensing return air temperature and indoor coil temperature; receive and 
process commands from the hardwired remote controller; provide emergency operations, 
and control the outdoor unit.  The microprocessor within the wall mounted hardwired 
remote controller shall provide automatic cooling, display set point and room 
temperature; a 24-hour on/off timer so that automatic operation can be set on the timer at 
one-hour intervals from one to twenty-four hours; have self-diagnostic function display; 
check mode for memory of most recent problem; control operation of the air sweep 
louvers; and provide on-off and system/mode function switching.  Normal operation of 
the hardwired remote controller provides individual system control in which one 
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hardwired remote controller and one indoor unit are installed in the same room.  The 
hardwired remote controller shall have the capability of controlling up to a maximum of 
50 systems at a maximum developed control cable distance of 1650 feet.  The control 
voltage between the hardwired remote controller and the indoor unit shall be 12 volts, 
D.C.  The control voltage between the indoor unit and the outdoor unit shall be 12 volts, 
D.C.  Both 12VDC shall be generated from the indoor unit microprocessor board.  The 
system shall be capable of automatic restart when power is restored after power 
interruption. System shall include twenty function self diagnostics including total hours 
of compressor run time. 

 
F. The outdoor unit shall be completely factory assembled, piped, and wired.  The casing 

shall be fabricated of galvanized steel, bonderized and finished with baked enamel.  The 
unit shall be furnished with one (1) direct drive, propeller type fan arranged for horizontal 
discharge.  The motor shall have inherent protection, be of the permanently lubricated 
type and resiliently mounted for quiet operation.  Each fan shall be provided with a raised 
guard to prevent contact with moving parts.  The variable speed compressor shall be of 
the high performance, rotary type with crankcase heater, accumulator and internal 
thermal overloads.  The variable speed compressor shall be mounted so as to avoid the 
transmission of vibration. The refrigeration system shall be equipped with high pressure 
switch and have the capability to operate with a maximum height difference of 130 feet 
and overall refrigerant tubing length of 130 feet between indoor and outdoor sections 
without the need for line size changes, traps or additional oil.  Refrigerant flow from the 
condenser to be controlled by means of a capillary tube.  The condenser coil shall be 
nonferrous construction with smooth plate fins bonded to copper tubing.  The tubing shall 
be inner grooves for high efficiency heat exchange.  The coil shall be protected with an 
integral metal guard. The units shall be controlled by the microprocessor located in the 
matching indoor unit. A built-in, low-ambient controller shall allow cooling to 0 degrees 
F outdoor temperature.  The unit electrical power requirements shall be as scheduled on 
the contract drawings. The outdoor condensing unit shall be placed on vibration isolators 
and mounted on roof-top equipment rail or concrete pad as indicated. 

 
G. High condensate water safety shutdown: Each indoor unit’s detection unit shall be 

interlocked to alarm and stop the outdoor unit if a high condensate water level is sensed. 
 
2.7 ELECTRIC RADIANT HEATERS 
 

A. Electric Radiant Ceiling Panel 
 

1. General:  Provide electric radiant ceiling panels as indicated on the drawings.  
The electric ceiling heating panel shall be AZTEC, as manufactured by Berko, a 
Division of Marley Electric Heating, or as approved equal.  The construction and 
design shall permit it to be: recessed ceiling-mounted with the use of Recessed 
Mounting Kit, fit into standard or custom designed modules of a T-bar suspended 
ceiling, surface-mounted with the use of a Surface Mounting Kit, or exposed with 
the use of a surface mounting kit and duct strap attached to roof structure. In 
finished spaces with hard ceilings, install units recessed.  Panels shall be UL 
listed.  Panels shall include the custom features listed below. 

 
2. Heating Assembly:  The heating assembly shall be UL and CSA approved and 

shall consist of powdered graphite encapsulated in a plastic laminate with heavy 
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duty copper buss bars running the entire length, backed by 1-inch, 1-pound 
density high temperature fiberglass insulation to insulate against heat loss to the 
ceiling and separated from the inside of the panel by a dielectric insulation to 
assure uniform heat transfer throughout the entire radiating surface of the heater. 

 
3. Thermal Cutout:  A thermal cutout shall be built into all high density panels to 

automatically shut off the heater in the event of overheating and reactivate the 
heater when temperatures return to normal. 

 
4. Wiring:  For connection to the main power supply, the heater shall be completely 

prewired, with the lead wires housed in a 40-inch length of flexible metal conduit 
and connector for J-Box mounting.  Appropriate diagrams shall appear on the 
back of the panel. Provide modular connectors, pre-wired system for unit 
mounted end to end.  Coordinate with Division 26. 

 
5. Panel Assembly:  The metal heating panel, containing the completely prewired 

heating assembly, shall be of 22 gauge formed galvanized steel front and 24 
gauge formed galvanized steel back.  Sides are overlapping front and back panels 
riveted together. 

 
6. Finish:  The front of the heating panel shall be multi-faceted cystalline type 

surface finished with high temperature silicone paint. 
 

7. Controls:  All radiant heaters shall be thermostatically controlled.  When more 
than one radiant heater is shown in a space, provide the minimum number of 
thermostats required to control the total quantity of heating panels in the space.  
Thermostats, control transformers and associated controls shall be provided by 
the Manufacturer.  Coordinate requirements with Division 26 and ATC 
Subcontractor. 

 
8. Features:  Radiant heating panels shall be provided with the following features: 

 
a. Painted frame to match heater. 
b. Factory silicone scaled for shower rooms.            
c. Seal tight flexible conduit and connectors for shower rooms.   

 
9. Thermostats shall be Q-Mark Model WRIE 30S Mercury Bulb, single pole single 

throw, 24 volt with 40 degrees F and 80 degrees F range.  Provide and install 
stainless steel thermostat guards over all thermostats. Provide and install Q-Mark 
Model LTR2-277 dual level temp relays.  Relays shall be enclosure mounted.  
Provide and install low voltage transformers as required. 

 
2.8 BASE MOUNTED PUMPS - END SUCTION  
 

A. Furnish and install base mounted centrifugal end suction pumps to circulate hydronic 
water to the various items of equipment throughout the building, associated with the 
HVAC system.  Pumps shall have sizes and capacities as indicated on the drawings. 

 
B. All pumps shall be suitable for the service and temperatures designated and shall conform 

to the following requirements.  Each pump shall have a factory installed seal flushing line 
running from the seal area to the pump suction to insure removal of trapped air from the 
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seal area, removal of sediment, and cooling of the seal to extend seal life.  Provide and 
install  Cuno five (5) micron filters in seal flushing lines.  Provide two (2) sets of 
cartridges for each side - stream filter. 

 
C. Pumps shall be cast iron bronze fitted and shall be suitable for up to 175 psi working 

pressure and up to 250 degrees F water temperature.  Pumps shall have center-line 
discharge for positive venting and flanged bodies.   Pumps shall incorporate a grease 
lubrication system and be so designed that the bearing assembly can be removed in one 
piece.  A water slinger shall be provided between the mechanical seal and bearing areas.  
Pump shafts shall be stainless steel with a cupro-nickel sleeve, and be coupled to the 
motor shaft by a noiseless, non-metallic coupler with guard.  Impellers shall be one piece 
cast bronze, dynamically balanced.  Motors shall be 1750 rpm.  For variable speed 
pumps, motors shall be inverter duty rated. 

 
D. Pumps shall be designed so that they shall not overload at low heads and shall not 

develop excessive pressure under throttled flow conditions or overload motor anywhere 
on the operating curve.  Operating performance curves shall be submitted for approval.  
Provide gauge tappings on each pump flange.  Furnish dust caps at all oil fill tubes.  
Pump motors shall be non-overloading throughout the range of the curves. 

 
E. Units shall be provided with motors of not less than the horsepower indicated, suitable 

for the service and available electrical characteristics.  Units shall be controlled as 
hereinafter specified.  After installation and prior to operation, each pump shall be 
aligned.  Motors shall be as specified hereinbefore. 

 
F. Casing: Cast  iron, with suction and discharge gage ports, renewable bronze casing 

wearing rings, seal flush connection, drain plug, flanged suction and discharge. 
 

G. Impeller: Bronze, fully enclosed, keyed to shaft. 
 

H. Baseplate: Cast iron or fabricated steel with integral drain rim. 
 

I. Pumps shall be primed and painted in baked enamel, rust resistant paint. 
 

J. Electrical characteristics shall be as scheduled on the contract drawings.  Provide 
terminal lugs to match branch circuit conductor quantities, sizes, and materials indicated.  
Enclose terminal lugs in terminal box sized to NFPA-70. 

 
K. Pumps shall be FE series as manufactured by Taco, 2000 Series by Allis Chalmers, 

Aurora, Bell & Gossett, PACO, Armstrong, Patterson, or as approved equal. 
 
2.9 IN-LINE CIRCULATING PUMPS 
 

A. Furnish and install in-line circulating pumps as shown on the contract drawings.  Pump 
and motor shall be equipped with sleeve bearings for quiet operation.  Pumps shall be 
suitable for up to 175 psi working pressure and up to 300 degrees F water temperature as 
per ASA B16.1.  Pump rating curves shall be the result of testing and rating in 
accordance with the procedures of the Hydraulic Institute. 

 
B. Pump motors  shall be non-overloading throughout the range of the curves.  Pumps shall 
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have center-line discharge for positive venting, flanged bodies, and same size suction and 
discharge.  Pumps shall incorporate a disc type lubrication system and be so designed that 
the bearing assembly can be removed in one piece.  One bearing assembly shall be 
suitable for all sizes of the inline pumps furnished.  Sump oil temperature may not exceed 
180 degrees F when circulating 250 degrees F water with a 90 degree F ambient.  Vent 
and drain openings at least 3 square inches in area and a water slinger shall be provided 
between the mechanical seal and bearing area.  This water slinger shall be integral with 
shaft sleeve.  All in-line circulating pumps shall be provided with all bronze construction 
when used in open system and shall be bronze fitted for closed system. 

 
C. Provide gauge tappings on each pump flange. 

 
D. Pump body shall be cast iron and pump shafts shall be alloy steel with cupro-nickel 

sleeve covering all wetted parts, and be coupled to the motor shaft by a noiseless non-
metallic coupler.  Impellers shall be one piece cast bronze, dynamically balanced.  Pumps 
shall have a two piece mechanical seal assembly easily replaceable without the use of 
special tools.  Motors shall be resilient mounted, 1750 RPM, and require no external 
overload protection when used with single phase current. 

 
E. Electrical characteristics shall be as scheduled on the contract drawings.  Provide 

terminal lugs to match branch circuit conductor quantities, sizes, and materials indicated.  
Enclose terminal lugs in terminal box sized to NFPA-70. 

 
F. In line pumps shall be Red Baron Series 110 in-line circulators or 1600 Series, as 

manufactured by Taco, Bell & Gossett, Thrush, Armstrong, Patterson, or as approved 
equal.   

 
2.10 VARIABLE SPEED DRIVES 
 

A. Provide variable speed drive controllers for 100% Air Handling Units and associated 
Exhaust Air Fans, Pumps, as indicated on contract drawings.  Drive shall be subject to the 
requirements of this section. 
 

B. Kitchen make-up air unit and kitchen exhaust fan variable speed drives shall be factory 
furnished with the packaged kitchen hood ventilation control system.  Under this 
Division install VFDs where indicated on the Contract Drawings. 

 
C. The adjustable frequency controller (AFC) shall convert three phase 60 Hertz utility 

power to adjustable voltage and frequency, three phase, AC power for stepless motor 
control from 5 percent to 110 percent of base speed. 

 
D. The AFC shall be a voltage source type with a PWM output utilizing power transistor 

semi-conductors. 
 

E. The AFC together with all options and modifications shall mount within a standard 
NEMA 1 enclosure suitable for continuous operation at ambient temperature of 0 to 40 
degrees C. with relative humidity to 95 percent non-condensing.  All high voltage 
components within enclosure shall be isolated with steel covers.  The complete unit shall 
be UL approved and UL labeled. 

 
F. Circuits shall provide DV/DT and DI/DT protection for semi-conductors.  AFC shall be 
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capable of starting into a rotating load without delay.  Protective circuits shall cause 
instantaneous trip (IET) should any of the following faults occur: 

 
1. Motor overload. 
2. Shortcircuit. 
3. Motor overtemperature fault. 
4. Reverse phase. 
5. 110 percent of controller maximum sine wave current rating is exceeded. 
6. Output phase to phase and phase to ground short circuit condition. 
7. High input line voltage. 
8. Low input line voltage. 
9. Loss of input phase. 
10. External fault.  This protective circuit shall permit, by means of the terminal 

strip, wiring of remote NC safety contacts such as high static, firestat, etc., to 
shut down the drive. 

 
G. The following adjustments shall be available in the controller and retained in non-volatile 

memory: 
 

1. Maximum frequency (15 to 400 Hz) factory set at 60 Hz. 
2. Minimum frequency (3 to 60 Hz) factory set at 6 Hz. 
3. Acceleration (.1 to 360 seconds) factory set at 20 seconds. 
4. Deceleration (.1 to 360 seconds) factory set at 20 seconds. 
5. Volts/Hertz ratio factory set for 460V at 60 Hz. 
6. Voltage offset or boost factory set at 100 percent torque. 
7. Current limit (50 percent to 110 percent sine wave current rating) factory set at 

100 percent current. 
 

H. The AFC shall have the following basic features: 
 

1. Door-mounted operators controls consisting of a membrane command center 
which allows manual stop/start and speed control, local/remote indication and 
manual/or automatic speed control selection.  In addition, the command center 
shall serve as a means to configure controller parameters such as min speed, max 
speed, acceleration and deceleration times, Volts/Hz ratio, torque boost etc.  
Potentiometers shall not be allowed for these settings. 

 
2. Main input disconnect to provide a positive disconnect between the controller 

and all phases of the incoming A-C line.  This disconnect shall be mounted inside 
the controller enclosure and have through-the-door interlocking toggle with 
provisions for padlocking. 

 
3. Electronic motor overload relay. 

 
4. Automatic restart after power outage, drive fault or external fault, with drive in 

automatic mode.  The circuit shall allow the user to select up to (10) restart 
attempts as well as the dwell time between attempts.  The reset time between 
fault occurrences shall also be selectable.  All settings shall be via the membrane 
command center. 

 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 
  STOKES ELEMENTARY SCHOOL  
   

HEATING, VENTILATING, AND AIR CONDITIONING EQUIPMENT Tetra Tech 
23 06 00 - 26   

5. Door-mounted LED display for digital indication of: 
 

a. Frequency output 
b. Voltage output 
c. Current output 
d. First fault indication  
e. Fan or Pump Speed (RPM) 

 
6. Relay contacts for remote indication of drive fault and motor finning. 

 
7. Three critical frequency avoidance bands, field programmable via the membrane 

command center.  Each critical frequency avoidance band shall have a bandwidth 
adjustable via keypad entry of up to 10 Hz. 

 
8. Three programmable preset speeds which shall force the AFC to a preset speed 

upon a user contract closure. 
 

9. Isolated process follower to enable VFC to follow a 4-20 mA signal. 
 

10. The AFC shall have the capability to ride through power dips up to 500 msec 
without a controller trip depending on load and operating condition. 

 
11. Line reactor to minimize line surges, line notching, and voltage distortions.  Line 

reactor shall be installed upstream of the drive. 
 

I. Manual bypass-to-line with magnetic contactors to transfer motor from the variable 
frequency controller to full speed operation on utility supplied input power while the 
motor is at any speed.  Two motor contactors, electrically interlocked shall be utilized, 
one contactor between the controller output and the motor and the other between the 
bypass power line and the motor, providing across-the-line starting. 

 
J. Motor protection per National Electrical Code shall be provided in both the "controller" 

mode and the "bypass" mode by a motor overload relay.  The 115 volt A-C relay control 
logic, allowing common start/stop commands in the "controller" mode and the "bypass" 
mode shall also be included within the enclosure. 

 
K. The bypass shall include a door interlocked, main power input circuit breaker providing 

positive shutdown of all power to both the bypass circuitry and the VFC.  The bypass 
circuit shall also include a second input disconnect to the VFC.  This disconnect shall 
provide the ability to safely trouble shoot and test the controller, both energized and de-
energized, while operating the bypass mode.  Terminal connectors for over pressurization 
switches shall be provided, to protect the duct work in the bypass mode. 

 
L. The VFC and all components shall be supplied within a single NEMA 1 enclosure, and 

shall be U.L. Listed as a single unit. Furnish all components necessary to provide a 
minimum lead length between motor and drive of 400 ft.  The VFC shall not generate 
damaging transistor pulses greater than the limits set by NEMA MG-1 at 400 Ft lead 
length. 

 
M. The VFC manufacturer  shall maintain and staff nationwide service centers.  These 

service engineers shall be employed by the manufacturer and provide start-up service 
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including physical inspection of drive and connecting wiring and final adjustments to 
meet specified performance requirements. 

 
N. The VFC shall carry a full parts and labor warranty for two years from date of Owner 

acceptance of the building. 
 

O. The variable speed drive shall be ABB, or approved equal of Accutrol, Cutler Hammer, 
Graham, York, Baldor, AC Tech, Trane, Emerson, Danfos, Yaskawa, Toshiba, or as 
approved equal. 

 
P. The variable speed drive manufacturer shall coordinate with the ATC contractor and 

provide all necessary devices whether optional or not to perform complete and automatic 
operation as described in the sequence of operation.  All safeties, including freezestats, 
duct smoke detectors, and high static pressure sensors shall be enabled when variable 
speed drives are in manual or bypass. 

 
Q. BAS Interface:  Factory-installed hardware and software to enable the BAS to monitor, 

control, and display VFC status and alarms.  Allows VFC to be used with an external 
system within a multidrop LAN configuration; settings retained within VFC's nonvolatile 
memory. 

 
1. Network Communications Ports:  Ethernet and RS-422/485. 
2. Embedded BAS Protocols for Network Communications:  ASHRAE 135 

BACnet; protocols accessible via the communications ports. 
 

R. Variable speed drives shall be carefully selected for the duty required.  Variable speed 
drives shall be specifically designed for the specified equipment to be controlled.  Pump 
drives shall be selected for pumps and fan drives shall be selected for fans. 

 
2.11 COALESCING AIR SEPARATOR 
 

A. Furnish and install as shown on the drawings a Spirotherm, Bell and Gossett, Taco 4900 
Series, Caleffi, Armstrong, Wessels, or approved equal air elimination separator.  All 
fittings shall be fabricated steel, rated for 150 psig design pressure and selected for less 
than 1 foot of water pressure drop and velocity not to exceed 4 feet per second through 
the unit at specified GPM. All units shall include an integral copper bundle of Spirotubes 
or approved equal, to act as the turbulence suppressive coalescing medium which must 
completely fill the fitting's internal area.  Units are to remove free and entrained air 
during system start up and continue to eliminate dissolved air through continual 
circulation and the coalescing action of the Spirotubes.  Each fitting is to have a separate 
air and venting chamber to prevent system contaminants from harming the float and 
venting valve operation.  At the top of the venting chamber shall be an integral float 
actuated brass air vent.  There shall be no restriction in the connection from the venting 
chamber to the vent.  The fittings are to include a valve side tap to flush floating dirt or 
liquids and for quick bleeding of large amounts of air during system fill or refill.  Units 
shall include a bottom connection for use as a blow down connection for periodic 
cleaning.  Air separator shall be primed and finished in rust resistant paint.  Units shall be 
Spirovent Senior models of the size required to meet pressure drop and velocity criteria. 

 
B. A blowdown connection shall be provided to facilitate routine cleaning of the strainer and 
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the separator. 
 

C. A manufacturer's data report for pressure vessels, for U-1 as required by the provisions of 
ASME Boiler and Pressure Vessel code, shall be furnished for each air separator upon 
request.  Manufacturer to furnish data sheet specifying air collection efficiency and 
pressure drop at rated flow. 

 
D. Conventional tangential or centrifugal non-coalesing air separators shall not be 

acceptable. 
 
2.12 EXPANSION TANKS 
 

A. Furnish and install as shown on the drawings, pre-pressurized captive air bladder type 
expansion tank pre-charged with air.  Tank shall be suitable for a maximum working 
pressure of 125 psi and constructed and certified to ASME Section VII.  It shall have a 
replaceable elastomeric bladder suitable for a maximum operating temperature of 240 
degrees F (115 degrees C).  Expansion tanks shall be primed and finished in rust resistant 
paint.  It shall have an integral steel base ring for vertical mounting and saddle for 
horizontal mounting.  Expansion tank shall be as manufactured by Taco, Bell & Gossett, 
Wessels, Amtrol,  Armstrong or as approved equal. 

 
2.13 HORIZONTAL RECESSED CABINET UNIT HEATERS(WITH INTEGRAL 

SUPPLY/RETURN GRILLES) 
 

A. Furnish and install horizontal recessed cabinet unit heaters of the size, capacity, and 
electrical characteristics shown on the contract drawings.  Units shall be Trane, Model E, 
Dunham Bush, Modine Corp or approved equal. 

 
B. Cabinet is galvanized steel wrap-around structural frame with all edges flanged. 

Insulation is faced, heavy density glass fiber. Unit to have 18 gauge steel, removable, 
four-side overlap bottom panel adjustable 3/8 inch with full length, piano type hinge at 
back and camlocks at front.  All cabinet parts shall be finished in a baked on enamel 
finish in color as selected by Architect.  Bottom panels on horizontal recessed units shall 
be provided with tamper-proof screw fasteners and safety chain. 

 
C. Water coils to be 5/8 inch OD seamless copper tubes mechanically bonded to configured 

aluminum fins with continuous fin collars and sleeved coil end supports.  Maximum 
working pressure 300 psig, factory test pressure 450 psig (air).  Supply and return 
connections on same side of units. 

 
D. Fans shall be centrifugal, forward curved, double width of non-corrosive, molded, 

fiberglass-reinforced thermo-plastic materials.  Fan wheels and housings shall be 
corrosion resistant. 

 
E. Motor shall have integral thermal overload protection and start at 78 percent of rated 

voltage.  Motor to be factory installed and tested prior to shipping. 
 

F. Filters to be accessed by pivoting hinged bottom panel. Filters shall be 1 inch woven 
glass filters. 

 
G. Provide each unit with factory furnished bottom integral grilles for supply and return. 
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Unit shall be proved with factory furnished vibration isolators and mounted in an 
approved manner with all threaded steel rod. 

 
H. Provide 18 gauge steel flanges (factory furnished) for recessing unit heater into ceiling. 

 
I. Unit shall be U.L. listed. 

 
2.14 HORIZONTAL HOT WATER UNIT HEATERS 
 

A. Provide and install horizontal hot water unit heaters of the size, capacity and electrical 
characteristics as indicated on the contract drawings. Horizontal unit heaters shall be 
Trane Model S, Dunham Bush, Modine Corp. or approved equal. 

 
B. Casing shall be two-piece with "picture frame" front formed into wrap around sides, top 

and bottom.  Furnish each unit with louvered fin diffuser for versatility in lateral 
diffusion. Casing shall be 18 gauge back panel with deep-drain fan orifice for extreme 
rigidity.  Steel supply and return pipe top connectors bolted to back.  Casings 
phosphatized to prevent corrosion and finished with a green baked enamel finish. 

 
C. Fan shall be high efficiency Model A with aluminum blades, factory balanced and sturdy 

for standard applications. 
 

D. Coils shall be hot water, single tube single serpentine design. Fins shall be aluminum 
sigma-flow, mechanically bonded to seamless copper tubing.  All coils one-row deep in 
air flow direction. Coils shall be tested at 300 psig air under water.  Coils shall be suitable 
for operation at 200 psig or 325 degrees F. 

 
E. Motors shall be totally enclosed, class "B" insulated shaded pole and permanent split 

capacitor.  All motors shall have built-in overload protection.  Sleeve bearing motors can 
be oiled.  Ball bearing motors are permanently lubricated. Units shall be U.L.  listed. 

 
2.15 FAN COIL UNITS  

 
A. Provide and install fan coil units of the type, capacity, and electrical characteristics as 

shown and scheduled on the plans.  The units shall be installed in a neat and 
workmanship like manner in strict accordance with specifications.  Floor mounted fan 
coil units shall be fully recessed units as manufactured by York, Carrier, McQuay, 
Rittling, Johnson Controls, or Trane. All fan coil units shall be U.L. and CSA approved.  
All floor mounted units shall be rated in accordance with ARI Industry Standard 440. 

 
B. Basic Unit:  The basic unit shall be fabricated of 18 gauge galvanized steel. Interior 

surfaces of coil section of Floor mounted models shall be lined with 2 inch coated glass 
fiber insulation meeting NFPA-90A requirements.  The fan and motor assembly shall be 
easily removable for serviceability.   

 
C. Cabinet: Units shall have 18 gauge steel panels acoustically and thermally insulated with 

½  inch coated glass fiber insulation meeting NFPA-90A requirements.  Exposed panels 
shall be bonderized and finished with a baked primer.  Baked enamel finish, of color 
selected by Engineer shall be provided.  Floor mounted models shall have an easily 
removable front panel for complete serviceability. Stamped aluminum supply grilles and 
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die formed recessed access doors for control and piping compartments shall be provided 
in the front panel.  Each unit shall have a supply and  return air grille stamped into the 
front panel.  

 
D. Coils:  All cooling coils shall be ARI rated.  Coils shall have 2 inch OD copper tubes 

with aluminum fins, mechanically bonded to the tubes.  All coils shall be fitted with 
manual air vents.  Coils shall be factory leak tested at 300 psig and suitable for working 
pressures to 250 psig at 200 degrees F.  Coil connections shall be 5/8 inch OD male sweat 
fittings. 

 
E. Motors:  Motors shall be 3-speed, resilient mounted with UL listed thermal overload 

protection. Motor bearings shall be of the sleeve type or ball bearing type. Standard 
motors are permanent split capacitor (PSC).  Motors shall be premium efficiency type. 

 
F. Fan Switch:  All units shall be provided with a OFF-HI-MED-LO fan speed switch unit 

mounted on Floor models.  Fan switches shall be utilized for balancing to design CFM. 
 

G. Junction Box:  Exposed floor shall have the fan speed switch and optional controls wired 
to the control box. 

 
H. Fans:  Fans shall be of the centrifugal, forward-curved type.  Fan wheels shall be 

statically and dynamically balanced.  Fan wheels shall be painted or galvanized, and 
housings shall be galvanized steel. 

 
I. Drain Pan:  Floor models shall have a combination drain pan and fan deck assembly, 

fabricated of 18 gauge galvanized steel.  Pans shall be insulated with closed cell, 
polyurethane, sprayed-on foam.  Floor models shall be provided with an auxiliary drain 
pan of molded plastic with a 3/4 inch MPT drain connection.  Steel sleeved auxiliary 
drain pans shall be provided to permit piping through the auxiliary drain pan. 

 
J. Filters:  Floor models shall have 1 inch throwaway filters of woven glass fiber furnished 

as standard equipment. 
 

K. The ATC controls contractor shall furnish the terminal control unit controller for 
installation on each fan coil unit by the unit manufacturer.  These devices shall be 
delivered to the unit manufacturer's factory in sufficient time for the manufacturer to 
meet their schedule obligations. The relay for fan shall be provided by the unit 
manufacturer who shall also provide the interconnect wiring between the relays and the 
DDC control unit.  The unit manufacturer shall also provide a 24 VAC power source at 
each terminal unit.  The cost of factory mounting, wiring, enclosure to meet local code 
and any factory testing and programming of the terminal control unit shall be included by 
the terminal box manufacturer. 

 
L. All units shall be sound tested using a qualified reverberant room per ARI Standard 350-

82. 
 
2.16 KITCHEN VENTILATION UNIT   
 

A. Provide and install supply kitchen ventilation system of the size, arrangement, 
performance, and electrical characteristics as indicated on contract drawings.  Kitchen 
ventilation system shall be Model I6X as manufactured by Greenheck.  The supply unit 
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shall include a Model I6X make-up air unit,  Model ES-4 equipment support and Model 
GPNS roofcurb. 

 
B. Filtered makeup air units shall have belt driven double width/double inlet, forward 

curved centrifugal type supply fans. 
 

C. The entire fan and motor assembly shall be mounted on vibration isolators to prevent 
noise transmission.  Motors shall be permanently lubricated, heavy duty, ball bearing 
type, carefully matched to the fan load and furnished at the specified voltage, phase and 
enclosure. The fan shaft shall be ground and polished steel mounted in heavy duty, sealed 
ball bearings. Bearings shall be selected for a minimum average (L50) life in excess of 
200,000 hours at maximum cataloged operating speeds.  Pulleys shall be of the fully 
machined, cast iron type, keyed and securely attached to the wheel and motor shafts. 

 
D. Motor sheaves shall be adjustable for final system balancing. Drives shall be sized for a 

minimum of 150 percent of driven horsepower.  Fan wheels shall be of the forward 
curved type, constructed of heavy gauge steel and statically and dynamically balanced to 
ensure smooth vibration free operation. 

 
E. Housing construction shall be heavy gauge galvanized steel with removable panels for 

access to fan and tempering unit components, filters and controls.  Filters shall be one 
inch aluminum mesh and shall be U. L. Classified.  Housing shall be externally painted 
for rooftop installation. 

 
F. The tempering units shall be direct fired natural gas heaters with Maxitrol 44 gas controls 

with ETL label.  The pre-wired control center shall include, but  not be limited to, an 
integral master disconnect switch with fuse blocks for main power connection, magnetic 
motor starters with thermal overloads and manual reset, fused 115 volt control 
transformer, auxiliary relay(s) as required for interlocking  of remote exhaust fans, and 
distribution terminal control strip for control wiring connection.  All electrical 
components shall be U. L. Listed, Approved or Classified where applicable and wired in 
compliance with the National Electrical Code.  Wiring shall be complete, requiring two 
point field connection (one for power service and one for point field connection for low 
voltage). 

 
G. Indirect Gas-Fired Furnace 
 

1. Shall be ETL Certified as a component of the unit. 
2. Shall have an integral combustion gas blower. 
3. Shall be ETL Certified for installation downstream of a cooling coil. 
4. Shall have fault sensors to provide fault conditions to optional digital controller 

or building controls. 
5. Shall have 4-pass tubular heat exchangers, constructed of type 409 stainless steel. 

Heat exchanger tubes shall be installed on the vest plate by means of swaged 
assembly, welded connections are not acceptable. Heat exchanger tubes shall be 
supported by a minimum of two fabricated assemblies that support the tubes and 
also permit expansion and contraction of the tubes. 

6. Heat exchanger shall have a five year extended warranty. 
7. Shall be encased in a weather-tight metal housing with intake air vents. Large, 

metal lift-off or hinged door shall provide easy access to the enclosed vest plate, 
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control circuitry, gas train, burner assembly and exhaust blower. 
8. Shall include a kit for outdoor mounting the vertical stack venting. 

 
H. The make-up air unit shall be factory furnished with weatherhood, with birdscreen, 1 inch 

aluminum mesh filter, control center with combined switching, NEMA 1 toggle 
disconnect switch and motor operated damper.  Motor operated damper actuator and end 
switch shall be furnished by ATC subcontractor and installed by mechanical contractor. 
 

2.17 AIR CONDITIONING CONDENSATE PUMPS 
 

A. Provide and install air conditioning, condensate pumps of the size, capacity, and 
electrical characteristics as shown on the contract drawings.  Units shall be Little Giant, 
Beckton, Diversitech, or approved equal. 

 
B. Units shall be U.L. listed and CSA certified.  Each pump shall include 6 ft power cord 

with 3 prong molded 115 volt plug and thermal overload protection or with pigtail lead in 
lieu of plug and cord, removing the plug shall not violate the pump manufacturer’s 
warranty, nor shall it void the pump’s U.L. listing.  Include low voltage safety switch 
with polypropylene float that shall be wired to cut-off the indoor unit in the case of 
malfunction.  Safety switch should be connected to a Class II low voltage safety device. 

 
C. Housing shall be constructed of high impact resistant polystyrene, ABS impeller and 

volute, and stainless steel shaft.  Mount units directly below adjacent indoor units as 
detailed and pipe discharge with check-valve as shown on the drawings. 

 
D. Water heater condensate pump shall be specifically engineered and listed for use with 

high temperature boiler and water heater acidic condensate. 
 
E. Refer to Division 23 Section, “Instrumentation and Controls of HVAC and Plumbing 

Systems”. 
 

2.18 EXTERIOR EQUIPMENT/DUCT SUPPORT 
 

A. Exterior Equipment Supports shall be Pate Model ES suitable for roof construction. 
Equipment supports shall be constructed of 18 gauge galvanized steel, unitized 
construction with integral base plate, continuous welded corner seams, pressure treated 
wood nailer counterflasing and lag screws.  Units shall be internally reinforced.  
Minimum height shall be 12-inches above the finished roof or as shown on the detail(s) 
on the drawing(s). 

 
2.19 EXTERIOR PIPE ROLLER SUPPORTS  
 

A. Furnish and install pipe roller supports for all exterior piping as indicated on contract 
drawings.  Pipe roller supports shall be constructed of heavy gauge galvanized steel, 
continuous welded corner seams, 2 x 4 treated wood nailer, heavy gauge galvanized steel 
counterflashing with galvanized steel channel track attached. 

 
B. Roller assembly shall consist of galvanized steel channel track, galvanized steel fittings, 

washers, nuts, and painted cast iron roller.  Installation shall permit both vertical and 
horizontal adjustment. Units shall be Pate Model RAC or approved equal. 
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2.20 ROOF CURBS (DUCT PENETRATIONS) 
 

A. Furnish and install roof curbs at all penetrations of roof by ductwork and where indicated 
on contract drawings.  Roof curbs shall be Model PC as manufactured by Pate, 
Greenheck, or approved equal. 

 
B. Roof curbs shall be constructed of heavy gauge galvanized steel, unitized, full material 

corners, all seams welded, 1 ½ -inch thick rigid fiberglass insulation, pressure treated 
wood nailer strip. Curbs shall be minimum 12-inch height unless otherwise noted  and 
have inner diameter equal to indicated duct diameter. 

 
2.21 AIR MONITORING STATIONS (ERV & KITCHEN MAKE-UP AIR UNITS) 

 
A. General:  Provide complete air monitoring station for air handling units, as indicated on 

drawings.  The air monitoring station shall include airflow measuring stations, static 
pressure probes and electronic velocity pressure transmitter.  All components shall be of 
the same manufacturer.  The manufacturer shall be Air Monitor, Gold Series Ebtron 
Thermistar, or as approved equal.  An air monitor station shall be provided for each 
supply duct main, exhaust duct main, and return duct main as indicated on contract 
drawings.  All air flow monitoring stations shall be fully externally insulated to prevent 
condensation. 

 
B. Air Monitor Airflow Measuring Stations 

 
1. Provide where indicated, airflow measuring stations capable of continuously 

monitoring the fan or duct capacities (air volumes) they serve. 
 

2. Each airflow measuring station shall contain multiple total and static pressure 
sensors positioned at the center of equal area of the station cross-section and 
interconnected by their respective averaging manifolds.  For stations of 4 square 
feet or less, one total and one static pressure sensor shall be present for every 16 
square inches of station area respectively.  For stations of larger area, one total 
and one static pressure sensor shall be present for every 36 square inches of 
station area respectively. 
 

3. The airflow measuring station shall be fabricated of a minimum  of 14 ga. 
galvanized steel, welded casing in 8-inch depth with 90 degree connecting 
flanges in a configuration and size equal to that of the duct it is to be mounted 
into.  Each station shall be complete with an open parallel cell air straightener or 
air equalizer honeycomb mechanically fastened to the casing, total and static 
pressure sensors located on an equal area basis and connected to symmetrical 
averaging manifolds, internal piping, and external pressure transmitter ports.  An 
identification label shall be placed on each station casing listing model number, 
size, area, and specified airflow capacity. 

 
4. Cell construction shall be 3/8-inch .003-inch, type 3003 aluminum, expanded. 

 
5. The maximum allowable pressure loss through the station shall not exceed .015-

inch wc at 1000 fpm, or .085-inch wc at 2000 fpm.  Each station shall be capable 
of measuring the airflow rate within an accuracy of 2 percent as determined by 
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U.S.G.S.A. certification tests.  The stations shall have a self-generated sound 
rating of less than NC 40, and the sound level within the duct shall not be 
amplified, nor shall additional sound be generated. 

 
6. Stations shall be Fan-E type as manufactured by Air Monitor Corporation, 

Paragon or as approved equal. 
 

C. Air Monitor Duct Static Pressure Traverse Probes 
 

1. Provide where indicated duct static traverse probe capable of continuously 
monitoring the duct or system static pressure it serves. 

 
2. Each duct static traverse probe shall contain multiple static pressure sensors 

located along the exterior surface of the cylindrical probe.  Said sensors shall not 
protrude beyond the surface of the probe. 

 
3. The duct static traverse probe shall be of extruded aluminum construction and 

(except for ¾-inch diameter probes with lengths of 24-inches or less) be 
complete with threaded end support rod, sealing washer and nut and mounting 
plate with gasket and static pressure signal fitting. 
 

4. The static traverse probe shall be capable of producing a steady, non-pulsating 
signal of standard static pressure, without need for correction factors, with an 
instrument accuracy of 0.5 percent. 

 
5. The duct static pressure traverse probe shall be the STAT-probe/1 as 

manufactured by the Air Monitor Corporation, Paragon or as approved equal. 
 

D. Air Monitor Electronic Velocity Pressure Transmitters 
 

1. The electronic control-instrument components shall be of industrial process 
control quality with operating features described herein and capable of producing 
the outlined performances.  Commercial grade control-instruments, devices, are 
not acceptable. 
 

2. The electronic differential pressure transmitter shall include an automatic zeroing 
circuit capable of automatically readjusting the transmitter zero at predetermined 
(adjustable) time intervals while retaining (locking in) the output signal.  The 
electronic differential pressure transmitter shall be capable of receiving signals of 
duct total and static pressures, and of amplifying and scaling the sensed 
differential pressure into a 4-20 mADC or 0-5 (0-10) VDC output signal linear to 
differential pressure, within the following minimum performance criteria: 

 
 
Zeroing Automatic, within 0.1 percent of operating span, 

on 4 to 256 minute intervals (selectable) 
 
Spans Factory custom spanned, coordinated with 

system, ranges from 0 to .01-inch to 0 to 10.0-
inches.  Field adjustment +20 percent of span. 
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Zeroing Automatic, within 0.1 percent of operating span, 

on 4 to 256 minute intervals (selectable) 

Accuracy + 0.25 percent of span 
 
DeadBand and Hysteresis 
(Combined): 

Less than 0.2 percent of span 

 
Linearity: + 0.2 percent of span 
 
Repeatability: 0.15 percent of span 
 
Response: 0.5 second for 98 percent full span input 
 
Power Supply: 24 VAC, 20 to 40 VDC, selectable; 4 wire 

 
3. Coordinate requirements with the buildings direct digital control system to 

perform the required sequence of operation. 
 

4. The pressure transmitter shall be the VELTRON series 5000AZ as manufactured 
by the Air Monitor Corporation, Paragon, Greenheck, Johnson Controls, or as 
approved equal. 

 
2.22 AIR MONITORING STATIONS (FIELD INSTALLED AT INLET) 

 
A. Furnish outside air flow measuring station for field installation on outside air inlet.  

Outside air flow measuring station shall be as manufactured by Paragon or approved 
equal.  The Model OAFE-1500 shall be an AMCA certified outdoor airflow measurement 
system with integral signal processor that is capable of producing an overall ±0.5% 
accuracy through the velocity range of 200 to 1,200 fpm and ±5% accuracy at 100 fpm.  
The air flow measurement station shall consist of multiple airflow elements, factory 
mounted and pre-piped in a casing designed for flanged connection to control dampers, 
louvers, etc… An optional inlet bell shall be available for plenum applications.  Standard 
materials consist of a G90 galvanized casing and 6063-T5 anodized aluminum flow 
sensors.  The airflow averaging elements shall be head type devices, which generate a 
differential (velocity) pressure signal similar to the orfice, venture, and other head 
producing primary elements.  The air flow measurement station shall be constructed so as 
to comply with ASHRAE Standard 111 for equal area traversing of an airflow 
measurement plane.  Multiple elements shall be manifolded together for connection to the 
integral airflow signal processor.  The signal processor shall utilize current state-of-the-
art digital microprocessor technology capable of producing unequaled 20-bit (1,048,576 
steps) A/D and 12 bit (4,096 steps) D/A signal conversion resolution.  Having a twelve-
point linearization capability, the signal processor shall be field calibrated to accurately 
determine true airflow rates even when the primary airflow measurement stations do not 
meet their minimum installation requirements.  The ultra low operating ranges and the 
auto zeroing function of the signal processor shall provide accurate airflow measurement 
down to 100 fpm.  The signal processor shall accept a temperature input signal for air 
temperature indication, temperature signal transmission for remote readout, and air 
density compensation for standard or actual airflow calculations.  A password protected 
configuration menu shall provide quick and simple field configuration by authorized 
personnel.  Field configuration of engineering units, process noise filtering, operating 
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range, alarm set points, etc… shall be performed via user friendly menus and a six button 
touch pad.  An optional temperature transmitter with 4 to 20 mA output and temperature 
range of -30 to 130°F shall be provide a temperature input signal to the signal processor 
for air density compensation. 
 

2.23 AIR MONITORING STATIONS 
 

A. General:  Provide complete air monitoring station for air handling units and return air 
systems as indicated on drawings..  The air monitoring station shall include airflow 
measuring stations, static pressure probes and electronic velocity pressure transmitter.  
All components shall be of the same manufacturer.  The manufacturer shall be Air 
Monitor, Gold Series Ebtron Thermistar, or as approved equal.  An air monitor station 
shall be provided for each supply duct main and return duct main as indicated on contract 
drawings.  All air flow monitoring stations shall be fully externally insulated to prevent 
condensation. 

 
B. Air Monitor Airflow Measuring Stations 

 
1. Provide where indicated, airflow measuring stations capable of continuously 

monitoring the fan or duct capacities (air volumes) they serve. 
 

2. Each airflow measuring station shall contain multiple total and static pressure 
sensors positioned at the center of equal area of the station cross-section and 
interconnected by their respective averaging manifolds.  For stations of 4 square 
feet or less, one total and one static pressure sensor shall be present for every 16 
square inches of station area respectively.  For stations of larger area, one total 
and one static pressure sensor shall be present for every 36 square inches of 
station area respectively. 

 
3. The airflow measuring station shall be fabricated of a minimum  of 14 ga. 

galvanized steel, welded casing in 8-inch depth with 90 degree connecting 
flanges in a configuration and size equal to that of the duct it is to be mounted 
into.  Each station shall be complete with an open parallel cell air straightener or 
air equalizer honeycomb mechanically fastened to the casing, total and static 
pressure sensors located on an equal area basis and connected to symmetrical 
averaging manifolds, internal piping, and external pressure transmitter ports.  An 
identification label shall be placed on each station casing listing model number, 
size, area, and specified airflow capacity. 

 
4. Cell construction shall be 3/8-inch .003-inch, type 3003 aluminum, expanded. 

 
5. The maximum allowable pressure loss through the station shall not exceed .015-

inch wc at 1000 fpm, or .085-inch wc at 2000 fpm.  Each station shall be capable 
of measuring the airflow rate within an accuracy of 2 percent as determined by 
U.S.G.S.A. certification tests.  The stations shall have a self-generated sound 
rating of less than NC 40, and the sound level within the duct shall not be 
amplified, nor shall additional sound be generated. 

 
6. Stations shall be Fan-E type as manufactured by Air Monitor Corporation, 

Paragon or as approved equal. 
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C. Air Monitor Duct Static Pressure Traverse Probes 
 

1. Provide where indicated duct static traverse probe capable of continuously 
monitoring the duct or system static pressure it serves. 

 
2. Each duct static traverse probe shall contain multiple static pressure sensors 

located along the exterior surface of the cylindrical probe.  Said sensors shall not 
protrude beyond the surface of the probe. 

 
3. The duct static traverse probe shall be of extruded aluminum construction and 

(except for ¾-inch diameter probes with lengths of 24-inches or less) be 
complete with threaded end support rod, sealing washer and nut and mounting 
plate with gasket and static pressure signal fitting. 

 
4. The static traverse probe shall be capable of producing a steady, non-pulsating 

signal of standard static pressure, without need for correction factors, with an 
instrument accuracy of 0.5 percent. 

 
5. The duct static pressure traverse probe shall be the STAT-probe/1 as 

manufactured by the Air Monitor Corporation, Paragon or as approved equal. 
 

D. Air Monitor Electronic Velocity Pressure Transmitters 
 

1. The electronic control-instrument components shall be of industrial process 
control quality with operating features described herein and capable of producing 
the outlined performances.  Commercial grade control-instruments, devices, are 
not acceptable. 

 
2. The electronic differential pressure transmitter shall include an automatic zeroing 

circuit capable of automatically readjusting the transmitter zero at predetermined 
(adjustable) time intervals while retaining (locking in) the output signal.  The 
electronic differential pressure transmitter shall be capable of receiving signals of 
duct total and static pressures, and of amplifying and scaling the sensed 
differential pressure into a 4-20 mADC or 0-5 (0-10) VDC output signal linear to 
differential pressure, within the following minimum performance criteria: 

 
 
Zeroing Automatic, within 0.1 percent of operating span, 

on 4 to 256 minute intervals (selectable) 
 
Spans Factory custom spanned, coordinated with 

system, ranges from 0 to .01-inch to 0 to 10.0-
inches.  Field adjustment +20 percent of span. 

 
Accuracy + 0.25 percent of span 
 
DeadBand and Hysteresis 
(Combined): 

Less than 0.2 percent of span 

 
Linearity: + 0.2 percent of span 
 
Repeatability: 0.15 percent of span 
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Zeroing Automatic, within 0.1 percent of operating span, 

on 4 to 256 minute intervals (selectable) 
 
Response: 0.5 second for 98 percent full span input 
 
Power Supply: 24 VAC, 20 to 40 VDC, selectable; 4 wire 

 
 

3. Coordinate requirements with the buildings direct digital control system to 
perform the required sequence of operation. 

 
4. The pressure transmitter shall be the VELTRON series 5000AZ as manufactured 

by the Air Monitor Corporation, Paragon, Greenheck, or as approved equal. 
 
2.24 WATER TREATMENT SERVICES 
 

A. Complete chemical water treatment service shall be provided by an organization 
regularly engaged in water treatment, ARC, Inc., RCCO Corp., Aquatel Ind., Inc., Mogul 
Corp., Oilin, Inc., HVAC Services, Inc., Feedwater Treatment Systems, Inc., Eco-Lab,   
or approved equal.  The service shall provide all equipment, chemicals and labor 
necessary to prevent corrosion, inhibit scale build-up and minimize organic growth for a 
period of 2 years starting from building acceptance. Water Treatment shall be conducted 
for each phase prior to substantial completion of each phase.   Service visits for the 
purpose of adding chemicals to feeding equipment, regulating bleed-off, inspecting and 
adjusting water treatment equipment, and obtaining samples of laboratory analysis shall 
be performed at monthly intervals for closed systems and every two weeks for open 
systems during the entire guarantee period.  Chemicals shall not be injurious to water side 
equipment and construction materials.  Records of all injurious to water side equipment 
and construction materials.  Records of all service visits, chemical additions, laboratory 
tests, etc., shall be maintained and shall be provided to owner after each visit during 
guarantee period. Instruct mechanical contractor in field on piping and wiring of 
chemical feeding equipment. 

 
B. Systems to be protected shall include glycol systems, chilled water system, and hot water 

heating system.  Services shall include flushing and cleaning of piping systems specified 
under Division 23 Section, "HVAC Piping, Fittings, and Valves" section, furnishing and 
installing all chemical treatment equipment and accessories to perform the water 
treatment specified below.  Maintain complete records of the treatment program for each 
system. 

 
C. Contractor shall perform an analysis of the building water supply as a basis of the 

chemical treatment.  Contractor shall provide the Owner with written instructions for 
chemical feeding bleed-off, blowdown control and testing procedures, provide all 
required chemicals during the guarantee period, and provide all required test kits. 

 
D. Contractor shall maintain the following conditions in each system: 
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SYSTEMS Chiller Water System Hot Water System 
 
ph 

 
8.0 to 10.5 7.0 to 10.0 

 
Inhibitor for Scale 
& Corrosion 
Cycles 

 
        ---         --- 

 
Cycles* 

 
        ---         --- 

 
Organic 

 
        ---         --- 

 
Buffered Nitrate 

 
550 ppm 1000 ppm to 180 degrees F 

2000 ppm to 180 degrees F 
 
Chromate (Low) 

 
  

 
Molybdate 

 
30 to 50 ppm 50 to 100 ppm 

 
Sulfite 

 
        ---         --- 

Sodium Nitrite 500 to 1000 PPM 1000 to 1500 PPM 
Corrosion 
Inhibitor 

100 to 150 PPM (as 
Molybdate) or 1000 to 
1500 PPm sodium 
Nitrite 

 

 
 *Actual cycles of concentration to be determined from analysis of make-up water. 

* Use Inhibited Glycol supplied by Manufacturer 
 

E. Chemical Feeding Equipment:  Provide chemical feeding equipment, as specified below, 
to introduce chemicals into each system only when the system is operating. 

 
1. Closed Recirculating Systems 

 
Five (5) gallon steel by-pass feeder installed across circulating pump suction and 
discharge lines, with tank and piping insulated using the same thickness and type 
of insulation as provided for the piping system.  Provide filter.  Unit shall contain 
quick opening cap and shall be suitable for working  pressure of 175 psig.  Tank 
shall be primed and finished in baked enamel paint. 
 

2. Replace bypass feeder filter monthly during the entire 2-year warranty period. 
 

F. Closed Recirculating Systems shall be filled and sufficient detergent and dispersant 
added to remove all dirt, oil, and grease.  System shall be circulated for at least 48 hours 
after which a drain valve at the lowest point shall be opened and allowed to bleed while 
the system continues to circulate.  The automatic make-up valve shall be checked to be 
sure it is operating.  Bleeding shall continue until water runs clear and all detergent is 
removed.  A sample of water shall be tested and if PH exceeds the PH of the make-up 
water, flushing shall be resumed. 
 

2.25 DUCTLESS FAN COIL UNITS 
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A. General: 

 
1. The supplied product shall be an Airedale, Aeremec, Carrier Airstream, 

Multiaqua, or approved equial, four (4) pipe chilled/hot water ceiling cassette 
unit. 

 
B. Cases: 

 
1. The unit casing shall manufactured from lightweight galvanized sheet steel with 

integral fan mounting rails for added strength. Fire resistant foam insulation (to 
UL94 VO) shall be fitted internally to provide both thermal and acoustic 
insulation. 

C. Coils: 
 
1. Chilled water units utilize large surface area coils positioned to optimize heat 

transfer and airflow. Each coil shall be manufactured from refrigeration quality 
copper tubes with mechanically bonded aluminum fins and shall be circuited 
from headers to ensure low water pressure drops. 

 
D. Condensate Pump: 

 
1. A condensate pump and check valve shall be fitted to carry water out of the unit 

and stop water from flowing back into the condensate tray. The pump is shall be 
fixed to a mounting bracket which can be withdrawn from the side of the chassis 
and shall incorporate an inspection hole to allow a visual check of the pump 
during operation. A float switch shall be fitted to stop the cooling action should 
the pump become blocked or fail. 

 
E. Air Vanes: 

 
1. Air outlet vanes shall designed to prevent condensation from forming. Vanes 

shall be manually adjustable on the 2 x 2 model units but driven by an electric 
motor on all other model units. Where fitted, the motorized air vanes can be set 
to auto sweep or can be stopped in a fixed position. Polystyrene blanking pieces 
are supplied with Cassette packing so that up to two fascia discharge slots can be 
blanked off. 

 
F. Fans & Fan Motor: 

 
1. All units, utilizing backward curved centrifugal fans, are staticly and dynamically 

balanced for quiet operation. Fan impellers are made from either aluminum or 
fire-retardant plastic (UL94 VO) for light weight and corrosion resist shall be 
operation. Fans are driven by an enclosed multi-speed external rotor motor 
allowing good heat dissipation and an increased motor efficiency. Fans shall 
come complete with thermal overload protection and sealed-for-life lubricated 
bearings. 
 

G. Step Up Transformer: 
 
1. The unit shall be fitted with an appropriate 115 volt to 230 volt step up 
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transformer. 
 

H. Filter: 
 
1. MERV 10, 2” thick radial pleated disposable cotton and synthetic blend filters.  

Minimum Efficiency Reporting Value of MERV 10 per ASHRAE standard 52.2. 
 

I. Elecro-Mechanical Controls: 
 
1. The unit shall include an electo-mechanical controller that includes the recessing 

relays and safety switch for proper operation. The ATC contractor shall field 
install unit controlles and control valves to fully control and monitor the units 
operation per the sequence of operations. 

 
J. Options - Factory Installed: 

 
1. Alarm Interlock Relay: The unit shall include a relay for unit failure notification.  

Normally open contact available for field connection. 
 
2. Start / Stop Terminals: The unit shall include terminals for remote start/stop of 

the unit.  The unit is enabled when contact between the terminals is closed. 
 
3. Hot Water Coil: A hot water heating coil will be factory fitted in addition to the 

chilled water coil to provide heating. The coil shall be manufactured from 
refrigeration quality copper tubes with mechanically bonded aluminum fins. 

 
4. Hot Water Coil Freeze Protection: The unit shall be fitted with a freeze 

protection sensor to prevent freezing of the hot water coil assembly.  When the 
sensor detects a freeze up condition it will force the flow control valve open and 
prevent the unit fan(s) from running. 

 
5. Disconnect Switch: The unit shall be fitted with a power disconnect switch 

located on the control panel, sized for the full load amperage of the unit to enable 
the unit to be disconnected from the power supply prior to any maintenance. 

 
K. Accessories - Field Installed: 

 
1. Fresh Air Kit: Duct collars for fastening to the unit to allow connection of 3” 

flexible duct to the Cassette.  Includes Merv 8 filter set for replacing standard 
filter shipped with the Cassette unit. 

 
2. Supply Air Duct Collars: Duct collars for fastening to the unit to allow 

connection of a 5” or 6” (depending on units size) flexible duct to the Cassette. 
 
3. Shroud: A sheet metal shroud to cover the unit housing when the unit is not 

mounted in a drop ceiling.  Painted Sky White with hammertone finish. 
 
PART 3 EXECUTION 
 
3.1 EXAMINATION 
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A. Verify all dimensions by field measurements.  Verify that all equipment may be installed 

in accordance with pertinent codes and regulations, the original design, and the 
referenced standards. 

 
B. Verify structure, mounting supports and membrane installations are completed to the 

proper point to allow installation of roof mounted equipment, where applicable. 
 

C. Examine rough-in requirements for all piping systems to verify actual locations of piping 
connections prior to installation. 

 
D. Verify that electrical work installation is in accordance with manufacture's submittal and 

installation requirements of Division 26 sections.  Do not proceed with equipment start-
up until electrical work is acceptable to equipment installer.  Coordinate sizes of all 
thermal overloads with Division 26. 

 
E. Do not proceed until unsatisfactory conditions have been corrected. 

 
F. Provide wiring diagrams of all equipment as specified in Division 23 Section, Common 

Work Results for HVAC. 
 
3.2 GENERAL INSTALLATION REQUIREMENTS 
 

A. Install all equipment in accordance with manufacturer's installation instructions, in 
accordance with state and local code requirements, and in accordance with the contract 
drawings.  Install all equipment plumb and level, to tolerances as required by the 
manufacturer of each item of equipment.  Maintain manufacturer recommended 
clearances around and over all equipment. Water heater minimum clearances shall be 
provided per the State Requirements. 

 
B. Coordinate vibration isolation requirements with all equipment in accordance with 

Division 23 Section, Vibration Controls for HVAC, Plumbing and Fire Protection 
Equipment. 

 
C. Coordinate all electrical requirements with Division 26. 

 
D. Coordinate all indoor and outdoor equipment pad locations and sizes with approved shop 

drawing submittals.  Provide operating weights of equipment to Structural Engineer for 
review.  Coordinate equipment pad locations and sizes with the Concrete Contractor or 
General Contractor.  Furnish anchor bolts which are to be inserted in concrete pads to 
concrete installer. 

 
E. Verify piping arrangements of all equipment with the contract drawings.  Piping details 

shall be strictly adhered to concerning valves, fittings, components, etc.  At coils, where a 
rebuildable and repairable autoflow valve is installed in the line without the need for 
draining or shutting of the water, the same may be utilized as the isolation valve and 
additional shut-off valve is not required. 

 
F. Connect all equipment, devices and components to wiring systems and to ground as 

indicated and instructed by manufacturer.  Tighten connectors and terminals, including 
screws and bolts, according to equipment manufacturer's published torque-tightening 
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values for equipment connectors.  Where manufacturer's torquing requirements are not 
indicated, tighten connectors and terminals according to tightening requirements 
specified in UL 486A. 

 
G. Testing:  After installing HVAC equipment, devices and components and after electrical 

circuitry has been energized, demonstrate product capability and compliance with 
requirements. 

 
H. Remove and replace malfunctioning units with new units and retest. 

 
I. All mechanical penetrations or terminations in exterior walls shall be flashed and caulked 

watertight. 
 

J. Arrange for equipment such as air handling units, 100% outside air units, to be shipped to 
project in modules where space constraints require the same.  Field erect components as 
required. 

 
3.3 FIELD QUALITY CONTROL 
 

A. Where indicated provide the services of a factory authorized service representative to 
examine the field assembly of components, installation, piping, electrical connections, 
controls, and clearances.  Submit factory start-up check list to Engineer for information 
purposes.  Testing and balancing work shall not commence until start-up reports have 
been completed, reviewed by Engineer, and forwarded to Testing and Balancing Agency. 

 
B. Where factory start-up of equipment is not specified, provide field start-up by qualified 

technician to examine the field assembly of components, installation, piping, electrical 
connections, controls and clearances. Record equipment manufacturers standard start-up 
information and submit to Engineer for review.  Testing and balancing work shall not 
commence until start-up reports have been completed, reviewed by Engineer, and 
forwarded to Testing and Balancing Agency. 

 
C. Charge all refrigerant systems with refrigerant and oil and test for leaks.  Repair leaks and 

replace lost refrigerant and oil. 
 

D. Fill all hydronic systems with water  and/or antifreeze (when required  after flushing and 
test for leaks.  Repair leaks and replace lost water and/or antifreeze.  Coordinate with 
water treatment contractor. 

 
E. Submit to Engineer a written table of all relief valve and make-up water valve settings for 

each system.  Provide an additional copy in the Operations and Maintenance Manuals. 
 

F. Verify proper motor sizes, voltages, thermal overloads, nameplate data, etc.  All 
equipment voltages and current shall be recorded to insure that motors are operating 
below their service factors.  Test and Balance Engineer shall record electrical data before 
continuous or permanent operation. 

 
3.4 DEMONSTRATION 
 

A. Provide the services of a factory authorized service representative to provide start-up and 
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to demonstrate and train the Owner's maintenance personnel. 
 

B. Place equipment into operation and adjust controls and safeties.  Replace damaged or 
malfunctioning components and controls. 

 
C. Training: 

 
1. Train the Owner's maintenance personnel on start-up and shut-down procedures, 

trouble shooting procedures, lubrication, servicing procedures and preventative 
maintenance schedules/procedures.  Review with the Owner's personnel, the 
contents of the operation and maintenance data specified in Division 23 Section, 
Common Work Results for HVAC. 

 
2. Submit operation and maintenance data as soon as possible prior to project close-

out.  Operations and maintenance data shall be submitted to the Owner for review 
and comment prior to submission to the Engineer. 

 
3. Schedule training with the Owner through the Architect and/or Engineer with at 

least seven (7) days prior notice. 
 

D. Contractor shall demonstrate removal and replacement of filters at all pieces of 
equipment with filters in the prescence of the Owners representative. 

 
3.5 CLEANING 
 

A. After completing installation, inspect exposed finish. Remove burrs, dirt, and 
construction debris, and repair damaged finishes including chips, scratches, and 
abrasions. 

 
B. Clean fan and equipment interiors  to remove foreign material and construction dirt and 

dust. Vacuum clean fan wheels, cabinets, and coils' entering air face. 
 
3.6 AIR HANDLING UNIT INSTALLATION REQUIREMENTS 
 

A. Install in conformance with ARI 435.  Install air handling units level and plumb, 
according to manufacturer's written instructions. 

 
B. Install AHU's with resilient mounting and flexible electrical leads. 

 
C. Install flexible connections as hereinafter specified at all duct connections. 

 
D. Comb out fins on AHU coils where deformed or bent.  Replace or repair broken fins. 

 
E. Install coils level.  Install cleanable tube coils with 1:50 pitch. 

 
F. Make connections to coils with unions and flanges. 

 
G. Provide air tight seals between coils and duct or casings.  Gasket all access panels, door 

openings and inspection windows.  Seal all joints between sections. 
 

H. Insulate all headers outside air flow as specified for piping. 
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I. Arrange installation of units to provide access space around air handling units for service 

and maintenance. 
 

J. Adjust damper linkages for proper damper operation. 
 

K. Install air tight seals at all air handling penetration points, including pipe penetrations at 
the coils, unused maintenance - only drain openings, and any penetrations for electrical 
wiring. 

 
3.7 CHILLER INSTALLATION REQUIREMENTS 
 

A. Align chiller package on steel or concrete foundations as indicated. 
 

B. Arrange chiller piping for easy dismantling to permit tube cleaning. 
 

C. Supply initial charge of refrigerant and oil as required. 
 

D. Comb out fins on air cooled chillers where deformed or bent.  Replace or repair broken 
fins. 

 
E. Install chillers according to manufacturer's written instructions. 

 
F. Install chillers plumb and level, and anchor.  Anchor housekeeping pads to building floor.  

Anchor chiller and vibration isolators to housekeeping pad. 
 

G. Install vibration isolators according to isolator manufacturer's written instructions. 
 

H. Maintain manufacturer's recommended clearances for service and maintenance. 
 

I. Install piping connections maintaining clearances for service and maintenance of chillers. 
 

J. Manufacturer's Field Service:  Provide services of a factory-authorized service 
representative to supervise field assembly of components and installation of chillers, 
including piping and electrical connections, and to report results in writing. 

 
1. Test and adjust controls and safeties.  Replace damaged and malfunctioning 

controls and equipment. 
 

K. Touch up scratches in unfinished surfaces to restore corrosion resistance. 
 

L. Touch up scratches in finished surfaces to restore finish. 
 
M. Provide services of a factory trained service technician to start chiller and train Owner on 

the chiller operation. 
 
N. Interlock chiller with automatic temperature control system.  Coordinate requirements 

with automatic temperature control contactor. 
 
O. Install, wire, and interlock fluid flow switch.  Interface with automatic temperature 
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control system. 
 
P. Install flexible connectors, valves, fittings, thermostats, gauges, balance valves, etc… as 

indicated on flow diagram. 
 
Q. Test flow switch. 
 
R. Install manufactured supplied strainer in the chilled water return line. 
 
S. Install vent and drain piping adjacent to evaporator per manufacturer’s requirements. 

 
3.8 DUCTLESS UNITS EQUIPMENT INSTALLATION REQUIREMENTS 
 

A. Mount indoor and outdoor units as detailed on contract drawings. 
 

B. Supply initial charge of refrigerant and oil as required. 
 

C. Install all interlock and control wiring between indoor units, outdoor units  thermostats, 
and condensate pumps. 

 
D. Install indoor ceiling cassette on vibration isolators. 

 
E. Install outdoor units on concrete pads or on roof curbs as indicated on drawings. 

 
F. Comb out fins on condensing unit where deformed or bent. Replace or repair broken fins. 

 
G. Install condensate lift pumps, float switches, alarm, unit shut down wiring and detection 

block units per manufacturer's recommendations. 
 

H. For wall mounted units, locate condensate pumps above ceiling.  Install all piping, tubing 
between indoor unit, adapter, detection block, and condensate pump. 

 
I. For wall mounted units field wire power wiring, alarm circuits, control cable, safety 

circuit connection, alarm, and condensate pump. Condensate pump shall be  powered 
from indoor unit power wiring. Coordinate condensate pump electrical characteristics 
with indoor unit electrical characteristics. 

 
J. Install wind baffles when required for low ambient operation. Locate wind baffles facing 

the predominant wind direction in winter. 
 
3.9 ELECTRIC HEATING EQUIPMENT INSTALLATION REQUIREMENTS 
 

A. Examine heating units for compliance with requirements for installation tolerances and 
other conditions affecting performance of units.  Do not proceed with installation until 
unsatisfactory conditions have been corrected. 
 

B. Install electric finned-tube radiation units level and plumb, according to manufacturer's 
written instructions, rough-in drawings, the original design, and referenced standards. 

 
1. Use methods and accessories to accommodate thermal expansion. 
2. Install cabinet continuously around corners, using manufacturer's outside and 
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inside corner fittings. 
3. Use manufacturer's standard wall trim. 
4. Install manufacturer's access fitting for access to valves and other fittings. 
5. Install air-seal gasketing between wall and enclosure mounting channel. 
6. Terminate unit enclosures with manufacturer's end caps. 
7. Install pedestals and securely attach to floor. 

 
C. Connect heating units and components to wiring systems and to ground as indicated and 

instructed by manufacturer.  Tighten connectors and terminals, including screws and 
bolts, according to equipment manufacturer's published torque-tightening values for 
equipment connectors.  Where manufacturer's torquing requirements are not indicated, 
tighten connectors and terminals according to tightening requirements specified in UL 
486A. 

 
D. After completing system installation, including outlet fittings and devices, inspect 

exposed finish.  Remove burrs, dirt, and construction debris; repair damaged finishes, 
including chips, scratches, and abrasions. 

 
E. Install and mount electric radiant heat panels from building structure as required to 

accommodate ceiling type.  Field furnish all accessories necessary to mount radiant heat 
panels. 

 
3.10 FAN INSTALLATION REQUIREMENTS. 
 

A. Install fans with resilient mounting and flexible electrical leads. 
 

B. Install flexible connections and vibration isolators as specified in Division 23 Section, 
Common Work Results for HVAC and Division 23 Section Vibration Controls for HVAC, 
Plumbing and Fire Protection Equipment. Ensure metal band of connectors are parallel 
with minimum one inch flex between ductwork and fan while running. 

 
C. Provide safety screens/guards on all fans and permanently mount after final testing and 

balancing. 
 

D. Where indicated install and pipe grease collectors with valve, union, and discharge to 
closest floor drain. 

 
E. Do not operate fans for any purpose until ductwork is clean, filters in place, bearings 

lubricated, and fans have been test run under operation. 
 

F. Provide sheave required for final air balance. 
 

G. Install fans according to manufacturer's written instructions. 
 

H. Adjust damper linkages for proper damper operation. 
 

I. Adjust belt tension. 
 

J. Lubricate bearings. 
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K. Replace fan and motor pulleys and belts as required to achieve design conditions. 
 

L. Where specified, mount, install, and wire speed controllers for direct drive fans.  Speed 
controllers for direct drive fans shall be mounted adjacent to fan and wired in accordance 
with the NEC. 

 
3.11 HVAC PUMP INSTALLATION REQUIREMENTS 
 

A. Provide access space around pumps for service.  Provide no less than minimum as 
recommended by manufacturer. 

 
B. Decrease from line size with long radius reducing elbows or reducers.  Support piping 

adjacent to pump such that no weight is carried on pump casings.  For close coupled or 
base mounted pumps, provide supports under elbows on pump suction and discharge line 
sizes 4 inches (102 mm) and over. 

 
C. Provide air cock and drain connection on horizontal pump casings. 

 
D. Provide drains for bases and seals, piped to and discharging into floor drains. 

 
E. Check, align, and certify alignment of base mounted pumps prior to start-up.  Prior to 

starting pumps, the alignment of the pumps and their motors or other drivers shall be 
carefully checked. Alignment should be checked for both offset and angularity.  
Alignment by means of an Ames dial, Laser or equivalent shall be accomplished for all 
pumps. Alignment by straight edge across the pump couplings shall not be acceptable. 

 
F. Install close coupled and base mounted pumps on concrete housekeeping pads, with 

anchor bolts, set and level, and grout in place.  See Division 23 Section, Vibration 
Controls for HVAC, Plumbing and Fire Protection Equipment for inertia pad 
requirements.  After alignment is correct, tighten foundation bolts evenly but not too 
firmly, completely fill baseplate with non shrink, non metallic grout while metal blocks 
and shims or wedges are in place.  After grout has cured, fully tighten foundation bolts. 

 
G. Lubricate pumps before start-up. 

 
H. Provide side-stream filtration system for base mounted pumps.  Install across pump with 

flow from pump discharge to pump suction from pump tappings.  Install flow indicator, 
filter housing with cartridge filter, shut-off  valves, and flow control valves. Install 30 
micron filter for start-up and 5 micron filter for system operation. 

 
I. Install pumps according to manufacturer's written instructions. 

 
1. Install pumps according to HI 1.1-1.5, Centrifugal Pumps for Nomenclature, 

Definitions, Application and Operation. 
 

J. Install pumps to provide access for periodic maintenance, including removing motors, 
impellers, couplings, and accessories. 

 
K. Suspend in-line pumps using continuous-thread hanger rod and vibration-isolation 

hangers.  
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L. Set base-mounted pumps on concrete foundation.  Disconnect coupling halves before 
setting.  Do not reconnect couplings until alignment operations have been completed. 

 
1. Support pump baseplate on rectangular metal blocks and shims, or on metal 

wedges with small taper, at points near foundation bolts to provide a gap of  3/4 
to 1-1/2 inches between pump base and foundation for grouting. 

 
2. Adjust metal supports or wedges until pump and driver shafts are level.  Check 

coupling faces and suction and discharge flanges of pump to verify that they are 
level and plumb. 

 
3.12 HYDRONIC EQUIPMENT AND SPECIALITIES INSTALLATION REQUIREMENTS 
 

A. Where large air quantities can accumulate, provide enlarged air collection standpipes. 
 

B. Provide manual air vents at system high points and as indicated. 
 

C. For automatic air vents provide vent tubing to nearest drain. 
 

D. Provide air separator on suction side of system circulation pump and connect to 
expansion tank. 

 
E. Provide valved drain and hose connection on strainer blow down connection. 

 
F. Provide pump suction fitting on suction side of base mounted centrifugal pumps.  

Remove temporary strainers after cleaning systems. 
 

G. Support pump fittings with floor mounted pipe and flange supports. 
 

H. Select system relief valve capacity so that it is greater than make-up pressure reducing 
valve capacity.  Select equipment relief valve capacity to exceed rating of connected 
equipment and in accordance with ASME requirements. 

 
I. Pipe all relief valve outlets to nearest floor drain. 

 
J. Where one line vents several relief valves, make cross sectional area equal to sum of 

individual vent areas. 
 

K. Perform test determining strength of antifreeze and water solution and submit written test 
results. 

 
L. Install equipment exposed to finished area after walls and ceiling are finished and 

painted. Avoid damage. 
 
M. Protection: Provide finished cabinet units with protective covers during balance of 

construction. 
 

N. Unit heaters: hang from building structure, with pipe hangers anchored to building, not 
from piping. Mount as high as possible to maintain greatest headroom unless otherwise 
indicated. 
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O. Cabinet Unit Heaters: Install as indicated. Coordinate to assure correct recess size for 

recessed units. 
 

P. Install finned-tube radiation units level and plumb, according to manufacturer's written 
instructions, rough-in drawings, the original design, and referenced standards. 

 
1. Use methods and accessories to accommodate thermal expansion. 

 
2. Install cabinet continuously around corners, using manufacturer's outside and 

inside corner fittings. 
 

3. Use manufacturer's standard wall trim. 
 

4. Install manufacturer's access fitting for access to valves and other fittings. 
 

5. Install air-seal gasketing between wall and enclosure mounting channel. 
 

6. Terminate unit enclosures with manufacturer's end caps. 
 

Q. Testing:  After installing and connecting units, demonstrate product capability and 
compliance with requirements. 

 
R. Remove and replace malfunctioning units with new units and retest. 

 
3.13 INCREMENTAL EQUIPMENT INSTALLATION REQUIREMENTS 
 

A. Coordinate installation of all incremental units (unit ventilators, fan coil units, PTACs., 
etc.) with architectural and electrical work. 

 
B. Fan-coil Units: Install as indicated. Coordinate to assure correct recess size for recessed 

units. 
 

C. Units with Cooling Coils: connect drain pan to condensate drain 
 

D. Coordinate cover openings for all thru-the-wall units with architectural work. Coordinate 
installation of wall sleeves in finished wall assembly; seal and weather proof. 

 
E. Vacuum out all units and replace filters prior to turning over the same to the owner. 

 
F. Electrical: Connect units to wiring systems and to ground as indicated and instructed by 

manufacturer. 
 

G. Ground equipment 
1. Tighten electrical connectors and terminals according to manufacturer's 

published torque-tightening values. Where manufacturer's torque values are not 
indicated, use those specified in UL 486A and UL 486B. 

 
H. After completing system installation, including outlet fittings and devices, inspect 

exposed finish. Remove burrs, dirt, and construction debris, and repair damaged finishes 
including chips, scratches, and abrasions. 
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I. Lubricate bearings on fan. 

 
J. Check fan-wheel rotation for correct direction without vibration and binding. 

 
K. Start unit according to manufacturer's written instructions. 

 
1. Complete manufacturer's startup checks. 

 
L. After starting and performance test, change filters. 

 
M. Prior to installing all fan coil units provide mock-up for 1 unit.  Installation shall be 

reviewed by Owner’s Mechanical Inspector and Engineer of Record.  Provide three (3) 
days notice.  

 
3.14 KITCHEN VENTILATION EQUIPMENT INSTALLATION REQUIREMENTS 
 

A. Install all kitchen ventilation equipment in accordance with NFPA-96, NFPA-90A, 
NFPA-90B, and the requirements of the local Health Department. 

 
B. Install gas fired units in accordance with NFPA-54/NFPA-58 where applicable . 

 
C. Provide flexible duct connectors on outlet from makeup air unit. 

 
D. Rooftop units shall be installed on curbs and shall be leveled. 

 
E. Indoor units shall be installed on housekeeping pads and shall be leveled. 
 
F. The installer of the kitchen hood equipment shall submit a certification of installation to 

the Delaware Office of State Fire Marshal. 
 

G. Provide factory start-up and training.  Submit start-up reports to Engineer. 
 
H. Interlock air flow monitoring station with ATC system. 
 
I. Interlock make-up air unit with kitchen hood exhaust fan hood suppression system and 

gas solenoid valve. 
 
J. Verify and record minimum and maximum air flow rates for the supply and exhaust air 

fan. 
 
K. Verify and record the minimum and maximum supply/exhaust fan speeds/ hertz and 

incorporate into the fan tracking sequence of operation. 
 
L. Verify and record temperature rise across all coils.  
 
M. For gas fired equipment verify and record gas pressure at burner manifold. 

 
3.15 WATER TREATMENT INSTALLATION REQUIREMENTS 
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A. Systems shall be operational, filled, started, and vented prior to cleaning. Use water meter 
to record capacity in each system. 

 
B. Place terminal control valves in open position during cleaning.  Open bypass valves on 

coils and close isolation valves on coils during initial flushing. 
 

C. Verify that electric power is available and of the correct characteristics. 
 

D. Use neutralizer agents on recommendation of system cleaner supplier and approval of 
Architect. 
 

E. Flush open systems and closed systems with clean water for one hour minimum. Drain 
completely and refill. 

 
F. Remove, clean, and replace strainer screens. 

 
G. Inspect, remove sludge, and flush low points with clean water after cleaning process is 

completed.  Include disassembly of components as required. 
 
H. Test and submit antifreeze concentration where the same is utilized. 

 
3.16 SPLIT SYSTEM EQUIPMENT INSTALLATION REQUIREMENTS 
 

A. Mount indoor and outdoor units as detailed on contract drawings. Install units level and 
plumb. 

 
B. Supply initial charge of refrigerant and oil as required. 

 
C. Install all interlock and control wiring between indoor units, outdoor units and 

thermostats. 
 

D. Install all indoor and outdoor units on vibration isolators. 
 

E. Install outdoor units on concrete pads as hereinbefore specified or on roof curb as 
indicated on drawings. 

 
F. Install refrigerant suction,  liquid, and hot gas bypass  lines between indoor and outdoor 

units per manufacturers instructions.  Connect precharged refrigerant tubing to 
components quick connect fittings. Install tubing to allow access to unit. 

 
G. Size all refrigerant piping per manufacturers instructions. 

 
H. Connect drain lines to condensate pans. 

 
I. Provide auxiliary drain pans on all horizontal units. Pipe drain to closest floor drain or as 

indicated on drawings. 
 

J. Comb out evaporator coil and condensing unit fins. 
 
3.17 FILTRATION EQUIPMENT INSTALLATION REQUIREMENTS 
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A. Duct mounted filter housings shall be supported independent of adjacent ductwork. Hang 
filter housings using galvanized steel rods. 

 
B. Where filter housing are not factory insulated, externally insulate to prevent surface 

condensation. 
 

C. Install static pressure gauges, tubing, vents, etc., across all filter banks. 
 

D. Transition ductwork to filter housings as indicated on drawings. 
 

E. Where indicated, field test all filters in an installed condition. 
 

F. Install air cleaning devices in accordance with manufacturers instructions. 
 

G. Prevent passage of unfiltered air around filters with felt, rubber, or neoprene gaskets. 
 

H. Do not operate fan system until filters are in place.  Replace temporary filters used during 
construction and testing, with clean set. 

 
I. Position each filter unit with clearance for normal service and maintenance. Anchor filter 

holding frames to substrate. 
 

J. Coordinate filter installations with duct and air handling unit installations. 
 

K. After completing system installation and testing, adjusting, and balancing air handling 
and air distribution systems, clean filter housings and install new filter media. 

 
3.18 GAS FIRED MAKE-UP AIR UNIT INSTALLATION REQUIREMENTS 
 

A. Examine areas to receive energy recovery units, make-up air unit, and H & V unit  for 
compliance with requirements for installation tolerances and other conditions affecting 
performance of energy recovery units.   Do not proceed with installation until 
unsatisfactory conditions have been corrected. 

 
B. Install units as indicated, according to manufacturer's written instructions. 

 
C. Install heat wheels so supply and exhaust flow in opposite directions and rotation is from 

exhaust side to purge section to supply side. 
 

1. Provide access doors in both supply and exhaust ducts, both upstream and 
downstream, for access to wheel surfaces, drive motor, and seals. 

 
2. Provide removable panels or access doors between supply and exhaust ducts on 

building side for bypass during startup. 
 
D. Install and interlock outside air flow monitoring station. 

 
E. Install new filters at completion of equipment installation and before testing, adjusting, 

and balancing. 
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F. Ducts and fan installation requirements are specified in other Division 23 Sections.  
Drawings indicate the general arrangement of piping, fittings, and specialties. 

 
G. Ground Equipment 

 
1. Tighten electrical connectors and terminals according to manufacturer's 

published torque-tightening values.  Where manufacturer's torque values are not 
indicated, use those specified in UL 486A and UL 486B. 

 
H. After completing system installation, including outlet fittings and devices, inspect and 

clean exposed finishes.  Remove dirt and construction debris and repair damaged 
finishes. 
 

I. Test all gas fired equipment. 
 

J. Startup Services: Engage a factory-authorized service representative to commission units 
as specified below. 

 
1. Energize and verify correct rotation of heat wheels and fans. 

 
2. Adjust seals and purge. 

 
3. Test and adjust controls and safeties.  Replace damaged or malfunctioning 

controls and equipment. 
 

4. Test refrigerant circuit and controls. 
 

5. Record refrigerant pressures. 
 

6. Verify sequence of operation. 
 

K. Training 
 

 
1. Train Owner's maintenance personnel on procedures and schedules related to 

startup and shutdown, troubleshooting, servicing, and preventative maintenance. 
 

2. Review data in the operation and maintenance manuals.  Refer to Division 01 
Section, Demonstration and Training. 

 
3. Schedule training with Owner, through Architect, with at least 7 days advance 

notice. 
 

L. Where specified field install and interlock air flow monitoring stations 
 

 
 END OF SECTION   
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SECTION 23 07 01 
 

HVAC INSULATION 
 
PART 1. GENERAL 
 
1.1. REFERENCE 
 

A. The Conditions of the Contract and other General Requirements apply to the work specified 
in this Section.  All work under this Section shall be subject to the requirements of Division 
23 Section, Common Work Results for HVAC. 

 
B. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section 
 
1.2. DESCRIPTION 
 

A. All piping, ductwork, and equipment installed under this Contract shall be covered as 
specified. 

 
1.3. SCOPE 
 

A. The work covered by this specification consists of furnishing all labor, equipment, materials 
and accessories, and performing all operations required, for the correct fabrication and 
installation of thermal insulation applied to all piping, equipment, and duct systems, in 
accordance with applicable project specifications and drawings, subject to the terms and 
conditions of the contract. 

 
1.4. STANDARDS 
 

A. Thermal insulation materials shall meet the property requirements of one or more of the 
following specifications as applicable to the specific product or use: 

 
1. American Society for Testing of Materials Specifications: 

 
a). ASTM C 547, "Standard Specification for Mineral Fiber Preformed Pipe 

Insulation". 
 

b). ASTM C 533, "Standard Specification for Calcium Silicate Pipe & Block 
Insulation". 

 
c). ASTM C 55, "Standard Specification for Mineral Fiber Blanket and Felt 

Insulation". 
 

d). ASTM E 96, “Standard Test Methods for Water Vapor Transmission of 
Material”. 

 
e). ASTM C 585, "Recommended Practice for Inner and Outer Diameters of 

Rigid Pipe Insulation for Nominal Sizes of Pipe and Tubing (NPS System)". 
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f). ASTM C 612, "Standard Specification for Mineral Fiber Block and Board 
Thermal Insulation". 

 
g). ASTM C 1136, "Standard Specification for Barrier Material, Vapor, "Type 

1 or 2 (Jacket only). 
 

2. ASHRAE 90.1 "Energy efficient design of new buildings except low-rise residential 
buildings", latest edition. 
 

3. International Energy Conservation Code, latest edition. 
 

B. Insulation materials, including all weather and vapor barrier materials, closures, hangers, 
supports, fitting covers, and other accessories, shall be furnished and installed in strict 
accordance with project drawings, plans, and specifications. 

 
1.5. SYSTEM PERFORMANCE 
 

A. Insulation materials furnished and installed hereunder should meet the minimum economic 
insulation thickness requirements of the North American Insulation Manufacturers' 
Association (NAIMA) (formerly known as TIMA), to ensure cost-effective energy 
conservation performance.  Alternatively, materials should meet the minimum thickness 
requirements of National Voluntary Consensus Standard 90.1, (latest edition) and "Energy 
Efficient Design of New Buildings," of the American Society of Heating, Refrigeration, and 
Air-Conditioning Engineers (ASHRAE), latest edition.  However, if other factors such as 
condensation control or personnel protection are to be considered, the selection of the 
thickness of insulation should satisfy the controlling factor.  As minimum, all insulation 
thicknesses shall be as hereinafter specified. 

 
B. Insulation materials furnished and installed hereunder shall meet the fire hazard requirements 

of any one of the following specifications: 
 

1. American Society for Testing of Materials ASTM E 84 
 

2. Underwriters' Laboratories, Inc.   UL 723 
 

3. National Fire Protection Association  NFPA 255 
 

4. ASTM E 96, “Standard Test Methods for Water Vapor Transmission of Materials”. 
 

C. Calcium silicate products shall include a visual identification system to permit positive field 
determination of their asbestos-free characteristics. 

 
1.6. QUALITY ASSURANCE 
 

A. Insulation materials and accessories furnished and installed hereunder shall, where required, 
be accompanied by manufacturers' current submittal or data sheets showing compliance with 
applicable specifications listed in Section 1.4 above. 
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B. Insulation materials and accessories shall be installed in a workmanlike manner by skilled 
and experienced workers who are regularly engaged in commercial insulation work. 

 
1.7. DELIVERY AND STORAGE OF MATERIALS 
 

A. All of the insulation materials and accessories covered by this specification shall be delivered 
to the job site and stored in a safe, dry place with appropriate labels and/or other product 
identification. 

 
B. The Contractor shall use whatever means are necessary to protect the insulation materials 

and accessories before, during, and after installation.  No insulation material shall be 
installed that has become damaged in any way.   The Contractor shall also use all means 
necessary to protect work and materials installed by other trades. 

 
C. If any insulation material has become wet because of transit or job site exposure to moisture 

or water, the Contractor shall not install such material, and shall remove it from the job site.  
An exception may be allowed in cases where the Contractor is able to demonstrate that wet 
insulation when fully dried out (either before installation, or afterward following exposure to 
system operating temperatures) will provide installed performance that is equivalent in all 
respects to new, completely dry insulation.  In such cases, consult the insulation 
manufacturer in writing for technical assistance. 

 
D. Maintain ambient temperatures and conditions required by manufacturers of adhesives, 

mastics, and insulation cements.  Protect all insulation from water, construction traffic, dirt, 
chemical and mechanical damage. 

 
1.8. ALTERNATES 
 

A. Refer to Division 01 Section, “Alternates” for description of work under this section affected 
by alternates. 

 
PART 2. PRODUCTS 
 
2.1. GENERAL 
 

A. All materials to be insulated shall be thoroughly cleaned, after completion of successful tests, 
and shall be covered as specified below.   Fiberglass insulation shall be Owens-Corning, 
Manville, Armstrong, or P.P.G, or as approved equal. 

 
2.2. PIPE INSULATION MATERIALS 
 

A. Unless otherwise noted, insulation shall be one piece or half sectional molded fibrous glass 
with "K" rating of .23 at 75 degrees Fahrenheit mean temperature, for service temperatures 
between -60 degrees Fahrenheit and +450 degrees Fahrenheit with all service poly-
encapsulated jacket.  Pipe insulation shall be fiberglass ASJMax SSL II with double closure 
system as manufactured by Owens Corning, Johns Manville, Knauf or approved equal. 
 

B. Exterior refrigerant pipe insulation shall be Armacell, or approved equal, foam insulation 
with exterior field applied aluminum jacketing. Interior refrigerant piping shall be Armacell 
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or approved equal foam insulation.  Where interior refrigerant piping is exposed also install 
field applied PVC jacketing. 

 
C. Unless otherwise noted, pipe insulation jacket shall be factory-applied vinyl coated, 

embossed and reinforced vapor barrier laminate, with a perm rating of not more than 0.02 
perms.  All hot and cold, concealed and exposed butt strips shall be of the same material as 
the jacket.  Jacket and butt strips shall be sealed with field-applied Foster 85-20/85-60 or 
Childers CP-82 (5 gal cans only) adhesive.  Jacket and butt strips shall be off-white color and 
shall be equivalent to Owens-Corning Fiberglass 25-ASJ. 

 
D. Indoor chilled water pipe insulation shall be ASJ Max with SSL-II closure system pipe 

insulation as manufactured by Owens Corning or approved equal.  Pipe insulation shall be 
composed of heavy density fiberglass insulation with an organic binder.  The insulation shall 
include a white, factory jacketed, resilient, tough, soil resistant polymer facing that matches 
standard PVC fitting covers.  Furnish all accessories and matching butt joints sealing tape for 
system closure.  Insulation shall be suitable for operating temperatures between 32 degrees 
Fahrenheit and 220 degrees Fahrenheit.  Flame spread rating of 25 or less, and smoke 
development rating of 50 or less to comply with building codes for installation in return air 
plenums.  The maximum thermal conductivity (K-value) at a mean temperature of 50 shall 
be .22 BTU-in/hr-Ft2-degrees Fahrenheit. 

 
E. Exterior and exposed interior chilled water located in a finished space requiring jacketing 

and/or painting shall be standard non-wicking pipe insulation as here-in-before specified 
with specified covering.  Indoor exposed interior chilled water piping located in non-finished 
spaces such as mechanical room, boilers, air handling rooms, attic, penthouses, etc., shall be 
ASJ Max with SSL-II closure system pipe insulation as manufactured by Owens Corning or 
approved equal. 

 
F. For fittings on all piping, valves and flanges, apply fiberglass molded or segmented 

insulation equal in thickness to the adjoining insulation and securely fasten in place using 
wire.  Cold piping:  Apply a tack coat of vapor barrier coating and reinforcing mesh.  After 
½ hour, apply second coat of same vapor barrier coating, UL labeled, Type C, for cold water 
piping, Hot piping Type H for hot water piping:  Apply tack of breather mastic.  Wrap fitting 
with fiberglass reinforcing cloth overlapping adjoining sections of pipe insulation by 2-
inches.  Apply a second coat of breather mastic over the reinforcing cloth, working it to a 
smooth finish.   
 
1. Vapor Barrier Coating:  Foster 30-65;  Childers CP-34 or Vimasco 749.  Permeanie 

shall be 0.03 perms or less at 45 mils dry as test by ASTM E96. 
2. Breather mastic:  Foster 46-50; Childers CP-10/11 or Vimasco WC-5 
3. Reinforcing Mesh:  Foster Mast a Fab; Childers Chil Glas #10 or Vimasco Elastafab 

 
G. All pipe insulation, jackets, or facings, and adhesives used to adhere jacket or facing to the 

insulation, including fittings and butt strips, shall have non-combustible fire and smoke 
hazard system rating and label as tested by ASTM E-84, NFPA 225, and UL 73, not 
exceeding Flame Spread 25, Fuel Contributed 50, Smoke Developed 50.  Accessories such 
as adhesives, mastic cements, tapes and cloth for fittings shall have the same ratings as listed 
above.  All products or their shipping cartons shall bear the Underwriter's label indicating 
that flame and smoke ratings do not exceed the above criteria. 

 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS  200-163183-17001-07 
STOKES ELEMENTARY SCHOOL     
 

Tetra Tech  HVAC INSULATION 
  23 07 01 - 5 

H. For piping having a vapor barrier insulation and for all insulated piping requiring supports, 
hangers and supports shall be installed outside the insulation.  Wherever hangers and 
supports are installed outside the insulation, pipe insulation protecting shields shall be 
provided.  Where insulation is a load bearing material, of sufficient strength to support the 
weight of the piping, pipe shields one-third the circumference of the insulation and of a 
length not less than three times the diameter of the insulation (maximum length 24-inches) 
shall be provided.  Insulation of 7-1/4 pound or greater density will be considered as load 
bearing for pipe sizes up to and including 2-inches.  Where insulation is not of sufficient 
strength to support the weight of the piping, a half section of high density fiberglass or foam 
inserts, shall be provided.  Vapor barrier and finish shall be applied as required to match 
adjoining insulation. In addition, shields shall be furnished as specified above. 

 
I. For piping located outside of the building, a corrugated aluminum weatherproof jacketing 

system shall be provided.  This system shall be Micro-Lot ML as manufactured by Manville, 
Polyweld by Pabco Metals Corp., Childers, or as approved equal, and installed per the 
manufacturer's recommendations.  Where outdoor piping is receiving electric heat tape, the 
insulation shall be oversized so that the heat tape is not compressed tightly to the pipe.  Pipe 
jacketing shall be corrugated (3/16-inch) deep aluminum, .016-inch thickness of H-14 temper 
with aluminum strapping of .75-inch width and .020 inch thickness with moisture barrier.  
Aluminum jacketing elbows shall be smooth, .016-inch thickness and 1100 alloy.  All 
jacketing shall have an integrally bonded moisture barrier over the entire surface in contact 
with the insulation.  Longitudinal joints shall be applied so they will shed water and shall be 
sealed completely with metal jacketing sealant.  Sealant shall be Foster 95-44 or Childers 
CP-76.  Circumferential joints shall be closed using preformed butt strips following 
manufacturer's recommendations for securement.  Jacket seams shall be located on the 
bottom side of the horizontal piping. 

 
J. All disturbed piping insulation in existing areas shall be re-insulated with insulation type, 

density, and thickness as specified for new piping.  Insulation damaged due to new work and 
demolition only shall be replaced unless otherwise noted. 

 
K. On cold systems such as refrigerant piping chilled water piping, cooling coil drain piping, 

and glycol piping, vapor barrier performance is extremely important.  All penetrations and 
seams of the ASJ and exposed ends of insulation must be sealed with vapor barrier coating.  
The ASJ must be protected with either a coating or a suitable vapor retarding outer jacket.  
Vapor seals at butt joints shall be applied at every fourth pipe section joint and at each fitting 
to provide isolation of water incursion.  Vapor Barrier Coating:  Foster 30-65; Childers CP-
34 or Vimasco 749.  Permeance shall be 0.03 perms or less at 45 mils dry as test by ASTM 
E96. 

 
L. Fittings and valves shall be insulated with pre-formed fiberglass fittings, fabricated sections 

of fiberglass pipe insulation, Fiberglass pipe and tank insulation, Fiberglass blanket 
insulation, or insulating cement.  Thickness shall be equal to adjacent pipe insulation.  Finish 
shall be with pre-formed PVC fitting covers or as otherwise specified on contract drawings.  
Where applicable, Victaulic PVC fitting valve and coupling covers shall be utilized. 
Victaulic PVC covers shall be installed with matching pipe insulation jacketing material, 
vinyl tape solvent weld adhesive and appropriate fasteners. 

 
1. Flanges, couplings and valve bonnets shall be covered with an oversized pipe 

insulation section sized to provide the same insulation thickness as on the main pipe 
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section.  An oversized insulation section shall be used to form a collar between the 
two insulation sections with low density blanket insulation being used to fill gaps.  
Jacketing shall match that used on straight pipe sections.  Rough cut ends shall be 
coated with a suitable weather or vapor-resistant mastic as dictated by the system 
location and service.  Finish valve installation with a Tyvac jacket with ends that 
secure to adjacent piping. 

 
2. On hot systems where fittings are to be left exposed, insulation ends should be 

beveled away from bolts for easy access. 
 

3. On cold systems, particular care must be given to vapor sealing the fitting cover or 
finish to the pipe insulation vapor barrier.  All valve stems must be sealed with 
caulking which allows free movement of the stem but provides a seal against 
moisture incursion.  All gauge and thermometer penetrations and extensions shall be 
correctly sealed and insulated to prevent surface condensation.  Install oversized 
hangers to prevent penetrations of pipe insulation vapor barrier. 

 
M. All piping shall be supported in such a manner that neither the insulation or the 

vapor/weather barrier is compromised by the hanger or the effects of the hanger.  In all cases, 
hanger spacing must be such that the circumferential joint may be made outside the hanger.  
On cold systems, vapor barrier must be continuous, including material covered by the hanger 
saddle. 

 
1. Piping systems 3-inches (7.5cm) in diameter or less, insulated with Fiberglass 

insulation, may be supported by placing saddles of the proper length and spacing, as 
designated in Owens-Corning Pub. 1-IN-12534, under the insulation.  Hangers 
saddles shall be minimum 16 gauge with a saddle arc of 120 degrees minimum. 

 
2. For hot or cold piping systems larger than 3-inches (7.5 cm) in diameter, operating 

at temperatures less than +200 degrees F (93 degrees C) and insulated with fiber 
glass, high density inserts such as foam or wood blocks with sufficient compressive 
strength shall be used to support the weight of the piping system.  At temperatures 
exceeding +_200 degrees F (93 degrees C), Owens-Corning Pink Calcium Silicate, 
IIG, or approved equal pipe insulation shall be used for high density inserts. 

 
3. Owens-Corning Pink Calcium Silicate pipe insulation may be used to support the 

entire weight of the piping system provided the hanger saddle is designed so the 
maximum compressive load does not exceed 100 psi (7kg/cm). 

 
4. Where pipe shoes and roller supports are required, insulation shall be inserted in the 

pipe shoe to minimize pipe heat loss.  Where possible, the pipe shoe shall be sized to 
be flush with the outer pipe insulation diameter. 

 
5. Thermal expansion and contraction of the piping and insulation system shall 

generally be taken care of by utilizing double layers of insulation and staggering 
both longitudinal and circumferential joints. Where long runs are encountered, 
expansion joints may be required where single layers of insulation are being used 
and should be so noted on the contract drawings. 

 
6. On vertical runs, insulation support rings shall be used. 
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2.3. PIPING INSULATION THICKNESSES SCHEDULE 
 

A. All piping shall be insulated with pipe insulation of the thicknesses indicted below: 
 

 
PIPING INSULATION THICKNESS SCHEDULE 
SERVICES 

 
THICKNESS 

 
Chilled Water Piping 2 ½-inches & Larger 

 
2-inch thickness 

 
Chilled Water Piping 2-inches & Smaller 

 
2-inch thickness 

 
All Branch Runouts to Unit Heaters/Fin Tube/Convectors 

 
½-inch thickness 

 
Heating Hot Water Piping 2-inches & Larger 

 
2 –inch thickness 

 
Heating Hot Water Piping 1-½ -inches & Smaller 

 

 
1 ½ -inch thickness 

 
All Drain Piping from Cooling Coils/Evaporators 

 
1-inch thickness 

 
Chemical Feed System 

 
1-inch thickness 

 
 
All Refrigerant Piping 

 
1-inch thickness 

Piping within Fan Coil Unit Enclosures ½-inch thickness  
 
2.4. EQUIPMENT INSULATION MATERIALS AND THICKNESSES 
 

A. The following equipment shall be insulated with Fiberglass Rigid Board Insulation or Foam 
Plastic Insulation: 

 
1. Chilled Water Pump and Hot Water Pump Bodies. 

 
2. Air Separators. 

 
3. Expansion Tanks.  

 
4. Chiller Heads. 

 
5. Chemical Feed Tanks. 

 
6. Freeze Protection Pump Bodies. 

 
7. All Pump Volutes and Strainers. 

 
B. Insulation for cold surfaces shall be 1-1/2-inch thickness, 6 lb. density, 705 FRK with a "K" 

rating of .23 at 75 degrees F mean temperature.  Insulation for hot surfaces except as 
otherwise noted shall be 1-1/2-inch thickness, 6 lb. density, 705 with a "K" rating of .23 at 
75 degrees F mean temperature.  Insulation shall be applied with staggered joints firmly 
butted and joined.  The insulation shall be held in place by steel bands.  Bands shall be 1-
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inch by 25 gauge galvanized steel spaced on not over 12-inch centers.  All joints and voids 
shall be filled with Owens-Corning #110 cement, well troweled into openings.  For 705 FRK 
insulation, all joints and voids shall be FRK taped and vapor sealed.  There shall be applied 
over the insulation surface 1-inch galvanized wire netting laced together at all edges and 
wired to the steel bands with 16 gauge soft annealed wire.  Over this shall be applied 2-inch 
thick layer of Owens-Corning #110 cement applied in two layers.  Install metal corner beads 
at all corners and edges in order to provide a permanent installation.  Onto the dry cement 
surface apply a brush coat of Foster Sealfas 30-36 or Childers CP-50AMV1 lagging adhesive 
at the rate of 60-70 square feet per gallon.  Embed into wet coating a layer of 8 ounce canvas 
or fiberglass lattice mesh smoothed out to avoid wrinkles and lap all seams a minimum of 2-
inches.  Apply a second brush coat of Sealfas 30-36 or Childers CP-50AMV1 lagging 
adhesive to the entire surface at the rate of 60-70 square feet per gallon.  Cleanouts, 
nameplates, and manholes shall not be insulated, and the insulation on surrounding surfaces 
shall be neatly beveled off at such openings. 

 
C. Insulation Installation on Pumps: 
 

1. Fabricate metal boxes lined with insulation.  Fit boxes around pumps and coincide 
box joints with splits in pump casings. Fabricate joints with outward bolted flanges. 
 Bolt flanges on 6-inch (150-mm) centers, starting at corners.  Install 3/8-inch- (10-
mm-) diameter fasteners with wing nuts.  Alternatively, secure the box sections 
together using a latching mechanism. 

2. Fabricate boxes from aluminum at least 0.040 inch (1.0 mm) thick. 
3. For below ambient services, install a vapor barrier at seams, joints, and penetrations. 

 Seal between flanges with replaceable gasket material to form a vapor barrier. 
 

D. Boards shall be scored to allow them to conform to curved or irregular surfaces. 
 

E. Mechanical fasteners shall be utilized to hold insulation to surface with bands as required to 
hold the curvature of the material. 

 
F. Support rings shall be provided to support the top head insulation where required. 

 
G. Outdoor installations require a weather barrier for protection of the insulation jacketing. 

 
H. Insulation types materials shall be suitable for temperatures encountered by each item of 

equipment. 
 
2.5. DUCTWORK INSULATION MATERIALS AND THICKNESSES 
 

A. Insulate all supply, return, relief, combustion air, discharge, and outside air intake ductwork 
with fiberglass exterior duct insulation with factory-applied foil facing.  All exposed 
fiberglass duct insulation shall be 2-inch rigid or non-flexible board type 3.0 pcf minimum 
density, 0.23 max. "K" factor at 75 degrees F mean temperature, with white vinyl A.S.J. 
max, polymer coating vapor barrier facing.  All concealed fiberglass duct insulation shall be 
2-inch flexible blanket type, 1.0 pcf minimum density.  All concealed insulation shall be 0.27 
max. "K" factor at 75 degrees F mean temperature with reinforced foil-scrim Kraft vapor 
barrier facing.  Unless otherwise noted, the minimum installed R-value shall be 6.0 HR x ft2 

x ºF/btu. 
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B. Refer to Division 23 Section, HVAC Air Distribution System and contract drawings for 
location of all sound-lined ductwork. Sound-lined ductwork from the discharge or supply 
side of all air handling units, make –up air units, and rooftop units, shall require external 
insulation in addition to internal lining specified hereinafter.  All other ducts indicated to be 
provided with interior lining shall not require additional exterior insulation. 

 
C. Where a vapor barrier is required, all joints, seams, tears, punctures, and other penetrations 

shall be closed with 3-inch (7.5cm) pressure-sensitive tape matching the facing or with vapor 
barrier coating reinforced with 3-inch (7.5cm) glass scrim tape. 
 

D. Contractor-applied internal linings shall be as specified and installed as hereinafter specified. 
 

E. For exposed Fiberglass duct insulation, tightly butt all edges and seams.  Secure insulation 
with flush mechanical fasteners spaced not less than one per square foot.  Insulation may be 
secured with 100 percent coverage of adhesive with mechanical fasteners on the underside of 
the duct only, in addition to adhesive.  Adhesive shall be water based Foster 85-60 or 
Childers CP-127.  Cover all seams, joints and fasteners with not less than 3-inch wide tape 
matching the insulation facing.  Pre-finished white fastener caps may be left exposed if the 
spacing and pattern is uniform in appearance.  Staples will not be permitted. 

 
F. All disturbed ductwork insulation in existing areas shall be re-insulated with insulation type 

and thickness as specified for new ductwork.  Duct insulation damaged due to installation of 
new work and demolition only shall be replaced. 

 
G. All supply air diffusers and supply air registers shall be fully insulated on the rear exposed 

surface to prevent condensation.  Insulation shall be 1 ½" inch flexible blanket type 1 ½ pcf 
minimum density with reinforced foil-scrim-Kraft vapor barrier facing, .25 max "k" factor. 

 
H. All airflow monitoring stations shall be externally insulated similar to adjacent ductwork as 

hereinbefore specified. 
 
I. Existing ductwork that is indicated to be re-used shall be cleared, degreased, sealed, and 

insulated as specified for new ductwork. 
 
2.6. ACCESSORY MATERIALS 
 

A. Accessory materials installed as part of insulation work under this section shall include, but 
not be limited to: 

 
1. Closure Materials - Butt strips, bands, wires, staples, mastics, adhesives; pressure-

sensitive tapes. 
 

2. Field-applied jacketing materials - sheet metal, plastic, canvas, fiber glass cloth, 
insulating cement; PVC fitting covers, PVC jacketing. 

 
3. Support Materials - Hanger straps, hanger rods, saddles. 

 
4. Fasteners, weld pins/studs, speed clips, insulation washers. 

 
5. Metal mesh or expanded metal lagging. 
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B. All accessory materials shall be installed in accordance with project drawings and 

specifications, manufacturer's instructions, and/or in conformance with the current edition of 
the Midwest Insulation Contractors Association (MICA) "Commercial & Industrial 
Insulation Standards." 

 
2.7. GREASE DUCT ENCLOSURE WRAP 
 

A. Provide listed grease duct enclosure wrap on all kitchen hood exhaust ducts.  Duct wrap shall 
comply with ASTM E 2336-01 "Standard Test Method" for Fire Resistive Grease Duct 
Enclosure System. Duct wrap shall be Fire Master as manufactured by Thermal Ceramics, 
Fyerewrap as manufactured by Unifrax, and Fire Barrier as manufactured by 3M, Schebbler, 
or approved equal. 

 
B. Duct wrap shall be foil-encapsulated, non-combustible, inorganic, flexible fire proofing 

wrap.  Duct wrap shall be utilized in combination with Fire Master or approved equal,  Putty 
and Fire Master or approved equal, bulk fiber to fire rate kitchen hood exhaust ducts. Duct 
wrap shall be capable of withstanding 2300 degrees F temperatures and protect combustible 
construction at zero clearance. 
 

C. Two (2) layers of duct wrap shall be applied directly to the duct to provide a two (2) hour 
fire resistance enclosure for both vertical and horizontal duct runs.  Apply putty and bulk 
fiber in conjunction with duct wrap at all duct penetrations of fire rated walls and ceilings.  
Insulate all duct access doors per U.L. listing and label per N.F.P.A.-96. 

 
D. Furnish and install all material per manufacturer's installation requirements and per U.L. 

listing.  Install support hangers, duct access door enclosures, and through penetration 
systems in accordance with NFPA-96, A.S.T.M. listing, and manufacturer's installation 
requirements. 
 

E. Insulate all access doors and pitot tube openings.  Install signs indicating either “access 
door” or “pitot tube”. 

 
2.8. FIELD-APPLIED JACKET 
 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated. 
 

B. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and 
forming.  Thickness is indicated in field-applied jacket schedules.  

 
1. Products:  Subject to compliance with requirements, available products that may be 

incorporated into the Work include, but are not limited to, the following: 
a). Johns Manville; Zeston. 
b). P.I.C. Plastics, Inc.; FG Series. 
c). Proto PVC Corporation; LoSmoke. 
d). Speedline Corporation; SmokeSafe. 

 
2. Adhesive:  As recommended by jacket material manufacturer. 
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3. Color:  High gloss white.   
 

4. Factory-fabricated fitting covers to match jacket if available; otherwise, field 
fabricate. 
a). Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, 

flanges, unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, 
and P-trap and supply covers for lavatories. 

 
5. Factory-fabricated tank heads and tank side panels. 

 
2.9.  HANGER BLOCKS 

 
A. For all pipes larger than 3 inches in diameter the hanger blocks shall be high compressive 

strength foam or wood blocks.  Wood blocks shall be precision cut thickness to match 
specified insulation and shall include flared edge hanger saddle as manufactured by 
Buckaroo. 
 

B. The wood blocks shall be suitable for temperatures from  -120 degrees Fahrenheit to 200 
degrees Fahrenheit.  Do not utilize the wood blocks for piping systems operating outside of 
the indicated temperature range. 

 
C. Wood blocks are not acceptable for use at refrigerant pipe hangers. 
 

PART 3. EXECUTION 
 
3.1. WORKMANSHIP 
 

A. The Contractor shall take special care to prevent soiling equipment below or adjacent to 
areas being insulated.  He shall be completely responsible for removing insulation cement 
splashes and smears and all surfaces that he mars or otherwise soils or defaces, and he will be 
totally responsible for restoring these damaged surfaces to their like-new condition when 
delivered to the site. 

 
3.2. SITE INSPECTION 
 

A. Before starting work under this section, carefully inspect the site and installed work of other 
trades and verify that such work is complete to the point where installation of materials and 
accessories under this section can begin. 

 
B. Verify that all materials and accessories can be installed in accordance with project drawings 

and specifications and material manufacturers' recommendations. 
 

C. Verify, by inspecting product labeling, submittal data, and/or certifications which may 
accompany the shipments, that all materials and accessories to be installed on the project 
comply with applicable specifications and standards and meet specified thermal and physical 
properties. 

 
3.3. PREPARATION 
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A. Ensure that all pipe and equipment surfaces over which insulation is to be installed are clean 
and dry. 

 
B. Ensure that insulation is clean, dry, and in good mechanical condition with all factory-

applied vapor or weather barriers intact and undamaged.  Wet, dirty, or damaged insulation 
shall not be acceptable for installation. 

 
C. Ensure that pressure testing of piping or duct systems has been completed prior to installing 

insulation. 
 
3.4. INSTALLATION 
 

A. Piping Systems 
 

1. General: 
 

a). Install all insulation materials and accessories in accordance with 
manufacturer's published instructions and recognized industry practices to 
ensure that it will serve its intended purpose. 

 
b). Install insulation on piping subsequent to installation of heat tracing, 

painting, testing, and acceptance tests. 
 

c). Install insulation materials with smooth and even surfaces.  Insulate each 
continuous run of piping with full-length units of insulation, with single cut 
piece to complete run.  Do not use cut pieces or scraps abutting each other.  
Butt insulation joints firmly to ensure complete, tight fit over all piping 
surfaces.  

 
d). Maintain the integrity of factory-applied vapor barrier jacketing on all pipe 

insulation, protecting it against puncture, tear or other damage.  Seal all 
tears, punctures and other penetrations of the pipe insulation vapor barrier 
coating. 

 
e). On exposed piping, locate insulation and cover seams in least visible 

location. 
 

2. Fittings:  Cover valves, fittings, unions, flanges, strainers, flexible connections, 
expansion joints, pump bodies, strainers, blowdowns, backflow preventers, autoflow 
valves and similar items in each piping system using one of the following: 

 
a). Mitered sections of insulation equivalent in thickness and composition to 

that installed on straight pipe runs. 
 

b). Cold pipe fittings:  Apply a tack coat of vapor barrier coating and 
reinforcing mesh to produce a smooth surface.  After ½ hour, apply a 
second coat of same vapor barrier coating, UL labeled, Type C, for cold 
water piping. 
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c). Hot pipe fittings and Type H for hot water piping: Apply tack of breather 
mastic.  Wrap fitting with fiberglass reinforcing cloth overlapping adjoining 
sections of pipe insulation by 2-inches.  Apply a second coat of Type C or 
Type H breather mastic over the reinforcing cloth, working it to a smooth 
finish. 

 
d). Insulation cement equal in thickness to the adjoining insulation. 

 
e). PVC fitting covers insulated with material equal in thickness and 

composition to adjoining insulation. 
 

3. Penetrations:  Extend piping insulation without interruption through walls, floors, 
and similar piping penetrations, except where otherwise specified. 

 
4. Joints: 

 
a). Butt pipe insulation against hanger inserts. For hot pipes, apply 3-inch 

(7.5cm) wide vapor barrier tape or bank over butt joints.  For cold piping, 
apply wet coat of vapor barrier lap cement on butt joints, and seal joints 
with 3-inch (7.5cm) wide vapor barrier tape or band. 

 
b). All pipe insulation ends shall be tapered and sealed, regardless of service. 

 
5. For heat traced piping, insulate fittings, joints, and valves with insulation of like 

material, thickness and finish as adjoining pipe.  Size insulation large enough to 
enclose pipe and heat trace.  Cover with aluminum jacket with seams located on 
bottom side of horizontal piping. 

 
6. Exterior above ground chilled water piping shall not be insulated with vapor wick 

insulation.  Fiberglass insulation with aluminum jacketing shall be utilized for 
exterior above ground applications.  Seal all aluminum jacketing laps with 1/8” bead 
of metal jacketing sealant to prevent water entry. 
 

7. All existing floor drain piping that is indicated to receive A/C condensate shall be 
fully insulated to prevent condensation. 

 
B. Equipment Insulation: 

 
1. General: 

 
a). Install insulation in accordance with manufacturer's published instructions 

and recognized industry practices to ensure that it will serve its intended 
purpose. 

 
b). Install insulation on equipment after installation of heat tracing, painting, 

testing, and acceptance tests. 
 

c). Install insulation materials with smooth, even surfaces. Rework poorly 
fitted joints.  Do not use joint sealer or mastic as filler for joint gaps and 
excessive voids resulting from poor workmanship.  Apply insulation using 
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staggered joint method for both single and double layer installation, 
applying each layer of insulation separately. 

 
d). Coat insulated surfaces where specified on contract drawings with layer of 

insulating cement, troweled in a workmanlike manner, leaving a smooth and 
continuous surface.  Fill in seams, broken edges, and depressions.  Cover 
over wire mesh and joints with cement sufficiently thick to remove surface 
irregularities. 

 
e). Maintain the integrity of factory-applied vapor barrier jacketing on all 

insulation, protecting it against puncture, tears or other damage.  Seal all 
tears, punctures and other penetrations of equipment insulation facing. 

 
f). Where specification calls for field-applied all-service vapor barrier 

jacketing, it shall be neatly fitted and tightly secured.  Lap seams 2-inches 
(5cm) (min.). Seal all joints with adhesive.  Tape with 3-inches (7.5cm) 
matching pressure-sensitive tape or 3-inch (7.5cm) glass fabric and vapor 
barrier coating. 

 
g). On exposed equipment, locate insulation and cover seams in least visible 

location. 
 

2. Removable Insulation:   Provide removable insulation sections to cover parts of 
equipment which must be opened periodically for maintenance, such as vessel 
covers, fasteners, flanges, frames accessories, manholes, handholes, cleanouts 
ASME stamp, and manufacturer nameplates. 

 
3. Areas Left Uninsulated:  Items such as boiler manholes, handholes, clean-outs, 

ASME stamp, and manufacturers' nameplates should be left uninsulated unless 
omitting insulation would cause a condensation problem.  When such is the case, 
provide removable insulation and appropriate tagging to identify the presence of 
these items.  Provide neatly beveled edges at interruptions of insulation. 

 
4. Equipment Exposed to Weather:  Protect outdoor insulation from weather by 

installation of weather barrier mastic protective finish or jacketing as recommended 
by the jacketing manufacturer. 

 
C. Ductwork Insulation: 

 
1. General: 

 
a). Before installing insulation, ensure that all seams and joints in ductwork 

have been sealed and leak tested by the contractor responsible for the duct 
system.  Before applying duct insulation, air ducts shall be clean and dry. 

 
b). Install insulation in accordance with manufacturer's published instructions 

and recognized industry practice to ensure that it will serve its intended 
purpose. 
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c). Install insulation materials with smooth and even surfaces.  Butt joints 
firmly together to ensure complete and tight fit over surfaces to be covered. 

 
d). Maintain the integrity of factory-applied vapor barrier jacketing on all 

insulation, protecting it against puncture, tears or other damage.  All staples 
used on ductwork insulation shall be coated with suitable sealant to 
maintain vapor barrier integrity and covered with pressure sensitive vapor 
barrier tape and vapor barrier coating as specified. 

 
e). Insulate entire system including fittings, joints, flanges, fire dampers, 

flexible connections, and exposed joints.  All portions of duct designated to 
receive duct wrap shall be completely covered with duct wrap. 

 
f). To ensure installed thermal performance, duct wrap insulation shall be cut 

to "stretch-out" dimensions. Maintain specified duct insulation thickness 
and vapor barrier at all fittings, obstructions, and duct flanges. 

 
g). A 2-inch (50mm) piece of insulation shall be removed from the facing at the 

end of the piece of duct wrap to form an overlapping stapling and taping 
flap. 

 
h). Install duct wrap insulation with facing outside so that the tape flap overlaps 

the insulation and facing at the other end of the piece of duct wrap.  
Adjacent sections of duct wrap insulation shall be tightly butted with the 2-
inch (50mm) stapling and taping flap overlapping.  If ducts are rectangular 
or square, install so insulation is not excessively compressed at corners. 
Seams shall be stapled approximately 6-inches (150mm) on center with 2-
inch (13mm) (min) steel outward clinching staples. 

 
i). Seams, joints and staples shall be sealed with pressure-sensitive tape 

matching the insulation facing (either plain foil or FRK backing stock) and 
glass fabric and vapor barrier coating. Cloth duct tape of any color or finish 
using reclaimed rubber adhesives shall not be utilized on duct wrap 
insulation.  Adjacent sections of duct wrap shall be tightly butted with the 
2-inch (50mm) tape flap overlapping. 

 
j). Where rectangular ducts are 24-inch (600mm) in width or greater, duct 

wrap insulation shall be additionally secured to the bottom of the duct with 
mechanical fasteners such as pins and speed clip washers, spaced on 18-
inch (425mm) centers (maximum) to prevent sagging of insulation. 

 
k). Seal all tears, punctures and other penetrations of the duct wrap facing using 

one of the above methods to provide a vapor tight system. 
 

l). Upon completion of installation of duct wrap and before operation is to 
commence, visually inspect the system and verify that it has been correctly 
installed. 
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m). Open all system dampers and turn on fans to blow all scraps and other loose 
pieces of material out of the duct system. Allow for a means for removal of 
such material. 
 

n). Check the duct system to ensure that there are no air leaks through joints. 
 

o). No ductwork insulation shall be supported utilizing tie wire or bailing wire. 
 Penetrations of ductwork insulation vapor barrier are prohibited. 

 
p). Bevel and terminate insulation at access doors. Paint edges with vapor 

barrier mastic. 
 

q). Install insulation board between volume dampers and sheet metal standoffs. 
 

r). Provide removable insulation section at all pitot tube traverse points. 
Insulation section shall contain tether that attaches to adjacent ductwork. 

 
2. Penetrations:  Extend ductwork insulation without interruption through walls, floors 

and similar ductwork penetrations, except where otherwise specified. 
 

3. Ductwork Exposed to Weather:  Protect outdoor insulation from weather by 
installing outdoor weather barrier mastic or jacketing as recommended by the 
insulation manufacturer. 
 

4. Rigid Insulation: 
 

a). Rigid duct insulation may be impaled over welded pins and secured with 
insulation caps and washers matching the color of the vapor barrier facing.  
All seams shall be firmly butted and sealed with pressure-sensitive vapor 
barrier tape matching the facing and vapor barrier coating. 

 
b). Corner angles shall be installed on all external corners of rigid duct 

insulation in exposed finished areas before jacketing, except oven and hood 
exhaust duct insulation, which shall have no corner angles. 

 
5. Duct Wrap Insulation:  Duct wrap insulation shall be applied with all joints butted 

firmly together.  All joints in the insulation covering shall be sealed with adhesive.  
Duct wrap insulation shall be secured to bottom of rectangular or oval ducts over 
24inches (60cm) wide with mechanical fasteners on 16-inch (40 cm) (approx.) 
centers to prevent sagging. 

 
6. Duct Lining Insulation:   Duct liner insulation shall be  applied with all joints tightly 

butted using 90 percent coverage of adhesive meeting the requirements of ASTM C 
916 plus mechanical fasteners spaced according to the liner manufacturer's  schedule 
for the interior width of the plenum, housing, or air shaft.  (Also refer to Division 23 
Section, HVAC Air Distribution System.) 

 
3.5. FIELD QUALITY ASSURANCE 
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A. Upon completion of all insulation work covered by this specification, visually inspect the 
work and verify that it has been correctly installed.  This may be done while work is in 
progress, to assure compliance with requirements herein to cover and protect insulation 
materials during installation. 

 
3.6. PROTECTION 
 

A. Replace damaged insulation which cannot be satisfactorily repaired, including insulation 
with vapor barrier damage and moisture-saturated insulation. 

 
B. The insulation contractor shall advise the general and/or the mechanical contractor as to 

requirements for protection of the insulation work during the remainder of the construction 
period, to avoid damage and deterioration of the finished insulation work. 

 
3.7. SAFETY PRECAUTIONS 
 

A. Insulation contractor's employees shall be properly protected during installation of all 
insulation.  Protection shall include proper attire when handling and applying insulation 
materials, and shall include (but not be limited to) disposable dust respirators, gloves, hard 
hats, and eye protection. 

 
B. The insulation contractor shall conduct all job site operations in compliance with applicable 

provisions of the Occupational Safety and Health Act, as well as with all state and/or local 
safety and health codes and regulations that may apply to the work. 

 
3.8. INSULATION COVERING 
 

A. Unless otherwise noted, all exposed duct and equipment insulation shall have a field applied 
PVC jacket cover neatly cut and pasted over ductwork and equipment insulation.  PVC shall 
be high gloss white and shall be 20 mils thick.   

 
B. Unless otherwise noted, all exposed pipe insulation required to be insulated shall be jacketed 

with a PVC Jacketing with fitting covers.  PVC jacket shall be color fade resistant, white 
high gloss, U.S.D.A. authorized as manufactured by Proto Corporation or approved equal.  
PVC jacketing shall be high impact, ultraviolet resistant PVC.  Minimum thickness shall be 
20 mils, roll stock ready for shop or field cutting and forming. 

 
C. Exposed areas include, but are not limited to, all mechanical equipment rooms/fan rooms, 

mezzanines, penthouses, boiler rooms, kitchens, electric rooms, piping and ductwork 
exposed in an occupied space. 

 
D. Where PVC jackets are indicated, install with 1 inch overlap at longitudinal seams and end 

joints, for horizontal applications, install with longitudinal seams along top and bottom of 
tanks and vessels.  Seal with manufacturers recommended adhesive. 

 
1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and 

the finish bead along seam and joint edge. 
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E. Exterior exposed pipe insulation required to be insulated shall be jacketed with a corrugated 
aluminum jacketing system as previously described.  Seal all laps with 1/8” bead metal 
jacketing sealant.  
 

 
 
 
 END OF SECTION 
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SECTION 23 09 00 
 

INSTRUMENTATION AND CONTROLS OF HVAC AND PLUMBING SYSTEMS 
 
PART 1. GENERAL 
 
1.1. SUMMARY 
 

A. For General Mechanical Requirements, see Division 23 Section, Common Work Results     
for HVAC, and Division 01 Sections. 

 
B. Comply with all code requirements and fire safety requirements as specified in Division 

23 Section, Common Work Results for HVAC.   
 

C. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this  Section. 

 
D. This Section includes control equipment for HVAC systems and components, including 

control components for terminal heating and cooling units not supplied with factory 
wired controls.  

 
E. The automatic temperature control system ATC and central control and monitoring 

system (CCMS) shall be electric/electronic direct digital control (DDC), Alerton, Johnson 
Controls (Metasys), Johnson Controls FX as installed by Modern Controls, Honeywell, 
Siemens, Automated Logic Corporation, Reliable Controls, Schneider Electric, Advanced 
Power, Trane, and TAC Controls by Schneider Electric installed by Automation and 
Control Concepts or Niagara.   Control Technologies shall be an acceptable installer of 
the ATC system.  All work associated with the automatic temperature control system 
shall be performed by personnel regularly and directly employed by the Automatic 
Temperature Controls Contractor.  Control System shall be web based, allowing the 
client access via a standard web browser. 

 
F. Coordinate controls with controlled equipment.  Upon completion of the work, calibrate 

and adjust all controls for proper function.  Electric wiring, including interlock wiring for 
equipment such as air handlers, fans,  switches, pumps, variable refrigerant volume 
systems, gas fired equipment, make-up air units, 100% outside air units, unit heaters, 
condensing units, etc., shall be furnished and installed under this section.  All electrical 
work shall conform to the applicable requirements of Division 26.   

 
G. All automatic temperature control dampers, valves and separable wells for immersion 

elements furnished by the Control Manufacturer shall be installed by the Mechanical 
Contractor or his sheet metal subcontractor under the Control Manufacturer's supervision. 

 
H. Reference is hereby made for this contractor to become familiar with Division 26 of these 

specifications.  Familiarization is for coordination purposes only.  The control contractor 
shall provide all necessary relays, contacts, interlock wiring etc. not provided under 
Division 26 for the automation of the ATC and CCMS systems as required by the 
sequence of operation and input/output schedule.  The control contractor shall coordinate 
all requirements with the building Fire Alarm System.  The control contractor shall 
provide all additional devices and interlock wiring required for the automation of the 
ATC system and monitoring of the CCMS system. 
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I. Furnish all labor, materials, software, equipment and services necessary for and 

incidental to furnishing and installing a complete direct digital control, automatic 
temperature control system to meet the requirements of the sequence of operation 
described on the Drawings. 

 
J. Unless the necessary items are specified to be provided with mechanical equipment by 

Division 23, the ATC contractor shall coordinate with Division 23, Mechanical, and shall 
furnish and install all items necessary to meet the requirements of the Sequence of 
Operation and the Central Control and Monitoring System (CCMS) indicated on the 
drawings and as required in this specification. 

 
K. The control system shall include all necessary and specified control equipment properly 

installed in accordance with the specifications and drawings and shall include, but not be 
limited to the automatic temperature control and energy management system of the 
following: 

 
1. Air Handling Units 
2. Airflow Monitoring Stations 
3. Building Facilities  
4. Building Demand and Energy Consumption 
5. Carbon Dioxide Sensors 
6. Chilled Water Systems 
7. Condensing Units 
8. Dish Machine Exhaust Fan 
9. Domestic Hot Water Systems 
10. Domestic Water Consumption 
11. Duct Heating Coils  
12. Ductless Units 
13. Duct Detector Fan Interlocks 
14. Electric Radiant Heat Panels 
15. Fan Coil Units. 
16. Flow Measuring Stations 
17. Flow Switches 
18. General Exhaust Systems 
19. Glycol Feed Systems 
20. Heating System  
21. High Temperature Alarms 
22. Hot Gas Re-heat Coils 
23. Kitchen Ventilation System 
24. Make-up Water Systems Interlocks and Alarms 
25. Make-up Air Units 
26. Mechanical Room Heat and Ventilation Control 
27. Miscellaneous interlocks required for gas systems, ventilation systems, etc. 
28. Plumbing Systems 
29. Pumps 
30. Radiant Heat Panels 
31. Static Pressure Controllers 
32. Unit Heater Control 
33. Variable Speed Drives 
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34. Ventilation Systems 
35. 100% Outside Air Units 
36. Variable Refrigerant Volume Systems 

 
L. All labor, material, equipment and software to meet the functional intent of the system, as 

specified herein and as shown on the drawings, shall be included. Drawings are 
diagrammatic only.  Equipment and labor not specifically referred to herein or on the 
plans, that are required to meet the functional intent, shall be provided without additional 
cost to the owner. 
 

M. Where equipment is specified to be provided by equipment manufacturer or where 
packaged controls are specified map out all points provided by the manufacturer so the 
same can be viewed by ATC system.  As a minimum all points indicated in the point list 
and control diagram must be viewable and adjustable from the ATC system.  Coordinate 
with equipment manufacturer. 

 
1.2. DEFINITIONS 

 
A. DDC:  Direct digital control. 
 
B. I/O:  Input/output. 
 
C. LonWorks:  A control network technology platform for designing and implementing 

interoperable control devices and networks. 
 
D. MS/TP:  Master slave/token passing. 
 
E. PC:  Personal computer. 

 
F. PID:  Proportional plus integral plus derivative. 
 
G. RTD:  Resistance temperature detector. 

 
H. UPS:  Uninterruptible Power Supply. 

 
I. NAE:  Network Automated Engine. 
 

1.3. SYSTEM PERFORMANCE 
 
A. Comply with the following performance requirements: 

 
1. Graphic Refresh:  Update graphic with minimum 20 dynamic points with 

current data within 8 seconds. 
2. Object Command:  Reaction time of less than two seconds between operator 

command of a binary object and device reaction. 
3. Object Scan:  Transmit change of state and change of analog values to control 

units or workstation within six seconds. 
4. Alarm Response Time:  Annunciate alarm at workstation within 45 seconds.  

Multiple workstations must receive alarms within five seconds of each other. 
5. Program Execution Frequency:  Run capability of applications as often as five 

seconds, but selected consistent with mechanical process under control. 
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6. Performance:  Programmable controllers shall execute DDC PID control loops, 
and scan and update process values and outputs at least once per second. 

7. Reporting Accuracy and Stability of Control:  Report values and maintain 
measured variables within tolerances as follows: 

a). Water Temperature:  Plus or minus 1 deg F (0.5 deg C). 
b). Water Flow:  Plus or minus 5 percent of full scale. 
c). Water Pressure:  Plus or minus 2 percent of full scale. 
d). Space Temperature:  Plus or minus 1 deg F (0.5 deg C). 
e). Ducted Air Temperature:  Plus or minus 1 deg F (0.5 deg C). 
f). Outside Air Temperature:  Plus or minus 2 deg F (1.0 deg C). 
g). Dew Point Temperature:  Plus or minus 3 deg F (1.5 deg C). 
h). Temperature Differential:  Plus or minus 0.25 deg F (0.15 deg C). 
i). Relative Humidity:  Plus or minus 5 percent. 
j). Airflow (Pressurized Spaces):  Plus or minus 3 percent of full scale. 
k). Airflow (Measuring Stations):  Plus or minus 5 percent of full scale. 
l). Airflow (Terminal):  Plus or minus 10 percent of full scale. 
m). Air Pressure (Space):  Plus or minus 0.01-inch wg (2.5 Pa). 
n). Air Pressure (Ducts):  Plus or minus 0.1-inch wg (25 Pa). 
o). Carbon Dioxide:  Plus or minus 50 ppm. 
p). Electrical:  Plus or minus 5 percent of reading. 

 
1.4. DELIVERY, STORAGE, AND HANDLING 

 
A. Factory-Mounted Components:  Where control devices specified in this Section are 

indicated to be factory mounted on equipment, arrange for shipping of control devices to 
equipment manufacturer. 

 
B. System Software:  Update to latest version of software at Project completion. 
 

1.5. COORDINATION 
 
A. Coordinate location of thermostats, humidistats, and other exposed control sensors with 

plans and room details before installation. 
 

B. Coordinate equipment with Division 28 Section, “Fire Alarm System” to achieve 
compatibility with equipment that interfaces with that system. 

 
C. Coordinate supply of conditioned electrical branch circuits for control units and operator 

workstation. 
 
D. Coordinate equipment with Division 26 Section, Panelboards to achieve compatibility 

with starter coils and annunciation devices. 
 
E. Coordinate equipment with Division 26 Section, Motor-Controllers to achieve 

compatibility with motor starters and annunciation devices. 
 

1.6. WORK BY OTHERS 
 

A. Automatic temperature control valves, air flow stations, pipe taps, flow meters,  and 
separable wells for immersion elements furnished by the control manufacturer shall be 
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installed by the mechanical contractor under the control  manufacturer's supervision.  The 
control contractor shall deliver to the mechanical contractor valves and wells for 
installation within the various systems. 

 
B. All automatic dampers furnished by the control manufacturer shall be installed by the 

mechanical contractor under the control manufacturer's supervision. 
 
1.7. QUALITY ASSURANCE 
 

A. The automatic temperature control (ATC) system and the central control and monitoring 
system (CCMS) shall be as manufactured by  Johnson Controls,  Honeywell, Siebe, 
Siemens, Alerton, Automated Logic Corporation, Reliable Controls, Schneider Electric, 
Advanced Power, Trane, shall be an  acceptable installer of the ATC system. 

 
B. Supplier shall have an in-place support facility with technical staff, spare parts inventory 

and all necessary test and diagnostic equipment.  The fully staffed and equipped office 
shall be within a 60 mile radius of the job site. 

 
C. The systems shall be complete in all respects, and shall be installed by skilled personnel.  

The Control Contractor shall have a successful history in the installation and maintenance 
of automatic temperature control systems similar in size and performance to that 
specified herein.   

 
D. All electrical wiring in connection with the Automatic Temperature Control System shall 

be furnished and installed by the ATC Contractor.  This shall include all interlock wiring 
between the air handling units, fans, pumps, heating systems, boilers, chillers, dampers, 
ductless units, condensing units, static pressure controllers, and variable refrigerant 
volume systems, gas fired units, etc.  

 
E. Bids by wholesalers, contractors or franchised dealers or any other firm whose principal 

business is not that of manufacturing or installing automatic temperature control systems, 
shall not be acceptable.  Bid documents that are not complete in their response to these 
documents or take exception to any of the capabilities defined within these documents 
shall not be acceptable. 

 
F. Installer Qualifications:  Automatic control system manufacturer's authorized 

representative who is trained and approved for installation of system components 
required for this Project. 

 
G. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in 

NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, 
and marked for intended use. 

 
H. Comply with ASHRAE 135 for DDC system components. 

 
1.8. GUARANTEE AND INSTRUCTION 
 

A. The control system including all components, system software, parts and assemblies 
herein specified shall be free from defects in workmanship and materials under normal 
use and service.  After completion of the installation, the Control Manufacturer shall 
regulate and adjust all thermostats, control valves, control motors, and other equipment 
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provided under this contract.  If within two (2) years from the date of acceptance by 
Owner any of the equipment herein described is proved to be defective in workmanship 
or materials, it will be replaced or repaired at no additional cost to the Owner.  The 
Control Manufacturer shall, after completion, provide any service incidental to the proper 
performance of the Control System under guarantees outlined above for a period of two 
(2) years.  Normal maintenance of the system is not to be considered part of the 
guarantee.  All corrective modifications made during warranty service periods shall be 
updated on all user documentation including "as-built" shop drawings and on user and 
manufacturer archived software disks. 

 
B. The control contractor shall completely check out, calibrate and test all connected 

hardware to insure that the system performs in accordance with the approved 
specifications and sequences of operation submitted. 

 
C. Upon completion of the work, the control drawings encased in heavy plastic shall be 

provided where directed.  Layout shall show all control equipment and the function of 
each item indicated. 
 

D. The temperature control contractor's office shall be within a 100 mile radius of the job 
site. 

 
E. The contractor shall respond to the job site with qualified technicians within a 4 hour 

period for any emergency relating to the control system or energy management systems. 
 

F. This agreement shall include emergency service during normal working hours. 
 
1.9. SUBMITTALS 

 
A. Product Data:  Include manufacturer's technical literature for each control device.  

Indicate dimensions, capacities, performance characteristics, electrical characteristics, 
finishes for materials, and installation and startup instructions for each type of product 
indicated. 
 
1. DDC System Hardware:  Bill of materials of equipment indicating quantity, 

manufacturer, and model number.  Include technical data for operator 
workstation equipment, interface equipment, control units, 
transducers/transmitters, sensors, actuators, valves, relays/switches, control 
panels, and operator interface equipment. 

 
2. Control System Software:  Include technical data for operating system software, 

operator interface, color graphics, and other third-party applications. 
 
3. Controlled Systems:  Instrumentation list with element name, type of device, 

manufacturer, model number, and product data.  Include written description of 
sequence of operation including schematic diagram. 

 
B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, 

required clearances, method of field assembly, components, and location and size of each 
field connection. 
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1. Bill of materials of equipment indicating quantity, manufacturer, and model 
number. 

 
2. Schematic flow diagrams showing equipment, fans, pumps, coils, dampers, 

valves, and control devices. 
 
3. Wiring Diagrams:  Power, signal, and control wiring. 

 
4. Details of control panel faces, including controls, instruments, and labeling. 

 
5. Written description of sequence of operation. 

 
6. Schedule of dampers including size, leakage, and flow characteristics. 

 
7. Schedule of valves including flow characteristics. 

 
8. DDC System Hardware: 

a). Wiring diagrams for control units with termination numbers. 
b). Schematic diagrams and floor plans for field sensors and control 

hardware. 
c). Schematic diagrams for control, communication, and power wiring, 

showing trunk data conductors and wiring between operator workstation 
and control unit locations. 

 
9. Control System Software:  List of color graphics indicating monitored systems, 

data (connected and calculated) point addresses, output schedule, and operator 
notations. 

 
10. Controlled Systems: 

a). Schematic diagrams of each controlled system with control points 
labeled and control elements graphically shown, with wiring. 

b). Scaled drawings showing mounting, routing, and wiring of elements 
including bases and special construction. 

c). Written description of sequence of operation including schematic 
diagram. 

d). Points list. 
 
C. Data Communications Protocol Certificates:  Certify that each proposed DDC system 

component complies with LonWorks or Bacnet. 
 
D. Software and Firmware Operational Documentation:  Include the following: 

 
1. Software operating and upgrade manuals. 

 
2. Program Software Backup:  On a magnetic media or compact disc, complete 

with data files. 
 
3. Device address list. 

 
4. Printout of software application and graphic screens. 

 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 
  STOKES ELEMENTARY SCHOOL  
 

 
INSTRUMENTATION & CONTROLS OF HVAC & PLUMBING SYSTEMS Tetra Tech 
23 09 00 - 8   

5. Software license required by and installed for DDC workstations and control 
systems. 

 
E. Software Upgrade Kit:  For Owner to use in modifying software to suit future systems 

revisions or monitoring and control revisions. 
 
F. Qualification Data:  For Installer and manufacturer. 
 
G. Field quality-control test reports. 
 
H. Submit screen shots of ATC system graphics at substantial completion. 
 
I. Operation and Maintenance Data:  For HVAC instrumentation and control system to 

include in emergency, operation, and maintenance manuals.  In addition to items 
specified in Division 01 Section, Operation and Maintenance Data, and Division 23 
Section,  Common Work Results for HVAC include the following: 
1. Maintenance instructions and lists of spare parts for each type of control device.  

 
2. Interconnection wiring diagrams with identified and numbered system 

components and devices. 
 
3. Keyboard illustrations and step-by-step procedures indexed for each operator 

function. 
 
4. Inspection period, cleaning methods, cleaning materials recommended, and 

calibration tolerances. 
 

5. Calibration records and list of set points. 
 

J. Upon completion of the work, provide a complete set of  "as-built" drawings and 
application software on CD, USB, or other type of electronic storage device.  Drawings 
shall be provided in format as acceptable to the Owner’s files.  Submit as-built drawings 
and specification to Owner's representative for review and approval prior to final project 
closeout. 
 

1.10. SOFTWARE LICENSE AGREEMENT 
 

A. The owner shall sign a copy of the manufacturer's standard software and firmware 
licensing agreement as a condition of this contract.  Such license shall grant use of all 
programs and application software to owner as defined by the manufacturer's license 
agreement, but shall protect manufacturer's rights to disclosure of trade secrets contained 
within such software. 

 
B. Software license agreement shall not apply on projects where existing ATC system is 

being extended. 
 
1.11. ELECTRICAL SURGE PROTECTION 
 

A. It is the responsibility of the ATC/FMS contractor to provide adequate surge protection 
for all wall mounted control panels required for this project. 
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1. Devices under surge protection shall be of design that loss of memory will not 

occur in the event of the surge protection device being activated due to 
surge/spike conditions. 

 
2. Surge protection devices will be required to be hard wired, with the exception of 

peripheral devices that use standard 110VAC plugs for connections (i.e. 
Modems). 

 
3. Surge protection devices are to be rated for 120 VAC single phase, 20 (or 

greater) amps capacity. 
 

4. Surge Protection devices to include internal fuse protection, audible surge alarm 
& LED indicators. 

 
5. Surge protectors to have clamping voltage of 480V peak, maximum surge 

current rating of 50,000 amps.  Unit to have NEMA 12 enclosure with wall 
mounting bracket and conduit connection. 

 
1.12. TRAINING 
 

A. The Automatic Temperature Controls (ATC) Contractor shall include in his bid, 
provisions for additional computer training at the company’s regular school or training 
center. The ATC contractor shall include in his bid all costs associated with sending one 
(1) individual to the ATC contractors school for a period of not less than one (1) week.  
This training is in addition to the aforementioned training required under the General 
Provisions. 

 
B. The training time period shall be coordinated with the school system's facility Engineer.  

The schedule training period shall be arranged at the owner's convenience. 
 

C. Cost shall include all training material, instruction books, and two copies of video tape 
with sound DVD of training session. 

 
D. Upon completion of the work, the Control Contractor shall have completely adjusted the 

entire control system.  He shall arrange to instruct the Owner's representative on the 
operation of the control system for a period of not less than two (2) eight (8) hour days.  
All training shall be by the control contractor and shall utilize specified manuals and as-
built documentation. 

 
E. Engage a factory-authorized service representative to train Owner's maintenance 

personnel to adjust, operate, and maintain control systems and components. 
 

1. Train Owner's maintenance personnel on procedures and schedules for starting 
and stopping, troubleshooting, servicing, and maintaining equipment and 
schedules. 

2. Provide operator training on data display, alarm and status descriptors, 
requesting data, executing commands, calibrating and adjusting devices, 
resetting default values, and requesting logs.  Include a minimum of 40 hours' 
dedicated instructor time on-site. 

3. Review data in maintenance manuals.  Refer to Division 01 Section, Contract 
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Closeout. 
4. Review data in maintenance manuals.  Refer to Division 01 Section, Operation 

and Maintenance Data. 
5. Schedule training with Owner, through Architect, with at least seven days' 

advance notice. 
 
1.13. ALTERNATES 
 

A. Refer to Division 01 Section, Alternates for description of work under this section 
affected by alternates. 

 
1.14. CAESAR RODNEY SCHOOL DISTRICT SPECIFIC REQUIREMENTS 
 

A. The ATC Subcontractor shall include in his bid all costs associated with incorporating the 
following specific requirements: 

 
1. All holiday schedules shall incorporate a  12 month block.  Coordinate exact 

holidays, schedules, calendars, occupied, unoccupied periods with Owner prior 
to writing software. All schedules shall be reviewed and approved by the 
Owner. 

 
2. Relays for ATC equipments shall not be located in ceilings.  All relays shall be 

located in equipment control panels and/or mechanical rooms. 
 

3. All exhaust fans shall be assigned a designated point.  Utilizing relays to 
provide digital point for exhaust fans shall not be acceptable. 

 
4. Graphics on ATC computer shall in addition to basic requirements indicate the 

percentage open or closed on all valves and dampers. 
 

5. The ATC Computer Graphics shall incorporate the final room numbers actually 
utilized in the school.   All room names utilized in the graphic display shall be 
reviewed and approved by the Owner. 

 
6. The ATC Computer Graphics shall indicate for each item of equipment the “on” 

or “off” status and command shall be “run” or “stop”. 
 

7. The ATC Computer Graphic shall indicate for each duct smoke detector the 
“on” or “off” status and command. 

 
8. All Temperature Sensors, equipment, humidity sensors, current sensors, CO2 

sensors, differential pressure sensors, etc. indicated on ATC Control Diagrams 
and point list shall be displayed on the ATC Computer Graphic.  Measured 
value or status shall be displayed. 

 
9. For any multi-stage HVAC units, the quantity of compressor stages and the 

quantity of electric heat stages shall be displayed on the Computer Graphics. 
 

10. The exact space temperature set points, humidity set points, changeover set 
points. etc.,  shall be coordinated with Owner prior to final data entry.  All items 
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indicated in sequences of Operation as “adjustable” shall be reviewed and 
approved by Owner prior to implementation of the same. 

 
11. The outside air humidity and outside air temperature shall be monitored on ATC 

system and reported on ATC Computer Graphics.  See Floor plans for exact 
locations. 

 
12. Provide a graphic of all floor plans indicating location of all equipment 

interlocked with ATC System including all control panels. 
 

13. Graphic shall also indicate area of building served by each item of equipment.  
Graphics shall indicate all global sensor readings. 

 
14. For the chilled water loop provide a single command on the control system to 

allow all control valves to be manually opened for balancing by activating a 
single command. 

 
15. All equipment shall be labeled with name of equipment, area served, and area 

location (room name/number). 
 

1.15. GLOBAL SENSORS 
 
A. General 
 

1. Furnish and install global sensors and report the same on the automatic 
temperature control system. 

 
2. Global sensors shall monitor and trend the following conditions: 

 
a). Outside air temperature. 

 
b). Outside air humidity. 

 
c). Chilled water supply water temperature. 

 
d). Chilled water return water temperature. 

 
e). All ventilation fan speeds where variable frequency drives are specified. 

 
f). Outside air carbon dioxide level. 

 
g). All ventilation fan amperage where variable frequency drives are 

specified. 
 

h). All pump or fan speeds where variable frequency drives are specified. 
 

i). All pump amperage's where variable frequency drives are specified. 
 

j). All fan amperages where variable speed fans are indicated.  Graphic shall 
also indicate area of building served by each item of equipment. 
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k). Main Distribution Frame (MDF), and I.T. server room space temperature 

sensor. 
 

l). Global holiday schedules: 
 

i. Provide all interlock wiring and programming to allow a global 
holiday schedule for all equipment except the administration 
equipment.  Global holiday schedule shall allow the Owner to 
shut down the entire school’s HVAC systems if an unscheduled 
event occurs when school is cancelled. 
 

ii. System shall also be capable of individual scheduling of 
equipment as specified or all can be globally modified at once. 

 
m). All equipment interlocked with ATC system shall be able to be turned 

on/off via ATC system as specified.  Changing temperature set point 
alone is not acceptable method for turning equipment on/off. 
 

n). Where valve or damper position is indicated ATC graphic shall indicate 
percentage open or percentage closed. 

 
PART 2. PRODUCTS 
 
2.1. BUILDING MANAGEMENT SYSTEM 

 
A. The Building Management System (BMS) shall use an open architecture and fully 

support a multi-vendor environment.  To accomplish this effectively, the BMS shall 
support open communication protocol standards and integrate a wide variety of third-
party devices and applications.  The system shall be designed for use on the Internet, or 
intranets using off the shelf, industry standard technology compatible with other owner 
provided networks. 

 
B. The Building Management System shall consist of the following: 

 
1. Standalone Network Automation Engine(s) 

 
2. Field Equipment Controller(s)  

 
3. Input/Output Module(s) 

 
4. Local Display Device(s) 

 
5. Portable Operator's Terminal(s) 

 
6. Distributed User Interface(s) 

 
7. Network processing, data storage and communications equipment  

 
8. Other components required for a complete and working BMS 
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C. The system shall be modular in nature, and shall permit expansion of both capacity and 

functionality through the addition of sensors, actuators, controllers and operator devices, 
while re-using existing controls equipment. 

 
D. System architectural design shall eliminate dependence upon any single device for alarm 

reporting and control execution.  The failure of any single component or network 
connection shall not interrupt the execution of control strategies at other operational 
devices. 

 
E. Acceptable Manufacturers 

 
1. Johnson Controls, Reliable, Siemens, Honeywell, Automated Logic 

Cooperation, Schneider Electric, Advanced Power, Trane, Alerton, Niagara, or 
TAC Controls by Schneider Electric. 

 
F. Automation Network 

 
1. The automation network shall be based on a PC industry standard of Ethernet 

TCP/IP.  Where used, LAN controller cards shall be standard “off the shelf” 
products available through normal PC vendor channels. 

 
2. The automation network shall be capable of operating at a communication speed 

of 100 Mbps, with full peer-to-peer network communication.  
 
3. Network Automation Engines (NAE) and/or system controllers shall reside on 

the automation network. 
 
4. The automation network will be compatible with other enterprise-wide 

networks. Where indicated, the automation network shall be connected to the 
enterprise network and share resources with it by way of standard networking 
devices and practices.  

 
G. Control Network 

 
1. Network Automation Engines and/or system controllers shall provide 

supervisory control over the control network and shall support all three (3) of 
the following communication protocols: 

 
a). BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-135, Clause 9. 
b). LonWorks enabled devices using the Free Topology Transceiver (FTT-

10a). 
c). The Johnson Controls N2 Field Bus or equivalent. 
d). Tridium FX-40 
e). Honeywell Webs 
f). Trend Controls: A division of Honeywell by HavTech Solutions – IQ3 
g). TAC Controls by Schneider Electric 
h). Siemens P1/P2 Serial 

 
2. Control networks shall provide either “Peer-to-Peer,” Master-Slave, or 

Supervised Token Passing communications, and shall operate at a minimum 
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communication speed of 9600 baud. 
 
3. DDC Controllers shall reside on the control network. 

 
4. Control network communication protocol shall be BACnet Standard MS/TP Bus 

Protocol ASHRAE SSPC-135. 
 
5. A BACnet Protocol Implementation Conformance Statement shall be provided 

for each controller device (master or slave) that will communicate on the 
BACnet MS/TP Bus.   

 
6. The Conformance Statements shall be submitted 10 day prior to bidding. 

 
H. Integration 

 
1. Hardwired 

 
a). Analog and digital signal values shall be passed from one system to 

another via hardwired connections. 
b). There will be one separate physical point on each system for each point 

to be integrated between the systems. 
 
2. BACnet Protocol Integration – BACnet 

 
a). The neutral protocol used between systems will be BACnet over Ethernet 

and comply with the ASHRAE BACnet standard 135-2003. 
b). A complete Protocol Implementation Conformance Statement (PICS) 

shall be provided for all BACnet system devices. 
c). The ability to command, share point object data, change of state (COS) 

data and schedules between the host and BACnet systems shall be 
provided. 

 
I. Dedicated Web Based User Interface 

 
1. Where required by the Owner, the BMS Contractor shall provide and install a 

personal computer for command entry, information management, network alarm 
management, and database management functions. All real-time control 
functions, including scheduling, history collection and alarming, shall be 
resident in the BMS Network Automation Engines to facilitate greater fault 
tolerance and reliability.  Coordinate with Owner to determine computer type 
(i.e. PC (Windows based) or Macintosh (Apple)). 

 
2. Dedicated User Interface Architecture – The architecture of the computer shall 

be implemented to conform to industry standards, so that it can accommodate 
applications provided by the BMS Contractor and by other third party 
applications suppliers, including but not limited to Microsoft Office 
Applications. Specifically it must be implemented to conform to the following 
interface standards. 

 
a). Microsoft Internet Explorer for user interface functions 
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b). Microsoft Office Professional for creation, modification and maintenance 
of reports, sequences other necessary building management functions 

c). Microsoft Outlook or other e-mail program for supplemental alarm 
functionality and communication of system events, and reports 

d). Required network operating system for exchange of data and network 
functions such as printing of reports, trends and specific system 
summaries. 

 
3. Computer Hardware – The personal computer(s) shall be configured as follows: 

 
a). Description: A tower or all-in-one computer designed for normal use at a 

single, semipermanent location. 
 

b). Performance Requirements: 
 

1). Performance requirements may dictate equipment exceeding 
minimum requirements indicated. 

2). Energy Star compliant. 
 

c). Personal Computer: 
 

1). Minimum Processor Speed: 3 gigahertz (GHz). 
 

d). RAM: 
1). Capacity: 8GB. 
2). Speed and Type: 1333 MHz, SDRAM. 
 

e). Hard Drive: 
1). Media: Solid state. 
2). Number of Hard Drives: One. 
3). Capacity: 250GB. 

 
f). Optical Read and Write Drive: 

1). Include with at least 2 MB of data buffer. 
2). Type: SCS1 CD-ROM Drive with Read/Write Capability. 
3). Average access time of 150 ms or less. 

 
g). At least four expansion slots. 
 

h). Video Card: 
1). Resolution: 1920 by 1200 pixels. 
2). RAM: 4 GB. 
3). Controller Speed: 4GHz. 

 
i). Sound Card: 

1). At least 128 voice wavetable synthesis. 
2). Capable of delivering three-dimensional sound effects. 
3). High-resolution 16-bit stereo digital audio recording and 

playback with user-selectable sample rates up to 48,000 Hz. 
 

j). Network Interface Card: Include card with connection, as applicable. 
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1). 10-100-1000 base TX Ethernet with RJ45 connector port. 
2). 100 base FX Ethernet with SC or ST port. 

 
k). Wireless Ethernet, 802.11 a/b/g/n. 

 
l). Optical Modem: Full duplex link for connection to optical fiber cable 

provided. 
 

m). I/O Ports: 
1). Two USB 3.0 ports on front panel, six on back panel, and three 

internal on motherboard. 
2). One serial port. 
3). One parallel port. 
4). Two PS/2 ports. 
5). One RJ-45. 
6). One stereo line-in and headphone/line-out on back panel. 
7). One microphone and headphone connector on front panel. 
8). One IEEE 1394 on front and back panel with PCI-e card. 
9). One ESATA port on back panel. 

 
n). Battery: Life of at least three years to maintain system clock/calendar 

and ROM, as a minimum. 
 

o). Keyboard: 
 

1). 101 enhanced keyboard. 
2). Full upper- and lowercase ASCII keyset, numeric keypad, 

dedicated cursor control keypad, and 12 programmable function 
keys. 

3). Wireless operation within up to 72 inches (1800 mm) in front of 
workstation. 

 
p). Pointing Device: 
 

1). Either a two- or three-button mouse. 
2). Wireless operation within up to 72 inches (1800 mm) in front of 

workstation. 
 

q). Flat Panel Display Monitor: 
1). Display: 

i Color display with 21 inches diagonal viewable area. 
ii Digital input signal. 
iii Aspect Ratio: 16 to 9. 
iv Antiglare display. 
v Tilt adjustable base. 
vi Energy Star compliant. 
vii Resolution: 1920 by 1200 pixels at 60 Hz. 
viii Number of Displays: One. 

 
r). Speakers: 
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1). Two, with individual controls for volume, bass and treble. 
2). Signal to Noise Ratio: At least 65 dB. 
3). Power: At least 4 W per speaker/channel. 
4). Magnetic shielding to prevent distortion on the video monitor. 

 
s). I/O Cabling: Include applicable cabling to connect I/O devices. 

 
J. User Interface Application Components 

 
1. Operator Interface 

 
a). An integrated browser based client application shall be used as the user 

operator interface program. 
b). All Inputs, Outputs, Setpoints, and all other parameters as defined within 

Part 3 or on the drawings, shown on the design drawings, or required as 
part of the system software, shall be displayed for operator viewing and 
modification from the operator interface software. 

c). The user interface software shall provide help menus and instructions for 
each operation and/or application. 

d). All controller software operating parameters shall be displayed for the 
operator to view/modify from the user interface. These include: 
setpoints, alarm limits, time delays, PID tuning constants, run-times, 
point statistics, schedules, and so forth. 

e). The Operator Interface shall incorporate comprehensive support for 
functions including, but not necessarily limited to, the following: 

 
i. User access for selective information retrieval and control 

command execution 
ii. Monitoring and reporting 
iii. Alarm, non-normal, and return to normal condition annunciation 
iv. Selective operator override and other control actions 
v. Information archiving, manipulation, formatting, display and 

reporting 
vi. FMS internal performance supervision and diagnostics 
vii. On-line access to user HELP menus 
viii. On-line access to current FMS as-built records and 

documentation 
ix. Means for the controlled re-programming, re-configuration of 

FMS operation and for the manipulation of FMS database 
information in compliance with the prevailing codes, approvals 
and regulations for individual FMS applications. 

x. The operation of the control system shall be independent of the 
user interface, which shall be used for operator communications 
only. Systems that rely on an operator workstation to provide 
supervisory control over controller execution of the sequences of 
operations or system communications shall not be acceptable. 

 
2. Navigation Trees 

 
a). The system will have the capability to display multiple navigation trees 

that will aid the operator in navigating throughout all systems and points 
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connected.  At minimum provide a tree that identifies all systems on the 
networks. 

b). Provide the ability for the operator to add custom trees.  The operator 
will be able to define any logical grouping of systems or points and 
arrange them on the tree in any order.  It shall be possible to nest groups 
within other groups.  Provide at minimum 5 levels of nesting. 

c). The navigation trees shall be “dockable” to other displays in the user 
interface such as graphics.  This means that the trees will appear as part 
of the display, but can be detached and then minimized to the Windows 
task bar or closed altogether.  A simple keystroke will reattach the 
navigation to the primary display of the user interface. 

 
3. Alarms 

 
a). Alarms shall be routed directly from Network Automation Engines to 

PCs and servers.  It shall be possible for specific alarms from specific 
points to be routed to specific PCs and servers.  The alarm management 
portion of the user interface shall, at the minimum, provide the following 
functions: 

 
i. Log date and time of alarm occurrence. 
ii. Generate a “Pop-Up” window, with audible alarm, informing a 

user that an alarm has been received. 
iii. Allow a user, with the appropriate security level, to 

acknowledge, temporarily silence, or discard an alarm. 
iv. Provide an audit trail on hard drive for alarms by recording user 

acknowledgment, deletion, or disabling of an alarm. The audit 
trail shall include the name of the user, the alarm, the action 
taken on the alarm, and a time/date stamp. 

v. Provide the ability to direct alarms to an e-mail address or 
alphanumeric pager. This must be provided in addition to the 
pop up window described above.  Systems that use e-mail and 
pagers as the exclusive means of annunciating alarms are not 
acceptable. 

vi. Any attribute of any object in the system may be designated to 
report an alarm.  

 
b). The FMS shall annunciate diagnostic alarms indicating system failures 

and non-normal operating conditions 
c). The FMS shall annunciate application alarms as required.  

 
4. Reports and Summaries 

 
a). Reports and Summaries shall be generated and directed to the user 

interface displays, with subsequent assignment to printers, or disk. As a 
minimum, the system shall provide the following reports: 

 
i. All points in the BMS 
ii. All points in each BMS application 
iii. All points in a specific controller 
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iv. All points in a user-defined group of points 
v. All points currently in alarm 
vi. All points locked out  
vii. All BMS schedules 
viii. All user defined and adjustable variables, schedules, interlocks 

and the like. 
 

b). Summaries and Reports shall be accessible via standard UI functions and 
not dependent upon custom programming or user defined HTML pages. 

c). Selection of a single menu item, tool bar item, or tool bar button shall 
print any displayed report or summary on the system printer for use as a 
building management and diagnostics tool.  

d). The system shall allow for the creation of custom reports and queries via 
a standard web services XML interface and commercial off-the-shelf 
software such as Microsoft Access, Microsoft Excel, or Crystal Reports.  

 
5. Schedules 

 
a). A graphical display for time-of-day scheduling and override scheduling 

of building operations shall be provided. At a minimum, the following 
functions shall be provided: 

 
i. Weekly schedules 
ii. Exception Schedules 
iii. Monthly calendars 
 

b). Weekly schedules shall be provided for each group of equipment with a 
specific time use schedule.  

c). It shall be possible to define one or more exception schedules for each 
schedule including references to calendars 

d). Monthly calendars shall be provided that allow for simplified scheduling 
of holidays and special days for a minimum of five years in advance. 
Holidays and special days shall be user-selected with the pointing device 
or keyboard, and shall automatically reschedule equipment operation as 
previously defined on the exception schedules. 

e). Changes to schedules made from the User Interface shall directly modify 
the Network Automation Engine schedule database.  

f). Schedules and Calendars shall comply with ASHRAE SP135/2003 
BACnet Standard. 

g). Selection of a single menu item or tool bar button shall print any 
displayed schedule on the system printer for use as a building 
management and diagnostics tool. 

 
6. Password 

 
a). Multiple-level password access protection shall be provided to allow the 

user/manager to user interface control, display, and database 
manipulation capabilities deemed appropriate for each user, based on an 
assigned password. 

b). Each user shall have the following: a user name (24 characters 
minimum), a password (12 characters minimum), and access levels. 
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c). The system shall allow each user to change his or her password at will. 
d). When entering or editing passwords, the system shall not echo the actual 

characters for display on the monitor. 
e). A minimum of five levels of access shall be supported individually or in 

any combination as follows: 
i. Level 1 = View Data 
ii. Level 2 = Command  
iii. Level 3 = Operator Overrides 
iv. Level 4 = Database Modification 
v. Level 5 = Database Configuration 
vi. Level 6 = All privileges, including Password Add/Modify 

f). A minimum of 100 unique passwords shall be supported. 
g). Operators shall be able to perform only those commands available for 

their respective passwords. Display of menu selections shall be limited to 
only those items defined for the access level of the password used to log-
on. 

h). The system shall automatically generate a report of log-on/log-off and 
system activity for each user. Any action that results in a change in the 
operation or configuration of the control system shall be recorded, 
including: modification of point values, schedules or history collection 
parameters, and all changes to the alarm management system, including 
the acknowledgment and deletion of alarms. 

 
7. Screen Manager - The User Interface shall be provided with screen management 

capabilities that allow the user to activate, close, and simultaneously manipulate 
a minimum of 4 active display windows plus a network or user defined 
navigation tree. 
 

8. Dynamic Color Graphics 
 

a). The graphics application program shall be supplied as an integral part of 
the User Interface. Browser or Workstation applications that rely only 
upon HTML pages shall not be acceptable. 

b). The graphics applications shall include a create/edit function and a 
runtime function. The system architecture shall support an unlimited 
number of graphics documents (graphic definition files) to be generated 
and executed. 

c). The graphics shall be able to display and provide animation based on 
real-time data that is acquired, derived, or entered.  

d). Graphics runtime functions – A maximum of 16 graphic applications 
shall be able to execute at any one time on a user interface or workstation 
with 4 visible to the user. Each graphic application shall be capable of 
the following functions: 

 
i. All graphics shall be fully scalable  
ii. The graphics shall support a maintained aspect ratio. 
iii. Multiple fonts shall be supported. 
iv. Unique background shall be assignable on a per graphic basis.  
v. The color of all animations and values on displays shall indicate 

the status of the object attribute. 
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e). Operation from graphics – It shall be possible to change values 

(setpoints) and states in system controlled equipment by using drop-
down windows accessible via the pointing device  

f). Graphic editing tool – A graphic editing tool shall be provided that 
allows for the creation and editing of graphic files. The graphic editor 
shall be capable of performing/defining all animations, and defining all 
runtime binding. 

 
i. The graphic editing tool shall in general provide for the creation 

and positioning of point objects by dragging from tool bars or 
drop-downs and positioning where required. 

ii. In addition, the graphic editing tool shall be able to add 
additional content to any graphic by importing backgrounds in 
the SVG, BMP or JPG file formats. 

 
g). Aliasing – Many graphic displays representing part of a building and 

various building components are exact duplicates, with the exception that 
the various variables are bound to different field values. Consequently, it 
shall be possible to bind the value of a graphic display to aliases, as 
opposed to the physical field tags.  

 
9. Historical trending and data collection 

 
a). Each Automation Engine shall store trend and point history data for all 

analog and digital inputs and outputs, as follows: 
 

i. Any point, physical or calculated, may be designated for 
trending. Two (2) methods of collection shall be allowed: 
 Defined time interval  
 Upon a change of value. 
 

ii. Each Automation Engine shall have the capability to store 
multiple samples for each physical point and software variable 
based upon available memory, including an individual sample 
time/date stamp. Points may be assigned to multiple history 
trends with different collection parameters. 

 
b). Trend and change of value data shall be stored within the engine and 

uploaded to a dedicated trend database or exported in a selectable data 
format via a provided data export utility. Uploads to a dedicated database 
shall occur based upon one of the following: user-defined interval, 
manual command, or when the trend buffers are full. Exports shall be as 
requested by the user or on a time scheduled basis. 

 
10. Trend data viewing and analysis 

 
a). Provide a trend viewing utility that shall have access to all database 

points. 
b). It shall be possible to retrieve any historical database point for use in 
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displays and reports by specifying the point name and associated trend 
name. 

c). The trend viewing utility shall have the capability to define trend study 
displays to include multiple trends 

d). Displays shall be able to be single or stacked graphs with on-line 
selectable display characteristics, such as ranging, color, and plot style. 

e). Display magnitude and units shall both be selectable by the operator at 
any time without reconfiguring the processing or collection of data. This 
is a zoom capability. 

f). Display magnitude shall automatically be scaled to show full graphic 
resolution of the data being displayed.  

g). Trend studies shall be capable of calculating and displaying calculated 
variables including highest value, lowest value and time based 
accumulation. 

 
K. Portable Operator Terminal  

 
1. For systems that do not provide full access to systems configuration and 

definition via the Browser Based user interface the BMS Contractor shall 
provide a portable operator terminal for programming purposes. The terminal 
shall be configured as follows: 

 
a). Personal Laptop Computer Manufacturer – Dell, Compaq or HP 
b). 1 GB RAM (256 MB minimum) – Windows 2000 or XP Professional. 
c). 1.8 GHz Clock Speed Pentium 4 Microprocessor (800 MHz minimum). 
d). 40 GB Hard Drive. (40 GB minimum) 
e). (1) CD-ROM Drive, 32x speed. 
f). (1) Serial (1) Parallel (2) USB ports 
g). 1 Keyboard with 83 keys (minimum). 
h). Integral 2 button Track Point or Track Ball. 
i). 10” SVGA 1024x768 resolution color display  
j). Two PCMCIA Type II or one Type III card slot. 
k). Complete operator workstation software package, including any 

hardware or software. 
l). Original printed manuals for all software and peripherals. 
m). Original installation disks or CD for all software, device drivers, and 

peripherals. 
n). Software registration cards for all included software shall be provided to 

the Owner. 
o). Carrying case. 
p). Spare battery. 
q). External power supply/battery charger. 

 
2. Proprietary Portable Terminal 

 
a). Manufacturers providing proprietary portable terminals shall submit 

technical data sheets for the terminal and all associated software and 
hardware. 

b). The proprietary terminal shall meet the same operator interface software 
requirements as specified above. 
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3. Software 

 
a). Portable operator terminals shall support all controllers within the system 

on a direct-connect communications basis. 
b). When used to access First or Second Tier controllers, the portable 

operator terminal shall utilize the standard operator workstation software, 
as previously defined. 

c). When used to access Application Specific Controllers, the portable 
operator terminal shall utilize either the standard operator workstation 
software, as previously defined, or controller-specific utility software. 

 
2.2. WIRING 
 

A. The multi-conductor cable for field wiring of electronic analog sensors shall be minimum 
No. 22 AWG, 300 volt, thermoplastic with stranded copper wire and 100 percent shield 
coverage.  The number of conductors in each sensor cable shall be as determined by the 
Contractor.  2/c #22 shielded cables shall be Belden Cat. #8451 3/c #20 shielded cables 
shall be Belden Cat. #9770 or approved equal. 

 
B. Conductors for digital sensors or contact control shall be the same as for the analog 

sensors, except the grounded shield is not required. 
 

C. Individual conductors shall be color coded and in addition shall be numbered in the field 
to identify the particular terminal to which attached.  Field numbering shall be performed 
with Brady or approved equal markers wrapped around the wire near the terminal 
connection.  All wires shall be terminated with pressure type connectors suitable for wire 
size, material and terminal connection.   

 
D. All exposed wiring or wiring concealed in partitions shall be installed in a designated 

conduit raceway.  The conduit shall conform to Division 26 of the specification.  Where 
wiring is installed in an air plenum the same shall be plenum rated cable. 

 
E. All junction boxes shall have covers painted safety green, and be rigid steel. 

 
F. All wiring between differential pressure transmitters and variable frequency drive pump 

controllers shall be shielded and grounded at the pump controller end.  Directly route the 
variable frequency drive pump controller to the differential pressure transmitter(s). 

 
G. All wiring between static pressure controllers and/or  air flow  monitoring stations and 

variable frequency drive fan controllers shall be shielded and grounded at the fan 
controller end.  Directly route the variable frequency drive fan controller to the static 
pressure controller(s) and/or air flow monitoring stations. 

 
H. All control wiring between VRV compressor units, branch selector boxes, and indoor 

VRV units shall be shielded and grounded per VRV manufacturer requirements. 
 
2.3. CONTROLLERS 
 

A. Temperature, humidity, and CO2 sensor covers shall be stainless steel wire guard type 
with vandal proof screws.  All room humidity, CO2, and temperature sensors shall be 
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mounted 4'-0 inches above the finished floor, except in stairways, corridors and toilets, 
which shall be 7'-0 inches.  Provide insulating bases where temperature sensors are 
located on exterior or unconditioned walls.  Each temperature sensor shall have 
adjustable limit stops and adjustable sensitivity. User adjustment shall be 2 degrees F 
above and below set points or as determined by the Owner.  Room temperature sensors 
shall include range of 55 degrees F to 85 degrees F set point adjustment.  Temperature 
sensors shall include set-point adjustors, U.L. approved for mounting base in air plenums, 
and RJ-11 jack for communications. Room temperature sensors shall be fully adjustable 
and shall display set point and actual temperature. 
 

B. Space sensor wiring shall be installed concealed where possible.  Should the Division 23 
Contractor be unable to do so then surface metal raceway shall be utilized as specified in 
Division 26.  

 
C. Low Limit Thermostats: Freezestats shall have a minimum 20 foot (averaging sensing 

element) capillary tube sized to the basis of one linear foot of capillary tube for each 
square foot of coil surface.  Thermostat sensitivity shall be adjustable.   Freezestats shall 
stop supply and return fans and close the outside air damper if mixed air temperature 
drops below 35 degrees F and open hot water heating valves.  Additional requirements 
are indicated in Sequence of Operation. 

 
D. Room temperature sensors shall be accessible to ADA occupants. 

 
2.4. DAMPERS 
 

A. Control Dampers 
 

1. The temperature control contractor shall provide all automatic control dampers 
of the types indicated on the plans and not specified to be integral with other 
equipment.  Frames shall be not less than 16 gauge galvanized steel.  Blades 
shall not be over 6 inches wide airfoil shaped double skin construction of 14 
gauge equivalent thickness.  Bearings shall be stainless steel sleeves with 2 inch 
shafts.  Blade edge seals shall be vinyl blade with flexible metal compressible 
jamb seals of the tight-seal spring type.  Dampers and seals shall be suitable for 
temperature ranges of -40 to 250 degrees F. 

 
2. All proportional control dampers shall be opposed blade type and all two-

position dampers shall be parallel blade type. 
 

3. Dampers shall be sized to meet flow requirements of the application.  The sheet 
metal contractor shall furnish and install baffles to fit the damper to duct size.  
Baffles shall not exceed 6 inches. 

 
4. Dampers shall be minimum leakage type to conserve energy and the 

temperature control manufacturer shall submit leakage and flow characteristic 
data for all control dampers with the temperature control submittal.  Maximum 
leakage shall be 3 CFM/Sq. Ft. at static pressure of 1 inch W.C. for a damper 
width of 48 inches. 

 
5. Ultra-low leakage dampers shall have blade edges shall to be fitted with 
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replaceable, snap-on, inflatable seals to limit damper leakage to 2 percent at 
applied static pressure. 

 
6. Low pressure rectangular control dampers shall be Type CD60 airfoil low 

leakage damper as manufactured by Ruskin or as approved equal of American 
Warming and Ventilating, Air Balance and Arrow.   

 
7. Round control dampers shall be Type CERS25 with blade edge seals as 

manufactured by Ruskin or as approved equal.  
 

8. Provide damper end switch for all control dampers where indicated.  Damper 
end switch shall be independent of the damper actuator and shall provide “proof 
of open” prior to allowing fan to energize.  Damper end switch shall be Model 
TS-475 Mechanical Damper Arm Switch (no-mercury) as manufactured by 
MDI, Inc. or approved equal.  Install per manufacturer’s recommendations on 
control damper.  End switch shall have the following features: 

 
a). Housing Material:  Glass filled PBT (polybutylene terephthalate). 
b). Bracket Material:  Plated steel. 
c). Operation:  Steel ball actuated sub-miniature snap action switch. 
d). Operating angle: 15 degrees.  (Contact closes at 10 degrees above 

horizontal and contact opens at 5 degrees below horizontal). 
 

B. Smoke Detectors   
 

1. Smoke detectors shall be provided by the Electrical Contractor and installed by 
the Mechanical Contractor.  All wiring, interlocks, etc., to be provided by 
Electrical Contractor.  Wiring from duct smoke detectors to fans shall be by 
ATC Contractor.  Duct smoke detectors shall be tested by the Test and Balance 
Engineer as specified in Division 23 Section, Testing, Adjusting & Balancing 
for HVAC and Plumbing. 

 
C. Damper Operators 

 
1. Electric damper actuators shall be properly sized to provide sufficient torque to 

position the damper throughout its operating range. 
 

2. Use devices which are quiet in operation and which in the event of power 
failure, will "fail safe" by spring action in either the normally open or normally 
closed position as required for freeze, moisture, smoke, or fire protection. 

 
3. Electric actuators requiring a 24 VAC power supply will be utilized.   Motors 

shall be specifically designed and sized with proper torque according to 
requirements of the device it is to be used on (i.e.:  valve, damper). Each 
actuator will accept the proper control input as the system is designed, (i.e,:  
floating, 0-10VDC, 4-20Ma etc.) without the need for any additional interface 
devices. 
 

4. For all exterior damper operators provide NEMA 4X stainless steel corrosion 
resistant enclosure.  Damper operator enclosure shall be model ZS-300 as 
manufactured by Belimo or approved equal. 
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2.5. PRESSURE INDEPENDENT HYDRONIC CONTROL VALVES 
 

A. All automatic control valves 2 inches and smaller shall be screwed type, and valves  2 ½ 
inches and larger shall be flanged. Valves shall be factory-rated to withstand the 
pressures encountered.  Valves shall have stainless-steel stems and spring loaded Teflon 
packing with replaceable seats and discs.  All control valves must be capable of 
withstanding the shut-off head of the pumps, they are connected to without the valve seat 
lifting.  Valves shall have stainless steel stems and spring loaded Teflon packing with 
replaceable seats and discs. 

 
1. All modulating straight-through water valves shall be provided with equal-

percentage contoured throttling plugs and shall be pressure independent type.  
All three-way valves shall be provided with linear throttling plugs such that the 
total flow through the valve shall remain constant regardless of the valve's 
position modulating.  Valves shall be sized for a pressure drop equal to the coil 
they serve but not to exceed 5 psi.  Valves shall have replaceable seats and 
discs.  Pressure independent control valves shall be as manufactured by 
Griswold, Delta P, Warren Controls, Danfos, Bray, or approved equal. 
 

2. Pressure Independent Actuated Ball Valves (PIC-V) for Flows up to     85 GPM 
 

 
a. The modulating control valves shall be pressure independent.  

 
b. Valves shall accurately control flow within +/-5% (including 

manufacturing tolerance) independent of system pressure fluctuation by 
maintaining a constant pressure differential across the control valve so 
that the valve only repositions on a change in load demand.  

 
c. The pressure independent modulating control valve shall include a 

Pressure Compensating Cartridge, Actuated Ball Valve, 2 PT’s, Manual 
Air Vent, Union, and Manual Isolation Ball in a single valve housing. 

 
d. The valve shall have an accuracy of +/- 5% including manufacturing 

tolerances and pressure variations. 
 

e. Valve housing shall consist of forged brass, rated at no less than 360 psi 
at 250°F. 

 
f. Valve shall include a venturi  metering station so that the flow rate can 

be read by means of differential pressure. Venturi metering station shall 
not require any straight runs of piping before or after meter. 

 
g. Both the ATC and shutoff valve shall have stems that are field repairable 

with the valve in the line.  The body design shall allow inspection or 
repair of the stem without disturbing piping connections or draining 
water.  The repairable stem shall include two Teflon seals and one 
EPDM O-ring for protection against chemicals and modulating 
temperature. 
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h. Valve shall have a union end connection with factory installed air vent to 

allow for venting of the coil or heat pump. 
 

i. The control valve shall accurately control the flow from 0 to 100% full 
rated flow. 

 
j. The ATC portion of the valve shall use the full 90 degrees of the stroke 

for control.  Stroke limiting of the valve shall not be acceptable. 
 

k. A flow tag shall be furnished with each valve. 
 

l. A universal mounting plate shall allow installation of actuators meeting 
the system electrical requirements and valve torque requirements as 
provided by Honeywell, Invensys, Johnson Controls, KMC, Schneider, 
Neptronic, or Siemens. 

 
m. The actuator and plate can be rotated after mounting. 

 
n. The actuator mounting assembly shall accommodate no less than 1 ½” of 

insulation. 
 

o. Pressure Compensating Cartridge (PCC) 
 

1). PCC shall automatically compensate for pressure changes in 
valve and shall maintain a constant pressure drop across the flow 
limiting actuated ball. 
 

2). The operating pressure range shall be available with the 
minimum range requiring 3 PSID to actuate the cartridge and the 
maximum 8 psid to actuate the cartridge 

 
3). Valve internal control mechanism includes a diaphragm and full 

travel linear coil spring. 
 

4). Valves shall include an accessible/ replaceable cartridge. 
 

5). Dual pressure/temperature test valves for verifying the pressure 
differential across the cartridge and flow limiting ball shall be 
standard. 

 
p. Actuated Ball Valve  

 
1). Valve ball shall consist of chemically plated nickel brass or 

stainless steel.  
 

2). Actuator stem shall be removable/ replaceable without removing 
valve from line. 

 
3). Manufacturer shall be able to provide ball insert to limit flow to 

maximum flow rate with ±5% accuracy. Insert shall be 
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constructed of a Glass-Filled Polymer. The insert shall be press 
fit to the inside of the ball.  Clipping the insert onto the exiting 
side of the ball shall not be acceptable. 

 
4). Each maximum flow rate selected shall use a different 

characterizing disc so that stroke limiting is not required.   
 

5). Valve shall have a minimum rangeability as follows: ½”-40:1, 
¾”-160:1, 1” to 3”-400:1 

 
6). Valve shall have EPDM O-rings behind Reinforced Teflon 

(PTFE) ball seals.   
 

7). The valve shall have a minimum close-off pressure differential 
rating of 100 psi with 35 in-lbs of torque for 1/2" to 2" sizes. 

 
8). Actuator shall provide minimum torque required for full valve 

shutoff position. 
 

q. Isolation Ball Valve 
 
1). Valve shall include a 600 WOG manual isolation ball valve. 

 
2). Stem shall be removable/replaceable with the valve in the line. 

 
r. The control valve actuator will be furnished by the controls contractor 

under Section 230900. 
 

s. Pressure independent valves shall come as one complete assembly from 
Griswold Controls or approved equal and shall include a supply side 
combination shutoff/ strainer valve.  

 
3. MVP Pressure Independent Control Valves for Flows above 85 GPM. 

 
a. Pressure Independent Flow Control Valve 2.5” and Larger 

 
1). The modulating control valves shall be pressure independent. 

 
2). Valve shall accurately control flow within +/-5% (including 

manufacturing tolerance) independent of system pressure 
fluctuation by maintaining a constant pressure differential across 
the control valve so that the valve only repositions on a change 
in load demand. 

 
3). Contactor shall install pressure independent flow control valves 

where indicated in drawings. 
 

4). Valve shall be electronic, pressure independent, modulating 2-
way control device. 
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5).  Balancing valves shall not be required where pressure-
independent valves are installed. 

 
6). Install flow measuring station and shut-off valve on return pipe 

to measure flow rate in gallons per minute. 
 

b. Valve Actuator 
 
1). Valve actuator housing shall be rated to IP44 insulation. 

 
2). Actuator shall be driven by a 24Vdc motor, and shall accept 2-10 

Vdc, 4-20mA, 3-point floating or pulse width modulation 
electric signal and shall include resistor to facilitate any of these 
signals. 

 
3). Actuator shall be capable of providing 4-20mA or 2-10 Vdc 

feedback signal to the control system so that the gpm can be 
determined. 

 
4). External LED readout of current valve position and maximum 

valve position setting shall be standard.   
 

5). Maximum flow setting shall be adjustable to 51 different settings 
within the range of the valve size by changing the settings 
electronically on the actuator. 

 
6). Optional fail safe system to power valve to either open or closed 

position from any position in case of power failure shall be 
provided per the sequence of operations and the automatic 
temperature control diagrams. 

 
c. Valve Housing 

 
1). 2.5"–6": Housing shall be constructed of Ductile Iron ASTM 

A536-65T, Class 60-45-18 rated at no less than 580 psi static 
pressure and 248°C. 
 

d. Pressure Regulation Unit 
 
1). Pressure regulation unit shall consist of 304 Stainless Steel and 

hydrogenated acrylonitrile butadiene rubber (1/2"–1-1/2") or 316 
Stainless Steel and EPDM (2"–6"). 
 

2). Flow regulation unit shall be accessible for maintenance without 
disturbing the piping. 

 
3). Valve shall have a maximum of 8.6 psid to actuate the pressure 

regulating cartridge. 
 

4). Dual pressure/temperature test valves for verifying accuracy of 
flow performance shall be available for all valve sizes. 
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4. Where applicable, all two (2) position control valves may be furnished with 

hose kits at Contractor's option. Coordinate actuator and pressure drop 
requirements with hose kit supplier.  Maximum allowable pressure drop for two 
(2) position modulating control valves shall be 12 feet at scheduled flow rate. 

 
5. Optional accessories shall include a stem packing lubricator for factory or field 

assembly.  Valve stem packing shall be low friction, tight sealing Teflon. 
 

6. Unitary valves shall be straight-through or three way type as specified in the 
sequence of operation with high-pressure connections suitable for copper pipe 
and rated for 250 psig.  Stems shall be polished stainless-steel and packing shall 
be ethylene-propylene suitable for both chilled water and 250 degree hot water 
service.  Straight-through valves shall have back-seating feature, to allow 
packing to be replaced without draining system. 

 
7. All valves shall use guided valve plugs for good seating and reliable operation.  

Valves ½ inch to 1 inch shall be ANSI Class 125 brass body with screwed ends.  
Valves 1-1/4 inches to 2 inches shall be ANSI Class 150 brass body with 
screwed ends.  Valves 2-1/2 inches to 4 inches shall be Class 125 cast iron body 
with bronze trim and flanged ends.  Valves 6 inches and larger shall be Class 
125 steel body with bronze trim and flanged ends.  Butterfly valves shall be 
DeZurick HIGH performance or Keystone Keylock, Lug style as specified in 
Division 23 Section, HVAC Piping, Fittings, and Valves. 

 
8. All heating coil valves shall be normally open to the coil.   

 
B. Control Valve Operators 

 
1. Electric valve actuators shall be properly sized to provide sufficient torque to 

position valves throughout its operating range. 
 

2. Use devices which are quiet in operation and which in the event of power 
failure, will "fail safe" by spring action in either the normally open or normally 
closed position as required for freeze, moisture, smoke, or fire protection.  
Spring return valves are required for all control valves where coils are exposed 
to outside air conditions. 

 
3. Electric actuators requiring a 24VAC power supply will be utilized.  Motors 

shall be specifically designed and sized with proper torque according to 
requirements of the device it is to be used on (i.e:  valve, damper). Each actuator 
will accept the proper control input as the system is designed, (i.e.:  floating, 0-
10VDC, 4-10Ma etc.) without the need for any additional interface devices. 

 
2.6. CONTROL PANELS 
 

A. Furnish and install local panels for ATC devices.  Control panels shall be fully enclosed 
cabinets, all steel construction and shall meet the requirements of NEMA 1 enclosures.  
Cabinet shall have piano hinged door with a locking latch.  All cabinet locks shall use 
common key.  Provide means of storing control system instructions and drawings inside 
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cabinet for future reference.  Panel shall be wall mounted or free standing and located 
where directed by the Contract Drawings or Engineer.   

 
1. Each panel shall have all internal devices factory wired to a numbered terminal 

strip.  Controllers and associated devices shall be mounted within the panel, 
accessible through a hinged door.   

 
2. All ATC panels shall be provided with integral disconnect, wiring, and control 

transformers. 
 

3. Any ATC control panel that is serving equipment on the emergency generator 
must be powered by an emergency generator fed circuit/electrical panel.  Refer 
to electrical contract documents for all emergency powered equipment. 

 
2.7. MISCELLANEOUS ELECTRICAL DEVICES 
 

A. Electric Actuators.  All automatically controlled devices, unless specified otherwise 
elsewhere, shall be provided with electric actuators which shall be sized to operate their 
appropriate loads with sufficient reserve power to provide smooth modulating action or 
two-position action and tight close off as specified. 

 
B. Aquastats shall be line voltage strap on type with single pole, single throw switching.  

Switches shall have an adequate rating for the applied load.  All wiring from aquastats to 
domestic recirculating pumps shall be by ATC contractor. 

 
2.8. UNINTERRUPTIBLE POWER SUPPLY 

 
A. Furnish, size and install uninterruptible power supplies (UPS’s) at all ATC panels. 
 
B. Provide all interlock and power wiring from U.P.S. to control panels as required such that 

all components are powered via the UPS.  For hard-wired equipment furnished with 
pigtails/wire leads, e.g. control power transformers, splice pigtails/wire leads in junction 
box to a flexible cord with NEMA 5-15P Plug, which shall be plugged into the UPS. 

 
C. UPS's shall be sized for the ATC panel load and shall provide at least 10 minutes of full 

load power in the event of a power outage. 
 

D. UPS shall be furnished with plug and cord and shall be powered from power receptacle(s) 
in ATC panels. 
 

2.9. DESKTOP WORKSTATIONS 
 
A. Description: A tower or all-in-one computer designed for normal use at a single, 

semipermanent location. 
 
B. Performance Requirements: 

 
1. Performance requirements may dictate equipment exceeding minimum 

requirements indicated. 
 

2. Energy Star compliant. 
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C. Personal Computer: 
 

1. Minimum Processor Speed: 3 gigahertz (GHz). 
 

2. RAM: 
a). Capacity: 8GB. 
b). Speed and Type: 1333 MHz, SDRAM. 

 
3. Hard Drive: 

a). Media: Solid state. 
b). Number of Hard Drives: One. 
c). Capacity: 250GB. 

 
4. Optical Read and Write Drive: 

a). Include with at least 2 MB of data buffer. 
b). Type: SCS1 CD-ROM Drive with Read/Write Capability. 
c). Average access time of 150 ms or less. 
 

5. At least four expansion slots. 
 

6. Video Card: 
a). Resolution: 1920 by 1200 pixels. 
b). RAM: 4 GB. 
c). Controller Speed: 4GHz. 

 
7. Sound Card: 

a). At least 128 voice wavetable synthesis. 
b). Capable of delivering three-dimensional sound effects. 
c). High-resolution 16-bit stereo digital audio recording and playback with 

user-selectable sample rates up to 48,000 Hz. 
 

8. Network Interface Card: Include card with connection, as applicable. 
a). 10-100-1000 base TX Ethernet with RJ45 connector port. 
b). 100 base FX Ethernet with SC or ST port. 

 
D. Wireless Ethernet, 802.11 a/b/g/n. 
 

1. Optical Modem: Full duplex link for connection to optical fiber cable provided. 
 

2. I/O Ports: 
a). Two USB 3.0 ports on front panel, six on back panel, and three internal 

on motherboard. 
b). One serial port. 
c). One parallel port. 
d). Two PS/2 ports. 
e). One RJ-45. 
f). One stereo line-in and headphone/line-out on back panel. 
g). One microphone and headphone connector on front panel. 
h). One IEEE 1394 on front and back panel with PCI-e card. 
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i). One ESATA port on back panel. 
 

3. Battery: Life of at least three years to maintain system clock/calendar and ROM, 
as a minimum. 

 
E. Keyboard: 

 
1. 101 enhanced keyboard. 

 
2. Full upper- and lowercase ASCII keyset, numeric keypad, dedicated cursor 

control keypad, and 12 programmable function keys. 
 

3. Wireless operation within up to 72 inches (1800 mm) in front of workstation. 
 
F. Pointing Device: 

 
1. Either a two- or three-button mouse. 

 
2. Wireless operation within up to 72 inches (1800 mm) in front of workstation. 

 
G. Flat Panel Display Monitor: 

1. Display: 
a). Color display with 21 inches diagonal viewable area. 
b). Digital input signal. 
c). Aspect Ratio: 16 to 9. 
d). Antiglare display. 
e). Tilt adjustable base. 
f). Energy Star compliant. 
g). Resolution: 1920 by 1200 pixels at 60 Hz. 
h). Number of Displays: One. 

 
H. Speakers: 

1. Two, with individual controls for volume, bass and treble. 
2. Signal to Noise Ratio: At least 65 dB. 
3. Power: At least 4 W per speaker/channel. 
4. Magnetic shielding to prevent distortion on the video monitor. 

 
I. I/O Cabling: Include applicable cabling to connect I/O devices. 

 
2.10. CENTRAL CONTROL AND MONITORING SYSTEM (CCMS)  (HARDWARE 

DESCRIPTION) 
 

A. General 
 

1. The Facilities Management Control System (FMCS) shall be comprised of a 
network of various independent, Stand-alone Digital Controllers (SDC'S), 
Mechanical System Digital Controllers (MSDC's), Air Handler Digital 
Controllers (AHDC's), Unitary Digital Controllers (UDC's),; together with 
Centralized Control Stations (CCS), and Centralized Host Stations (CHS) as 
specified, to provide centralized access and facility wide control functions.  The 
SDC's, MSDC's, AHDC's, UDC's shall be interconnected in a communicating 
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network to provide facility wide access and sharing of information.  A Gateway 
Digital Controller (GDC's) shall be provided to allow interface with third party 
microprocessor based control systems that are specified for integration within 
specification.  A Local Area Network (LAN) shall be provided to interconnect 
SDC's for high-speed data transmission. 

 
2. Specification Nomenclature 

 
FMCS  Facility Management Control System 
SDC  Stand-alone Digital Controller 
MSDC  Mechanical System Digital Controller 
AHDC  Air Handler Digital Controller 
UDC  Unitary Digital Controller 
HHOT  Hand Held Operator Terminal 
GDC  Gateway Digital Controller 
GP  Graphical Programmer 
CHS  Central Host Station 
CCS  Central Control Station 
RPTR  Communications Repeater 

 
B. Centralized Host Stations (CHS) 

 
1. The FMCS shall include Centralized Host Stations.  CHS's shall, in conjunction 

with the full compliment of Digital Controllers, provide the performance 
requirements within this specification.  Each CHS shall include all hardware and 
software components to serve as a centralized facility operator station, providing 
color graphics, facility wide access, operator initiation of global control 
strategies, and centralized documentation. 

 
The CHS shall be capable of simultaneously interfacing with the following: 

 
-mouse pointing device 
-two parallel printers 
-high resolution VGA color graphics monitor 
-seven auto answer/auto dial modems 
-color inkjet printer 
-two serial printers 
-three FMCS LAN interface 
-Alarm Graphic and Report FAX dial out service interface 
-Mass storage tape system 

 
As a minimum, the temperature control contractor shall provide the types and 
quantities of CHS, CCS, SDC, MSDC, AHDC, GDC, UDC, as required. 

 
2. Computer 

 
a). The existing FMS computer located in the Maintenance Office shall be 

utilized with the new CCMS System if compatible with the same. If the 
selected ATC contractor cannot tie into the existing computer, then a 
new stand-alone computer shall be furnished. 
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b). Coordinate IP address with Owners’ I.T. Department for network 

connection.  The CCMS must be fully networkable. 
 

c). Provide fiber optic cable as required. 
 

3. Operator Workstation:  One PC-based microcomputer with minimum 
configuration as follows: 

 
a). Uninterruptible Power Supply:  2 kVa. 
b). Operating System:  Microsoft Windows – Latest Version. 

i. ASHRAE 135 Compliance:  Workstation shall use 
ASHRAE 135 protocol and communicate using ISO 8802-3 
(Ethernet) datalink/physical layer protocol. 

ii. LonWorks Compliance:  Control units shall use LonTalk 
protocol and communicate using EIA/CEA 709.1 
datalink/physical layer protocol. 

c). Printer:  Color, ink-jet type as follows: 
i. Print Head:  4800 x 1200 dpi optimized color resolution. 
ii. Paper Handling:  Minimum of 100 sheets. 
iii. Print Speed:  Minimum of 17 ppm in black and 12 ppm in color. 

 
C. Centralized Control Stations (CCS) 

 
The FMCS shall include Centralized Control Stations, as required.  CCS's shall, in 
conjunction with the network of SDC's and additional CCS components as required, 
provide the performance requirements within this section of the specification.  Each CCS 
shall include all hardware and software components to serve as a centralized facility 
operator station, providing facility wide access, for review and modification of global 
control strategies, real time system monitoring, controller database editing or creation, 
and centralized documentation. 

 
D. Local Area Networks 

 
1. The LAN shall utilize packetized transmissions, CRC 16 error checking, and 

distributed error recovery.  Single or multiple SDC failures shall not cause loss 
of communication between other LAN-connected SDC's. 

 
2. LAN connected SDC's shall be provided with a communications watchdog to 

assure that an individual SDC cannot permanently occupy the LAN.  If an SDC 
is determined to be monopolizing communications, it shall be automatically shut 
down and an exception reported to annunciate this fact. 

 
3. The LAN shall employ a token passing, peer-to-peer convention, same as or 

similar to the industry standard format IEEE 802.4.  The content of messages 
shall be the manufacturer's standard.  The Local Area Network components 
shall be manufacturer's standard or available from third party vendors which 
utilize the same chip implementation as used by the manufacturer. 

 
4. Industry standard ANSI, RS-485 Network Communication System, Lon, or 

Bacnet, or Equivalent shall be utilized. 
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a). Trunk Wiring Practices - General 

The distributed communication network system shall consist of a multi-
drop RS-485 bus architecture connecting SDC's, MSDC's, AHDC's, 
GDC's, and UDC's.  The trunk shall consist of: 

 
i. A twisted pair of wires (24 awg) completely encased in 

continuous metallic conduit. 
 

ii. A twisted shielded pair of wires (24awg) with the shield 
grounded in accordance with the manufacturer's wiring practices. 

 
iii. Or a dual channel, 62.5 micron fiber cabling system with ST 

type connectors. 
 

There shall be no power wiring, in excess of 30 VAC rms voltage, run in 
conduit with communications trunk wiring. In cases where power or 
signal wiring is run in conduit with trunk wiring, all communications 
trunk wiring and power wiring shall be run using separate twisted 
shielded pairs (24awg) with the shields grounded in accordance with the 
manufacturer's wiring practices. 

 
b). Communication Transient Protection 

 
i. The manufacturer's catalog data sheet shall provide evidence that 

all FMCS products offered by the manufacturer are tested and 
comply with the standard for Transient Surge withstand 
capabilities for electrical devices ANSI C62.41, IEEE-587-1980, 
Categories A and B.  Such testing shall have included power and 
communication trunk wiring. Compliance with IEEE-587 shall 
imply conformance with IEEE-472 transient standards based on 
the stated position of ANSI and IEEE regarding applicability of 
the rated standards. 

 
ii. In addition, at each building entry and exit point, the wire 

communications trunk wiring shall be protected with a transient 
surge protection device providing the minimal protection 
specifications of the General semiconductor, Model #422E 
device.  Transient surge protection is not necessary if the 
communication trunk, external to the building, is fiber optic in 
nature. 

 
iii. The communications circuitry and input/output circuitry, of the 

SDC's, MSDC's, and AHDC's shall provide protection against a 
1000 volt, 3 amp transient signal, directly applied to the 
communication or input/output terminations.  The manufacturer's 
catalog data sheet shall provide evidence of conformance with 
this requirement.  Systems not complying with this requirement 
shall provide equivalent protection external to the FMCS 
controller.  Protection shall be provided for the individual 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS  200-163183-17001-07 
STOKES ELEMENTARY SCHOOL     
 

Tetra Tech INSTRUMENTATION & CONTROLS OF HVAC & PLUMBING SYSTEMS 
  21 05 00 - 37 

communications and input/output terminations for each FMCS 
controller.  Submittal documentation shall clearly define how 
this requirement will be met and how the external protection will 
not affect the performance of the controllers. 

 
c). RS-485 Trunk Distance and Topology 

The manufacturer's RS-485 trunk shall provide operation over end to end 
linear distances of 4000 feet for wire connections and 6,500 feet for fiber 
optic connections, without repeaters, at communication data rates of up 
to 64 kbps.  The trunk may be extended up to 20,000 feet through the use 
of wire repeaters or 80,000 feet through the use of fiber optic repeaters. 

 
At data rates of up to 19.2 kbps, the trunk distance shall be extendible to 
distances of up to 20,000 feet using RS-485 communication wire or fiber 
optic repeaters.  A repeater shall be used each 4,000 feet of linear 
distance for wire or every 6,500 feet for fiber optics.  Repeating devices 
shall contain separate LED indication for each communication interface 
trunk to indicate proper operation of the repeater as well as the 
communications trunks. 
 
Contractors shall provide devices which are of FMCS control system 
manufacturer's design. 

 
It shall be possible for the trunk to be "T" eed or "starred", at any 
location using a repeater, to facilitate the installation. Systems which do 
not provide this capability shall provide a trunk riser diagram showing 
end to end distances and locations of system topology necessary to meet 
the trunk diagram shown on the plans. 

 
d). Fiber Optic Communication Trunk 

 
The temperature control contractor shall provide a dual channel fiber 
optic data link, as required, to minimize the effects of transient surges 
caused by lightning or external EMI generating equipment.  The data link 
shall be comprised of a single duplex cable containing two fibers 
(transmit and receive), of 62.5 micron construction, to accommodate data 
rates of up to 64 kbps. 

 
The fiber optic trunk shall be connected to SDC devices using 
manufacturer's standard RS-485 to fiber optic data link modem.  
Repeating devices shall contain separate LED indication for each 
communication interface and the fiber modem, to indicate proper 
operation of all aspects of the device.  Fiber modem devices shall be 
tested and conform with transient surge withstand tests for electrical 
devices, ANSI C62.41 IEEE-587 Categories A and B. Manufacturer's 
data sheet shall provide evidence of compliance with this requirement. 
Manufacturer's products which do not meet this minimum performance 
requirement shall not be acceptable. 

 
Systems which require a special gateway controller to accommodate the 
fiber optic trunks, shall provide such a controller per point where the 
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fiber optic cable enters and leaves the building.  Gateway controllers 
shall not inhibit transfer of point data values between SDC controllers 
throughout the LAN.  Such inhibitive systems shall not be acceptable. 

 
In lieu of the above two options, the contractor may provide a fiber optic 
link to each SDC controller within the LAN.  All controllers shall have 
access to the fiber optic link for LAN. 
 
Fiber optic cable shall be fully tested and terminated by the temperature 
control contractor. 

 
E. Standalone Digital Controllers (SDC) 

 
1. General 

 
Standalone Digital Controllers (SDC) shall be 16 bit microcomputer based, utilizing a 
multi-tasking, multi-user operating system. 

 
The SDC controllers shall permit the simultaneous operation of all control, 
communication facilities management and operator interface software, as programmed by 
the Contractor or User.  Modification of the on-board SDC controller database shall be 
performed on-line using the built-in or HHOT interface.  Systems which require the SDC 
to be removed from service while DDC control sequences are modified shall not be 
acceptable. 

 
SDC controllers shall utilize true floating point arithmetic capabilities.  To accommodate 
totalization of large totalized values, SDC's with reporting capability shall support the 
calculation, accumulation and display of values within the range of +/-10 to the 10th 
power. 

 
2. Database and Memory Back-up 

 
All programming defining the functions to be performed by the SDC, including but not 
limited to application programs and point database within each SDC, shall be protected 
from loss due to power failure for a minimum of six months.  Systems providing non-
volatile memory for these functions are preferred. Systems not providing non-volatile 
memory shall provide a system rechargeable battery backup system sufficient to provide 
protection for the specified 6 month period.  Systems not in compliance shall provide for 
uninterrupted power to each SDC. 

 
3. Service Ports 

 
SDC controllers shall be equipped with a minimum of one operator service port for the 
connection of a HHOT.  The service port shall be either a built-in RS-232 data terminal 
port or an RJ-11 type jack which connects to the manufacturer's standard HHOT. 

 
Connection of a service device, to a service port, shall not cause the SDC controller to 
lose communications with its peers or other networked device controllers. 

 
The service port shall allow utilization of the same HHOT from any location.  The same 
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HHOT shall be utilized for any SDC, MSDC, AHDC, or UDC Systems which utilize 
more than one variety of HHOT shall not be acceptable. 

 
4. Display and Readout Capability 

 
The SDC controller shall provide manufacturer’s standard display and readout capability. 

 
5. Manual/Auto Control and Notification 

 
The SDC controller shall provide commanded override capability from the HHOT or the 
built-in operator interface.  Such overrides shall be annunciated to the CHS's.  Such 
overrides shall be valid as long as power is applied to the controller. 

 
Manual service overrides, such as Hand/Off/Auto switches, shall be provided as indicated 
on the drawings.  Such overrides shall be located at the controlled device location and 
conform with OSHA Manual lockout regulations, as appropriate, for safety reasons.  
SDC indication of such manual override actions shall be provided as feedback status 
indication points shown on the drawings, in conjunction with the application programs 
within the SDC.  Systems which provide built-in H/O/A switching devices with integral 
feedback shall provide external manual service overrides, as indicated, to comply with 
OSHA manual lockout regulations. H/O/A switches remotely located at the SDC 
controller are not acceptable. 

 
6. Adjustments 

 
Every control panel shall provide adjustments for the functions specified.  In general, 
adjustments shall be provided for all set points used by controllers within each control 
panel.  In addition, adjustments shall be provided for throttling ranges, mixed air damper 
minimum positions, or other items as specified.  Adjustments shall be integral to each 
individual SDC. The built-in operator interfaces shall allow the easy execution of the 
adjustment through named identifiers within the SDC.  From a single SDC user interface, 
any other SDC shall be accessible and full adjustment capabilities shall be provided. 

 
7. Sensing and Control Outputs Requirements 

 
a). Sensing 

 
All sensing inputs shall be provided via industry standard signals.  
Temperatures, humidities, differential pressure signals, and other signal 
inputs shall be one of the following types: 

 
0-20 mA 
4-20 mA 
0-5  VDC 
0-12 VDC 
1000 ohm platinum (at O{SYMBOL 176\f"Symbol"}C,2.62 ohms/C) 
1000 ohm Balco (2.2 ohms/{SYMBOL 176\f"Symbol"}F) 
10 k ohm Thermistor (at 25{SYMBOL 176\f"Symbol"}C/77{SYMBOL 
176\f "SYMBOL"}F) 

 
Custom, definable input signals (accept sensor inputs from RTD devices, 
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other than those of the manufacturer). 
 

All signal inputs shall be compatible with the controllers used, and with 
the requirements for readout of variables in true scaled engineering units 
as specified. 
 

b). Control Outputs 
 

i. On/Off Outputs 
 

Control panel shall internally provide test points for the circuit driving 
the equipment contactor, for the purpose of troubleshooting the 120 VAC 
or 240 VAC circuit to the contactor. All such relays or digital output 
modules shall provide a pilot light or LED display of the same status.  
On/Off output modules shall be of the modular construction that can be 
easily and quickly replaced, on an individual basis, if the module were to 
be damaged. 

 
i. Modulating Outputs 

 
Modulating outputs shall be industry standard 0-5 VDC, or 0-12 VDC 
with definable output spans, to adapt to industry available control 
products.  Milliamp outputs of 0-20 mA or 4-20 mA are also acceptable. 
Drive open/Drive closed type modulating outputs are acceptable 
provided that they also comply with the following requirements. 

 
All modulating outputs shall provide within the control panel, a meter 
gauge, or display indication via on board display or HHOT, the 
commanded position signal for the actuating device.  This meter, gauge, 
or display must provide either a 0-100 percent position indication, or 
read out directly in the engineering unit of the signal being used. Drive 
open/Drive closed type controllers shall include sufficient components 
and control algorithms to comply with this requirement.  In the case of 
Drive open/closed technology, position feedback shall be provided to 
insure positive indication that the control device is at the commanded 
position. 

 
F. Mechanical System Digital Controllers (Msdc's)  

 
1. General 

 
a). Controls shall be microprocessor based, Mechanical System Direct 

Digital Controllers (MSDC's).  MSDC's shall be provided for air 
handling units, central pump systems and other applications as required.  
MSDC's shall be based on a minimum 16 bit microprocessor working 
from software program memory which is physically located in the 
MSDC. The application control program shall be resident within the 
same enclosure as the input/output circuitry which translates sensor 
signals.  All input/output signal conversion shall be performed through a 
minimum of a 12 Bit A to D converter.  All input/output points shall be 
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universal in nature allowing their individual function definition to be 
assigned through the application software.  All unused input/output 
points must be available as universally definable at the owner discretion.  
If input/output points are not fully universal in nature, unused points 
must be equal in quantity between Analog Input, Digital Input, Analog 
Output, Digital Output. 

 
Contractor shall provide a minimum of one MSDC controller per 
mechanical system, as shown on the drawings. 
 
The BAS contractor shall provide and field install al MSDC's specified 
under this section.  Mechanical Equipment manufacturers desiring to 
provide MSDC type controls as factory mounted equipment, shall 
provide a separate bid for their product less all controls, 
BAS/Temperature Control Contractor. 

 
b). All input/output signals shall be directly hardwired to the MSDC. 

Trouble shooting of input/output signals shall be easily executed with a 
volt-ohm-milli-amp meter (VOMA).  As a result of this intent, it is 
specified that power line carrier systems, or other systems which 
command multiple outputs over a single pair of wires, shall not be used. 

 
c). MSDC shall be in continuous direct communication with the network 

which forms the facility-wide Building Automation System (BAS).  The 
MSDC's shall communicate with the SDC at a baud rate of not less than 
19,200 baud. 

 
2. Non-Volatile Memory 

 
a). All control sequences programmed into the MSDC shall be stored in 

non-volatile memory, which is not dependent upon the presence of a 
battery to be retained. Power failures shall not cause the MSDC memory 
to be lost, nor shall there be any need for batteries to be recharged or 
replaced to maintain the integrity of the controller database.  The MSDC 
shall allow for the creation of unique application control strategies.  
Systems that allow selection of sequences from the library or table are 
not acceptable. 

 
b). All control sequences shall be fully field programmable at the MSDC 

controller, allowing for the creation or editing of an application sequence 
of operations. 

 
c). Each MSDC shall be provided with manufacturer’s standard built-in 

Operator Interface. 
 

d). The MSDC shall allow for internal processing and reporting of user 
defined Time of Day Schedules, Alarms, Trend Reports, Run Time 
Totalization, Energy Utilization Reports, Application Program 
Documentation and interface with a peripheral device such as an 
autodial/autoanswer modem, a VT-100 Display Terminal, or a serial 
printer. 
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Systems not providing the above functionality at the MSDC are 
not acceptable and shall utilize an SDC in place of the MSDC. 

 
e). The MSDC shall provide LED indication of transmit/receive 

communications performance as well as for the proper/improper 
operation of the controller itself. 

 
f). The MSDC shall be provided with a battery backed time clock that is 

capable of maintaining the time of day and calendar for up to thirty days 
without loss of setting.  The battery for the time clock shall be field 
replaceable by the customer.  Integral daily, weekly, holiday and special 
event scheduling shall be provided, such that all schedules can be custom 
tailored to the facility. Predefined schedules, with set quantities of on/off 
cycles are not acceptable. 

 
3. Controller Location 

 
a). To simplify controls, mechanical service and troubleshooting, the MSDC 

shall be mounted directly in or on the control compartment of the 
mechanical system.  The MSDC shall be provided in a NEMA 1 
enclosure to accommodate direct mounting on the equipment to be 
controlled.  The MSDC shall be constructed in a modular orientation 
such that service of the failed components can be performed quickly and 
easily.  The modular construction should limit the quantities of printed 
circuit boards to a maximum of three.  When required to replace a 
printed circuit board, it shall not be necessary to disconnect any field 
wiring. The MSDC shall allow for the creation of, unique, application 
control strategies.  Systems that allow selection of sequences from a 
library or table are not acceptable.  This shall allow all controls 
maintenance and troubleshooting to be made while at the unit location.  
MSDC shall be directly wired to sensory devices, staging relays or 
modulating valves for heating and cooling.  

 
b). For compatibility to the environment of the mechanical systems, MSDC 

shall have wide ambient ratings.  MSDC shall be rated for service from -
40 Deg F (Degrees Fahrenheit) to 140 Deg F. 

 
c). Contractor shall submit description of location for the MSDC's on all 

mechanical equipment. 
 

G. Air Handler Digital Controller (AHDC) 
 

1. General 
 

a). Controls shall be microprocessor based, Air Handler Digital Controllers 
(AHDC's).  AHDC's shall be provided for  air handling units, kitchen 
vent units, make-up air units,  and other applications as required.  
AHDC's shall be based on a minimum 16 bit microprocessor working 
from software program memory which is physically located in the 
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AHDC.  The application control program shall be resident within the 
same enclosure as the input/output circuitry which translates the sensor 
signals. All input/output signal conversion shall be performed through a 
minimum of a 10 bit A to D converter.  All input points shall be 
universal in nature allowing their individual function definition to be 
assigned through the application software.  All unused input points must 
be available as universally definable at the discretion of the owner.  If the 
input points are not fully universal in nature, unused points must be equal 
in quantity between Analog Inputs and Digital Inputs. 

 
Contractor shall provide a minimum of one AHDC controller per air 
handling system as shown on the drawings. 
 
The BAS contractor shall provide and field install all AHDC's specified 
under this section.  Mechanical equipment manufacturers desiring to 
provide AHDC type controls as factory mounted equipment, shall 
provide a separate bid for their products less all controls, actuators, valve 
assemblies and sensors, which are specified to be provided by the 
BAS/Temperature control contractor. 

 
b). All input/output signals shall be directly hardwired to the AHDC.  

Troubleshooting of input/output signals shall be easily executed with a 
volt-ohm meter (VOM).  As a result of this intent, it is specified that 
power line carrier systems, or other systems which command multiple 
outputs over a single pair of wires, shall not be utilized. 

 
c). AHDC's shall be in continuous direct communication with the network 

which forms the facility wide Building Automation System.  The 
AHDC's shall communicate with the SDC at a baud rate of not less than 
19,200 baud. 

 
2. Non-Volatile Memory 

 
a). All control sequences programmed into the AHDC shall be stored in 

non-volatile memory, which is not dependent upon the presence of a 
battery, to be retained.  Power failures shall not cause the AHDC 
memory to be lost, nor shall there be any need for batteries to be 
recharged or replaced to maintain the integrity of the controller database.  
The AHDC shall allow for the creation of unique application control 
sequences.  Systems that only allow selection of sequences from a library 
or table, are not acceptable. 

 
b). All control sequences shall be fully programmable at the AHDC, 

allowing for the creation and editing of an application control sequence, 
while at the unit. 

 
c). The AHDC shall be provided with an interface port for the HHOT. The 

interface port shall allow the HHOT to have full functionality as 
described. From the interface port, the HHOT shall be able to directly 
access any AHDC, UDC or VAVDC in the network. 
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d). The AHDC shall provide an input/output point trending utility that is 
capable of accumulating 48 analog point samples and 10 digital point 
samples, per Input/Output point.  Each sample shall be taken on a user 
defined interval, ranging from 1 second to 255 hours per sample. The 
digital readings shall be on a change of state occurrence for the digital 
points. All samples shall be recorded with the engineering units for the 
value, along with a time and date identifier for each sample taken.  The 
samples shall be protected against loss due to power interruptions 
through a battery or capacitor backup method for a minimum of 30 days. 

 
Systems unable to provide the above capability shall provide for the 
individual Input/Output point trending at the SDC.  Specifics as to how 
each AHDC point will be trended, at the SDC, shall be provided in the 
submittal documents.  Included in the explanation shall be the sample 
intervals, the memory allocation in the SDC and the number of AHDC's 
per SDC that can be expected. 

 
e). The AHDC shall provide LED indication of transmit/receive 

communications performance, as well as for the proper/improper 
operation of the controller itself. 

 
f). The AHDC shall be provided with a battery backed time clock that is 

capable of maintaining the time of day and calendar for up to thirty days, 
upon loss of power to the AHDC, without loss of setting.  The battery for 
the time clock shall be replaceable by the customer.  The AHDC shall be 
provided with integral time schedules; as a minimum, two seven day 
schedules with eight on/off periods per day shall be provided.  Holiday 
override of weekly schedules shall be provided for pre-scheduling of 
holidays, for the year in advance. 

 
3. Controller Location 

 
a). To simplify controls and mechanical service troubleshooting, the AHDC 

shall be mounted directly in or on the controls compartment of the air 
handling system.  The AHDC shall be provided in a NEMA 1 enclosure 
to accommodate direct mounting on the equipment to be controlled.  The 
AHDC shall be constructed in a modular orientation such that service of 
the failed components can be done quickly and easily. The modular 
construction should limit the quantities of printed circuit boards to a 
maximum of two.  All logic, control system, power supply and 
input/output circuitry shall be contained on a single plug-in circuit board.  
When required to replace a printed circuit board, it shall not be necessary 
to disconnect any field wiring.  This shall allow all controls maintenance 
and troubleshooting to be made while at the air handling unit.  The 
AHDC shall be directly wired to sensory devices, staging relays or 
modulating valves for heating and cooling. 

 
b). For compatibility to the environment of the air handling unit, AHDC's 

shall have wide ambient ratings.  AHDC's shall be rated for service from 
-40 Deg F (Degrees Fahrenheit) to 140 Deg F. 
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c). Contractor shall submit description of location of AHDC's on all 

mechanical and air handling equipment. 
 

H. Unitary Digital Controller (UDC) 
 

1. General 
 

a). Controls shall be microprocessor based Unitary Digital Controllers 
(UDC's).  UDC's shall be provided for equipment as necessary. UDC's 
shall be based on a minimum 16 bit microprocessor working from 
software program memory which is physically located in the UDC.  The 
application control program shall be resident within the same enclosure 
as the input/output circuitry which translates the sensor signals.  All 
input/output signal conversion shall be performed through a minimum of 
a 10 bit A to D converter. 

 
Contractor shall provide a minimum of one UDC controller per unitary 
system as required. 
 
The BAS contractor shall provide and install all UDC's specified under 
this section.  Mechanical equipment manufacturers desiring to provide 
UDC type controls as factory mounted equipment, shall provide a 
separate bid for their products less all controls, actuators, valve 
assemblies and sensors, which are specified to be provided by the 
BAS/Temperature control contractor.  

 
b). All input/output signals shall be directly hardwired to the UDC. 

Troubleshooting of input/output signals shall be easily executed with a 
volt-ohm-milli-amp meter (VOMA).  As a result of this intent, it is 
specified that power line carrier systems, or other systems which 
command multiple outputs over a single pair of wires, shall not be 
utilized. 

 
c). UDC's shall be in continuous, direct communication with the network 

which forms the facility wide building automation system. The UDC's 
shall communicate with the SDC at a baud rate of not less than 9,600 
baud. 

 
2. Non-Volatile Memory 

 
a). All control sequences programmed into the UDC shall be stored in non-

volatile memory, which is not dependent upon the presence of a battery, 
to be retained.  Power failures shall not cause the UDC memory to be 
lost, nor shall there be any need for batteries to be recharge or replaced to 
maintain the integrity of the controller database.  The UDC shall allow 
for the creation of unique application control sequences.  Systems that 
allow only selection of sequences from a library or table are not 
acceptable. 

 
b). All control sequences shall be fully configurable at the AHDC, allowing 
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for the creation and change of a sequence while at the unit. 
 

c). The UDC shall be provided with the ability to interface with the HHOT.  
The interface port shall be provided at the wall sensor or within the 
unitary equipment, as specified on the plans.  The interface port shall 
allow the HHOT to have full functionality as described hereinbefore of 
this specification.  From the interface port, the HHOT shall be able to 
directly access any AHDC, UDC, [or VAVDC] in the network. 

 
d). The UDC shall provide an input/output point trending utility that is 

capable of accumulating 48 analog point samples and 10 digital point 
samples per Input/Output point.   Each sample shall be taken on a user 
defined interval, ranging from 1 second to 255 hours per sample.  The 
digital readings shall be on a change of state occurrence for the digital 
points.  All samples shall be recorded with the engineering units for the 
value, along with a time and date identifier for each sample taken. 

 
Systems unable to provide the above capability shall provide for the 
individual input/output point trending at the SDC.  Specifics as to how 
each UDC point will be trended, at the SDC, shall be provided in the 
submittal documents.  Included in the explanation shall be the sample 
intervals, the memory allocation in the SDC and the number of UDC's 
per SDC that can be expected. 

e). The UDC shall provide LED indication of transmit/receive 
communication performance, as well as for the proper/improper 
operation of the controller itself. 

 
3. Controller Location 

 
a). To simplify controls and mechanical service troubleshooting, the UDC 

shall be mounted directly in the controls compartment of the unitary 
system.  The UDC shall be provided with a sheet metal or polymeric 
enclosure that is constructed of material allowing for the direct mounting 
within the primary air stream, as defined by UL-465.  The direct 
mounting shall allow all controls maintenance and troubleshooting to be 
made while at the unitary equipment.  The UDC shall be directly wired 
to sensory devices, staging relays or modulating valves for heating and 
cooling. 

 
b). For compatibility to the environment of the unitary equipment, UDC's 

shall have wide ambient ratings.  UDC's shall be rated for service from 
32 Deg F (Degrees Fahrenheit) to 140 Deg F. 

 
c). Contractor shall submit description of location of UDC's on all 

mechanical and unitary equipment. 
 

I. Gateway Digital Controller (GDC) 
 

1. General 
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a). Controls shall be microprocessor based, Gateway Digital Controllers 
(GDC's).  GDC's shall be provided for the purpose of integrating 
microprocessor based, communicating, direct digital control systems 
from vendors other than the primary, selected controls manufacturer.  
GDC's shall be based on a minimum 16 bit microprocessor working from 
software program memory which is physically located in the GDC.  All 
communications interface control programs shall be resident within the 
GDC. 

 
The BAS contractor shall provide and field install all GDC's specified 
under this section.  Any interface requirement beyond a two wire 
communications wire link, shall be provided by the equipment 
manufacturer supplying the non-primary or third party microprocessor 
based, communicating, direct digital controllers. 

 
b). All GDC's shall exist at the LAN level with the SDC's. The GDC's shall 

possess all capabilities described under the SDC section while 
additionally providing the interface to the third party systems described 
above.  The GDC's shall communicate with the third party controllers at 
the highest possible baud rate offered by the third party system.  As a 
minimum, 9,600 baud communications shall be utilized. 

 
c). All control sequences programmed into the GDC shall be stored in non-

volatile memory, which is not dependent upon the presence of a battery, 
to be retained.  Power failures shall not cause the GDC memory to be 
lost, nor shall there be any need for batteries to be recharged or replaced 
to maintain the integrity of the controller database.  The GDC shall allow 
the standard database information from the third party system to be 
integrated in standard FMCS data formats, allowing for the creation of 
unique application control sequences.  Systems that only allow selection 
of data and sequences from a library or table, are not acceptable. 

 
d). Each GDC shall be provided with manufacturer’s standard built-in 

operator interface. 
 

e). The GDC shall provide Alarming, point trending and Energy report 
generation capabilities.  Alarming points shall be uniquely definable, 
with multiple alarms assignable to a single point. Such alarm shall be 
provided with a unique 80 character message.  Systems utilizing an alarm 
message library, shall describe the size of the library and verify how all 
alarming within the GDC will be guaranteed unique 80 character 
messages. 

 
The quantities of trended point values shall be limited only by total 
controller memory space.  If necessary, a GDC may be dedicated fully to 
a trending task, allowing all controller memory to be available for the 
trend storage.  Each unique trend report shall contain a minimum of 4 
different points and a minimum of 128 samples per point. Trending 
frequency for each report shall be operator definable from a sample once 
a second to a sample once every 24 hours.  Trend reports shall be 
internally formatted by the GDC and shall be reportable directly to a 
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serial printer, a VT-100 display terminal, a CCS, CHS or any other 
device capable of receiving a formatted ASCII data file. 
 
The energy reports shall not be limited in quantities only by available 
memory within the GDC.  Each Energy Report shall be fully formatted 
and reportable to a serial printer, a VT-100 display terminal, a CCS, a 
CHS or any other device capable of receiving a formatted ASCII data 
file.  As a minimum, each Energy Report shall provide a daily report and 
a monthly report with summary information such as outside air 
temperature, outside air humidity, total energy consumed and degree day 
calculations. 

 
f). The GDC shall be provided with a battery backed clock that is capable of 

maintaining the time of day and calendar for up to thirty days, upon loss 
of power to the GDC, without loss of setting.  The battery for the time 
clock shall be field replaceable by the customer. 

 
2.11. SYSTEM SOFTWARE DESCRIPTION 
 

A. General 
 

1. Contractor shall provide all software for a complete and operational system as 
described herein.  Software shall include manufacturer's standard multi-tasking, 
multi-user operating system for operator consoles and controllers, network 
communication software for dial-up and hard trunk applications, operator man-
machine interface software, control application software and all other software 
necessary to provide the functions specified herein. 

 
2. System software shall be as manufactured by Siebe Environmental Controls, 

Johnson Controls, Honeywell, Siemens, Alerton, Reliable Controls, Schneider 
Electric, Advanced Power, Trane, or approved equal. 

 
2.12. EXCEPTION REPORTING SEQUENCES 
 

A. Alarm/COS Reports 
 

1. For those digital points indicated on the drawings, the Contractor shall provide a 
unique change-of-state alarm message of up to 70 characters.  The message shall 
report to all devices assigned to the alarm class. 

 
2. For those points indicated on the drawings which are designated as interrupt 

priority, the Contractor shall provide an interrupting process display at the CHS 
location which displays the current conditions for the operator. 

 
In addition, the CHS computer shall automatically send a picture of the process 
graphic display to the remote locations specified on the drawings as receiving 
facsimile copies of interrupting alarms. 

 
3. For those points designated in paragraph 3 above, the FMCS shall also send a 

history log to the system report printer of the immediate prior history of the 
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points causing the interrupt priority.  This log shall contain 1 minutes samples of 
the previous 15 minutes of operation. 

 
4. For those points on the drawings designed as Hard Facts points, the Contractor 

shall provide an alarm message to a remote facsimile location designated by the 
Owner.  The FMCS system shall provide at the remote location, a facsimile 
printout showing location, time/date of alarm and alarm message of the point.  
For interrupt priority fax alarms, the remote facsimile machine shall receive a 
hard copy of the interrupt process screen showing on-line dynamic data values 
of the current conditions. 

 
B. Off Hours Exception Reporting 

 
The Owner shall specify up to five sites to which off hours exceptions shall be auto-
dialed and reported.  This shall allow the owner to assign off hours exception responses 
to various facility personnel as necessary.  Selection of the site to be dialed can be 
programmed by the Owner, and set to change automatically per time of day and day of 
week. 

 
2.13. MONITORING SYSTEM, SENSORS AND WIRING 
 

A. Sensors and other Devices for Input/Output Summary Schedule: 
 

1. Provide all necessary sensors, relays, panels, conduits and wire for the points 
indicated in the input/output summary as shown on the contract drawings.   

 
2. Analog sensing elements for remote indication shall be independent of local 

sensors used for local control loops. 
 

3. Temperature sensors shall be Resistance Temperature Detector (RTD) type of 
1000 ohm balco.  Space (60-90 degrees F); Duct/Well (-30-250 degrees F); 
Averaging Duct (-30-225 degrees F) or as required under Division 26. 

a). Space temperature sensors shall be provided with blank commercial type 
locking satin chrome covers.  

 
b). Duct temperature sensors shall be rigid stem or averaging type as 

specified in the sequence of operation.  Water sensors shall be provided 
with a separable copper, monel or stainless steel well.  Outside air wall 
mounted sensors shall be provided with a sun shield. 

 
c). The dew point sensor shall employ a non-reactive organic bobbin 

material to give precise dew point readings with accuracy of not more 
than + 1.5 degrees F.  The dew point sensor shall incorporate an integral 
draft shield as part of the instrument for air velocities in excess of 50 feet 
per minute.  The dew point sensor shall operate over a minimum dew 
point temperature range suitable to application. 

 
4. Relative humidity sensors shall be capacitance type with 10 percent to 90 

percent range.  Duct mounted humidity sensors shall be provided with a 
sampling chamber. Wall mounted sensors shall be provided with covers 
identical to temperature sensors.  Space 10 percent -90 percent RH; Duct 10 
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percent - 90 percent RH. 
 

5. All wall mounted temperature sensors, humidity sensors, and CO2 sensors shall 
be installed with stainless steel wire guard. Set point adjustment shall be 
achievable without removing the wire guard. 

 
6. Differential and Static Pressure Sensors and Switches 

 
a). Fan proof-of-flow switches shall be U.L. listed adjustable set point and 

differential pressure type.  Switches shall be piped to fan discharge 
except where fans operate at less than one inch WG, they shall be piped 
across the fan.  For fractional horsepower and non-ducted fans, relays or 
auxiliary contacts may be used.  Maximum pressure rating shall be at  
 
least 10 inches WG. with .05-12 inch W.C. range. 

 
b). Pump proof-of-flow switches shall be U.L. listed adjustable differential 

pressure or flow type as specified in the sequence of operation or data 
point summary.  Devices shall be 150 psi rated except chilled water flow 
switches shall be provided with totally sealed vapor tight switch 
enclosure on 300 psi body.  Differential pressure switches shall have 
valved manifold for servicing, and a range of 3 psi-150 psi. 

 
c). Air flow and static pressure analog sensors shall be high accuracy 

suitable for the low velocity pressures to be encountered, be selected for 
approximately 50 percent overrange, and have a 4 to 20 ma output.  
These differential pressure sensors shall be connected to the air flow 
measuring station with valved lines for testing and calibration, and shall 
have adjustments for zero and span. 5 inch W.C. range. 

 
d). Water flow analog sensors shall be provided complete with flow element 

and shall be an all solid state precision industrial type with stainless steel 
meter body, maximum error of no more than .5 percent or span, and 4 to 
20 ma output.  Sensor shall be rated for 250 psi minimum and installed in 
strict accordance to the manufacturer's instructions complete with three-
valve manifold for calibration and maintenance. 

 
7. Overall system accuracy, including electronic analog sensing elements, shall be 

as follows: 
 

a). Air:  Plus or minus 1.0 degrees F temperature, plus or minus 2.5 percent 
r.h., plus or minus 2.0 percent static pressure. 

 
b). Water:  Plus or minus 0.7 degrees F over full scale range for water 

points, plus or minus 1.0 degree F for others. 
 

c). Proof of fan or pumps operating status, or alarm conditions shall be 
through positive feedback from differential pressure switches across fan 
or pump.  Auxiliary dry contacts may be used for proof of fans or pumps 
if the motors are fractional H.P., and other non-ducted fans. 
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8. Digital inputs from devices with isolated, dry type contacts (no grounds, no 

voltage) of either normally open (N.O.) or normally closed (N.C.) configuration 
shall be provided.  Live contact inputs, those that have voltage present, shall be 
provided with isolating devices to meet dry contact requirements. 

 
9. Liquid flow data shall be received and transmitted by commercial grade 

instrument similar in quality to Honeywell 411, Rosemount,  Foxboro, 
MAMAC Systems or approved equal, type differential pressure transmitter.  
Pulse type data sensors shall not be acceptable.  Speed response of differential 
pressure transmitters shall be at least 500 milliseconds.  Maximum error signal 
shall be +/- 1 foot. 

 
10. Start-stop relay module shall contain relays for start-stop function at the remote 

point, with relays mounted and factory wired to numbered terminal strips. 
 

11. Outage Devices: 
 

a). Control Relays:  Control relay contacts shall be rated for the application, 
with a minimum of two sets of Form C contacts, enclosed in a dustproof 
enclosure.  Relays shall have silver-cadmium contacts with a minimum 
life span rating of one million operations.  Operating time shall be 20 
milliseconds or less, with release time of 10 milliseconds or less.  Relays 
shall be equipped with coil transient suppression limiting transients to 
nondamaging levels. 

 
b). Time Delay Relays:  Time delay relay contacts shall be rated for the 

application with a minimum of two sets of Form C contacts enclosed in a 
dustproof enclosure.  Relays shall have silver-cadmium contacts with a 
minimum life span rating of one million operations.  Relays shall be 
equipped with coil transient suppression devices to limit transients to 
nondamaging levels.  Delays contact opening or closing shall be 
adjustable from one to 60 seconds with a minimum accuracy of plus or 
minus 2 percent of setting. 

 
c). Latching Relays:  Latching relay contacts shall be rated for the 

application with a minimum of two sets of Form C contacts enclosed in a 
dustproof enclosure.  Relays shall have silver-cadmium contacts with a 
minimum life span rating of one million operations.  Operating time shall 
be 20 milliseconds or less, with release time of 10 milliseconds or less.  
Relays shall be equipped with coil transient suppression devices to limit 
transients to nondamaging levels. 

 
d). Reed Relays:  Reed relays shall be encapsulated in a glass-type container 

housed in a plastic or epoxy case.  Contacts shall be rated for the 
application.  Operating and release times shall be one millisecond or less.  
Reed relays shall have a minimum life span rating of 10 million 
operations. 

 
e). Contactors:  Contactors shall be of the single-coil, electrically operated, 

mechanically held type.  Positive locking shall be obtained without the 
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use of hooks, latches, or semi-permanent magnets.  Contacts shall be 
double-break silver-to-silver type protected by arcing contacts.  Number 
of contacts and ratings shall be selected for the application.  Operating 
and release times shall be 100 milliseconds or less.  Contactors shall be 
equipped with coil transient suppression devices to limit transients to 
nondamaging levels. 

 
f). Solid-State Relays:  Input-output isolation shall be greater than 1000 

megohms with a breakdown voltage of 1500 V rms or greater at 60 Hz.  
The contact life shall be 10 million operations or greater.  The ambient 
temperature range shall be minus 20 degrees to  plus 140 degrees F.  
Input impedance shall not be less than 500 ohms.  Relays shall be rated 
for the application.  Operating and release times shall be one millisecond 
or less.  Transient suppression shall be provided as an integral part of the 
relay to limit transients to nondamaging levels. 

 
12. Audible Alarm: 

 
a). All alarms shall annunciate on the ATC system front end computer and 

via pagers. 
 
2.14. MAKE-UP WATER FLOW METER/ALARM 
 

A. In-line T-mounted Flowmeter: Made for installation between pipe flanges; measures flow 
directly in gallons per minute.  As manufactured by Aaliant, Badger, Hersey, Kele, Data 
Industrial or approved equal. 

 
1. Construction: Stainless steel body, with integral transmitter and direct - 

reading scale. 
2. Pressure rating: 400 psig maximum. 
3. Temperature Rating: 221 F maximum 
4. Display: Two lines; alphanumeric characteristic each. Visual 

instantaneous rate of flow, with register to indicate total 
volume in gallons. 

5. Output:  Two simultaneous outputs; 4 to 20 mA, two-wire, pulse. 
6. Transmitter:   Universal flow transmitter with pulse output 

(totalization) to convert digital pulses to totalized 
gallons. 

7. Electronic Housing: NEMA4, 3/4 NPT conduit connection, epoxy coated 
aluminum. 

8. Accuracy:  Plus or minus 1 percent of reading. 
9. Key Pad: Setting of recalibration, engineering units, data logging 

sample time, alarms, response time. 
 

B. Power and control wiring to be furnished and installed under this Section of Division 23. 
 

2.15. FLOW MEASURING STATIONS 
 

A. Furnish and install an Onicon  Model F-1210, Hersey, Kobold or approved equal dual 
turbine insertion flow sensor complete with hot tap full port ball valve and installation 
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hardware.  The dual turbine element shall have counter rotating axial turbine elements, 
each with its own rotational sensing system, and an  averaging circuit to reduce 
measurement errors due to swirl and flow profile distortion.  Paddle type rotors will not 
be acceptable.  Rotational sensing of each turbine shall be accomplished electronically by 
sensing impedance change and not with magnetic or photo-electric means.  Each sensor 
shall be individually calibrated and tagged accordingly against the manufacturers primary 
standards which must be accurate to within 0.1 percent and traceable to the U.S. National 
Institute of Standards and Technology (NIST). 

 
B. The sensor shall have a maximum operating pressure of 400 PSI, maximum operating 

temperature of 220 degrees F (optional 300 degrees  F) and a pressure drop of less than 1 
PSI at 17 feet per second flow rate. Flow sensor shall have 100:1 turndown ratio. 
Accuracy shall be + 2 percent of actual reading from 0.4 feet per second to 20.0 feet per 
second. 

 
C. The sensor shall have integral analog outputs of 0-10 VDC and 4-20 mA current output 

for connection to the Central Control System.  The sensor shall also include three integral 
frequency outputs, (top turbine, bottom turbine, average frequency) for diagnostic 
purposes and for connection to peripheral equipment (local display, BTU meter, etc.).  
All outputs shall be linear with flow rate. 
 

D. The turbine elements shall be made of polypropylene with sapphire jewel bearings and 
tungsten carbide shafts.  The flow sensor shall be constructed of 316 stainless steel with 
an aluminum electronics enclosure and gasketed cover. 

 
E. Install flow measuring stations with minimum straight lengths of pipe upstream and 

downstream from sensor as prescribed by manufacturer's written instructions. 
 

F. Make electrical connections to power supply and interlock with ATC system. 
 

G. Calibrate meters for manufacturers requirements. 
 
2.16. FIELD INSTALLED CONDENSATE OVERFLOW SWITCHES 

 
A. Condensate overflow switches must be tested to comply with U.L. 508. 

 
B. Interlock condensate overflow switches to shut-down cooling equipment and alarm on 

ATC system where overflow condition exists. 
 

2.17. CO2 SENSORS/TRANSMITTER 
 
A. Furnish and install wall mount CO2 sensor/transmitters at locations indicated on floor 

plans.  CO2 sensor/transmitter shall be model CD-W00 as manufactured by Johnson 
Controls or approved equal. 
 

B. Measuring Range: 0 to 2,000 ppm CO2. 
 
C. Response Time: 1 minute 
 
D. Output Signal:  As required by ATC system 
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E. Max power consumption:  Less than 2 watts. 
 
F. Listing: U.L. Listed 
 
G. Accessories:  Mounting Kit, Transformer required. 
 
H. Where installed in gyms, auxiliary gyms, toilet rooms, locker rooms, cafeteria, and 

corridors install heavy duty stainless steel guards. 
 

2.18. FLOW SWITCHES 
 
A. Furnish and install piping flow switches at all water cooled equipment, ERV units, VRV 

compressor units and additionally as shown on the Contract Documents. 
 

B. Flow switches shall be Vaporproof, single pole double throw type as manufactured by 
McDonald and Miller or approved equal. 
 

C. Enclosure shall be NEMA 4X rated for 150psig and suitable for temperatures between 
0°F and 150°F with 1 inch MPT connection for upright mounting in horizontal pipe. 
 

D. Size and select flow switches based on pipe size, insertion depth, pipe material and 
expected flow rate.  Interlock status with ATC system. 

 
PART 3. EXECUTION  

 
3.1. GENERAL 
 

A. The Automatic Temperature Control System and Central Control and Management 
System, shall be designed, installed, and commissioned in a turnkey fully implemented 
and operational manner. 

 
3.2. BMS SPECIFIC REQUIREMENTS 

 
A. Graphic Displays 

 
1. Provide a color graphic system flow diagram display for each new and existing 

system with all points as indicated on the point list.  All terminal unit graphic 
displays shall be from a standard design library.   

 
2. User shall access the various system schematics via a graphical penetration 

scheme and/or menu selection.  
 
B. Custom Reports:  

 
1. Provide custom reports as required for this project: 

3.3. WORKSTATION INSTALLATION 

A. Desktop Workstations Installation: 
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1. Install workstation(s) at location(s) directed by Owner. 
2. Install multiple-receptacle power strip with cord for use in connecting multiple 

workstation components to a single duplex electrical power receptacle. 
3. Install software on workstation(s) and verify software functions properly. 
4. Develop Project-specific graphics, trends, reports, logs and historical database. 
5. Power each workstation through a dedicated UPS unit. Locate UPS adjacent to 

workstation. 

B. Portable Workstations Installation: 

1. Turn over portable workstations to Owner at Substantial Completion. 
2. Install software on workstation(s) and verify software functions properly. 

C. Color Graphics Application: 

1. Use system schematics indicated as starting point to create graphics. 
2. Develop Project-specific library of symbols for representing system equipment 

and products. 
3. Incorporate digital images of Project-completed installation into graphics where 

beneficial to enhance effect. 
4. Submit sketch of graphic layout with description of all text for each graphic for 

Owner's review before creating graphic using graphics software. 
5. Seek Owner input in graphics development once using graphics software. 
6. Final editing shall be done on-site with Owner's review and feedback. 
7. Refine graphics as necessary for Owner acceptance. 
8. On receiving Owner acceptance, print a hard copy for inclusion in operation and 

maintenance manual. Prepare a scanned copy PDF file of each graphic and 
include with softcopy of DDC system operation and maintenance manual. 

 
3.4. INSTALLATION & SUPERVISION 
 

A. All wiring and tubing shall be properly supported and run in a neat and workmanlike 
manner.  All wiring and tubing exposed and in equipment rooms shall run parallel to or at 
right angles to the building structure.  All piping and wiring within enclosures shall be 
neatly bundled and anchored to prevent restriction to devices and terminals. 

 
B. The control contractor shall be responsible for all electrical installation required for a 

fully functional control and automation system and not shown on the electrical plans or 
required by the electrical specifications.  All wiring shall be in accordance to all local and 
national codes. 

 
1. All line voltage wiring, all wiring exposed, and all wiring in equipment rooms 

shall be installed in conduit in accordance to the electrical specifications. 
 

2. All electric and electronic wiring shall be minimum #20 AWG minimum THHN 
and shielded if required. 

 
3. All wiring in the central control room shall be concealed in an approved 

manner. 
 

C. Verify locations of temperature sensors, humidity sensors, CO2 sensors, and other 
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exposed control sensors with plans and Owner prior to installation. 
 

D. The installation and supervision of this project shall be carried out by factory trained 
personnel who are employed by the Contractor and licensed for this type of work. 

 
E. Install control units and other hardware in position on permanent walls where not subject 

to excessive vibration. 
 

F. Install software in control units and in operator work station.  Implement all features of 
programs to specified requirements and appropriate to sequence of operation. 

 
G. Install in accordance with manufacturer’s instructions. 

 
H. Check and verify location of space temperature sensors, humidity sensors, CO2 sensors, 

and other exposed control sensors with plans and room details before installation.  Align 
with lighting switches and humidistats. 

 
I. Mount freeze protection thermostats using flanges and element holders. 

 
J. Mount outdoor reset thermostats  and outdoor sensors indoors, with sensing elements 

outdoors with sun shield. 
 

K. Provide separable sockets for liquids and flanges for air bulb elements. 
 

L. Mount control panels adjacent to associated equipment on vibration free walls or free 
standing angle iron supports.  One cabinet may accommodate more than one system in 
same equipment room. Provide engraved plastic nameplates for instruments and controls 
inside cabinet and engraved plastic nameplates on cabinet face. 

 
M. Install equipment plumb and level. 

 
N. Install all equipment to be accessible for service and maintenance. 

 
3.5. ACCEPTANCE TESTING 
 

A. Point Verification 
 

To verify end-to-end operation of the system the Contractor shall provide a hard copy of 
an All Points Summary Listing to the Owner of each part or system to be placed in 
warranty by the Owner.  For CHS systems, the Contractor shall additionally provide a 
print screen of the process display showing real time dynamic point information for all 
points on the subsystem(s) to be accepted. 

 
B. Sequence Verification 

 
1. The Contractor shall notify the Owner's representative of systems which 

perform all specified sequences.   
 

2. The warranty acceptance test shall be of 5 days duration and the system shall 
perform as follows: 
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a). During the five days, the FMCS system shall not report any system 

diagnostics from the subsystem under test. 
 

b). The subsystem shall be performance verified as operational using 
temporary trends of each control loop located in the SDC or MSDC. 

 
During the occupied periods, BAS control loops, under test, shall 
maintain control of the process variable within the following scales: 

 
Duct Static Pressure   +/-0.3 inch WC 
Pump Head Pressure  +/-10 percent of control range 
Duct Temperature Loops +/-2 degrees F 
Room Temperature Loops +/-1degrees F 
Pipe Temperature Loops +/-2 degrees F 
Duct Humidity +/-2x rated error of Humidity 

Transmitter 
 

The contractor shall provide a hard copy printout of the process variable, 
process variable set point and control loop output  percent for the period 
of 2 hours prior to occupancy to 2 hours after occupancy with samples 
taken every 15 minutes. 

 
3.6. COORDINATE WITH TAB AGENCY 

 
A. Verify that all control components are installed in accordance with project requirements 

and are functional, including all electrical interlocks, damper sequences, air and water 
reset, freeze stats and duct smoke detectors.   

 
B. Verify that all controlling instruments are calibrated and set for design operating 

conditions prior to commencement of TAB work. 
 
C. Calibrate sensors after installation, and before the sensor control verification tests are 

performed. Prove the accuracy of final settings by taking temperature readings.  The 
readings shall be in a typical conditional space for each separately controlled zone. 
 

D. Allow sufficient time in the project to provide assistance and instruction to the balancing 
agency in the proper use and setting of control components such as, but not limited to, 
computers, static pressure controllers, or any other device that may need set points 
changed so that the testing and balancing work can be performed. 

 
E. All control sequences, software, equipment, and components shall be started-up by a 

qualified technician. Start-up report shall be submitted to Engineer prior to the 
commencement of testing and balancing work. Testing and balancing shall not 
commence until start-up reports are completed, reviewed by Engineer and forwarded to 
Testing and Balancing Agency. 

 
3.7. EXAMINATION 
 

A. Verify existing conditions before starting work. 
 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 
  STOKES ELEMENTARY SCHOOL  
 

 
INSTRUMENTATION & CONTROLS OF HVAC & PLUMBING SYSTEMS Tetra Tech 
23 09 00 - 58   

B. Verify that systems are ready to receive work. 
 

C. Beginning of installation means installer accepts existing conditions. 
 

D. Sequence work to ensure  installation of components is complementary to installation of 
similar components in other systems. 

 
E. Coordinate installation of system components with installation of mechanical systems 

equipment such as air handling units and air terminal units. 
 

F. Verify that conditioned power supply is available to the control units and to the operator 
work station. Verify that field end devices, wiring, and tubing is installed prior to 
installation proceeding. 

 
3.8. INTERLOCK REQUIREMENTS 
 

A. The fan and equipment interlock requirements are as scheduled on the contract drawings. 
 

B. Furnish and install all necessary relays, transformer, contactors, wiring, conduit, and 
accessories to perform fan, equipment, and damper interlocks. 

 
C. Unless otherwise  noted, fan interlocks shall be arranged such that dampers associated 

with fan shall be open when fan starts and close when fan stops. 
 

3.9. SUBMITTALS AT PROJECT CLOSEOUT 
 

A. Project  Record  Documents: Record actual locations of components  and set points of 
controls, including changes to sequences made after submission of shop drawings. 

 
3.10. CONNECTIONS 

 
A. Piping installation requirements are specified in other Division 23 Sections.  Drawings 

indicate general arrangement of piping, fittings, and specialties. 
 

1. Install piping adjacent to machine to allow service and maintenance. 
 
B. Ground equipment. 
 

1. Tighten electrical connectors and terminals according to manufacturer's 
published torque-tightening values.  If manufacturer's torque values are not 
indicated, use those specified in UL 486A and UL 486B. 

 
C. Connect hand-off-auto selection switches to override automatic interlock controls when 

switch is in hand position. 
 

3.11. FIELD QUALITY CONTROL 
 
A. Manufacturer's Field Service:  Engage a factory-authorized service representative to 

inspect, test, and adjust field-assembled components and equipment installation, 
including connections, and to assist in field testing.  Report results in writing. 
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B. Perform the following field tests and inspections and prepare test reports: 

 
1. Operational Test:  After electrical circuitry has been energized, start units to 

confirm proper unit operation.  Remove and replace malfunctioning units and 
retest. 

 
2. Test and adjust controls and safeties. 

 
3. Test calibration of electronic controllers by disconnecting input sensors and 

stimulating operation with compatible signal generator. 
 
4. Test each point through its full operating range to verify that safety and 

operating control set points are as required. 
 
5. Test each control loop to verify stable mode of operation and compliance with 

sequence of operation.  Adjust PID actions. 
 
6. Test each system for compliance with sequence of operation. 

 
7. Test software and hardware interlocks. 

 
8. Test all end switches and verify status is reported on the ATC system. 

 
C. DDC Verification: 

 
1. Verify that instruments are installed before calibration, testing, and loop or leak 

checks. 
 
2. Check instruments for proper location and accessibility. 

 
3. Check instrument installation for direction of flow, elevation, orientation, 

insertion depth, and other applicable considerations. 
 
4. Check flow instruments.  Inspect tag number and line and bore size, and verify 

that inlet side is identified and that meters are installed correctly. 
 
5. Check pressure instruments, piping slope, installation of valve manifold, and 

self-contained pressure regulators. 
 
6. Check temperature instruments and material and length of sensing elements. 

 
7. Check control valves.  Verify that they are in correct direction. 

 
8. Check DDC system as follows: 

 
a). Verify that DDC controller power supply is from emergency power 

supply, if applicable. 
b). Verify that wires at control panels are tagged with their service 

designation and approved tagging system. 
c). Verify that spare I/O capacity has been provided. 
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d). Verify that DDC controllers are protected from power supply surges. 
 
D. Replace damaged or malfunctioning controls and equipment and repeat testing 

procedures. 
 

E. All temperature control and interlock wiring shall be installed in conduit unless otherwise 
noted on the plans.  Power or interlock wiring shall be run in separate conduit from 
sensor and communications wiring. 

 
3.12. ADJUSTING 

 
A. Calibrating and Adjusting: 

 
1. Calibrate instruments. 

 
2. Make three-point calibration test for both linearity and accuracy for each analog 

instrument. 
 
3. Calibrate equipment and procedures using manufacturer's written 

recommendations and instruction manuals.  Use test equipment with accuracy at 
least double that of instrument being calibrated. 

 
4. Control System Inputs and Outputs: 

 
a). Check analog inputs at 0, 50, and 100 percent of span. 
b). Check analog outputs using volt-ohm-milli-amp meter (VOMA) at 0, 50, 

and 100 percent output. 
c). Check digital inputs using jumper wire. 
d). Check digital outputs using ohmmeter to test for contact making or 

breaking. 
e). Check resistance temperature inputs at 0, 50, and 100 percent of span 

using a precision-resistant source. 
 
5. Flow: 

 
a). Set differential pressure flow transmitters for 0 and 100 percent values 

with 3-point calibration accomplished at 0, p50, 90, and 100 percent of 
span. 

b). Manually operate flow switches to verify that they make or break 
contact. 

 
6. Pressure: 

 
a). Calibrate pressure transmitters at 0, 50, and 100 percent of span. 
b). Calibrate pressure switches to make or break contacts, with adjustable 

differential set at minimum. 
 
7. Temperature: 

 
a). Calibrate resistance temperature transmitters at 0, 50, and 100 percent of 
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span using a precision-resistance source. 
b). Calibrate temperature switches to make or break contacts. 

 
8. Stroke and adjust control valves and dampers. 

 
9. Provide diagnostic and test instruments for calibration and adjustment of 

system. 
 

10. Provide written description of procedures and equipment for calibrating each 
type of instrument. Submit procedures review and approval before initiating 
startup procedures. 

 
B. Adjust initial temperature and humidity set points. 
 
C. Occupancy Adjustments:  When requested within 12 months of date of Substantial 

Completion, provide on-site assistance in adjusting system to suit actual occupied 
conditions. Provide up to three visits to Project during other than normal occupancy hours 
for this purpose. 

 
3.13. ON-SITE ASSISTANCE 

 
A. Occupancy Adjustments:  Within one year of date of Substantial Completion, provide up 

to three Project site visits, when requested by Owner, to adjust and calibrate components 
and to assist Owner's personnel in making program changes and in adjusting sensors and 
controls to suit actual conditions. 

 
3.14. SCHEDULING 

 
A. Submit spreadsheet to Owner indicating occupied/unoccupied times for each item 

controlled by ATC system.  Incorporate all scheduling requirements into sequence of 
operation. 
 

3.15. STAGING 
 
A. Coordinate staging requirements with equipment being controlled.  Where multistage 

units are scheduled or specified, provide all devices, controllers, wiring to control and 
sequence all stages. 

 
 
 
3.16. SEQUENCES OF OPERATION  
 

A. Refer to Contract Drawings for sequences of operation, control diagrams, and points list. 
 
 
 

END OF SECTION 
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SECTION 23 30 00 
 

HVAC AIR DISTRIBUTION 
 
PART 1 GENERAL 
 
1.1 SUMMARY 
 

A. For General Mechanical Requirements, see Division 23 Section, “Common Work Results 
for HVAC” and Division 01, “General Requirements”. 

 
B. The fabrication and installation of all ductwork, together with related equipment, shall 

comply with the standards of the National Fire Protection Association, as set forth in 
NFPA Standard No. 90A, as well as with the requirements of the Sheet Metal and Air 
Conditioning Contractors' National Association, Inc., and the latest edition of the 
ASHRAE Guide. 

 
C. All duct sizes shown are net inside clear dimensions.  Where internal duct lining is used, 

increase duct sizes accordingly to provide the indicated net free area.  Unless otherwise 
indicated size runouts, drops, and connections to grilles, registers, diffusers, fans, coils, 
louvers, filters, and other equipment to the full size of the equipment connection. 

 
D. Minor changes may be made in duct sizes where required to fit the available space, 

provided the indicated net free area and approximate aspect ratio are maintained. 
 

E. Smoothly transition all ductwork to prevent excessive or unnecessary turbulence or 
pressure loss. 

 
F. All exposed ductwork in finished areas shall be painted in color as indicated by Architect.  

All ductwork requiring paint shall be constructed of paint grade galvanized sheet steel 
with a paintable finish. 

 
1.2 REFERENCES  
 

A. ASTM A 36 - Structural Steel. 
 

B. ASTM A 90 - Weight of coating on Zinc-Coated (Galvanized) Iron or Steel Articles. 
 

C. ASTM A 167 - Stainless and Heat-Resisting Chromium-Nickel Steel Plate, Sheet, and 
Strip. 

 
D. ASTM C 916 Type II – Standard Specification for Adhesives for Duct Thermal 

Insulation. 
 
E. ASTM A 366 - Steel, Sheet, Carbon, Cold Rolled, Commercial Quality. 

 
F. ASTM A 480 - General Requirements for Flat-Rolled Stainless and Heat-Resisting Steel 

Plate, Sheet, and Strip. 
 

G. ASTM A 525 - General Requirements for Steel Sheet, Zinc-Coated (Galvanized) by the 
Hot-Dip Process. 
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H. ASTM A 527 - Steel Sheet, Zinc-Coated (Galvanized) by Hot-Dip Process, Lock 

Forming Quality. 
 

I. ASTM A 568 - Steel, Sheet, Carbon, and High-Strength, Low-Alloy, Hot-Rolled and 
Cold-Rolled. 

 
J. ASTM A 569 - Steel, Carbon (0.15 Maximum, Percent), Hot-Rolled Sheet and Strip, 

Commercial Quality. 
 

K. ASTM B209 - Aluminum and Aluminum-Alloy Sheet and Plate. 
 

L. AWS D9.1 - Welding of Sheet Metal. 
 

M. NFPA 90A - Installation of Air Conditioning and Ventilating Systems. 
 

N. NFPA 90B - Installation of Warm Air Heating and Air Conditioning Systems. 
 

O. NFPA 96 - Installation of Equipment for the Removal of Smoke and Grease-Laden 
Vapors from Commercial Cooking Equipment. 

 
P. SMACNA - HVAC Air Duct Leakage Test Manual. 

 
Q. UL 181 - Factory-Made Air Ducts and Connectors. 

 
R. NFPA 90A - Installation of Air Conditioning and Ventilating Systems. 

 
S. NFPA 70 - National Electrical Code. 

 
T. SMACNA - HVAC Duct Construction Standards - Metal and Flexible. 

 
U. UL 33 - Heat Responsive Links for Fire-Protection Service. 

 
V. UL 555 - Fire Dampers and Ceiling Dampers. 

 
1.3 PERFORMANCE REQUIREMENTS 
 

A. No variation of duct configuration or sizes permitted except by written permission.  Size 
round ducts installed in place of rectangular ducts in accordance with ASHRAE Table of 
Equivalent Rectangular and Round Ducts. 

 
1.4 QUALIFICATIONS 
 

A. Manufacturer: Company specializing in manufacturing the projects specified in this 
section with minimum five (5) years documented experience. 

 
B. Installer: Company specializing in performing the work of this section with minimum 

five (5) years’ experience. 
 
1.5 REGULATORY REQUIREMENTS 
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A. Construct ductwork to NFPA- 90A, and NFPA-90B, and NFPA- 96 Standards. 
 
1.6 ENVIRONMENTAL REQUIREMENTS 
 

A. Do not install duct sealants when temperatures are less than those recommended by 
sealant manufacturer. 

 
B. Maintain temperatures during and after installation of duct sealants. 

 
1.7 ALTERNATES 
 

A. Refer to Division 01 Section, “Alternates” for description of work under this section 
affected by alternates. 
 

PART 2 PRODUCTS 
 
2.1 DUCTWORK 
 

A. Unless otherwise indicated or specified, fabricate ductwork of galvanized sheet steel, 
stainless steel, or aluminum conforming to Commercial Designation 3003 Temper H14 
and Duct Sheet.  Duct gages, jointing and reinforcement shall conform to Tables 4, 5, 6 
and 7, as applicable, Chapter I of the latest ASHRAE Guide and Data Book.  Construction 
details shall conform to Section I and Section II, as applicable, of Duct Manual and Sheet 
Metal Construction for Ventilation and Air Conditioning Systems as published by Sheet 
Metal and Air Conditioning Contractors' Association, Inc. 

 
B. Erect sheet metal ductwork in a first-class, workmanlike manner secured in place rigidly 

and permanently.  Provide suitable hangers, securely attached to building construction 
with bolts, clips or inserts.  Hangers shall be structural shapes, flat bars, or formed strap 
hangers; use of wire will not be permitted.  Hangers shall not pass through or be inside 
duct.  Support vertical ducts passing through floors by angles riveted to duct and resting 
either on floor or on brackets secured to building construction.  All space around ducts 
where they pass through any walls, floors, ceilings, or roofs shall be sealed tight with 
incombustible inert material.  Do not arrange ducts so as to impair the effectiveness of 
fireproofing around structural members.  Provide sheet metal flanged collars around 
exposed ducts passing through walls, floors, or ceilings to provide finished appearance.  
Seal all duct joints and seams including supply, return, outside air, combustion air, relief 
air, ventilation air and exhaust ductwork with Hardcast Sealing System as manufactured 
by Hardcast, Inc., Foster, Childers, or approved equal. 

 
C. Flexible connections of neoprene or other NFPA approved non-inflammable fabric shall 

be provided in the duct system at all fan inlet and outlet connections. 
 

D. Provide cut turning vanes in all duct turns where centerline radius is located.  Turning 
vanes shall be air-foil type with extended trailing edges. Fabricate to comply with 
SMACNA Sheet Metal Construction for Ventilation and Air Conditioning Systems 
Manual. 

 
E. Provide duct collars and angle iron framework for mounting of automatic dampers. 

 
F. Fabricate and support in accordance with SMACNA HVAC Duct Construction Standards 
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- Metal and Flexible, and as indicated.  Provide duct material, gauges, reinforcing, and 
sealing for operating pressures indicated. 

 
G. Construct T’s, bends, and elbows with radius of not less than 1-1/2 times width of duct on 

centerline.  Where not possible and where rectangular elbows are used, provide air foil 
turning vanes. Where acoustical lining is indicated, provide turning vanes of perforated 
metal with glass fiber insulation. 

 
H. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible; 

maximum 30 degrees divergence upstream of equipment and 45 degrees convergence 
downstream. 

 
I. Fabricate continuously welded round and oval duct fittings two gauges heavier than duct 

gauges indicated in SMACNA Standard.  Joints shall be minimum 4-inch (100 mm) 
cemented slip joint, brazed or electric welded.  Prime coat welded joints. 

 
J. Provide standard 45 degree lateral wye takeoffs unless otherwise  indicated where 90 

degree conical tee connections may be used. 
 

K. Fasteners: Rivets, bolts, or sheet metal screws. 
 

L. Hanger Rods: ASTM A36 - Galvanized steel; threaded both ends, threaded one end, or 
continuously threaded. 

 
2.2 DUCT SYSTEMS 
 

A. All supply, return, exhaust, fresh air intake, relief, ventilation, outside air  and 
combustion air ductwork shall be constructed for low pressure service (2 inch W.G.). All 
exposed round ductwork in finished areas shall be paintable grade, dual wall, constructed 
for medium pressure service (6 inch W.G.). 

 
2.3 DUCT CONSTRUCTION 
 

A. Rectangular and/or Round Ductwork (Low Pressure): 
 

1. Galvanized Steel Ducts:  ASTM A525 and ASTM A527 galvanized steel sheet, 
lock-forming quality, having G-90 Zinc coating in conformance with ASTM 
A90. 

 
2. Make allowance for internal duct lining where required.  Sizes shown on the 

drawings are inside clear dimensions. 
 

3. Determine duct gauges for the longest duct side and use for all four sides.  Joints 
and reinforcing requirements apply to the longest duct side. 

 
4. Reinforce all ducts to prevent buckling, vibration, or noise as recommended in 

the referenced construction standards, and as required to suit the installed 
conditions. 

 
5. Do not cross break duct which will receive rigid insulation covering. 

 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS  200-163183-17001-07 
STOKES ELEMENTARY SCHOOL     
 

Tetra Tech  HVAC AIR DISTRIBUTION 
  23 30 00 - 5 

6. Where tap sizes of divided-flow fittings are not indicated, make branch and 
main/connection sizes proportional to their respective air flows and maintain 
uniform transverse velocities in the fitting. 

 
7. Make radius elbows and radius tee connection with throat radius equal to or 

greater than the width of the duct.  Use vaned elbows where shown and where 
radius elbows will not fit the space, and in all square bends. 

 
8. Turning vanes shall be the air-foil type with extended trailing edges, 36-inch 

maximum vane length.  Where longer vanes are required, use two or more sets of 
vanes with intermediate runners securely fastened together. 

 
9. Bolt, screw, rivet, or spot weld reinforcing members securely to the duct on not 

less than 6-inch centers. 
 

10. Where ducts are open-ended without grilles, registers, or other means of 
stiffening, reinforce and stiffen the open end with standing seams or an angle 
frame.  Provide rolled edges to prevent any exposed sharp edges. 

 
11. Paint all cut ends on galvanized angles, rods, and other uncoated surfaces with 

aluminum paint. 
 

12. Where ductwork is not painted or otherwise finished, remove all exposed traces 
of joint sealers, manufacturer's identification and other markings. 

 
13. Aluminum sheet shall be 3003 H14 alloy or duct sheet, 16,000 psi minimum 

tensile strength, and capable of being formed to a Pittsburgh lock seam. 
 

14. Reinforcing members for aluminum ductwork shall be galvanized steel or 
aluminum unless otherwise indicated.  Where aluminum reinforcing is used, size 
the member in accordance with ASHRAE recommendations to have rigidity 
equivalent to listed mild steel angle sizes. 

 
15. Where aluminum ductwork is used, make allowance for increased thermal 

expansion.  Particularly avoid direct contact between aluminum and concrete or 
masonry walls subject to dampness. 

 
16. Determine duct gauges per SMACNA based on duct size and pressure indicated. 

 
B. Kitchen Range Hood Exhaust Ductwork 

 
1. Exposed Stainless Steel Ducts: ASTM A167, Type 316. 

 
2. The exhaust ductwork serving the kitchen hoods shall comply with NFPA 

Standard No. 96, International Mechanical Code, State of Delaware Health 
Department requirements, local Health Department and requirements. 

 
3. The exposed exhaust ductwork shall be Type 316 stainless steel (minimum 18 

gauge) No. 4 finish, with all joints and seams welded, ground and polished.  All 
welds shall be liquid tight, continuous external welds. Comply with N.S.F. 
requirements. 
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4. Concealed exhaust ductwork shall be constructed of welded carbon steel 

(minimum 16 gauge). 
 

5. Proper clearance to combustibles shall be maintained as required by Code. 
 

6. All exhaust ducts shall be installed without forming dips or traps that might 
collect residue.  All exhaust duct must slop toward hood at .25 inches per foot.  
For ducts longer than 75 feet the slope shall be at least 1 inch per foot. 

 
7. Cleanouts shall be located on horizontal sections of ducts not spaced more than 

12 feet apart.  Cleanouts shall also be located at all vertical risers and all changes 
in direction.  In horizontal sections, the lower edge of the opening shall be not 
less than 1½ inch from the bottom of the duct.  Access panels shall be of the 
same material and thickness as the duct.  Access panels shall have a gasket or 
sealant that is rated for 1500 degrees F and shall be grease tight.  Fasteners used 
to secure the access panels shall be stainless steel and shall not penetrate duct 
walls.  A sign shall be placed on all access panels stating:  ACCESS PANEL - DO 
NOT OBSTRUCT. 

 
8. Dampers, either manual or automatic, shall not be installed in kitchen hood  

exhaust ducts or kitchen hood exhaust duct systems. 
 

9. Ducts that terminate above the roof shall have the discharge located a minimum 
of 40 inches above the roof surface. 

 
10. Utilize light to verify that all joints are sealed. Submit results of light testing. 

 
2.4 KITCHEN RANGE HOOD PERFORATED SUPPLY AIR PLENUM 
 

A. Furnish and install kitchen ventilation hood supply air plenum of the size, arrangement 
and configuration as indicated on the contract drawings.  

 
B. Hood is existing but shall have new supply plenum, controls, and fire suppression 

installed. 
 

C. Each existing hood shall be provided with a field-installed and approved automatic fire 
suppression system in accordance with NFPA and International Mechanical Code.  The 
automatic fire suppression system shall bear the label of an approved agency and shall be 
installed in accordance with the manufacturer's installation instructions. 

 
D. All hood fire suppression systems shall have automatic actuation.  All hood fire 

suppression systems shall have manual actuation.  The manual actuation shall require a 
maximum force of 40 pounds and a maximum movement of 14 inches to actuate the fire 
suppression system. 

 
E. A manual actuation station shall be located at or near a means of egress from the cooking 

area, a minimum of 10 feet from the kitchen exhaust system.  The actuation device shall 
be located a minimum of 4 ½ feet and a maximum of 5 feet above the floor.  

 
F. The actuation of the hood fire suppression system shall automatically shut down the fuel 
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or electrical supply to the cooking equipment.  The fuel and electrical supply reset shall 
be manual.  In addition, the actuation of the hood fire suppression system shall 
automatically de-energize the kitchen hood make-up air unit. 

 
G. Access shall be provided to all nozzles in the fire suppression system. 

 
H. The hood fire suppression system shall be tested in accordance with the fire prevention 

code. 
 

I. Hood perforated supply plenum shall be Greenheck Model ASP or approved equal.  The 
external air curtain, shall be constructed with a minimum of 18 gauge 400 series stainless 
steel. Two layers of perforated panels will allow for well distributed low velocity airflow 
at discharge. External air curtain supply plenums shall supply airflow at a maximum rate 
of 180 cfm/ft. 

 
2.5 CASINGS 
 

A. Fabricate casings in accordance with SMACNA - HVAC Duct Construction Standards - 
Metal and Flexible, and construct for operating pressures indicated. 

 
B. Mount floor-mounted casings on 4-inch high concrete curbs.  At floor, rivet panels on 8-

inch centers to angles.  Where floors are acoustically insulated, provide liner of 18 gauge 
galvanized expanded metal mesh supported at 12 inch centers, turned up 12 inches at 
sides with sheet metal shields. 

 
C. Reinforce door frames with steel angles tied to horizontal and vertical plenum supporting 

angles.  Install hinged access doors where indicated or required for access to equipment 
for cleaning and inspection.  Provide clear wire glass observation ports, minimum 6 x 6 
inch size. 

 
D. Fabricate acoustic casings with reinforcing turned inward.  Provide 16 gauge back facing 

and 22 gauge perforated front facing with 3/32 inch diameter holes on 5/32 inch centers. 
Construct panels 3 inches thick, packed with 4.5 lb/cu ft minimum glass fiber media, on 
inverted channels of 16 gauge. 

 
2.6 AIR TRANSFER OPENINGS 
 

A. Furnish and install metal sleeves or frames, of the same material as the duct or air 
terminals attached thereto, in all air transfer openings through walls, partitions, floors and 
other building construction, extending completely through the opening.  Securely fasten 
the sleeves or frames in place and provide face flanges on both sides.  Where grilles or 
registers are required, attach them to the sleeve or frame, or extend ductwork where 
shown on the drawings.  If no grilles, registers or duct connections are required, furnish 
and install ½ inch x ½ inch removable galvanized wire mesh on one face.   

 
2.7 AIR VOLUME CONTROLS 
 

A. Furnish and install air volume control devices where indicated and where required to 
adjust and balance air flow in the systems, whether indicated or not.  Volume dampers 
shall be provided in all branch ducts serving air outlets and inlets.  For existing air 
devices install a new volume damper and where required for access, a new access door to 
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allow access and adjustment. 
 

B. Air extraction for air outlets and branch ducts shall be the gang-operated vane type, 
Tuttle & Bailey - Vectrol, Type VLC or VLK as appropriate, or approved equal, with 
suitable adjusting device and means of access. 

 
C. Manual volume dampers in ductwork shall be factory-assembled units with rigid frame, 

opposed-blade action, and locking quadrant operator.  Mark the extended damper shaft 
and align the operating handle to indicate the blade position.  Dampers shall be as 
manufactured by Ruskin, American Warming and Ventilating, Inc., Arrow, or approved 
equal.  Rectangular dampers shall be Type MD35, with steel channel frame, 16 gauge 
steel blades, 9 inch maximum blade spacing, low pressure, nylon bearings, galvanized 
finish with aluminum paint touch up.  Round manual balancing dampers shall be Type 
MDRS25 manufactured by Ruskin, Arrow, American Warming and Ventilating, Inc., or 
as approved equal.  When external insulation is to be applied, provide sheet metal 
standoffs on all manual volume dampers. 

 
D. Motor-operated dampers shall be as hereinafter specified under Division 23 Section, 

“Instrumentation and Controls of HVAC & Plumbing System”. 
 

E. Duct turning vanes shall be Tuttle & Bailey Ducturns, or approved equal. 
 

F. Furnish and install duct collars and angle iron frames for the installation of ATC 
dampers. 

 
G. Provide Type 316 stainless steel motor-operated dampers for installation in stainless steel 

ductwork. 
 
H. Where volume dampers are installed in exposed finished spaces locate damper handle on 

top of duct. 
 
I. Where volume dampers are installed above ceilings attach a colored piece of tape so that 

Test and Balance Engineer can easily locate for air flow adjustment. 
 
2.8 INSTRUMENT TEST PORTS 
 

A. Furnish and install instrument test ports in the ductwork to allow use of pitot tube length.  
Equip holes with Ventlok #699 instrument ports.  Fittings shall extend beyond duct 
covering and insulation.  

 
B. Kitchen hood grease ducts shall be fitted with metal to metal seals for pitot tube access 

port.  Assembly shall consist of stainless steel bolt, toothed lock washer, and nut.  Nut 
shall be welded to grease duct as indicated on contract drawings.  Locations of pitot tube  
access ports shall be coordinated with Test and Balance Engineer prior to installation of 
the ports. 

 
2.9 DUCT THERMOMETERS 
 

A. Duct thermometers shall be Dresser Industries, Trerice, Weiss, Weksler, Miljoco, or 
approved equal direct-mounting filled system dial thermometers. Duct thermometers 
shall be vapor-actuated, universal-angle dial type, cast aluminum case with 4 ½ inch 
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diameter, glass lens. Duct thermometers shall include adjustable joint with finish to 
match case, 180 degree adjustment in vertical plane, 360 degree adjustment in horizontal 
place, with locking device. Thermal bulbs shall be copper with phosphor-bronze bourden 
pressure tube. Movement shall be brass, precision geared.  Duct thermometer scales shall 
be Progressive, satin-faced non-reflective aluminum with permanently etched markings. 
Each stem shall be copper-plated aluminum or brass for separable socket of length to suit 
installation. 

 
B. Where ductwork is installed at a height that would require duct thermometers to be 

installed 10 feet above finished floor or greater then remote-ready filled - system dial 
thermometers shall be installed.  Connecting tubing shall be bronze, double-braided, 
armor-over-copper capillary; of length to suite installation. 

 
C. Duct thermometers shall be furnished and installed at air handling units, 100% outside air 

units, make-up air units, ducted variable refrigerant volume units, and  kitchen make-up 
air units as follows: 
 
LOCATION RANGE 

Outdoor Air Duct -40 degrees Fahrenheit to 120 degrees 
Fahrenheit 

Return Air Duct 40 degrees Fahrenheit to 180 degrees 
Fahrenheit 

Mixed Air Plenum 30 degrees Fahrenheit to 180 degrees 
Fahrenheit 

Supply Air Duct 30 degrees Fahrenheit to 180 degrees 
Fahrenheit 

 
D. Description:  Flanged-fitting bracket for mounting in hole of duct, with threaded end for 

attaching thermometer. 
 

1. Extension-Neck Length:  Nominal thickness of 2 inches, but not less than 
thickness of exterior insulation. 

2. Insertion-Neck Length:  Nominal thickness of 2 inches, but not less than 
thickness of insulation lining. 

 
2.10 FLEXIBLE DUCT 
 

A. Where indicated, flexible ductwork shall be Type SLR-25C as manufactured by General 
Flex Corporation, or as approved equal, insulated fully, UL listed as Class 1 Air Ducts, 
Standard 181, NFPA 90A and NFPA 90B with scuff-resistant polyethylene connector 
jacket and suitable for use in return air plenums. 

 
B. Limit flexible duct runs to 5 feet maximum.  Install flexible ducts, using all 

recommended fittings, couplings, and accessories.  Support ducts with wide straps spaced 
so that horizontal runs do not sag more than 2-1/2 inches in 5 feet.  Internally seal all 
joints and connections, cover with duct tape, and fasten with metal duct strap clamps.  
Bends of 180 degrees in flexible duct are prohibited. 

 
2.11 FIRE DAMPERS 
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A. Furnish and install automatic fire dampers where indicated, in all 2-hour fire-rated 
partitions, shafts, slabs, etc., and where required by NFPA Standard No. 90A and by the 
Fire Marshal.  Refer to the architectural drawings for location of all fire-rated walls, 
shafts and slabs.  Fire Dampers shall also be provided at all transfer air devices installed 
in rated walls at all floor penetrations, and as shown on the contract drawings. 

 
B. Construction of fire dampers shall conform to requirements of NFPA No. 90A, UL 

Standard 555 and shall bear UL label.  Fire dampers shall be set in frames adequately 
secured to fire partitions, floors, etc., and installed in strict accordance with UL listing 
and manufacturer's instructions. 

 
C. Fire damper shall be Dynamic Type for rectangular ductwork and round ductwork as 

manufactured by Ruskin, Air Balance, Inc., Arrow, Greenheck, Lloyd Industries, Nailor, 
or approved equal, multi-leaf accordion type, held open by adequate heavy gauge wires 
and suitably calibrated fusible links.  Vertical dampers (horizontal air flow) shall close by 
gravity.  Horizontal dampers (vertical air flow) shall be closed by suitable and positive 
spring closing devices. 

 
D. Damper frames shall provide pocket which shall store the damper leaves in open position 

outside of the air stream and shall provide for 100 percent opening connecting to 
ductwork or grille face.  Damper material shall match connecting ductwork. 

 
E. Provide adequately sized hinged access doors with cam locks for access to all fusible 

links and for resetting fire dampers.  Where applicable, access to fire dampers shall be 
through registers or grilles.  Provide identification on access door indicating fire damper 
within.  Letters shall be not less than ½-inch in height.  

 
F. Submit complete information to the Engineer including installation details.  Furnish and 

install sleeves, angles, break-away duct connections, per UL listing. 
 

G. Furnish to the Owner in a suitable storage container not less than six (6) fusible links of 
each type, size, and rating used on the project.  Where required, furnish Greenheck Type 
CR, CO, or Type C transition sleeves. 

 
2.12 COMBINATION FIRE/SMOKE DAMPERS WITH INTEGRAL SMOKE DETECTOR 
 

A. Furnish and install automatic combination fire/smoke dampers with actuators and smoke 
detectors where shown on plans and as required by NFPA-90A, 92A, 93B, 101 and by 
the State Regulations.  Combination fire/smoke dampers shall be tested, rated, and 
labeled in accordance with the latest edition of UL  Standard 555S.  Combination 
fire/smoke dampers shall be of the low leaking design qualified to UL 555S Leakage 
Class I.  Fire dampers shall have a UL 555 fire rating of 1½ hours and be of low leakage 
design qualified to UL 555S Leakage Class I.  Furnish to the Owner in a suitable storage 
container not less than six (6) fusible links of each type, size, and rating.  Smoke 
detectors shall be tested, rated and labeled in accordance with the latest edition of UL 
Standard 268A. 

 
B. Each damper/actuator combination shall have a UL 555S elevated temperature rating of 

350 degrees F minimum and shall be rated to operate at maximum design air flow at its 
installation location. 
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C. Each damper shall be supplied with an appropriate smoke detector installed by the 
damper manufacturer. Smoke detectors shall be photoelectric type with air duct velocity 
range of 600 fpm to 4000 fpm and operating temperature range of 23 degrees Fahrenheit 
to 131 degrees Fahrenheit.  Electrical characteristics shall be as scheduled on the contract 
drawings.  Detector shall be factory wired to damper actuator so as to provide single 
point wiring of the damper. Provide detectors with dry contacts for monitoring on the fire 
alarm system. Coordinate with Division 26.  Provide end switches on damper to allow 
remote monitoring on fire alarm system, coordinate with Division 26.  Furnish end 
switches to allow monitoring of damper position from a remote test station.  Remote test 
station shall be furnished and installed.  Remote test switch shall include controlling 
switch (double throw switch) and indicator lights.   

 
D. Each combination fire/damper shall be supplied with an appropriate actuator installed by 

the damper manufacturer at the time of damper fabrication.  Damper actuators shall be 
electric type and shall be factory wired to smoke detector so as to provide single point 
wiring of damper. Electrical characteristics shall be as scheduled on the contract 
drawings. 

 
E. Combination fire/damper blades shall be of the double skin airfoil type and shall have an 

equivalent metal thickness of 14 gauge.  Combination fire/damper frame shall be 
galvanized steel furnished into a structural hat channel shape with reinforced covers.  
Bearings shall be sintered bronze sleeve type, rotating in extended holes in the damper 
frame. 

 
F. Blade edge seals shall be silicone rubber designed to inflate and provide a tighter seal 

against leakage as pressure on either side of the damper increases.  Jamb seals shall be 
stainless steel compression type with silicone rubber backing.  Blades shall be completely 
symmetrical relative to their axle pivot point, presenting identical resistance to air flow in 
either direction or pressure on either side of the damper. 

 
G. Combination fire/smoke dampers must be rated for mounting vertically (with blades 

running horizontally) or horizontally and be UL 555S rated for leakage and air flow in 
either direction through the damper.  Combination fire/damper shall confirm to the 
following ratings: 

 
1. Leakage: UL 555S Leakage Class I -   Leakage rated in both directions. 
2. Pressure: 8 inches w.g. - Differential 
3. Velocity: Operational rated to 4000 FPM with airflow in either direction 
4. Temperature: 350 degrees F with standard actuator 

 
H. Furnish combination fire/dampers with appropriate galvanized steel sleeves.  Where 

applicable, provide Type R, Type O, or Type C transition sleeve as manufactured by 
Greenheck or approved equal.  Dampers shall be sized to provide 100 percent of the areas 
of the ductwork in which the damper is installed.  Provide stainless steel or aluminum 
smoke combination fire/dampers when installed in duct systems constructed of these 
materials, respectively. 

 
I. Provide adequate sized, hinged, insulated access doors with cam locks for access, 

inspection of all combination fire/smoke dampers.  Where applicable, access to 
combination fire/smoke dampers shall be through registers, on grilles.  Provide 
identification on access doors indicating combination fire/smoke damper within.  Letters 
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shall not be less than ½- inch in height. 
 

J. Wiring to fire alarm system shall be provided under Division 26.  Installation of 
combination fire/smoke dampers, duct detectors, and smoke actuators shall be provided 
under Division 23. 

 
K. Submit complete information to the Engineer, including installation details. Furnish and 

install sleeves, angles, actuator, etc., per UL listing.  Combination fire/smoke dampers 
shall be Model FSD-33 as manufactured by Greenheck, Air Balance, Ruskin, Lloyd 
Industries, Nailor, or approved equal. 

 
2.13 DUCT ACCESS DOORS    
 

A. Furnish and install adequately sized duct access doors at fire dampers, smoke dampers, 
air measuring devices, motor-operated dampers, duct smoke detectors, duct coils and 
other locations where indicated and required for duct access.  Doors shall be the 
continuous piano-hinged type with approved latches and neoprene compression-type 
gaskets with 1 inch thick fiberglass double skin and shall be Ruskin Model ADH22, Air 
Balance, Inc., FSA-100 or as approved equal.  Stiffen ductwork at door openings.  Where 
doors are installed in insulated ductwork, provide equivalent insulation in the door 
assembly.  Where access doors are installed in the fire-rated partitions, provide Fire Seal 
access doors as manufactured by Air Balance, Inc., or approved equal, UL approved, 
meeting the rating of the enclosure in which the access door is installed. 

 
B. Where duct access doors are installed in medium pressure ductwork, they shall be as 

manufactured by Ruskin, Type ADHP-3, or approved equal, with six latches continuous 
gasket and insulated core. 

 
C. For walk-in plenums, provide insulated walk-through access doors, Ruskin Type ADW2, 

American Air Balance Type WA-100, or as approved equal. 
 

D. Seal around frame attachment to duct and door to frame with neoprene or foam rubber. 
 
2.14 SPIN-IN FITTINGS 
 

A. Furnish and install spin-in fittings where indicated on the contract drawings, Model SM-
20G, as manufactured by General Environment Corporation, or an approved equal. 

 
2.15 DUCT LINING (LOW PRESSURE DUCTWORK) 
 

A. All low pressure supply and return ductwork within 10 feet of air handling units, 100% 
outside air units, and kitchen make-up air units, and as additionally shown on Contract 
Drawings, shall be lined on the interior for sound attenuation and thermal insulation. 

 
B. All low pressure ductwork within 10 feet of return [or exhaust] air fans and as 

additionally shown on Contract Drawings shall be lined on the interior for sound 
attenuation and thermal insulation. 

 
C. All internal duct lining for low pressure duct systems shall be provided with an interior 

galvanized perforated liner. 
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D. Provide additional exterior insulation where required and as indicated in Division 23 
Section, “HVAC Insulation”. 

 
E. The lining insulation shall be 1 inch thick, 3.0 pcf density, Aeroflex plus Duct Liner Type 

300, Owens Corning Quiet R Rotary Duct Liner, Manville, Knauf, or approved equal.  
The material shall be specifically designed for this application, shall have a black, fire-
resistant coating, shall meet NFPA Standards 90A and 90B and shall have a UL Fire 
Hazard Classification of Flame Spread 25 or less and smoke developed of 10 or less.  The 
black-coated surface shall face the air stream.  

 
F. All exposed edges and the leading edge of all cross joints of the liner shall be coated with 

the same adhesive used to secure the duct liner to metal surface.  All air stream surfaces 
shall be treated with EPA registered fungicide Foster 40-20.  Coating shall meet ASTM 
D 5590 with 0 growth rating. 

 
G. The duct liner shall be adhered to the metal with 100 percent coverage of adhesive.  

Adhesive shall conform to Adhesive and Sealant Council Standards for adhesives for 
duct liner; ASTM C916, Type II (ASC-A-7001-A-1971).  Adhesive shall be Foster 85-
60, Childers CP-127 or approved equal. 

 
H. The duct liner shall be additionally secured with mechanical fasteners, which shall 

compress the duct liner sufficiently to hold it firmly in place.  Mechanical fasteners shall 
conform to Mechanical Fastener Standard MF-1-1971, available from Sheet Metal and 
Air Conditioning Contractors National Association. 

 
I. All duct lining shall be installed in complete accordance with the Sheet Metal and Air 

Conditioning Contractors National Association (SMACNA) Duct Liner Application 
Standard, First Edition and Green Guard Indoor Air Quality certification program 
requirements. 

 
J. Dimensions on drawings indicate inside clear opening of rectangular ductwork.  Increase 

duct dimensions 2 inches each way for accommodating insulation on all shop or field-
fabricated rectangular ductwork where lining is specified. 

 
2.16 AIR TERMINAL DEVICES 

 
A. Furnish and install air supply, return, exhaust devices of sizes and capacities as scheduled 

on the drawings.  Catalog numbers shown are Metalaire, Inc., products for equipment 
which have been found suitable for the application.  Products of Tuttle & Bailey, 
Anemostat, Division of Hart & Cooley, Carnes, Titus, Price, Nailor, or approved equal 
will be considered only if performance characteristics including throw, drop, pressure 
loss, sound pressure level, etc., are equal to or better than the performance characteristics 
of the specified products.  All air  devices shall be ADC certified.  Ductwork behind 
registers, grilles and diffusers shall be given two coats of flat black paint.  Perimeter of all 
ceiling diffusers shall be caulked to provide a neat, aesthetic appearance. 

 
B. Device Schedule: 

 
 
 AIR DEVICE  SCHEDULE 
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 AIR DEVICE  SCHEDULE 
 
Device Accessories Finish 
Supply Diffusers, Lay-in Tile 

Model 5000-A, Rectangular 
MetalAire Ceiling Diffuser, 
Throw as Indicated 

Integral opposed blade damper White baked enamel finish 

 Removable core  

 Louvered face  

 All aluminum construction  

 Auxiliary panel for lay-in tile 
installation 

 

 Adjustable pattern deflector  

Supply Diffuser, Gypboard, Surface Mount 

MetalAire Model 5000-A, 
Rectangular Ceiling Diffuser, 
Throw as Indicated (Surface or 
Duct Mount) 

Integral opposed blade damper White baked enamel finish 

 Louver face  

 All aluminum construction  

 Removable core  

 Adjustable pattern deflector  

Supply Register, Sidewall, Floor 

MetalAire Model V4004D, 
Sidewall Supply Register, Throw 
as Indicated (Surface or Duct 
Mount) 

Integral opposed blade damper White baked enamel finish 

 All aluminum construction  

 22½  inch deflection blades  

 Double deflection spread & drop 
control 

 

Return/Exhaust, Transfer Register, Gypboard, Surface Mount 

MetalAire, Model RHD 
Rectangular Registers (Surface 
Mount) 

Integral opposed blade damper Off-white baked enamel 
finish 

 45 degree angled deflecting vanes  

 All aluminum construction 
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 AIR DEVICE  SCHEDULE 
 
Return/Exhaust Register [Sidewall w/filters ] 

MetalAire Model SRHF 
Sidewall Return Register with 
Filter Housing 

All steel construction, for gyms 
and multipurpose spaces provide 
heavy duty, 16 gauge 

Off white electro-
deposition finish 

 45 degree angled deflecting vanes  

 Opposed blade dampers  

 Filter housing w/ 1 inch thick 
disposable filter 

 

 Hinged core 
 

 

 Provide return air filters racks and 
1" thick filters where indicated. 

 

Return/Exhaust, Transfer Register, Lay-in Tile 

MetalAire, Model RHD 
Rectangular Registers  

Integral opposed blade damper Off-white baked enamel 
finish 

 45 degree angled deflecting vanes  

 All aluminum construction  

 Auxiliary panel for lay-in tile 
installation 
 

 

 Provide return air filters racks and 
1" thick filters where indicated. 

 

Perforated Grilles/Register 

MetalAire, Model RP 
Perforated Face Grilles/Registers 

All aluminum construction Off-white baked enamel 
finish 

 Opposed Blade Dampers  

 
C. Where air terminal devices are installed in duct collars or branches, furnish and install air 

extractors.  Furnish and install control grids, volume dampers, and/or other accessories 
necessary to ensure uniform air flow across the terminal devices.  Accessories shall be of 
the same material as the terminal device.  Install fixed blade terminals so that blades 
block the normal line of vision.  Furnish three (3) of each type of removable key 
operators. 

 
D. Contractor shall determine frame and mounting type as per type of ceiling as shown on 

Architectural drawings. 
 

E. Noise Criteria:  All air devices shall be sized and selected to limit maximum NC (noise 
criteria) levels to 30. 

 
2.17 LOUVERS (FIXED BLADE) 
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A. Furnish and install wall louvers of the size and capacity shown on the contract drawings.  
Louvers shall be Greenheck Model EHV-901 (high velocity wind driven rain) heavy 
gauge extruded aluminum stationary type louvers or approved equal.  Louvers shall be 
stationary, dual module type consisting of a “front” louver with J-style blades and a 
“rear” louver with vertical rain resistant style blades.  Louver frame shall be a total depth 
of 9 inches. 

 
B. Front louvers shall be drainable type fabricated from heavy gauge 6063-T5 aluminum 

extrusions of .081 inch nominal wall thickness.  Blades shall be positioned at 37 degree 
and 45 degree angles, approximately 4.25 inches on centers.  Rear louver shall b vertical 
rain resistant style, heavy gauge extruded 6063-T5 aluminum, 0.060 nominal thickness, 
positioned on approximately 1.5 inch blade spacing.  Each louver shall be equipped with 
a frame and removable rear-mounted screen of flattened aluminum.  Each factory 
assembled louver section shall be designed to withstand wind loadings of 25 psf.  
Louvers too large for complete factory assembly shall be built up by the installing 
contractor from factory assembled louver sections. 

 
C. Louvers shall be tested in accordance with AMCA 550-L, AMCA-540, and AMCA 550 

(Certified High Velocity, Rain Resistant, and Impact Resistant Louver). 
 

D. Louvers shall be supplied with a factory Kynar finish applied after a thorough cleaning 
and preparation of the metal surface.  A total dry film thickness of approximately 1.2 mils 
shall be provided. Custom color shall be as selected by Architect. 

 
E. Louvers shall be provided with ¼ inch  x ¼ inch aluminum bird screens, factory-

furnished and installed. Louver performance data shall be A.M.C.A. certified.  All 
louvers shall be caulked weathertight around entire perimeter. 

 
2.18 LOUVER BLANK-OFF PANELS 
 

A. Insulated, Blank-Off Panels:  Laminated panels consisting of insulating core surfaced on 
back and front with metal sheets and attached to back of louver. 
 
1. Thickness:  2 inches (50mm) 
2. Metal Facing Sheets:  Aluminum sheet, not less than .032 inch (.81mm) nominal 

thickness. 
3. Insulating Core:  Rigid, glass-fiber-board insulation or extruded-polystyrene 

foam 
4. Edge Treatment:  Trim perimeter edges of blank-off panels with louver 

manufacturer’s standard extruded-aluminum-channel frames, not less than .080 
inch (2.03mm) nominal thickness with corners mitered and with same finish as 
panels. 

5. Seal perimeter joints between panel faces and louver frames with gaskets or 
sealant. 

6. Panel Finish:  Same finish applied to louvers. 
7. Attach blank-off panels with stainless steel sheet metal screws. 
8. Cover all unused openings in louvers. 

 
2.19 INTAKE/RELIEF HOODS 
 

A. Furnish and install heavy gauge aluminum intake/relief hoods of size, capacity, and 
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arrangement as shown on Contract Drawings.  Intake/relief hoods shall be Greenheck 
Model FHI for intake or Model FHR for relief as manufactured by Greenheck, ACME 
Engineering, Cook, Twin City, or approved equal. 

 
B. Gravity roof ventilators shall be constructed of heavy gauge aluminum or galvanized 

steel.  Hoods shall be constructed of precision formed, arched panels with interlocking 
seams.  Bases shall be constructed so that the curb cap is 8 inches larger than the throat 
size.  Insulated roof curbs shall be furnished as specified and shall be of same 
manufacturer as roof hood. 

 
C. Hood support members shall be constructed of galvanized steel and fastened so that the 

hood can be either removed completely from the base or hinged open.  Birdscreens 
constructed of ½ inch galvanized steel mesh shall be mounted horizontally across the 
intake/discharge area of the hood.  Intake units with throat widths through 42 inches shall 
ship assembled when throat lengths do not exceed 84 inches.  Relief units with throat 
widths through 48 inches shall ship assembled when throat lengths do not exceed 96 
inches. 

 
D. Motor-operated dampers shall be provided by the ATC Subcontractor and installed by 

Mechanical Contractor. 
 
2.20 LOUVERED INTAKE RELIEF HOODS 
 

A. Furnish and install heavy gauge aluminum louvered intake/relief hoods of size, capacity, 
and arrangement as shown on Contract Drawings.  Intake/relief hoods shall be Greenheck 
Model WIH for intake or Model WRH for relief as manufactured by Greenheck, ACME 
Engineering, Cook,  Twin City, or approved equal. 

 
B. Louvered gravity roof ventilators shall be constructed of heavy gauge aluminum or 

galvanized steel.  Hoods shall be constructed of precision formed, louvered tiers with 
interlocking seams.  Bases shall be constructed so that the curb cap is 8 inches larger than 
the throat size.  Insulated roof curbs, minimum 12 inches tall,  shall be furnished as 
specified and shall be of same manufacturer as roof hood. 

 
C. Hood support members shall be constructed of galvanized steel and fastened so that the 

hood can be either removed completely from the base or hinged open.  Birdscreens 
constructed of ½ inch galvanized steel mesh shall be mounted horizontally across the 
intake area of the hood.  Intake units with throat widths through 42 inches shall ship 
assembled when throat lengths do not exceed 84 inches.  
 

D. Motor-operated dampers shall be provided by the ATC Subcontractor and installed by 
Mechanical Contractor. 

 
2.21 OPEN END DUCTS (OED) 
 

A. Whether indicated on plans or not, all open-ended ducts shall be provided with a 
protective screen. 
 

B. All open-ended ducts shall be furnished with a 12 gauge ½ inch x  ½ inch  aluminum 
mesh screen.  Screens shall be permanently installed in a removable frame, and the frame 
shall be attached to the open-ended duct in a neat, workmanship-like manner without any 
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exposed edges or sharp surfaces. 
 

C. Screen shall be attached to a ¾ inch  x 1/8 inch continuous galvanized perimeter frame.  
Install duct stiffeners greater than 16 inches  in any direction at open-ended ducts. 

 
2.22 DRIP PANS 
 

A. Furnish and install suitable watertight, aluminum drip pans where water or drain piping is 
routed over electrical switchgear, transformers, computers, elevator machine equipment, 
dry storage rooms, etc.  Each drip pan shall have a 1 inch copper type M drain piped to 
discharge where shown on drawings;  or, if not shown, to discharge over nearest available 
open drain.  Size and arrangement shall be as approved by Engineer.  Sides shall be 
minimum 1.5 inches deep. 

 
B. Drain pans shall be of 16 gauge welded construction.  Provide drawings of typical drain 

pan construction for approval before construction.  See Submittals in Division 01 Section, 
“Product Requirements”. 

 
2.23 DUCT SEALANTS AND ADHESIVES 
 

A. All ductwork shall be sealed, including low pressure exhaust systems.  Transverse joints 
and longitudinal seams in duct systems shall be sealed with a duct sealant of the type 
specified hereinafter in Section 1, 2, or 3, or with a tape sealing system as specified in 
Section 4. Spiral lockseams are not longitudinal seams and do not require duct sealant.  
All seams and joints shall require duct sealant suitable for the pressure rating and 
installation application.  All sealants shall exceed 500 hours without becoming brittle 
under ASTM-D572 test conditions (oxygen bomb), unless specified otherwise.  No 
surface preparation or solvent cleaning shall be necessary to remove light coatings of oil 
and dust before applying sealant unless specified otherwise.  Flanged joints shall be 
sealed according to Section 5.  Construction joints that are not fully welded shall be 
sealed according to Section 6.  Adhesive to secure insulation to metal surfaces shall be 
that specified in Section 7.  

 
1. Assembly joints to be installed indoors or outdoors shall be sealed with Foster 

32-19, Childers CP-146, United Duct Sealer WB, or equivalent, which is a water-
based sealant formulated to withstand service temperatures from 20 degrees F to 
+200 degrees F.  Sealant shall have a UL Classification marking with a flame 
spread of 15 and smoke developed of 0 when applied to inorganic reinforced 
cement board, both at a coverage of 31 square feet per gallon.  Store and apply 
between 40°F (4°C) and 100°F (38°C); protect from freezing. 

 
2. Assembly joints to be installed indoors shall be sealed with Foster 32-19, childers 

CP-146, UNI-GRIP™ duct sealer or equivalent, which is a water-based (vinyl-
acrylic polymer) sealant formulated to withstand temperatures from –20 degrees 
to +200 degrees Fahrenheit.  Surfaces to be sealed should be clean, dry, and free 
from oil, grease, and dirt.  Sealant shall be nonflammable (wet) and fire retardant.  
Sealant shall have a UL Classification marking with a flame spread of 5 and 
smoke developed of 5 when applied to 18-gauge galvanized steel and a flame 
spread of 0 and smoke developed of 0 when applied to inorganic reinforced 
cement board, both at a coverage of 40 square feet per gallon. 
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3. Assembly joints shall be sealed with UNI-CAST® tape sealing system or 
equivalent, which is a combination of an adhesive activator and woven-fiber tape 
impregnated with a gypsum mineral compound.  Modified acrylic/silicone 
activator (MTA-20 for indoor use) reacts exothermically with the tape to form a 
hard, airtight seal.  Sealant shall be formulated to withstand temperatures from –
40 degrees F to +200 degrees Fahrenheit.  Combination of tape and MTA-20 
adhesive shall have a flame spread and smoke developed of 0.  Do not use for 
outdoors. 

 
4. Flanged joints to be installed indoors shall be sealed with UNI-GASKET™ 

flange sealer or equivalent, which has a synthetic elastomer base and is 
formulated to withstand temperatures from –20 degrees F to +150 degrees F.  
Sealant shall have a UL Classification marking with a flame spread of 5 and 
smoke developed of 5 when applied to 18-gauge galvanized steel and a flame 
spread of 0 and smoke developed of 5 when applied to inorganic reinforced 
cement board, both at a coverage of 80 square feet per gallon. 

 
5. Where duct fittings are constructed with standing seam or spot-welded 

techniques, all construction joints shall be sealed with UNI-WELD™ metal 
cement or equivalent, which is composed of neoprene rubber, resins, and inert 
reinforcing material dispersed in a petroleum distillate.  Sealant shall be 
formulated to withstand temperatures from –20 degrees F to +225 degrees F.  
Sealant shall have a UL Classification marking with a flame spread of 0 and 
smoke developed of 0 when applied to 18-gauge galvanized steel and a flame 
spread of 0 and smoke developed of 0 when applied to inorganic reinforced 
cement board, tested as applied in two 1/8 inch beads 8 inches on center. 

 
6. Where insulation is to be secured to metal surfaces, the adhesive used shall be 

Foster 85-60, Childers CP-127, UNI-TACK™ duct liner adhesive or equivalent, 
which are water-based, vinyl-acrylic copolymer adhesives formulated to 
withstand temperatures from –20 degrees Fahrenheit to +200 degrees Fahrenheit.  
Adhesive shall have a UL Classification marking with a flame spread of 0 and 
smoke developed of 0 when applied to 18-gauge galvanized steel and a flame 
spread of 0 and smoke developed of 0 when applied to inorganic reinforced 
cement board, both at a coverage of 267 square feet per gallon.  Adhesive shall 
conform to ASTM C916, Type II. 

 
B. Manufacturers:  Duct Mate, United McGill, MKT Metal Manufacturers, Semco, Elgen, 

Childers, Foster, or as approved equal. 
 

2.24 AUXILIARY DRIP PANS 
 
A. Furnish and install suitable watertight, aluminum drip pans for all suspended air handling 

units, heat pumps, or air handling units installed on upper floor and/or attic.  Each drip 
pan shall have a 1" copper type "M" drain piped to discharge where shown on drawings.  
Drain pan shall extend 3" beyond sides of air handling unit/heat pump. Sides shall be 
minimum 1.5" deep. 

 
B. Drain pans shall be of 16 gauge welded construction.  Provide drawings of typical drain 

pan construction for approval before construction. See Submittals, Division 23 Section, 
“Common Work Results for HVAC” and Division 01, Section, “General Requirements”. 
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C. Install U.L. 580 listed condensate float switch in auxiliary drain pan and wire to shut-

down unit upon sensing water.  All control and interlock wiring to be furnished and 
installed under Division 23 Section, “Instrumentation & Controls of HVAC & Plumbing 
Systems”. 

 
PART 3 EXECUTION 
 
3.1 DUCT INSTALLATION REQUIREMENTS 
 

A. Coordinate ductwork with other work and install ducts at proper elevations and locations 
to maintain indicated ceiling heights and clearances.  Provide all elbows, transitions, 
offsets, connections, and other fittings necessary to fit the work into place or to connect 
to equipment or diffusers.  Method of duct support connection to structure and slabs shall 
be approved by Structural Engineer, and Shop Drawings shall be submitted. 

 
B. Substantially support ductwork with structural shapes, flat bars, or formed strap hangers 

securely attached to the building structure by means of bolts, clamps, or inserts.  Support 
vertical ducts by angles attached to the duct and resting on the floor or supported by 
brackets or hangers attached to the building structure.  Strap hangers shall be 16-gauge 
minimum galvanized steel formed under the bottom edge of duct.  Use square ¼ inch 
thick washers tight against the bend on upper strap attachments to horizontal surfaces.  
Place all supports external to the ductwork and out of the air stream.  Provide additional 
supports at coils and other concentrated loads.  Arrange supports so that duct weight is 
not transmitted to ceilings, fans or other equipment. 
 

C. Prevent direct contact between ductwork and building surfaces or other equipment.  
Where ducts pass through walls, partitions, floors, ceilings, or roofs, pack and seal the 
space around the duct with an approved fire-safe inert material.  Provide flanged duct 
escutcheons at all exposed ducts that pass through walls, partitions, floors, and ceilings. 

 
D. Use galvanized (compatible) corrosion-resistant hangers, supports, brackets, and 

hardware. 
 

E. Furnish and install NFPA-approved duct connections where shown and at all connections 
to fans, air handling units, and similar rotating equipment.  Use glass-reinforced neoprene 
fabric, roll-formed to sheet metal strips or flanges.  Support adjacent ductwork to provide 
sufficient slack in the connection.  

 
F. See NFPA 90A, and latest publication of SMACNA.  Prevent direct contact between 

ductwork and building surfaces or other equipment.  The opening in the construction 
around the duct shall not exceed one-inch average clearance on all sides.  Where ducts 
pass through walls, partitions, floors, ceilings, or roofs, pack and seal the space around 
the duct with an approved fire-safe inert material capable of preventing the passage of 
flame and hot gases sufficiently to ignite cotton waste when subjected to the same NFPA 
251 Time-Temperature Conditions required for fire barrier penetration.  All exposed duct 
penetrations shall be finished with a sheet metal field erected flange escutcheon to form a 
neat appearance. 

 
G. Coordinate duct installation with the requirements of Division 23 Section, “Vibration 

Controls for HVAC, Plumbing & Fire Protection Equipment”. 
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H. Install in accordance with manufacturer’s instructions. 

 
I. Install and seal ducts in accordance with SMACNA HVAC Duct Construction Standards 

- Metal and Flexible. 
 

J. Duct Sizes are inside clear dimensions.  For lined ducts, maintain sizes inside lining. 
 

K. Provide openings in ductwork where required to accommodate thermometers and 
controllers.  Provide pitot tube openings where required for testing of systems, complete 
with metal can with spring device or screw to ensure against air leakage. Where openings 
are provided in insulated ductwork, install insulation material inside a metal ring. 

 
L. Locate ducts with sufficient space around equipment to allow normal operating and 

maintenance activities. 
 

M. Use crimp joints, with or without bead, for joining round duct sizes eight (8) inches and 
smaller with crimp in direction of air flow. 

 
N. Use double nuts and lock washers on threaded rod supports. 

 
O. Set plenum doors 6 to 12 inches (150 to 300 mm) above floor.  Arrange door swings so 

that fan static pressure holds door in closed position. 
 

P. Provide residue traps in kitchen hood exhaust ducts at base of vertical risers with 
provisions for clean out.  Use welded stainless steel for ductwork exposed to view and 
welded carbon steel for ducts where concealed.  Submit to local Health Department 
calculations, duct layout, hood layout, sizes for all kitchen hood exhaust, make-up air 
systems prior to fabrication. 

 
Q. During construction, provide temporary closures of metal or taped polyethylene on open 

ductwork to prevent construction dust from entering ductwork systems. 
 
3.2 ACCESSORY INSTALLATION REQUIREMENTS 
 

A. Install accessories in accordance with manufacturer’s instruction,  NFPA 90A, and 
SMACNA HVAC Duct Construction Standards - Metal and Flexible. 

 
B. Provide duct access doors for inspection and cleaning before and after filters, coils, fans, 

automatic dampers, at fire dampers, combination fire and smoke dampers, duct detectors, 
air flow monitoring stations, duct-mounted equipment, duct coils and elsewhere as 
indicated. Provide for cleaning kitchen exhaust ductwork in accordance with NFPA 96.  
Provide minimum 10 x 10 inch  size for hand access, 18 x 18 inch  size for shoulder 
access 20 x 20 inch for kitchen exhaust systems. Review locations prior to fabrication. 

 
C. Provide duct test holes where required for testing and balancing purposes.  Review 

locations with Test and Balance Engineer prior to installation. 
 

D. Provide fire dampers, combination fire and smoke dampers and smoke dampers at 
locations indicated, where ducts and outlets pass through fire-rated components, and 
where required by authorities having jurisdiction.  Install with required perimeter 
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mounting angles, sleeves, breakaway duct connections, corrosion-resistant springs, 
bearings, bushings and hinges. 

 
E. Install smoke dampers and combination fire and smoke dampers in accordance with 

NFPA 92A.  Furnish and install a remote test station and connect to damper end switches. 
 

F. Demonstrate re-setting of fire dampers to Owner’s representative. 
 

G. Provide flexible connections immediately adjacent to equipment in ducts associated with 
fans and motorized equipment and supported by vibration isolators.  Refer to Division 23 
Section, “Vibration Control for HVAC and Plumbing Systems”. 

 
H. Provide balancing dampers at points on supply, return, and exhaust systems where 

branches are taken from larger ducts as required for air balancing.  Install minimum duct 
widths from duct take-off. 

 
I. Use splitter dampers only where indicated. 

 
J. Provide balancing dampers on duct take-off  to diffusers, grilles, and  registers, regardless 

of whether dampers are specified as part of the diffuser, grille, or register assembly. 
 

K. Install diffusers, registers, and grilles to ductwork with airtight construction. 
 

L. Check location of all air outlets and inlets and make necessary adjustments in position to 
conform with architectural features, symmetry, and lighting arrangements. 

 
M. Install duct thermometer support flanges in wall of duct.  Attach to duct with screws.  

Locate duct mounted thermometers, minimum 10 feet downstream of mixing dampers, 
coils or other devices causing air turbulence. 

 
N. Install remote - reading duct dial thermometers in control panels with tubing connecting 

panel and thermometer bulb supported to prevent kinks.  Use minimum tubing length. 
Mount control panel 60 inches above finished floor and label each dial thermometer. 

 
O. Install duct accessories according to applicable details shown in SMACNA's HVAC Duct 

Construction Standards--Metal and Flexible for metal ducts. 
 

P. Install volume dampers in lined duct; avoid damage to and erosion of duct liner. 
 

Q. Provide test holes at fan inlet and outlet and elsewhere as indicated. 
 

R. Install fire, smoke, and combination fire and smoke dampers according to manufacturer's 
UL-approved written instructions. 

 
1. Install fusible links in fire dampers. Label access doors according to equipment 

served. 
 

S. Adjust duct accessories for proper settings. 
 

T. Adjust fire and smoke dampers for proper action. 
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3.3 DUCT LINING INSTALLATION REQUIREMENTS 
 

A. All portions of duct designated to receive duct liner shall be completely covered with 
duct liner.  Transverse joints shall be neatly butted and there shall be no interruptions or 
gaps. The black pigmented or mat faced surface of the duct liner shall face the airstream. 

 
B. Duct liner shall be adhered to the sheet metal. with  90 percent coverage of adhesive 

complying with requirements of ASTM C916.  All exposed leading edges and transverse 
joints shall be factory coated or coated with adhesive during fabrication.  Install 
perforated galvanized inner liner where indicated 

 
C. Duct liner shall be additionally secured with mechanical fasteners, either  weld-secured 

or impact-driven, which shall compress the duct liner sufficiently to hold it firmly in 
place.  Adhesive bonded pins are not permitted due to long term adhesive aging 
characteristics.  Spacing of mechanical fasteners with respect to duct liner interior width 
shall be in accordance with SMACNA HVAC DGS.  Maximum spacing for mechanical 
fasteners shall be as follows: 

 
Velocity = 0 to 2,500 feet per minute (0 to 12.8m/s): 
From transverse end of liner  3: (75mm) 
Across width of duct   12 inches (300 mm) O.C. 
From corners of duct   4 inches  (100mm) 
Along length of duct   18 inches (450mm) O.C. 
 
Velocity  =  2,501 to 5,000 feet per minute (12.8 to 25.4 m/s): 
From transverse end of liner  3 inches (75m) 
Across width of duct   6 inches (150mm) O.C. 
From corners of duct   4 inches (100mm) 
Along length of duct    16 inches (400mm) O.C. 

 
D. When air velocities exceed 4,000 fpm (20.3m/s), galvanized sheet metal nosing shall be 

applied to all leading edges of duct liner. 
 

E. Acoustical Duct Liner shall be cut to assure overlapping and compressed longitudinal 
corner joints. 

 
F. Upon completion of installation of duct liner and before operation is to commence, 

visually inspect the system and verify that the duct liner insulation has been correctly 
installed. 

 
G. Open all system dampers and turn on fans to blow all scraps and other loose pieces of 

material out of the duct system.  Allow for a means of removal of such material. 
 

H. Check the duct system to ensure that there are no air leaks through joints. 
 
3.4 CLEANING 
 

A. Clean duct system and force air at high velocity through ducts to remove accumulated 
dust. To obtain sufficient air, clean half the system at a time.  Protect equipment which 
may be harmed by excessive dirt with temporary filters, or bypass during cleaning. 
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B. Clean duct systems with high power vacuum machines.  Protect equipment which may be 
harmed by excessive dirt with filters, or bypass during cleaning.  Provide adequate access 
into ductwork for cleaning purposes. 

 
C. Ductwork shall be cleaned in accordance with “Duct Cleanliness for New Construction 

(SMACNA 2000)”, and shall achieve a “Basic” cleanliness level. 
 
3.5 LEAKAGE TESTS 
 

A. All low pressure sheet metal ductwork shall undergo leakage tests at 2 inch W.G.  Tests 
shall be accomplished under this section and witnessed as specified under Division 23 
Section, “Testing, Adjusting, and Balancing for HVAC and Plumbing”. 

 
B. All medium pressure sheet metal ductwork shall undergo leakage tests at 5 inch W.G.   

Tests shall be accomplished under this section and witnessed as specified under Division 
23 Section, “Testing, Adjusting, and Balancing for HVAC and Plumbing”. 

 
C. Leakage from each duct system shall not exceed 5 percent for low pressure systems and 1 

percent for medium pressure systems of the normal air handling capacity of the system.  
If the system ductwork is tested in sections, the leakage shall not exceed ½ of 1 percent 
of the CFM to be handled by that section, and the total leakage of the system shall not 
exceed 1 percent of the total system CFM.  Test pressure shall not exceed the pressure 
limits of the duct construction as defined in SMACNA High Pressure Duct Construction 
Standards.  Repair all leaks which are audible, regardless of the leakage rate of the duct 
system as a whole, by remaking the entire defective joint or seam.  Spot sealing of ducts 
in place will not be acceptable. 

 
D. All duct accessories, including but not limited to volume dampers, ATC sensors, duct 

detectors, duct coils shall be installed prior to duct leakage testing. 
 
E. Submit a complete report of the ductwork leakage tests to the Architect and include final 

approved copies in test and balance reports. 
 
3.6 DUCTWORK IDENTIFICATION 
 

A. Degrease and clean surfaces to receive adhesive for identification materials. 
 

B. All ductwork shall be identified with painted background marked with the name of the 
service with arrows to indicate flow direction. Color Code and System Identification shall 
comply with ANSI Standards. 

 
C. Marking shall be plain block letters, stenciled on ductwork (above and below ceilings) 

and shall be located near each branch connection and at least every ten feet on straight 
runs of ductwork.  Where ductwork is aligned adjacent to each other, markings shall be 
neatly lined up.  All markings shall be located in such a manner as to be easily legible 
from the floor. 

 
D. Identify ductwork with plastic nameplates or stenciled painting.  Identify with air 

handling unit identification and area served.  
 

E. Length of color field for ductwork shall be 32 inches.  Lettering shall be minimum 3-1/2 
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inches high. 
 

END OF SECTION 
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SECTION 23 31 23 

EXISTING HVAC AIR DISTRIBUTION SYSTEM CLEANING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes cleaning existing HVAC air-distribution ducts, plenums, and system 
components that are indicated to be re-used under new work. 

B. Under Add Alternate the existing ductwork that is indicated to be re-used shall be cleaned.  
Install building access panels and duct access panels as required to fully clean the existing 
ductwork that is indicated to be re-used. 

C. Also degrease exterior surfaces of existing exhaust ductwork indicated to remain to allow duct 
sealing of the same. 

1.3 DEFINITIONS 

A. ASCS: Air systems cleaning specialist. 

B. NADCA: National Air Duct Cleaners Association. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For an ASCS. 

B. Strategies and procedures plan. 

C. Cleanliness verification report. 

1.5 QUALITY ASSURANCE 

A. ASCS Qualifications:  A certified member of NADCA. 

1. Certification: Employ an ASCS certified by NADCA on a full-time basis. 
 

2. Supervisor Qualifications: Certified as an ASCS by NADCA. 

B. UL Compliance: Comply with UL 181 and UL 181A for fibrous-glass ducts. 
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C. Cleaning Conference: Conduct conference at Project site. 

1. Review methods and procedures related to HVAC air-distribution system cleaning 
including, but not limited to, review of the cleaning strategies and procedures plan. 

1.6 ALTERNATES 

A. Refer to Division 01 Section, “Alternates” for description of work under this section affected by 
alternates. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine existing HVAC air-distribution ducts, plenums, and system components that are 
indicated to remain to determine appropriate methods, tools, and equipment required for 
performance of the Work. 

B. Perform "Project Evaluation and Recommendation" according to NADCA ACR 2006. 

C. Prepare written report listing conditions detrimental to performance of the Work. 

D. Proceed with work only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Prepare a written plan that includes strategies and step-by-step procedures. At a minimum, 
include the following: 

1. Supervisor contact information. 
2. Work schedule including location, times, and impact on occupied areas. 
3. Methods and materials planned for each HVAC component type. 
4. Required support from other trades. 
5. Equipment and material storage requirements. 
6. Exhaust equipment setup locations. 

B. Use the existing service openings, as required for proper cleaning, at various points of the 
HVAC system for physical and mechanical entry and for inspection.  Add service openings as 
required to clean existing ductwork. 

C. Comply with NADCA ACR 2006, "Guidelines for Constructing Service Openings in HVAC 
Systems" Section. 
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3.3 CLEANING 

A. Comply with NADCA ACR 2006. 

B. Remove visible surface contaminants and deposits from within the HVAC system. 

C. Systems and Components to Be Cleaned: 

1. Existing air devices for that are indicated to remain. 
2. Ductwork: 

a. Existing air ducts, including turning vanes that are indicated to remain. 

D. Collect debris removed during cleaning. Ensure that debris is not dispersed outside the HVAC 
system during the cleaning process. 

E. Remove existing sound lining within existing ductwork. 

F. Particulate Collection: 

1. For particulate collection equipment, include adequate filtration to contain debris 
removed. Locate equipment downwind and away from all air intakes and other points of 
entry into the building. 

2. HEPA filtration with 99.97 percent collection efficiency for particles sized 0.3 
micrometer or larger shall be used where the particulate collection equipment is 
exhausting inside the building, 

G. Control odors and mist vapors during the cleaning and restoration process. 

H. Mark the position of manual volume dampers and air-directional mechanical devices inside the 
system prior to cleaning. Restore them to their marked position on completion of cleaning. 

I. System components shall be cleaned so that all HVAC system components are visibly clean. On 
completion, all components must be returned to those settings recorded just prior to cleaning 
operations. 

J. Clean all air-distribution devices, registers, grilles, and diffusers. 

K. Clean visible surface contamination deposits according to NADCA ACR 2006 and the 
following: 

1. Clean airstream surfaces, and components. 
2. Ensure that a suitable operative drainage system is in place prior to beginning wash-down 

procedures. 
3. Clean all airstream components. 

L. Duct Systems: 

1. Create service openings in the HVAC system as necessary to accommodate cleaning. 
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2. Mechanically clean duct systems specified to remove all visible contaminants so that the 
systems are capable of passing the HVAC System Cleanliness Tests (see 
NADCA ACR 2006). 

M. Debris removed from the HVAC system shall be disposed of according to applicable Federal, 
state, and local requirements. 

N. Mechanical Cleaning Methodology: 

1. Source-Removal Cleaning Methods: The HVAC system shall be cleaned using source-
removal mechanical cleaning methods designed to extract contaminants from within the 
HVAC system and to safely remove these contaminants from the facility. No cleaning 
method, or combination of methods, shall be used that could potentially damage 
components of the HVAC system or negatively alter the integrity of the system. 

a. Use continuously operating vacuum-collection devices to keep each section being 
cleaned under negative pressure. 

b. Cleaning methods that require mechanical agitation devices to dislodge debris that 
is adhered to interior surfaces of HVAC system components shall be equipped to 
safely remove these devices. Cleaning methods shall not damage the integrity of 
HVAC system components or damage porous surface materials such as duct and 
plenum liners. 

2. Cleaning Mineral-Fiber Insulation Components: 

a. Fibrous-glass thermal or acoustical insulation elements present in equipment or 
ductwork shall be thoroughly cleaned with HEPA vacuuming equipment while the 
HVAC system is under constant negative pressure and shall not be permitted to get 
wet according to NADCA ACR 2006. 

b. Cleaning methods used shall not cause damage to fibrous-glass components and 
will render the system capable of passing the HVAC System Cleanliness Tests (see 
NADCA ACR 2006). 

c. Fibrous materials that become wet shall be discarded and replaced. 

O. Antimicrobial Agents and Coatings: 

1. Apply antimicrobial agents and coatings if active fungal growth is reasonably suspected 
or where unacceptable levels of fungal contamination have been verified. Apply 
antimicrobial agents and coatings according to manufacturer's written recommendations 
and EPA registration listing after the removal of surface deposits and debris. 

2. When used, antimicrobial treatments and coatings shall be applied after the system is 
rendered clean. 

3. Apply antimicrobial agents and coatings directly onto surfaces of interior ductwork. 
4. Sanitizing agent products shall be registered by the EPA as specifically intended for use 

in HVAC systems and ductwork. 

3.4 CLEANLINESS VERIFICATION 

A. Verify cleanliness according to NADCA ACR 2006, "Verification of HVAC System 
Cleanliness" Section. 
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B. Verify HVAC system cleanliness after mechanical cleaning and before applying any treatment 
or introducing any treatment-related substance to the HVAC system, including biocidal agents 
and coatings. 

C. Perform visual inspection for cleanliness. If no contaminants are evident through visual 
inspection, the HVAC system shall be considered clean. If visible contaminants are evident 
through visual inspection, those portions of the system where contaminants are visible shall be 
re-cleaned and subjected to re-inspection for cleanliness. 

D. Additional Verification: 

1. Perform surface comparison testing or NADCA vacuum test. 
2. Conduct NADCA vacuum gravimetric test analysis for nonporous surfaces. 

E. Prepare a written cleanliness verification report. At a minimum, include the following: 

1. Written documentation of the success of the cleaning. 
2. Site inspection reports, initialed by supervisor, including notation on areas of inspection, 

as verified through visual inspection. 
3. Surface comparison test results if required. 
4. Gravimetric analysis (nonporous surfaces only). 
5. System areas found to be damaged. 

F. Photographic Documentation: Document before and after duct cleaning with digital 
photographs. 

3.5 RESTORATION 

A. Restore and repair HVAC air-distribution equipment, ducts, plenums, and components 
according to NADCA ACR 2006, "Restoration and Repair of Mechanical Systems" Section. 

B. Restore service openings capable of future reopening.  

C. Replace fibrous-glass materials that cannot be restored by cleaning or resurfacing.  

D. Replace damaged insulation. 

E. Ensure that closures do not hinder or alter airflow. 

F. New closure materials, including insulation, shall match opened materials and shall have 
removable closure panels fitted with gaskets and fasteners. 

G. Reseal fibrous-glass ducts.  

H. Label all duct access doors. 

END OF SECTION 
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SECTION 23 81 26 
 

VARIABLE REFRIGERANT VOLUME SPLIT SYSTEMS WITH HEAT RECOVERY  
(AIR COOLED SYSTEMS) 

 
PART 1  GENERAL 
 
1.1. RELATED DOCUMENTS 

 
A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 
 
1.2. SUMMARY 
 

A. This Section includes Variable Refrigerant Volume Split Systems with Heat Recovery. 
 

B. Related Sections include the following: 
 

1. Division 23 Section, “HVAC Piping, Fittings and Valves” for refrigerant piping 
materials. 

2. Division 23 Section, “HVAC Insulation” for refrigerant pipe insulation 
requirements. 

3. Division 23 Section, “Vibration Controls for HVAC, Plumbing, & Fire Protection 
Equipment” for isolation materials. 

4. Division 23 Section, “Instrumentation & Controls of HVAC & Plumbing Systems” 
for temperature-control devices, and control wiring and control devices connected to 
indoor, outdoor and refrigerant distribution devices. 

5. Division 26 Section, “Disconnect Switches & Circuit Breakers” and circuit breakers 
for field installed disconnect switches. 

 
1.3. DEFINITIONS 

 
A. BICSI: Building Industry Consulting Service International.   

 
B. EER:  Cooling full load energy efficiency ratio. 

 
C. IEER:  Cooling integrated (part load) energy efficiency ratio. 
 
D. High Temperature COP:  Heating coefficient of performance at 42°F. 
 
E. Low Temperature COP:  Heating coefficient of performance at 17°F. 
 
F. SCHE: Simultaneous cooling and heating efficiency. 
 
G. VRV:  Variable Refrigerant Volume 

 
1.4. SUBMITTALS 
 

A. Product Data:  Include manufacturer's technical data for each model indicated, including 
rated capacities of selected model clearly indicated; dimensions; required clearances; 
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shipping, installed, and operating weights; furnished specialties; accessories; and installation 
and startup instructions. 

 
B. Product data for Variable Refrigerant Volume units specified, including the following: 

 
1. Dimension and plans and elevation drawings including field piping, required 

clearances and locations of all field connections. 
2. Certified fan-sound power ratings. 
3. Certified coil-performance rating with system operating conditions indicated. 
4. Motor ratings and electrical characteristics plus motor and fan accessories. 
5. Filters with performance characteristics. 
6. Outdoor air cooled heat pump unit. 
7. Summary of all auxiliary utility requirements such as electricity, refrigerant piping, 

and condensate piping.  Summary shall indicate quality and quantity of each 
required utility. 

8. Branch selector box data. 
9. Refnet data. 
10. ARHI 1230 certification including EER, IEER, high temperature COP, low 

temperature COP, and SCHE. 
11. Equipment selections de-rated to reflect scheduled data. 
12. VRV equipment certified installer’s certificate. 
13. Wiring material product data and wiring layout for all systems: power, VRV control, 

control systems, interface to BMS and associated VRV equipment. 
 

C. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loadings, 
required clearances, method of field assembly, components, and location and size of each 
field connection.  Detail mounting, securing, and flashing of roof curb to roof structure for 
roof mounted units.  Detail mounting and securing to concrete pads for grade mounted 
systems.  Indicate coordinating requirements with roof membrane system or concrete pads 
and vibration isolation. 

 
D. Wiring Diagrams:  Detail wiring for power, signal, and control systems and differentiate 

between manufacturer-installed and field-installed wiring. 
 

E. Field Test Reports:  Indicate results of manufacturer's startup and testing requirements.  
Submit copies of checklists. 

 
F. Maintenance Data:  For equipment to include in the maintenance manuals specified in 

Division 01. 
 

G. Warranties:  Special warranties specified in this Section. 
 
H. Install factory certified documents indicating approval to install the VRV equipment. 
 

1.5. SYSTEM DESCRIPTION 
 

A. Furnish and install where indicated, a variable capacity, heat recovery air conditioning 
system.  System shall be a Variable Refrigerant Volume Series split system as manufactured 
by Daikin, LG, Mitsubishi, Trane, Samsung, Johnson Controls, or approved equal.  The 
system shall consist of multiple indoor units capable of cooling or heating, branch selector 
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boxes, refrigerant joints to separate refrigerant flow between units and headers (refnets), a 
three pipe or two pipe refrigeration distribution system using PID control, and an outdoor 
unit.  The indoor units shall be connected to the outdoor units utilizing the specialized piping 
joints provided by the equipment manufacturer.  The outdoor unit shall be direct expansion 
(DX), air-cooled heat recovery, multi-zone air-conditioning system with fixed speed and 
variable speed inverter driven compressors using R-410A refrigerant.  The outdoor unit may 
connect to a connected indoor capacity up to 130% of the outdoor unit capacity.  All zones 
are each capable of operating separately with individual temperature control.  A dedicated 
hot gas pipe shall be provided to provide optimum heating operation performance. 

 
B. Operation of the system shall permit either individual cooling or heating of each indoor unit 

simultaneously or all of the indoor units associated with one branch cool/heat selector box.  
Each indoor unit or group of indoor units shall be able to provide set temperature 
independently via a BMS interface.  Provide all interlock wiring between system controllers 
and building automation system. 

 
C. Branch cool/heat selector boxes shall be located as shown on the drawing.  The branch 

selector boxes shall have the capacity to control cooling and heating down stream of the box 
to each individual heat pump unit.  The box shall consist of electronic expansion valves, 
refrigerant control piping and electronics to facilitate communications between the branch 
selector box and main processor and between the branch selector box and indoor units.  The 
branch selector box shall control the operational mode of the subordinate indoor units.  The 
use of electronic expansion valves ensures continuous heating during defrost, no heating 
impact during changeover and reduced sound levels. 

 
D. Manufacturer shall have five years prior experience making similar equipment as described 

in this specification. 
 
1.6. QUALITY ASSURANCE 

 
A. All equipment and systems shall be tested and certified in accordance with AHRI 1230 

(Performance Rates of Variable Refrigerant Flow (VRF) Multi-Split Air Conditioning and 
Heat Pump Equipment) and bear the AHRI certification seal. 

 
B. Fabricate and label refrigeration system to comply with ASHRAE 15, Safety Code for 

Mechanical Refrigeration. 
 

C. Listing and Labeling:  Provide electrically operated components specified in this Section that 
are listed and labeled. 
1. The Terms Listed and Labeled:  As defined in the National Electrical Code, 

Article 100. 
2. Listing and Labeling Agency Qualifications:  A Nationally Recognized Testing 

Laboratory as defined in OSHA Regulation 1910.7. 
 

D. Comply with NFPA 70 for components and installation. 
 

E. The units shall be tested by a Nationally Recognized Testing Laboratory (NRTL), in 
accordance with ANSI/UL 1995 – Heating and Cooling Equipment and bear the Listed 
Mark. 
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F. The system shall be factory tested for safety and function. 
 

G. Coordination: Coordinate layout and installation of indoor units, outdoor units, refrigerant 
piping, branch selector boxes, refnets, and other appurtenances with piping and ductwork 
and with other installations. 

 
H. Contractor’s certified VRV equipment installer must be on site during installation of VRV 

system, refrigeration piping, control wiring, system controls and interface to BMS, and 
associated VRV equipment. 

 
I. Obtain all necessary permits for low voltage and power wiring for VRV system. 

 
1.7. DELIVERY, STORAGE, AND HANDLING 
 

A. Deliver outdoor and indoor units as factory assembled units with protective crating and 
covering. 

 
B. Coordinate delivery of units in sufficient time to allow movement into building or on to roof 

as indicated. 
 
1.8. WARRANTY 
 

A. General Warranty:  The special warranty specified in this Article shall not deprive the Owner 
of other rights the Owner may have under other provisions of the Contract Documents and 
shall be in addition to, and run concurrent with, other warranties made by the Contractor 
under requirements of the Contract Documents. 

 
B. Special Warranty:  A written warranty, executed by the manufacturer and signed by the 

Contractor, agreeing to replace components that fail in materials or workmanship, within the 
specified warranty period, provided manufacturer's written instructions for installation, 
operation, and maintenance have been followed. 

 
1. Warranty Period:  Compressors and Compressor Motor Contactors:  Manufacturers 

standard, but not less than 6 years after date of Substantial Completion. 
 

1.9. ALTERNATES 
 
A. Refer to Division 01 Section, “Alternates” for description of work under this section affected 

by alternates. 
 

PART 2. PRODUCTS 
 
2.1. MANUFACTURERS 
 

A. Manufacturers:  Subject to compliance with requirements, manufacturers offering products 
that may be incorporated into the Work include the following: 

 
1. Daikin, Samsung, Sanyo, LG, Johnson Controls, Mitsubishi, Trane, Samsung, 

Fujitsu, or approved equal. 
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B. Basis of Design was a Daikin 3-pipe system.  All scheduled capacities and efficiencies must 
be met.  Cost of any electrical, piping, design, insulation, additional branch selector boxes, 
heat recovery boxes, refnets, or other changes associated with other approved manufacturers 
shall be included in the bid and shall be the responsibility of the Contractor.  If manufacturer 
other than the Basis of Design is utilized and the same requires drains at branch selector 
boxes, Contractor must provide piping, insulation and if needed to condensate pumps at no 
additional cost to the Owner.  This includes power requirements for condensate pumps. 

 
2.2. OUTDOOR UNITS – AIR COOLED 
 

A. The outdoor unit is designed specifically for use with variable refrigerant volume system 
components.  The outdoor unit shall be factory assembled and pre-wired with all necessary 
electronic and refrigerant controls.  The refrigeration circuit of the condensing unit shall 
consist of scroll compressors, motors, fans, condenser coil, electronic expansion valves, 
solenoid valves, 4-way valve, distribution headers, capillaries, filters, shut off valves, oil 
separators, service ports, refrigerant regulator and all components for a complete functioning 
system. 

 
B. The outdoor unit shall be modular in design and should allow for side-by-side installation 

with minimum spacing. 
 

C. The following safety devices shall be included on the outdoor unit; high pressure switch, 
control circuit fuses, crankcase heaters, fusible plug, high pressure switch, overload relay, 
inverter overload protector, thermal protectors for compressor and fan motors, over current 
protection for the inverter and anti-recycling timers.  

 
D. Unit Cabinet:  The outdoor unit shall be completely weatherproof and corrosion resistant.  

The unit shall be constructed from rust-proofed mild steel panels coated with a baked enamel 
finish. 

 
E. Fan:  The unit shall have one or more propeller type, direct-drive fan motors that have 

multiple speed operation via a DC (digitally commutating) inverter.  The condensing unit fan 
motor shall have multiple speed operation of the DC (digitally commutating) inverter type, 
and be of high external static pressure.  A field setting switch to a maximum 0.32 in. WG 
pressure is available to accommodate field applied duct for indoor mounting of condensing 
units.  The fan shall be a vertical discharge configuration and the motor shall have inherent 
protection and permanently lubricated bearings and be mounted. 
 

F. Condenser Coil:  The condenser coil shall be manufactured from copper tubes expanded into 
aluminum fins to form a mechanical bond.  The heat exchanger coil shall be of a waffle 
louver fin and rifled bore tube design to ensure high efficiency performance.  The fins are to 
be covered with an anti-corrosion acrylic resin and hydrophilic film and pipe plates shall be 
treated with powdered polyester resin for corrosion prevention. 
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G. Compressor:  Unit shall contain both fixed speed scroll and variable speed inverter scroll 
compressors.  Inverter scroll compressors shall be variable speed (PAM inverter) controlled 
which shall be capable of changing the speed to follow the variations in total cooling and 
heating load as determined by the suction gas pressure as measured in the condensing unit.  
In addition, samplings of evaporator and condenser temperatures shall be made so that the 
high/low pressures detected are read and calculated.  Each non-inverter compressor shall also 
be of the hermetically sealed scroll type.  With each reading, the compressor capacity (INV 
frequency or STD ON/OFF) shall be controlled to eliminate deviation from target value. 
Compressors shall be spring mounted to avoid the transmission of vibration. 
 

H. Surge Protection: Provide unit with DIN Rail Plug-in Surge Protection for each compressor 
unit installed for all telecom and control circuits. Surge protection shall be factory or field 
installed per manufacturer’s recommendations. Surge protectors shall be model DLA as 
manufactured by Citel or approved equal. Units shall be listed in accordance with UL497B. 

 
2.3. BRANCH SELECTOR/HEAT RECOVERY BOX 
 

A. Branch selector (BS)/heat recovery boxes shall be located as shown on the drawing.  The 
BS/heat recovery box shall be furnished with at least 5 electronic expansion valves (EEV’s), 
refrigerant control piping and electronics to facilitate communications between the BS/heat 
recovery box and main processor and between the BS/heat recovery box and indoor units.  
The BS box shall control the operational mode of the subordinate indoor units.  The use of 
five EEV’s shall control the direction of refrigerant flow and ensure continuous heating 
during defrost, no heating impact during changeover and reduced sound levels.  The branch 
selector/heat recovery boxes shall be designed specifically for use with heat recovery system 
components. These selector/heat recovery boxes shall be factory assembled, wired, and piped 
and shall be run tested at the factory.  Unit Cabinet shall have a galvanized steel plate casing. 
Each cabinet shall house a liquid gas separator and contain a tube in tube heat exchanger. 
The unit shall have sound absorption thermal insulation material made of flame and heat 
resistant foamed polyethylene. Each circuit shall have at least one branch selector/heat 
recovery box to facilitate simultaneous heating and cooling in the system. Multiple indoor 
units may be connected to a branch selector/heat recovery box provided they are within the 
capacity range of the branch selector. The unit electrical power shall be as scheduled on the 
Contract Drawings.  East branch selector shall support up to four heat pump units, each 
served by dedicated refrigerant suction and liquid piping.  Each heat pump unit shall be able 
to individually operate in heating or cooling mode. 

 
2.4. INDOOR UNITS 
 

A. Ceiling Cassette Indoor Unit - The unit shall be completely factory assembled and wired.  
The casing shall be galvanized sheet with grey heat insulation.  This unit shall fit in the 
ceiling and have the capability of attaching a branch supply duct as well as a fresh air duct.  
The evaporator fan shall be an assembly with a high performance, fan direct driven by a 
single motor.  The fans shall be statically and dynamically balanced and run on permanently 
lubricated bearings.  The indoor unit shall have an adjustable air outlet system offering 4-
way air flow, 3-way air flow, or 2-way air flow.  The auto air swing vanes shall 
automatically swing up and down for uniform air distribution.  Return air shall be filtered by 
a long-life filter to provide approximately, 2500 hours of use in a normal office environment 
before cleaning.  The indoor unit shall be covered with a flat panel which protrudes only 1 
inch below the ceiling to provide a neat and clean installation.  The coils shall be of 
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nonferrous construction with smooth plate fins bonded to copper tubing.  The tubing shall 
have inner grooves for high efficiency heat exchange.  All tubes joints shall be brazed with 
phoscopper or silver alloy.  The coils shall be pressure tested at the factory.  A condensate 
pan shall extend under the coil and piping.  An integral drain pan pump capable of lifting 
condensate 22 inches shall be provided.  An integral booster heater shall not be provided to 
supplement the unit during the heating mode.  The unit electrical power requirements shall 
be as scheduled on the contract drawings.  Furnish with condensate overflow float switch 
that will shut down unit should a high condensate level condition be sensed. 

 
2.5. CONTROL SYSTEM 
 

A. The control system shall consist of multiple microprocessors interconnected by a single non-
polar two wire multiplex transmission system.  Wiring shall be daisy chained from unit to 
unit direct.  NO SPLICES.  One microprocessor shall be factory wired and located within 
each indoor unit.  It shall have the capability of sensing return air temperature and indoor 
coil temperature; receive and process commands from the remote controller.  The 
microprocessor within the wall mounted remote controller shall provide automatic cooling 
and heating system changeover; display set point and room temperature; a 24 hour on/off 
timer so that automatic operation can be set on the timer at one hour intervals from one to 
twenty-four hours; have self-diagnostic function display; check mode for memory of most 
recent problem; and provide on-off and system/mode function switching.  The heating 
system shall be controlled so that only warm air is discharged whenever the fan speed 
exceeds the very low (VLO) speed.  Normal operation of the remote controller provides 
individual system control in which one remote controller and one indoor unit are installed in 
the same room.  The control voltage between the indoor units and the outdoor unit shall be 
16 volts D.C.  16 VDC shall be generated from the outdoor unit microprocessor board.  The 
system shall be capable of automatic restart when power is restored after power interruption. 
 System shall include twenty function self diagnostics including total hours of compressor 
run time.  Compressor capacity shall be modulated automatically to maintain a constant 
suction pressure, while varying the refrigerant volume for the needs of the cooling or heating 
loads.  Indoor units shall use PID control to control superheat. 
 

B. System Controller:  Control system shall include a central controller for user interface with 
system.  Controller shall include a Liquid Crystal Display (LCD) touch screen capable of 
controlling up to 16 outdoor units and 64 indoor unit groups (maximum 128 indoor units). 

 
C. System Controller shall be able to control the following functions: 
 

1. On/Off selection for each indoor unit group or zone that is defined with several 
indoor unit groups. 

2. Setpoint adjustment for each indoor unit group or zone. 
3. Fan speed adjustment for each indoor unit group or zone. 
4. Heat/cool/fan mode selection for each indoor unit group or zone. 
5. Automatic changeover and antifreeze/overheat protection. 
6. Forced shutdown terminals. 
7. Priority settings for restriction of local access for start/stop, heat/cool mode and 

setpoint adjustment (at local remote controllers). 
8. Setpoint limitation in both heating and cooling mode. 
9. Weekly schedule with start-up and shut off times, temperature settings, and 

operation modes; 16 operations/each day can be set in one schedule, and 8 
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different schedules are available for special working days, holidays, or period of 
non-use. 

10. Actual time display and setting. 
11. Reset ability for malfunction codes and filter maintenance warning. 
12. Maximum 13 months back up power supply to maintain the memory. 
13. Non systems units (e.g. energy recovery ventilator) can be started/stopped and 

general alarm/status reported using Digital Input or Digital Input/Output units, 
including interlock program. 

14. Controller must be BACnet compatible. 
 

D. Controller shall provide control transformer for 24 VAC supply voltage for controllers as 
required. 
 

E. Provide interface devices as required to interface to Building Automation System.  ATC 
Interface shall allow monitoring of all points indicated on the point list. 

 
F. Furnish the controls with the necessary interfaces to communicate via BACnet/IP or 

LonWorks to a building automation system.  Exact protocol to be determined by the ATC 
subcontractor and VRV installing contractor. 

 
G. All inputs and outputs on the manufacturer’s controller shall be viewable via the interface. 
 
H. All set points and schedules shall be editable via the interface by the building automation 

system. 
 
I. In addition to standard inputs/outputs provide additional input/outputs as required to 

accomplish sequence of operation and items listed on point list. 
 
J. The manufacturer shall be responsible for assisting and participating in the integration of the 

equipment into the building automation system and shall provide programming support, 
testing, verification, and on site personnel as required. 

 
2.6. WIRING 

 
A. All wiring devices and wire/cable shall be approved for the proposed purpose.  

1. Communication cable shall be indicated for use in the data sheet 
a). Bacnet 
b). Lon 
c). RS-232 
d). RS-485 for VRV Loop wiring 

2. All wire/cable shall be installed per VRV and wire/cable manufacturers’ data sheets. 
3. All wiring devices and wire/cable shall be labeled by UL or approved listing agency. 

 
B. All installation contractors must have one person on site with five years experience in the 

trade during the complete installation process. 
 

C. All wiring shall be installed per National Electric Code, BICSI and all other codes. 
 

D. All wiring shall be installed in a neat, best and most workmanlike manner using the proper 
hangers and the protection of wiring in the installed method used. 
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E. Installing contractor musts supply an electrical permit for record purposes before work 

begins. 
 

F. Equipment supplier equipment shall not be installed as a single point of failure by the control 
contractor. 
 

G. Equipment manufacturer shall supply control contractor with a pre-wired and tested control 
NEMA 1 enclosure with gateway, power supply and terminal strips.  A complete set of 
wiring diagrams for the interface must be submitted and included in the O&M manuals. 
 

H. Control panel power shall have a separate 120 volt single phase circuit with no other load on 
the circuit. 
 

2.7. VRF/VRV SYSTEMS BACNET GATEWAY 
 
A. The VRF/VRV Systems BACnetTM Gateway shall be capable of monitoring up to 256 indoor 

units and 64 outdoor units through its embedded web browser.  The BACnet Gateway shall 
be capable of controlling 92 indoor units and 8 outdoor units through its embedded web 
browser with third-party Building Automation Systems interface.  The BACnet Gateway 
provides multiple energy management schemes and integrates with third-party Building 
Automation Systems. 

 
2.8. FILTERS 

 
A. In addition to the washable filters provided with each indoor unit, provide two (2) sets of 

spare additional washable filters for every indoor unit on the project.  Provide 
correspondence documenting filters have been turned over to Owner at Substantial 
Completion. 

 
PART 3. EXECUTION 
 
3.1. EXAMINATION 

 
A. Examine space for compliance with requirements for conditions affecting installation and 

performance of units.  Do not proceed with installation until unsatisfactory conditions have 
been corrected. 

 
3.2. INSTALLATION 
 

A. Mount indoor and outdoor units as detailed on contract drawings and according to 
manufacturer's written instructions. 

 
B. Install all interlock and control wiring between indoor units, outdoor units  thermostats, and 

condensate pumps. 
 

C. Supply initial charge of refrigerant and oil as required. 
 
D. Install indoor ceiling cassettes and ducted units on vibration isolators. 
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E. Install outdoor units on concrete pads or on roof curbs as indicated on drawings. 
 
F. Comb out fins on condensing unit where deformed or bent. Replace or repair broken fins. 
 
G. Install condensate lift pumps, float switches, alarm, unit shut down wiring and detection 

block units per manufacturer's recommendations. 
 
H. For wall mounted units field wire power wiring, alarm circuits, control cable, safety circuit 

connection, alarm, and condensate pump. Condensate pump shall be powered from indoor 
unit power wiring. Coordinate condensate pump electrical characteristics with indoor unit 
electrical characteristics. 

 
I. Install system controller and interlock all indoor and outdoor units. 
 
J. Install lockable caps on all outdoor unit refrigerant service valves to prevent tampering. 

 
K. All final pipe lengths shall be submitted to VRV manufacturer to verify compliance with 

manufacturer’s requirements. 
 
L. Install all refrigerant piping per manufacturer’s requirements without deviation. 
 
M. Label and identify all indoor units, outdoor units, piping, and branch selector boxes. 
 
N. Install refnets and Y-fittings with manufacturers’ required unobstructed distances upstream 

and downstream of the same. 
 
O. Submit pressure test reports and vacuum test reports as informational submittals. 
 
P. Install all branch selector boxes with manufacturer’s required clearances.  Also branch 

selector boxes shall be installed level per manufacturer’s requirements. 
 
3.3. CONNECTIONS 
 

A. Drawings indicate the general arrangement of piping, fittings, and specialties.  The following 
are specific connection requirements: 

 
1. High/low pressure gas line, liquid and suction lines must be individually insulated 

between the outdoor and indoor units. 
2. Refrigerant Piping: conform to applicable requirements of Division 23 Section, 

HVAC Piping, Fittings, and Valves.   
3. Install refrigerant piping, refnets, Branch selector boxes, insulation, and control 

wiring as required by the manufacturer. 
4. Install isolation valves on all three pipes between outdoor unit and branch selector 

boxes. 
5. Install isolation valves on both pipes at every indoor unit. 

 
B. Electrical:  Conform to applicable requirements in Division 26 Sections. 

 
C. Ground equipment. 
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1. Tighten electrical connectors and terminals according to manufacturer's published 
torque-tightening values.  Where manufacturer's torque values are not indicated, use 
those specified in UL 486A and UL 486B. 

 
3.4. COMMISSIONING AND MANUFACTURER'S FIELD SERVICES 
 

A. Verify that installation is as indicated and specified.  Provide factory authorized start-up and 
training. 

 
B. Complete manufacturer's installation and startup checks and perform the following: 

 
1. Inspect for visible damage to unit casing. 
2. Inspect for visible damage to compressor, air-cooled condenser coil, and fans. 
3. Verify that clearances have been provided for servicing. 
4. Check that labels are clearly visible. 
5. Clean condenser and inspect for construction debris. 
6. Verify wiring is installed per VRF installation manual requirements  

a). Grounds 
b). Shielding 
c). Prior to applying power perform and document end to end continuity test 

for each wire in the communication cable. 
7. Verify that controls are connected and operable. 
8. Verify that filters are installed. 
9. Adjust vibration isolators. 
10. Verify all piping and branch selector boxes are insulated. 

 
C. Start unit according to manufacturer's written instructions. 

 
1. Complete startup sheets and attach copy with Contractor's startup report. 
2. Start-up units in close coordination with testing/balancing. 

 
D. Check and record performance of interlocks and protection devices; verify sequences. 

 
E. Operate unit for an initial period as recommended or required by manufacturer. 

 
F. Calibrate thermostats and humidity sensors. 

 
G. Check internal isolators. 

 
H. Start refrigeration and measure and record the following: 

 
1. Coil leaving-air, dry- and wet-bulb temperatures. 
2. Coil entering-air, dry- and wet-bulb temperatures. 
3. Refrigerant suction/discharge pressures. 
4. Indoor and outdoor unit amperage, voltage, and watts. 
5. Fan Rotation and RPM. 
6. Condensate pump operation. 
7. Condensate overflow safety switch operation. 
8. System controller operation. 
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3.5. DEMONSTRATION 
 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel 
as specified below: 

 
1. Review data in the maintenance manuals.  Refer to Division 01 Section, Contract 

Closeout. 
2. Review data in the maintenance manuals.  Refer to Division 01 Section, Operation 

and Maintenance Data. 
3. Schedule training with Owner, through Architect, with at least 7 days' advance 

notice. 
 
3.6. TRAINING 
 

A. The Variable Refrigerant Volume Split System manufacturer shall include in his bid, 
provisions for additional training at the company’s regular school or training center. The 
VRV manufacturer shall include in his bid all costs associated with sending two (2) 
individuals to the VRV manufacturer’s school for a period of not less than one (1) week.  
This training is in addition to the aforementioned training required under the General 
Provisions. 

 
B. The training time period shall be coordinated with the school system's facility Engineer.  The 

schedule training period shall be arranged at the owner's convenience. 
 

C. Cost shall include all training material, instruction books, and two copies of video tape with 
sound DVD of training session. 

 
D. Upon completion of the work, the Contractor shall have completely adjusted the entire 

control system.  He shall arrange to instruct the Owner's representative on the operation of 
the VRV split system for a period of not less than four (4) four (4) hour days.  All training 
shall be by the VRV split system manufacturer and shall utilize specified manuals and as-
built documentation. 

 
E. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain control systems and components. 
 

1. Train Owner's maintenance personnel on procedures and schedules for starting and 
stopping, troubleshooting, servicing, and maintaining equipment and schedules. 

2. Provide operator training on data display, alarm and status descriptors, requesting 
data, executing commands, calibrating and adjusting devices, resetting default 
values, and requesting logs.  Include a minimum of 40 hours' dedicated instructor 
time on-site. 

3. Review data in maintenance manuals.  Refer to Division 01 Section, Contract 
Closeout. 

4. Review data in maintenance manuals.  Refer to Division 01 Section, Operation and 
Maintenance Data. 

5. Schedule training with Owner, through Architect, with at least seven days' 
advance notice. 
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END OF SECTION 
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SECTION 23 82 22 

PACKAGED KITCHEN HOOD VENTILATION CONTROL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Packaged Kitchen Hood Ventilation Control Systems. 

B. Related Sections include the following: 
 
1. Division 23 Section, Heating, Ventilating, and Air Conditioning for hood make-up units. 
2. Division 23 Section, Heating, Ventilating, and Air Conditioning for hood exhaust fans. 
3. Division 23 Section,  Instrumentation & Controls of HVAC & Plumbing Systems for 

temperature control and contract drawings for sequences of operation. 

1.3 SUBMITTALS 

A. Comply with the requirements of Division 01 Section Submittal Procedures. 

B. For Approval: 
 

1. Product Data:  Include rated capacities, furnished specialties, and accessories. 
 

2. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and size of each 
field connection.  Prepare the following:  

 
a. Mounting Details:  For securing variable speed drives, temperature sensors, optical 

sensors, and key pads to kitchen hoods.  Indicate coordinating requirements with 
kitchen hood. 

b. Wiring Diagrams:  Power, signal, and control wiring. 
 

3. Coordination Drawings:  Equipment mounting details drawn to scale, on which the 
following items are shown and coordinated with each other, based on input from 
installers of the items involved: 
a. Size and location of variable speed drives, temperature sensors, optical sensors and 

key pads and methods for anchoring units to kitchen hoods. 
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C. For Information: 
1. Startup service reports. 
2. Operation and Maintenance Data:  For packaged kitchen hood ventilation control systems 

to include in emergency, operation, and maintenance manuals. 

1.4 QUALITY ASSURANCE 

A. Product Options:  Drawings performance requirements of packaged kitchen hood ventilation 
systems are based on the specific system indicated.  Refer to Division 01 Section Product 
Requirements. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

1.5 COORDINATION 

A. Coordinate supply fan speed control of direct fired H & V units, make-up air units are specified 
in Division 23.  

B. Coordinate installation of equipment and devices with kitchen hoods.  Coordinate exhaust fan 
and make-up air unit speed control of hood exhaust fans and make-up air units. Hood exhaust 
fans are specified in Division 23.  Hood exhaust fans and make-up air units are specified in 
Division 23 Section, “Heating, Ventilating, and Air Conditioning Equipment”. 

C. Coordinate with Division 23 “Common Work Results for HVAC”.  Furnish and install motor 
bearing protective rings at all variable frequency drive motors. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 

1. Melink Corporation: 

2.2 PACKAGED UNITS 

A. Factory assembled, pre-wired, self contained units consist of processors key pads, temperature 
sensors, optic sensors, air purge units, and variable frequency drives. 

B. The kitchen ventilation control system shall automatically control the speed of the exhaust and 
make-up air fan(s) to ensure optimal hood performance.  The system includes the following:  
I/O Processor, Keypad, Temperature Sensors, Optic Sensors, Electronic Motor Starters (VFD’s 
which replace magnetic starters for 3-phase motors), and cables. 
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2.3 I/O PROCESSOR 

A. Processor shall be housed in painted enclosure for durable construction and a smooth finish.  
The processor shall have the capability of interfacing with up to four (4) pairs of optic sensors, 
four (4) temperature sensors, four (4) electronic motor starter interfaces plus supply fan 
command and eight (8) Air purge units.  When required provide multiple processors should the 
quantity of hoods/fans exceed four (4) per processor.  The processor shall include the following: 
 
 
1. Auto Start/Stop Command and Timer function. 
2. Winter Setback Mode. 
3. Comfort Mode: Utilizes cool outside air to keep kitchen comfortable. 
4. Smoke Detection Relay. 
5. Two (2) alarm relays for controlling external devices based on exhaust temperature. 
6. Plug-n-play cables provided for quick and easy installation. 
7. 4-20 milliamp signal output. 

2.4 KEYPAD 

A. The Keypad shall provide light and fan operation, 100% sensor bypass capability, system setup 
(i.e. minimum speed, temperature span) and monitoring (i.e. percent fan speed, temperature 
level, diagnostics).  One keypad shall be capable of controlling up to two (2) I/O Processors. 

2.5 TEMPERATURE SENSOR(S) 

A. Temperature sensor(s) shall be mounted in the exhaust duct of each hood to monitor the exhaust 
air temperature.  An analog 4-20 ma signal shall be sent from the I/O Processor to the respective 
Electronic Motor Starters to automatically adjust fan speed for each hood based on actual heat 
load.  The sensor(s) shall be housed in a stainless steel (304L) housing for durable construction 
and smooth finish.  The stainless steel probe shall be ¼” outside diameter with a .20” wall 
thickness.  The sensor(s) shall be rated for operating temperature of 1000 degrees F. 

2.6 OPTIC SENSOR(S) 

A. The optic sensors consist of an Emitter and a Receiver, which get mounted on opposite ends of 
the kitchen hood.  An infrared beam spans the length of the hood to detect any smoke/vapors 
generated by the cooking appliances.  Upon detection, a full “on” signal shall be sent to the I/O 
processor, which automatically ramps the fan(s) up to 100% speed.  The optic sensor(s) shall 
have the following features: 
 
 
1. Stainless steel housing (304L) for durable construction and smooth finish. 
2. Spring push buttons on housing for easy removal and cleaning. 
3. Stainless steel air purge pipe (304L). 
4. Air purging capability to prevent fouling of optic lenses. 
5. Air straightening channel for optimal effectiveness of air purge. 
6. Alignment nuts and springs for easy alignment of Emitter and Receiver. 
7. Maximum distance between Emitter and Receiver shall be 45 feet. 
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2.7 AIR PURGE UNIT(S) 

A. The APU consists of a miniature blower and high efficiency filter mounted on each end of the 
kitchen hood, over the Optic Sensors.  The purpose is to pressurize the Emitter and Receiver 
housing with clean air to prevent grease vapors from fouling the optic lenses.  The APU shall 
have the following characteristics: 
 
1. Compact and rugged blower construction for easy installation and maximum life. 
2. Permanently lubricated ball bearings to eliminate maintenance. 
3. High efficiency cartridge filter. 
4. Filter bracket for easy replacement of cartridge filter every 2-5 years. 

2.8 ELECTRONIC MOTOR STARTERS 

A. The electronic motor starters are variable frequency drives (VFD), which shall be used to 
control the exhaust and supply fan motors.  The VFD modulates the speed of the fan motors by 
varying the output voltage and frequency based on a signal received from the I/O processor.  
The VFD will send a feedback signal to the I/O processor in order for the keypad to display the 
actual speed of the motor.  The Electronic motor starters shall have the following 
characteristics: 
 
1. NEMA 1 Enclosure. 
2. Full across the line bypass/starter. 
3. Soft-Start Capability. 
4. Digital keypad displays output frequency, current, voltage, and allows programming for 

field modifications. 
5. Protective functions: motor overload, overheating, overcurrent, overvoltage, output 

shorts, etc. 
6. High and low frequency limiters. 
7. Adjustable torque boost. 
8. Plug-n-play cables provided for quick and easy installation. 
9. Single point power connection. 
10. Coordinate exact size of VFDs based on approved submittals for make-up air units and 

exhaust fans. 
11. VFDs shall be provided under this Division and shall be remote mounted when shown on 

the Contact Drawings. 

2.9 MOTORS 

A. General requirements for motors are specified in Division 23 Section "Common Work Results 
for HVAC". 

 
1. Controllers, Electrical Devices, and Wiring:  Electrical devices and connections are 

specified in Division 26 Sections. 

PART 3 - EXECUTION 
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3.1 EXAMINATION 

A. Examine substrates areas and conditions with Installer present for compliance with 
requirements for installation tolerances and other conditions affecting performance . 

B. Examine roughing-in for hood suppression piping, hood exhaust ductwork systems to verify 
actual locations of piping connections before equipment installation. 

C. Examine kitchen hoods and ceilings for suitable conditions where variable frequency drives will 
be installed. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install packaged kitchen hood ventilation control systems per manufacturer's requirements. 

B. Install interlock wiring between motors and variable frequency drives. 

C. Install processors and variable frequency drives in the utility cabinet. 

D. Install wiring to shunt trip breakers and gas solenoid valves.  Interlock with fire alarm system. 

E. Install temperature sensors in exhaust duct collars. 

F. Install optic sensors in the inside ends of each hood with air purge units mounted on top. 

G. Wire system components with plug-in-play cables. 

H. Install controls and equipment shipped by manufacturers for field installation with packaged 
kitchen hood ventilation control system. 

I. Mount key pads at kitchen hoods.  

J. Install and interlock air flow monitoring station.  Interlock with ATC system. 

3.3 CONNECTIONS 

A. Install sensors, cabinet, variable speed drives and key pads adjacent to kitchen hoods to allow 
service and maintenance. 

B. Ground equipment according to Division 26 Section Grounding and Bonding. 

C. Connect wiring according to Division 26 Section Conductors and Cables. 

D. Interlock packaged kitchen control system with ATC system. 

3.4 FIELD QUALITY CONTROL 
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A. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect, test, and adjust field-assembled components and equipment installation, including 
connections, and to assist in field testing.  Report results in writing. 

3.5 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

1. Complete installation and startup checks according to manufacturer's written instructions. 

3.6 ADJUSTING 

A. Adjust initial temperature and optic sensor set points. 

B. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

C. Adjust variable frequency drives and fan speed set points.  Coordinate with Test and Balance 
Engineer. 

D. Adjust pre-set minimum supply fan and exhaust fan air flow rates. 

3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain Packaged Kitchen Hood Ventilation Control Systems.  Refer to 
Division 01 Section, Closeout Procedures and Demonstration and Training. 

END OF SECTION  
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SECTION 26 05 01 

 

COMMON WORK RESULTS FOR ELECTRICAL 

 

 

PART 1.  GENERAL 

 

1.1  GENERAL 

 

 A. Provide all labor, materials, equipment and services necessary for and incidental to the complete 

installation and operation of all electrical work. 

 

 B. All work under this Division is subject to the General Conditions and Special Requirements for the 

entire contract. 

 

 C. Unless otherwise specified, all shop drawings and submissions required under Division 26 shall be 

made to, and acceptances and approvals made by, the ENGINEER. 

 

 D. Conform to the requirements of all rules, regulations, and codes of local, state, and federal authorities 

having jurisdiction.  Conform to the National Electrical Code and all NECA – National Electrical 

Installation Standards (NEIS). 

 

 E. Perform the work in a first-class, substantial, and workmanlike manner.  Any materials installed which 

do not present an orderly and neat workmanlike appearance shall be removed and replaced when so 

directed by the Engineer, at the Contractor's expense. 

 

 F. Coordinate the work of all trades. 

 

 G. Arrange conduit, wiring, equipment, and other work generally as shown, providing proper clearances 

and access.  Carefully examine all contract drawings and fit the work in each location without 

substantial alteration.  Where departures are proposed because of field conditions or other causes, 

prepare and submit detailed drawings for approval in accordance with “Submittals” specified below.  

The right is reserved to make reasonable changes in location of equipment, conduit, and wiring up to 

the time of rough-in or fabrication. 

 

 H. The contract drawings are generally diagrammatic and all offsets, bends, fittings, and accessories are 

not necessarily shown.  Provide all such items as may be required to fit the work to the conditions. 

 

 I. Be responsible for all construction means, methods, techniques, procedures, and phasing sequences 

used in the work.  Furnish all tools, equipment and materials necessary to properly perform the work 

in a first class, substantial, and workmanlike manner, in accordance with the full intent and meaning of 

the Contract Documents. 

 

 J. The Contractor shall provide other work and services not otherwise included in the Contract 

Documents that are customarily forwarded in accordance with generally-accepted construction 

practices. 

 

1.2  PERMITS, INSPECTIONS, AND FEES: 
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 A. The Contractor shall obtain and pay for all charges and fees, and deliver all permits, licenses, 

certificates of inspection, etc., required by the authorities having jurisdiction.  Deliver inspection, 

approval, and other certificates to the Owner prior to final acceptance of the work. 

 

 B. File necessary plans, prepare documents, give proper notices, and obtain necessary approvals. 

 

 C. Permits and fees shall comply with the General Requirements of the Specification. 

 

 D. Notify Inspection Authorities to schedule inspections of work.  All work shall be subject to field 

inspections. 

 

 E. Notify Engineer in advance of scheduled inspections. 

 

 F. An electrical foreman, superintendent or other supervisor shall be in attendance for all scheduled 

inspections. 

 

 G. The Contractor shall provide an electrical certificate from an independent electrical inspection agency 

approved by the Owner and the State of Delaware Fire Marshal.  The Contractor shall submit 

certificate prior to final payment invoice.  The Contractor shall pay all fees, including filing fees. 

 

1.3  ELECTRICAL WORK UNDER OTHER DIVISIONS: 

 

 A. Mechanical Equipment and Systems 

 

  1. In general, power wiring and motor starting equipment for mechanical equipment and systems 

are furnished and installed under Electrical Division 26. 

 

  2. Certain mechanical units contain starters, contacts, transformers, fuses, wiring, etc., required 

for fans, pumps, etc., furnished with the equipment from the factory.  When this equipment is 

supplied from the factory, the Contractor must supply power circuit(s) to the unit and a 

disconnecting means.  Coordinate with Contractor so that one, and only one, set of starters, 

fuses, switches, etc., is provided and installed. 

 

  3. In general, control and interlock equipment for HVAC systems (including associated wiring, 

conduit, transformers, relays, contacts, etc.) is furnished under Mechanical Divisions.  

Contractor shall install and connect all such equipment as necessary. 

 

  4. Controls, wiring, conduit, transformers, etc., for smoke, fire, and motor-operated dampers are 

provided by Mechanical.  Electrical shall install and connect all such equipment. 

 

 B. Architectural Equipment:  In general, any electrically operated or controlled equipment furnished 

under architectural divisions shall be supplied with control wiring, transformers, contacts, etc.  

Contractor shall provide power circuits to such equipment and install all electrical control equipment 

related thereto. 

 

 C. Carefully review the contract documents and coordinate the electrical work under the various 

Divisions. 

 

1.4  CONTRACTOR QUALIFICATION: 
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 A. Any Contractor performing work under this Division shall be fully qualified and acceptable to the 

Engineer.  Submit the following evidence for approval: 

 

  1. A list of not less than five (5) comparable projects that the Contractor completed. 

 

  2. Letters of reference from not less than three (3) registered professional engineers,  contractors, 

or building owners, explaining Contractor proficiency, quality of work, or other attribute on 

projects of similar size or substance. 

 

  3. Local or State license. 

 

  4. Membership in trade or professional organization where required. 

 

  5. Copy of Master Electrician’s License. 

 

 B. Contractor is any individual, partnership, corporation, or firm performing work by Contract or 

subcontract on this project. 

 

 C. Acceptance of a subcontractor will not relieve the Contractor of any contractual requirements or his 

responsibility to supervise and coordinate the various trades. 

 

 D. Supervisory Qualifications:  The electrical work on the project shall be under the direct supervision of 

a licensed Master Electrician. 

 

 E. Qualifications of Installers:    

 

1. For the actual fabrication, installation, and testing of the work, the Contractor shall use only 

thoroughly trained and experienced personnel who are completely familiar with the 

requirements of this work and with the installation recommendations of the manufacturers of 

the specified items. 

 

  2. The Electrical Installer shall utilize a full time project foreman in charge of all electrical work. 

 This person shall be fully qualified and experienced in such work and shall be available, on 

site, at all times during Construction.  All problems, questions, coordination, etc., relating to 

electrical work shall take place through this person to the Architect. 

 

1.4  FIRE SAFE MATERIALS: 

 

 A. Unless otherwise indicated, materials and equipment shall conform to UL, NFPA, or ASTM Standards 

for Fire Safety with Smoke and Fire Hazard Rating not exceeding flame spread of 25 and smoke 

developed of 50. 

 

1.5  REFERENCED STANDARDS, CODES, ORDINANCES AND SPECIFICATIONS 

 

 A. Specifications, Codes and Standards listed below are included as part of this specification, latest 

edition. 

 

 

ADA 

 

Americans with Disabilities Act 

 

ANSI 

 

American National Standards Institute 
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ASHRAE 

 

American Society of Heating, Refrigerating and Air Conditioning 

Engineers 

 

ASME 

 

American Society of Mechanical Engineers 

 

ASTM 

 

American Society for Testing and Materials 

 

IBC 

 

International Building Code   

 

CABO 

 

Council of American Building Officials 

 

FM 

 

Factory Mutual 

 

IEEE 

 

Institute of Electrical and Electronics Engineers 

 

NEC 

 

National Electrical Code 

 

NECA 

 

National Electrical Contractors Association 

 

NEMA 

 

National Electrical Manufacturers Association 

 

NFPA 

 

National Fire Protection Association 

 

OSHA 

 

Occupational Safety & Health Administration 

 

UL 

 

Underwriters Laboratories 

 

 

 

Applicable State and Local Codes 

 

 B. All electrical equipment and materials shall comply with the Codes and Standards listed in the latest 

edition of IEEE Standard 241, Electric Power Systems in Commercial Buildings, Chapter 1, Section 

1.6, entitled “Codes and Standards”.  

 

 C. Comply with all Codes applicable to the work: 

 

  1. Bidders shall inform themselves of all local and state codes and regulations. 

  2. In case of conflict between Contract Documents and governing Codes, the most stringent 

shall take precedence.  Where, in any specific case, different sections of any applicable codes 

or when Drawings and Specifications specify different materials, methods of Construction, or 

other requirements, the most restrictive shall govern. 

  3. Where Contract Documents exceed minimum Code requirements, and are permitted under the 

Code, the Contract Documents take precedence and shall govern. 

  4. No extra payment will be allowed for work or changes required by local Code enforcement 

authorities. 

 

 D. Underwriters Laboratories Labels shall apply to all materials and devices, etc., except specified items 

not covered by existing UL Standards. 

 

 E. Conflicts with applicable regulations: 
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  1. Resolve at Contractor’s expense. 

  2. Prepare and submit details of alternate construction: 

   a. Acceptable solution of conflict. 

   b. List of substitute materials: 

 

  For approval of inspecting authorities. 

  For approval of Engineer. 

 

 F. Comply with all NECA’s National Electrical Installation Standards (NEIS), including NECA 1-2000 

“Standard Practices for Good Workmanship in Electrical Contracting”. 

 

1.6  INTERPRETATION OF DOCUMENTS 

 

 A. Any discrepancies between Drawings, Specifications, Drawings and Specifications, or within Drawing 

and Specifications shall be promptly brought to the attention of the Owner during the bidding period.  

No allowance shall subsequently be made to the Contractor by reason of his failure to have brought 

said discrepancies to the attention of the Owner during the bidding period or of any error on the 

Contractor’s part. 

 

 B. The locations of products shown on Drawings are approximate.  The Contractor shall place the devices 

to eliminate all interference with above-ceiling ducts, piping, etc.  Where any doubt exists, the exact 

location shall be determined by the Owner. 

 

 C. All general trades and existing conditions shall be checked before installing any outlets, power wiring, 

etc. 

 

 D. Equipment sizes shown on the Drawings are estimated.  Before installing any wire or conduit, the 

Contractor shall obtain the exact equipment requirements and install wire, conduit, or other item of the 

correct size for the equipment actually installed.  However, wire and conduit sizes shown on the 

Drawings shall be taken as a minimum and shall not be reduced without written approval from the 

Owner. 

 

 E. Where variances occur between the drawings and specifications or within either document itself, the 

item or arrangement of better quality, greater quality, or higher cost shall be included in the Contract 

Price.  The Engineer will decide on the item and manner in which the work shall be installed. 

 

 F. Contract Drawings are generally diagrammatic and all offsets, fittings, transitions, and accessories are 

not necessarily shown.  Furnish and install all such items as may be required to fit the work to the 

conditions encountered.  Arrange conduits, equipment, and other work generally as shown on the 

Contract Drawings, providing proper clearance and access.  Where departures are proposed because of 

field conditions or other causes, prepare and submit detailed Shop Drawings for approval in 

accordance with “submittals” specified below.  The right is reserved to make reasonable changes in 

location of equipment, piping, and ductwork, up to the time of rough-in or fabrication. 

 

 G. Work not specifically outlined, but reasonably incidental to the completion of the work, shall be 

included without additional compensation from the Owner. 

1.5 COORDINATION 

A. Coordinate arrangement, mounting, and support of electrical equipment: 
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a. To allow maximum possible headroom unless specific mounting heights that reduce 

headroom are indicated. 

b. To provide for ease of disconnecting the equipment with minimum interference to other 

installations. 

c. To allow right of way for piping and conduit installed at required slope. 

d. So connecting raceways, cables, wireways, cable trays, and busways will be clear of 

obstructions and of the working and access space of other equipment. 

B. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, 

masonry walls, and other structural components as they are constructed. 

C. Coordinate sleeve selection and application with selection and application of firestopping specified in 

Division 07 Section "Penetration Firestopping." 

 

 

PART 2.    PRODUCTS 

 

 

2.1  MATERIALS AND EQUIPMENT 

 

 A. Material and equipment installed as a part of the permanent installation shall be new, unless otherwise 

indicated or specified, and shall be approved by the Underwriters' Laboratories, Inc., for installation in 

each particular case where standards have been established. 

 

 B. Where material or equipment is identified by proprietary name, model number, and/or manufacturer, 

furnish the named item or equivalent thereof, subject to acceptance. 

 

 C. Material submissions shall conform to requirements outlined in SUBMITTALS, REVIEW, AND 

ACCEPTANCE. 

 

 D. The suitability of named item only has been verified.  Where more than one Manufacturer is named, 

only the first named Manufacturer has been verified as suitable.  Manufacturers and items other than 

the first named shall be equal or better in quality and performance to that of specified items, and must 

be suitable for available space, required arrangement, and application.  The Contractor, by providing 

other than the first named Manufacturer, assumes responsibility for all necessary adjustments and 

modifications necessary for a satisfactory installation. 

 

 E. The Contractor shall only submit those manufacturers indicated in the Specification.  Proposed 

alternate manufacturers will not be considered unless the specific item indicates “or as approved 

equal”.  Submit all data necessary to determine suitability of substituted items for approval. 

 

 F. All items of equipment furnished shall have a service record of at least five (5) years. 

 

2.2  SUBSTITUTIONS 

 

 A. Substituted items or items other than those named shall be equal or better in quality and performance 

and must be suitable for the available space, required arrangement, and application.  Submit any and 

all data necessary to determine the suitability of substituted items.  The Contractor shall be responsible 

for correct application, placement, and installation of substituted equipment.  Cost savings data shall 

also be submitted with submittal data for substituted items.  Total cost savings or a per-unit saving to 

the Owner shall be clearly indicated.  If a substituted item is accepted, all cost savings shall be 

returned to the Owner as a credit. 
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 B. Substitutions will not be permitted for specific items of material or equipment where specifically 

indicated. 

 

 C. For substituted items, clearly list on the first page of the submittal all differences between the specified 

item and the proposed item.  The Contractor shall be responsible for corrective action (or replacement 

with the specified item) while maintaining the specification requirements if differences have not been 

clearly indicated in the submittal. 

 

 D. Where the Contractor proposes to use an item of equipment or application other than that specified or 

detailed on the Drawings, which requires any redesign of the structure, partitions, foundation, HVAC, 

piping, wiring, or any other part of the mechanical, electrical, or architectural layout, all such redesign 

and all new drawings and detailing required thereafter shall be prepared by the Contractor at his own 

expense for review by the Owner representative before any such work is implemented. 

 

 E. All Contractor-proposed changes and revisions shall be at the Contractor’s risk and expense.  The 

Contractor shall fully coordinate all revisions, substitutions and changes with other trades.  The 

Contractor shall provide all necessary provisions, including HVAC, ventilation, foundations, access, 

etc., for a complete, code compliant, and fully functional installation.  

 

 F. Where the Contractor elects to submit a substitution for equipment or materials, he shall: 

 

  1. Submit Shop Drawings that show complete compliance to each statement or requirement of 

the Specifications. 

 

  2. Submit certified test data from an independent testing laboratory for each product. 

 

  3. Submit one complete working sample of the equipment or materials to be furnished.  In cases 

involving large or heavy items of equipment, the Owner may waive the requirement to submit 

the sample. 

 

 G. Failure to comply with the above-required submissions shall constitute an automatic rejection of the 

substitution. 

 

2.3  SUBMITTALS, REVIEW, AND ACCEPTANCE 

 

 A. General: 

 

  1. The equipment, material, installation, workmanship, arrangement of work, final instruction, 

and final documentation is subject to review and acceptance.  No substitution will be 

permitted after acceptance of equipment or materials except where such substitution is 

considered by the Engineer to be in the best interest of the Owner.  Submit for review in clear 

and legible form the following documents: 

   a. Material and Equipment List 

   b. Descriptive Data 

   c. Shop Drawings 

   d. Installation and Coordination Drawings 

   e. Contractor As-Built Drawings  

   f. Owner Instructions and Manuals 

   g. Construction Phasing and Outage Schedule 

  2. Prepare all submittals specifically for this project and stamp each submittal in a form 

indicating that the documents have been Contractor reviewed, are complete, and are in 
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compliance with the requirements of the plans and specifications.  Each submittal item shall 

be clearly identified and numbered.  Each submittal shall contain a complete schedule of 

Manufacturer’s part numbers and quantity listings of all supplied components.  Each proposed 

item shall be highlighted and tagged with a star, an arrow, etc., including all options and 

accessories. 

  3. Coordinate the installation requirements and any mechanical requirements for the equipment 

submitted.  Submittals will be reviewed for general compliance with design concept in 

accordance with the contract documents.  The Contractor is responsible for the correctness of 

all submittals.  Reviews will not verify dimensions, quantities, or other details. 

  4. Identify all submittals, indicating the intended application, location, or service of the 

submitted item.  Refer to specification sections or paragraphs where applicable.  Clearly 

indicate the exact type, model number, size, and special features of the proposed item.  

Clearly list on the first page of the Submittal all differences between the specified item and 

the proposed item.  The Contractor shall be responsible for corrective action (or replacement 

with the specified item) while maintaining the specification requirements, if differences have 

not been clearly indicated in the submittal.  Submittals of a general nature will not be 

acceptable. 

  5. Submit actual operating conditions or characteristics for all equipment where required 

capacities are indicated.  Factory order forms showing only required capacities will not be 

acceptable.  Indicate all options used to meet the specifications.  It is not the responsibility of 

the Engineer or Owner to make selections of factory options other than colors.  Submittals 

lacking proper selection of factory options or special features required by the specification 

shall be RETURNED WITHOUT REVIEW. 

  6. Acceptance will not constitute waiver of contract requirements unless deviations are 

specifically indicated and clearly noted. 

  7. Documents of general form indicating options shall be clearly marked to show what is 

specifically proposed for this project. 

  8. Submittals NOT IN COMPLIANCE with the requirements of this section will be 

RETURNED WITHOUT REVIEW. 

 

 B. Material, Equipment, Manufacturer and Subcontractor  List:   Within 30 calendar days after the award 

of contract, submit a complete MATERIAL, EQUIPMENT, MANUFACTURER AND 

SUBCONTRACTOR LIST for preliminary review.  List all proposed materials and equipment, the 

associated proposed Manufacturer, and any proposed subcontractors.  After the receipt of reviewed 

Material and Equipment List, submit complete Shop Drawings for approval.  List all materials and 

equipment, indicating manufacturer, type, class, model, curves, and other general identifying 

information.  Submittals shall be specific for each building as contained in the individual building 

Specifications and Drawings. 

 

 C. Upon approval of the List of Materials, the Contractor shall prepare a complete Master Submittal 

Register, listing all products and materials that will be submitted for approval.  Items shall be listed by 

referenced specification paragraph in ascending order.  This master list shall be included with each 

submittal, updated to reflect the status of approval for each item, and shall highlight the items 

pertaining to the submittal.  A suggested Submittal Register Format is shown below: 

 

 

SUBMITTAL REGISTER 

 

Item/Material 

 

Ref’d Spec. 

Paragraph 

 

Specified 

or 

Substitute 

 

Submittal 

Date 

 

Status 

 

Remarks 
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SUBMITTAL REGISTER 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 D. No Shop Drawing Submittals will be considered for approval until the complete List of Subcontractors 

and the complete List of Materials/Manufacturers and Equipment have been approved. 

 

 E. Descriptive Data:  After acceptance of the MATERIAL and EQUIPMENT LIST, submit additional 

DESCRIPTIVE DATA for all items.  Data shall consist of specifications, data sheets, samples, 

capacity ratings, performance curves, operating characteristics, catalog cuts, dimensional drawings, 

installation instructions, and any other information necessary to indicate complete compliance with the 

contract documents.  Where several ratings or sizes are shown or available, clearly indicate the exact 

size or rating relating to the particular device being proposed. 

 

 F. Submit complete descriptive data for all items.  Data shall consist of Specifications, data sheets, 

samples, capacity ratings, performance curves, operating characteristics, catalog cuts, dimensional 

drawings, wiring diagrams, specific electrical/wiring requirements and connections including control 

and interlock wiring, installation instructions, and any other information necessary to indicate 

complete compliance with the Contract Documents.  Edit submittal data specifically for application to 

this project. 

 

 G. Shop Drawings shall be submitted and approved for all materials and equipment prior to installation.  

If any material and/or equipment is installed prior to receipt by the Contractor of approved Shop 

Drawings, the Contractor is liable for its replacement at no additional cost to the Owner. 

 

 H. Data submitted shall include information on all materials and equipment to demonstrate compliance 

with the Contract Drawings and Specifications.  Where installation procedures or any part thereof are 

required to be in accordance with manufacturer’s recommendations, furnish printed copies of the 

recommendations prior to installation.  Installation of the item shall not proceed until 

recommendations are received.  Failure to furnish recommendations shall be cause for rejection of the 

equipment or material. 

 

 I. Any deviation of submitted material or equipment from the Contract Drawings or Specifications shall 

be clearly marked in red ink on Submittals, and itemized in a transmittal letter, in order to receive 

consideration for approval.  

 

 J. Approval of material or equipment submittals containing deviations not specifically identified by 

Contractor shall not relieve the Contractor from compliance with specified requirements. 

 

 K. All major items of mechanical equipment shall be the latest standard catalog products of reputable 

manufacturers.  Where two (2) or more items of the same kind of equipment are required, they shall be 

the products of a single manufacturer. 

 

 L. Thoroughly review and stamp all submittals to indicate compliance with Contract requirements prior 

to submission.  Coordinate installation requirements and any electrical requirements for equipment 

submitted.  Contractor shall be responsible for correctness of all submittals. 
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 M. Submittals will be reviewed for general compliance with design concept in accordance with Contract 

Documents, but dimensions, quantities, or other details will not be verified. 

 

 N. Increase, by the quantity listed below, the number of electrical related Shop Drawings, product data, 

and samples submitted, to allow for required distribution plus two copies of each submittal required, 

which will be retained by the Electrical Consulting Engineer. 

 

  1. Shop Drawings - Initial Submittal:  1 additional blue- or black-line print. 

  2. Shop Drawings - Final Submittal:  1 additional blue- or black-line print. 

  3. Product Data:  1 additional copy of each item. 

  

 O. Additional copies may be required by individual sections of these Specifications. 

 

 P. Shop Drawings: 

 

  1. Prepare and submit SHOP DRAWINGS AND/OR DIAGRAMS for all specially fabricated 

items, modifications to standard items, specially designed systems where detailed design is 

not shown on the contract drawings, or where the proposed installation differs from that 

shown on the contract drawings. 

  2. Shop drawings shall include plans, elevations, sections, mounting details of component parts, 

point to point interconnection diagrams, elementary diagrams, single line diagrams, and any 

other drawings necessary to show the fabrication and connection of the complete item or 

system. 

  3. Shop drawings shall be provided for, but not limited to the following items: 

   Basic Electrical Materials 

   Cable - 600 volt 

   Circuit Breakers 

   Conduit and Surface Raceway 

   Contractor and Subcontractor Qualifications 

   Controllers & Control Devices 

   Electrical Connection Coordination Schedule 

   Equipment Connections 

   Equipment Pads 

   Excavation and Backfill 

   Fire Alarm System 

   Firestopping 

   Fuses 

   Ground Conductors, Rods  

   Identification System 

   Material and Equipment List 

   Motor Starters 

   Outlet Boxes 

   Panelboards 

   Receptacles 

   Record and Information Booklet 

   Safety Switches 

   Schedule of Values 

   Sleeves, Hangers, Supports 

   Submittal Schedule 

   Tests and Reports 

   Wiring Devices 
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   Wiring Diagrams 

   

 Q. The Contractor, additionally, shall submit for approval any other shop drawings as required by the 

Engineer.  No item listed above shall be delivered to the site, or installed, until approved.  After the 

proposed materials have been approved, no substitution will be permitted except where approved by 

the Engineer. 

 

 R. The Contractor shall prepare and submit a Detail Schedule of Values indicating the Contract costs for 

the major work items.  The Contractor shall provide additional detail and information as requested by 

the Engineer. 

 

 S. The Contractor shall prepare and submit a complete Submittal Schedule.  The Schedule shall include a 

listing of all Submittals, Shop Drawings, and Coordination Drawings. 

 

 

2.4  COORDINATION DRAWINGS: 

 

A. Prepare, submit, and use composite installation and coordination drawings to assure proper 

coordination and installation of the work.  Drawings shall include, but not be limited to the 

following: 

 

  1. Telecommunication Rooms indicating data rack assemblies, panels, etc. 

2. Electrical Rooms indicating switchboard assemblies, transformers, equipment pads, panels, 

etc. 

3. Mechanical Equipment Rooms, including panels, transformers, starters, equipment, etc. 

  

 B. Draw plans to a scale not less than 1/4 inch equals one foot.  Include plans of the proposed work, 

showing all equipment, major elements, conduit, and wiring in the areas involved.  Fully dimension 

all work, horizontally and vertically.  Show coordination with other work including piping, 

ductwork and other mechanical work, walls, doors, ceilings, columns, beams, joists, and other 

architectural and structural work. 

 

 C. Identify all equipment and devices on wiring diagrams.  Where field connections are shown to 

factory-wired terminals, furnish manufacturer's literature showing internal wiring. 

 

 D. Prepare, submit, and use scaled layout drawings indicating dimensions, clearances, and actual 

equipment dimensions.  Layout drawing shall include, but not be limited to the following: 

 

  1. Pad-mounted equipment and equipment connections. 

  2. Underground conduits, ductbanks, manholes, handholes, and building penetrations. 

 

2.5  RECORD DRAWINGS: 

 

 A. As the work progresses, record on a set of white prints the installed locations, sizes of electric feeders, 

equipment, etc.  Upon completion of the work, submit one (1) complete set of white prints with "As-

Built" information neatly recorded thereon in red ink.  Use other colors to distinguish between 

variations in separate categories of the work.  Note related change-order numbers where applicable. 

 

 B. Write step-by-step detailed instructions for turn-on, turn-off, seasonal changeover, and periodic checks 

of all systems and equipment.  Include all precautions and warnings. 
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 C. Prepare a list of the manufacturers of all major equipment, their local service representative and 

procedures for obtaining service. 

 

 D. Post one (1) copy of all instructions, lists, charts, and diagrams at the equipment or where indicated, 

mounted under glass or approved plastic cover. 

 

 E. Furnish to the Owner two (2) copies of the Manufacturer's installation and operations instructions.  

Include replacement parts lists where applicable.  Also include copies of all posted instructions, lists 

and charts.  Assemble the material in one or more heavy duty 8- 1/2" x 11" loose leaf binders with tab 

separators.  Submit for approval before final delivery.  Binder shall be labeled on spine and on cover 

with Project Name. 

 

 F. Deliver all instruction materials to the Owner prior to the formal instruction period. 

 

 G. Deliver two (2) complete sets of all approved submittals to the Owner for filing. 

 

 H. Prepare record documents in accordance with the requirements in the specifications.  In addition to the 

requirements specified, indicate installed conditions for: 

 

  1. Major raceway systems, size and location, for both exterior and interior; locations of control 

devices; distribution and branch electrical circuitry; and circuit breaker size and arrangements. 

  2. Approved Substitutions, Contract Modifications, and actual equipment and materials 

installed. 

 

 I. The Contractor shall keep at the site at all times during construction, one set of up-to-date Contract 

prints for the express purpose of showing any and all changes made during construction.  The 

Contractor shall make the prints showing each change and shall incorporate all changes in 

“Record/As-Built Drawings” to be submitted to the Engineer upon completion of the project. 

 

 J. The Contractor shall show proof of up-to-date record drawings to the Owner prior to submitting 

monthly invoice. 

 

 K. The Contractor shall conform to all drawings, including all revisions, addendums, alternates, change 

orders, deletions, existing conditions, and as-built conditions without extra cost to the Owner. 

 

2.6  DEMONSTRATION AND OPERATING INSTRUCTIONS 

 

 A. Furnish the necessary technicians, skilled workers, and helpers to operate the electrical systems and 

equipment of the entire project.  The Contractor shall provide a minimum of eight (8) hours of system 

demonstration and eight (8) hours of system operation for each system. 

 

 B. Where specified in technical sections, provide longer periods required for specialized equipment. 

 

 C. Contractor shall provide start-up of all systems in an orderly, organized, and coordinated manner to 

ensure that all systems are functioning as designed.  The Contractor shall provide a detailed start-up, 

testing, and demonstration plan for all systems in a coordinated manner that is documented in writing 

at least 45 days prior to system start-up.  Start-up, testing and demonstration plans shall include 

detailed point-by-point checklists that clearly show that systems are, in fact, functioning as designed.  

Instruct the Owner or designated personnel in operation, maintenance, lubrication, and adjustment of 

systems and equipment. 
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 D. The Operating and Maintenance Manual shall be available at the time of the instructions, for use by 

Instructors and Owner personnel. 

 

 E. Videotape each instruction session, including both the sessions specified above and added sessions 

required in technical sections for specialized equipment.  Provide one complete set of DVD video 

disks with each Operating and Maintenance Manual. 

 

 F. Schedule the general and specialized instruction periods for a time agreed upon by he Owner and 

Engineer.  All operation training and demonstrations shall be complete prior to Owner acceptance of 

any given system. 

2.7 SLEEVES FOR RACEWAYS AND CABLES 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends. 

B. Sleeves for Rectangular Openings:  Galvanized sheet steel. 

1. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no side 

more than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm). 

b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches (1270 

mm) and 1 or more sides equal to, or more than, 16 inches (400 mm), thickness shall 

be 0.138 inch (3.5 mm). 

2.8          SLEEVE SEALS 

A. Description:  Modular sealing device, designed for field assembly, to fill annular space between 

sleeve and raceway or cable. 

1.        Basis-of-Design Product:  Subject to compliance with requirements, provide product by one 

of the following: 

a. Advance Products & Systems, Inc. 

b. Calpico, Inc. 

c. Metraflex Co. 

d. Pipeline Seal and Insulator, Inc. 

2.       Sealing Elements:  EPDM interlocking links shaped to fit surface of cable or conduit.  Include 

type and number required for material and size of raceway or cable. 

3. Pressure Plates:  Carbon steel.  Include two for each sealing element. 

4. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length required to 

secure pressure plates to sealing elements.  Include one for each sealing element. 

 

2.9 GROUT 

A. Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-packaged, nonmetallic aggregate 

grout, noncorrosive, nonstaining, mixed with water to consistency suitable for application and a 

30-minute working time. 
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PART 3.    EXECUTION 

 

 

3.1  EXAMINATION OF SITE, SURVEYS, AND MEASUREMENTS: 

 

 A. Examine the site, determine all conditions and circumstances under which the work must be 

performed, and make all necessary allowances for same.  No additional cost to the Owner shall be 

permitted for Contractor’s failure to do so. 

 

 B. Examine the site and observe the conditions under which the work will be done or other circumstances 

which will affect the contemplated work. Special attention shall be given to areas where work is to be 

done in existing buildings. No allowance will be made subsequently in this connection for any error or 

negligence on the Contractor's part. 

 

 C. The Contractor shall base all measurements, both horizontal and vertical, from established 

benchmarks.  All work shall agree with these established lines and levels.  Verify all measurements at 

the site and check the correctness of same as related to the work. 

 

 D. Any discovery of discrepancy between actual measurements and those indicated which prevents 

following good practice or the intent of the Drawings and Specifications shall be brought to the 

attention of the Owner’s Representative.  Work shall not proceed until receiving instructions from the 

Owner’s Representative. 

 

 E. The Contractor shall follow Drawings in laying out the work and check Drawings of other trades to 

verify spaces in which work will be installed.  Maintain maximum headroom and space conditions at 

all points.  Where headroom or space conditions appear inadequate, the Owner’s Representative shall 

be notified before proceeding with the installation. 

 

 F. To prevent conflict with the work of other trades and for proper execution of the work, the Contractor, 

as directed by the Owner’s Representative, shall make the necessary modifications in the layout as 

needed, at no extra charge to the Owner. 

 

 G. The Contractor shall be solely responsible for the proper arrangement of his conduit and equipment. 

 

 H. The Engineer shall make all final decisions as to any conditions that require the changing of any work. 

 

 I. The Contractor shall have competent supervision on the site at all times to lay out, check, coordinate, 

and supervise the installation of all electrical work and be responsible for the accuracy thereof.  He 

shall plan the installation of all electrical work, giving consideration to the work of other trades, to 

prevent interference. 

 

 J. The Contractor shall determine the location, size, etc., of all chases, sleeve openings, etc., required for 

the proper installation of the electrical work and see that such are provided.  All chases, sleeves, 

openings, etc., shall be set prior to erection of new work to prevent delay in the progress of other work 

or trades. 

 

 K. Conditions and/or situations that prevent the proper installation of any equipment or item where shown 

on the Drawings shall be called to the attention of the Engineer for instructions. 
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 L. The Contractor shall have equipment shipped or fabricated in sections of suitable size for entering the 

building and being removed from the finished building in the future, if necessary. 

 

 M. The Contractor shall fully investigate all peculiarities and space limitations for all materials and 

equipment. 

 

 N. Outlet, pull, and junction boxes and other appliances that require operation, examination, adjustment, 

servicing or maintenance shall be readily accessible. 

 

 O. The Contractor shall take all field measurements necessary for this work and shall assume 

responsibility for their accuracy.   

 

 P. The Contractor shall coordinate the electrical work with all other sub-contractors.  All work shall be so 

arranged that there will be no delay in the proper installation and completion of any part or parts of 

electrical equipment.  All electrical work shall be installed in proper sequence with other trades 

without any unnecessary delay. 

 

 Q. The Drawings are to some extent diagrammatic and indicate the general arrangement of the 

equipment, the runs of conduit, and the manner of connection. 

 

 R. The Contractor shall confer with all sub-contractors engaged in the construction of the project, 

regarding the work that may, in any way, affect his installation.  Whenever interference occurs, before 

installing any of the work in question, the Contractor shall consult with all sub-contractors and shall 

come to an agreement with them as to the exact location and level of his conduit parts of his 

equipment. 

 

 S. The Contractor shall be responsible for determining exact property lines and area of work.  The 

Contractor shall not install any equipment or conduits outside of the property lines and/or area of work 

without written direction from the Owner.  Any work indicated diagrammatically on the Contract 

Documents to be installed beyond the property lines and/or area of work shall be verified with the 

Owner prior to installation.  

 

3.2  GENERAL RESPONSIBILITIES: 

 

 A. The Contractor shall be responsible for systems and related damages possible, and shall hold harmless 

the Owner, the Architect and his consultants from malfunction of systems and equipment installed 

under this Contract as defined in the laws of the State of Delaware pertaining to real property for the 

period of time as defined by such laws. 

 

 B. It is the intent of these Specifications to fully cover without exception all required labor and materials 

so that the finished work will be delivered to the Owner in a complete and satisfactory working 

installation.  Excavation, wiring, distribution, etc., shall be performed in compliance with the Contract 

Documents. 

 

 C. Work not specifically outlined, but reasonably incidental to the completion of the work, shall be 

included without additional compensation from the Owner. 

 

 D. Conflicting points in the Specifications or on the Drawings shall be called to the attention of the 

Architect prior to the execution of the Contract.  

 

3.3  STORAGE AND PROTECTION OF EQUIPMENT 
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 A. All electrical equipment to be used in the construction shall be properly stored and protected against 

the elements.  All equipment shall be stored under cover, and shall not be stored at the construction 

site on the ground, in mud, water, snow, rain, sleet or dust.  Large diameter cables may be stored on 

reels with weatherproof materials.  Such weatherproof materials shall be heavy-duty, securely fastened 

and made impervious to the elements. 

 

 B. Conventional electrical construction materials such as building wire, outlet and junction boxes, wiring 

devices, conduit, lighting fixtures, fittings, etc., shall be stored in construction buildings, covered 

trailers or portable covered warehouses.  Any equipment subject to damage or corrosion from 

excessive moisture shall be stored in dry, heated areas.  Any equipment containing plastic or material 

subject to damage caused by excessive heat or sunlight shall be stored to prevent such damage.  This 

includes plastic ducts and lenses. 

 

 C. Switchboard, motor controllers, panelboards, breakers, emergency lighting, and supervisory 

equipment, if delivered to the construction site before the building is under cover, shall be warehoused 

and protected as follows:  All gear and equipment shall be covered and protected from the elements 

and other damage and shall be stored in a clean, dry, heated atmosphere, under cover. 

 

 D. All gear and equipment delivered to the construction site after the building is under cover shall be 

protected as described above and in addition shall be provided with auxiliary heat to prevent 

condensation damage.  The gear shall also be protected against damage caused by installation of any 

building systems and equipment; or damage caused by carelessness of workmen who are installing 

equipment connected to or adjacent to the above electrical equipment. 

 

 E. Equipment damaged as a result of the above conditions shall be properly repaired at the Contractor's 

expense or shall be replaced at the Contractor's expense, if, in the opinion of the Engineer the 

equipment has been damaged to such an extent it cannot operate properly after repairs are made. 

 

 F. All electrical enclosures exposed to construction damages such as paint spots, spackling or plaster 

spatter, grout splashes, waterproofing compound, tar spots or runs and pipe covering compound 

splashes, shall be completely covered and protected against damage. 

 

 G. In the event leakage into the building of any foreign material or fluid occurs or may occur, the 

Contractor shall take all steps as described above to protect any and all equipment. 

 

 H. After connections to electrical equipment are complete and the equipment is ready for operation, all 

construction debris shall be removed from all enclosures.  Such debris includes dust, dirt, wire 

clippings, tape and insulation removed in order to make the connection. 

 

3.4  ELECTRICAL INSTALLATIONS 

 

 A. General:   Sequence, coordinate, and integrate the various elements of electrical systems, materials, 

and equipment.  Comply with the following requirements: 

 

  1. Coordinate electrical systems, equipment, materials, and installation with landscape/irrigation 

contractor(s). 

  2. Verify all dimensions by field measurements. 

  3. Install systems, materials, and equipment to conform with approved submittal data, including 

coordination drawings, to greatest extent possible.  Conform to arrangements indicated by the 

Contract Documents, recognizing that portions of the Work are shown only in diagrammatic 
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form.  Where coordination requirements conflict with individual system requirements, refer 

conflict to the Engineer. 

  4. Install systems, materials, and equipment level and plumb, parallel and perpendicular to other 

building systems and components where installed exposed in finished spaces. 

  5. Install electrical equipment to facilitate servicing, maintenance, and repair or replacement of 

equipment components.  As much as practical, connect equipment for ease of disconnecting, 

with minimum of interference with other installations.  All equipment and disconnects shall 

maintain proper working space to conform to NEC. 

  6. Install systems, materials, and equipment giving right-of-way priority to systems that require 

installation at a specified slope. 

  7. Arrange for chases, slots and openings in other building components during progress of 

construction, to allow for electrical installation. 

  8. Space, coordinate, and integrate installations of electrical materials and equipment for 

efficient flow of the work. 

 

3.5  SUPERVISION AND COORDINATION: 

 

 A. Provide complete supervision, direction, scheduling and coordination of all work under the contract, 

including that of subcontractors, using full attention and the best skill.  Be responsible for all work and 

make all subcontractors, suppliers and manufacturers fully aware of all requirements of the contract. 

 

 B. Coordinate the rough-in of all work performed under Divisions Mechanical and Electrical Divisions. 

 

 C. The Contractor shall coordinate all electrical rough-ins with approved shop drawings and coordination 

drawings.  Any rough-in installed without complete coordination shall be at the Contractor’s risk and 

expense. 

 

 D. Coordinate the installation of all necessary rough-in of work, sleeves, anchors and supports for 

conduit, wiring, and other work performed under Mechanical and Electrical Divisions. Coordinate 

Division 26 work with all trades. 

 

 E. Where a discrepancy exists within the Specifications or drawings or between the Specifications and 

Drawings, the more stringent (or costly) requirement shall apply until a clarification can be obtained 

from the Engineer.  Failure to clarify such discrepancies with the Engineer will not relieve the 

Contractor of the responsibility of conforming to the requirements of the Contract. 

 

 F. Failure of the Contractor to obtain a full and complete set of Contract Documents (either before or 

after bidding) will not relieve the Contractor of the responsibility of complying with the intent of the 

Contract Documents. 

 

G. To insure proper electrical coordination between the electrical components supplied under the 

Electrical Divisions and the equipment supplied under the Mechanical Divisions, a schedule shall be 

submitted, prior to start of work, for review by the Engineer with the following column headings: 

 

 

1.Equi

p. 

  or 

Item 

 

2. HP or 

KVA 

 

3.Volta

ge 

  and 

  Phase 

 

4. 

Power 

   

Factor 

 

5. 

Capacitor 

 

6.Motor 

  Starter 

 

7.Disco

n. 

 

8.Contr

ols 

 

9.Remar

ks 

 

Description of Column Headings: 
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  1. List all the approved equipment furnished under Mechanical Division that requires electrical 

connections and designate the equipment as it appears in the Mechanical Divisions.  Indicate 

the quantity, if more than one, in parentheses of identical equipment being supplied. 

  2. Indicate the supplied horsepower of the equipment listed under Column No. 1.  If equipment 

listed has more than one motor, indicate each motor and its respective horsepower.  Indicate 

the kVA rating for all other equipment requiring an electrical connection, unless the electrical 

connection is for a control circuit only. 

  3. Indicate the voltage and phase requirements for equipment listed under Column No. 1.  If 

more than one electrical circuit or voltage is required for the listed equipment, it shall be so 

indicated.  Indicate wiring required for connection, including all phase, neutral, and ground 

conductors. 

  4. Indicate the power factor rating for all motors listed under Column No. 2. 

  5. Where a capacitor is to be provided, indicate specification it is supplied under and indicate the 

KVAR size for any capacitor provided under Division 26. 

  6. Where a motor starter is required, indicate the specification division it is supplied under and 

the type of motor starter; across-the-line, reversible, variable speed, two speed-single winding, 

etc.  Indicate in Column No. 9 if the motor starter provided under Division 26 is not 

compatible with the motor specified. 

  7. Where a disconnect switch is required by the National Electric Code or by the contract 

documents for the equipment listed under Column No. 1, indicate under which Division the 

disconnect switch is supplied. 

  8. Indicate the Division under which the controls for the equipment listed under Column No. 1 

are provided. 

  9. Indicate any discrepancies between what is indicated in the contract documents and what is 

actually being provided. 

 

 

 H. The Contractor shall fully coordinate the electrical connections to all equipment prior to installations, 

with the approved Shop Drawings and the trades involved.  Coordination shall include voltage, 

phases, quantity and size of wiring, device sizes, terminations, rough-in work, and other coordination 

for a complete installation. 

 

I. Coordinate the spacing and arrangement of lighting fixtures, diffusers, grilles and access panels in 

ceilings to establish a symmetrical pattern. 

 

J. Coordinate light switch locations with door swings prior to rough-in.  No switches permitted behind 

doors. 

 

K. Coordinate electrical work with architectural items and equipment.  Typical equipment refers to, but 

is not limited to, the following: 

 

  1. Countertops, Casework and Cabinets. 

  2. Fume and Exhaust Hoods. 

  3. Kitchen equipment. 

  4. Do not install outlets, switches, etc., behind casework, cabinets, etc. 

  5. Data, phone, and other low voltage system outlets shall be mounted above the counter tops to 

match power outlets in the same areas. 

  6. Coordinate counter top outlets with drilling of casework/counters. 

  7. Coordinate surface raceways and outlets above and below counters with approved casework 

shop drawings to avoid conflicts with sinks and other appurtenances. 
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  8. Verify lab/kitchen equipment nameplates and connection requirements prior to rough-in. 

  9. Shop equipment connections, including busways. 

 

 

 L. This Contractor shall make all system connections required to equipment furnished and installed under 

other divisions.  Connections shall be complete in all respects to render this equipment functional to its 

fullest intent.  The Contractor shall make all system connections required to equipment furnished 

under other Divisions.  Circuits shall be extended to all equipment which is incidental to, but not 

necessarily shown, for equipment specified under other divisions such as magnetic flow meters, ATC 

panels, liquid level controls, leak detection systems, etc.  Connections shall be complete in all respects 

to render this equipment functional to its fullest extent. 

 

M. Install work with proper clearances and access.  Carefully examine all contract drawings and fit the 

work in each location without substantial alteration.  Where departures are proposed or required, 

submit detailed drawings for acceptance.  The right is reserved to make reasonable changes in location 

of equipment, conduit and wiring up to the time of rough-in or fabrication. 

 

 N. It shall be the responsibility of the Contractor to obtain complete instructions for connections.   

 

3.6  GUARANTEE: 

 

A. Guarantee obligations shall be as hereinbefore specified in the GENERAL AND SPECIAL 

CONDITIONS of these specifications, except as follows: 

 

  1. Guarantee the complete electrical system free from all mechanical and electrical defects for 

the period of two (2) years beginning from the day of final acceptance of the work by the 

Owner. 

   2. Also, during the guarantee period, be responsible for the proper adjustments of all systems, 

equipment and apparatus installed by the Contractor and do all work necessary to ensure 

efficient and proper functioning of the systems and equipment. 

  3. Upon receipt of notice from the Owner of failure of any part of the electrical installation 

during the guarantee period, new replacement parts shall be furnished and installed promptly 

at no cost. 

  4. Warranty From the Manufacturer:  Contractor shall obtain all warranty papers and records 

from the Original Equipment Manufacturer according to their warranty policy and deliver the 

same to the Owner.  Contractor shall fulfill all the Original Manufacturer's requirements to 

validate the warranty as offered by the Original Equipment Manufacturer. 

 

 B. Provide 24-hour service for any and all warranty problems experience in the operation of the 

equipment provided. 

 

 C. Any equipment or system in need of warranty work whether during regular hours or on an emergency 

basis, shall be immediately serviced and repaired.  The warranty work and guarantee shall include all 

parts and labor and shall be furnished at no cost to the Owner. 

 

 D. The Contractor shall guarantee to make good any and all defects in his work, exclusive of lamps, 

which may develop due to defective workmanship or materials, within one year from the date of final 

acceptance of the work by the Owner. 

 

 E. In addition to the warranty and correction of work obligations contained in the General and 

supplementary Conditions, correct the work of the system as embraced by the Specification, free from 
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Mechanical and Electrical defects for the warranty period beginning from the day of acceptance of the 

building by the Engineer for the beneficial use of the Owner. 

 

 F. During the warranty period, take responsibility for the proper adjustments of systems, equipment and 

apparatus installed and perform work necessary to ensure the efficient and proper functioning of the 

systems and equipment. 

 

 G. Certain items of equipment hereinafter specified shall be guaranteed for a longer time than the general 

warranty period.  These guarantees shall be strictly adhered to and the Contractor shall be responsible 

for service or replacement required in connection with guarantee of these items.  These guarantees 

shall commence on the same date as the final acceptance by the Engineer. 

 

 H. Submission of a bid proposal for this Project warrants that the Contractor has reviewed the Contract 

Documents and has found them free from ambiguities and sufficient for the construction and proper 

operation of systems installed for this project. If discrepancies are found, have them clarified by 

Addendum. 

 

 I. It is possible that certain areas of the building or certain systems will be accepted at a time different 

than as specified.  The date of acceptance by the Architect for beneficial use of the Owner for these 

building areas or systems will be adjusted accordingly. 

 

3.7  SCHEDULING OF WORK: 

 

 A. The Contractor shall not be permitted to do any work in any area of any occupied building during 

normal hours, except in areas specifically assigned.  

 

 B. Coordination of work by the Contractor is essential such that power outages are kept to a minimum in 

quantity and duration.  All required outages shall be approved by the Owner for optimum time 

scheduling.  Written notice of not less than 15 calendar days shall precede all power outages.   

 

3.8  TEMPORARY FACILITIES: 

 

 A. General:   Refer to the Division 1 Sections for general requirements on temporary facilities. 

 

 B. Remove all temporary power installations and connections after permanent power is established 

and/or prior to completion of the project. 

 

3.9 DEMONSTRATION: 

 

 A. As a part of this contract, the Contractor shall provide for the services of equipment manufacturers or 

their established representatives to demonstrate to selected maintenance personnel the correct 

operation, safety and maintenance of all electrical equipment under this contract. 

 

3.10 PAINTING AND FINISHES: 

 

 A. Provide protective finishes on all materials and equipment.  Use coated or corrosion-resistant 

materials, hardware and fittings throughout the work.  Paint bare, untreated ferrous surfaces with rust-

inhibiting paint.  All exterior components including supports, hangers, nuts, bolts, washers, vibration 

isolators, etc., shall be galvanized or stainless steel. 

 

 B. Clean surfaces prior to application of coatings, paint, or other finishes. 
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 C. Provide factory-applied finishes where specified.  Unless otherwise indicated factory-applied paints 

shall be baked enamel with proper pre-treatment. 

 

 D. Protect all finishes and restore any finishes damaged as a result of work under Division 26 to their 

original condition. 

 

 E. The preceding requirements apply to all work, whether exposed or concealed. 

 

 F. Remove all construction marking and writing from exposed equipment, conduit, and building 

surfaces.  Do not paint manufacturer's labels or tags. 

 

 G. All exposed conduit, etc., shall be painted, except in electrical rooms, mechanical rooms, storage 

rooms, and crawl spaces.  Colors shall be selected by the Architect and conform to ANSI Standards. 

 

 H. Submit color of factory-finished equipment for approval prior to ordering. 

 

3.11 PROTECTION OF WORK: 

 

 A. Protect work, material and equipment from weather and construction operations before and after 

installation.  Properly store and handle all materials and equipment. 

 

 B. Cover temporary openings in conduit and equipment to prevent the entrance of water, dirt, debris, or 

other foreign matter. 

 

 C. Cover or otherwise protect all finishes. 

 

 D. Replace damaged materials, devices, finishes and equipment. 

 

3.12 OPERATION OF EQUIPMENT: 

 

 A. Clean all systems and equipment prior to initial operation for testing, retesting, or other purposes.  Set, 

adjust, and test all equipment in accordance with manufacturer's instructions.  Do not operate 

equipment unless all proper safety devices or controls are operational.  Provide all maintenance and 

service for equipment that is authorized for operation during construction. 

 

 B. Where specified, or otherwise required, provide the services of the manufacturer's factory-trained 

servicemen or technicians to start up the equipment. 

 

 C. Do not use electrical systems for temporary services during construction unless authorized in writing 

by the Owner.  Where such authorization is granted, temporary use of equipment shall in no way limit 

or otherwise affect warranties or guaranty period of the work. 

 

 D. Upon completion of work, clean and restore all equipment to new conditions; replace expendable 

items such as filters. 

 

 

3.13 TESTING AND ADJUSTMENT 

 

 A. Perform all tests which are specified or required to demonstrate that the work is installed and operating 

properly.  Where formal tests are required, give proper notices and perform all necessary preliminary 

tests to assure that the work is complete and ready for final test.  
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 B. Adjust all systems, equipment and controls to operate in a safe, efficient and stable manner. 

 

 C. On all circuits, 600 volts or less, provide circuits that are free from ground faults, short circuits and 

open circuits. 

 

 D. Other tests of a specific nature for special equipment shall be as specified under the respective 

equipment. 

 

3.14 IDENTIFICATIONS, ELECTRICAL DIAGRAMS AND OPERATING INSTRUCTIONS: 

 

 A. Contractor shall submit for approval schematic diagrams of each electrical system installed in the 

building.  Diagrams shall indicate device location, service, type, make, model number and the 

identification number of each device in the particular system.  Following approval by all authorities, 

the diagrams shall be framed, mounted under glass and hung in each Main Equipment Room where 

directed.  Contractor shall deliver the tracing or sepia from which the diagrams were reproduced to the 

Owner. 

 

 B. All equipment shall be plainly tagged. 

 

 C. All items of equipment, including motor starters, panels, etc., shall be furnished with white letters and 

numbers on black plastic identification plates or aluminum letters and numbers on black engraved 

aluminum identification plates.  Lettering shall be a minimum of 1/4" high.  Identification plates shall 

be securely affixed to each piece of equipment, starters, panels, etc., by screws or adhesive (Tuff-Bond 

#TB2 or as approved equal).  Pressure sensitive tape backing is prohibited. 

 

 D. Provide three (3) copies of operating and maintenance instructions for all principal items of equipment 

furnished.  This material shall be bound as a volume of the "Record and Information Booklet" as 

hereinafter specified. 

 

 E. Provide at least 24 hours of straight time instruction to the operating personnel.  This instruction 

period shall consist of not less than three (3) consecutive 8-hour days.  Time of instruction shall be 

designated by the Owner.  Provide two VHS video taped copies of all instructional 

periods/demonstrations. 

 

3.15 RECORD DRAWINGS AND SPECIFICATIONS: 

 

 A. Upon completion of the Electrical installations, the Contractor shall deliver to the Engineer one 

complete set of prints of the Electrical Contract Drawings which shall be legibly marked in red pencil 

to show all Addenda, approved Shop Drawings, Change Orders, changes and departures of the 

installation as compared with the original design.  They shall be suitable for use in preparation of 

Record Drawings. 

 

 B. The Contractor shall provide a record specification including all Addenda and other modifications.   

Record substantial variations in actual work performed.  Identify all substitutions. 

 

3.16 RECORD AND INFORMATION BOOKLET: 

 

 A. The Contractor shall have prepared three (3) copies of the Record and Information Booklet and deliver 

these copies of the booklet to the Owner.  The booklet shall be as specified herein.  The booklet must 

be approved and will not be accepted as final until so stamped. 
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B. The booklet shall be bound in a three-ring loose-leaf binder similar to "National" No. 3881 with the 

following title lettered on the front and on the spine of the binder:  "Record and Information Booklet 

(insert name of the project)".  No sheets larger than 8-1/2" x 11" shall be used, except sheets that may 

be neatly folded to 8-1/2" x 11" and used as a pull-out.  An Index will include the section tabs for each 

subject included.  If more than one binder is required, print covers and spines with Volume numbers.  

Include in the front of every binder an index to all binders. 

 

  1. Internally subdivide the binder contents with permanent page dividers, logically organized as 

described below; with tab titling clearly printed under reinforced laminated plastic tabs. 

  2. Contents:   Prepare a Table of Contents for each volume, with each product or system 

description identified, typed on white paper. 

  3. Part 1:  Directory, listing names, addresses, and telephone numbers of Electrical Engineers; 

Contractor; Electrical Subcontractors; and major Electrical equipment suppliers.  Provide 

sales and service representative names and phone numbers of all equipment. 

  4. Part 2:  Operation and Maintenance Instructions, arranged by Specification Section.  For each 

category, identify names, addresses, and telephone numbers of Subcontractors and suppliers.  

Identify the following: 

   a. Significant design criteria. 

   b. List of equipment.  Complete record of material list.  Catalog brochures and product 

data for all components.  Include all submittal comments, and corrected catalog data 

and shop drawings on each piece of equipment and each system. 

   c. Parts list for each component, including recommended spare parts list.  Include motor 

starter overload schedules. 

   d. Operating instructions, including sequence of operation. 

    1) Description of function, normal operating characteristics and limitations, 

engineering data and tests, and complete nomenclature and commercial 

numbers of replacement parts.  Provide a description of each system 

installed. 

    2) Manufacturer’s printed operating procedures to include start-up, break-in, 

and routine and normal operating instructions; control, stopping. 

   e. Maintenance instructions for equipment and systems.  Detailed checkout procedures 

to insure operation of systems and gear, including recommended cleaning methods 

and materials and special precautions identifying detrimental agents. 

   f. Servicing, diagnostic and troubleshooting instructions and procedures for systems 

and major equipment. 

   g. Recommended preventative maintenance program, including a list of items requiring 

inspection and servicing.  Provide Chart Form indicating time and type of routine and 

preventative maintenance of electrical equipment, etc.  The chart shall also indicate 

tag number, model number of equipment, location and service.  

1) For replacement items, indicate type, size and quantity of the replaceable 

items. 

    2) Provide lubrication schedule, including type, grade, temperature range and 

frequency. 

    3) Provide a list of each type of lighting fixture lamp used, lamp fixture used, 

and source. 

    4) Include estimated mean time between failures for major parts. 

   h. Wiring Diagrams, Block Diagrams, and Assembly Drawings. 

   i. Panelboard Circuit Directory for each panelboard, including Panel Name, Panel 

Location, Panel Ratings, spare circuit breakers, spaces for additional circuit breakers. 

   j. List of equipment keys turned over to the Owner. 

  5. Part 3:  Project Documents and Certificates, including the following: 
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   a. Shop Drawings and Product Data.  Record Documents of the systems. 

   b. Photocopies of certificates. 

   c. Photocopies of Manufacturers’ and Contractors’ warranties, guarantees. 

   d. Test Reports:  Copies of the approved results of all tests required under all sections of 

specifications. 

   e. Inspection Certificates. 

   f. Manufacturer’s Conformance Certificates. 

  6. Provide one copy (DVD video disk) of video instruction session with each booklet set.  Label 

video disk with all pertinent information.  

  7. Submit one copy of completed volumes in final form 15 days prior to final Inspection.  This 

copy will be returned with Engineer comments.  Revise content of documents as required 

prior to final submittal. 

  8. Submit final volumes revised, within ten days after final inspection. 

 

 C. Upon completion of the project, the Contractor shall furnish the Owner a complete list of suppliers of 

equipment for parts and maintenance purposes.  The list shall include the name, address, and 

telephone number of the parts and maintenance firm on a single 8-1/2" x 11" sheet of paper. 

 

 D. This item shall include the furnishing of a complete list of equipment installed on the project, 

including the Manufacturer’s name, the make and model number of the equipment, and address and 

telephone number of the nearest supplier who stocks maintenance and/or replacement parts.  The list 

should be submitted along with as-built drawings and be typed in an organized manner. 

 

3.17 INSTALLATION AND COORDINATION DRAWINGS: 

 

 A. In congested areas, prepare, submit, and use composite installation and coordination drawings to 

assure proper coordination and installation of work.  Drawings shall include, but not be limited, to the 

following: Complete Electrical Drawings showing coordination with lights, electrical equipment, 

mechanical, plumbing, HVAC, structural, and architectural elements and provision for access. 

 

 B. Draw plans to a scale not less than 3/8-inch equals one foot.  Include plans, sections, and elevations of 

proposed work, showing all equipment and conduit in areas involved.  Fully dimension all work 

including lighting fixtures, conduits, pullboxes, panelboards, and other electrical work, walls, doors, 

ceilings, columns, beams, joists, mechanical equipment, and other architectural and structural work. 

 

 C. Identify all equipment and devices on wiring diagrams and schematics.  Where field connections are 

shown to factory-wired terminals, include manufacturer's literature showing internal wiring. 

 

3.18  CUTTING AND PATCHING 

 

A. The cutting of walls, floors, partitions, etc., for the passage and/or accommodation of conduits, etc., 

the closing of superfluous openings and the removal of all debris caused by said work under this 

contract shall be performed by and at the expense of the Contractor. 

 

B. No cutting of any structure or finishes shall be done until the condition requiring such cutting has been 

examined and approved by the Architect. 

 

C. All surfaces disturbed as a result of such cutting shall be restored under this division to match original 

work and all materials used for any patching, mending or finishing must conform to the class of 

materials originally installed. 
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D. Openings through precast planks for the passage of hanger rods, conduits, outlet boxes, etc., shall be 

drilled with power driven carbine tip drills.  This drilling shall be done by the trades needing the 

openings and shall be in accordance with Architect's instructions.  No reinforcing bars shall be cut 

without specific approval of the Structural Engineer. 

 

3.19 WATERPROOFING 

 

A. Coordinate the work to minimize penetration of waterproof construction, including roofs, exterior 

walls and interior waterproof construction.  Where such penetrations are necessary, furnish and install 

all necessary sleeves, flashings, fittings, and caulking to make penetrations absolutely watertight. 

 

B. Where conduits or other openings penetrate roofs, flash pipe with Stoneman "Stormtite", or approved 

equal, roof flashing assemblies, with 4-pound lead, 6 inch skirt, and caulked counterflashing sleeve 

similar to No. 1000-4. 

 

C. Furnish and install pitch pockets where required. 

 

D. Furnish and install conduit sleeves specifically designed for application to the particular roof 

construction, and install in accordance with the manufacturer’s instructions, the National Roofing 

Contractors’ Association, and as required by other divisions of this specification. The Contractor shall 

be responsible for sleeve sizes and locations. 

 

3.20 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways penetrate 

concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies. 

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed 

openings are used.  Install sleeves during erection of slabs and walls. 

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

D. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies unless 

openings compatible with firestop system used are fabricated during construction of floor or wall. 

E. Cut sleeves to length for mounting flush with both surfaces of walls. 

F. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 

G. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway or 

cable, unless indicated otherwise. 

H. Seal space outside of sleeves with grout for penetrations of concrete and masonry 

1. Promptly pack grout solidly between sleeve and wall so no voids remain.  Tool exposed 

surfaces smooth; protect grout while curing. 

I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve and 

raceway or cable, using joint sealant appropriate for size, depth, and location of joint.  Comply with 

requirements in Division 07 Section "Joint Sealants". 
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J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and 

floors at raceway and cable penetrations.  Install sleeves and seal raceway and cable penetration 

sleeves with firestop materials.  Comply with requirements in Division 07 Section "Through-

Penetration Firestop Systems." 

K. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible boot-type 

flashing units applied in coordination with roofing work. 

L. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel or cast-iron pipe sleeves and 

mechanical sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between 

pipe and sleeve for installing mechanical sleeve seals. 

M. Underground, Exterior-Wall Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow for 1-

inch (25-mm) annular clear space between raceway or cable and sleeve for installing mechanical 

sleeve seals. 

3.21      SLEEVE-SEAL INSTALLATION 

A. Install to seal exterior wall penetrations. 

B. Use type and number of sealing elements recommended by manufacturer for raceway or cable material 

and size.  Position raceway or cable in center of sleeve.  Assemble mechanical sleeve seals and install 

in annular space between raceway or cable and sleeve.  Tighten bolts against pressure plates that cause 

sealing elements to expand and make watertight seal. 

3.22 FIRESTOPPING 

A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical 

installations to restore original fire-resistance rating of assembly.  Firestopping materials and 

installation requirements are specified in Division 26 Section "Electrical Firestopping." 

 

 

END OF SECTION 
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SECTION 26 05 02 

 

ELECTRICAL DEMOLITION FOR REMODELING 

  

 

PART 1.   GENERAL 

 

1.1 RELATED DOCUMENTS 

 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections apply to this Section. 

 

 

1.2 SCOPE 

 

A. Electrical demolition shall be carried out per the Contract Documents.  

 

B. Provide all cutting and patching for electrical construction. 

 

C. Provide temporary service and provisions to maintain existing systems.  

 

  

PART 2.   PRODUCTS 

 

 

2.1 MATERIALS AND EQUIPMENT 

 

A. Materials and equipment for patching and extending work: As specified in individual sections. 

 

  

PART 3.   EXECUTION 

 

 

3.1 EXAMINATION 

 

A. The Contractor shall examine the site, determine all conditions and circumstances and gather 

all data and information required for the work.  Field investigations include, but are not 

limited to, performing surveys, opening of equipment enclosures, and other work as required 

to maintain existing systems. 

 

B. The Contractor shall survey all new and existing wiring, circuitry, cabling, equipment and 

devices.  Data gathering shall include, but not be limited to, equipment nameplate 

information, ratings, voltage, wiring configurations, conductor lengths, conductor routing, 

conductor sizes, equipment connections, and other information as required to maintain 

existing systems. 
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C. The Contractor shall provide complete field investigations to determine existing and new 

conductor, cable, and conduit routing, points of connections, and tracing of existing systems. 

 

D. Verify that field measurements and circuiting arrangements are as shown on the Drawings. 

 

B. Verify that abandoned wiring and equipment serve only abandoned facilities. 

 

C. Demolition Drawings are based on casual field observation. Report discrepancies to the 

Owner, Engineer before disturbing existing installation. 

 

D. Beginning of demolition means installer accepts existing conditions. 

 

3.2 PREPARATION 

 

A. Disconnect electrical systems in walls, floors, and ceilings scheduled for removal.   

 

B. Coordinate utility service outages with the Owner, Architect, and Engineer. Also, coordinate 

utility service outages with Utility Company. 

 

3.3 CONNECTIONS AND ALTERATIONS TO EXISTING SYSTEMS 

 

A. Keep all existing electrical systems in operation during the progress of the work.  Provide 

temporary electrical connections to systems of equipment, etc., where necessary to maintain 

continuous operation until the new systems and equipment are ready for operation. 

 

B. When existing electrical work is removed, remove all conduit, ducts, supports, etc. to a point 

below the finished floors or behind finished walls and cap.  Such points shall be far enough 

behind finished surfaces to allow for the installation of the normal thickness of finished 

material. 

 

C. When the work specified hereunder connects to any existing equipment, conduit, wiring, etc., 

perform all necessary alterations, cuttings, fittings, etc., of the existing work as may be 

necessary or required to make satisfactory connections between the new and existing work 

and leave the complete work in a finished and workmanlike condition. 

 

D. When the work specified under other divisions necessitates relocation of existing equipment, 

conduits, wiring, etc., perform all work and make all necessary changes to existing work as 

may be required to leave the completed work in a finished and workmanlike condition. 

 

E. Contractor shall be responsible for removing and replacing existing ceiling tile within the lay-

in ceiling areas as required.  Contractor shall provide all necessary cutting and fitting of 

bushed holes for cable passage through tiles.  Any tiles damaged during the Contract shall be 

replaced with like kind at no cost to the Owner. 

 

F. Provide temporary wiring and connections to maintain existing systems in service during 

construction.  When work must be performed on energized equipment or circuits, use 

personnel experienced in such operations.  In particular, all security and safety systems must 
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be maintained in operation at all times as required by the Owner.  This includes security and 

safety lighting. 

 

G. Existing Electrical Service:  Disable system only to make switchovers and connections. 

Obtain permission from Owner, Architect/Engineer and other trades at the site at least 24 

hours before partially or completely disabling system.  Minimize outage duration.  Make 

temporary connections to maintain service in areas adjacent to work area. 

 

H. Trace all circuits and controls to be disconnected to ensure that vital services to other areas are 

not interrupted. 

 

 

3.4 PROTECTION 

 

A. Provide protection for all existing and new cabling.  Provide inner duct, conduit or other 

suitable means of protection to prevent damage to cables located in renovated areas. 

 

B. Damage to wiring, cabling or equipment shall be repaired by skilled mechanics for the trade 

involved at no additional contract amount. 

 

C. Fixtures, materials and equipment shall be protected at all times.  The Contractor shall make 

good any damage caused either directly or indirectly by his workmen.  Conduit openings shall 

be closed with caps or plugs during installation.  Fixtures and equipment shall be tightly 

covered and protected against dirt, water and chemical or other injury.  At the completion of 

all work, the fixtures, materials and equipment shall be thoroughly cleaned and turned over in 

a condition satisfactory to the Owner. 

 

D. Damage:  Where wiring, raceways, lighting fixtures, devices or equipment to remain is 

inadvertently damaged or disturbed, cut out and remove damaged section and provide new of 

equal or capacity or quality. 

 

3.5 ELECTRICAL DEMOLITION 

 

A. Remove from the premises and dispose of all existing wiring, conduit, material, fixtures, 

devices, equipment, etc., not required for re-use or re-installation. 

 

B. Deliver on the premises where directed existing material and equipment which is removed 

and is desired by the Owner or is indicated to remain the property of the Owner. 

 

C. All other equipment and materials which are removed shall become the property of the 

Contractor and shall be removed by him from the premises. 

 

D. Where electrical equipment is removed, also remove all wiring back to source panelboard or 

switch or to last remaining device on the same circuit.  All conduit, hangers, supports, etc., 

shall also be removed unless otherwise noted.  Such conduit may remain to be reused for new 

work provided said conduit is of the proper size and type as that specified and in a condition 

acceptable to Engineer and Owner. 
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E. Any conduit abandoned in concrete slabs, walls, or other inaccessible locations shall be left 

empty except for a nylon pull wire.  Ends shall be capped with push plugs for future use. 

 

F. Where an existing system is indicated to be removed, the Contractor shall provide complete 

removal of entire system including all wiring, conduit, and connected/associated fixtures and 

devices.  The system shall be removed in its entirety unless otherwise noted. 

 

3.6 EXISTING CONDUIT WORK 

 

A. Remove all abandoned raceway, including abandoned raceway above accessible ceiling 

finishes.  Cut raceway flush with walls and floors, and patch surfaces.  Remove conduit back 

to point of penetration/exposure. 

 

B. Remove concealed abandoned raceway to its source. 

 

C. Abandoned Work:  buried electrical work abandoned in place, shall be cut out approximately 

2 inches beyond the face of adjacent construction, capped and the adjacent surface patched to 

match the existing finish. 

 

D. Disconnect abandoned outlets and remove devices.  Remove abandoned outlets if raceway 

servicing them is abandoned and removed.  Provide blank cover for abandoned outlets that 

are not removed. 

 

E. Ensure access to existing boxes and other installations which remain active and which require 

access.  Modify installation or provide access panel as appropriate. 

 

F. Extend existing raceway and box installations using materials and methods compatible with 

existing electrical installations, or as specified. 

 

G. Clean and repair existing raceway and boxes that remain or are to be reinstalled. 

 

H. Remove all abandoned wiring from exiting conduits and ductbanks.  Abandoned wiring that 

cannot be removed shall be tagged at each end as “Abandoned”. 

 

I. Contractor shall provide all cutting and patching required to connect to and extend existing 

conduits, wiring, circuits, etc. 

 

3.7 EXISTING WIRING AND CABLING WORK 

 

A. Remove all abandoned and unused wire and cable, including abandoned wire and cable above 

accessible ceiling finishes.  Patch surfaces where removed cables pass through building 

finishes.  Remove abandoned and unused cabling and wiring back to the source. 

 

B. Disconnect abandoned circuits and remove circuit wire and cable.  Remove abandoned boxes 

if wire and cable servicing them is abandoned and removed.  Provide blank cover for 

abandoned boxes that are not removed. 
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C. Ensure access to existing wiring connections which remain active and which require access.  

Modify installation or provide access panel as appropriate. 

 

D. Extend existing circuits using materials and methods compatible with existing electrical 

installations or as specified. 

 

E. Clean and repair existing wire and cable that remain or is to be reinstalled. 

 

F. Provide supports for all wiring and cabling to remain as required by NEC. 

 

G. Contractor shall provide field services for racing out of all existing circuits to be maintained.  

Contractor shall locate, trace and label, all existing circuits being re-used. 

 

3.8 DEMOLITION AND EXTENSION OF EXISTING ELECTRICAL WORK 

 

B. Demolish and extend existing electrical work to meet all requirements of these specifications. 

 

C. If certain raceways and boxes are abandoned but not scheduled for removal, those items must 

be shown on the As-Built Drawings. 

 

D. Remove, relocate, and extend existing installations to accommodate new construction. 

 

E. Remove abandoned wiring to source of supply. 

 

F. Disconnect and remove abandoned luminaires.  Remove brackets, stems, hangers, and other 

accessories.   

 

G. Repair adjacent construction and finishes damaged during demolition and extension work. 

 

H. Maintain access to existing electrical installations which remain active.  Modify installation or 

provide access panel as appropriate. 

 

I. Extend existing installations using materials and methods (compatible with existing electrical 

installations, or) as specified.  This includes the extension of the circuit from the last active 

device to the next device in the system to be activated. 

 

 

3.9 CLEANING AND REPAIR 

 

A. The Consultant shall show, on the drawings, all items to be cleaned or repaired. 

 

B. Clean and repair existing equipment and materials that remain or are to be reused. 

 

C. Panelboards: Clean exposed surfaces and check tightness of electrical connections.  Replace 

damaged circuit breakers and provide closure plates for vacant positions. Provide typed circuit 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 

             STOKES ELEMENTARY SCHOOL  
 
 
 

 
ELECTRICAL DEMOLITION FOR REMODELING      Tetra Tech 
26 05 02-6 
 

directory showing revised circuiting arrangement.  Trace existing circuits to determine exact 

location and type of load served by each circuit breaker. 

 

D. Provide new labels on all existing electrical equipment being re-used. 

 

3.10 INSTALLATION 

 

A. Install relocated materials and equipment under the provisions of other sections. 

 

 

END OF SECTION 
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SECTION 26 05 19 

 

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1.    GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Building wires and cables rated 600 V and less. 

2. Connectors, splices, and terminations rated 600 V and less. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Qualification Data:  For testing agency. 

C. Field quality-control test reports. 

1.4 QUALITY ASSURANCE 

A. Testing Agency: Engage a qualified independent testing agency to perform field quality-control 

testing. 

PART 2.    PRODUCTS 

2.1 CONDUCTORS AND CABLES 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Alcan Products Corporation; Alcan Cable Division. 

2. American Insulated Wire Corp.; a Leviton Company. 

3. General Cable Corporation. 

4. Senator Wire & Cable Company. 

5. Southwire Company. 

B. Copper Conductors:  Comply with NEMA WC 70. 
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C. Conductor Insulation:  Comply with NEMA WC 70 for Types THHN-THWN, XHHW, USE, 

and SO. 

D. Multiconductor Cable: Comply with NEMA WC 70/ICEA S-95-658 for metal-clad cable, 

Type MC, with ground wire. 

2.2 CONNECTORS AND SPLICES 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. AFC Cable Systems, Inc. 

2. Hubbell Power Systems, Inc. 

3. O-Z/Gedney; EGS Electrical Group LLC. 

4. 3M; Electrical Products Division. 

5. Tyco Electronics Corp. 

B. UL-listed, factory-fabricated wiring connectors of size, ampacity rating, material, type, and 

class for application and service indicated.  Comply with Project's installation requirements and 

as specified in Part 3 "Wire and Insulation Applications" Article. 

C. Split Bolt Connectors:  Not Acceptable. 

D. Solderless Pressure Connectors:  High copper alloy terminal.  May be used only for cable 

termination to equipment pads or terminals.  Not approved for splicing. 

E. Spring Wire Connectors:  Solderless spring type pressure connector with insulating covers for 

copper wire splices and taps.  Use for conductor sizes 10 AWG and smaller. 

F. All wire connectors used in underground or exterior pull boxes shall be gel-filled twist 

connectors or a connector designed for damp and wet locations. 

G. Mechanical Connectors:  Bolted type tin-plated; high conductivity copper alloy; spacer between 

conductors; beveled cable entrances. 

H. Compression (crimp) Connectors:  Long barrel; seamless, tin-plated electrolytic high 

conductivity copper tubing, internally beveled barrel ends.  Connector shall be clearly marked 

with the wire size and type and proper number and location of crimps. 

I. Heat shrinkable tubing shall meet the requirements of ANSI C119.1-1986 for buried 

connections to 90°C and shall be material flame-retarded per IEEE 383 “Vertical Tray Flame 

Test”.  Motor connection kits shall consist of heat-shrinkable, polymeric insulating material 

over the connection area and a high dielectric strength mastic to seal the ends against ingress of 

moisture and contamination.  Motor connection kits shall accommodate a range of cable sizes 

for both in-line and stub-type configurations.  Connection kits shall be independent of cable 

manufacturer’s tolerances. 

J. Wire Nut Connectors: 

 

1. Wire nuts install in wet locations, exterior, etc., shall be self-contained, waterproof and 

corrosion-proof units incorporating prefilled silicone grease to block out moisture and air. 
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2. Connectors shall be UL listed appropriately sized according to manufacturer’s 

recommendation for the suitable wire sizes and voltage rating (600 volt minimum). 

3. Connectors body shall have a color-coded outer shell. 

4. Connectors shall be as manufactured by King Technology or approved equal. 

2.3 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

a qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

PART 3.    EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

B. Branch Circuits:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and 

larger. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 

WIRING METHODS 

A. Service Entrance:  Type THHN-THWN, single conductors in raceway. 

B. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-THWN, 

single conductors in raceway. 

C. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type RHW, single 

conductors in raceway. 

D. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-THWN, single conductors in 

raceway. 

E. Branch Circuits Concealed in Ceilings, Walls, and Partitions:   Type THHN-THWH, single 

conductors in raceway, except the last 10’ from a junction box to recessed lighting fixture may 

be type MC cable.  

F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  

Type THHN-THWN, single conductors in raceway. 

G. Conductors shall be rated 75 deg C in wet locations and 90 deg C in dry locations. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated. 
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B. Complete raceway installation between conductor and cable termination points according to 

Division 26 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and 

cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 

must not deteriorate conductor or insulation.  Do not exceed manufacturer's recommended 

maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 

not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and 

follow surface contours where possible. 

F. Support cables according to Section 260429, "Hangers and Supports for Electrical Systems." 

G. Identify and color-code conductors and cables according to Section 260553, “Identification for 

Electrical Systems." 

3.4 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-

tightening values.  If manufacturer's torque values are not indicated, use those specified in 

UL 486A and UL 486B. 

B. Make splices and taps that are compatible with conductor material and that possess equivalent 

or better mechanical strength and insulation ratings than unspliced conductors. 

C. Wiring at Outlets:  Install conductor at each outlet, with at least 12 inches (300 mm) of slack. 

A. Joints of #10 AWG and smaller shall be made with properly insulated solderless type pressure 

connectors. Where stranded conductors or multiple solid conductors are connected to terminals, 

solderless lugs manufactured by Thomas and Betts Company or equivalent shall be used. 

B. Joints of #8 AWG and larger in power and lighting circuits shall be of the type indented into the 

conductor by means of a hand or hydraulic pressure tool.  Connectors shall be Burndy “Hy-

dent’, T&B “St-Kon”, or equivalent.  Connectors for control wiring shall be Burndy “Hy-Lug”, 

or equivalent. 

C. All circuits for exterior electric work shall be #10 AWG (minimum) and contain an extra #10 

AWG (minimum) copper ground conductor.  All exterior wiring shall be installed in conduit as 

specified above, unless otherwise noted as larger on the Drawings. 

3.5 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Coordinate sleeve selection and application with selection and application of firestopping 

specified in Division 26 Section "Electrical Firestopping." and “Basic Electrical Materials and 

Methods”. 
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3.6 SLEEVE-SEAL INSTALLATION 

A. Install to seal underground exterior-wall penetrations according to Division 26 Section, “Basic 

Electrical Materials and Methods”. 

3.7 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 

original fire-resistance rating of assembly according to Division 7 Section "Through Penetration 

Firestop System." 

3.8 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections and prepare 

test reports. 

B. Perform tests and inspections and prepare test reports. 

C. Tests and Inspections: 

1. After installing conductors and cables and before electrical circuitry has been energized, 

test service entrance and feeder conductors, and conductors feeding the mechanical 

equipment and services for compliance with requirements. 

2. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification.  Certify compliance with test parameters. 

D. Measure tightness of bolted connections and compare torque measurements with manufacturer’s 

recommended values. 

E. Verify continuity of each branch circuit conductor. 

F. Demonstration:  Subsequent to wire and cable hook-ups, energize circuit and demonstrate 

functioning in accordance with requirements.  Where necessary, correct malfunctioning units, 

and then retest to demonstrate compliance. 

G. Test Reports:  Prepare a written report to record the following: 

1. Test procedures used. 

2. Test results that comply with requirements. 

3. Test results that do not comply with requirements and corrective action taken to achieve 

compliance with requirements. 

H. Remove and replace malfunctioning units and retest as specified above. 
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SECTION 26 05 26 

 

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1.   GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes grounding and bonding systems and equipment. 

B. Section includes grounding and bonding systems and equipment, plus the following special 

applications: 

1. Underground distribution grounding. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1.4 INFORMATIONAL SUBMITTALS 

A. As-Built Data: Plans showing dimensioned as-built locations of grounding features specified in 

"Field Quality Control" Article, including the following: 

1. Test wells. 

2. Ground rods. 

3. Ground rings. 

4. Grounding arrangements and connections for separately derived systems. 

B. Qualification Data: For testing agency and testing agency's field supervisor. 

C. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For grounding to include in emergency, operation, and 

maintenance manuals. 
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1. In addition to items specified in Division 01 Section "Operating, Maintenance, Project 

Data," include the following: 

a. Instructions for periodic testing and inspection of grounding features at test wells, 

ground rings, grounding connections for separately derived systems based on 

NETA MTS. 

1) Tests shall determine if ground-resistance or impedance values remain 

within specified maximums, and instructions shall recommend corrective 

action if values do not. 

2) Include recommended testing intervals. 

1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

a qualified testing agency, and marked for intended location and application. 

C. Comply with UL 467 for grounding and bonding materials and equipment. 

PART 2.   PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Burndy; Part of Hubbell Electrical Systems. 

2. Dossert; AFL Telecommunications LLC. 

3. ERICO International Corporation. 

4. Fushi Copperweld Inc. 

5. Galvan Industries, Inc.; Electrical Products Division, LLC. 

6. Harger Lightning and Grounding. 

7. ILSCO. 

8. O-Z/Gedney; A Brand of the EGS Electrical Group. 

9. Robbins Lightning, Inc. 

2.2 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

a qualified testing agency, and marked for intended location and application. 

B. Comply with UL 467 for grounding and bonding materials and equipment. 
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2.3 CONDUCTORS 

A. Insulated Conductors: Copper wire or cable insulated for 600 V unless otherwise required by 

applicable Code or authorities having jurisdiction. 

B. Bare Copper Conductors: 

1. Solid Conductors: ASTM B 3. 

2. Stranded Conductors: ASTM B 8. 

3. Tinned Conductors: ASTM B 33. 

4. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in 

diameter, unless otherwise noted. 

5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor, unless otherwise noted. 

6. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8 

inches (41 mm) wide and 1/16 inch (1.6 mm) thick. 

C. Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches (6.3 by 100 

mm)] in cross section, unless otherwise indicated, with 9/32-inch (7.14-mm) holes spaced 1-1/8 

inches (28 mm) apart. Stand-off insulators for mounting shall comply with UL 891 for use in 

switchboards, 600 V and shall be Lexan or PVC, impulse tested at 5000 V. 

2.4 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in 

which used and for specific types, sizes, and combinations of conductors and other items 

connected. 

B. Bolted Connectors for Conductors and Pipes: Copper or copper alloy. 

C. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for 

materials being joined and installation conditions. 

D. Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless exothermic-type wire 

terminals, and long-barrel, two-bolt connection to ground bus bar. 

2.5 GROUNDING ELECTRODES 

A. Ground Rods: Copper-clad steel,3/4 inch by 10 feet (19 mm by 3 m). 

PART 3.   EXECUTION 

3.1 APPLICATIONS 

A. Conductors: Install solid conductor for No. 10 AWG and smaller, and stranded conductors for 

No. 8 AWG and larger unless otherwise indicated. 
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B. Underground Grounding Conductors: Install bare tinned-copper conductor, No. 4/0 AWG 

minimum. 

1. Bury at least 24 inches (600 mm) below grade. 

C. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, and 

elsewhere as indicated. 

1. Install bus horizontally, on insulated spacers 2 inches (50 mm) minimum from wall, 6 

inches (150 mm) above finished floor unless otherwise indicated. 

D. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 

2. Underground Connections: Welded connectors except at test wells and as otherwise 

indicated. 

3. Connections to Ground Rods at Test Wells: Bolted connectors. 

4. Connections to Structural Steel: Welded connectors. 

3.2 GROUNDING AT THE SERVICE 

A. Equipment grounding conductors and grounding electrode conductors shall be connected to the 

ground bus. Install a main bonding jumper between the neutral and ground buses. 

3.3 GROUNDING SEPARATELY DERIVED SYSTEMS 

A. Generator: Install grounding electrode(s) at the generator location. The electrode shall be 

connected to the equipment grounding conductor and to the frame of the generator. 

3.4 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS 

A. Comply with IEEE C2 grounding requirements. 

B. Pad-Mounted Transformers and Switches: Install four ground rods and ground ring around the 

pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with 

substations by connecting them to underground cable and grounding electrodes. Install tinned-

copper conductor not less than No. 4/0 AWG for ground ring and for taps to equipment 

grounding terminals. Bury ground ring not less than 6 inches (150 mm) from the foundation. 

C. Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole 

floor, close to wall, and set rod depth so 4 inches (100 mm) will extend above finished floor. If 

necessary, install ground rod before manhole is placed and provide No. 1/0 AWG bare, tinned-

copper conductor from ground rod into manhole through a waterproof sleeve in manhole wall. 

Protect ground rods passing through concrete floor with a double wrapping of pressure-sensitive 

insulating tape or heat-shrunk insulating sleeve from 2 inches (50 mm) above to 6 inches (150 

mm) below concrete. Seal floor opening with waterproof, nonshrink grout. 
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3.5 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

B. Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-mounted 

electrical devices operating at 120 V and more, including air cleaners, heaters, dampers, 

humidifiers, and other duct electrical equipment. Bond conductor to each unit and to air duct 

and connected metallic piping. 

C. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated 

equipment grounding conductor to each electric water heater and heat-tracing cable. Bond 

conductor to heater units, piping, connected equipment, and components. 

3.6 INSTALLATION 

A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise 

indicated or required by Code. Avoid obstructing access or placing conductors where they may 

be subjected to strain, impact, or damage. 

B. Ground Rods: Drive rods until tops are 2 inches (50 mm) below finished floor or final grade 

unless otherwise indicated. 

1. Interconnect ground rods with grounding electrode conductor below grade and as 

otherwise indicated. Make connections without exposing steel or damaging coating if 

any. 

2. For grounding electrode system not detailed on the drawings, install at least three rods 

spaced at least one-rod length from each other and located at least the same distance from 

other grounding electrodes, and connect to the service grounding electrode conductor. 

C. Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes are 

specified in Division 26 Section "Underground Ducts and Raceways for Electrical Systems," 

and shall be at least 12 inches (300 mm) deep, with cover. 

1. Test Wells: Install at least one test well for each service unless otherwise indicated. 

Install at the ground rod electrically closest to service entrance. Set top of test well flush 

with finished grade or floor.  Provide all test wells with twist lock cover, 

Harger#GAW910 or approved equal. 

D. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance 

except where routed through short lengths of conduit. 

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate 

any adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install 

bonding so vibration is not transmitted to rigidly mounted equipment. 

3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection 

is required, use a bolted clamp. 

E. Grounding and Bonding for Piping: 
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1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit, 

from building's main service equipment, or grounding bus, to main metal water service 

entrances to building. Connect grounding conductors to main metal water service pipes; 

use a bolted clamp connector or bolt a lug-type connector to a pipe flange by using one of 

the lug bolts of the flange. Where a dielectric main water fitting is installed, connect 

grounding conductor on street side of fitting. Bond metal grounding conductor conduit or 

sleeve to conductor at each end. 

2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water 

meters. Connect to pipe with a bolted connector. 

3. Bond each aboveground portion of gas piping system downstream from equipment 

shutoff valve. 

F. Grounding for Steel Building Structure: Install a driven ground rod at base of each corner 

column and at intermediate exterior columns at distances not more than 60 feet (18 m) apart. 

G. Concrete-Encased Grounding Electrode (Ufer Ground): Fabricate according to NFPA 70; use a 

minimum of 20 feet (6 m) of bare copper conductor not smaller than No. 4 AWG. 

1. If concrete foundation is less than 20 feet (6 m) long, coil excess conductor within base 

of foundation. 

2. Bond grounding conductor to reinforcing steel in at least four locations and to anchor 

bolts. Extend grounding conductor below grade and connect to building's grounding grid 

or to grounding electrode external to concrete. 

3.7 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Perform tests and inspections. 

C. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been 

energized, test for compliance with requirements. 

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 

electrical connections with a calibrated torque wrench according to manufacturer's 

written instructions. 

3. Test completed grounding system at each location where a maximum ground-resistance 

level is specified, at service disconnect enclosure grounding terminal, at ground test 

wells, and at individual ground rods. Make tests at ground rods before any conductors are 

connected. 

a. Measure ground resistance no fewer than two full days after last trace of 

precipitation and without soil being moistened by any means other than natural 

drainage or seepage and without chemical treatment or other artificial means of 

reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 
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4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod 

assembly, and other grounding electrodes. Identify each by letter in alphabetical order, 

and key to the record of tests and observations. Include the number of rods driven and 

their depth at each location, and include observations of weather and other phenomena 

that may affect test results. Describe measures taken to improve test results. 

D. Grounding system will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

F. Report measured ground resistances that exceed the following values: 

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10  ohms. 

2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms. 

3. Substations and Pad-Mounted Equipment: 5 ohms. 

4. Manhole Grounds: 10 ohms. 

G. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect 

promptly and include recommendations to reduce ground resistance. 

END OF SECTION 
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SECTION 26 05 28 

 

ELECTRICAL FIRESTOPPING 

 

 

PART 1.    GENERAL 

 

1.1 SUMMARY 

 

A. Section includes: 

 

1. Through-penetration firestopping in fire rated construction. 

2. Through-penetration smoke-stopping in smoke partitions. 

 

B. Related items:  Raceway seals and manufactured electrical devices:  Refer to Section 16100. 

 

1.2 REFERENCES 

 

A. Underwriters Laboratories 

 

1. UL Fire Resistance Directory 

a. Through-penetration firestop devices (XHCR) 

b. Fire resistance rating (BXUV) 

c. Through-penetration firestop systems (XHEZ) 

d. Fill, void, or cavity material (XHHW) 

 

B. American Society for Testing and Materials Standards:  ASTM E 814-88:  Standard Test Method for 

Fire Tests of Through-Penetration Firestops. 

 

1.3 DEFINITIONS 

 

A. Assembly:  Particular arrangement of materials specific to given type of construction described or 

detailed in referenced documents. 

B. Barriers:  Time-rated fire walls, smoke barrier walls, time rated ceiling/floor assemblies and structural 

floors. 

C. Firestopping:  Methods and materials applied in penetrations and unprotected openings to limit spread 

of heat, fire, gasses and smoke. 

D. Penetration:  Opening or foreign material passing through or into barrier or structural floor such that 

full thickness of rated materials is not obtained. 

E. System:  Specific products and applications, classified and numbered by Underwriters Laboratories, 

Inc. to close specific barrier penetrations. 

F. Sleeve:  Metal fabrication or pipe section extended through thickness of barrier and used to 

permanently guard penetration.  Sleeves are described as part of penetrating system in other sections 

and may or may not be required. 
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1.4 SYSTEM DESCRIPTION 

 

A.  Design Requirements 

 

1. Fire-rated construction:  Maintain barrier and structural floor fire resistance ratings including 

resistance to cold smoke at all penetrations, connections with other surfaces or types of 

construction, at separations required to permit building movement and sound or vibration 

absorption. 

 

2. Smoke barrier construction:  Maintain barrier and structural floor resistance to cold smoke at 

all penetrations, connections with other surfaces and types of construction and at all 

separations required to permit building movement and sound or vibration absorption. 

 

1.5 SUBMITTALS 

 

A. Submit in accordance with Section 16010, unless otherwise indicated. 

 

B. Product data:  Manufacturer's specifications and technical data including the following: 

 

1. Detailed specification of construction and fabrication. 

 

2. Manufacturer’s installation instructions. 

 

C. Shop drawings:  Indicate dimensions, description of materials and finishes, general construction, 

specific modifications, component connections, anchorage methods, hardware, and installation 

procedures, plus the following specific requirements. 

 

1. Details of each proposed assembly identifying intended products and applicable UL system 

number, or UL classified devices. 

 

2. Manufacturer or manufacturer's representative shall provide qualified engineering judgment 

and drawings relating to non-standard applications as needed. 

 

D. Quality control submittals:  Statement of qualifications. 

 

E. Applicators' qualifications statement:  List past projects indicating required experience. 

 

1.6 QUALITY ASSURANCE 

 

A. Installer's qualifications:  Fire experienced in installation or application of systems similar in 

complexity to those required for this project, plus the following: 

 

1. Acceptable to or licensed by manufacturer, State or local authority where applicable. 

 

2. At least 2 years’ experience with systems. 

 

3. Successfully completed at least 5 comparable scale projects using this system. 
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B. Local and State regulatory requirements:  Submit forms or acceptance for proposed assemblies not 

conforming to specific UL Firestop System numbers, or UL classified devices. 

 

C. Materials shall have been tested to provide fire rating at least equal to that of the construction. 

 

D. Manufacturer shall be a member of the International Firestop Council (IFC). 

 

1.7 DELIVERY, STORAGE, AND HANDLING 

 

A. Packing and shipping: 

 

1. Deliver products in original unopened packaging with legible manufacturer's identification. 

 

2. Coordinate delivery with scheduled installation date, allow minimum storage at site. 

 

B. Storage and protection:  Store materials in a clean, dry, ventilated location.  Protect from soiling, 

abuse, moisture and freezing when required. Follow manufacturer's instructions. 

 

1.8 PROJECT CONDITIONS 

 

A. Existing conditions: 

 

1. Verify existing conditions and substrates before starting work. Correct unsatisfactory 

conditions before proceeding. 

 

2. Proceed with installation only after penetrations of the substrate and supporting brackets have 

been installed. 

 

B. Environmental requirements: 

 

1. Furnish adequate ventilation if using solvent. 

 

2. Furnish forced air ventilation during installation if required by manufacturer. 

 

3. Keep flammable materials away from sparks or flame. 

 

4. Provide masking and drop cloths to prevent contamination of adjacent surfaces by 

firestopping materials. 

 

1.9 GUARANTEE 

 

A. Submit copies of written guarantee agreeing to repair or replace joint sealers which fall in joint 

adhesion, extrusion resistance, migration resistance, or general durability or appear to deteriorate in 

any other manner not clearly specified by submitted manufacturer's data as an inherent quality of the 

material for the exposure indicated.  The guarantee period shall be two year from date of substantial 

completion unless otherwise noted. 
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PART 2.    PRODUCT 

 

2.1 MANUFACTURERS 

 

A. Subject to compliance with requirements, manufacturers offering products that may be incorporated 

into the work include, but are not limited to, the following: 

 

1. Hilti. 

 

2. Nelson. 

 

2.2 THROUGH-PENETRATION FIRESTOPPING OF FIRE-RATED CONSTRUCTION 

 

A. Systems of devices listed in the UL Fire Resistance Directory under categories XHCR and XHEZ may 

be used, providing that it conforms to the construction type, penetrant type, annular space 

requirements and fire rating involved in each separate instance, and that the system be symmetrical for 

wall applications.  Systems or devices must be asbestos-free. 

 

1. Additional requirements:  Withstand the passage of cold smoke either as an inherent property 

of the system, or by the use of a separate product included as a part of the UL system or 

device, and designed to perform this function. 

 

2. Acceptable manufacturers and products. 

 

a. Those listed in the UL Fire Resistance directory for the UL System involved and as 

further defined in the System and Applications Schedule in Part 3.6 of this section. 

 

b. All firestopping products must be from a single manufacturer.  All trades shall use 

products from the same manufacturer unless otherwise noted. 

 

2.3 SMOKE-STOPPING AT SMOKE PARTITIONS 

 

A. Through-penetration smoke-stopping:  Any system complying with the requirements for through-

penetration firestopping in fire-rated construction, as specified in The Systems and Applications 

Schedule in Part 3.6 of this section, is acceptable, provided that the system includes the specified 

smoke seal or will provide a smoke seal.  The length of time of the fire resistance may be disregarded. 

 

2.4 ACCESSORIES 

 

A. Fill, void or cavity materials:  As classified under category XHHW in the UL Fire Resistance 

Directory. 

 

B. Forming materials:  As classified under category XHKU in the UL Fire Resistance Directory. 

 

C. Sleeves:   Minimum 24 MSG galvanized steel, 12" diameter or smaller steel pipe.  Sleeve shall project 

 1/2" from each surface of the floor/wall.  Size as recommended by firestop manufacturer. 
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PART 3.    EXECUTION 

 

3.1 EXAMINATION 

 

A. Verification of conditions:  Examine areas and conditions under which work is to be performed and 

identify conditions detrimental to proper or timely completion. 

 

1. Verify barrier penetrations are properly sized and in suitable condition for application of 

materials. 

 

2. Do not proceed until unsatisfactory conditions have been corrected. 

 

3.2 PREPARATION 

 

A. Clean surfaces to be in contact with penetration seal materials of dirt, grease, oil, loose materials, rust, 

or other substances that may affect proper fitting, adhesion, or the required fire resistance. 

 

3.3 INSTALLATION 

 

A. Install penetration seal materials in accordance with printed instructions of the UL Fire Resistance 

Directory and in accordance with manufacturer's instruction. 

 

B. Seal holes or voids made by penetrations to ensure an effective smoke barrier. 

 

C. Protect materials from damage on surfaces subject to traffic. 

 

D. When large openings are created in walls or floors to permit installation of conduits, cable tray, or 

other items, close unused portions of opening with firestopping materials tested for the application.  

See UL Fire Resistance Directory or Paragraph 2.2 of this document. 

 

E. Install smoke stopping as specified for firestopping. 

 

F. Provide sleeves the full thickness of the assembly being penetrated and cut sleeves to a length of 

1"more than the over-all thickness of the penetration, or as recommended by the firestop manufacturer. 

 

G. All holes and voids shall be sealed the same day they are made. 

 

3.4 FIELD QUALITY CONTROL 

 

A. Examine penetration sealed areas to ensure proper installation before concealing or enclosing areas. 

 

B. Keep areas of work accessible until inspection by applicable code authorities. 

 

C. Perform under this section patching and repairing of firestopping caused by cutting or penetration by 

other trades. 

 

3.5 ADJUSTING AND CLEANING   

 

A. Clean up spills of liquid components. 
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B. Neatly cut and trim materials as required. 

 

C. Remove equipment, materials and debris, leaving area in undamaged, clean condition. 

 

3.6 SYSTEMS AND APPLICATION SCHEDULES* 

 

SEE NEXT PAGE. 
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PENETRA

TING   

ITEM 

 
     CONCRETE 

 
     GYPSUM 

 
  WOOD FLOOR/  

CEILING 

 
   Metal 

Pipe 

 
CAJ1001   CP25S/L, CP25N/S 

CAJ1006   CS-195+, FS-195+ 

CAJ1007   FS-195+, 1"& 2" 

Wide 

CAJ1009   2000, 2000+, 2003 

CAJ1010   2000, 2000+, 2003 

CAJ1012   2000, 2000+, 2003 

CAJ1013   2000, 2000+, 2003 

CAJ1014   2000, 2000+, 2003 

CAJ1015   2000, 2000+, 2003 

CAJ1017   FD 150 

CAJ1021   FD 150 

CAJ1027   MPS-2+ 

CAJ1044   CP 25WB+ 

CAJ1052   CP 25S/L, CP 25N/S 

CAJ1058   2000, 2000+, 2003 

CAJ1060   2000, 2000+, 2003 

CAJ1063   2000, 2000+, 2003 

CAJ1066   CP 25N/S,CP 25S/L, 

CP 25WB+ 

CAJ1091   CP 25N/S,CP 25S/L, 

CP 25WB+ 

CAJ1092   CP 25WB+ 

CAJ1112   FS-195+ 

CAJ1160   CP 25S/L, CP 25N/S 

CAJ1175   CP 25WB+ 

CAJ1176   CP 25WB+ 

CAJ1188   2000+ 

 

CBJ1020   CS-195+, FS-195+ 

CBJ1021   CS-195+, MPS-2+ 

CBJ1031   2001 

CBJ1032   2001 

 

FA1002   CP 25WB+ 

 

WJ1010   CP 25WB+ 

WJ1023   2001 

 

 
WL1001   CP 25 

WL1002   FS-195+ 

WL1003   CP 25WB+,CP 

25N/S 

WL1008   2000+ 

WL1009   2000+ 

WL1010   2000+ 

WL1016   CP 25WB+ 

WL1017   CP 25WB+,CP 

25N/S 

WL1032   CP 25WB+,CP 

25N/S 

WL1036   FD 150 

WL1037   CS-195+,FS-

195+ 

WL1067   CP 25N/S 

WL1073   CP 25WB+ 

WL1080   MPS-2+ 

WL1082   2000+ 

 

 

 
FC1002   CP 25 

FC1003   

2000,2000+,20003 

FC1006   CP 25WB+ 
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PENETRA

TING   

ITEM 

 
     CONCRETE 

 
     GYPSUM 

 
  WOOD FLOOR/  

CEILING 

     
 
Non-

Metallic 

 
CAJ2001   FS-195+, 1"& 2" 

WIDE, PPD'S 

CAJ2002   FS-195+ 

CAJ2003   CS-195+, FS-195+ 

CAJ2005   FS-195+ 

CAJ2006   FS-195+ 

CAJ2013   FS-195+ 

CAJ2019   2000, 2000+, 2003 

CAJ2027   FS-195+, CP 25N/S, 

CP 25S/L, 

          CP 25WB+ 

CAJ2028   FS-195, MPS-2+ 

CAJ2029   FS-195+, PPD'S 

CAJ2030   CS-195+, FS-195+ 

CAJ2040   FS-195+, CP 

25WB+ 

CAJ2044   FS-195+, CP 25N/S, 

CP 25S/L 

          CP 25 WB+ 

CAJ2090   FS-195+ 

CAJ2177   FS-195+, PPD'S 

 

FA2001    FS-195+, PPD'S 

FS2002    CS-195+, FS-195+, 

MPS-2+, PPD'S 

FA2011    FS-195+ 

 

WJ2012    FS-195+ 1" WIDE 

 

 
WL2002   FS-195+, PPD'S 

WL2003   FS-195+ 

WL2004   FS-195+ 

WL2005   FS-195+ 4' WIDE 

WL2006   FS-195+ 

WL2013   FS-195+ 

WL2031   CS-195+, FS-

195+ 

WL2032   CS-195+, FS-

195+ 

WL2033   FS-195+ 

WL2073   FS-195+ 1" 

WIDE 

 
FC2002   FS-195+, 

PPD'S 

FC2007   FS-195+, 

PPD'S 

FC2008   FS-195+ 

FC2009   FS-195+, 

PPD'S 

FC2024   FS-195+ 

FC2026   FS-195+ 

FC2028   FS-195+, 1' & 

         2" WIDE, PPD'S 

 
Insulated 

 Cable 

   

 
CAJ3001   CP 25N/S, CP 25S/L 

CAJ3005   CS 195+, FS-195+ 

CAJ3007   2001 

CAJ3009   2000, 2000+, 2003 

CAJ3010   2000, 2000+, 2003 

CAJ3011   2001 

CAJ3014   FD 150 

CAJ3015   FD 150 

CAJ3021   MPS-2+ 

CAJ3029   2000, 2000+, 2003 

CAJ3030   CP 25WB+ 

CAJ3031   CP 25N/S, CP 25S/L 

CAJ3041   2000, 2000+, 2003 

CAJ3044   CS-195+, FS-195+ 

 
WL3001   CP 25, MPS-2+ 

WL3008   2000+ 

WL3009   2000+ 

WL3015   CP 25WB+, CP 

25N/S 

WL3022   2000+ 

WL3030   FS-195+ 

WL3031   MPS-2+ 

WL3032   CP 25WB+ 

WL3041   2000+ 

WL3051   CP 25N/S 

WL3056   CP25N/S 

WL3062   CP 25WB+ 

 
FC3001   CP 25S/L, CP 

25N/S 

FC3002   2000+ 

FC3003   2000, 2000+, 

20003 

FC3007   CP 25WB+, 

MPS-2+ 

FC3008   FS-195+ NOT FOR B
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PENETRA

TING   

ITEM 

 
     CONCRETE 

 
     GYPSUM 

 
  WOOD FLOOR/  

CEILING 

CAJ3058   FS-195+, MPS-2+ 

CAJ3071   CP 25N/S, CP 25S/L 

CAJ3074   CP 25N/S, CP 25S/L 

CAJ3075   2001 

CAJ3080   CP 25WB+ 

 

CBJ3016   CS-195+, FS-195+ 

CBJ3017   CS-195+, MPS-2+ 

 

FA3001   CP 25WB+ 

 

FB3004   CS-195+, MP 

 

WJ3015   2001 

WJ3016   2001 

 
 
   Mixed 

Penetrating 

  Items 

  Combos 

 
CAJ8001   CS-195+ FS-195+ 

CAJ8003   2000, 2000+, 20003 

CAJ8004   2000, 2000+, 20003 

CAJ8006   2001 

CAJ8013   FS-195+, CP 25 

 

CBJ8004   CS-195, FS-195+ 

CBJ8005   CS-195+, MPS-2+ 

CBJ8008   2001 

 

FA8001   FS-195+, CP 25WB+ 

 

 
WL8002   CS-195+, FS-

195+ 

 
 

 

 * Underwriter's Laboratories, Inc., Fire Resistance Directory.  

 

END OF SECTION 
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SECTION 26 05 29 

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1.    GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Hangers and supports for electrical equipment and systems. 

2. Construction requirements for concrete bases. 

B. Related Sections include the following: 

1. Metal Fabrications – For requirements for miscellaneous metal items involved in 

supports and fastenings. 

2. Joint Sealants – For requirements for firestopping at sleeves through walls and floors that 

are fire barriers. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. IMC:  Intermediate metal conduit. 

C. RMC:  Rigid metal conduit. 

1.4 PERFORMANCE REQUIREMENTS 

A. Design supports for multiple raceways capable of supporting combined weight of supported 

systems and its contents. 

B. Design equipment supports capable of supporting combined operating weight of supported 

equipment and connected systems and components. 

C. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads 

calculated or imposed for this Project, with a minimum structural safety factor of five times the 

applied force. 
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1.5 SUBMITTALS 

A. Product Data:  For the following: 

1. Steel slotted support systems. 

1.6 QUALITY ASSURANCE 

A. Comply with NFPA 70. 

1.7 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 

reinforcement, and formwork requirements are specified in Division 03. 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items 

are specified in Division 07 Section "Roof Accessories" and Division 23. 

PART 2.    PRODUCTS 

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field 

assembly. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following: 

a. Allied Tube & Conduit. 

b. Cooper B-Line, Inc.; a division of Cooper Industries. 

c. ERICO International Corporation. 

d. GS Metals Corp. 

e. Thomas & Betts Corporation. 

f. Unistrut; Tyco International, Ltd. 

g. Wesanco, Inc. 

2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to 

MFMA-4. 

3. Painted Coatings:  Manufacturer's standard painted coating applied according to MFMA-

4. 

4. Channel Dimensions:  Selected for applicable load criteria. 

B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101. 

C. Conduit and Cable Support Devices:  Steel and malleable-iron hangers, clamps, and associated 

fittings, designed for types and sizes of raceway or cable to be supported. 
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D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of 

threaded body and insulating wedging plug or plugs for non-armored electrical conductors or 

cables in riser conduits.  Plugs shall have number, size, and shape of conductor gripping pieces 

as required to suit individual conductors or cables supported.  Body shall be malleable iron. 

E. Structural Steel for Fabricated Supports and Restraints:  ASTM A 36/A 36M, steel plates, 

shapes, and bars; black and galvanized. 

F. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or 

their supports to building surfaces include the following: 

1. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement 

concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for 

supported loads and building materials where used. 

a. Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the 

following: 

1) Hilti Inc. 

2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 

3) MKT Fastening, LLC. 

4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit. 

2. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated steel, for use in 

hardened portland cement concrete with tension, shear, and pullout capacities appropriate 

for supported loads and building materials in which used. 

a. Available Manufacturers:  Subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the Work include, but are not 

limited to, the following: 

1) Cooper B-Line, Inc.; a division of Cooper Industries. 

2) Empire Tool and Manufacturing Co., Inc. 

3) Hilti Inc. 

4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 

5) MKT Fastening, LLC. 

3. Concrete Inserts:  Steel or malleable-iron, slotted support system units similar to MSS 

Type 18; complying with MFMA-4 or MSS SP-58. 

4. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for 

attached structural element. 

5. Through Bolts:  Structural type, hex head, and high strength.  Comply with 

ASTM A 325. 

6. Toggle Bolts:  All-steel springhead type. 

7. Hanger Rods:  Threaded steel. 

2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions 

of supported equipment. 
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B. Materials:  Comply with requirements in Division 05 Section "Metal Fabrications" for steel 

shapes and plates. 

C. Submit structural calculations for load and strength of each component and detailing of each 

assembly. 

PART 3.    EXECUTION 

3.1 APPLICATION 

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical 

equipment and systems except if requirements in this Section are stricter. 

B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for 

EMT, IMC, and RMC as required by NFPA 70.  Minimum rod size shall be 1/4 inch (6 mm) in 

diameter. 

C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel slotted or 

other support system, sized so capacity can be increased by at least 25 percent in future without 

exceeding specified design load limits. 

1. Secure raceways and cables to these supports with two-bolt conduit clamps. 

3.2 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this 

Article. 

B. Strength of Support Assemblies:  Where not indicated, select sizes of components so strength 

will be adequate to carry present and future static loads within specified loading limits.  

Minimum static design load used for strength determination shall be weight of supported 

components plus 200 lb (90 kg). 

C. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and fasten 

electrical items and their supports to building structural elements by the following methods 

unless otherwise indicated by code: 

1. To Wood:  Fasten with lag screws or through bolts. 

2. To New Concrete:  Bolt to concrete inserts. 

3. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion anchor 

fasteners on solid masonry units. 

4. To Existing Concrete:  Expansion anchor fasteners. 

5. To Steel:  Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69. 

6. To Light Steel:  Sheet metal screws. 

7. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount cabinets, 

panelboards, disconnect switches, control enclosures, pull and junction boxes, 

transformers, and other devices on slotted-channel racks attached to substrate. 
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D. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing 

bars. 

3.3 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Comply with installation requirements in Division 05 Section "Metal Fabrications" for site-

fabricated metal supports. 

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation 

to support and anchor electrical materials and equipment. 

C. Field Welding:  Comply with AWS D1.1/D1.1M. 

3.4 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated but not less than 4 inches (100 mm) larger in 

both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters 

from edge of the base. 

B. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete. Concrete materials, 

reinforcement, and placement requirements are specified in Section 033000 "Cast-in-Place 

Concrete."  

C. Anchor equipment to concrete base as follows: 

1. Place and secure anchorage devices. Use supported equipment manufacturer's setting 

drawings, templates, diagrams, instructions, and directions furnished with items to be 

embedded. 

2. Install anchor bolts to elevations required for proper attachment to supported equipment. 

3. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 

3.5 PAINTING 

 

A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately 

after erecting hangers and supports.  Use same materials as used for shop painting.  Comply 

with SSPC-PA 1 requirements for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils (0.05 

mm). 

B. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply 

galvanizing-repair paint to comply with ASTM A 780. 
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SECTION 26 05 33 

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1.   GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring. 

B. Related Requirements:  Section 16 “Underground Ducts and Raceways for Electrical Systems” 

for exterior ductbanks, manholes, and underground utility construction. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. FMC:  Flexible metal conduit. 

C. IMC:  Intermediate metal conduit. 

D. LFMC:  Liquidtight flexible metal conduit. 

E. LFNC:  Liquidtight flexible nonmetallic conduit. 

F. RNC:  Rigid nonmetallic conduit. 

1.4 SUBMITTALS 

A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover 

enclosures, and cabinets. 

B. Shop Drawings:  For the following raceway components.  Include plans, elevations, sections, 

details, and attachments to other work. 

1. Custom enclosures and cabinets. 

C. Coordination Drawings:  Conduit routing plans, drawn to scale, on which the following items 

are shown and coordinated with each other, based on input from installers of the items involved: 

1. Structural members in the paths of conduit groups with common supports. 
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2. HVAC and plumbing items and architectural features in the paths of conduit groups with 

common supports. 

D. Source quality-control test reports. 

1.5 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 

intended use. 

B. Comply with NFPA 70. 

PART 2.   PRODUCTS 

2.1 METAL CONDUIT AND TUBING 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. AFC Cable Systems, Inc. 

2. Allied Tube & Conduit; a Tyco International Ltd. Co. 

3. Electri-Flex Co. 

B. Rigid Steel Conduit:  ANSI C80.1. 

C. IMC:  ANSI C80.6. 

D. PVC-Coated Steel Conduit:  PVC-coated rigid steel conduit 

1. Comply with NEMA RN 1. 

2. Coating Thickness:  0.040 inch (1 mm), minimum. 

E. EMT:  ANSI C80.3. 

F. FMC:  Zinc-coated steel. 

G. LFMC:  Flexible steel conduit with PVC jacket. 

H. Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:  

NEMA FB 1; listed for type and size raceway with which used, and for application and 

environment in which installed. 

1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886. 

2. Fittings for EMT:  Steel or die-cast or compression type. 

3. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated 

for environmental conditions where installed, and including flexible external bonding 

jumper. 
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I. Joint Compound for Rigid Steel Conduit or IMC:  Listed for use in cable connector assemblies, 

and compounded for use to lubricate and protect threaded raceway joints from corrosion and 

enhance their conductivity. 

2.2 NONMETALLIC CONDUIT AND TUBING 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. AFC Cable Systems, Inc. 

2. Anamet Electrical, Inc.; Anaconda Metal Hose. 

3. Arnco Corporation. 

4. Electri-Flex Co. 

B. RNC:  NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated. 

C. LFNC:  UL 1660. 

D. Fittings for RNC:  NEMA TC 3; match to conduit or tubing type and material. 

E. Fittings for LFNC:  UL 514B. 

2.3 METAL WIREWAYS AND AUXILIARY GUTTERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Cooper B-Line, Inc. 

2. Hoffman. 

3. Mono-Systems, Inc. 

4. Square D. 

B. Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1 unless otherwise 

indicated, and sized according to NFPA 70. 

1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a 

qualified testing agency, and marked for intended location and application. 

C. Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters, 

hold-down straps, end caps, and other fittings to match and mate with wireways as required for 

complete system. 

D. Wireway Covers: Hinged type unless otherwise indicated. 

E. Finish: Manufacturer's standard enamel finish. NOT FOR B
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2.4 SURFACE RACEWAYS 

A. Listing and Labeling: Surface raceways shall be listed and labeled as defined in NFPA 70, by a 

qualified testing agency, and marked for intended location and application. 

B. Surface Metal Raceways: Galvanized steel, dual compartment type with snap-on covers 

complying with UL 5. Manufacturer's standard enamel finish in color selected by Architect.  

Provide devices in multi-outlet assembly as indicated on the drawings.  Provide all components, 

fittings, etc. required for a complete installation. 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 

a. Wiremold / Legrand 

b. Mono-Systems, Inc. 

c. Panduit Corp. 

d. Hubbell. 

2.5 BOXES, ENCLOSURES, AND CABINETS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 

products that may be incorporated into the Work include, but are not limited to, the following: 

1. Cooper Crouse-Hinds; Div. of Cooper Industries, Inc. 

2. Erickson Electrical Equipment Company. 

3. Hoffman. 

4. O-Z/Gedney; a unit of General Signal. 

5. Spring City Electrical Manufacturing Company. 

6. Thomas & Betts Corporation. 

7. Walker Systems, Inc.; Wiremold Company (The). 

B. Sheet Metal Outlet and Device Boxes:  NEMA OS 1. 

C. Cast-Metal Outlet and Device Boxes:  NEMA FB 1, aluminum, Type FD, with gasketed cover. 

D. Nonmetallic Outlet and Device Boxes:  NEMA OS 2. 

E. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1. 

F. Cast-Metal Access, Pull, and Junction Boxes:  NEMA FB 1, cast aluminum with gasketed 

cover. 

G. Box extensions used to accommodate new building finishes shall be of same material as 

recessed box. 

H. Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm deep. 

I. Gangable boxes are allowed. 

J. Hinged-Cover Enclosures:  NEMA 250, Type 1, with continuous-hinge cover with flush latch, 

unless otherwise indicated. 
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1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel. 

2. Interior Panels: Steel; all sides finished with manufacturer's standard enamel. 

K. Cabinets: 

1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable 

front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 

3. Key latch to match panelboards. 

4. Metal barriers to separate wiring of different systems and voltage. 

5. Accessory feet where required for freestanding equipment. 

PART 3.   EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors:  Apply raceway products as specified below, unless otherwise indicated: 

1. Exposed Conduit:  Rigid steel conduit. 

2. Concealed Conduit, Aboveground:  Rigid steel conduit. 

3. Underground Conduit: RNC, Type EPC-40-PVC, direct buried, unless otherwise noted. 

4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): LFMC 

5. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R. 

B. Comply with the following indoor applications, unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage:  EMT. 

2. Exposed, Not Subject to Severe Physical Damage:  EMT. 

3. Exposed and Subject to Severe Physical Damage:  Rigid steel conduit.  Includes 

raceways in the following locations: 

a. Loading dock. 

b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units. 

c. Mechanical rooms to 8’ AFF. 

4. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 

5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment):  LFMC. 

6. Damp or Wet Locations:  Rigid steel conduit. 

7. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4X, stainless 

steel in damp or wet locations. 

C. Minimum Raceway Size: 3/4-inch (21-mm) trade size. 

D. Raceway Fittings:  Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings, unless 

otherwise indicated. 

2. EMT: Use compression, steel fittings. Comply with NEMA FB 2.10. 
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3. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with 

NEMA FB 2.20. 

E. Install surface raceways only in finished spaces where concealment of conduit in existing walls 

is not feasible. 

3.2 INSTALLATION 

A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2 

except where requirements on Drawings or in this Article are stricter. 

B. Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-

water pipes.  Install horizontal raceway runs above water and steam piping. 

C. Complete raceway installation before starting conductor installation. 

D. Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical 

Systems." 

E. Arrange stub-ups so curved portions of bends are not visible above the finished slab. 

F. Install no more than the equivalent of three 90-degree bends in any conduit run except for 

communications conduits, for which fewer bends are allowed. 

G. Conceal conduit and EMT within accessible ceilings space unless otherwise indicated.  Install 

conduits parallel or perpendicular to building lines. 

H. Support conduit within 12 inches (300 mm) of enclosures to which attached . 

I. Stub-ups to Above Recessed Ceilings: 

1. Use EMT, or RMC for raceways. 

2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 

in an enclosure. 

J. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply 

listed compound to threads of raceway and fittings before making up joints.  Follow compound 

manufacturer's written instructions. 

K. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings 

to protect conductors, including conductors smaller than No. 4 AWG. 

L. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install 

locknuts hand tight plus 1/4 turn more. 

M. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in 

the locknut area prior to assembling conduit to enclosure to assure a continuous ground path. 

N. Cut conduit perpendicular to the length. For conduits 2-inch (53-mm) trade size and larger, use 

roll cutter or a guide to make cut straight and perpendicular to the length. 
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O. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not 

less than 200-lb (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end 

of pull wire. Cap underground raceways designated as spare above grade alongside raceways in 

use. 

P. Surface Raceways: 

1. Install surface raceway with a minimum 2-inch (50-mm) radius control at bend points. 

2. Secure surface raceway with screws or other anchor-type devices at intervals not 

exceeding 48 inches (1200 mm) and with no less than two supports per straight raceway 

section. Support surface raceway according to manufacturer's written instructions. Tape 

and glue are not acceptable support methods. 

3. Two-hole straps are required.  

Q. Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with 

listed sealing compound.  For concealed raceways, install each fitting in a flush steel box with a 

blank cover plate having a finish similar to that of adjacent plates or surfaces.  Install raceway 

sealing fittings at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 

spaces. 

2. Where otherwise required by NFPA 70. 

R. Expansion-Joint Fittings for RNC:  Install in each run of aboveground conduit that is located 

where environmental temperature change may exceed 30 deg F (17 deg C), and that has 

straight-run length that exceeds 25 feet (7.6 m). 

1. Install expansion-joint fittings for each of the following locations, and provide type and 

quantity of fittings that accommodate temperature change listed for location: 

a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F (70 deg C) 

temperature change. 

b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F (86 deg C) temperature 

change. 

c. Indoor Spaces:  Connected with the Outdoors without Physical Separation:  125 

deg F (70 deg C) temperature change. 

d. Attics:  135 deg F (75 deg C) temperature change. 

2. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot 

of length of straight run per deg F (0.06 mm per meter of length of straight run per deg C) 

of temperature change. 

3. Install each expansion-joint fitting with position, mounting, and piston setting selected 

according to manufacturer's written instructions for conditions at specific location at the 

time of installation. 

3.3 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply 

with requirements in Division 26 Section "Basic Electrical Materials and Methods." 
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3.4 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore 

original fire-resistance rating of assembly.  Firestopping materials and installation requirements 

are specified in Division 26 Section "Electrical Firestopping." 

3.5 PROTECTION 

A. Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are 

without damage or deterioration at time of Substantial Completion. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 

manufacturer. 

2. Repair damage to PVC or paint finishes with matching touchup coating recommended by 

manufacturer. 

END OF SECTION 
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SECTION 26 05 53 

IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1.   GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Identification for raceways. 

2. Identification of power and control cables. 

3. Identification for conductors. 

4. Underground-line warning tape. 

5. Warning labels and signs. 

6. Instruction signs. 

7. Equipment identification labels. 

8. Miscellaneous identification products. 

1.3 SUBMITTALS 

A. Product Data:  For each electrical identification product indicated. 

1.4 QUALITY ASSURANCE 

A. Comply with ANSI A13.1 and IEEE C2. 

B. Comply with NFPA 70. 

C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 

D. Comply with ANSI Z535.4 for safety signs and labels. 

E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks 

used by label printers, shall comply with UL 969. 

1.5 COORDINATION 

A. Coordinate identification names, abbreviations, colors, and other features with requirements in 

other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's 
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wiring diagrams, and the Operation and Maintenance Manual; and with those required by codes, 

standards, and 29 CFR 1910.145.  Use consistent designations throughout Project. 

B. Coordinate installation of identifying devices with completion of covering and painting of 

surfaces where devices are to be applied. 

C. Coordinate installation of identifying devices with location of access panels and doors. 

D. Install identifying devices before installing acoustical ceilings and similar concealment. 

PART 2.   PRODUCTS 

2.1 POWER RACEWAY IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of 

color field for each raceway size. 

B. Colors for Raceways Carrying Circuits at 600 V or Less: 

1. Black letters on an orange field for normal feeders, black letters on a yellow field for 

emergency feeders. 

2. Legend:  Indicate voltage and system or service type. 

C. Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, 

flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway 

or cable it identifies and to stay in place by gripping action. 

2.2 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of 

color field for each cable size. 

B. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with 

diameter sized to suit diameter of cable it identifies and to stay in place by gripping action. 

2.3 CONDUCTOR IDENTIFICATION MATERIALS 

A. Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils (0.08 

mm) thick by 1 to 2 inches (25 to 50 mm) wide. 

2.4 UNDERGROUND-LINE WARNING TAPE 

A. Tape: 

 

1. Recommended by manufacturer for the method of installation and suitable to identify and 

locate underground electrical and communications utility lines. 

2. Printing on tape shall be permanent and shall not be damaged by burial operations. 
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3. Tape material and ink shall be chemically inert, and not subject to degrading when 

exposed to acids, alkalis, and other destructive substances commonly found in soils. 

B. Color and Printing: 

 

1. Comply with ANSI Z535.1 through ANSI Z535.5. 

2. Inscriptions for Red-Colored Tapes: ELECTRIC LINE, HIGH VOLTAGE. 

3. Inscriptions for Orange-Colored Tapes: TELEPHONE CABLE, CATV CABLE, 

COMMUNICATIONS CABLE, OPTICAL FIBER CABLE. 

C. Tag:  

 

1. Multilayer laminate consisting of high-density polyethylene scrim coated with pigmented 

polyolefin, bright-colored, continuous-printed on one side with the inscription of the 

utility, compounded for direct-burial service. 

2. Thickness: 12 mils (0.3 mm). 

3. Weight: 36.1 lb/1000 sq. ft. (17.6 kg/100 sq. m). 

4. 3-Inch (75-mm) Tensile According to ASTM D 882: 400 lbf (1780 N), and 11,500 psi 

(79.2 MPa). 

2.5 WARNING LABELS AND SIGNS 

A. Comply with NFPA 70 and 29 CFR 1910.145. 

B. Baked-Enamel Warning Signs: 

 

1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size 

required for application. 

2. 1/4-inch (6.4-mm) grommets in corners for mounting. 

3. Nominal size, 7 by 10 inches (180 by 250 mm). 

C. Metal-Backed, Butyrate Warning Signs: 

 

1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-

inch (1-mm) galvanized-steel backing; and with colors, legend, and size required for 

application. 

2. 1/4-inch (6.4-mm) grommets in corners for mounting. 

3. Nominal size, 10 by 14 inches (250 by 360 mm). 

D. Warning label and sign shall include, but are not limited to, the following legends: 

 

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - 

EQUIPMENT HAS MULTIPLE POWER SOURCES." 

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN 

FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES 

(915 MM)." 

2.6 EQUIPMENT IDENTIFICATION LABELS 

A. Engraved, Laminated Acrylic or Melamine Label: Punched or drilled for screw mounting. 

White letters on a dark-gray background. Minimum letter height shall be 3/8 inch (10 mm). 
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B. Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height shall be 

1 inch (25 mm. 

2.7 CABLE TIES 

A. General-Purpose Cable Ties: Fungus inert, self extinguishing, one piece, self locking, Type 6/6 

nylon. 

 

1. Minimum Width: 3/16 inch (5 mm). 

2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 12,000 psi (82.7 

MPa). 

3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 

4. Color: Black except where used for color-coding. 

B. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, 

self extinguishing, one piece, self locking, Type 6/6 nylon. 

 

1. Minimum Width: 3/16 inch (5 mm). 

2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 12,000 psi (82.7 

MPa). 

3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 

4. Color: Black. 

C. Plenum-Rated Cable Ties: Self extinguishing, UV stabilized, one piece, self locking. 

 

1. Minimum Width: 3/16 inch (5 mm). 

2. Tensile Strength at 73 deg F ((23 deg C)), According to ASTM D 638: 7000 psi (48.2 

MPa). 

3. UL 94 Flame Rating: 94V-0. 

4. Temperature Range: Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C). 

5. Color: Black. 

2.8 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for paint materials and application 

requirements. Select paint system applicable for surface material and location (exterior or 

interior). 

B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine 

screws with nuts and flat and lock washers. 

PART 3.   EXECUTION 

3.1 INSTALLATION 

A. Verify identity of each item before installing identification products. 

B. Location: Install identification materials and devices at locations for most convenient viewing 

without interference with operation and maintenance of equipment. 
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C. Apply identification devices to surfaces that require finish after completing finish work. 

D. Self-Adhesive Identification Products: Clean surfaces before application, using materials and 

methods recommended by manufacturer of identification device. 

E. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners 

appropriate to the location and substrate. 

F. System Identification Color-Coding Bands for Raceways and Cables: Each color-coding band 

shall completely encircle cable or conduit. Place adjacent bands of two-color markings in 

contact, side by side. Locate bands at changes in direction, at penetrations of walls and floors, at 

50-foot (15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum intervals 

in congested areas. 

G. Cable Ties: For attaching tags. Use general-purpose type, except as listed below: 

 

1. Outdoors: UV-stabilized nylon. 

2. In Spaces Handling Environmental Air: Plenum rated. 

H. Underground-Line Warning Tape: During backfilling of trenches install continuous 

underground-line warning tape directly above line at 6 to 8 inches (150 to 200 mm) below 

finished grade. Use multiple tapes where width of multiple lines installed in a common trench or 

concrete envelope exceeds 16 inches (400 mm) overall. 

I. Painted Identification: Comply with requirements in painting Sections for surface preparation 

and paint application. 

3.2 IDENTIFICATION SCHEDULE 

A. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch 

Circuits More Than 50A, and 120 V to ground: Identify with snap around label applied in 

bands. Install labels at 10-foot (3-m) maximum intervals. 

B. Accessible Raceways and Cables within Buildings: Identify the covers of each junction and pull 

box of the following systems with self-adhesive vinyl labels with the wiring system legend and 

system voltage. System legends shall be as follows: 

 

1. Emergency Power - Yellow. 

2. Power - Orange. 

3. Fire Alarm System – Red. 

4. Security System – Blue and Yellow.\ 

5. Mechanical and Electrical Supervisory System – Green and Blue. 

6. Telecommunications Systems – Green and Yellow. 

7. Control Wiring – Green and Red. 

C. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and 

junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase. 

 

1. Color-Coding for Phase and Voltage Level Identification, 600 V or Less: Use colors 

listed below for ungrounded service, feeder, and branch-circuit conductors. 

a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG, if 

authorities having jurisdiction permit. 
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b. Colors for 208/120-V Circuits: 

1) Phase A: Black. 

2) Phase B: Red. 

3) Phase C: Blue. 

c. Colors for 480/277-V Circuits: 

1) Phase A: Brown. 

2) Phase B: Orange. 

3) Phase C: Yellow. 

d. All control wiring shall be color coded when using wires of different color from 

the type used to designate phase wires. 

e. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a 

minimum distance of 6 inches (150 mm) from terminal points and in boxes where 

splices or taps are made. Apply last two turns of tape with no tension to prevent 

possible unwinding. Locate bands to avoid obscuring factory cable markings. 

f. All emergency wiring shall have the same color-coding, but shall be clearly 

identified as emergency in all outlets, fixtures, etc. 

D. Power-Circuit Conductor Identification, More than 600 V: For conductors in vaults, pull and 

junction boxes, manholes, and handholes, use nonmetallic plastic tag holder with adhesive-

backed phase tags, and a separate tag with the circuit designation. 

E. Install instructional sign including thecolor-code for grounded and ungrounded conductors 

using adhesive-film-type labels. 

F. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, 

manholes, and handholes, use self-adhesive vinyl labels with the conductor or cable 

designation, origin, and destination. 

G. Control-Circuit Conductor Termination Identification: For identification at terminations provide 

self-adhesive vinyl labels with the conductor designation. 

H. Conductors to Be Extended in the Future: Attach marker tape to conductors and list source. 

I. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, 

and signal connections. 

 

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and 

pull points. Identify by system and circuit designation. 

2. Use system of marker tape designations that is uniform and consistent with system used 

by manufacturer for factory-installed connections. 

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the 

Operation and Maintenance Manual. 

J. Locations of Underground Lines: Identify with underground-line warning tape for power, 

lighting, communication, and control wiring and optical fiber cable. 

 

1. Limit use of underground-line warning tape to direct-buried cables. 

2. Install underground-line warning tape for both direct-buried cables and cables in 

raceway. 

K. Workspace Indication: Install floor marking tape to show working clearances in the direction of 

access to live parts. Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless 
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otherwise indicated. Do not install at flush-mounted panelboards and similar equipment in 

finished spaces. 

L. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Baked-

enamel warning signs or Metal-backed, butyrate warning signs. 

 

1. Comply with 29 CFR 1910.145. 

2. Identify system voltage with black letters on an orange background. 

3. Apply to exterior of door, cover, or other access. 

4. For equipment with multiple power or control sources, apply to door or cover of 

equipment including, but not limited to, the following: 

a. Power transfer switches. 

b. Controls with external control power connections. 

M. Operating Instruction Signs: Install instruction signs to facilitate proper operation and 

maintenance of electrical systems and items to which they connect. Install instruction signs with 

approved legend where instructions are needed for system or equipment operation. 

N. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red 

background with minimum 3/8-inch- (10-mm-) high letters for emergency instructions at 

equipment used for power transfer. 

O. Equipment Identification Labels: On each unit of equipment, install unique designation label 

that is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual. 

Apply labels to disconnect switches and protection equipment, central or master units, control 

panels, control stations, terminal cabinets, and racks of each system. Systems include power, 

lighting, control, communication, signal, monitoring, and alarm systems unless equipment is 

provided with its own identification. 

 

1. Labeling Instructions: 

a. Indoor Equipment: Engraved, laminated acrylic or melamine label. Unless 

otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high 

letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are required, use 

labels 2 inches (50 mm) high. 

b. Outdoor Equipment: Engraved, laminated acrylic or melamine label. 

c. Elevated Components: Increase sizes of labels and letters to those appropriate for 

viewing from the floor. 

d. Unless provided with self-adhesive means of attachment, fasten labels with 

appropriate mechanical fasteners that do not change the NEMA or NRTL rating of 

the enclosure. 

2. Equipment to Be Labeled: 

a. Panelboards: Typewritten directory of circuits in the location provided by 

panelboard manufacturer. Panelboard identification shall be engraved, laminated 

acrylic or melamine label,  “Panel (designation), Served from (designation).”  

b. Enclosures and electrical cabinets. 

c. Access doors and panels for concealed electrical items. 

d. Switchgear. 

e. Switchboards. 

f. Transformers: Label that includes tag designation shown on Drawings for the 

transformer, feeder, and panelboards or equipment supplied by the secondary. 

g. Substations. 

h. Emergency system boxes and enclosures. 

NOT FOR B
ID

DIN
G P

URPOSES



200-163183-17001-07  HVAC IMPROVEMENTS 

  STOKES ELEMENTARY SCHOOL  

 

 

IDENTIFICATION FOR ELECTRICAL SYSTEMS   Tetra Tech 

26 05 53 - 8 

i. Motor-control centers. 

j. Enclosed switches. 

k. Enclosed circuit breakers. 

l. Enclosed controllers. 

m. Variable-speed controllers. 

n. Push-button stations. 

o. Power transfer equipment. 

p. Contactors. 

q. Remote-controlled switches, dimmer modules, and control devices. 

r. Battery-inverter units. 

s. Battery racks. 

t. Power-generating units. 

u. Monitoring and control equipment. 

v. UPS equipment. 

 

END OF SECTION 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS  200-163183-17001-07 

STOKES ELEMENTARY SCHOOL 

 

Tetra Tech   PANELBOARDS 

  26 24 16-1 

SECTION 26 24 16 

 

PANELBOARDS 

 

PART 1.  GENERAL 

 

1.1. RELATED DOCUMENTS 

 

A. Drawings and general provision of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section 

 

1.2. SUMMARY 

 

A. This Section includes distribution panelboards, lighting and power panelboards and 

fusible circuit breaker panelboards with associated auxiliary equipment rated 600 V and 

less. 

 

B. Related Sections include the following: 

 

1. Division 26 Section “Common Work Results for Electrical” for general materials 

and installation methods. 

 

2. Division 26 Section “Electrical Identification” for labeling materials. 

 

1.3. SUBMITTALS 

 

A. Product Data:  For each type of panelboard, accessory item, and component specified. 

 

B. Shop Drawings:  For panelboards.  Include dimensioned plans, sections, and elevations.  

Show tabulations of installed devices, major features, and voltage rating.  Include the 

following: 

 

1. Enclosure type with details for types other than NEMA 250, Type 1. 

 

2. Bus configuration and current ratings. 

 

3. Short-circuit current rating of panelboard. 

 

4. Features, characteristics, ratings, and factory settings of individual protective 

devices and auxiliary components. 

 

5. Wiring Diagrams:  Details of schematic diagram including control wiring and 

differentiating between manufacturer-installed and field-installed wiring. 

 

C. Qualification Data:  For firms and persons specified in Quality Assurance Article. 

D. Seismic Qualification Certificates: Submit certification that panelboards, overcurrent 

protective devices, accessories, and components will withstand seismic forces defined in 

Section 260548 "Seismic Controls for Electrical Systems." Include the following: 
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1. Basis for Certification: Indicate whether withstand certification is based on actual 

test of assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and 

locate and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is 

based and their installation requirements. 

E. Field Test Reports:  Indicate and interpret test results for compliance with performance 

requirements. 

 

F. Panelboard Schedules:  For installation in panelboards.  Submit final versions after load 

balancing. 

 

G. Maintenance Data:  For panelboard components to include in the Operation and 

Maintenance Manuals specified in Division 01.   

 

H. Project Record Data:  Record actual locations of products, indicated actual branch circuit 

arrangement. 

 

1.4. QUALITY ASSURANCE 

 

A. Testing Agency Qualifications:  In addition to the requirements specified in Division 01 

Section Quality Control an independent testing agency shall meet OSHA criteria for 

accreditation of testing laboratories, Title 29, Part 1907, or shall be a full member 

company of the International Electrical Testing Association. 

 

1. Testing Agency's Field Supervisor:  Person currently certified by the 

International Electrical Testing Association or National Institute for Certification 

in Engineering Technologies, to supervise on-site testing specified in Part 3 of 

this Section. 

 

B. Listing and Labeling:  Provide products specified in this Section that are listed and 

labeled. 

 

1. The Terms Listed and Labeled:  As defined in the National Electrical Code, 

Article 100. 

 

2. Listing and Labeling Agency Qualifications:  A Nationally Recognized Testing 

Laboratory as defined in OSHA Regulation 1910.7. 

 

C. Comply with NFPA 70, National Electrical Code. 

 

D. Comply with NEMA AB1, Molded Case Circuit Breakers. 

 

E. Comply with NEMA PB1, Panelboards. 

 

F. Comply with NEMA PB1.1, Instructions for Safe Installation, Operation & Maintenance 

of Panelboards Rated 600 Volts or Less. 
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1.5. EXTRA MATERIALS 

 

A. Furnish extra materials that match products installed and that are packaged with 

protective covering for storage and identified with labels describing contents. 

1. Keys:  2 spares of each type for panelboard cabinet lock. 

2. Circuit Breakers Including GFCI and Ground Fault Equipment Protection 

(GFEP) Types: Two spares for each panelboard. 

3. Fuses for Fused Switches: Equal to 10 percent of quantity installed for each size 

and type, but no fewer than three of each size and type. 

4. Fuses for Fused Power-Circuit Devices: Equal to 10 percent of quantity installed 

for each size and type, but no fewer than three of each size and type. 

1.6. DELIVERY, STORAGE, AND HANDLING 

A. Remove loose packing and flammable materials from inside panelboards; install 

temporary electric heating (250 W per panelboard) to prevent condensation. 

B. Handle and prepare panelboards for installation according to NEMA PB 1. 

1.7. PROJECT CONDITIONS 

A. Environmental Limitations: 

1. Do not deliver or install panelboards until spaces are enclosed and weathertight, 

wet work in spaces is complete and dry, work above panelboards is complete, 

and temporary HVAC system is operating and maintaining ambient temperature 

and humidity conditions at occupancy levels during the remainder of the 

construction period. 

2. Rate equipment for continuous operation under the following conditions unless 

otherwise indicated: 

a). Ambient Temperature: Not exceeding 23 deg F (minus 5 deg C) to plus 

104 deg F (plus 40 deg C). 

b). Altitude: Not exceeding 6600 feet (2000 m). 

B. Service Conditions: NEMA PB 1, usual service conditions, as follows: 

1. Ambient temperatures within limits specified. 

2. Altitude not exceeding 6600 feet (2000 m). 

1.8. COORDINATION 

A. Coordinate layout and installation of panelboards and components with other 

construction that penetrates walls or is supported by them, including electrical and other 

types of equipment, raceways, piping, encumbrances to workspace clearance 

requirements, and adjacent surfaces. Maintain required workspace clearances and 

required clearances for equipment access doors and panels. 
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PART 2. PRODUCTS 

 

2.1. GENERAL REQUIREMENTS FOR PANELBOARDS 

A. Enclosures: Flush- and surface-mounted cabinets. Piano hinged doors and covers. 

1. Rated for environmental conditions at installed location. 

a). Indoor Dry and Clean Locations: NEMA 250, Type 1. 

b). Outdoor Locations: NEMA 250, Type 4. 

c). Kitchen Wash-Down Areas: NEMA 250, Type 4X, stainless steel. 

d). Other Wet or Damp Indoor Locations: NEMA 250, Type 4. 

2. Hinged Front Cover: Entire front trim piano hinged to box and with piano hinged 

door within hinged trim cover. 

3. Finishes: 

a). Panels and Trim: Steel, factory finished immediately after cleaning and 

pretreating with manufacturer's standard two-coat, baked-on finish 

consisting of prime coat and thermosetting topcoat. 

b). Back Boxes: Same finish as panels and trim. 

4. Directory Card: Inside panelboard door, mounted in metal frame with transparent 

protective cover. 

5. Multiple-Section Panelboards shall consist of two or more cabinets with identical 

interiors mounted under separate trims.  Cabinets, trim, and doors shall be of the 

same size.  Main lugs and busses of each section shall be rated as indicated on 

the Drawings.  Where main breakers are indicated in multi-section panelboards, 

the main breaker shall be contained in one section with through-feed lugs and 

sub-feed cables installed within panel, equal to the incoming feeder size.  All 

busses and lugs shall have ampere capacity equal to or greater than the main 

breaker ampere rating.  Loads shall be divided as evenly as practical between the 

sections, in addition to being balanced over the phases. 

B. Incoming Mains Location: Top and bottom. 

C. Phase, Neutral, and Ground Buses: 

1. Material: Hard-drawn copper, 98 percent conductivity. 

2. Equipment Ground Bus: Adequate for feeder and branch-circuit equipment 

grounding conductors; bonded to box. 

3. Isolated Ground Bus: Adequate for branch-circuit isolated ground conductors; 

insulated from box. 

4. Extra-Capacity Neutral Bus: Neutral bus rated 200 percent of phase bus and UL 

listed as suitable for nonlinear loads. 

D. Conductor Connectors: Suitable for use with conductor material and sizes. 
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1. Material: Hard-drawn copper, 98 percent conductivity. 

2. Main and Neutral Lugs: Compression type. 

3. Ground Lugs and Bus-Configured Terminators: Compression type. 

 

4. Feed-Through Lugs: Compression type, suitable for use with conductor material. 

Locate at opposite end of bus from incoming lugs or main device. 

5. Subfeed (Double) Lugs: Compression type suitable for use with conductor 

material. Locate at same end of bus as incoming lugs or main device. 

6. Extra-Capacity Neutral Lugs: Rated 200 percent of phase lugs mounted on extra-

capacity neutral bus. 

E. Service Equipment Label: NRTL labeled for use as service equipment for panelboards or 

load centers with one or more main service disconnecting and overcurrent protective 

devices. 

F. Future Devices: Mounting brackets, bus connections, filler plates, and necessary 

appurtenances required for future installation of devices. 

G. Panelboard Short-Circuit Current Rating: Fully rated to interrupt symmetrical short-

circuit current available at terminals.. 

 

2.2. LIGHTING AND APPLIANCE PANELBOARDS 

 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a 

brand of Schneider Electric or comparable product by one of the following: 

 

1. Eaton Corp.; Cutler-Hammer. 

2. Siemens Energy & Automation, Inc. 

 

B. Panelboards: NEMA PB 1, lighting and appliance branch-circuit type. 

C. Mains: Circuit breaker or lugs only, as indicated. 

D. Branch Overcurrent Protective Devices: Bolt-on circuit breakers, replaceable without 

disturbing adjacent units. 

E. Doors: Piano hinged doors and covers. Concealed hinges; secured with flush latch with 

tumbler lock; keyed alike. 

F. Column-Type Panelboards: Narrow gutter extension, with cover, to overhead junction 

box equipped with ground and neutral terminal buses. 

 

 

2.3. DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a 

brand of Schneider Electric or comparable product by one of the following: 

 

1. Eaton Corp.; Cutler-Hammer. 

2. Siemens Energy & Automation, Inc. 
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B. Molded-Case Circuit Breaker (MCCB): Comply with UL 489, with interrupting capacity 

to meet available fault currents. 

1. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level 

overloads, and instantaneous magnetic trip element for short circuits. Adjustable 

magnetic trip setting for circuit-breaker frame sizes 100A through 225A, field 

adjustable short-time and continuous current setting for frame sizes 250A and 

larger. 

a. Adjustable Instantaneous-Trip Circuit Breakers: Magnetic trip element 

with front-mounted, field-adjustable trip setting. 

b. GFCI Circuit Breakers: Single- and two-pole configurations with 

Class A ground-fault protection (6-mA trip). 

c. Ground-Fault Equipment Protection (GFEP) Circuit Breakers: Class B 

ground-fault protection (30-mA trip). 

d. Arc-Fault Circuit Interrupter (AFCI) Circuit Breakers: Comply with 

UL 1699; 120/240-V, single-pole configuration. 

e. Molded-Case Circuit-Breaker (MCCB) Features and Accessories: 

1). Standard frame sizes, trip ratings, and number of poles. 

2). Lugs: Compression style, suitable for number, size, trip ratings, 

and conductor materials. 

3). Application Listing: Appropriate for application; Type SWD for 

switching fluorescent lighting loads; Type HID for feeding 

fluorescent and high-intensity discharge (HID) lighting circuits. 

4). Shunt Trip: 120 -V trip coil energized from separate circuit, set 

to trip at 55 percent of rated voltage. 

5). Undervoltage Trip: Set to operate at 35 to 75 percent of rated 

voltage without intentional time delay. 

6). Auxiliary Contacts: One SPDT switch with "a" and "b" contacts; 

"a" contacts mimic circuit-breaker contacts and "b" contacts 

operate in reverse of circuit-breaker contacts. 

7). Multipole units enclosed in a single housing or factory 

assembled to operate as a single unit. 

8). Handle Padlocking Device: Fixed attachment, for locking 

circuit-breaker handle in on or off position. 

9). Handle Clamp: Loose attachment, for holding circuit-breaker 

handle in on position. 

 

 

 

2.4. ACCESSORY COMPONENTS AND FEATURES 

A. Accessory Set: Include tools and miscellaneous items required for overcurrent protective 

device test, inspection, maintenance, and operation per manufacturer’s recommendations. 

B. Portable Test Set: Provide for testing functions of solid-state trip devices without 

emoving from panelboard. Include relay and meter test plugs suitable for testing 

panelboard meters and switchboard class relays. 
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PART 3.  EXECUTION 

 

3.1. INSTALLATION 

 

A. Install panelboards and accessory items according to NEMA PB 1.1. 

 

B. Mounting:  Plumb and rigid without distortion of box.  Mount flush panelboards 

uniformly flush with wall finish. 

 

C. Install filler plates in unused spaces. 

 

D. Wiring in Panelboard Gutters:  Arrange conductors into groups, and bundle and wrap 

with wire ties after completing load balancing. 

 

E. Two or three pole circuit breakers shall be common trip type.  Single pole breakers with 

handle ties will not be permitted. 

 

F. Tandem circuit breakers will not be permitted. 

 

G. Multiple-section panelboards, as required by number of branch circuit breakers, shall 

consist of two or more cabinets with identical interiors mounted under separate trims.  

Cabinets, trims, and doors shall be the same size.  Main lugs and busses of each section 

shall be rated as indicated on the Drawings.  Where main breakers are indicated in multi-

section panelboards the main breaker shall be contained in one section with feed-through 

lugs and sub-feed cables installed within panel, equal to the incoming feeder size.  All 

buses and lugs shall have ampere capacity equal to or greater than the main breaker 

ampere rating.  Loads shall be divided as evenly as practical between the sections in 

addition to being balanced over the phases. 

 

H. Provide ground buses in panelboards as indicated on the Drawings.  Ground bus shall be 

similar in all respects to neutral bus. 

 

I. Ground Fault Protection:   Install panelboard ground fault circuit interrupter devices in 

accordance with installation guidelines of NEMA 289, Application Guide for Ground 

Fault Circuit Interrupters.  

 

J. Branch circuit breakers (or switches) serving clocks, telephone and communications 

equipment, refrigerators, exit signs, fire alarm system controls, etc., shall be equipped 

with lock clips to prevent accidental operation. 

 

K. Branch circuit breakers serving electric water coolers shall be GFCI type for personnel 

protection (5mA). 

 

L. Branch circuit breakers serving vending machines shall be GFCI type for personnel 

protection (5mA). 

 

M. Branch circuit breakers serving receptacles and appliances located under kitchen 

ventilation hoods shall be equipped with shunt-trip mechanisms. 
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N. Height:   Six-feet, six-inches to top of panelboard; install panelboards taller than 6 feet 

with bottom no more than 4 inches above the floor.  Top breaker maximum height not to 

exceed 6 feet 8 inches. 

 

O. Do not energize or connect service-entrance equipment and panelboards to their sources 

until surge protective devices are properly installed and connected. 

 

3.2. IDENTIFICATION 

 

A. Identify field-installed wiring and components and provide warning signs as specified in 

Division 26 Section “Electrical Identification”. 

 

B. Panelboard Nameplates:  Label each panelboard with engraved laminated-plastic or metal 

nameplates mounted with corrosion-resistant screws. 

 

C. Device Nameplates: Label each branch circuit device in distribution panelboards with a 

nameplate complying with requirements for identification specified in Section 260553 

"Identification for Electrical Systems." 

 

D. Panelboard Circuit Directories:  Provide a typewritten directory, indicating plainly what 

each branch circuit of the panelboard serves and where.  Provide additional information 

as required by NEC.  Spaces and spare breakers shall be written in pencil.  Copying of 

Contract Drawing Panel Schedules and Descriptions shall not be acceptable.  Circuit 

directory shall reflect final circuit connections, loads and locations after balancing of 

panelboard loads. 

 

3.3. GROUNDING  

 

A. Make equipment grounding connections for panelboards as indicated. 

 

B. Provide ground continuity to main electrical ground bus as indicated. 

 

3.4. CONNECTIONS 

 

A. Tighten electrical connectors and terminals, including grounding connections, according 

to manufacturer's published torque-tightening values.  Where manufacturer's torque 

values are not indicated, use those specified in UL 486A and UL 486B. 

 

B. Neutral and ground conductors shall be isolated and terminated only at their respective 

bus bars.  There shall only be one neutral-ground connection in service-entrance 

equipment by means of a removable main bonding jumper.  Neutral and ground 

terminations at one bus bar shall not be acceptable. 

 

3.5. FIELD QUALITY CONTROL 

 

A. Prepare for acceptance tests as follows: 
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1. Make insulation-resistance tests of each panelboard bus, component, and 

connecting supply, feeder, and control circuits. 

 

2. Make continuity tests of each circuit. 

 

3. Provide set of Contract Documents to test organization.  Include full updating on 

final system configuration and parameters where they supplement or differ from 

those indicated in the original Contract Documents. 

 

B. Testing Agency:  Provide services of a qualified independent testing agency to perform 

specified testing. 

 

C. Testing:  After installing panelboards and after electrical circuitry has been energized, 

demonstrate product capability and compliance with requirements. 

 

1. Procedures:  Perform each visual and mechanical inspection and electrical test 

stated in NETA ATS, Section 7.5 for switches and Section 7.6 for molded-case 

circuit breakers.  Certify compliance with test parameters. 

 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, remove and replace with new units, and retest. 

 

3. Reports by Testing Organization:  Report written reports of tests and 

observations.  Report defective materials and workmanship and unsatisfactory 

test results.  Include records of repairs and adjustments made. 

 

4. Labeling:   Upon satisfactory completion of tests and related effort, apply a label 

to tested components indicating results of tests and inspections, responsible 

organization and person, and date. 

 

5. Protective Device Ratings and Settings:  Verify indicated ratings and settings to 

be appropriate for final system configuration and parameters.  Where 

discrepancies are found, recommend final protective device ratings and settings.  

Use accepted ratings or settings to make the final system adjustments. 

 

D. Visual and Mechanical Inspection:   Include the following inspections and related work: 

 

1. Inspect for defects and physical damage, labeling, and nameplate compliance 

with requirements of up-to-date drawings and panelboard schedules. 

 

2. Exercise and perform operational tests of all mechanical components and other 

operable devices in accordance with manufacturer’s instruction manual. 

 

3. Check panelboard mounting, area clearances, and alignment and fit of 

components. 

 

4. Check tightness of bolted electrical connections with calibrated torque wrench.  

Refer to manufacturer’s instructions for proper torque values. 
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5. Perform visual and mechanical inspection and related work for over-current 

protective devices. 

 

6. Verify that all neutral conductors are bonded to the system ground at the service-

entrance prior to installation of the surge protective device. 

 

7. Verify that neutral-ground bonds do not exist at locations that are not service 

entrances or separately derived power sources. 

 

E. Electrical Tests:  Include the following items performed in accordance with 

manufacturer’s instructions: 

 

1. Insulation resistance test of buses and portions of control wiring that is 

disconnected from solid-state devices. Insulation resistance less than 100 

megohms is not acceptable. 

 

2. Ground resistance test on system and equipment ground connections. 

 

3. Test main and subfeed over-current protective devices. 

 

4. Test phase loss relay(s) at panelboards to verify that phase loss relays are fully 

operational. 

 

F. Retest:  Correct deficiencies identified by tests and observations and provide retesting of 

panelboards by testing organization.  Verify by the system tests that the total assembly 

meets specified requirements. 

 

3.6. ADJUSTING 

A. Adjust moving parts and operable component to function smoothly, and lubricate as 

recommended by manufacturer. 

B. Set field-adjustable circuit-breaker trip ranges as specified in Section 260573 

"Overcurrent Protective Device Coordination Study." 

C. Load Balancing: After Substantial Completion, but not more than 60 days after Final 

Acceptance, measure load balancing and make circuit changes. 

1. Measure as directed during period of normal system loading. 

2. Perform load-balancing circuit changes outside normal occupancy/working 

schedule of the facility and at time directed. Avoid disrupting critical 24-hour 

services such as fax machines and on-line data processing, computing, 

transmitting, and receiving equipment. 

3. After circuit changes, recheck loads during normal load period. Record all load 

readings before and after changes and submit test records. 

4. Tolerance: Difference exceeding 20 percent between phase loads, within a 

panelboard, is not acceptable. Rebalance and recheck as necessary to meet this 

minimum requirement. 
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3.7. PROTECTION 

A. Temporary Heating: Apply temporary heat to maintain temperature according to 

manufacturer's written instructions. 

 

3.8. CLEANING 

 

A. On completion of installation, inspect interior and exterior of panelboards.  Remove paint 

splatters and other spots, dirt, and debris.  Touch up scratches and mars of finish to match 

original finish. 

 

  

END OF SECTION  
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SECTION 26 27 26 

WIRING DEVICES 

PART 1.   GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Receptacles, receptacles with integral GFCI, and associated device plates. 

2. Weather-resistant receptacles. 

3. Wall-switch. 

1.3 DEFINITIONS 

A. EMI: Electromagnetic interference. 

B. GFCI: Ground-fault circuit interrupter. 

C. Pigtail: Short lead used to connect a device to a branch-circuit conductor. 

D. RFI: Radio-frequency interference. 

E. TVSS: Transient voltage surge suppressor. 

F. UTP: Unshielded twisted pair. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Receptacles for Owner-Furnished Equipment: Match plug configurations. 

2. Cord and Plug Sets: Match equipment requirements. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
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B. Shop Drawings: List of legends and description of materials and process used for premarking 

wall plates. 

1.6 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For wiring devices to include in all manufacturers' packing-

label warnings and instruction manuals that include labeling conditions. 

1.8 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 

covering for storage and identified with labels describing contents. 

1. Floor Service-Outlet Assemblies: One for every 10, but no fewer than one . 

PART 2.   PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers' Names: Shortened versions (shown in parentheses) of the following 

manufacturers' names are used in other Part 2 articles: 

1. Hubbell Incorporated; Wiring Device-Kellems (Hubbell). 

2. Leviton Mfg. Company Inc. (Leviton). 

3. Pass & Seymour/Legrand (Pass & Seymour). 

B. Source Limitations: Obtain each type of wiring device and associated wall plate from single 

source from single manufacturer. 

2.2 GENERAL WIRING-DEVICE REQUIREMENTS 

A. Wiring Devices, Components, and Accessories: Listed and labeled as defined in NFPA 70, by a 

qualified testing agency, and marked for intended location and application. 

B. Comply with NFPA 70. 

C. Devices that are manufactured for use with modular plug-in connectors may be substituted 

under the following conditions: 

1. Connectors shall comply with UL 2459 and shall be made with stranding building wire. 

2. Devices shall comply with the requirements in this Section. 
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2.3 STRAIGHT-BLADE RECEPTACLES 

A. Convenience Receptacles, 125 V, 20 A: Comply with NEMA WD 1, NEMA WD 6 

Configuration 5-20R, UL 498, and FS W-C-596. 

1. Products: Subject to compliance with requirements, provide one of the following: 

a. Hubbell; HBL5351 (single), HBL5352 (duplex). 

b. Leviton; 5891 (single), 5352 (duplex). 

c. Pass & Seymour; 5361 (single), 5362 (duplex). 

2.4 GFCI RECEPTACLES 

A. General Description: 

1. Straight blade, non-feed-through type. 

2. Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-596. 

3. Include indicator light that shows when the GFCI has malfunctioned and no longer 

provides proper GFCI protection. 

B. Duplex GFCI Convenience Receptacles, 125 V, 20 A: 

1. Products: Subject to compliance with requirements provide one of the following: 

a. Hubbell; GFR5352L. 

b. Pass & Seymour; 2095. 

c. Leviton; 7590. 

2.5 TOGGLE SWITCHES 

A. Comply with NEMA WD 1, UL 20, and FS W-S-896. 

B. Switches, 120/277 V, 20 A: 

1. Products: Subject to compliance with requirements, provide one of the following: 

a. Single Pole: 

i. Hubbell; HBL1221. 

ii. Leviton; 1221-2. 

iii. Pass & Seymour; CSB20AC1. 

b. Three Way: 

i. Hubbell; HBL1223. 

ii. Leviton; 1223-2. 

iii. Pass & Seymour; CSB20AC3. 

C. Single-Pole, Double-Throw, Momentary-Contact, Center-off Switches: 120/277 V, 20 A; for 

use with mechanically held lighting contactors. 

1. Products: Subject to compliance with requirements, provide one of the following: 

a. Hubbell; HBL1557. 

b. Leviton; 1257. 
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c. Pass & Seymour; 1251. 

2.6 WALL PLATES 

A. Single and combination types shall match corresponding wiring devices. 

1. Plate-Securing Screws: Metal with head color to match plate finish. 

2. Material for Finished Spaces: Steel with white baked enamel, suitable for field painting 

0.035-inch- (1-mm-) thick, satin-finished, Type 302 stainless steel. 

3. Material for Unfinished Spaces: Galvanized steel. 

4. Material for Damp Locations: Cast aluminum with spring-loaded lift cover, and listed 

and labeled for use in wet and damp locations. 

B. Wet-Location, Weatherproof Cover Plates: NEMA 250, complying with Type 3R, weather-

resistant, die-cast aluminum with lockable cover. 

2.7 FINISHES 

A. Device Color: 

1. Wiring Devices Connected to Normal Power System: Brown unless otherwise indicated 

or required by NFPA 70 or device listing. 

PART 3.   EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise 

indicated. 

B. Coordination with Other Trades: 

1. Protect installed devices and their boxes. Do not place wall finish materials over device 

boxes and do not cut holes for boxes with routers that are guided by riding against outside 

of boxes. 

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, 

paint, and other material that may contaminate the raceway system, conductors, and 

cables. 

3. Install device boxes in brick or block walls so that the cover plate does not cross a joint 

unless the joint is troweled flush with the face of the wall. 

4. Install wiring devices after all wall preparation, including painting, is complete. 

C. Conductors: 

1. Do not strip insulation from conductors until right before they are spliced or terminated 

on devices. 

2. Strip insulation evenly around the conductor using tools designed for the purpose. Avoid 

scoring or nicking of solid wire or cutting strands from stranded wire. 
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3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, 

Article 300, without pigtails. 

4. Existing Conductors: 

a. Cut back and pigtail, or replace all damaged conductors. 

b. Straighten conductors that remain and remove corrosion and foreign matter. 

c. Pigtailing existing conductors is permitted, provided the outlet box is large enough. 

D. Device Installation: 

1. Replace devices that have been in temporary use during construction and that were 

installed before building finishing operations were complete. 

2. Keep each wiring device in its package or otherwise protected until it is time to connect 

conductors. 

3. Do not remove surface protection, such as plastic film and smudge covers, until the last 

possible moment. 

4. Connect devices to branch circuits using pigtails that are not less than 6 inches (152 mm) 

in length. 

5. When there is a choice, use side wiring with binding-head screw terminals. Wrap solid 

conductor tightly clockwise, two-thirds to three-fourths of the way around terminal 

screw. 

6. Use a torque screwdriver when a torque is recommended or required by manufacturer. 

7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice 

No. 12 AWG pigtails for device connections. 

8. Tighten unused terminal screws on the device. 

9. When mounting into metal boxes, remove the fiber or plastic washers used to hold 

device-mounting screws in yokes, allowing metal-to-metal contact. 

E. Receptacle Orientation: 

1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted 

receptacles to the left. 

F. Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and remount 

outlet boxes when standard device plates do not fit flush or do not cover rough wall opening. 

G. Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension vertical 

and with grounding terminal of receptacles on top. Group adjacent switches under single, 

multigang wall plates. 

H. Adjust locations of floor service outlets to suit arrangement of partitions and furnishings. 

3.2 GFCI RECEPTACLES 

A. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is 
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3.3 IDENTIFICATION 

A. Comply with Division 26 Section "Identification for Electrical Systems." 

B. Identify each receptacle with panelboard identification and circuit number. Use hot, stamped, or 

engraved machine printing with black-filled lettering on face of plate, and durable wire markers 

or tags inside outlet boxes. 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Test Instruments: Use instruments that comply with UL 1436. 

2. Test Instrument for Convenience Receptacles: Digital wiring analyzer with digital 

readout or illuminated digital-display indicators of measurement. 

B. Tests for Convenience Receptacles: 

1. Line Voltage: Acceptable range is 105 to 132 V. 

2. Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is unacceptable. 

3. Ground Impedance: Values of up to 2 ohms are acceptable. 

4. GFCI Trip: Test for tripping values specified in UL 1436 and UL 943. 

5. Using the test plug, verify that the device and its outlet box are securely mounted. 

6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit 

breaker, poor connections, inadequate fault current path, defective devices, or similar 

problems. Correct circuit conditions, remove malfunctioning units and replace with new 

ones, and retest as specified above. 

C. Wiring device will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

END OF SECTION 
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SECTION 26 28 13 

FUSES 

PART 1.   GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Cartridge fuses rated 600-V ac and less for use in control circuits, enclosed switches, and 

enclosed controllers. 

2. Spare-fuse cabinets. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. Include construction details, material, 

dimensions, descriptions of individual components, and finishes for spare-fuse cabinets. Include 

the following for each fuse type indicated: 

1. Ambient Temperature Adjustment Information: If ratings of fuses have been adjusted to 

accommodate ambient temperatures, provide list of fuses with adjusted ratings. 

a. For each fuse having adjusted ratings, include location of fuse, original fuse rating, 

local ambient temperature, and adjusted fuse rating. 

b. Provide manufacturer's technical data on which ambient temperature adjustment 

calculations are based. 

2. Dimensions and manufacturer's technical data on features, performance, electrical 

characteristics, and ratings. 

3. Current-limitation curves for fuses with current-limiting characteristics. 

4. Time-current coordination curves (average melt) and current-limitation curves 

(instantaneous peak let-through current) for each type and rating of fuse. 

5. Coordination charts and tables and related data. 

6. Fuse sizes for elevator feeders and elevator disconnect switches. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For fuses to include in emergency, operation, and 

maintenance manuals. In addition to items specified in Section 017823 "Operation and 

Maintenance Data," include the following: 
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1. Ambient temperature adjustment information. 

2. Current-limitation curves for fuses with current-limiting characteristics. 

3. Time-current coordination curves (average melt) and current-limitation curves 

(instantaneous peak let-through current) for each type and rating of fuse. 

4. Coordination charts and tables and related data. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 

covering for storage and identified with labels describing contents. 

1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than 

three of each size and type. 

1.6 QUALITY ASSURANCE 

A. Source Limitations: Obtain fuses, for use within a specific product or circuit, from single source 

from single manufacturer. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

a qualified testing agency, and marked for intended location and application. 

C. Comply with NEMA FU 1 for cartridge fuses. 

D. Comply with NFPA 70. 

E. Comply with UL 248-11 for plug fuses. 

1.7 PROJECT CONDITIONS 

A. Where ambient temperature to which fuses are directly exposed is less than 40 deg F (5 deg C) 

or more than 100 deg F (38 deg C), apply manufacturer's ambient temperature adjustment 

factors to fuse ratings. 

1.8 COORDINATION 

A. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size 

and with system short-circuit current levels. 

PART 2.   PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 

following: 
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1. Cooper Bussmann, Inc. 

2. Edison Fuse, Inc. 

3. Ferraz Shawmut, Inc. 

4. Littelfuse, Inc. 

2.2 CARTRIDGE FUSES 

A. Characteristics: NEMA FU 1, nonrenewable cartridge fuses with voltage ratings consistent with 

circuit voltages. 

2.3 SPARE-FUSE CABINET 

A. Characteristics: Wall-mounted steel unit with full-length, recessed piano-hinged door and key-

coded cam lock and pull. 

1. Size: Adequate for storage of spare fuses specified with 15 percent spare capacity 

minimum. 

2. Finish: Gray, baked enamel. 

3. Identification: "SPARE FUSES" in 1-1/2-inch- (38-mm-) high letters on exterior of door. 

4. Fuse Pullers: For each size of fuse, where applicable and available, from fuse 

manufacturer. 

PART 3.   EXECUTION 

3.1 EXAMINATION 

A. Examine fuses before installation. Reject fuses that are moisture damaged or physically 

damaged. 

B. Examine holders to receive fuses for compliance with installation tolerances and other 

conditions affecting performance, such as rejection features. 

C. Examine utilization equipment nameplates and installation instructions. Install fuses of sizes 

and with characteristics appropriate for each piece of equipment. 

D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to 

fuse ratings. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 FUSE APPLICATIONS 

A. Cartridge Fuses: 

1. Feeders: Class J, time delay. 

2. Motor Branch Circuits: Class RK1, time delay. 

3. Other Branch Circuits: Class RK1, time delay. 

4. Control Circuits: Class CC, time delay. 
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3.3 INSTALLATION 

A. Install fuses in fusible devices. Arrange fuses so rating information is readable without 

removing fuse. 

B. Install spare-fuse cabinet(s). 

3.4 IDENTIFICATION 

A. Install labels complying with requirements for identification specified in Section 260553 

"Identification for Electrical Systems" and indicating fuse replacement information on inside 

door of each fused switch and adjacent to each fuse block, socket, and holder. 

END OF SECTION 
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SECTION 26 28 16 

ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1.    GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and other Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Fusible switches. 

2. Nonfusible switches. 

3. Receptacle switches. 

4. Shunt trip switches. 

5. Molded-case circuit breakers (MCCBs). 

6. Enclosures. 

1.3 DEFINITIONS 

A. NC: Normally closed. 

B. NO: Normally open. 

C. SPDT: Single pole, double throw. 

1.4 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Enclosed switches and circuit breakers shall withstand the effects of 

earthquake motions determined according to ASCE/SEI 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified and the unit will be fully 

operational after the seismic event." 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component 

indicated. Include dimensioned elevations, sections, weights, and manufacturers' technical data 

on features, performance, electrical characteristics, ratings, accessories, and finishes. 
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1. Enclosure types and details for types other than NEMA 250, Type 1. 

2. Current and voltage ratings. 

3. Short-circuit current ratings (interrupting and withstand, as appropriate). 

4. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices, accessories, and auxiliary components. 

5. Include time-current coordination curves (average melt) for each type and rating of 

overcurrent protective device; include selectable ranges for each type of overcurrent 

protective device. 

B. Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations, sections, 

details, and attachments to other work. 

1. Wiring Diagrams: For power, signal, and control wiring. 

1.6 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For qualified testing agency. 

B. Seismic Qualification Certificates: For enclosed switches and circuit breakers, accessories, and 

components, from manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 

assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate 

and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 

and their installation requirements. 

C. Field quality-control reports. 

1. Test procedures used. 

2. Test results that comply with requirements. 

3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in 

emergency, operation, and maintenance manuals. In addition to items specified in 

Section 017823 "Operation and Maintenance Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit  

2. Time-current coordination curves (average melt) for each type and rating of overcurrent 

protective device; include selectable ranges for each type of overcurrent protective 
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1.8 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 

covering for storage and identified with labels describing contents. 

1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than 

three of each size and type. 

2. Fuse Pullers: Two for each size and type. 

1.9 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site 

testing. 

B. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective 

devices, components, and accessories, within same product category, from single source from 

single manufacturer. 

C. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed 

switches and circuit breakers, including clearances between enclosures, and adjacent surfaces 

and other items. Comply with indicated maximum dimensions. 

D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

a qualified testing agency, and marked for intended location and application. 

E. Comply with NFPA 70. 

1.10 PROJECT CONDITIONS 

A. Environmental Limitations: Rate equipment for continuous operation under the following 

conditions unless otherwise indicated: 

1. Ambient Temperature: Not less than minus 22 deg F (minus 30 deg C) and not exceeding 

104 deg F (40 deg C). 

2. Altitude: Not exceeding 6600 feet (2010 m). 

1.11 COORDINATION 

A. Coordinate layout and installation of switches, circuit breakers, and components with equipment 

served and adjacent surfaces. Maintain required workspace clearances and required clearances 

for equipment access doors and panels. NOT FOR B
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PART 2.    PRODUCTS 

2.1 FUSIBLE SWITCHES 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a brand 

of Schneider Electric or comparable product by one of the following: 

1. Siemens Energy & Automation, Inc. 

2. General Electric Company – GE Commercial & Industrial Electrical Distribution. 

3. Eaton Electrical, Inc.; Cutler-Hammer Business Unit. 

B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, 

horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable handle with 

capability to accept three padlocks, and interlocked with cover in closed position. 

1. Siemens Energy & Automation, Inc. 

2. General Electric Company – GE Commercial & Industrial Electrical Distribution. 

3. Eaton Electrical, Inc.; Cutler-Hammer Business Unit. 

C. Type HD, Heavy Duty, Double Throw, 600-V ac, 1200 A and Smaller: UL 98 and 

NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses, 

lockable handle with capability to accept three padlocks, and interlocked with cover in closed 

position. 

D. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground 

conductors. 

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 

labeled for copper and aluminum neutral conductors. 

3. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified. 

4. Auxiliary Contact Kit: One NO/NC (Form "C") auxiliary contact(s), arranged to activate 

before switch blades open. 

5. Hookstick Handle: Allows use of a hookstick to operate the handle. 

6. Lugs: Compression type, suitable for number, size, and conductor material. 

7. Service-Rated Switches: Labeled for use as service equipment. 

8. Accessory Control Power Voltage: Remote mounted and powered120-V ac.  Provide as 

required with auxiliary conduit kit. 

2.2 NONFUSIBLE SWITCHES 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a brand 

of Schneider Electric or comparable product by one of the following: 

1. Siemens Energy & Automation, Inc. 

2. General Electric Company – GE Commercial & Industrial Electrical Distribution. 

3. Eaton Electrical, Inc.; Cutler-Hammer Business Unit. 
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B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, 

horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with 

cover in closed position. 

C. Accessories: 

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground 

conductors. 

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; 

labeled for copper and aluminum neutral conductors. 

3. Auxiliary Contact Kit: One NO/NC (Form "C") auxiliary contact(s), arranged to activate 

before switch blades open. 

4. Hookstick Handle: Allows use of a hookstick to operate the handle. 

5. Lugs: Compression type, suitable for number, size, and conductor material. 

6. Accessory Control Power Voltage: Remote mounted and powered; 120-V ac.  Provide as 

required with auxiliary conduit kit. 

2.3 RECEPTACLE SWITCHES 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a brand 

of Schneider Electric or comparable product by one of the following: 

1. Siemens Energy & Automation, Inc. 

2. General Electric Company – GE Commercial & Industrial Electrical Distribution. 

3. Eaton Electrical, Inc.; Cutler-Hammer Business Unit. 

B. Type HD, Heavy-Duty, Single-Throw Nonfusible Switch: 600-V ac, UL 98 and NEMA KS 1; 

horsepower rated, lockable handle with capability to accept three padlocks; interlocked with 

cover in closed position. 

C. Interlocking Linkage: Provided between the receptacle and switch mechanism to prevent 

inserting or removing plug while switch is in the on position, inserting any plug other than 

specified, and turning switch on if an incorrect plug is inserted or correct plug has not been fully 

inserted into the receptacle. 

D. Receptacle: Polarized, three-phase, four-wire receptacle (fourth wire connected to enclosure 

ground lug). 

2.4 SHUNT TRIP SWITCHES 

A. Subject to compliance with requirements, provide product by one of the following: 

1. Cooper Bussmann, Inc. 

2. Ferraz Shawmut, Inc. 

3. Littelfuse, Inc. 

B. General Requirements: Comply with ASME A17.1, UL 50, and UL 98, with 200-kA 

interrupting and short-circuit current rating when fitted with Class J fuses. 
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C. Switches: Three-pole, horsepower rated, with integral shunt trip mechanism and Class J fuse 

block; lockable handle with capability to accept three padlocks; interlocked with cover in closed 

position. 

D. Control Circuit: 120-V ac; obtained from integral control power transformer, with primary and 

secondary fuses, with a control power transformer of enough capacity to operate shunt trip, 

connected pilot, and indicating and control devices. 

E. Accessories: 

1. Oiltight key switch for key-to-test function. 

2. Oiltight red ON pilot light. 

3. Mechanically interlocked auxiliary contacts that change state when switch is opened and 

closed. 

4. Form C alarm contacts that change state when switch is tripped. 

5. Three-pole, double-throw, fire-safety and alarm relay; 120-V ac coil voltage. 

6. Three-pole, double-throw, fire-alarm voltage monitoring relay complying with NFPA 72. 

2.5 MOLDED-CASE CIRCUIT BREAKERS 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a brand 

of Schneider Electric or comparable product by one of the following: 

1. Siemens Energy & Automation, Inc. 

2. General Electric Company – GE Commercial & Industrial Electrical Distribution. 

3. Eaton Electrical, Inc.; Cutler-Hammer Business Unit. 

B. General Requirements: Comply with UL 489, NEMA AB 1, and NEMA AB 3, with 

interrupting capacity to comply with available fault currents. 

C. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads and 

instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for 

circuit-breaker frame sizes 250A and larger. 

D. Adjustable, Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, 

field-adjustable trip setting. 

E. Ground-Fault, Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole configurations 

with Class A ground-fault protection (6-mA trip). 

F. Ground-Fault, Equipment-Protection (GFEP) Circuit Breakers: With Class B ground-fault 

protection (30-mA trip). 

G. Features and Accessories: 

1. Lugs: Compression type, suitable for number, size, trip ratings, and conductor material. 

2. Application Listing: Appropriate for application; Type SWD for switching fluorescent 

lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting 

circuits. 

3. Shunt Trip: Trip coil energized from separate circuit, with coil-clearing contact. 
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4. Auxiliary Contacts: One SPDT switch with "a" and "b" contacts; "a" contacts mimic 

circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts. 

5. Accessory Control Power Voltage: Remote mounted and powered; 120-V ac. 

2.6 ENCLOSURES 

A. Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, 

to comply with environmental conditions at installed location. 

1. Indoor, Dry and Clean Locations: NEMA 250, Type 1. 

2. Outdoor Locations: NEMA 250, Type 3R. 

3. Kitchen Wash-Down Areas: NEMA 250, Type 4X, stainless steel. 

4. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4X, stainless steel. 

5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: 

NEMA 250, Type 12. 

6. Hazardous Areas Indicated on Drawings: NEMA 250,Type 9. 

PART 3.    EXECUTION 

3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance 

with installation tolerances and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless 

otherwise indicated. 

B. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 

temporary blocking of moving parts from enclosures and components. 

C. Install fuses in fusible devices. 

D. Comply with NECA 1. 

3.3 IDENTIFICATION 

A. Comply with requirements in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 

warning signs. 

2. Label each enclosure with engraved metal or laminated-plastic nameplate. 
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3.4 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Perform tests and inspections. 

1. Manufacturer's Field Service: Engage a factory-authorized service representative to 

inspect components, assemblies, and equipment installations, including connections, and  

C. Acceptance Testing Preparation: 

1. Test insulation resistance for each enclosed switch and circuit breaker, component, 

connecting supply, feeder, and control circuit. 

2. Test continuity of each circuit. 

D. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA 

Acceptance Testing Specification. Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 

3. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 

malfunctioning controls and equipment. 

E. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and 

inspections. 

F. Prepare test and inspection reports, including a certified report that identifies enclosed switches 

and circuit breakers and that describes scanning results. Include notation of deficiencies 

detected, remedial action taken, and observations after remedial action. 

3.5 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as 

recommended by manufacturer. 

B. Set field-adjustable circuit-breaker trip ranges as specified in Section 260573 "Overcurrent 

Protective Device Coordination Study." 

END OF SECTION 
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SECTION 26 29 13 

ENCLOSED CONTROLLERS 

PART 1.   GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes the following enclosed controllers rated 600 V and less: 

1. Full-voltage manual. 

2. Full-voltage magnetic. 

B. Related Section: 

1. Division 23 for Variable-Frequency Motor Controllers for general-purpose, ac, 

adjustable-frequency, pulse-width-modulated controllers for use on variable torque loads 

in ranges up to 200 hp. 

1.3 DEFINITIONS 

A. CPT: Control power transformer. 

B. MCCB: Molded-case circuit breaker. 

C. MCP: Motor circuit protector. 

D. N.C.: Normally closed. 

E. N.O.: Normally open. 

F. OCPD: Overcurrent protective device. 

1.4 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Enclosed controllers shall withstand the effects of earthquake motions 

determined according to ASCE/SEI 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified and the unit will be fully 

operational after the seismic event." 
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1.5 ACTION SUBMITTALS 

A. Product Data: For each type of enclosed controller. Include manufacturer's technical data on 

features, performance, electrical characteristics, ratings, and enclosure types and finishes. 

B. Shop Drawings: For each enclosed controller. Include dimensioned plans, elevations, sections, 

details, and required clearances and service spaces around controller enclosures. 

1. Show tabulations of the following: 

a. Each installed unit's type and details. 

b. Factory-installed devices. 

c. Nameplate legends. 

d. Short-circuit current rating of integrated unit. 

e. Features, characteristics, ratings, and factory settings of individual OCPDs in 

combination controllers. 

2. Wiring Diagrams: For power, signal, and control wiring. 

1.6 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For qualified testing agency. 

B. Seismic Qualification Certificates: For enclosed controllers, accessories, and components, from 

manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 

assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate 

and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 

and their installation requirements. 

C. Field quality-control reports. 

D. Load-Current and List of Settings of Adjustable Overload Relays: Compile after motors have 

been installed, and arrange to demonstrate that switch settings for motor running overload 

protection suit actual motors to be protected. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For enclosed controllers to include in emergency, operation, 

and maintenance manuals. In addition to items specified in Section 017823 "Operation and 

Maintenance Data," include the following: 

1. Routine maintenance requirements for enclosed controllers and installed components. 

2. Manufacturer's written instructions for setting field-adjustable overload relays. 
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1.8 MATERIALS MAINTENANCE SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 

covering for storage and identified with labels describing contents. 

1. Control Power Fuses: Equal to 10 percent of quantity installed for each size and type, but 

no fewer than two of each size and type. 

2. Indicating Lights: Two of each type and color installed. 

1.9 QUALITY ASSURANCE 

A. Testing Agency Qualifications: Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site 

testing. 

B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

a qualified testing agency, and marked for intended location and application. 

C. Comply with NFPA 70. 

D. IEEE Compliance: Fabricate and test enclosed controllers according to IEEE 344 to withstand 

seismic forces defined in Section 260548.16 "Seismic Controls for Electrical Systems." 

1.10 DELIVERY, STORAGE, AND HANDLING 

A. Store enclosed controllers indoors in clean, dry space with uniform temperature to prevent 

condensation. Protect enclosed controllers from exposure to dirt, fumes, water, corrosive 

substances, and physical damage. 

B. If stored in areas subject to weather, cover enclosed controllers to protect them from weather, 

dirt, dust, corrosive substances, and physical damage. Remove loose packing and flammable 

materials from inside controllers; install temporary electric heating, with at least 250 W per 

controller. 

1.11 PROJECT CONDITIONS 

A. Environmental Limitations: Rate equipment for continuous operation under the following 

conditions unless otherwise indicated: 

1. Ambient Temperature: Not less than minus 22 deg F (minus 30 deg C) and not exceeding 

104 deg F (40 deg C). 

2. Altitude: Not exceeding 6600 feet (2010 m). 

1.12 COORDINATION 

A. Coordinate layout and installation of enclosed controllers with other construction including 

conduit, piping, equipment, and adjacent surfaces. Maintain required workspace clearances and 

required clearances for equipment access doors and panels. 
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B. Coordinate installation of roof curbs, equipment supports, and roof penetrations. 

PART 2.   PRODUCTS 

2.1 FULL-VOLTAGE CONTROLLERS 

A. General Requirements for Full-Voltage Controllers: Comply with NEMA ICS 2, general 

purpose, Class A. 

B. Fractional Horsepower Manual Controllers: "Quick-make, quick-break" toggle or push-button 

action; marked to show whether unit is off, on, or tripped. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a 

brand of Schneider Electric or comparable product by one of the following: 

a. Siemens Energy & Automation, Inc. 

b. General Electric Company, GE Commercial & Industrial Electrical Distribution. 

c. Eaton Electrical, Inc.; Cutler-Hammer Business Unit. 

2. Configuration: Nonreversing. 

3. Overload Relays: Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping 

characteristics; heaters matched to nameplate full-load current of actual protected motor; 

external reset push button; bimetallic type. 

4. Surface mounting. 

5. Red pilot light. 

6. Hand-Off-Automatic Selector Switch  

C. Magnetic Controllers: Full voltage, across the line, electrically held. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a 

brand of Schneider Electric or comparable product by one of the following: 

a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

b. Siemens Energy & Automation, Inc. 

2. Configuration: Nonreversing. 

3. Contactor Coils: Pressure-encapsulated type. 

a. Operating Voltage: Depending on contactor NEMA size and line-voltage rating, 

manufacturer's standard matching control power or line voltage. 

4. Power Contacts: Totally enclosed, double-break, silver-cadmium oxide; assembled to 

allow inspection and replacement without disturbing line or load wiring. 

5. Control Circuits: 120-V ac; obtained from integral CPT, with primary and secondary 

fuses, with CPT of sufficient capacity to operate integral devices and remotely located 

pilot, indicating, and control devices. 

a. CPT Spare Capacity: 50 VA. 
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6. Solid-State Overload Relay: 

a. Switch or dial selectable for motor running overload protection. 

b. Sensors in each phase. 

c. Class 10/20 selectable tripping characteristic selected to protect motor against 

voltage and current unbalance and single phasing. 

D. Combination Magnetic Controller: Factory-assembled combination of magnetic controller, 

OCPD, and disconnecting means. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Square D; a 

brand of Schneider Electric or comparable product by one of the following: 

a. Siemens Energy & Automation, Inc. 

b. General Electric Company, GE Commercial & Industrial Electrical Distribution. 

c. Eaton Electrical, Inc.; Cutler-Hammer Business Unit. 

2. Auxiliary Contacts: N.O./N.C., arranged to activate before switch blades open. 

3. Nonfusible Disconnecting Means: 

a. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch. 

b. Lockable Handle: Accepts three padlocks and interlocks with cover in closed 

position. 

2.2 ENCLOSURES 

A. Enclosed Controllers: NEMA ICS 6, to comply with environmental conditions at installed 

location. 

1. Dry and Clean Indoor Locations: Type 1. 

2. Outdoor Locations: Type 3R. 

3. Kitchen Wash-Down Areas: Type 4X stainless steel. 

4. Other Wet or Damp Indoor Locations: Type 4X stainless steel. 

5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: 

Type 12. 

6. Hazardous Areas Indicated on Drawings:  Type 9. 

2.3 ACCESSORIES 

A. General Requirements for Control Circuit and Pilot Devices: NEMA ICS 5; factory installed in 

controller enclosure cover unless otherwise indicated. 

1. Push Buttons, Pilot Lights, and Selector Switches: Heavy-duty type. 

a. Push Buttons: types; maintained as indicated. 

b. Pilot Lights: LED type; Red for “power available”, green for “running”; push to 

test. 
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B. Control Relays:  Two (2) N.O./N.C. auxiliary contacts, and adjustable solid-state time-delay 

relays as required by automation and control sequences. 

C. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays: Solid-state sensing 

circuit with isolated output contacts for hard-wired connections. Provide adjustable 

undervoltage, overvoltage, and time-delay settings, with automatic reset.  Provide ICM Controls 

ICM450 or approved equal, in a separate enclosure (NEMA rating to match controller).  

D. Sun shields installed on fronts, sides, and tops of enclosures installed outdoors and subject to 

direct and extended sun exposure. 

E. Cover gaskets for Type 1 enclosures. 

F. Terminals for connecting power factor correction capacitors to the line side of overload relays. 

G. Hand-Off-Automatic Selector Switch, NEMA ICS2, heavy-duty type. 

PART 3.   EXECUTION 

3.1 EXAMINATION 

A. Examine areas and surfaces to receive enclosed controllers, with Installer present, for 

compliance with requirements and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Wall-Mounted Controllers: Install enclosed controllers on walls with tops at uniform height 

unless otherwise indicated, and by bolting units to wall or mounting on lightweight structural-

steel channels bolted to wall. For controllers not at walls, provide freestanding racks complying 

with Section 260529 "Hangers and Supports for Electrical Systems." 

B. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and 

temporary blocking of moving parts from enclosures and components. 

C. Install fuses in control circuits if not factory installed. Comply with requirements in 

Section 262813 "Fuses." 

D. Install heaters in thermal overload relays. Select heaters based on actual nameplate full-load 

amperes after motors have been installed. 

E. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven 

equipment. 

F. Install power factor correction capacitors. Connect to the line side of overload relays. If 

connected to the load side of overload relays, adjust overload heater sizes to accommodate the 

reduced motor full-load currents. 
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G. Comply with NECA 1. 

3.3 IDENTIFICATION 

A. Identify enclosed controllers, components, and control wiring. Comply with requirements for 

identification specified in Section 260553 "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide 

warning signs. 

2. Label each enclosure with engraved nameplate. 

3. Label each enclosure-mounted control and pilot device. 

3.4 CONTROL WIRING INSTALLATION 

A. Install wiring between enclosed controllers and remote devices.  

B. Bundle, train, and support wiring in enclosures. 

C. Connect selector switches and other automatic-control selection devices where applicable. 

1. Connect selector switches to bypass only those manual- and automatic-control devices 

that have no safety functions when switch is in manual-control position. 

2. Connect selector switches with enclosed-controller circuit in both manual and automatic 

positions for safety-type control devices such as low- and high-pressure cutouts, high-

temperature cutouts, and motor overload protectors. 

3.5 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Acceptance Testing Preparation: 

1. Test insulation resistance for each enclosed controller, component, connecting supply, 

feeder, and control circuit. 

2. Test continuity of each circuit. 

C. Tests and Inspections: 

1. Inspect controllers, wiring, components, connections, and equipment installation.  Test 

and adjust controllers, components, and equipment. 

2. Test insulation resistance for each enclosed-controller element, component, connecting 

motor supply, feeder, and control circuits. 

3. Test continuity of each circuit. 

4. Verify that voltages at controller locations are within plus or minus 10 percent of motor 

nameplate rated voltages. If outside this range for any motor, notify Construction 

Manager before starting the motor(s). 

5. Test each motor for proper phase rotation. 

6. Perform each electrical test and visual and mechanical inspection stated in 

NETA Acceptance Testing Specification. Certify compliance with test parameters. 
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7. Correct malfunctioning units on-site, where possible, and retest to demonstrate 

compliance; otherwise, replace with new units and retest. 

8. Test and adjust controls, remote monitoring, and safeties. Replace damaged and 

malfunctioning controls and equipment. 

D. Enclosed controllers will be considered defective if they do not pass tests and inspections. 

E. Prepare test and inspection reports including a certified report that identifies enclosed 

controllers and that describes scanning results. Include notation of deficiencies detected, 

remedial action taken, and observations after remedial action. 

3.6 ADJUSTING 

A. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay 

pickup and trip ranges. 

B. Set the taps on reduced-voltage autotransformer controllers at 50 percent. 

C. Set field-adjustable switches and program microprocessors for required start and stop sequences 

in reduced-voltage solid-state controllers. 

3.7 PROTECTION 

A. Temporary Heating: Apply temporary heat to maintain temperature according to manufacturer's 

written instructions until enclosed controllers are ready to be energized and placed into service. 

B. Replace controllers whose interiors have been exposed to water or other liquids prior to 

Substantial Completion. 

3.8 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain enclosed controllers. 

END OF SECTION 
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SECTION 28 31 11 

FIRE ALARM SYSTEM 

PART 1.   GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 

Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. This specification provides the requirements for the installation, programming and configuration 

of an extension of the existing Fire Alarm System.  The system shall include, but not be limited 

to: Fire Alarm Control Panel, Automatic and Manually activated alarm Initiating and Indicating 

Peripheral Devices and Appliances, conduit, wire and accessories required to furnish a complete 

and operational Fire Alarm System.  System shall include, but not be limited to, the following: 

1. System smoke detectors. 

2. Heat detectors. 

3. Carbon monoxide detectors. 

4. Notification appliances. 

5. Addressable interface device. 

B. The system shall include all wiring, raceways, pull boxes, terminal cabinets, outlet and mounting 

boxes, alarm initiating devices, alarm indicating devices, and control equipment, and all other 

accessories and miscellaneous items required for an operating system. 

C. The Fire Alarm System supplied under this specification shall be a microprocessor-based network 

system. All Control Panel Assemblies and connected Field Appliances shall be both designed and 

manufactured by the same company, and shall be tested and cross-listed as compatible to ensure 

that a fully functioning Life Safety System is designed and installed. 

D. Existing system devices shall be re-used and maintained fully operational unless otherwise noted.    

Reconnect and reprogram existing system circuits/devices as required, including interface with 

security system for system monitoring at Pulaski Highway facility, for a fully functional system 

E. Test system prior to performing any modifications and report any defects, etc. to the owner in 

writing.  Any defects, malfunctions of the system not reported in advance of performing work shall 

be the responsibility of the contractor to correct. 

F. All related work specified in other sections shall be properly coordinated with the fire alarm 

equipment. 
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1.3 REFERENCES 

A. The system, equipment, installation, and operation shall comply with the current provisions of 

the following standards and publications: 

1. National Electric Code, Article 70. 

2. National Fire Protection Association Standards: 

a. NFPA72 National Fire Alarm Code 

b. NFPA 90A  Air Conditioning & Ventilation Systems  

c. NFPA101 Life Safety Code 

3. Local and State Building Codes. 

4. Local Authorities Having Jurisdiction. 

5. Underwriters Laboratories Inc.:  The system and all components shall be listed by 

Underwriters Laboratories Inc. for use in fire protective signaling system under the 

following standards as applicable: 

a. UL 864/UOJZ, APOU - Control Units for Fire Protective Signaling Systems. 

b. UL 268 - Smoke Detectors for Fire Protective Signaling Systems. 

c. UL 268A - Smoke Detectors for Duct Applications. 

d. UL 217 - Smoke Detectors Single Station. 

e. UL 521 - Heat Detectors for Fire Protective Signaling Systems. 

f. UL 228 - Door Holders for Fire Protective Signaling Systems.  

g. UL 464 - Audible Signaling Appliances. 

h. UL 1638 - Visual Signaling Appliances. 

i. UL 38 - Manually Activated Signaling Boxes. 

j. UL 346 - Waterflow Indicators for Fire Protective Signaling Systems. 

k. UL 1971 - Standard for Signaling Devices for the Hearing Impaired. 

l. UL 1481 - Power Supplies for Fire Protective Signaling Systems. 

m. UL 1711 - Amplifiers for Fire Protective Signaling Systems. 

 n. UL Fire Protection Equipment Directory. 

 o. UL Electrical Construction Materials Directory. 

6. Americans with Disabilities Act (ADA) 

7. International Standards Organization (ISO) 

a. ISO-9000 

b. ISO-9001 

8. Factory Mutual Approval Guide. 

9. State of Delaware Fire Prevention Code. 

10. American Insurance Association Fire Protection Code (Article 14). 

11. Delaware Occupational Safety & Health Act. 

12. International Building Code (IBC).  

1.4 DEFINITIONS 

A. FACP: Fire Alarm Control Panel. 

B. HLI: High Level Interface. 

C. NICET: National Institute for Certification in Engineering Technologies. NOT FOR B
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1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product, including furnished options and accessories. 

1. Include construction details, material descriptions, dimensions, profiles, and finishes. 

2. Include rated capacities, operating characteristics, and electrical characteristics. 

B. Shop Drawings: For fire-alarm system. 

1. Comply with recommendations and requirements in the "Documentation" section of the 

"Fundamentals" chapter in NFPA 72. 

2. Include plans, elevations, sections, details, and attachments to other work. 

3. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and locations. Indicate conductor sizes, 

indicate termination locations and requirements, and distinguish between factory and field 

wiring. 

4. Detail assembly and support requirements. 

5. Include voltage drop calculations for notification-appliance circuits. 

6. Include battery-size calculations. 

7. Include input/output matrix. 

8. Include statement from manufacturer that all equipment and components have been tested 

as a system and meet all requirements in this Specification and in NFPA 72. 

9. Include performance parameters and installation details for each detector. 

10. Verify that each duct detector is listed for complete range of air velocity, temperature, and 

humidity possible when air-handling system is operating. 

11. Include plans, sections, and elevations of heating, ventilating, and air-conditioning ducts, 

drawn to scale; coordinate location of duct smoke detectors and access to them. 

a. Show critical dimensions that relate to placement and support of sampling tubes, 

detector housing, and remote status and alarm indicators. 

b. Locate detectors according to manufacturer's written recommendations. 

12. Include voice/alarm signaling-service equipment rack or console layout, grounding 

schematic, amplifier power calculation, and single-line connection diagram. 

13. Include floor plans to indicate final outlet locations showing address of each addressable 

device. Show size and route of cable and conduits and point-to-point wiring diagrams. 

14. Submit wiring diagrams for all equipment connected to fire alarm system.  Examples are 

monitoring of hood extinguishing systems, sprinkler systems, HVAC control, damper 

control, elevator recall and elevator power shunt trip of the elevator system control. 

C. General Submittal Requirements: 

1. Submittals shall be approved by authorities having jurisdiction prior to submitting them to 

Architect. 

a. Secure permits and approvals prior to installation. 

b. Prior to commencement and after completion of work, notify Authorities Having 

Jurisdiction. 

c. Submit letter of approval for installation before requesting acceptance of system. 

2. Shop Drawings shall be prepared by persons with the following qualifications: 

a. Trained and certified by manufacturer in fire-alarm system design. 

b. NICET-certified, fire-alarm technician; Level III minimum. 

c. Licensed or certified by authorities having jurisdiction. 
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1.6 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer. 

B. Seismic Qualification Certificates: For fire-alarm control unit, accessories, and components, from 

manufacturer. 

1. Basis for Certification: Indicate whether withstand certification is based on actual test of 

assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate 

and describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 

and their installation requirements. 

C. Field quality-control reports. 

1.7 WARRANTY 

A. For materials and workmanship for a period of two years from final system acceptance. 

1.8 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For fire-alarm systems and components to include in 

emergency, operation, and maintenance manuals. 

1. In addition to items specified in Division 01 "Operation and Maintenance Data," include 

the following and deliver copies to authorities having jurisdiction: 

a. Comply with the "Records" section of the "Inspection, Testing and Maintenance" 

chapter in NFPA 72. 

b. Provide "Fire Alarm and Emergency Communications System Record of 

Completion Documents" according to the "Completion Documents" Article in the 

"Documentation" section of the "Fundamentals" chapter in NFPA 72. 

c. Complete wiring diagrams showing connections between all devices and equipment. 

Each conductor shall be numbered at every junction point with indication of 

origination and termination points. 

d. Riser diagram. 

e. Device addresses. 

f. Record copy of site-specific software. 

g. Provide "Inspection and Testing Form" according to the "Inspection, Testing and 

Maintenance" chapter in NFPA 72, and include the following: 

1) Equipment tested. 

2) Frequency of testing of installed components. 

3) Frequency of inspection of installed components. 

4) Requirements and recommendations related to results of maintenance. 

5) Manufacturer's user training manuals. 

h. Manufacturer's required maintenance related to system warranty requirements. 

i. Abbreviated operating instructions for mounting at fire-alarm control unit and each 

annunciator unit. 

NOT FOR B
ID

DIN
G P

URPOSES



HVAC IMPROVEMENTS  200-163183-17001-07 

STOKES ELEMENTARY SCHOOL  

  

 

Tetra Tech  FIRE ALARM SYSTEM 

  28 31 11 - 5 

B. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 

2. Program Software Backup: On magnetic media or compact disk, complete with data files. 

A total of two copies shall be provided; one read only type and one writeable type. 

3. Device address list. 

4. Printout of software application and graphic screens. 

5. All passcode information required to make alternations to the Fire Alarm Control Panel. 

1.9 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 

covering for storage and identified with labels describing contents. 

1. Lamps for Remote Indicating Lamp Units: Quantity equal to 10 percent of amount 

installed, but no fewer than one unit. 

2. Smoke Detectors, Fire Detectors: Quantity equal to 10 percent of amount of each type 

installed, but no fewer than one unit of each type. 

3. Detector Bases: Quantity equal to two percent of amount of each type installed, but no 

fewer than one unit of each type. 

4. Keys and Tools: One extra set for access to locked or tamperproofed components. 

5. Audible and Visual Notification Appliances: One of each type installed. 

6. Fuses: Two of each type installed in the system. Provide in a box or cabinet with 

compartments marked with fuse types and sizes. 

1.10 QUALITY ASSURANCE 

A. Installer Qualifications: Personnel shall be trained and certified by manufacturer for installation 

of units required for this Project. 

B. Installer Qualifications: Installation shall be by personnel certified by NICET as fire-alarm 

Level III technician. 

C. NFPA Certification: Obtain certification according to NFPA 72 by a UL-listed alarm company. 

1.11 PROJECT CONDITIONS 

A. Use of Devices during Construction: Protect devices during construction unless devices are 

placed in service to protect the facility during construction. 

1.12 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace fire-alarm system equipment and 

components that fail in materials or workmanship within specified warranty period. 

1. Warranty Extent: All equipment and components not covered in the Maintenance Service 

Agreement. 
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2. Warranty Period: Five years from date of Substantial Completion. 

PART 2.   PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Source Limitations for Fire-Alarm System and Components: Components shall be compatible 

with, and operate as one system. Provide system manufacturer's certification that all components 

provided have been tested as, and will operate as, a system. 

B. Noncoded, UL-certified addressable system, with multiplexed signal transmission and 

horn/strobe evacuation. 

C. Automatic sensitivity control of certain smoke detectors. 

D. All components provided shall be listed for use with the selected system. 

E. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 

a qualified testing agency, and marked for intended location and application. 

2.2 SYSTEMS OPERATIONAL DESCRIPTION 

A. Fire-alarm signal initiation shall be by one or more of the following devices and systems: 

1. Manual stations. 

2. Heat detectors. 

3. Smoke detectors. 

4. Automatic sprinkler system water flow. 

5. Fire-extinguishing system operation. 

6. Dry system pressure flow switch. 

B. Fire-alarm signal shall initiate the following actions: 

1. Continuously operate alarm notification appliances, including voice evacuation notices. 

2. Identify alarm and specific initiating device at fire-alarm control unit, connected network 

control panels, and remote annunciators. 

3. Transmit an alarm signal to the remote alarm receiving station. 

4. Unlock electric door locks in designated egress paths. 

5. Release fire and smoke doors held open by magnetic door holders. 

6. Activate voice/alarm communication system. 

7. Switch heating, ventilating, and air-conditioning equipment controls to fire-alarm mode. 

8. Close smoke dampers in air ducts of designated air-conditioning duct systems. 

9. Activate emergency shutoffs for gas and fuel supplies. 

10. Record events in the system memory. 

11. Indicate device in alarm on the graphic annunciator. 

C. Supervisory signal initiation shall be by one or more of the following devices and actions: 
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1. Valve supervisory switch. 

2. High- or low-air-pressure switch of a dry-pipe or preaction sprinkler system. 

3. Duct smoke detectors. 

4. Independent fire-detection and -suppression systems. 

5. User disabling of zones or individual devices. 

6. Loss of communication with any panel on the network. 

D. System trouble signal initiation shall be by one or more of the following devices and actions: 

1. Open circuits, shorts, and grounds in designated circuits. 

2. Opening, tampering with, or removing alarm-initiating and supervisory signal-initiating 

devices. 

3. Loss of communication with any addressable sensor, input module, relay, control module, 

remote annunciator, printer interface, or Ethernet module. 

4. Loss of primary power at fire-alarm control unit. 

5. Ground or a single break in internal circuits of fire-alarm control unit. 

6. Abnormal ac voltage at fire-alarm control unit. 

7. Break in standby battery circuitry. 

8. Failure of battery charging. 

9. Abnormal position of any switch at fire-alarm control unit or annunciator. 

10. Voice signal amplifier failure. 

E. System Supervisory Signal Actions: 

1. Identify specific device initiating the event at fire-alarm control unit, connected network 

control panels, and remote annunciators. 

2. After a time delay of 200 seconds, transmit a trouble or supervisory signal to the remote 

alarm receiving station. 

3. Transmit system status to building management system. 

4. Display system status on graphic annunciator. 

2.3 PERFORMANCE REQUIREMENTS 

A. Seismic Performance: Fire-alarm control unit and raceways shall withstand the effects of 

earthquake motions determined according to ASCE/SEI 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified and the unit will be fully 

operational after the seismic event." 

2.4 SYSTEM SMOKE DETECTORS 

A. General Requirements for System Smoke Detectors: 

1. Comply with UL 268; operating at 24-V dc, nominal. 

2. Detectors shall be two-wire type. 

3. Integral Addressable Module: Arranged to communicate detector status (normal, alarm, or 

trouble) to fire-alarm control unit. 
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4. Base Mounting: Detector and associated electronic components shall be mounted in a 

twist-lock module that connects to a fixed base. Provide terminals in the fixed base for 

connection to building wiring. 

5. Self-Restoring: Detectors do not require resetting or readjustment after actuation to restore 

them to normal operation. 

6. Integral Visual-Indicating Light: LED type, indicating detector has operated and power-on 

status. 

7. Remote Control: Unless otherwise indicated, detectors shall be digital-addressable type, 

individually monitored at fire-alarm control unit for calibration, sensitivity, and alarm 

condition and individually adjustable for sensitivity by fire-alarm control unit. 

a. Multiple levels of detection sensitivity for each sensor. 

b. Sensitivity levels based on time of day. 

B. Duct Smoke Detectors: Photoelectric type complying with UL 268A. 

1. Detector address shall be accessible from fire-alarm control unit and shall be able to 

identify the detector's location within the system and its sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, shall be able to 

manually access the following for each detector: 

a. Primary status. 

b. Device type. 

c. Present average value. 

d. Present sensitivity selected. 

e. Sensor range (normal, dirty, etc.). 

3. Weatherproof Duct Housing Enclosure: NEMA 250, Type 4X; NRTL listed for use with 

the supplied detector for smoke detection in HVAC system ducts. 

4. Each sensor shall have multiple levels of detection sensitivity. 

5. Sampling Tubes: Design and dimensions as recommended by manufacturer for specific 

duct size, air velocity, and installation conditions where applied. 

6. Relay fan shutdown:  fully programmable relay related to interrupt fan motor-control 

circuit. 

2.5 CARBON MONOXIDE DETECTORS 

A. Provide carbon monoxide detector listed for connection to fire-alarm system. 
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1. Mounting: Adapter plate for outlet box mounting. 

2. Testable by introducing test carbon monoxide into the sensing cell. 

3. Detector shall provide alarm contacts and trouble contacts. 

4. Detector shall send trouble alarm when nearing end-of-life, power supply problems, or 

internal faults. 

5. Comply with UL 2075. 

6. Locate, mount, and wire according to manufacturer's written instructions. 

7. Provide means for addressable connection to fire-alarm system. 

8. Test button simulates an alarm condition 

2.6 ADDRESSABLE INTERFACE DEVICE 

A. General: 

1. Include address-setting means on the module. 

2. Store an internal identifying code for control panel use to identify the module type. 

3. Listed for controlling HVAC fan motor controllers. 

B. Monitor Module: Microelectronic module providing a system address for alarm-initiating devices 

for wired applications with normally open contacts.  Provide for all sprinkler flow and tamper 

switches, and as required. 

C. Integral Relay: Capable of providing a direct signal to elevator controller to initiate elevator recall, 

to circuit-breaker shunt trip for power shutdown, etc.  

1. Allow the control panel to switch the relay contacts on command. 

2. Have a minimum of two normally open and two normally closed contacts available for 

field wiring. 

D. Control Module: 

1. Operate notification devices. 

2. Operate solenoids for use in sprinkler service. 

3. Mute sound system(s). 

4. Unlock security doors. 

2.7 REMOTE TEST/INDICATING STATION 

A. Provide keyed test switch with LED indicating light for each duct detector.  Locate 12” below 

accessible ceiling.  

PART 3.   EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions for compliance with requirements for ventilation, temperature, 

humidity, and other conditions affecting performance of the Work. 
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1. Verify that manufacturer's written instructions for environmental conditions have been 

permanently established in spaces where equipment and wiring are installed, before 

installation begins. 

B. Examine roughing-in for electrical connections to verify actual locations of connections before 

installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 EQUIPMENT INSTALLATION 

A. Comply with NFPA 72, NFPA 101, and requirements of authorities having jurisdiction for 

installation and testing of fire-alarm equipment. Install all electrical wiring to comply with 

requirements in NFPA 70 including, but not limited to, Article 760, "Fire Alarm Systems." 

1. Devices placed in service before all other trades have completed cleanup shall be replaced. 

2. Devices installed but not yet placed in service shall be protected from construction dust, 

debris, dirt, moisture, and damage according to manufacturer's written storage instructions. 

B. Install wall-mounted equipment, with tops of cabinets not more than 78 inches (1980 mm) above 

the finished floor. 

C. Smoke- or Heat-Detector Spacing: 

1. Comply with the "Smoke-Sensing Fire Detectors" section in the "Initiating Devices" 

chapter in NFPA 72, for smoke-detector spacing. 

2. Comply with the "Heat-Sensing Fire Detectors" section in the "Initiating Devices" chapter 

in NFPA 72, for heat-detector spacing. 

3. Smooth ceiling spacing shall not exceed 30 feet (9 m). 

4. Spacing of detectors for irregular areas, for irregular ceiling construction, and for high 

ceiling areas shall be determined according to Annex A in NFPA 72. 

5. HVAC: Locate detectors not closer than 36 inches (910 mm) from air-supply diffuser or 

return-air opening. 

6. Lighting Fixtures: Locate detectors not closer than 12 inches (300 mm) from any part of a 

lighting fixture and not directly above pendant mounted or indirect lighting. 

D. Install a cover on each smoke detector that is not placed in service during construction. Cover 

shall remain in place except during system testing. Remove cover prior to system turnover. 

E. Duct Smoke Detectors: Comply with NFPA 72 and NFPA 90A. Install sampling tubes so they 

extend the full width of duct. Tubes more than 36 inches (9100 mm) long shall be supported at 

both ends. 

F. Remote Status and Alarm Indicators: Install in a visible location near each smoke detector, 

sprinkler water-flow switch, and valve-tamper switch that is not readily visible from normal 

viewing position. 

G. Device Location-Indicating Lights: Locate in public space near the device they monitor. 
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3.3 PATHWAYS 

A. Pathways above recessed ceilings and in non-accessible locations may be routed exposed. 

1. Exposed pathways located less than 96 inches (2440 mm) above the floor shall be installed 

in EMT. 

B. Pathways shall be installed in EMT. 

C. Exposed EMT shall be painted red enamel. 

3.4 CONNECTIONS 

A. For fire-protection systems related to doors in fire-rated walls and partitions and to doors in smoke 

partitions, comply with requirements in Division 08 "Door Hardware." Connect hardware and 

devices to fire-alarm system. 

1. Verify that hardware and devices are listed for use with installed fire-alarm system before 

making connections. 

B. Make addressable connections with a supervised interface device to the following devices and 

systems. Install the interface device less than 36 inches (910 mm) from the device controlled. 

Make an addressable confirmation connection when such feedback is available at the device or 

system being controlled. 

 

1. Smoke dampers in air ducts of designated HVAC duct systems. 

2. Magnetically held-open doors. 

3. Electronically locked doors and access gates. 

4. Alarm-initiating connection to activate emergency shutoffs for gas and fuel supplies. 

5. Supervisory connections at valve supervisory switches. 

6. Supervisory connections at low-air-pressure switch of each dry-pipe sprinkler system. 

7. Data communication circuits for connection to building management system. 

C. Each addressable analog loop shall be circuited as shown on the drawings but device loading is 

not to exceed 80% of loop capacity in order to leave space for future devices.   

D. Where it is necessary to interface conventional initiating devices, provide intelligent input 

modules to supervise Class B zone wiring. 

3.5 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Comply with requirements for 

identification specified in Section 16075 "Identification for Electrical Systems." 

B. Install framed instructions in a location visible from fire-alarm control unit. NOT FOR B
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3.6 GROUNDING 

A. Ground fire-alarm control unit and associated circuits; comply with IEEE 1100. Install a ground 

wire from main service ground to fire-alarm control unit. 

B. Ground shielded cables at the control panel location only. Insulate shield at device location. 

3.7 FIELD QUALITY CONTROL 

A. Field tests shall be witnessed by authorities having jurisdiction. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 

inspect components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections. 

D. Perform the following tests and inspections with the assistance of a factory-authorized service 

representative: 

1. Visual Inspection: Conduct visual inspection prior to testing. 

a. Inspection shall be based on completed record Drawings and system documentation 

that is required by the "Completion Documents, Preparation" table in the 

"Documentation" section of the "Fundamentals" chapter in NFPA 72. 

b. Comply with the "Visual Inspection Frequencies" table in the "Inspection" section 

of the "Inspection, Testing and Maintenance" chapter in NFPA 72; retain the 

"Initial/Reacceptance" column and list only the installed components. 

2. System Testing: Comply with the "Test Methods" table in the "Testing" section of the 

"Inspection, Testing and Maintenance" chapter in NFPA 72. 

3. Test audible appliances for the public operating mode according to manufacturer's written 

instructions. Perform the test using a portable sound-level meter complying with Type 2 

requirements in ANSI S1.4. 

4. Test audible appliances for the private operating mode according to manufacturer's written 

instructions. 

5. Test visible appliances for the public operating mode according to manufacturer's written 

instructions. 

6. Factory-authorized service representative shall prepare the "Fire Alarm System Record of 

Completion" in the "Documentation" section of the "Fundamentals" chapter in NFPA 72 

and the "Inspection and Testing Form" in the "Records" section of the "Inspection, Testing 

and Maintenance" chapter in NFPA 72. 

E. Reacceptance Testing: Perform reacceptance testing to verify the proper operation of added or 

replaced devices and appliances. 

F. Fire-alarm system will be considered defective if it does not pass tests and inspections. 

G. Prepare test and inspection reports. 

H. Maintenance Test and Inspection: Perform tests and inspections listed for weekly, monthly, 

quarterly, and semiannual periods. Use forms developed for initial tests and inspections. 
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I. Annual Test and Inspection: One year after date of Substantial Completion, test fire-alarm system 

complying with visual and testing inspection requirements in NFPA 72. Use forms developed for 

initial tests and inspections. 

3.8 MAINTENANCE SERVICE 

A. Initial Maintenance Service: Beginning at Substantial Completion, maintenance service shall 

include 12 months' full maintenance by skilled employees of manufacturer's designated service 

organization. Include preventive maintenance, repair or replacement of worn or defective 

components, lubrication, cleaning, and adjusting as required for proper operation. Parts and 

supplies shall be manufacturer's authorized replacement parts and supplies. 

1. Include visual inspections according to the "Visual Inspection Frequencies" table in the 

"Testing" paragraph of the "Inspection, Testing and Maintenance" chapter in NFPA 72. 

2. Perform tests in the "Test Methods" table in the "Testing" paragraph of the "Inspection, 

Testing and Maintenance" chapter in NFPA 72. 

3. Perform tests per the "Testing Frequencies" table in the "Testing" paragraph of the 

"Inspection, Testing and Maintenance" chapter in NFPA 72. 

3.9 SOFTWARE SERVICE AGREEMENT 

A. Comply with UL 864. 

B. Technical Support: Beginning at Substantial Completion, service agreement shall include 

software support for two years. 

C. Upgrade Service: At Substantial Completion, update software to latest version. Install and 

program software upgrades that become available within two years from date of Substantial 

Completion. Upgrading software shall include operating system and new or revised licenses for 

using software. 

1. Upgrade Notice: At least 30 days to allow Owner to schedule access to system and to 

upgrade computer equipment if necessary. 

3.10 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 

adjust, operate, and maintain fire-alarm system. 

END OF SECTION 
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes administrative provisions for coordinating construction operations on the Project including, but not limited to, the following:
	1. General project coordination procedures.
	2. Coordination Drawings.
	3. Administrative and supervisory personnel.
	4. Project meetings.

	B. Each contractor shall participate in coordination requirements.  Certain areas of responsibility will be assigned to a specific contractor.
	C. Related Sections:  The following Sections contain requirements that relate to this Section:
	1. Division 01 Section “Closeout Procedures” for coordinating Contract closeout.


	1.3 COORDINATION
	A. Coordination:  Coordinate construction operations included in various Sections of the Specifications to ensure efficient and orderly installation of each part of the Work.  Coordinate construction operations, included in different Sections that dep...
	1. Schedule construction operations in sequence required to obtain the best results where installation of one part of the Work depends on installation of other components, before or after its own installation.
	2. Coordinate installation of different components with other contractors to ensure maximum accessibility for required maintenance, service, and repair.
	3. Make adequate provisions to accommodate items scheduled for later installation.

	B. If necessary, prepare memoranda for distribution to each party involved, outlining special procedures required for coordination.  Include such items as required notices, reports, and list of attendees at meetings.
	1. Prepare similar memoranda for the Owner and separate contractors if coordination of their Work is required.

	C. Administrative Procedures:  Coordinate scheduling and timing of required administrative procedures with other construction activities and activities of other contractors to avoid conflicts and to ensure orderly progress of the Work.  Such administr...
	1. Preparation of the Contractor’s Construction Schedule.
	2. Preparation of the Schedule of Values.
	3. Installation and removal of temporary facilities and controls.
	4. Delivery and processing of submittals.
	5. Progress meetings.
	6. Preinstallation conferences.
	7. Project closeout activities.

	D. Conservation:  Coordinate construction activities to ensure that operations are carried out with consideration given to conservation of energy, water, and materials.

	1.4 SUBMITTALS
	A. Coordination Drawings:  Prepare Coordination Drawings if limited space availability necessitates maximum utilization of space for efficient installation of different components or if coordination is required for installation of products and materia...
	1. Indicate relationship of components shown on separate Shop Drawings.
	2. Indicate required installation sequences.

	B. Staff Names:  Within 15 days of starting construction operations, submit a list of principal staff assignments, including superintendent and other personnel in attendance at the Project site.  Identify individuals and their duties and responsibilit...

	1.5 PROJECT MEETINGS
	A. General:  Schedule and conduct meetings and conferences at the Project site, unless otherwise indicated.
	1. Attendees:  Inform participants and others involved, and individuals whose presence is required, of date and time of each meeting.  Notify the Owner and the Architect of scheduled meeting dates and times.
	2. Agenda:  Prepare the meeting agenda.  Distribute the agenda to all invited attendees.
	3. Minutes:  Record significant discussions and agreements achieved.  Distribute the meeting minutes to everyone concerned, including the Owner and the Architect, within 3 days of the meeting.

	B. Preconstruction Conference:  Schedule a preconstruction conference before starting construction, at a time convenient to the Owner and the Architect, but no later than 15 days after execution of the Agreement.  Hold the conference at the Project si...
	1. Attendees:  Authorized representatives of the Owner, the Architect, and their consultants; the Contractor and its superintendent; major subcontractors; manufacturers; suppliers; and other concerned parties shall attend the conference.  All particip...
	2. Agenda:  Discuss items of significance that could affect progress, including the following:
	a. Tentative construction schedule.
	b. Phasing.
	c. Critical work sequencing.
	d. Designation of responsible personnel.
	e. Procedures for processing field decisions and Change Orders.
	f. Procedures for processing Applications for Payment.
	g. Distribution of the Contract Documents.
	h. Submittal procedures.
	i. Preparation of Record Documents.
	j. Use of the premises.
	k. Responsibility for temporary facilities and controls.
	l. Parking availability.
	m. Office, work, and storage areas.
	n. Equipment deliveries and priorities.
	o. First aid.
	p. Security.
	q. Progress cleaning.
	r. Working hours.


	C. Progress Meetings:  Conduct progress meetings at semi-monthly intervals.  Coordinate dates of meetings with preparation of payment requests.
	1. Agenda:  Review and correct or approve minutes of previous progress meeting.  Review other items of significance that could affect progress.  Include topics for discussion as appropriate to status of the Project.
	a. Contractor’s Construction Schedule:  Review progress since the last meeting.  Determine whether each activity is on time, ahead of schedule, or behind schedule, in relation to the Contractor’s Construction Schedule.  Determine how construction behi...
	b. Review present and future needs of each entity present, including the following:
	1) Interface requirements.
	2) Sequence of operations.
	3) Status of submittals.
	4) Deliveries.
	5) Off-site fabrication.
	6) Access.
	7) Site utilization.
	8) Temporary facilities and controls.
	9) Work hours.
	10) Hazards and risks.
	11) Progress cleaning.
	12) Quality and work standards.
	13) Change Orders.
	14) Documentation of information for payment requests.


	2. Reporting:  Distribute minutes of the meeting to each party present and to parties who should have been present.  Include a brief summary, in narrative form, of progress since the previous meeting and report.
	a. Schedule Updating:  Revise the Contractor’s Construction Schedule after each progress meeting where revisions to the schedule have been made or recognized.  Issue revised schedule concurrently with the report of each meeting.
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	35- 01 32 00 CONSTRUCTION PROGRESS
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes administrative and procedural requirements for documenting the progress of construction during performance of the Work, including the following:
	1. Preliminary Construction Schedule.
	2. Contractor’s Construction Schedule.
	3. Submittals Schedule.
	4. Daily construction reports.
	5. Material location reports.
	6. Field condition reports.
	7. Construction photographs.

	B. Related Sections include the following:
	1. Division 00 Section “Supplementary General Conditions A201-2007” for submitting the Schedule of Values.
	2. Division 01 Section “Project Management and Coordination” for submitting and distributing meeting and conference minutes.
	3. Division 01 Section “Submittal Procedures” for submitting schedules and reports.
	4. Division 01 Section “Closeout Procedures” for submitting photographic negatives as Project Record Documents at Project closeout.


	1.3 DEFINITIONS
	A. Activity:  A discrete part of a project that can be identified for planning, scheduling, monitoring, and controlling the construction project.  Activities included in a construction schedule consume time and resources.
	1. Critical activities are activities on the critical path.  They must start and finish on the planned early start and finish times.
	2. Predecessor activity is an activity that must be completed before a given activity can be started.

	B. CPM:  Critical path method, which is a method of planning and scheduling a construction project where activities are arranged based on activity relationships.  Network calculations determine when activities can be performed and the critical path of...
	C. Critical Path:  The longest continuous chain of activities through the network schedule that establishes the minimum overall Project duration and contains no float.
	D. Event:  The starting or ending point of an activity.
	E. Float:  The measure of leeway in starting and completing an activity.
	1. Float time is not for the exclusive use or benefit of either Owner or Contractor, but is a jointly owned, expiring Project resource available to both parties as needed to meet schedule milestones and Contract completion date.
	2. Free float is the amount of time an activity can be delayed without adversely affecting the early start of the following activity.
	3. Total float is the measure of leeway in starting or completing an activity without adversely affecting the planned Project completion date.

	F. Major Area:  A story of construction, a separate building, or a similar significant construction element.
	G. Milestone:  A key or critical point in time for reference or measurement.
	H. Network Diagram:  A graphic diagram of a network schedule, showing activities and activity relationships.

	1.4 SUBMITTALS
	A. Qualification Data:  For firms and persons specified in “Quality Assurance” Article and in-house scheduling personnel to demonstrate their capabilities and experience.  Include lists of completed projects with project names and addresses, names and...
	B. Submittals Schedule:  Submit three copies of schedule.  Arrange the following information in a tabular format:
	1. Scheduled date for first submittal.
	2. Specification Section number and title.
	3. Submittal category (action or informational).
	4. Name of subcontractor.
	5. Description of the Work covered.

	C. Contractor’s Construction Schedule:  Submit three printed copies of initial schedule, one a reproducible print and one a blue- or black-line print, large enough to show entire schedule for entire construction period.
	D. CPM Reports:  Concurrent with CPM schedule, submit three printed copies of each of the following computer-generated reports.  Format for each activity in reports shall contain activity number, activity description, original duration, remaining dura...
	1. Activity Report:  List of all activities sorted by activity number and then early start date, or actual start date if known.
	2. Logic Report:  List of preceding and succeeding activities for all activities, sorted in ascending order by activity number and then early start date, or actual start date if known.
	3. Total Float Report:  List of all activities sorted in ascending order of total float.

	E. Daily Construction Reports:  Submit two copies at weekly intervals.
	F. Material Location Reports:  Submit two copies at weekly intervals.
	G. Field Condition Reports:  Submit two copies at weekly intervals.

	1.5 QUALITY ASSURANCE
	A. Scheduling Consultant Qualifications:  An experienced specialist in CPM scheduling and reporting.

	1.6 COORDINATION
	A. Coordinate preparation and processing of schedules and reports with performance of construction activities and with scheduling and reporting of separate contractors.
	B. Coordinate Contractor’s Construction Schedule with the Schedule of Values, list of subcontracts, Submittals Schedule, progress reports, payment requests, and other required schedules and reports.
	1. Secure time commitments for performing critical elements of the Work from parties involved.
	2. Coordinate each construction activity in the network with other activities and schedule them in proper sequence.



	PART 2 -  PRODUCTS
	2.1 SUBMITTALS SCHEDULE
	A. Preparation:  Submit a schedule of submittals, arranged in chronological order by dates required by construction schedule.  Include time required for review, resubmittal, ordering, manufacturing, fabrication, and delivery when establishing dates.
	1. Coordinate Submittals Schedule with list of subcontracts, the Schedule of Values, and Contractor’s Construction Schedule.
	2. Final Submittal:  Submit concurrently with the first complete submittal of Contractor’s Construction Schedule.


	2.2 CONTRACTOR’S CONSTRUCTION SCHEDULE (CPM SCHEDULE)
	A. CPM Schedule:  Prepare Contractor’s Construction Schedule using a CPM network analysis diagram.
	1. Develop network diagram in sufficient time to submit CPM schedule so it can be accepted for use no later than 15 days after date established for the Notice to Proceed.
	2. Establish procedures for monitoring and updating CPM schedule and for reporting progress.  Coordinate procedures with progress meeting and payment request dates.
	3. Use “one workday” as the unit of time.

	B. CPM Schedule Preparation:  Prepare a list of all activities required to complete the Work.  Using the preliminary network diagram, prepare a skeleton network to identify probable critical paths.
	1. Activities:  Indicate the estimated time duration, sequence requirements, and relationship of each activity in relation to other activities.  Include estimated time frames for the following activities:
	a. Preparation and processing of submittals.
	b. Purchase of materials.
	c. Delivery.
	d. Fabrication.
	e. Installation.

	2. Processing:  Process data to produce output data or a computer-drawn, time-scaled network.  Revise data, reorganize activity sequences, and reproduce as often as necessary to produce the CPM schedule within the limitations of the Contract Time.
	3. Format:  Mark the critical path.  Locate the critical path near center of network; locate paths with most float near the edges.
	a. Subnetworks on separate sheets are permissible for activities clearly off the critical path.



	2.3 REPORTS
	A. Daily Construction Reports:  Prepare a daily construction report recording the following information concerning events at Project site:
	1. List of subcontractors at Project site.
	2. List of separate contractors at Project site.
	3. Approximate count of personnel at Project site.
	4. High and low temperatures and general weather conditions.
	5. Accidents.
	6. Meetings and significant decisions.
	7. Unusual events (refer to special reports).
	8. Stoppages, delays, shortages, and losses.
	9. Meter readings and similar recordings.
	10. Emergency procedures.
	11. Orders and requests of authorities having jurisdiction.
	12. Change Orders received and implemented.
	13. Construction Change Directives received.
	14. Services connected and disconnected.
	15. Equipment or system tests and startups.
	16. Partial Completions and occupancies.
	17. Substantial Completions authorized.

	B. Material Location Reports:  At monthly intervals, prepare a comprehensive list of materials delivered to and stored at Project site.  List shall be cumulative, showing materials previously reported plus items recently delivered.  Include with list ...
	C. Field Condition Reports:  Immediately on discovery of a difference between field conditions and the Contract Documents, prepare a detailed report.  Submit with a request for information.  Include a detailed description of the differing conditions, ...


	PART 3 -  EXECUTION (not used)

	36- 01 33 00 SUBMITTAL PROCEDURES
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes administrative and procedural requirements for submitting Shop Drawings, Product Data, Samples, and other miscellaneous submittals.
	B. Related Sections include the following:
	1. Division 01 Section “Project Management and Coordination” for submitting Coordination Drawings.


	1.3 DEFINITIONS
	A. Action Submittals:  Written and graphic information that requires the Architect’s responsive action.
	B. Informational Submittals:  Written information that does not require the Architect’s approval.  Submittals may be rejected for not complying with requirements.

	1.4 SUBMITTAL PROCEDURES
	A. General:  Architect will provide electronic copies of CADD drawings of the Contract Drawings for Contractor’s use in preparing submittals.
	1. Upon request contractor shall sign a release form provided by the Architect and payment of the processing fee for each consultant’s CADD files.  Only plan drawings and backgrounds to be provided.

	B. Coordination:  Coordinate preparation and processing of submittals with performance of construction activities.
	1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other submittals, and related activities that requires sequential activity.
	2. Coordinate transmittal of different types of submittals for related parts of the Work so processing will not be delayed because of need to review submittals concurrently for coordination.
	a. The Architect reserves the right to withhold action on a submittal requiring coordination with other submittals until related submittals are received.


	C. Submittals Schedule:  Comply with requirements in Division 1 Section “Construction Progress Documentation” for list of submittals and time requirements for scheduled performance of related construction activities.
	D. Processing Time:  Allow enough time for submittal review, including time for resubmittals, as follows.  Time for review shall commence on the Architect’s receipt of submittal.
	1. Initial Review:  Allow 15 days for initial review of each submittal.  Allow additional time if processing must be delayed to permit coordination with subsequent submittals.  The Architect will advise the Contractor when a submittal being processed ...
	2. Concurrent Review:  Where concurrent review of submittals by the Architect’s consultants, the Owner, or other parties is required, allow 21 days for initial review of each submittal.

	E. Identification:  Place a permanent label or title block on each submittal for identification.
	1. Indicate name of firm or entity that prepared each submittal on label or title block.
	2. Provide a space approximately 4 by 5 inches (100 by 125 mm) on label or beside title block to record the Contractor’s review and approval markings and action taken by the Architect.
	3. Include the following information on label for processing and recording action taken:
	a. Project name.
	b. Date.
	c. Name and address of Architect.
	d. Name and address of Contractor.
	e. Name and address of subcontractor.
	f. Name and address of supplier.
	g. Name of manufacturer.
	h. Number and title of appropriate Specification Section.
	i. Drawing number and detail references, as appropriate.


	F. Deviations:  Highlight, encircle, or otherwise identify deviations from the Contract Documents on submittals.
	G. Additional Copies:  Unless additional copies are required for final submittal, and unless the Architect observes noncompliance with provisions of the Contract Documents, initial submittal may serve as final submittal.
	1. Submit one copy of submittal to concurrent reviewer in addition to specified number of copies to the Architect.
	2. Additional copies submitted for maintenance manuals will not be marked with action taken and will be returned.

	H. Transmittal:  Package each submittal individually and appropriately for transmittal and handling.  Transmit each submittal using a transmittal form.  The Architect will return submittals received from sources other than the Contractor.
	1. On an attached separate sheet, prepared on the Contractor’s letterhead, record relevant information, requests for data, revisions other than those requested by the Architect on previous submittals, and deviations from requirements of the Contract D...
	2. Include the Contractor’s certification stating that information submitted complies with requirements of the Contract Documents.

	I. Use for Construction:  Use only final submittals with mark indicating action taken by the Architect in connection with construction.


	PART 2 -  PRODUCTS
	2.1 ACTION SUBMITTALS
	A. General:  Prepare and submit Action Submittals required by individual Specification Sections.
	1. Number of Copies:  Submit five copies of each submittal, unless otherwise indicated.  The Architect will return two copies.  Mark up and retain one returned copy as a Project Record Document.

	B. Product Data:  Collect information into a single submittal for each element of construction and type of product or equipment.
	1. If information must be specially prepared for submittal because standard printed data are not suitable for use, submit as Shop Drawings, not as Product Data.
	2. Mark each copy of each submittal to show which products and options are applicable.
	3. Include the following information, as applicable:
	a. Manufacturer’s written recommendations.
	b. Manufacturer’s product specifications.
	c. Manufacturer’s installation instructions.
	d. Standard color charts.
	e. Manufacturer’s catalog cuts.
	f. Wiring diagrams showing factory-installed wiring.
	g. Printed performance curves.
	h. Operational range diagrams.
	i. Mill reports.
	j. Standard product operating and maintenance manuals.
	k. Compliance with recognized trade association standards.
	l. Compliance with recognized testing agency standards.
	m. Application of testing agency labels and seals.
	n. Notation of coordination requirements.


	C. Shop Drawings:  Prepare Project-specific information, drawn accurately to scale.  Do not base Shop Drawings on reproductions of the Contract Documents or standard printed data.
	1. Preparation:  Include the following information, as applicable:
	a. Dimensions.
	b. Identification of products.
	c. Fabrication and installation drawings.
	d. Roughing-in and setting diagrams.
	e. Wiring diagrams showing field-installed wiring, including power, signal, and control wiring.
	f. Shop work manufacturing instructions.
	g. Templates and patterns.
	h. Schedules.
	i. Design calculations.
	j. Compliance with specified standards.
	k. Notation of coordination requirements.
	l. Notation of dimensions established by field measurement.

	2. Number of Copies:  Submit one correctable, translucent, reproducible print and six blue- or black-line print of each submittal. The Architect will return the reproducible print.

	D. Samples:  Prepare physical units of materials or products, including the following:
	1. Samples for Verification:  Submit full-size units or Samples of size indicated, prepared from the same material to be used for the Work, cured and finished in manner specified, and physically identical with the product proposed for use, and that sh...
	2. Submit Samples for review of kind, color, pattern, and texture for a final check of these characteristics with other elements and for a comparison of these characteristics between final submittal and actual component as delivered and installed.
	a. If variation in color, pattern, texture, or other characteristic is inherent in the product represented by a Sample, submit at least two sets of paired units that show approximate limits of the variations.
	b. Refer to individual Specification Sections for requirements for Samples that illustrate workmanship, fabrication techniques, details of assembly, connections, operation, and similar construction characteristics.

	3. Disposition:  Maintain sets of approved Samples at Project site, available for quality-control comparisons throughout the course of construction activity.  Sample sets may be used to determine final acceptance of construction associated with each set.
	a. Samples that may be incorporated into the Work are indicated in individual Specification Sections.  Such Samples must be in an undamaged condition at time of use.


	E. Product Schedule or List:  Prepare a written summary indicating types of products required for the Work and their intended location.  Include the following information in tabular form:
	1. Type of product.  Include unique identifier for each product.
	2. Number and name of room or space.
	3. Location within room or space.

	F. Submittals Schedule:  Comply with requirements in Division 1 Section “Construction Progress Documentation.”
	G. Application for Payment:  Comply with requirements in Division 1 Section “Payment Procedures.”
	H. Schedule of Values:  Comply with requirements in Division 1 Section “Payment Procedures.”

	2.2 INFORMATIONAL SUBMITTALS
	A. General:  Prepare and submit Informational Submittals required by other Specification Sections.
	1. Number of Copies:  Submit one copies of each submittal, unless otherwise indicated.  The Architect will not return copies.
	2. Certificates and Certifications:  Provide a notarized statement that includes signature of entity responsible for preparing certification.  Certificates and certifications shall be signed by an officer or other individual authorized to sign documen...
	3. Test and Inspection Reports:  Comply with requirements in Division 1 Section “Quality Requirements.”

	B. Qualification Data:  Prepare written information that demonstrates capabilities and experience of firm or person.  Include lists of completed projects with project names and addresses, names and addresses of architects and owners, and other informa...
	C. Product Certificates:  Prepare written statements on manufacturer’s letterhead certifying that product complies with requirements.
	D. Welding Certificates:  Prepare written certification that welding procedures and personnel comply with requirements.  Submit record of Welding Procedure Specification (WPS) and Procedure Qualification Record (PQR) on AWS forms.  Include names of fi...
	E. Installer Certificates:  Prepare written statements on manufacturer’s letterhead certifying that Installer complies with requirements and, where required, is authorized for this specific Project.
	F. Manufacturer Certificates:  Prepare written statements on manufacturer’s letterhead certifying that manufacturer complies with requirements.  Include evidence of manufacturing experience where required.
	G. Material Certificates:  Prepare written statements on manufacturer’s letterhead certifying that material complies with requirements.
	H. Material Test Reports:  Prepare reports written by a qualified testing agency, on testing agency’s standard form, indicating and interpreting test results of material for compliance with requirements.
	I. Preconstruction Test Reports:  Prepare reports written by a qualified testing agency, on testing agency’s standard form, indicating and interpreting results of tests performed before installation of product, for compliance with performance requirem...
	J. Compatibility Test Reports:  Prepare reports written by a qualified testing agency, on testing agency’s standard form, indicating and interpreting results of compatibility tests performed before installation of product.  Include written recommendat...
	K. Field Test Reports:  Prepare reports written by a qualified testing agency, on testing agency’s standard form, indicating and interpreting results of field tests performed either during installation of product or after product is installed in its f...
	L. Product Test Reports:  Prepare written reports indicating current product produced by manufacturer complies with requirements.  Base reports on evaluation of tests performed by manufacturer and witnessed by a qualified testing agency, or on compreh...
	M. Research/Evaluation Reports:  Prepare written evidence, from a model code organization acceptable to authorities having jurisdiction, that product complies with building code in effect for Project.  Include the following information:
	1. Name of evaluation organization.
	2. Date of evaluation.
	3. Time period when report is in effect.
	4. Product and manufacturers’ names.
	5. Description of product.
	6. Test procedures and results.
	7. Limitations of use.

	N. Maintenance Data:  Prepare written and graphic instructions and procedures for operation and normal maintenance of products and equipment.  Comply with requirements in Division 1 Section “Closeout Procedures”.
	O. Design Data:  Prepare written and graphic information, including, but not limited to, performance and design criteria, list of applicable codes and regulations, and calculations.  Include list of assumptions and other performance and design criteri...
	P. Manufacturer’s Instructions:  Prepare written or published information that documents manufacturer’s recommendations, guidelines, and procedures for installing or operating a product or equipment.  Include name of product and name, address, and tel...
	1. Preparation of substrates.
	2. Required substrate tolerances.
	3. Sequence of installation or erection.
	4. Required installation tolerances.
	5. Required adjustments.
	6. Recommendations for cleaning and protection.

	Q. Manufacturer’s Field Reports:  Prepare written information documenting factory-authorized service representative’s tests and inspections.  Include the following, as applicable:
	1. Name, address, and telephone number of factory-authorized service representative making report.
	2. Statement on condition of substrates and their acceptability for installation of product.
	3. Statement that products at Project site comply with requirements.
	4. Summary of installation procedures being followed, whether they comply with requirements and, if not, what corrective action was taken.
	5. Results of operational and other tests and a statement of whether observed performance complies with requirements.
	6. Statement whether conditions, products, and installation will affect warranty.
	7. Other required items indicated in individual Specification Sections.

	R. Insurance Certificates and Bonds:  Prepare written information indicating current status of insurance or bonding coverage.  Include name of entity covered by insurance or bond, limits of coverage, amounts of deductibles, if any, and term of the cov...


	PART 3 -  EXECUTION
	3.1 CONTRACTOR’S REVIEW
	A. Review each submittal and check for compliance with the Contract Documents.  Note corrections and field dimensions.  Mark with approval stamp before submitting to the Architect.
	B. Approval Stamp:  Stamp each submittal with a uniform, approval stamp.  Include Project name and location, submittal number, Specification Section title and number, name of reviewer, date of the Contractor’s approval, and statement certifying that s...

	3.2 ARCHITECT’S ACTION
	A. General:  The Architect will not review submittals that do not bear the Contractor’s approval stamp and will return them without action.
	B. Action Submittals:  The Architect will review each submittal, make marks to indicate corrections or modifications required, and return it.  The Architect will stamp each submittal with an action stamp and will mark stamp appropriately to indicate a...
	C. Informational Submittals:  The Architect will review each submittal and will not return it, or will reject and return it if it does not comply with requirements.  The Architect will forward each submittal to appropriate party.
	D. Submittals not required by the Contract Documents will not be reviewed and may be discarded.
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	40- 01 50 00 TEMPORARY FACILITIES & CONTROLS
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes requirements for temporary facilities and controls, including temporary utilities, support facilities, and security and protection facilities.
	B. Temporary utilities include, but are not limited to, the following:
	1. Sewers and drainage.
	2. Water service and distribution.
	3. Sanitary facilities, including toilets, wash facilities, and drinking-water facilities.
	4. Heating and cooling facilities.
	5. Ventilation.
	6. Electric power service.
	7. Lighting.
	8. Telephone service.

	C. Support facilities include, but are not limited to, the following:
	1. Temporary roads and paving.
	2. Dewatering facilities and drains.
	3. Project identification and temporary signs.
	4. Waste disposal facilities.
	5. Field offices.
	6. Storage and fabrication sheds.
	7. Lifts and hoists.
	8. Temporary elevator usage.
	9. Temporary stairs.
	10. Construction aids and miscellaneous services and facilities.

	D. Security and protection facilities include, but are not limited to, the following:
	1. Environmental protection.
	2. Storm water control.
	3. Tree and plant protection.
	4. Pest control.
	5. Site enclosure fence.
	6. Security enclosure and lockup.
	7. Barricades, warning signs, and lights.
	8. Covered walkways.
	9. Temporary enclosures.
	10. Temporary partitions.
	11. Fire protection.

	E. Related Sections include the following:
	1. Division 01 Section “Submittal Procedures” for procedures for submitting copies of implementation and termination schedule and utility reports.


	1.3 USE CHARGES
	A. Temporary water and electric will be provided by the Owner.

	1.4 QUALITY ASSURANCE
	A. Standards:  Comply with ANSI A10.6, NECA’s “Temporary Electrical Facilities,” and NFPA 241.
	1. Trade Jurisdictions:  Assigned responsibilities for installation and operation of temporary utilities are not intended to interfere with trade regulations and union jurisdictions.
	2. Electric Service:  Comply with NECA, NEMA, and UL standards and regulations for temporary electric service.  Install service to comply with NFPA 70.

	B. Tests and Inspections:  Arrange for authorities having jurisdiction to test and inspect each temporary utility before use.  Obtain required certifications and permits.

	1.5 PROJECT CONDITIONS
	A. Temporary Utilities:  At earliest feasible time, when acceptable to the Owner, change over from use of temporary service to use of permanent service.
	1. Temporary Use of Permanent Facilities:  Installer of each permanent service shall assume responsibility for operation, maintenance, and protection of each permanent service during its use as a construction facility before the Owner’s acceptance, re...

	B. Conditions of Use:  The following conditions apply to use of temporary services and facilities by all parties engaged in the Work:
	1. Keep temporary services and facilities clean and neat.
	2. Relocate temporary services and facilities as required by progress of the Work.



	PART 2 -  PRODUCTS
	2.1 MATERIALS
	A. General:  Provide new materials.  Undamaged, previously used materials in serviceable condition may be used if approved by the Architect.  Provide materials suitable for use intended.

	2.2 EQUIPMENT
	A. General:  Provide equipment suitable for use intended.
	B. Fire Extinguishers:  Hand carried, portable, UL rated.  Provide class and extinguishing agent as indicated or a combination of extinguishers of NFPA-recommended classes for exposures.
	1. Comply with NFPA 10 and NFPA 241 for classification, extinguishing agent, and size required by location and class of fire exposure.

	C. Self-Contained Toilet Units:  Single-occupant units of chemical, aerated recirculation or combustion type; vented; fully enclosed with a glass-fiber-reinforced polyester shell or similar nonabsorbent material.
	D. Heating Equipment:  Unless the Owner authorizes use of permanent heating system, provide vented, self-contained, liquid-propane-gas or fuel-oil heaters with individual space thermostatic control.
	1. Use of gasoline-burning space heaters, open-flame heaters, or salamander-type heating units is prohibited.
	2. Heating Units:  Listed and labeled, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use for type of fuel being consumed.

	E. Electrical Outlets:  Properly configured, NEMA-polarized outlets to prevent insertion of 110- to 120-V plugs into higher-voltage outlets; equipped with ground-fault circuit interrupters, reset button, and pilot light.
	F. Power Distribution System Circuits:  Where permitted and overhead and exposed for surveillance, wiring circuits, not exceeding 125-V ac, 20-A rating, and lighting circuits may be nonmetallic sheathed cable.


	PART 3 -  EXECUTION
	3.1 INSTALLATION, GENERAL
	A. Locate facilities where they will serve the Project adequately and result in minimum interference with performance of the Work.  Relocate and modify facilities as required.
	B. Provide each facility ready for use when needed to avoid delay.  Maintain and modify as required.  Do not remove until facilities are no longer needed or are replaced by authorized use of completed permanent facilities.

	3.2 TEMPORARY UTILITY INSTALLATION
	A. Water Service:  Use of the Owner’s existing water service facilities will be permitted, as long as facilities are cleaned and maintained in a condition acceptable to the Owner.  At Substantial Completion, restore these facilities to condition exist...
	1. Provide rubber hoses as necessary to serve the Project site.
	2. Where installations below an outlet might be damaged by spillage or leakage, provide a drip pan of suitable size to minimize water damage.  Drain accumulated water promptly from pans.

	B. Sanitary Facilities:  Provide temporary toilets, wash facilities, and drinking-water fixtures.  Comply with regulations and health codes for type, number, location, operation, and maintenance of fixtures and facilities.
	1. Disposable Supplies:  Provide toilet tissue, paper towels, paper cups, and similar disposable materials for each facility.  Maintain adequate supply.  Provide covered waste containers for disposal of used material.
	2. Toilets:  Use of the Owner’s existing toilet facilities will not be permitted, as long as facilities are cleaned and maintained in a condition acceptable to the Owner.  At Substantial Completion, restore these facilities to condition existing befor...

	C. Heating and Cooling:  Provide temporary heating and cooling required by construction activities for curing or drying of completed installations or for protecting installed construction from adverse effects of low temperatures or high humidity.  Sel...
	1. Maintain a minimum temperature of 50 deg F (10 deg C) in permanently enclosed portions of building for normal construction activities, and 65 deg F (18.3 deg C) for finishing activities and areas where finished Work has been installed.

	D. Electric Power Service:  Use of the Owner’s existing electric power service will be permitted, as long as equipment is maintained in a condition acceptable to the Owner.
	E. Electric Distribution:  Provide receptacle outlets adequate for connection of power tools and equipment.
	1. Provide waterproof connectors to connect separate lengths of electrical power cords if single lengths will not reach areas where construction activities are in progress.  Do not exceed safe length-voltage ratio.

	F. Telephone Service:
	1. Provide a portable cellular telephone for superintendent’s use in making and receiving telephone calls when away from field office.

	G. Waste Disposal Facilities:  Provide waste-collection containers in sizes adequate to handle waste from construction operations.  Containerize and clearly label hazardous, dangerous, or unsanitary waste materials separately from other waste.
	1. If required by authorities having jurisdiction, provide separate containers, clearly labeled, for each type of waste material to be deposited.


	3.3 OPERATION, TERMINATION, AND REMOVAL
	A. Termination and Removal:  Remove each temporary facility when need for its service has ended, when it has been replaced by authorized use of a permanent facility, or no later than Substantial Completion.  Complete or, if necessary, restore permanen...
	1. Materials and facilities that constitute temporary facilities are the property of the Contractor.  The Owner reserves right to take possession of the Project identification signs.
	2. At Substantial Completion, clean and renovate permanent facilities used during construction period.  Comply with final cleaning requirements in Division 1 Section “Closeout Procedures.”
	END OF SECTION




	41- 01 63 10 SUBSTITUTIONS
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Requests for substitution must be made ten days prior to bid.  This specification section applies to extra-ordinary conditions that could not be requested during the bidding period.
	B. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes administrative and procedural requirements for handling requests for substitutions made after award of the Contract, but no later than 60 days after commencement of the Work.
	B. Related Sections:  The following Divisions contain requirements that relate to this Section:
	1. Division 01 specifies the applicability of industry standards to products specified.
	2. Division 01 specifies requirements for submitting the Contractor's Construction Schedule and the Submittal Schedule.
	3. Division 01 specifies requirements governing the Contractor's selection of products and product options.


	1.3 DEFINITIONS
	A. Definitions in this Article do not change or modify the meaning of other terms used in the Contract Documents.
	B. Substitutions:  Changes in products, materials, equipment, and methods of construction required by the Contract Documents proposed by the Contractor after award of the Contract are considered to be requests for substitutions.  The following are not...
	1. Substitutions requested during the bidding period, and accepted by Addendum prior to award of the Contract, are included in the Contract Documents and are not subject to requirements specified in this Section for substitutions.
	2. Revisions to the Contract Documents requested by the Owner or Architect.
	3. Specified options of products and construction methods included in the Contract Documents.
	4. The Contractor's determination of and compliance with governing regulations and orders issued by governing authorities.


	1.4 SUBMITTALS
	A. Substitution Request Submittal:  Substitution requests will only be considered during the bidding period.  Substitutions will not be considered after the bids are accepted.
	1. Submit three copies of each request for substitution for consideration.  Submit requests in the form and according to procedures required for change-order proposals.  The Contractor is solely responsible for obtaining the required forms to submit b...
	2. Identify the product or the fabrication or installation method to be replaced in each request.  Include related Specification Section and Drawing numbers.
	3. Provide complete documentation showing compliance with the requirements for substitutions, and the following information, as appropriate:
	a. Coordination information, including a list of changes or modifications needed to other parts of the Work and to construction performed by the Owner and separate contractors that will be necessary to accommodate the proposed substitution.
	b. A detailed comparison of significant qualities of the proposed substitution with those of the Work specified.  Significant qualities may include elements, such as performance, weight, size, durability, and visual effect.
	c. Product Data, including Drawings and descriptions of products and fabrication and installation procedures.
	d. Samples, where applicable or requested.
	e. A statement indicating the substitution's effect on the Contractor's Construction Schedule compared to the schedule without approval of the substitution.  Indicate the effect of the proposed substitution on overall Contract Time.
	f. Cost information, including a proposal of the net change, if any in the Contract Sum.
	g. The Contractor's certification that the proposed substitution conforms to requirements in the Contract Documents in every respect and is appropriate for the applications indicated.
	h. The Contractor's waiver of rights to additional payment or time that may subsequently become necessary because of the failure of the substitution to perform adequately.

	4. Architect's Action:  If necessary, the Architect will request additional information or documentation for evaluation within one week of receipt of a request for substitution.  The Architect will notify the Contractor of acceptance or rejection of t...
	a. Use the product specified if the Architect cannot make a decision on the use of a proposed substitute within the time allocated.




	PART 2 -  PRODUCTS
	2.1 SUBSTITUTIONS
	A. Conditions:  The Architect will receive and consider the Contractor's request for substitution when the following conditions are satisfied, as determined by the Architect.  If the following conditions are not satisfied, the Architect will return th...
	1. Revisions to the Contract Documents are not required.
	2. Proposed changes are in keeping with the general intent of the Contract Documents.
	3. The request is timely, fully documented, and properly submitted.
	4. The specified product or method of construction cannot be provided within the Contract Time.  The Architect will not consider the request if the product or method cannot be provided as a result of failure to pursue the Work promptly or coordinate a...
	5. The requested substitution offers the Owner a substantial advantage, in cost, time, energy conservation, or other considerations, after deducting additional responsibilities the Owner must assume.  The Owner's additional responsibilities may includ...
	6. The specified product or method of construction cannot receive necessary approval by a governing authority, and the requested substitution can be approved.
	7. The specified product or method of construction cannot be provided in a manner that is compatible with other materials and where the Contractor certifies that the substitution will overcome the incompatibility.
	8. The specified product or method of construction cannot be coordinated with other materials and where the Contractor certifies that the proposed substitution can be coordinated.

	B. The Contractor's submittal and the Architect's acceptance of Shop Drawings, Product Data, or Samples for construction activities not complying with the Contract Documents do not constitute an acceptable or valid request for substitution, nor do the...
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	SECTION 01 73 29
	CUTTING & PATCHING
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes procedural requirements for cutting and patching.
	B. Related Sections include the following:
	1. Divisions 02 through 07 Sections for specific requirements and limitations applicable to cutting and patching individual parts of the Work.


	1.3 DEFINITIONS
	A. Cutting:  Removal of in-place construction necessary to permit installation or performance of other Work.
	B. Patching:  Fitting and repair work required to restore surfaces to original conditions after installation of other Work.

	1.4 QUALITY ASSURANCE
	A. Structural Elements:  Do not cut and patch structural elements in a manner that could change their load-carrying capacity or load-deflection ratio.
	B. Operational Elements:  Do not cut and patch operating elements and related components in a manner that results in reducing their capacity to perform as intended or that result in increased maintenance or decreased operational life or safety. Operat...
	1. Fire-suppression systems.
	2. Mechanical systems piping and ducts.
	3. Control systems.
	4. Communication systems.
	5. Conveying systems.
	6. Electrical wiring systems.

	C. Visual Requirements:  Do not cut and patch construction in a manner that results in visual evidence of cutting and patching.  Do not cut and patch construction exposed on the exterior or in occupied spaces in a manner that would, in Architect's opi...
	D. Cutting and Patching Conference:  Before proceeding, meet at Project site with parties involved in cutting and patching, including mechanical and electrical trades.  Review areas of potential interference and conflict.  Coordinate procedures and re...


	PART 2 -  PRODUCTS
	2.1 MATERIALS
	A. General:  Comply with requirements specified in other Sections.
	B. In-Place Materials:  Use materials identical to in-place materials.  For exposed surfaces, use materials that visually match in-place adjacent surfaces to the fullest extent possible.
	1. If identical materials are unavailable or cannot be used, use materials that, when installed, will match the visual and functional performance of in-place materials.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine surfaces to be cut and patched and conditions under which cutting and patching are to be performed.
	1. Compatibility:  Before patching, verify compatibility with and suitability of substrates, including compatibility with in-place finishes or primers.
	2. Proceed with installation only after unsafe or unsatisfactory conditions have been corrected.


	3.2 PREPARATION
	A. Temporary Support:  Provide temporary support of Work to be cut.
	B. Protection:  Protect in-place construction during cutting and patching to prevent damage.  Provide protection from adverse weather conditions for portions of Project that might be exposed during cutting and patching operations.
	C. Adjoining Areas:  Avoid interference with use of adjoining areas or interruption of free passage to adjoining areas.
	D. Existing Utility Services and Mechanical/Electrical Systems:  Where existing services/systems are required to be removed, relocated, or abandoned, bypass such services/systems before cutting to prevent interruption to occupied areas.

	3.3 PERFORMANCE
	A. General:  Employ skilled workers to perform cutting and patching.  Proceed with cutting and patching at the earliest feasible time, and complete without delay.
	1. Cut in-place construction to provide for installation of other components or performance of other construction, and subsequently patch as required to restore surfaces to their original condition.

	B. Cutting:  Cut in-place construction by sawing, drilling, breaking, chipping, grinding, and similar operations, including excavation, using methods least likely to damage elements retained or adjoining construction.  If possible, review proposed pro...
	1. In general, use hand or small power tools designed for sawing and grinding, not hammering and chopping.  Cut holes and slots as small as possible, neatly to size required, and with minimum disturbance of adjacent surfaces.  Temporarily cover openin...
	2. Finished Surfaces:  Cut or drill from the exposed or finished side into concealed surfaces.
	3. Concrete or Masonry:  Cut using a cutting machine, such as an abrasive saw or a diamond-core drill.
	4. Mechanical and Electrical Services:  Cut off pipe or conduit in walls or partitions to be removed.  Cap, valve, or plug and seal remaining portion of pipe or conduit to prevent entrance of moisture or other foreign matter after cutting.
	5. Proceed with patching after construction operations requiring cutting are complete.

	C. Patching:  Patch construction by filling, repairing, refinishing, closing up, and similar operations following performance of other Work.  Patch with durable seams that are as invisible as possible.  Provide materials and comply with installation r...
	1. Inspection:  Where feasible, test and inspect patched areas after completion to demonstrate integrity of installation.
	2. Exposed Finishes:  Restore exposed finishes of patched areas and extend finish restoration into retained adjoining construction in a manner that will eliminate evidence of patching and refinishing.
	a. Clean piping, conduit, and similar features before applying paint or other finishing materials.
	b. Restore damaged pipe covering to its original condition.

	3. Floors and Walls:  Where walls or partitions that are removed extend one finished area into another, patch and repair floor and wall surfaces in the new space.  Provide an even surface of uniform finish, color, texture, and appearance.  Remove in-p...
	a. Where patching occurs in a painted surface, apply primer and intermediate paint coats over the patch and apply final paint coat over entire unbroken surface containing the patch.  Provide additional coats until patch blends with adjacent surfaces.

	4. Ceilings:  Patch, repair, or rehang in-place ceilings as necessary to provide an even-plane surface of uniform appearance.
	5. Exterior Building Enclosure:  Patch components in a manner that restores enclosure to a weathertight condition.

	D. Cleaning:  Clean areas and spaces where cutting and patching are performed.  Completely remove paint, mortar, oils, putty, and similar materials.
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	44- 01 77 00 CLOSEOUT PROCEDURES
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes administrative and procedural requirements for contract closeout, including, but not limited to, the following:
	1. Inspection procedures.
	2. Project Record Documents.
	3. Operation and maintenance manuals.
	4. Warranties.
	5. Instruction of the Owner’s personnel.
	6. Final cleaning.


	1.3 SUBSTANTIAL COMPLETION
	A. Preliminary Procedures:  Before requesting inspection for determining date of Substantial Completion, complete the following.  List items below that are incomplete in request.
	1. Prepare a list of items to be completed and corrected (punch list), the value of items on the list, and reasons why the Work is not complete.
	2. Advise the Owner of pending insurance changeover requirements.
	3. Submit specific warranties, workmanship bonds, maintenance service agreements, final certifications, and similar documents.
	4. Obtain and submit releases permitting the Owner unrestricted use of the Work and access to services and utilities.  Include occupancy permits, operating certificates, and similar releases.
	5. Prepare and submit Project Record Documents, operation and maintenance manuals, Final Completion construction photographs, damage or settlement surveys, property surveys, and similar final record information.
	6. Deliver tools, spare parts, extra materials, and similar items to location designated by the Owner.  Label with manufacturer’s name and model number where applicable.
	7. Make final changeover of permanent locks and deliver keys to the Owner.  Advise the Owner’s personnel of changeover in security provisions.
	8. Complete startup testing of systems.
	9. Submit test/adjust/balance records.
	10. Terminate and remove temporary facilities from Project site, along with mockups, construction tools, and similar elements.
	11. Advise the Owner of changeover in heat and other utilities.
	12. Submit changeover information related to the Owner’s occupancy, use, operation, and maintenance.
	13. Complete final cleaning requirements, including touchup painting.
	14. Touch up and otherwise repair and restore marred exposed finishes to eliminate visual defects.

	B. Inspection:  Submit a written request for inspection for Substantial Completion.  On receipt of request, the Architect will either proceed with inspection or notify the Contractor of unfulfilled requirements.  The Architect will prepare the Certifi...
	1. Reinspection:  Request reinspection when the Work identified in previous inspections as incomplete is completed or corrected.
	2. Results of completed inspection will form the basis of requirements for Final Completion.


	1.4 FINAL COMPLETION
	A. Preliminary Procedures:  Before requesting final inspection for determining date of Final Completion, complete the following:
	1. Submit a final Application for Payment according to Division 00 Section “Supplementary General Conditions A201-2007.”
	2. Submit certified copy of the Architect’s Substantial Completion inspection list of items to be completed or corrected (punch list), endorsed and dated by the Architect.  The certified copy of the list shall state that each item has been completed o...
	3. Submit evidence of final, continuing insurance coverage complying with insurance requirements.
	4. Instruct the Owner’s personnel in operation, adjustment, and maintenance of products, equipment, and systems.

	B. Inspection:  Submit a written request for final inspection for acceptance.  On receipt of request, the Architect will either proceed with inspection or notify the Contractor of unfulfilled requirements.  The Architect will prepare a final Certifica...
	1. Reinspection:  Request reinspection when the Work identified in previous inspections as incomplete is completed or corrected.


	1.5 LIST OF INCOMPLETE ITEMS (PUNCH LIST)
	A. Preparation:  Submit three copies of list.  Include name and identification of each space and area affected by construction operations for incomplete items and items needing correction including, if necessary, areas disturbed by the Contractor that...
	1. Organize list of spaces in sequential order.
	2. Organize items applying to each space by major element, including categories for ceiling, individual walls, floors, equipment, and building systems.
	3. Include the following information at the top of each page:
	a. Project name.
	b. Date.
	c. Name of Architect.
	d. Name of Contractor.
	e. Page number.



	1.6 PROJECT RECORD DOCUMENTS
	A. General:  Do not use Project Record Documents for construction purposes.  Protect Project Record Documents from deterioration and loss.  Provide access to Project Record Documents for the Architect’s reference during normal working hours.
	B. Record Drawings:
	1. Maintain and submit one set of blue- or black-line white prints of Contract Drawings and Shop Drawings and submit digital scanned copies of all the Record Drawings; format to be .JPG or .TIF.
	2. The Contractor shall be responsible for updating the bid documents (CADD drawings and specifications) with the as-built changes.  All changes shall be clouded and tagged as “as-built” revisions.  The drawings shall also have a new “as-built” date.
	3. Deliverables:  One review set of bond prints, two final sets (one in bond and one in Mylar).
	4. Drawings that replace the original bid drawings shall be cross referenced to the original bid drawing files.
	5. Mark Record Prints to show the actual installation where installation varies from that shown originally.  Require individual or entity who obtained record data, whether individual or entity is Installer, subcontractor, or similar entity, to prepare...
	a. Give particular attention to information on concealed elements that cannot be readily identified and recorded later.
	b. Accurately record information in an understandable drawing technique.
	c. Record data as soon as possible after obtaining it.  Record and check the markup before enclosing concealed installations.
	d. Mark Contract Drawings or Shop Drawings, whichever is most capable of showing actual physical conditions, completely and accurately.  Where Shop Drawings are marked, show cross-reference on Contract Drawings.

	6. Mark record sets with erasable, red-colored pencil.  Use other colors to distinguish between changes for different categories of the Work at the same location.
	7. Mark important additional information that was either shown schematically or omitted from original Drawings.
	8. Note Construction Change Directive numbers, Change Order numbers, alternate numbers, and similar identification where applicable.
	9. Identify and date each Record Drawing; include the designation “PROJECT RECORD DRAWING” in a prominent location.  Organize into manageable sets; bind each set with durable paper cover sheets.  Include identification on cover sheets.

	C. Record Specifications:  Submit one copy of Project’s Specifications, including addenda and contract modifications.  Mark copy to indicate the actual product installation where installation varies from that indicated in Specifications, addenda, and ...
	1. Give particular attention to information on concealed products and installations that cannot be readily identified and recorded later.
	2. Mark copy with the proprietary name and model number of products, materials, and equipment furnished, including substitutions and product options selected.
	3. Note related Change Orders, Record Drawings, and Product Data, where applicable.

	D. Record Product Data:  Submit one copy of each Product Data submittal.  Mark one set to indicate the actual product installation where installation varies substantially from that indicated in Product Data.
	1. Give particular attention to information on concealed products and installations that cannot be readily identified and recorded later.
	2. Include significant changes in the product delivered to Project site and changes in manufacturer’s written instructions for installation.
	3. Note related Change Orders, Record Drawings, and Record Specifications, where applicable.

	E. Miscellaneous Record Submittals:  Assemble miscellaneous records required by other Specification Sections for miscellaneous record keeping and submittal in connection with actual performance of the Work.  Bind or file miscellaneous records and iden...

	1.7 OPERATION AND MAINTENANCE MANUALS
	A. Assemble three (3) complete sets of operation and maintenance data indicating the operation and maintenance of each system, subsystem, and piece of equipment not part of a system.  Include operation and maintenance data required in individual Speci...
	1. Operation Data:
	a. Emergency instructions and procedures.
	b. System, subsystem, and equipment descriptions, including operating standards.
	c. Operating procedures, including startup, shutdown, seasonal, and weekend operations.
	d. Description of controls and sequence of operations.
	e. Piping diagrams.

	2. Maintenance Data:
	a. Manufacturer’s information, including list of spare parts.
	b. Name, address, and telephone number of Installer or supplier.
	c. Maintenance procedures.
	d. Maintenance and service schedules for preventive and routine maintenance.
	e. Maintenance record forms.
	f. Sources of spare parts and maintenance materials.
	g. Copies of maintenance service agreements.
	h. Copies of warranties and bonds.


	B. Organize operation and maintenance manuals into suitable sets of manageable size.  Bind and index data in heavy-duty, 3-ring, vinyl-covered, loose-leaf binders, in thickness necessary to accommodate contents, with pocket inside the covers to receiv...

	1.8 WARRANTIES
	A. Submittal Time:  Submit written warranties on request of the Architect for designated portions of the Work where commencement of warranties other than date of Substantial Completion is indicated.
	B. Partial Occupancy:  Submit properly executed warranties within 15 days of completion of designated portions of the Work that are completed and occupied or used by the Owner during construction period by separate agreement with the Contractor.
	C. Organize warranty documents into an orderly sequence based on the table of contents of the Project Manual.
	1. Bind warranties and bonds in heavy-duty, 3-ring, vinyl-covered, loose-leaf binders, thickness as necessary to accommodate contents, and sized to receive 8-1/2-by-11-inch (115-by-280-mm) paper.
	2. Provide heavy paper dividers with plastic-covered tabs for each separate warranty.  Mark tab to identify the product or installation.  Provide a typed description of the product or installation, including the name of the product and the name, addre...
	3. Identify each binder on the front and spine with the typed or printed title “WARRANTIES,” Project name, and name of the Contractor.

	D. Provide additional copies of each warranty to include in operation and maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 MATERIALS
	A. Cleaning Agents:  Use cleaning materials and agents recommended by manufacturer or fabricator of the surface to be cleaned.  Do not use cleaning agents that are potentially hazardous to health or property or that might damage finished surfaces.


	PART 3 -  EXECUTION
	3.1 DEMONSTRATION AND TRAINING
	A. Instruction:  Instruct the Owner’s personnel to adjust, operate, and maintain systems, subsystems, and equipment not part of a system.
	1. Provide instructors experienced in operation and maintenance procedures.
	2. Provide instruction at mutually agreed-on times.  For equipment that requires seasonal operation, provide similar instruction at the start of each season.
	3. Schedule training with the Owner, through the Architect with at least seven days’ advance notice.
	4. Coordinate instructors, including providing notification of dates, times, length of instruction, and course content.

	B. Program Structure:  Develop an instruction program that includes individual training modules for each system and equipment not part of a system, as required by individual Specification Sections.  For each training module, develop a learning objecti...
	1. System design and operational philosophy.
	2. Review of documentation.
	3. Operations.
	4. Adjustments.
	5. Troubleshooting.
	6. Maintenance.
	7. Repair.


	3.2 FINAL CLEANING
	A. General:  Provide final cleaning.  Conduct cleaning and waste-removal operations to comply with local laws and ordinances and Federal and local environmental and antipollution regulations.
	B. Cleaning:  Employ experienced workers or professional cleaners for final cleaning.  Clean each surface or unit to condition expected in an average commercial building cleaning and maintenance program.  Comply with manufacturer’s written instructions.
	1. Complete the following cleaning operations before requesting inspection for certification of Substantial Completion for entire Project or for a portion of Project:
	a. Clean Project site, yard, and grounds, in areas disturbed by construction activities, including landscape development areas, of rubbish, waste material, litter, and other foreign substances.
	b. Sweep paved areas broom clean.  Remove petrochemical spills, stains, and other foreign deposits.
	c. Rake grounds that are neither planted nor paved to a smooth, even-textured surface.
	d. Remove tools, construction equipment, machinery, and surplus material from Project site.
	e. Remove snow and ice to provide safe access to building.
	f. Clean exposed exterior and interior hard-surfaced finishes to a dirt-free condition, free of stains, films, and similar foreign substances.  Avoid disturbing natural weathering of exterior surfaces.  Restore reflective surfaces to their original co...
	g. Remove debris and surface dust from limited access spaces, including roofs, plenums, shafts, trenches, equipment vaults, manholes, attics, and similar spaces.
	h. Sweep concrete floors broom clean in unoccupied spaces.
	i. Vacuum carpet and similar soft surfaces, removing debris and excess nap; shampoo if visible soil or stains remain.
	j. Clean transparent materials, including mirrors and glass in doors and windows.  Remove glazing compounds and other noticeable, vision-obscuring materials.  Replace chipped or broken glass and other damaged transparent materials.  Polish mirrors and...
	k. Remove labels that are not permanent.
	l. Touch up and otherwise repair and restore marred, exposed finishes and surfaces.  Replace finishes and surfaces that cannot be satisfactorily repaired or restored or that already show evidence of repair or restoration.
	1) Do not paint over “UL” and similar labels, including mechanical and electrical nameplates.

	m. Wipe surfaces of mechanical and electrical equipment and similar equipment.  Remove excess lubrication, paint and mortar droppings, and other foreign substances.
	n. Replace parts subject to unusual operating conditions.
	o. Clean plumbing fixtures to a sanitary condition, free of stains, including stains resulting from water exposure.
	p. Replace disposable air filters and clean permanent air filters.  Clean exposed surfaces of diffusers, registers, and grills.
	q. Clean ducts, blowers, and coils if units were operated without filters during construction.
	r. Clean light fixtures, lamps, globes, and reflectors to function with full efficiency.  Replace burned-out bulbs, and those noticeably dimmed by hours of use, and defective and noisy starters in fluorescent and mercury vapor fixtures to comply with ...
	s. Leave Project clean and ready for occupancy.


	C. Comply with safety standards for cleaning.  Do not burn waste materials.  Do not bury debris or excess materials on the Owner’s property.  Do not discharge volatile, harmful, or dangerous materials into drainage systems.  Remove waste materials fro...
	3.3 SUMMARY OF CLOSEOUT DOCUMENTS
	A. Contractor’s Affidavit of Payment of Debts and Claims (AIA Document G706)
	B. Contractor’s Consent of Surety Company to Final Payment (AIA Document G707) (one copy)
	C. Contractor’s Affidavit of Release of Liens (AIA Document G706A) (one copy)
	D. Copy of Letter of Guarantee and Warranty Information (three copies)
	E. Subcontractor’s Release of Liens had been submitted with each previous Application of Payment   (AIA Document G706A) (one copy)
	F. Operation and Maintenance Manuals
	G. Record Shop Drawings and Submittals
	H. As-built Drawings:  All construction changes should be clouded and marked.
	1.  Updated CAD files to reflect changes and as-built conditions.
	2.  Two hard copies and one CD-Rom with digital Image (scanned) files of As-builts
	3.  Mylar prints of As-builts revised CAD file
	I. Affidavit of Discharge of State Tax Liability
	J. Punch List Closeout Letter
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