
PROJECT MANUAL 
 

VOLUME 3 
FOR 

 

DTCC POWERPLANT 
EDUCATION FACILITY 

 
SUSSEX COUNTY AIRPORT 

& INDUSTRIAL PARK 
GEORGETOWN, DELAWARE 

 

 
 
 

 
 

BECKER MORGAN GROUP, INC. 
309 SOUTH GOVERNORS AVENUE 

DOVER, DE 19904 
 

BMG Project No.   2012112.00 
 

November 19, 2012 
 



DTCC Powerplant Education Facility  BMG Project Number 2012112.00 
Sussex County Airport & Industrial Park  November 19, 2012 
Delaware Technical Community College   
Owens Campus, Georgetown, Delaware 
 

 
TABLE OF CONTENTS         TOC-1 
   

 
TABLE OF CONTENTS 
A. Specifications for this project are arranged in accordance with the Construction Specification Institute 

numbering system and format.  Section numbering is discontinuous and all numbers not appearing in the 
Table of Contents are not used for this Project. 

 
B. DOCUMENTS BOUND HEREWITH 
 
Division  Section Title         Pages 
 
VOLUME 1 
 
DIVISION 0 - BIDDING AND CONTRACT REQUIREMENTS 
ADVERTISEMENT TO BID         1 
INSTRUCTIONS TO BIDDERS         11 
BID FORM           6 
BID BOND           1 
CONTRACT FOR CONSTRUCTION        1 
AGREEMENT BETWEEN OWNER AND CONTRACTOR (AIA A101-2007)    7 
AMENDMENT TO CONTRACT FOR CONSTRUCTION      5 
PERFORMANCE BOND          2 
PAYMENT BOND          2 
APPLICATION FOR PAYMENT (SAMPLE AIA G703 & G703 – 1992)    2 
GENERAL CONDITIONS         1 
GENERAL CONDITIONS TO THE CONTRACT (AIA A201-2007)     38 
GENERAL REQUIREMENTS         14 
SUPPLIMENTARY GENERAL CONDITIONS       11 
PREVAILING WAGES          1 
 
DIVISION 1 - GENERAL REQUIREMENTS 
011000  SUMMARY          4 
012300  ALTERNATES         2 
012500  SUBSTITUTION PROCEDURES        3 
012600  CONTRACT MODIFICATION PROCEDURES      3 
012900  PAYMENT PROCEDURES        4 
013300  SUBMITTAL PROCEDURES        10 
014000  QUALITY REQUIREMENTS        8 
014200  REFERENCES          13 
015000  TEMPORARY FACILITIES AND CONTROLS     8 
016000  PRODUCT REQUIREMENTS        5 
017300  EXECUTION          8 
017700  CLOSEOUT PROCEDURES       6 
017823  OPERATION AND MAINTENANCE DATA      7 
017839  PROJECT RECORD DOCUMENTS       4 
017900  DEMONSTRATION AND TRAINING      4 
019113  GENERAL COMMISSIONING REQUIREMENTS     5 
 
 
 
 
 
 



DTCC Powerplant Education Facility  BMG Project Number 2012112.00 
Sussex County Airport & Industrial Park  November 19, 2012 
Delaware Technical Community College   
Owens Campus, Georgetown, Delaware 
 

 
TABLE OF CONTENTS         TOC-2 
   

Division  Section Title         Pages 
 
VOLUME 2 
 
DIVISION 3 – CONCRETE 
033000 CAST-IN-PLACE CONCRETE 21   
 
DIVISION 5 – METALS 
055000 METAL FABRICATION 7 
 
DIVISION 6 – WOOD, PLASTICS, AND COMPOSITES 
060000 POLE BUILDING 4 
061000 ROUGH CARPENTRY 10 
062023 INTERIOR FINISH CARPENTRY 5 
  
DIVISION 7 – THERMAL AND MOISTURE PROTECTION 
072100 THERMAL INSULATION 4 
072500 WEATHER BARRIERS 3 
074113 METAL ROOF PANELS 9 
074213 METAL WALL PANELS 8 
076200 SHEET METAL FLASHING AND TRIM 8 
079200 JOINT SEALANTS 12 
 
DIVISION 8 – OPENINGS 
081113 HOLLOW METAL DOORS AND FRAMES 8 
083613 SECTIONAL DOORS 6 
084113 ALUMINUM-FRAMED ENTRANCES AND STOREFRONTS 16 
085113 ALUMINUM WINDOWS 9 
087110 DOOR HARDWARE 18 
088000 GLAZING 14 
 
DIVISION 9 – FINISHES 
092900 GYPSUM BOARD 5 
095113 ACOUSTICAL PANEL CEILINGS 4 
096513 RESILIENT BASE AND ACCESSORIES 4 
096516 RESILIENT SHEET FLOORING 4 
096813 TILE CARPETING 4 
099100 PAINTING 7 
 
DIVISION 10 – SPECIALTIES 
101100 VISUAL DISPLAY SURFACES 7 
102113 TOILET COMPARTMENTS 6 
102800 TOILET, BATH, AND LAUNDRY ACCESSORIES 4 
104413 FIRE EXTINGUISHER CABINETS 7 
104416 FIRE EXTINGUISHERS 3 
105113 METAL LOCKERS 5 
 
DIVISION 11 – EQUIPMENT 
115213 PROJECTION SCREENS 3 
 
DIVISION 12 – FURNISHINGS 
122113 HORIZONTAL LOUVER BLINDS 4 



DTCC Powerplant Education Facility  BMG Project Number 2012112.00 
Sussex County Airport & Industrial Park  November 19, 2012 
Delaware Technical Community College   
Owens Campus, Georgetown, Delaware 
 

 
TABLE OF CONTENTS         TOC-3 
   

123200 MANUFACTURED WOOD CASEWORK 6 
 
Division  Section Title         Pages 
 
VOLUME 3 
 
DIVISION 22 - PLUMBING 
220553  IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT     3 
220719  PLUMBING PIPING INSUALTION        3 
221005  PLUMBING PIPING          9 
221006  PLUMBING PIPING SPECIALTIES        4 
221113  FACILITY WATER DISTRIBUTION PIPING       13 
221313  FACILITY SANITARY SEWERS         11 
221500  GENERAL SERVICE COMPRESSED-AIR SYSTEMS      3 
223000  PLUMBING EQUIPMENT         3 
224000   PLUMBING FIXTURES          5 
 
DIVISION 23 - HVAC 
230548   VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND EQUIPMENT   4 
230553  IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT     3 
230593   TESTING, ADJUSTING & BALANCING FOR HVAC      7 
230713  DUCT INSULATION          4 
230719  HVAC PIPING INSULATION         4 
230913  INSTURMENTATION AND CONTROL DEVICES FOR HVAC     1 
232300  REFRIGERANT PIPING          4 
233100  HVAC DUCTS AND CASINGS         4 
233300  AIR DUCT ACCESSORIES         4 
233423  HVAC POWER VENTILATORS         3 
233700  AIR OUTLETS AND INLETS         2 
238129  VARIABLE REFRIGERANT VOLUME (VRV) HVAC SYSTEM   11 
 
DIVISION 26 – ELECTRICAL 
260519  LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES  11 
260526  GROUNDING AND BONDING FOR ELETRICAL SYSTEMS     7 
260529  HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS     8 
260534  CONDUIT         12 
260535  SURFACE RACEWAYS          3 
260536  CABLE TRAYS FOR ELECTRICAL SYSTEMS       2 
260537  BOXES            7 
260553  IDENTIFICATION FOR ELECTRICAL SYSTEMS     10 
260923  LIGHTING CONTROLS DEVICES        5 
262416  PANELBOARDS          8 
262701  ELECTRICAL SERVICE ENTRANCE        2 
262717  EQUIPMENT WIRING          2 
262726  WIRING DEVICES          6 
262813  FUSES            3 
262818  ENCLOSED SWITCHES          5 
262913  ENCLOSED CONTROLLERS         2 
264300  SURGE PROTECTIVE DEVICES         5 
265100  INTERIOR LIGHTING          7 
265600  EXTEIOR LIGHTING          6 
 



DTCC Powerplant Education Facility  BMG Project Number 2012112.00 
Sussex County Airport & Industrial Park  November 19, 2012 
Delaware Technical Community College   
Owens Campus, Georgetown, Delaware 
 

 
TABLE OF CONTENTS         TOC-4 
   

 
Division  Section Title         Pages 
 
VOLUME 3 
 
DIVISION 28 – ELECTRONIC SAFETY AND SECURITY 
283100  FIRE DETECTION ALARM         9 
 
DIVISION 31 – EARTHWORK 
311000 SITE CLEARING 4 
312000 EARTHMOVING 16 
313116 TERMITE CONTROL 4 
315000 EXCAVATION SUPPORT AND PROTECTION 2 
 
DIVISION 32 – EXTERIOR IMPROVEMENTS 
321216 ASPHALT PAVING 9 
321313 CONCRETE PAVING 16 
323113 CHAIN LINK FENCES AND GATES 6 
329200 TURFS & GRASSES  6 
 
DIVISION 33 – UTILITIES 
330500 COMMON RESULTS FOR UTILITIES 2 
334100 STORM UTILITY DRAINAGE PIPING 8 
 
 
 END OF TABLE OF CONTENTS 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT    22 05 53     

SECTION 22 05 53 
 

IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Nameplates. 

B. Tags. 

C. Pipe Markers. 

1.02 REFERENCE STANDARDS 

A. ASME A13.1 - Scheme for the Identification of Piping Systems; The American Society of 
Mechanical Engineers; 2007. 

B. ASTM D709 - Standard Specification for Laminated Thermosetting Materials; 2001 
(Reapproved 2007). 

1.03 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. List:  Submit list of wording, symbols, letter size, and color coding for mechanical 
identification. 

C. Chart and Schedule:  Submit valve chart and schedule, including valve tag number, location, 
function, and valve manufacturer's name and model number. 

D. Product Data:  Provide manufacturers catalog literature for each product required. 

E. Manufacturer's Installation Instructions:  Indicate special procedures, and installation. 

F. Project Record Documents:  Record actual locations of tagged valves. 

PART 2  PRODUCTS 

2.01 IDENTIFICATION APPLICATIONS 

A. Piping:  Tags. 

B. Pumps:  Nameplates. 

C. Tanks:  Nameplates. 

2.02 NAMEPLATES 

A. Manufacturers: 
1. Kolbi Pipe Marker Co.:  www.kolbipipemarkers.com. 
2. Seton Identification Products:  www.seton.com. 
3. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Description:  Laminated three-layer plastic with engraved letters. 
1. Letter Color:  White. 
2. Letter Height:  1/4 inch (6 mm). 
3. Background Color:  Black. 
4. Plastic: Conform to ASTM D709. 

2.03 TAGS 
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A. Manufacturers: 
1. Advanced Graphic Engraving:  www.advancedgraphicengraving.com. 
2. Brady Corporation:  www.bradycorp.com. 
3. Kolbi Pipe Marker Co.:  www.kolbipipemarkers.com. 
4. Seton Identification Products:  www.seton.com. 
5. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Plastic Tags:  Laminated three-layer plastic with engraved black letters on light contrasting 
background color.  Tag size minimum 1-1/2 inch (40 mm) diameter. 

C. Metal Tags:  Brass with stamped letters; tag size minimum 1-1/2 inch (40 mm) diameter with 
smooth edges. 

2.04 PIPE MARKERS 

A. Manufacturers: 
1. Brady Corporation:  www.bradycorp.com. 
2. Kolbi Pipe Marker Co.:  www.kolbipipemarkers.com. 
3. MIFAB, Inc.:  www.mifab.com. 
4. Seton Identification Products:  www.seton.com. 
5. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Comply with ASME A13.1. 

C. Plastic Pipe Markers:  Factory fabricated, flexible, semi- rigid plastic, preformed to fit around 
pipe or pipe covering; minimum information indicating flow direction arrow and identification 
of fluid being conveyed. 

D. Plastic Tape Pipe Markers:  Flexible, vinyl film tape with pressure sensitive adhesive backing 
and printed markings. 

E. Underground Plastic Pipe Markers:  Bright colored continuously printed plastic ribbon tape, 
minimum 6 inches (150 mm) wide by 4 mil (0.10 mm) thick, manufactured for direct burial 
service. 

2.05 CEILING TACKS 

A. Manufacturers: 

B. Description:  Steel with 3/4 inch (20 mm) diameter color coded head. 

C. Color code as follows: 
1. Plumbing Valves:  Green. 

PART 3  EXECUTION 

3.01 PREPARATION 

A. Degrease and clean surfaces to receive adhesive for identification materials. 

3.02 INSTALLATION 

A. Install plastic nameplates with corrosive-resistant mechanical fasteners, or adhesive.  Apply 
with sufficient adhesive to ensure permanent adhesion and seal with clear lacquer. 

B. Install tags with corrosion resistant chain. 

C. Install plastic pipe markers in accordance with manufacturer's instructions. 
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D. Install plastic tape pipe markers complete around pipe in accordance with manufacturer's 

instructions. 

E. Install underground plastic pipe markers 6 to 8 inches (150 to 200 mm) below finished grade, 
directly above buried pipe. 

F. Use tags on piping 3/4 inch (20 mm) diameter and smaller.   
1. Identify service, flow direction, and pressure. 
2. Install in clear view and align with axis of piping. 
3. Locate identification not to exceed 20 feet (6 m) on straight runs including risers and drops, 

adjacent to each valve and Tee, at each side of penetration of structure or enclosure, and at 
each obstruction. 

END OF SECTION 
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SECTION 22 07 19 
 

PLUMBING PIPING INSULATION 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Piping insulation. 

B. Jackets and accessories. 

1.02 RELATED REQUIREMENTS 

A. Section 07 84 00 - Firestopping. 

B. Section 22 10 05 - Plumbing Piping:  Placement of hangers and hanger inserts. 

C. Section 23 21 13 - Hydronic Piping:  Placement of hangers and hanger inserts. 

1.03 REFERENCE STANDARDS 

A. ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal 
Transmission Properties by Means of the Guarded Hot Plate Apparatus; 2010. 

B. ASTM C547 - Standard Specification for Mineral Fiber Pipe Insulation; 2012. 

C. ASTM C795 - Standard Specification for Thermal Insulation for Use in Contact with Austenitic 
Stainless Steel; 2008. 

D. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 
2012. 

E. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2010. 

F. NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materials; 
National Fire Protection Association; 2006. 

G. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; 
Underwriters Laboratories Inc.; Current Edition, Including All Revisions. 

1.04 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide product description, thermal characteristics, list of materials and 
thickness for each service, and locations. 

1.05 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in 
this section with not less than three years of documented experience. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Accept materials on site, labeled with manufacturer's identification, product density, and 
thickness. 

1.07 FIELD CONDITIONS 

A. Maintain ambient conditions required by manufacturers of each product. 

B. Maintain temperature before, during, and after installation for minimum of 24 hours. 
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PART 2  PRODUCTS 

2.01 REQUIREMENTS FOR ALL PRODUCTS OF THIS SECTION 

A. Surface Burning Characteristics:  Flame spread/Smoke developed index of 25/50, maximum, 
when tested in accordance with ASTM E84, NFPA 255, or UL 723. 

2.02 GLASS FIBER 

A. Manufacturers: 
1. Knauf Insulation:  www.knaufusa.com. 
2. Johns Manville Corporation:  www.jm.com. 
3. Owens Corning Corp:  www.owenscorning.com. 
4. CertainTeed Corporation; :  www.certainteed.com. 
5. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Insulation:  ASTM C547 and ASTM C795; rigid molded, noncombustible. 
1. 'K' ('Ksi') value:  ASTM C177, 0.24 at 75 degrees F (0.035 at 24 degrees C). 
2. Maximum service temperature:  850 degrees F (454 degrees C). 
3. Maximum moisture absorption:  0.2 percent by volume. 

C. Insulation:  ASTM C547 and ASTM C795; semi-rigid, noncombustible, end grain adhered to 
jacket. 
1. 'K' ('Ksi') value:  ASTM C177, 0.24 at 75 degrees F (0.035 at 24 degrees C). 
2. Maximum service temperature:  650 degrees F (343 degrees C). 
3. Maximum moisture absorption:  0.2 percent by volume. 

D. Vapor Barrier Jacket:  White Kraft paper with glass fiber yarn, bonded to aluminized film; 
moisture vapor transmission when tested in accordance with ASTM E96/E96M of 0.02 
perm-inches (0.029 ng/Pa s m). 

2.03 JACKETS 

A. PVC Plastic. 
1. Manufacturers: 

a. Johns Manville Corporation:  www.jm.com. 
b. Substitutions:  See Section 01 60 00 - Product Requirements. 

2. Jacket:  One piece molded type fitting covers and sheet material, off-white color. 
a. Minimum Service Temperature:  0 degrees F (-18 degrees C). 
b. Maximum Service Temperature:  150 degrees F (66 degrees C). 
c. Moisture Vapor Permeability:  0.002 perm inch (0.0029 ng/Pa s m), maximum, when 

tested in accordance with ASTM E96/E96M. 
d. Thickness:  10 mil (0.25 mm). 
e. Connections:  Brush on welding adhesive. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that piping has been tested before applying insulation materials. 

B. Verify that surfaces are clean and dry, with foreign material removed. 

3.02 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Exposed Piping:  Locate insulation and cover seams in least visible locations. 
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C. Glass fiber insulated pipes conveying fluids below ambient temperature: 
1. Provide vapor barrier jackets, factory-applied or field-applied.  Secure with self-sealing 

longitudinal laps and butt strips with pressure sensitive adhesive.  Secure with outward 
clinch expanding staples and vapor barrier mastic. 

2. Insulate fittings, joints, and valves with molded insulation of like material and thickness as 
adjacent pipe.  Finish with glass cloth and vapor barrier adhesive or PVC fitting covers. 

D. Glass fiber insulated pipes conveying fluids above ambient temperature: 
1. Provide standard jackets, with or without vapor barrier, factory-applied or field-applied.  

Secure with self-sealing longitudinal laps and butt strips with pressure sensitive adhesive.  
Secure with outward clinch expanding staples. 

2. Insulate fittings, joints, and valves with insulation of like material and thickness as 
adjoining pipe.  Finish with glass cloth and adhesive or PVC fitting covers. 

E. Inserts and Shields: 
1. Application:  Piping 1-1/2 inches (40 mm) diameter or larger. 
2. Shields:  Galvanized steel between pipe hangers or pipe hanger rolls and inserts. 
3. Insert location:  Between support shield and piping and under the finish jacket. 
4. Insert configuration:  Minimum 6 inches (150 mm) long, of same thickness and contour as 

adjoining insulation; may be factory fabricated. 
5. Insert material:  Hydrous calcium silicate insulation or other heavy density insulating 

material suitable for the planned temperature range. 

F. Continue insulation through walls, sleeves, pipe hangers, and other pipe penetrations.  Finish at 
supports, protrusions, and interruptions.   

G. Pipe Exposed in Mechanical Equipment Rooms or Finished Spaces (less than 10 feet (3 meters) 
above finished floor):  Finish with canvas jacket sized for finish painting. 

3.03 SCHEDULES 

A. Plumbing Systems: 
1. Domestic Hot Water Supply: 

a. Glass Fiber Insulation: 1-1/2" thick with Jacket 
2. Domestic Hot Water Recirculation: 

a. Glass Fiber Insulation: 1-1/2" thick with Jacket 
3. Domestic Cold Water:  

a.  Glass Fiber Insulation: 1-1/2" thick with Jacket 

END OF SECTION 
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SECTION 22 10 05 
 

PLUMBING PIPING 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Pipe, pipe fittings, valves, and connections for piping systems. 
1. Sanitary sewer. 
2. Domestic water. 
3. Gas. 

1.02 RELATED REQUIREMENTS 

A. Section 22 05 53 - Identification for Plumbing Piping and Equipment. 

B. Section 22 07 19 - Plumbing Piping Insulation. 

1.03 REFERENCE STANDARDS 

A. ANSI Z21.22 - American National Standard for Relief Valves and Automatic Gas Shutoff 
Devices for Hot Water Supply Systems; 1999, and addenda A&B (R2004). 

B. ASME B16.3 - Malleable Iron Threaded Fittings; The American Society of Mechanical 
Engineers; 2011. 

C. ASME B16.4 - Gray Iron Threaded Fittings; The American Society of Mechanical Engineers; 
2011. 

D. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; The American Society of 
Mechanical Engineers; 2012 (ANSI B16.18). 

E. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings; The 
American Society of Mechanical Engineers; 2001 (R2010). 

F. ASME B31.1 - Power Piping; The American Society of Mechanical Engineers; 2010 
(ANSI/ASME B31.1). 

G. ASME B31.9 - Building Services Piping; The American Society of Mechanical Engineers; 2011 
(ANSI/ASME B31.9). 

H. ASME (BPV IX) - Boiler and Pressure Vessel Code, Section IX - Welding and Brazing 
Qualifications; The American Society of Mechanical Engineers; 2010. 

I. ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, 
Zinc-Coated, Welded and Seamless; 2012. 

J. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron 
and Steel Products; 2012. 

K. ASTM A234/A234M - Standard Specification for Piping Fittings of Wrought Carbon Steel and 
Alloy Steel for Moderate and High Temperature Service; 2011a. 

L. ASTM B32 - Standard Specification for Solder Metal; 2008. 

M. ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2009. 

N. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric); 2005 
(Reapproved 2011). 
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O. ASTM D2513 - Standard Specification for Polyethylene (PE) Gas Pressure Pipe, Tubing, and 
Fittings; 2012a. 

P. ASTM D2683 - Standard Specification for Socket-Type Polyethylene Fittings for Outside 
Diameter-Controlled Polyethylene Pipe and Tubing; 2010. 

Q. ASTM F708 - Standard Practice for Design and Installation of Rigid Pipe Hangers; 1992 
(Reapproved 2008). 

R. AWWA C651 - Disinfecting Water Mains; American Water Works Association; 2005 
(ANSI/AWWA C651). 

S. CISPI 301 - Standard Specification for Hubless Cast Iron Soil Pipe and Fittings for Sanitary and 
Storm Drain, Waste and Vent Piping Applications; Cast Iron Soil Pipe Institute; 2005. 

T. CISPI 310 - Specification for Coupling for Use in Connection with Hubless Cast Iron Soil Pipe 
and Fittings for Sanitary and Storm Drain, Waste, and Vent Piping Applications; Cast Iron Soil 
Pipe Institute; 2004. 

U. ICC-ES AC01 - Acceptance Criteria for Expansion Anchors in Masonry Elements; 2009. 

V. ICC-ES AC106 - Acceptance Criteria for Predrilled Fasteners (Screw Anchors) in Masonry 
Elements; 2006. 

W. ICC-ES AC193 - Acceptance Criteria for Mechanical Anchors in Concrete Elements; 2010. 

X. ICC-ES AC308 - Acceptance Criteria for Post-Installed Adhesive Anchors in Concrete 
Elements; 2009. 

Y. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection, 
Application, and Installation; Manufacturers Standardization Society of the Valve and Fittings 
Industry, Inc.; 2009. 

Z. MSS SP-70 - Cast Iron Gate Valves, Flanged and Threaded Ends; Manufacturers 
Standardization Society of the Valve and Fittings Industry, Inc.; 2011. 

AA. MSS SP-80 - Bronze Gate, Globe, Angle and Check Valves; Manufacturers Standardization 
Society of the Valve and Fittings Industry, Inc.; 2008. 

AB. MSS SP-85 - Cast Iron Globe & Angle Valves, Flanged and Threaded Ends; Manufacturers 
Standardization Society of the Valve and Fittings Industry, Inc.; 2011. 

AC. MSS SP-110 - Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends; 
Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.; 2010. 

AD. NFPA 58 - Liquefied Petroleum Gas Code; National Fire Protection Association; 2011. 

1.04 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide data on pipe materials, pipe fittings, valves, and accessories.  Provide 
manufacturers catalog information.  Indicate valve data and ratings. 

C. Project Record Documents:  Record actual locations of valves. 

D. Maintenance Materials:  Furnish the following for Delaware Technical Community College's 
use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 
2. Valve Repacking Kits:  One for each type and size of valve. 
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1.05 QUALITY ASSURANCE 

A. Perform work in accordance with applicable codes. 

B. Valves:  Manufacturer's name and pressure rating marked on valve body. 

C. Welding Materials and Procedures:  Conform to ASME (BPV IX) and applicable state labor 
regulations. 

D. Welder Qualifications:  Certified in accordance with ASME (BPV IX). 

E. Identify pipe with marking including size, ASTM material classification, ASTM specification, 
potable water certification, water pressure rating. 

1.06 REGULATORY REQUIREMENTS 

A. Perform Work in accordance with State of Delaware plumbing code. 

B. Conform to applicable code for installation of backflow prevention devices. 

C. Provide certificate of compliance from authority having jurisdiction indicating approval of 
installation of backflow prevention devices. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Accept valves on site in shipping containers with labeling in place.  Inspect for damage. 

B. Provide temporary protective coating on cast iron and steel valves. 

C. Provide temporary end caps and closures on piping and fittings.  Maintain in place until 
installation. 

D. Protect piping systems from entry of foreign materials by temporary covers, completing sections 
of the work, and isolating parts of completed system. 

1.08 FIELD CONDITIONS 

A. Do not install underground piping when bedding is wet or frozen. 

PART 2  PRODUCTS 

2.01 SANITARY SEWER PIPING, BURIED WITHIN 5 FEET (1500 mm) OF BUILDING 

A. Cast Iron Pipe:  CISPI 301, hubless. 
1. Fittings:  Cast iron. 
2. Joints:  CISPI 310, neoprene gasket and stainless steel clamp and shield assemblies. 

2.02 SANITARY SEWER PIPING, ABOVE GRADE 

A. Cast Iron Pipe:  CISPI 301, hubless, service weight. 
1. Fittings:  Cast iron. 
2. Joints:  CISPI 310, neoprene gaskets and stainless steel clamp-and-shield assemblies. 

2.03 WATER PIPING, ABOVE GRADE 

A. Copper Tube(Domestic Water 2" and below):  ASTM B88 (ASTM B88M), Type K (A), Drawn 
(H). 
1. Fittings:  ASME B16.18, cast copper alloy or ASME B16.22, wrought copper and bronze. 
2. Joints:  ASTM B32, alloy Sn95 solder. 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

PLUMBING PIPING    22 10 05 -  4  

 
B. Steel Pipe (Domestic Water above 2"):  ASTM A53/A53M Schedule 40, galvanized, using one 

of the following joint types: 
1. Threaded Joints:  ASME B16.4 cast iron fittings. 
2. Grooved Joints:  AWWA C606 grooved pipe, cast iron fittings, and mechanical couplings. 

2.04 PROPANE GAS PIPING, BURIED BEYOND 5 FEET (1500 mm) OF BUILDING 

A. Polyethylene Pipe:  ASTM D2513, SDR 11. 
1. Fittings:  ASTM D2683 or ASTM D2513 socket type. 
2. Joints:  Fusion welded. 

2.05 PROPANE GAS PIPING, ABOVE GRADE 

A. Steel Pipe:  ASTM A53/A53M Schedule 40 black. 
1. Fittings:  ASME B16.3, malleable iron, or ASTM A234/A234M, wrought steel welding 

type. 
2. Joints:  NFPA 58, threaded or welded to ASME B31.1. 

2.06 FLANGES, UNIONS, AND COUPLINGS 

A. Unions for Pipe Sizes 3 Inches (80 mm) and Under: 
1. Ferrous pipe:  Class 150 malleable iron threaded unions. 
2. Copper tube and pipe:  Class 150 bronze unions with soldered joints. 

B. Flanges for Pipe Size Over 1 Inch (25 mm): 
1. Ferrous pipe:  Class 150 malleable iron threaded or forged steel slip-on flanges; preformed 

neoprene gaskets. 
2. Copper tube and pipe:  Class 150 slip-on bronze flanges; preformed neoprene gaskets. 

C. Mechanical Couplings for Grooved and Shouldered Joints:  Two or more curved housing 
segments with continuous key to engage pipe groove, circular C-profile gasket, and bolts to 
secure and compress gasket. 
1. Dimensions and Testing:  In accordance with AWWA C606. 
2. Housing Material:  Malleable iron or ductile iron, galvanized. 
3. Gasket Material:  EPDM suitable for operating temperature range from -30 degrees F (-34 

degrees C) to 230 degrees F (110 degrees C). 
4. Bolts and Nuts:  Hot dipped galvanized or zinc-electroplated steel. 
5. When pipe is field grooved, provide coupling manufacturer's grooving tools. 

2.07 PIPE HANGERS AND SUPPORTS 

A. Provide hangers and supports that comply with MSS SP-58. 
1. If type of hanger or support for a particular situation is not indicated, select appropriate 

type using MSS SP-58 recommendations. 
2. Overhead Supports:  Individual steel rod hangers attached to structure or to trapeze 

hangers. 
3. Trapeze Hangers:  Welded steel channel frames attached to structure. 
4. Vertical Pipe Support:  Steel riser clamp. 
5. Floor Supports:  Concrete pier or steel pedestal with floor flange; fixture attachment. 
6. Rooftop Supports for Low-Slope Roofs:  Steel pedestals with bases that rest on top of 

roofing membrane, not requiring any attachment to the roof structure and not penetrating 
the roofing assembly, with support fixtures as specified; and as follows: 
a. Bases:  High density polypropylene. 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

PLUMBING PIPING    22 10 05 -  5  

 
b. Base Sizes:  As required to distribute load sufficiently to prevent indentation of 

roofing assembly. 
c. Steel Components:  Stainless steel, or carbon steel hot-dip galvanized after 

fabrication in accordance with ASTM A123/A123M. 
d. Attachment/Support Fixtures:  As recommended by manufacturer, same type as 

indicated for equivalent indoor hangers and supports; corrosion resistant material. 
e. Height:  Provide minimum clearance of 6 inches (150 mm) under pipe to top of 

roofing. 

B. Plumbing Piping - Drain, Waste, and Vent: 
1. Conform to ASME B31.9. 
2. Hangers for Pipe Sizes 1/2 Inch (15 mm) to 1-1/2 Inches (40 mm):  Malleable iron, 

adjustable swivel, split ring. 
3. Hangers for Pipe Sizes 2 Inches (50 mm) and Over:  Carbon steel, adjustable, clevis. 
4. Multiple or Trapeze Hangers:  Steel channels with welded spacers and hanger rods. 

C. Plumbing Piping - Water: 
1. Conform to ASME B31.9. 
2. Hangers for Pipe Sizes 1/2 Inch (15 mm) to 1-1/2 Inches (40 mm):  Malleable iron, 

adjustable swivel, split ring. 
3. Hangers for Cold Pipe Sizes 2 Inches (50 mm) and Over:  Carbon steel, adjustable, clevis. 
4. Hangers for Hot Pipe Sizes 2 Inches (50 mm) to 4 Inches (100 mm):  Carbon steel, 

adjustable, clevis. 
5. Copper Pipe Support:  Carbon steel ring, adjustable, copper plated. 

D. Hanger Fasteners:  Attach hangers to structure using appropriate fasteners, as follows: 
1. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193. 
2. Masonry Wedge Expansion Anchors:  Complying with ICC-ES AC01. 
3. Concrete Screw Type Anchors:  Complying with ICC-ES AC193. 
4. Masonry Screw Type Anchors:  Complying with ICC-ES AC106. 
5. Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308. 
6. Manufacturers: 

a. Powers Fasteners, Inc:  www.powers.com. 
b. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.08 GATE VALVES 

A. Manufacturers: 
1. Tyco Flow Control:  www.tycoflowcontrol.com. 
2. Conbraco Industries:  www.conbraco.com. 
3. Nibco, Inc:  www.nibco.com. 
4. Milwaukee Valve Company:  www.milwaukeevalve.com. 
5. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. 2 Inches (50 mm) and Larger: 
1. MSS SP-70, Class 125, iron body, bronze trim, outside screw and yoke, handwheel, solid 

wedge disc, flanged ends.  Provide chain-wheel operators for valves 6 inches (150 mm) 
and larger mounted over 8 feet (2400 mm) above floor. 

2.09 BALL VALVES 

A. Manufacturers: 
1. Tyco Flow Control:  www.tycoflowcontrol.com. 
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2. Conbraco Industries:  www.conbraco.com. 
3. Nibco, Inc:  www.nibco.com. 
4. Milwaukee Valve Company:  www.milwaukeevalve.com. 
5. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Construction, 4 Inches (100 mm) and Smaller:  MSS SP-110, Class 150, 400 psi (2760 kPa) 
CWP, bronze, two piece body, chrome plated brass ball, regular port, teflon seats and stuffing 
box ring, blow-out proof stem, lever handle with balancing stops, solder ends with union. 

2.10 WATER PRESSURE REDUCING VALVES 

A. Manufacturers: 
1. Amtrol Inc:  www.amtrol.com. 
2. Cla-Val Co:  www.cla-val.com. 
3. Watts Regulator Company:  www.wattsregulator.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Up to 2 Inches (50 mm): 
1. MSS SP-80, bronze body, stainless steel and thermoplastic internal parts, fabric reinforced 

diaphragm, strainer, threaded single union ends. 

C. Over 2 Inches (50 mm): 
1. MSS SP-85, cast iron body, bronze fitted, elastomeric diaphragm and seat disc, flanged. 

2.11 RELIEF VALVES 

A. Pressure Relief: 
1. Manufacturers: 

a. Tyco Flow Control:  www.tycoflowcontrol.com. 
b. Cla-Val Co:  www.cla-val.com. 
c. Henry Technologies:  www.henrytech.com. 
d. Watts Regulator Company:  www.wattsregulator.com. 
e. Substitutions:  See Section 01 60 00 - Product Requirements. 

2. AGA Z21.22 certified, bronze body, teflon seat, steel stem and springs, automatic, direct 
pressure actuated. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that excavations are to required grade, dry, and not over-excavated. 

3.02 PREPARATION 

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe. 

B. Remove scale and dirt, on inside and outside, before assembly. 

C. Prepare piping connections to equipment with flanges or unions. 

3.03 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Provide non-conducting dielectric connections wherever jointing dissimilar metals. 

C. Route piping in orderly manner and maintain gradient.  Route parallel and perpendicular to 
walls. 

D. Install piping to maintain headroom, conserve space, and not interfere with use of space. 
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E. Group piping whenever practical at common elevations. 

F. Provide clearance in hangers and from structure and other equipment for installation of 
insulation and access to valves and fittings. Refer to Section 22 07 19. 

G. Provide access where valves and fittings are not exposed. 

H. Install bell and spigot pipe with bell end upstream. 

I. Install valves with stems upright or horizontal, not inverted. 

J. Sleeve pipes passing through partitions, walls and floors. 

K. Inserts: 
1. Provide inserts for placement in concrete formwork. 
2. Provide inserts for suspending hangers from reinforced concrete slabs and sides of 

reinforced concrete beams. 
3. Provide hooked rod to concrete reinforcement section for inserts carrying pipe over 4 

inches (100 mm). 
4. Where concrete slabs form finished ceiling, locate inserts flush with slab surface. 
5. Where inserts are omitted, drill through concrete slab from below and provide through-bolt 

with recessed square steel plate and nut above slab. 

L. Pipe Hangers and Supports: 
1. Install in accordance with ASME B31.9. 
2. Support horizontal piping as scheduled. 
3. Install hangers to provide minimum 1/2 inch (15 mm) space between finished covering and 

adjacent work. 
4. Place hangers within 12 inches (300 mm) of each horizontal elbow. 
5. Use hangers with 1-1/2 inch (40 mm) minimum vertical adjustment.  Design hangers for 

pipe movement without disengagement of supported pipe. 
6. Provide copper plated hangers and supports for copper piping. 

3.04 APPLICATION 

A. Install gate or ball valves for shut-off and to isolate equipment, part of systems, or vertical 
risers. 

B. Install globe valves for throttling, bypass, or manual flow control services. 

C. Provide plug valves in natural gas systems for shut-off service. 

3.05 TOLERANCES 

A. Drainage Piping:  Establish invert elevations within 1/2 inch (10 mm) vertically of location 
indicated and slope to drain at minimum of 1/4 inch per foot (1:50) slope. 

B. Water Piping:  Slope at minimum of 1/32 inch per foot (1:400) and arrange to drain at low 
points. 

3.06 DISINFECTION OF DOMESTIC WATER PIPING SYSTEM 

A. Prior to starting work, verify system is complete, flushed and clean. 
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B. Ensure Ph of water to be treated is between 7.4 and 7.6 by adding alkali (caustic soda or soda 

ash) or acid (hydrochloric). 

C. Inject disinfectant, free chlorine in liquid, powder, tablet or gas form, throughout system to 
obtain 50 to 80 mg/L residual. 

D. Bleed water from outlets to ensure distribution and test for disinfectant residual at minimum 15 
percent of outlets. 

E. Maintain disinfectant in system for 24 hours. 

F. If final disinfectant residual tests less than 25 mg/L, repeat treatment. 

G. Flush disinfectant from system until residual equal to that of incoming water or 1.0 mg/L. 

H. Take samples no sooner than 24 hours after flushing, from 10 percent of outlets and from water 
entry, and analyze in accordance with AWWA C651. 

3.07 SERVICE CONNECTIONS 

A. Provide new sanitary sewer services.  Before commencing work check invert elevations 
required for sewer connections, confirm inverts and ensure that these can be properly connected 
with slope for drainage and cover to avoid freezing. 

B. Provide new water service complete with approved reduced pressure backflow preventer and 
water meter with by-pass valves, pressure reducing valve, and sand strainer. 
1. Provide sleeve in wall for service main and support at wall with reinforced concrete bridge.  

Caulk enlarged sleeve and make watertight with pliable material.  Anchor service main 
inside to concrete wall. 

2. Provide 18 gage (1.20 mm) galvanized sheet metal sleeve around service main to 6 inch 
(150 mm) above floor and 6 feet (1800 mm) minimum below grade.  Size for minimum of 
2 inches (50 mm) of loose batt insulation stuffing. 

C. Provide new gas service complete with gas meter and regulators.  Gas service distribution 
piping to have initial minimum pressure of 7 inch wg (1.75 kPa).  Provide regulators on each 
line serving gravity type appliances, sized in accordance with equipment. 

3.08 SCHEDULES 

A. Pipe Hanger Spacing: 
1. Metal Piping: 

a. Pipe size:  1/2 inches (15 mm) to 1-1/4 inches (32 mm): 
1) Maximum hanger spacing:  6.5 ft (2 m). 
2) Hanger rod diameter:  3/8 inches (9 mm). 

b. Pipe size:  1-1/2 inches (40 mm) to 2 inches (50 mm): 
1) Maximum hanger spacing:  10 ft (3 m). 
2) Hanger rod diameter:  3/8 inch (9 mm). 

c. Pipe size:  2-1/2 inches (65 mm) to 3 inches (75 mm): 
1) Maximum hanger spacing:  10 ft (3 m). 
2) Hanger rod diameter:  1/2 inch (13 mm). 

d. Pipe size:  4 inches (100 mm) to 6 inches (150 mm): 
1) Maximum hanger spacing:  10 ft (3 m). 
2) Hanger rod diameter:  5/8 inch (15 mm). 

2. Plastic Piping: 
a. All Sizes: 
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1) Maximum hanger spacing:  6 ft (1.8 m). 
2) Hanger rod diameter:  3/8 inch (9 mm). 

END OF SECTION 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

PLUMBING PIPING SPECIALTIES    22 10 06 -  1  

SECTION 22 10 06 
 

PLUMBING PIPING SPECIALTIES 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Roof and floor drains. 

B. Cleanouts. 

C. Hose bibbs. 

D. Backflow preventers. 

E. Water hammer arrestors. 

1.02 RELATED REQUIREMENTS 

A. Section 22 10 05 - Plumbing Piping. 

B. Section 22 40 00 - Plumbing Fixtures. 

C. Section 22 30 00 - Plumbing Equipment. 

1.03 REFERENCE STANDARDS 

A. ASME A112.6.3 - Floor and Trench Drains; The American Society of Mechanical Engineers; 
2001 (R2007). 

B. ASSE 1011 - Hose Connection Vacuum Breakers; American Society of Sanitary Engineering; 
2004 (ANSI/ASSE 1011). 

C. ASSE 1012 - Backflow Preventer with Intermediate Atmospheric Vent; American Society of 
Sanitary Engineering; 2009 (ANSI/ASSE 1012). 

D. ASSE 1019 - Vacuum Breaker Wall Hydrants, Freeze Resistant Automatic Draining Type; 
American Society of Sanitary Engineering; 2011 (ANSI/ASSE 1019). 

E. PDI-WH 201 - Water Hammer Arresters; Plumbing and Drainage Institute; 2010. 

1.04 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide component sizes, rough-in requirements, service sizes, and finishes. 

C. Shop Drawings:  Indicate dimensions, weights, and placement of openings and holes. 

D. Project Record Documents:  Record actual locations of equipment, cleanouts, backflow 
preventers, water hammer arrestors . 

E. Operation Data:  Indicate frequency of treatment required for interceptors. 

F. Maintenance Data:  Include installation instructions, spare parts lists, exploded assembly views. 

G. Maintenance Materials:  Furnish the following for Delaware Technical Community College's 
use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 

1.05 QUALITY ASSURANCE 
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A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in 
this section with not less than three years documented experience. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Accept specialties on site in original factory packaging.  Inspect for damage. 

PART 2  PRODUCTS 

2.01 DRAINS 

A. Manufacturers: 
1. Josam Company:  www.josam.com. 
2. Jay R. Smith Manufacturing Company:  www.jayrsmith.com. 
3. Zurn Industries, Inc:  www.zurn.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Roof Drains: 
1. Assembly:  ASME A112.6.4. 
2. Body:  Lacquered cast iron with sump. 
3. Strainer:  Removable polyethylene dome with vandal proof screws. 
4. Accessories:  Coordinate with roofing type: 

a. Membrane flange and membrane clamp with integral gravel stop. 
b. Adjustable under deck clamp. 
c. Roof sump receiver. 
d. Waterproofing flange. 
e. Controlled flow weir. 

C. Floor Drain: 
1. ASME A112.6.3; lacquered cast iron two piece body with double drainage flange, weep 

holes, reversible clamping collar, and round, adjustable nickel-bronze strainer. 
2. Floor drains shall be equiped with self priming traps. 

2.02 CLEANOUTS 

A. Manufacturers: 
1. Jay R. Smith Manufacturing Company:  www.jayrsmith.com. 
2. Josam Company:  www.josam.com. 
3. Zurn Industries, Inc:  www.zurn.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Cleanouts at Exterior Surfaced Areas (CO-1): 
1. Round cast nickel bronze access frame and non-skid cover. 

C. Cleanouts at Interior Finished Floor Areas : 
1. Lacquered cast iron body with anchor flange, reversible clamping collar, threaded top 

assembly, and round gasketed scored cover in service areas and round gasketed depressed 
cover to accept floor finish in finished floor areas. 

D. Cleanouts at Interior Finished Wall Areas : 
1. Line type with lacquered cast iron body and round epoxy coated gasketed cover, and round 

stainless steel access cover secured with machine screw. 

2.03 HOSE BIBBS 

A. Manufacturers: 
1. Jay R. Smith Manufacturing Company:  www.jayrsmith.com. 
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2. Watts Regulator Company:  www.wattsregulator.com. 
3. Zurn Industries, Inc:  www.zurn.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Interior Hose Bibbs: 
1. Bronze or brass with integral mounting flange, replaceable hexagonal disc, hose thread 

spout, chrome plated where exposed with lockshield and removable key, integral vacuum 
breaker in conformance with ASSE 1011. 

2.04 HYDRANTS 

A. Manufacturers: 
1. Arrowhead Brass Company:  www.arrowheadbrass.com. 
2. Jay R. Smith Manufacturing Company:  www.jayrsmith.com. 
3. Zurn Industries, Inc:  www.zurn.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Wall Hydrants: 
1. ASSE 1019; freeze resistant, self-draining type with chrome plated wall plate hose thread 

spout, lockshield and removable key, and integral vacuum breaker. 

2.05 BACKFLOW PREVENTERS 

A. Manufacturers: 
1. Conbraco Industries:  www.conbraco.com. 
2. Watts Regulator Company:  www.wattsregulator.com. 
3. Zurn Industries, Inc:  www.zurn.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.06 DOUBLE CHECK VALVE ASSEMBLIES 

A. Manufacturers: 
1. Conbraco Industries:  www.conbraco.com. 
2. Watts Regulator Company:  www.wattsregulator.com. 
3. Zurn Industries, Inc:  www.zurn.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Double Check Valve Assemblies: 
1. ASSE 1012; Bronze body with corrosion resistant internal parts and stainless steel springs; 

two independently operating check valves with intermediate atmospheric vent. 

2.07 WATER HAMMER ARRESTORS 

A. Manufacturers: 
1. Jay R. Smith Manufacturing Company:  www.jayrsmith.com. 
2. Watts Regulator Company:  www.wattsregulator.com. 
3. Zurn Industries, Inc:  www.zurn.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Water Hammer Arrestors: 
1. Stainless steel construction, bellows type sized in accordance with PDI-WH 201, 

precharged suitable for operation in temperature range -100 to 300 degrees F (-73 to 149 
degrees C) and maximum 250 psi (1700 kPa) working pressure. 

PART 3  EXECUTION 

3.01 INSTALLATION 
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A. Install in accordance with manufacturer's instructions. 

B. Extend cleanouts to finished floor or wall surface.  Lubricate threaded cleanout plugs with 
mixture of graphite and linseed oil.  Ensure clearance at cleanout for rodding of drainage 
system. 

C. Encase exterior cleanouts in concrete flush with grade. 

D. Install floor cleanouts at elevation to accommodate finished floor. 

E. Install approved portable water protection devices on plumbing lines where contamination of 
domestic water may occur; on boiler feed water lines, janitor rooms, fire sprinkler systems, 
premise isolation, irrigation systems, flush valves, interior and exterior hose bibbs. 

F. Pipe relief from backflow preventer to nearest drain. 

G. Install water hammer arrestors complete with accessible isolation valve on hot and cold water 
supply piping to lavatories sinks. 

H. Install water hammer arrestors complete with accessible isolation valve on cold water supply 
piping to flush valve water closets. 

END OF SECTION 
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SECTION 221113 - FACILITY WATER DISTRIBUTION PIPING 

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 water-distribution piping and related components outside the building for 
water service and fire-service mains. 

B. Contractor shall furnish and install all mains, hydrants, valves and fittings as specified and 
indicated on the drawings. 

1.3 SYSTEM PERFORMANCE REQUIREMENTS 

A. Minimum Working Pressure Ratings: Except where otherwise indicated, the following are 
minimum pressure requirements for water system piping. 

1. Underground Piping: 150 psi (1035 kPa).1 
2. Underground Piping, Fire Suppression System: 200 psig (1380 kPa). 

B. Protection of Potable Water Supply: 

1. A minimum of 10 feet horizontal separation shall be provided between proposed water 
mains and proposed sewers. 

2. Clearances:  Where specified crossing clearance cannot be obtained, sewer shall be 
encased in concrete for 10 feet each side of water main.  For crossings of other utilities, 
sewer shall be encased with limits of the utility trench. 

a. Sewer crossing water mains shall have a clearance of 18 inches below water main 
or shall be encased. 

b. Sewers shall have a minimum of 6 inches clearance when crossing other utilities. 

1.4 SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings: none 

C. Coordination Drawings:  For piping and specialties including relation to other services in same 
area, drawn to scale.  Show piping and specialty sizes and valves, meter and specialty locations, 
and elevations. 

D. Field quality-control test reports. 
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E. Record drawings at Project closeout of installed water system piping and products according to 
Division 1 Section "Project Closeout." 

1.5 QUALITY ASSURANCE 

A. Regulatory Requirements: 
 
1. Comply with standards of authorities having jurisdiction for potable-water-service piping, 

including materials, installation, testing, and disinfection. 
2. Comply with standards of authorities having jurisdiction for fire-suppression water-

service piping, including materials, hose threads, installation, and testing. 

B. Piping materials shall bear label, stamp, or other markings of specified testing agency. 

C. Comply with ASTM F 645 for selection, design, and installation of thermoplastic water piping. 

D. Comply with FMG's "Approval Guide" or UL's "Fire Protection Equipment Directory" for fire-
service-main products. 

E. NSF Compliance: 

1. Comply with NSF 14 for plastic potable-water-service piping. 
2. Comply with NSF 61 for materials for water-service piping and specialties for domestic 

water. 

F. Provide listing/approval stamp, label, or other marking on equipment made to specified 
standards 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Preparation for Transport:  Prepare valves, including fire hydrants, according to the following: 

1. Ensure that valves are dry and internally protected against rust and corrosion. 
2. Protect valves against damage to threaded ends and flange faces. 
3. Set valves in best position for handling.  Set valves closed to prevent rattling. 

B. During Storage:  Use precautions for valves, including fire hydrants, according to the following: 

1. Do not remove end protectors unless necessary for inspection; then reinstall for storage. 
2. Protect from weather.  Store indoors and maintain temperature higher than ambient dew-

point temperature.  Support off the ground or pavement in watertight enclosures when 
outdoor storage is necessary. 

C. Handling:  Use sling to handle valves and fire hydrants if size requires handling by crane or lift.  
Rig valves to avoid damage to exposed parts.  Do not use handwheels or stems as lifting or 
rigging points. 
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D. Deliver piping with factory-applied end caps.  Maintain end caps through shipping, storage, and 
handling to prevent pipe-end damage and to prevent entrance of dirt, debris, and moisture. 

E. Protect stored piping from moisture and dirt.  Elevate above grade.  Do not exceed structural 
capacity of floor when storing inside. 

F. Protect flanges, fittings, and specialties from moisture and dirt. 

G. Store plastic piping protected from direct sunlight.  Support to prevent sagging and bending. 

1.7 PROJECT CONDITIONS 

A. Interruption of Existing Water-Distribution Service:  Do not interrupt service to facilities 
occupied by Owner or others unless permitted under the following conditions and then only 
after arranging to provide temporary water-distribution service according to requirements 
indicated: 

1. Notify Construction Manager & Owner no fewer than five days in advance of proposed 
interruption of service. 

2. Do not proceed with interruption of water-distribution service without Construction 
Manager's  & Owner’s written permission. 

B. Verify that water system piping may be installed in compliance with original design and 
referenced standards. 

C. Site Information: Reports on subsurface condition investigations made during the design of the 
Project are available for informational purposes only; data in reports are not intended as 
representations or warranties of accuracy or continuity of conditions (between soil borings).  
Owner and Architect assumes no responsibility for interpretations or conclusions drawn from 
this information 

1.8 COORDINATION 

A. Coordinate connection to Building Plumbing and other Division 22 work. 

B. Coordinate with other utility work including but not limited to fire protection systems piping. 

C. Coordinate electrical requirements of actual equipment furnished with requirements specified in 
Division 26. 

PART 2 - PRODUCTS 

2.1 PVC PIPE AND FITTINGS 

A. PVC, AWWA Pipe:  AWWA C900, Class 150 and Class 200, with bell end with gasket, and 
with spigot end.  

B. Push-on-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard pattern or 
AWWA C153, ductile-iron compact pattern. 
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1. Gaskets: AWWA C111, rubber. 

C. Mechanical-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard pattern or 
AWWA C153, ductile-iron compact pattern. 
 
1. Glands, Gaskets, and Bolts: AWWA C111, ductile- or gray-iron glands, rubber gaskets, 

and steel bolts. 

D. Mains & Services for Fire Suppression 

1. Comply with UL 1285 for fire-service mains if indicated. 
2. Comply with NFPA 24 and local/state regulations for fire-service mains. 

2.2 PIPING SPECIALTIES 

A. Transition Fittings:  Manufactured fitting or coupling same size as, with pressure rating at least 
equal to and ends compatible with, piping to be joined. 

B. Split-Sleeve Pipe Couplings: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Victaulic Depend-O-Lok. 

2. Description:  Metal, bolted, split-sleeve-type, reducing or transition coupling with sealing 
pad and closure plates, O-ring gaskets, and bolt fasteners. 

a. Standard:  AWWA C219. 
b. Sleeve Material:  Stainless steel. 
c. Sleeve Dimensions:  Of thickness and width required to provide pressure rating. 
d. Gasket Material:  O-rings made of EPDM rubber, unless otherwise indicated. 
e. Pressure Rating:  200 psig minimum. 
f. Metal Component Finish:  Corrosion-resistant coating or material. 

2.3 GATE VALVES 

A. AWWA, Cast-Iron Gate Valves: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Provide valves by Waterous, Mueller Co. or a comparable product approved by the 
Engineer. 

2. Nonrising-Stem, Resilient-Seated Gate Valves: 

a. Description:  Gray- or ductile-iron body and bonnet; with bronze or gray- or 
ductile-iron gate, resilient seats, bronze stem, and stem nut. 
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1) Standard:  AWWA C509. 
2) Minimum Pressure Rating:  200 psig . 
3) End Connections:  Mechanical joint. 
4) Interior Coating:  Complying with AWWA C550. 

2.4 GATE VALVE ACCESSORIES AND SPECIALTIES 

A. Tapping-Sleeve Assemblies: 

1. Manufacturers:  Provide products by one of the following: 
2. Provide  Mueller Co.; Water Products Div  or a comparable product approved by the 

utility. 
3. Description:  Sleeve and valve compatible with drilling machine. 

a. Standard:  MSS SP-60. 
b. Tapping Sleeve:  Cast- or ductile-iron or stainless-steel, two-piece bolted sleeve 

with flanged outlet for new branch connection.  Include sleeve matching size and 
type of pipe material being tapped and with recessed flange for branch valve. 

c. Valve:  AWWA, cast-iron, nonrising-stem, resilient-seated gate valve with one 
raised face flange mating tapping-sleeve flange. 

B. Valve Boxes:  Comply with AWWA M44 for cast-iron valve boxes.  Include top section, extra 
deep lid with two holes, adjustable extension of length required for depth of burial of valve 
(valve boxes shall be adjustable between 2’-4” and 3’-4” except when deeper settings are 
required) , plug with lettering "WATER," and bottom section with base that fits over valve and 
with a barrel 5 1/4 inches in diameter. 
 
1. Provide boxes by Mueller, or a comparable product approved by the utility. 
2. Operating Wrenches:  Steel, tee-handle with one pointed end, stem of length to operate 

deepest buried valve, and socket matching valve operating nut. 
3. All boxes for 4, 6, and 8-inch valves shall be equipped with #6 round base.  Valve boxes 

shall be adjustable between 2’-4” and 3’-4” except when deeper settings are required. 

2.5 CORPORATION VALVES AND CURB VALVES 

A. Manufacturers: 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following: 

a. Ford Meter Box Company, Inc. (The); Pipe Products Div. model number per utility 
company standard. 

B. Service-Saddle Assemblies:  Comply with AWWA C800.  Include saddle and valve compatible 
with tapping machine. 

1. Service Saddle:  Copper alloy with seal and AWWA C800, threaded outlet for 
corporation valve. 
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2. Corporation Valve:  Bronze body and ground-key plug, with AWWA C800, threaded 
inlet and outlet matching service piping material. 

3. Manifold:  Copper fitting with two to four inlets as required, with ends matching 
corporation valves and outlet matching service piping material. 

C. Curb Valves:  Comply with AWWA C800.  Include bronze body, ground-key plug or ball, and 
wide tee head, with inlet and outlet matching service piping material. 

D. Service Boxes for Curb Valves:  Similar to AWWA M44 requirements for cast-iron valve 
boxes.  Include cast-iron telescoping top section of length required for depth of burial of valve, 
plug with lettering "WATER," and bottom section with base that fits over curb valve and with a 
barrel approximately 4 1/4 inches in diameter. 

1. Shutoff Rods:  Steel, tee-handle with one pointed end, stem of length to operate deepest 
buried valve, and slotted end matching curb valve. 

2.6 IDENTIFICATION 
 

A. Metallic-Lined Plastic Underground Warning Tapes: Polyethylene plastic tape with metallic 
core, 6 inches (150 mm) wide by 4 mils (1 mm) thick, solid blue in color with continuously 
printed caption in black letters "CAUTION - WATER LINE BURIED BELOW." 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Refer to Division 31 Section "Earth Moving" for excavating, trenching, and backfilling. 

3.2 PIPING APPLICATIONS 

A. General:  Use pipe, fittings, and joining methods for piping systems according to the following 
applications. 

B. Transition couplings and special fittings with pressure ratings at least equal to piping pressure 
rating may be used, unless otherwise indicated. 

C. Do not use flanges or unions for underground piping. 

D. Flanges, unions, grooved-end-pipe couplings, and special fittings may be used, instead of joints 
indicated, on aboveground piping and piping in vaults. 

E. Underground Water-Service and Fire-Service-service piping shall be as noted on the drawings 
or  any of the following:   
 
1. PVC, AWWA C900 Class 200 DR 18 pipe; Ductile Iron fabricated fittings and gasketed 

joints. 
2. Ductile-iron, push-on-joint pipe; ductile-iron, push-on-joint fittings; and gasketed joints. 
3. Comply with FMG's "Approval Guide" or UL's "Fire Protection Equipment Directory" 

for fire-service-main products 
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4. Installation shall be coordinated with and overseen by the fire protection contractor. 

3.3 VALVE APPLICATIONS 

A. General Application:  Use mechanical-joint-end valves for NPS 3 and larger underground 
installation.  Use threaded- or flanged-end valves for installation in vaults as indicated in utility 
company details.  Use UL/FMG, non-rising-stem gate valves for installation with indicator 
posts.  Use corporation valves and curb valves with ends compatible with piping, for NPS 2 and 
smaller installation. 

B. Drawings indicate valve types to be used.  Where specific valve types are not indicated, the 
following requirements apply: 

1. Underground Valves, NPS 3 and Larger:  AWWA, cast-iron, nonrising-stem, resilient-
seated gate valves with valve box. 

2. Use the following for valves in vaults and aboveground: 

a. Gate Valves, NPS 3 and Larger:  AWWA, cast iron, OS&Y rising stem, resilient 
seated. 

3. Relief Valves:  Use for water-service piping in vaults and aboveground. 

3.4 PIPING SYSTEMS - COMMON REQUIREMENTS 

A. General Locations and Arrangements: Drawings 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 except where deviations to layout are approved on coordination drawings. 

B. Install piping at indicated slope. 

C. Install restrained joints for buried piping within 5 feet (1.5m) of building. Use restrained-joint 
pipe and fittings, thrust blocks, anchors, tie-rods and clamps, and other supports at vertical and 
horizontal offsets. 

D. Install piping free of sags and bends. 

E. Locate groups of pipes parallel to each other, spaced to permit valve servicing. 

F. Install fittings for changes in direction and branch connections. 

3.5 PIPING INSTALLATION 

A. Make connections NPS 2 and smaller with drilling machine according to the following: 

1. Install service-saddle assemblies and corporation valves in size, quantity, and 
arrangement as indicated on the drawings. 

2. Install service-saddle assemblies on water-service pipe to be tapped.  Position outlets for 
corporation valves. 
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3. Use drilling machine compatible with service-saddle assemblies and corporation valves.  
Drill hole in main.  Remove drilling machine and connect water-service piping. 

4. Install corporation valves into service-saddle assemblies. 
5. Install manifold for multiple taps in water main. 
6. Install curb valve in water-service piping with head pointing up and with service box. 

B. Install ductile-iron, water-service piping according to AWWA C600 and AWWA M41. 

1. Install PE corrosion-protection encasement according to ASTM A 674 or AWWA C105. 

C. Install PVC, AWWA pipe according to ASTM F 645 and AWWA M23. 

D. Bury piping with depth of cover over top at least 42 inches, with top at least 12 inches below 
level of maximum frost penetration. 

E. Each section of pipe shall be placed on a solid foundation for its full length, with recesses 
excavated to accommodate the bell of the pipe.  Any pipe which has its grade or joint disturbed 
after installation shall be removed and reinstalled. No pipe shall be installed on frozen or wet 
subgrade. Bedding material shall be provided, if required, by the Architect.  

F. The interior of the pipe shall be thoroughly cleaned of all foreign matter before being lowered 
into the trench, and shall be kept clean during laying operations by means of plugs or other 
approved methods.  Under no circumstances shall pipe be laid in water, and no pipe shall be laid 
when trench or weather conditions are unsuitable for such work. 

G. At all times work is not in progress, all open ends of pipe and fittings shall be securely closed so 
that no trench water, earth or other substance will enter the pipe or fittings. 

H. Any section of pipe in place and found to be defective shall be removed and replaced 
immediately at no cost to the Owner. 

I. No section of pipe shall be installed with deflection greater than manufacturer’s 
recommendations either vertically or horizontally.  Any deviation required to be greater than 
recommended shall be made with a special fitting. 

J. All installation of ductile iron pipe shall be in accordance with AWWA Standard No. C600 with 
detector tape. 

K. Extend water-service piping and connect to water-supply source and building-water-piping 
systems at outside face of building wall in locations and pipe sizes indicated. 

1. Terminate water-service piping to within 5, of building wall until building-water-piping 
systems are installed.  Terminate piping with caps, plugs, or flanges as required for 
piping material.  Make connections to building-water-piping systems when those systems 
are installed. 

L. Install underground piping with restrained joints at horizontal and vertical changes in direction.  
Use restrained-joint piping, thrust blocks, anchors, tie-rods and clamps, and other supports. 
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M. See Division 21 Section "Water-Based Fire-Suppression Systems" for fire-suppression-water 
piping inside the building. 

N. See Division 22 Section "Domestic Water Piping" for potable-water piping inside the building. 

3.6 JOINT CONSTRUCTION 

A. Make pipe joints according to the following: 

1. PVC Piping Gasketed Joints:  Use joining materials according to AWWA C900.  
Construct joints with elastomeric seals and lubricant according to ASTM D 2774 or 
ASTM D 3139 and pipe manufacturer's written instructions. 

2. Dissimilar Materials Piping Joints:  Use adapters compatible with both piping materials, 
with OD, and with system working pressure.   

3.7 ANCHORAGE INSTALLATION 

A. Anchorage, General:  Install water-distribution piping with restrained joints.  Anchorages and 
restrained-joint types that may be used include the following: 

1. Concrete thrust blocks. 
2. Set-screw mechanical retainer glands. 

B. Install anchorages for tees, plugs and caps, bends, crosses, valves, and hydrant branches.  
Include anchorages for the following piping systems: 

1. Gasketed-Joint, PVC Water-Service Piping:  According to AWWA M23. 
2. Fire-Service-Main Piping:  According to NFPA 24. 

C. Apply full coat of asphalt or other acceptable corrosion-resistant material to surfaces of installed 
ferrous anchorage devices. 

3.8 VALVE & VALVE BOX INSTALLATION 

A. AWWA Gate Valves:  Comply with AWWA C600 and AWWA M44.  Install each 
underground valve with stem pointing up and with valve box. 

B. Corporation Valves and Curb Valves:  Install each underground curb valve with head pointed 
up and with service box.  

C. Valve boxes shall be installed at each outside valve.  Boxes shall be sufficient length to provide 
a cover of not less than two feet over the pipe.  Valve boxes shall be set plumb, and placed 
directly over the valve.  Valve boxes shall be placed on two, 4-inch solid concrete blocks. After 
being correctly positioned, each fill shall be carefully tamped around the valve box for a 
distance of four (4) feet on all sides of the box. Any box found out of plumb or settled shall be 
reset at no cost to the Owner. 

3.9 FIELD QUALITY CONTROL 
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A. Piping Tests:  The Contractor shall furnish all equipment, labor, and materials, including water, 
pumps, compressors, stopwatch, gauges, and meters as approved by the Project Civil Engineer 
for testing.  The Project Civil Engineer shall determine the amount of main to be tested at 
anyone time and reserves the right to separate the installation into several test sections.  All tests 
must be witnessed by the Project Civil Engineer or Owner. 

B. Domestic Water Main Hydrostatic Tests:  Test at not less than one-and-one-half times working 
pressure or 100 psi, whichever is greater, for two hours. 

1. Test Pressure shall: 

a. Be of at least two hour duration 
b. Not vary by more than ± five psi. 
 

2. Pressurization: 

a. Each valved section of pipe shall be filled with water slowly and the specified test 
pressure, based on the elevation of the lowest point of the line or section under the 
test and corrected to the elevation of the test gauge shall be applied by means of a 
pump connected to the pipe in a manner satisfactory to the Owner. 

 
3. Air Removal: 
 

a. Before applying the specified test pressure, air shall be expelled completely from 
the pipe, valves and hydrants.  If permanent air vents are not located at all high 
points, the Contractor shall install corporation cocks at such points, so that the air 
can be expelled as the line is filled with water.  After all the air has been expelled, 
the corporation cocks shall be closed and the test pressure applied.  At the 
conclusion of the pressure test, all corporation cocks shall be removed and 
plugged, or left in place at the discretion of the Owner. 

 
4. Examination: 

a. All exposed pipe, fittings, valves, hydrants and joints shall be examined carefully 
during the test.  Any damage or defective pipe, fittings, valves, or hydrants that are 
discovered following the pressure test shall be repaired or replaced with same 
material and the test shall be repeated until it is satisfactory to the Owner. 

C. Leakage Test: A leakage test shall be conducted concurrently with the pressure test. 

a. Leakage Defined:Leakage shall be defined as the quantity of water that must be 
supplied into the newly laid pipe, or at any valved section thereof, to maintain 
pressure within five psi of the specified test pressure after the air in the pipeline 
has been expelled and the pipe has been filled with water. 

b. Allowable Leakage: No pipe installation will be accepted if the leakage is greater 
than that determined by the following formula: 

 
     ND square root of P 

     L=   ___________________________________ 

       7400 
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in which L is the allowable leakage, in gallons per hour, N is the number of joints in the 
length of pipe line tested; D is the nominal diameter of the pipe in inches; and P is the 
average test pressure during the leakage test in pounds per square inch gage. 

Allowable leakage at various pressures is shown in Table I (appearing after this 
Subsection). 

 
c. When hydrants are in the test section, the test shall be made against the closed 

hydrant. 
 
d. Should the tests show the main to be defective, the Contractor shall remedy such 

defects and retest the main as specified above.  This procedure shall be repeated 
until the test requirements are met. 

             TABLE I 

Allowable Leakage per 100 feet of Pipeline* - gph 

Avg. Test 
Pressure psi 

Nominal Pipe Diameter - Inch 

2 3 4 6 8 10 

150 0.19 0.28 0.37 0.55 0.74 0.92 

125 0.17 0.25 0.34 0.50 0.67 0.84 

100 0.15 0.23 0.30 0.45 0.60 0.75 

*For pipe with 18-ft nominal lengths.  To obtain the recommended allowable leakage for 
pipe with 20-ft nominal lengths, multiply the leakage calculated from the table by 0.9.  If 
the pipeline under test contains sections of various diameters, the allowable leakage will 
be the sum of the computed leakage for each size. 
 

D. Test fire suppression piping according to NFPA 24, as directed by the fire suppression 
contractor and local authorities 

E. Prepare reports of testing activities. 

3.10 CLEANING 

A. Clean and disinfect water-distribution piping as follows: 

1. Purge new water-distribution piping systems and parts of existing systems that have been 
altered, extended, or repaired before use. 

2. Use purging and disinfecting procedure prescribed the Delaware Department of Health.  
Procedure shall be as described in AWWA C651. 

3. If method is not prescribed by authorities having jurisdiction, use procedure described in 
AWWA C651 or do as follows: 



DTCC Powerplant Education Facility  BMG Project Number 2012112.00 
Sussex County Airport & Industrial Park  November 19, 2012 
Delaware Technical Community College   
Owens Campus, Georgetown, Delaware 
    

FACILITY WATER DISTRIBUTION PIPING 221113 - 12 

 
a.  Upon completion of water main construction, disinfect main and appurtenances.  

Disinfection shall be done in accordance with ANSI/AWWA C-651, latest edition.   
Contractor shall submit a plan of disinfection for approval by the Architect. 

 
b. After the applicable retention period, the heavily chlorinated water shall be flushed 

from the main.  This water shall be discharged to the sanitary sewer system.  Only 
after water leaving the main is no higher in chlorine concentration than normal 
drinking water, will a discharge to storm drains be allowed.  Convey flushed water 
to discharge point in a closed system. 

 
c. Affidavits of compliance, certifying the water sampled from the water mains to be 

free of coliform bacteria, shall be submitted to the Architect.  The Contractor is 
responsible for requesting tests from the Delaware Department of Public Health.  
He shall provide written documentation when a section of mains can be placed in 
service. 

 
d. The Contractor shall place in each length of pipe, hydrants, hydrant branches, and 

other appurtenances, a sufficient amount of HTH tablets to insure adequate 
disinfection treatment of the main after its completion.  Tablets shall be fastened to 
the inside top of every length of pipe as laid, using gasket cement known as 
“Permatex No. 2”. 

 
e. The Contractor will be held entirely responsible for securing a minimum residual 

chlorine content of 5 p.p.m. at the extremities of the mains after twenty-four (24) 
hours or more contact with the full water pressure on the main. 

 
f. Water for filling the mains shall be introduced at a velocity of less than one (1) 

foot per second in order to permit the HTH or Perchloron to completely dissolve 
and have a reasonable uniform distribution throughout the mains.  It is the intent of 
this Specification to require a sufficient amount of chemical to be equivalent to a 
dosage of 50 p.p.m. of chlorine. 

 
g. After the chlorine has been in contact with the mains or storage units for twenty-

four (24) hours or longer, samples collected from the extremities of the mains shall 
indicate a residual chlorine content of 5 p.p.m. or more. 

 
h. If less than 5 p.p.m. residual chlorine is indicated, the system shall be drained and 

the disinfection treatment repeated. 
 
i. If samples collected at the extremities indicate a residual chlorine of 5 p.p.m. or 

more, the system shall be flushed until there is only a normal chlorine residual (1.0 
p.p.m. or less) present, as determined by the DPD Method Test.  Samples of water 
shall be collected from various points along the lines, by a lab certified in the State 
of Delaware for bacteriological analysis.  If satisfactory bacteriological results are 
obtained, the lines may then be allowed to be placed in service.  A copy of all test 
results shall be submitted to the Architect. 

 
4. Contractor shall provide all disinfection testing within the lump sum prices bid.   
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B. Prepare reports of purging and disinfecting activities. 

END OF SECTION 221113 
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SECTION 221313 - FACILITY SANITARY SEWERS 

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 gravity-flow, non-pressure sanitary sewerage outside the building, with the 
following components: 

 
1. Pipe Line and Trench Excavation 
2. Precast concrete manholes. 
3. Pipe 
4. cleanouts 

B. The Contractor shall furnish all materials and shall construct the pipe lines and all required 
appurtenances at the locations and to the lines, slopes and elevations shown on the drawings or 
designated by the Engineer. 

C. Manholes shall be built at such points on the pipe lines and of such form and dimensions as are 
shown on the drawings or as may be directed.  Manholes shall be built as pipe laying progresses 
and the Engineer may stop work entirely on the laying pipe if manhole construction is delayed to 
such an extent as to be hazardous to construction or the public. 

D. The Contractor shall perform all excavation, backfilling grubbing and grading required for 
construction and installation of pipelines, structures and appurtenances.  Excavation shall include 
removal of pavement, concrete, rock, earth and debris, regardless of character.  Trenches and  
excavations shall be sheeted, shored and braced by  the Contractor, as necessary to allow 
construction and provide safe working conditions, additionally, the Contractor shall be responsible 
for maintaining a dry excavation by dewatering.  He shall also locate, support and protect existing 
utilities and structures encountered in the work, provide traffic control, dispose of surplus and  
unsuitable excavated materials and restore backfilled areas to original condition or as  required by 
the drawings and specifications.  All  backfilled and restored areas shall be maintained  by the 
Contractor, in a proper condition, for the  duration of the project. 

E. The Contractor is responsible for direct or indirect damage to existing structures, pipelines, 
conduits, poles, wires and utilities of every description in the vicinity of his work whether above 
or below ground, or that may be encountered in trench or structure excavation.  This responsibility 
shall include the cost of protection by sheeting, bracing, hand excavation, when warranted, and the 
expense to repair or replace any existing facility damaged directly or indirectly by construction 
activities under this contract, whether such facility is or is not shown on the drawings.  
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F. The Contractor shall verify the location, size and elevation of all existing utilities at the various 
points of connection and/or crossings prior to starting any work.  Any discrepancies in locations or 
elevations shall be brought to the attention of the Engineer in order that the designs may be 
adjusted accordingly.  Damages suffered or additional costs incurred by the Contractor as a result 
of his failure to conform to the requirements of this paragraph shall be  the sole responsibility of 
the Contractor.  Connections to existing utilities shall be made by the Contractor at such a time 
and in such a manner as the Engineer may direct, and the cost shall be included in the price bid for 
pipeline and structures, unless otherwise defined in the proposal. 

G. Excavation and backfill, within an area where a State agency has jurisdiction, shall be done in 
accordance with requirements and provisions of the permits issued by the agencies for the 
construction within their respective rights-of-way.  Such requirements and provisions, where 
applicable, shall take precedence and supersede the provisions of these specifications. 

1.3 SUBMITTALS 

A. Product Data:  For the following: 

1. Special pipe fittings. 

B. Shop Drawings:  For the following: 

1. Manholes:  Include plans, elevations, sections, details, and frames and covers. 

2. Pipe and fittings 

3. The Contractor shall submit certifications to the Engineer that all pipe, fittings and joints 
are as specified herein. 

C. Field quality-control test reports. 

1.4 QUALITY ASSURANCE 

A. Environmental Compliance:  Comply with applicable portions of local environmental agency 
regulations 

  pertaining to sanitary sewerage systems. 

B. Utility Compliance:  Comply with local Municipality/utility company regulations and standards 
pertaining to sanitary sewer systems. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Retain first paragraph below for ABS, PVC, or fiberglass piping. 

B. Do not store plastic manholes, pipe, and fittings in direct sunlight. 

C. Protect pipe, pipe fittings, and seals from dirt and damage. 

D. Handle manholes according to manufacturer's written rigging instructions. 
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1.6 PROJECT CONDITIONS  

A. Existing Utilities:  Locate existing underground utilities in the areas of work.  Call "Miss Utility" 
(1-800-282-8555, the Town of Georgetown, and Sussex County for assistance in locating existing 
utilities.  If utilities are to remain in place, provide adequate means of protection during 
construction of sanitary sewer system. 

B. If utilities are to remain in place, provide adequate means of protection during construction of 
sanitary sewer system.  

C. Interruption of Existing Sanitary Sewerage Service:  Do not interrupt service to facilities occupied 
by Owner or others unless permitted under the following conditions and then only after arranged 
to provide temporary service according to requirements indicated: 

 
1. Notify, the Construction Manager, Engineer, and the Owner no fewer than 5 days in 

advance of proposed interruption of service. 
2. Do not proceed with interruption of service without the Construction Manager’s and the 

Owner’s written permission. 

D. Should uncharted or incorrectly charted piping or other utilities be encountered during work, 
consult Owner immediately for directions as to procedure.  Repair damaged utilities that are to 
remain in service to satisfaction of the associated jurisdiction. 

PART 2 - PRODUCTS 

2.1 EXCAVATION MATERIALS 

A. No classification of excavated materials will be made.  Excavation and trenching work shall 
include the removal and subsequent handling of all materials excavated or otherwise removed in 
performance of the contract work, regardless of the type, character, composition, or condition 
thereof. 

2.2 POLYVINYL CHLORIDE PIPE AND FITTINGS 

A. Polyvinyl chloride (PVC) pipe, used for sewer construction, shall equal or exceed the 
requirements of ASTM D 3034 and shall have a minimum standard dimension (SDR) ratio of 35 
and the minimum pipe stiffness, as tested in accordance with ASTM D 2412, shall be 45 when 
measured under 5 percent deflection at 73 degrees Fahrenheit.  Pipe shall be manufactured with 
integral wall bell and spigot joints in standard lengths not exceeding 20.0 feet. 

B. All fittings shall have a minimum SDR of 26. 

C. All polyvinyl chloride (PVC) pipe and fittings shall utilize an elastomeric O-ring gasketed joint 
assembled in accordance with the manufacturer's recommendations. 
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D. Polyvinyl chloride wye branches, pipe stoppers and other fittings shall be manufactured in 
accordance with the same specifications and shall have the same thickness, depth of socket, and 
annular space as the pipe.  Tee wye fittings will not be permitted for use.  Wye branches shall be 
complete pipe sections.  Saddles will not be permitted for use. 

E. Polyvinyl chloride pipe shall be delivered and stockpiled in unit pallets.  Stacking of pallets above 
5 feet in height will not be allowed.  If pipe is stockpiled for more than 30 days prior to 
installation in the trench, it must be suitably covered with reflective material to protect the pipe 
from ultra-violet rays emanating from sunlight.  Do not use plastic sheets.  Allow for air 
circulation under covering. 

F. Bowed sections of pipe will be unacceptable and installation of pipe which has bowed, whether or 
not the bow has been corrected, will not be allowed on this project. 

PART 3 - EXECUTION 

3.1 PIPELINE TRENCH EXCAVATION 

A. The Contractor shall excavate, maintain and backfill all excavation necessary for completing the 
work under the contract.  Unless otherwise specified or approved, excavation shall be open cut.  
No extra compensation will be allowed for hand excavation and backfill necessary to complete the 
work or required by the Engineer. 

B. Trenches shall be excavated to the necessary width and depth, as shown on the drawings and as 
required for the protective sheeting, pull boxes, etc.  No extra compensation will be allowed for 
trenches wider than that detailed on the drawings. 

C. The sides of the trenches shall be practically plumb and shall not be sloped unless approved in 
writing by the Engineer.  Trench sides shall be supported or sheeted as required to protect utilities, 
etc., and required for safety.  Safety regulations shall be as required by state safety codes and 
OSHA.  

D. In non-paved areas strip surface vegetation and topsoil and place in stock piles which are 
separated from the trench excavated materials.  Topsoil shall not be used for general trench refill. 

E. The excavation of all trenches shall be fully completed at least twenty (20) feet in advance of pipe 
laying, unless otherwise authorized or directed.  The Engineer may require the backfilling of open 
trench, over completed pipelines, or ahead of the pipe laying operation, if in his judgement such 
action is necessary, and the Contractor shall have no claim for extra compensation. 

F. Should work be stopped for any reason and any excavation is left open for an unreasonable length 
of time, the Contractor shall refill the excavation at his own expense if so directed, by the 
Engineer or the DOH Inspector.  He shall not reopen the excavation until he is ready to complete 
the facility.  Should the Contractor refuse or fail to refill any excavation completely within forty-
eight (48) hours or immediately if it poses a safety hazard after a proper notice, has been given by 
the Engineer or DOH Inspector the Owner shall be authorized to do the work.  The resulting 
expenses shall be deducted from monies due the Contractor. 
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G. The Contractor shall complete excavation as nearly as practicable to the lines of the pipeline to be 
installed as detailed.  All cavities in the bottom of the trench shall be filled to the required level 
with compacted crushed stone or gravel.  

H. Excavated materials shall be graded, hauled, stored and protected as such material found suitable 
will be required for backfilling, repaving or other purposes.  Material classified as unsuitable shall 
be disposed of by the Contractor at a location approved by the Engineer.  Hauling of excavated 
materials for any purpose shall not entitle the Contractor to additional compensation.  Only those 
excavated materials designated by the Owner shall become property of the Contractor. 

I. All stockpiled materials shall be placed in such a way to prevent damage to the trench, structures, 
drainage areas or private property.  Excavated materials shall not be placed on private property 
unless a temporary easement agreement is obtained from the property Owner by the Contractor. 

J. The Contractor shall remove, relocate, change or protect all structures including but not limited to 
signs, mailboxes, overhead and buried utilities as required for construction whether shown on 
drawings or not.  No extra compensation will be allowed for property damage, injury or  loss of 
time due to obstructions encountered not shown on plans. 

K. The Contractor shall be responsible for any damage to curb, gutter, sidewalk, traffic control 
devices, pavement material and lawns.  Any damage resulting directly or indirectly shall be 
replaced in kind by the Contractor without additional compensation.  The reuse of disturbed curb, 
gutter or sidewalk is prohibited.  New sections shall be installed to the nearest undisturbed control 
joint. 

3.2 PIPELINE TRENCH BACKFILL 

A. Materials excavated from the trench except topsoil shall be used for trench backfill, provided that, 
in the opinion of the Engineer, the excavated material is suitable for this purpose.  Backfill 
material shall be free from large lumps, pavement, pieces of concrete and stones. 

B. Suitable material, as approved by the Engineer, shall be carefully deposited in the trench by 
methods which will not damage or disturb the pipeline or structure, and shall be solidly tamped 
around the pipe or structure.  Backfill material shall be placed in 8-inch layers.  Compaction shall 
be accomplished by mechanical tampers.  Care shall be taken in the use of mechanical tampers not 
to injure or move the pipe or to cause the pipe to be supported unevenly.  Each layer shall be 
mechanically tamped for the full trench width unless an alternative method is approved in writing 
by the Engineer. 

C. Every backfill layer shall be compacted to 95% of maximum density at optimum moisture content 
as determined by the Modified Proctor Test, ASTM D1557 Method C. Materials containing an 
excess of moisture shall be permitted to dry until the moisture content is within the specified 
range.  Materials too dry shall be wetted uniformly until the moisture content is in the specified 
range.  Backfilled trench sections which fail to meet density requirements three consecutive times 
shall be excavated and properly disposed of by the Contractor. 

D. No compacting shall be done when the material is too wet to be compacted properly.  At such 
times the work shall be suspended until the backfill materials have dried sufficiently to permit 
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proper compaction or such other precautions shall be taken as may be necessary to obtain proper 
compaction.  The Contractor is responsible for hauling, storing and drying of excavated material 
to be used in backfill operations within the prices bid. 

E. The Contractor shall coordinate with the Construction Manager who will hire a geotechnical 
testing agency to provide compaction tests of the backfilled trenches during construction or upon 
completion of the backfill operations.  Field density testing may be performed at a rate of 1 test 
per 100 linear feet of trench, at a depth specified by the Engineer.  Such testing shall be arranged 
by the Contractor and performed by an independent testing agency approved by the Engineer.   

F. Whenever test results indicate compaction densities less than specified, the Contractor shall, at his 
own expense, secure the specified compaction using methods approved by the Engineer.  The 
testing agency, so employed by the Contractor, shall submit a copy of all testing reports directly to 
the Engineer.  Each report shall contain the project identification name and number, name of 
Contractor, name of testing agency, and location  of sample tested by station, street and depth, as a 
minimum. 

G. The Contractor shall, at his own expense, maintain all refilled excavations in proper condition.  
Trench surfaces shall be reshaped when necessary.  If the Contractor fails to make repairs within 
forty eight (48) hours after receipt of written notice from the Owner, the Owner may refill said 
depression wherever necessary and the cost of so doing will be retained from any monies due or to 
become due the Contractor under the Contract.  The Contractor shall be fully responsible for any 
injury or damage that may result from lack of maintenance of any refilled excavation at any time 
prior to final acceptance. 

H. All unauthorized excavations made by the Contractor shall be immediately backfilled in 
accordance with the requirements of the specifications for trench backfill at the Contractor's 
expense. 

I. After completion of backfilling, all material not used shall be disposed of as approved by the 
Engineer, and all places on the line of the work shall be left clean and in good condition.  This 
cleaning up shall be done by the Contractor without extra compensation.  If he fails to do this 
work within a reasonable time after receipt of notice, it will be performed by the Owner, and the 
cost will be retained from the monies due the Contractor under the contract. 

J. No backfilling of pipelines will be allowed until measurements of pipe and an inspection has been 
performed by the Owner's representative, and until the Engineer has authorized the backfill.  Any 
unauthorized backfill of pipelines shall be uncovered by the Contractor at his expense if required 
by the Engineer. 

3.3 EXCAVATION FOR STRUCTURES 

A. Excavate for structures, walls, foundations, footings, etc., to the depth and width required for 
construction and stripping of forms. Structural excavation shall consist of the excavation of all 
earth, rock boulders, existing concrete and masonry foundations and walls, and all other materials 
encountered regardless of type, which the Contractor may encounter. 
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B. Excavated materials shall be segregated as they are excavated, with the suitable and unsuitable 
material and topsoil being piled separately.  All suitable material shall be used for backfill.  All 
unsuitable material shall be removed, at the Contractor's expense, and disposed of at a location 
approved by the Engineer.  No excavated material shall be deposited at any time so as to endanger 
partly finished structures either by direct pressure, or indirectly by overloading banks contiguous 
to the operation. 

C. The Contractor shall be responsible for the condition of all excavations made by him.  All slides 
and cave-ins shall be removed without extra compensation, at whatever time and under whatever 
circumstances they may occur. 

D. All provisions of the sub-section "Pipeline Trench Excavation" which apply to "Excavation for 
Structures" shall be included under this section. 

3.4 BACKFILL FOR STRUCTURES 

A. Backfill around structures with suitable material from the excavation to the original surface grades 
or the finished grades shown on the plans or defined by the Engineer.  

B. No backfill shall be placed against new concrete or masonry structures until properly cured.   

C. Backfill shall be placed in six (6) inch layers and  compacted by mechanical tampers.  Compaction 
shall conform with the requirements for compaction already set forth in this specification. 

D. The Contractor shall exercise caution in backfill and compaction to prevent damage to structures. 

3.5 DEWATERING 

A. All excavations must be kept free of water below the subgrade of the work while work is in 
progress.  This may be accomplished by ordinary pumping methods or by well points, whichever 
will produce the required results.  Upon removal of dewatering equipment, the Contractor shall 
backfill all holes and restore disturbed areas to their original condition. 

B. Dewatering for the structures and pipelines shall commence when groundwater is first 
encountered and shall be continued until such time as backfill has been completed.  No concrete or 
pipe shall be laid in water nor shall water be allowed to rise over them until the concrete or mortar 
has set at least eight (8) hours.  Groundwater shall not be allowed to rise around the pipe until the 
trench is backfilled. 

C. The Contractor shall dispose of the water from the work in a suitable manner without damage to 
adjacent property.  No water shall be drained into work built or under construction without prior 
consent of the Engineer.  Water shall be disposed of in such a manner as not to damage property 
or be a menace to the Public Health. 

D. In the event the Contractor's dewatering operations affect any water supplies within the project 
area, the Contractor shall take whatever steps that are required to provide uninterrupted water 
service. 
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E. The Contractor shall remove any siltation deposits in storm sewer systems, resulting from his 
dewatering or construction operations.  He shall also be responsible for conveyance of dewatering 
flows and for erosion and sediment control. 

3.6 SHEETING, SHORING AND BRACING 

A. The contractor shall furnish and install all sheeting, shoring and bracing necessary to insure safe 
working conditions and to prevent damage to public and private property and structures.  If, in the 
opinion of the Engineer, the sheeting, shoring, or bracing is not of proper quality or is not properly 
placed to insure safe working conditions and to prevent property damage, the Contractor shall 
remedy such inadequacy at his own expense as may be directed by the Engineer.  Sheeting, 
shoring, and bracing shall be removed as backfilling progresses, except at such locations as the 
Engineer may direct or approve it to be left in place. 

B. The condition of all excavations made by the Contractor shall be the responsibility of the 
Contractor.  No extra compensation will be allowed for property damage, injury or loss of time, 
due to excavation slides or cave-ins at any time under any circumstances. 

C. The Contractor shall cut off any sheeting left in place, at least eighteen (18) inches below finished 
grade, and shall remove the material cut off without compensation. 

D. Where necessary, in quicksand, soft ground, or for the protection of any structure or property, 
sheeting shall be driven to such depth below the bottom of the trench as may be required to protect 
all existing and/or proposed work. 

E. The cost for furnishing, placing and removal of sheeting, shoring or bracing shall be included in 
the prices bid. 

F. A trench box is an acceptable alternative to sheeting, shoring or bracing providing such boxes 
conform to safety codes. 

3.7 SELECT BACKFILL 

A. Should the Contractor encounter unsuitable material during excavation, he shall remove and 
dispose of such material at a location approved by the Engineer.  The cost of such disposal shall 
be included in the prices bid for pipe and structures. 

B. Should sufficient suitable material from excavations on the project not be available for backfill, 
the Contractor shall furnish Select Backfill upon approval of the Engineer.  Special backfill shall 
conform to Delaware Department of Transportation Standard Specifications. 

3.8 PIPE INSTALLATION 

A. Pipe and fittings shall be carefully handled and lowered into the trench.  Special care shall be 
taken to insure that each length shall abut against the next in such a manner that there shall be no 
shoulder or unevenness of any kind along the inside of the pipe. 
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B. Before pipe is placed, the bottom of the trench shall be carefully shaped to fit the lower part of the 
pipe exterior with reasonable closeness for width of at least 60% of the pipe width.  Bell holes 
shall be dug sufficiently large to insure the making of proper joints and so that after placement, 
only the barrel of the pipe receives bearing pressure from the trench bottom.  No pipe shall be 
brought into position until the preceding length has been thoroughly bedded and secure in place.  
Any defects due to settlement shall be made good by the Contractor without additional 
compensation therefore. 

C. Proper and suitable tools and appliances for the safe and convenient handling and laying of pipe 
shall be used. 

D. Whenever a pipe requires cutting to fit into the line or to bring it to the required location, the work 
shall be done in a satisfactory manner so as to leave a smooth end. 

E. The pipes shall be thoroughly cleaned before they are laid and shall be kept clean until the 
acceptance of the completed work.  The open ends of all pipe lines shall be provided with a 
stopper carefully fitted so as to keep dirt and other substances from entering.  This stopper shall be 
kept in the end of the pipe line at all times when laying is not in actual progress. 

F. All concrete required to support and reinforce wye branches, bends and other fittings shall be 
placed as directed, and the cost thereof shall be included and covered within the price bid. 

G. Backfill materials shall be hand placed and mechanically tamped in six inch layers, placed 
uniformly on both sides of the pipe, to a point at least one foot above the pipe crown. Each layer 
shall be thoroughly compacted for the full trench width and under, around and over the pipe. 

H. Pipeline detectable tape shall be installed continuously along all sewer mains.  The tape shall be 
installed directly above the pipe and 12 inches from the ground surface.  The tape shall be 
Lineguard type III Detectable tape as manufactured by Lineguard, Inc. of Wheaton, Illinois or 
equal.  The tape shall be a minimum of two inches wide, imprinted in green with the words 
"CAUTION -- SEWER LINE BELOW" and be capable of being detected with inductive methods. 

I. For refill of the remaining trench depth, refer to "Excavation and Backfill" Section of these 
specifications. 

J. Pipe installation shall be achieved at the elevations identified on the contract drawings.   

3.9 LAYING PIPE IN FREEZING WEATHER 

A. No pipe shall be laid upon a foundation into which frost has penetrated, nor at any time when the 
Engineer shall deem that there is danger of the formation of ice or the penetration of frost at the 
bottom of the excavation unless all required precautions as to the minimum length of open trench 
and promptness of backfilling are observed. 

3.10 ARTIFICIAL FOUNDATION 
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A. Whenever directed, the Contractor shall lay pipe upon an artificial foundation which he shall 
construct.  Such foundation may consist of gravel, sills, planks, or other timber construction, or of 
concrete; all to be of the form and dimensions and placed in the manner required by the Engineer. 

3.11 PIPE TESTING 

A. GENERAL 
 

1. Contractor shall furnish all labor, tools, materials, and equipment, including mirrors, 
flashlights or other artificial lighting, pump, compressors, stopwatch, gauges, and meters, 
subject to the approval of the Engineer for testing in accordance with these specifications. 

B. LEAK TESTING USING AIR 
 
1. Sewers shall be tested in sections not exceeding 400 feet unless otherwise approved by 

the Engineer.  Each section shall be tested immediately upon completion thereof.  Each 
section shall meet the air pressure drop limitations specified herein. 

 
2. All material and labor required for leakage tests shall be furnished by the Contractor 

within the price bid. 
 
3. Sewers shall be tested using the low-pressure air method in accordance with the 

requirements of ASTM C-828 and the Uni-Bell Plastic Pipe Association 
recommendations, based upon the Ramseier test time criteria.  Procedural and equipment 
details shall be submitted to the Engineer prior to acceptance of its use for testing. 

 
4. If the test time for the designated size and length, elapses before the test pressure drops 

0.5 psig, the section undergoing the test shall have passed. 
 
5. If the pressure drops 0.5 psig before the appropriate test time has elapsed, the air loss rate 

shall be considered excessive and the section of pipe has failed the test.  Contractor shall 
determine at his own expense the source or sources of leakage and he shall repair or 
replace all defective materials and/or workmanship to the satisfaction of the Engineer.  
The completed pipe installation shall then be retested and required to meet the 
requirements of this test. 

3.12 DEFECTS TO BE MADE GOOD 

A. If, at any time before the expiration of the guarantee period under this contract, any broken pipe, 
or any other defects are found in any of the lines or in any of the appurtenances, the Contractor 
shall cause the same to be removed and replaced by the proper material and workmanship, without 
extra compensation for the labor and material required, even though such injury or damage may 
not have been due to any act, default, or negligence on the part of the Contractor.  All materials 
shall be carefully examined by the Contractor for defects prior to installation, and any found 
defective shall be rejected for use. 
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END OF SECTION 221313 
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SECTION 22 15 00 
 

GENERAL-SERVICE COMPRESSED-AIR SYSTEMS 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Pipe and Pipe Fittings. 

B. Pressure reducing station. 

1.02 RELATED REQUIREMENTS 

A. Section 03 30 00 - Cast-in-Place Concrete. 

B. Section 07 84 00 - Firestopping. 

C. Section 22 05 48 - Vibration and Seismic Controls for Plumbing Piping and Equipment. 

D. Section 22 05 53 - Identification for Plumbing Piping and Equipment:  Identification of piping 
system. 

E. Section 26 27 17 - Equipment Wiring:  Electrical characteristics and wiring connections. 

1.03 REFERENCE STANDARDS 

A. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings; The 
American Society of Mechanical Engineers; 2001 (R2010). 

B. ASME B31.1 - Power Piping; The American Society of Mechanical Engineers; 2010 
(ANSI/ASME B31.1). 

C. ASTM B32 - Standard Specification for Solder Metal; 2008. 

D. ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2009. 

E. MSS SP-110 - Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends; 
Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.; 2010. 

1.04 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide manufacturers catalog literature with capacity, weight, and electrical 
characteristics and connection requirements. 

C. Shop Drawings:  Indicate piping system schematic with electrical characteristics and 
connection requirements. 

D. Manufacturer's Instructions:  Indicate manufacturer's installation instructions, hoisting and 
setting requirements, starting procedures. 

E. Project Record Documents:  Record actual locations of equipment and components.  Modify 
shop drawings to indicate final locations. 

F. Maintenance Data:  Submit for air compressor, air receiver and accessories, after cooler, 
refrigerated air dryer, and pressure reducing station. 

G. Warranty:  Submit manufacturer warranty and ensure forms have been completed in Delaware 
Technical Community College's name and registered with manufacturer. 
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1.05 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products 
specified in this section, with minimum three years of documented experience. 

B. Pressure Vessels:  Conform to applicable code for installation of pressure vessels. 

C. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories 
Inc. as suitable for the purpose specified and indicated. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Accept air compressors, refrigerated air dryer on site in factory fabricated containers with 
shipping skids and plastic pipe end protectors in place.  Inspect for damage. 

B. Protect piping and equipment from weather and construction traffic. 

1.07 WARRANTY 

A. See Section 01 78 00 - Closeout Submittals, for additional warranty requirements. 

B. Provide five year manufacturer warranty for reciprocating air compressors. 

PART 2  PRODUCTS 

2.01 PIPE AND PIPE FITTINGS 

A. Copper Tube:  ASTM B88 (ASTM B88M), Type K (A), drawn. 
1. Fittings:  ASME B16.18, cast copper alloy or ASME B16.22, wrought copper and bronze. 
2. Joints:  ASTM B32, solder, Grade Sn95. 

2.02 VALVES 

A. Ball Valves: 
1. Manufacturers: 

a. Watts Model B6001-SS-OVLH. 
b. Apollo Model 70-24X-47. 

2. MSS SP-110, Class 150, 400 psi (2760 kPa) CWP, bronze, two piece body, chrome plated 
brass ball, regular port, teflon seats and stuffing box ring, blow-out proof stem, lever 
handle with balancing stops, solder ends with union. 

B. Air Outlets: 
1. Quick Connector:  3/8 inch (10 mm) brass, snap on connector with self closing valve, 

Style A. 

2.03 UNIONS AND COUPLINGS 

A. Unions: 
1. Copper Tube and Pipe:  150 psi (1034 kPa) bronze unions with soldered joints. 

B. Dielectric Connections:  Union with galvanized or plated steel threaded end, copper solder end, 
water impervious isolation barrier. 

2.04 PRESSURE REDUCING VALVE 

A. Valve Capacity:  Reduce pressure from 200 psi (1379 kPa) to 30 psi (207 kPa), adjustable 
upwards from reduced pressure. 

PART 3  EXECUTION 

3.01 INSTALLATION 
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A. Install equipment in accordance with manufacturer's instructions. 

B. Install compressor unit on concrete housekeeping pad.  Refer to Section 03 30 00. 

C. Make air cock and drain connection on horizontal casing. 

D. Install line size gate valve and check valve on compressor discharge. 

E. Install replaceable cartridge type filter silencer of adequate capacity for each compressor. 

F. Place shut off valve on water inlet to aftercooler.  Pipe drain to floor drain. 

G. Connect condensate drains to nearest floor drain. 

H. Install compressed air couplings and female quick connectors where outlets are indicated. 

I. Identify piping system and components.  Refer to Section 22 05 53. 

3.02 FIELD QUALITY CONTROL 

A. Compressed Air Piping Leak Test:  Prior to initial operation, clean and test compressed air 
piping in accordance with ASME B31.1. 

B. Repair or replace compressed air piping as required to eliminate leaks, and retest to demonstrate 
compliance. 

C. Cap and seal ends of piping when not connected to mechanical equipment. 

END OF SECTION 
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SECTION 22 30 00 
 

PLUMBING EQUIPMENT 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Water heaters. 

B. Pumps. 
1. Circulators. 

1.02 RELATED REQUIREMENTS 

A. Section 26 27 17 - Equipment Wiring:  Electrical characteristics and wiring connections. 

1.03 REFERENCE STANDARDS 

A. ANSI Z21.10.1 - Gas Water Heaters - Volume I - Storage Water Heaters with Input Ratings of 
75,000 Btu per Hour or Less; 2009. 

B. ANSI Z21.10.3 - Gas Water Heaters - Volume III - Storage Water Heaters with Input Ratings 
Above 75,000 Btu per Hour, Circulating and Instantaneous Water Heaters; 2008. 

C. UL 174 - Standard for Household Electric Storage Tank Water Heaters; Underwriters 
Laboratories Inc.; Current Edition, Including All Revisions. 

D. UL 1453 - Standard for Electric Booster and Commercial Storage Tank Water Heaters; 
Underwriters Laboratories Inc.; Current Edition, Including All Revisions. 

1.04 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data: 
1. Provide dimension drawings of water heaters indicating components and connections to 

other equipment and piping. 
2. Indicate pump type, capacity, power requirements. 
3. Provide certified pump curves showing pump performance characteristics with pump and 

system operating point plotted.  Include NPSH curve when applicable. 
4. Provide electrical characteristics and connection requirements. 

C. Shop Drawings: 
1. Indicate dimensions of tanks, tank lining methods, anchors, attachments, lifting points, 

tappings, and drains. 

D. Operation and Maintenance Data:  Include operation, maintenance, and inspection data, 
replacement part numbers and availability, and service depot location and telephone number. 

E. Warranty:  Submit manufacturer warranty and ensure forms have been completed in Delaware 
Technical Community College's name and registered with manufacturer. 

F. Maintenance Materials:  Furnish the following for Delaware Technical Community College's 
use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 
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1.05 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products 
specified in this section, with minimum three years of documented experience. 

B. Identification:  Provide pumps with manufacturer's name, model number, and rating/capacity 
identified by permanently attached label. 

C. Performance:  Ensure pumps operate at specified system fluid temperatures without vapor 
binding and cavitation, are non-overloading in parallel or individual operation, operate within 
25 percent of midpoint of published maximum efficiency curve. 

1.06 CERTIFICATIONS 

A. Gas Water Heaters:  Certified by CSA International to ANSI Z21.10.1 or ANSI Z21.10.3, as 
applicable, in addition to requirements specified elsewhere. 

B. Electric Water Heaters:  UL listed and labeled to UL 174 or UL 1453. 

C. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories 
Inc., as suitable for the purpose specified and indicated. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Provide temporary inlet and outlet caps.  Maintain caps in place until installation. 

1.08 WARRANTY 

A. Provide five year manufacturer warranty for domestic water heaters. 

PART 2  PRODUCTS 

2.01 WATER HEATER MANUFACTURERS 

A. A.O. Smith Water Products Co:  www.hotwater.com. 

B. Bock Water Heaters, Inc:  www.bockwaterheaters.com. 

C. Rheem Manufacturing Company:  www.rheem.com. 

D. Bradford White. 

E. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.02 COMMERCIAL GAS FIRED WATER HEATERS 

A. Type:  Automatic, propane-fired, vertical storage. 

B. Tank: Glass lined welded steel ASME labeled; multiple flue passages, 4 inch (100 mm) 
diameter inspection port, thermally insulated with minimum 2 inches (50 mm) glass fiber, 
encased in corrosion-resistant steel jacket; baked-on enamel finish; floor shield and legs. 

C. Tank: Glass lined welded steel ASME labelled; multiple flue passages, 4 inch (100 mm) 
diameter inspection port, thermally insulated with minimum 2 inches (50 mm) glass fiber, 
encased in corrosion-resistant steel jacket; baked-on enamel finish; floor shield and legs. 

D. Accessories:  Provide: 
1. Water Connections: Brass. 
2. Dip tube: Brass. 
3. Drain Valve. 
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4. Anode: Magnesium. 

E. Controls:  Automatic water thermostat with temperature range adjustable from 120 to 180 
degrees F (49 to 82 degrees C), automatic reset high temperature limiting thermostat factory set 
at 195 degrees F (90 degrees C), gas pressure regulator, multi-ribbon or tubular burner, 100 
percent safety shut-off pilot and thermocouple, flue baffle and draft hood. 

2.03 IN-LINE CIRCULATOR PUMPS 

A. Manufacturers: 
1. Armstrong Pumps Inc:  www.armstrongpumps.com. 
2. ITT Bell & Gossett:  www.bellgossett.com. 
3. SIHI Group:  www.sterlingsihi.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Casing:  Bronze, rated for 125 psig (860 kPa) working pressure, with stainless steel rotor 
assembly. 

C. Impeller:  Bronze. 

D. Shaft:  Alloy steel with integral thrust collar and two oil lubricated bronze sleeve bearings. 

E. Seal:  Carbon rotating against a stationary ceramic seat. 

F. Drive:  Flexible coupling. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install plumbing equipment in accordance with manufacturer's instructions, as required by code, 
and complying with conditions of certification, if any. 

B. Coordinate with plumbing piping and related fuel piping work to achieve operating system. 

C. Domestic Water Heat Exchangers: 
1. Pipe relief valves and drains to nearest floor drain. 

D. Domestic Water Storage Tanks: 
1. Provide steel pipe support, independent of building structural framing members. 
2. Clean and flush after installation.  Seal until pipe connections are made. 

E. Pumps: 
1. Ensure pumps operate at specified system fluid temperatures without vapor binding and 

cavitation, are non-overloading in parallel or individual operation, and operate within 25 
percent of midpoint of published maximum efficiency curve. 

END OF SECTION 
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SECTION 22 40 00 
 

PLUMBING FIXTURES 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Water closets. 

B. Urinals. 

C. Lavatories. 

D. Electric water coolers. 

E. Drinking fountains. 

1.02 RELATED REQUIREMENTS 

A. Section 22 10 05 - Plumbing Piping. 

B. Section 22 10 06 - Plumbing Piping Specialties. 

1.03 REFERENCE STANDARDS 

A. ASHRAE Std 18 - Methods of Testing for Rating Drinking-Water Coolers with Self-Contained 
Mechanical Refrigeration; 2006. 

B. ASME A112.6.1M - Supports for Off-the-Floor Plumbing Fixtures for Public Use; The 
American Society of Mechanical Engineers; 1997 (Reaffirmed 2002). 

C. ASME A112.18.1 - Plumbing Supply Fittings; The American Society of Mechanical Engineers; 
2011. 

D. ASME A112.19.2 - Vitreous China Plumbing Fixtures and Hydraulic Requirements for Water 
Closets and Urinals; The American Society of Mechanical Engineers; 2008. 

1.04 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide catalog illustrations of fixtures, sizes, rough-in dimensions, utility sizes, 
trim, and finishes. 

C. Manufacturer's Instructions:  Indicate installation methods and procedures. 

D. Maintenance Data:  Include fixture trim exploded view and replacement parts lists. 

E. Warranty:  Submit manufacturer warranty and ensure forms have been completed in Delaware 
Technical Community College's name and registered with manufacturer. 

1.05 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products 
specified in this section, with minimum three years of documented experience. 

1.06 REGULATORY REQUIREMENTS 

A. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories 
Inc., as suitable for the purpose specified and indicated. 

1.07 DELIVERY, STORAGE, AND HANDLING 
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A. Accept fixtures on site in factory packaging.  Inspect for damage. 

B. Protect installed fixtures from damage by securing areas and by leaving factory packaging in 
place to protect fixtures and prevent use. 

1.08 WARRANTY 

A. Provide five year manufacturer warranty for electric water cooler. 

PART 2  PRODUCTS 

2.01 FLUSH VALVE WATER CLOSETS 

A. Water Closets:  Vitreous china, ASME A112.19.2, wall hung, siphon jet flush action, china bolt 
caps. 
1. Flush Volume:  1.6 gallon (6 liters), maximum. 
2. Flush Valve:  Exposed (top spud). 
3. Flush Operation:  Manual, oscillating handle. 
4. Handle Height:  44 inches (1117 mm) or less. 
5. Manufacturers: 

a. American Standard Inc:  www.americanstandard.com. 
b. Kohler Company:  www.kohler.com. 
c. Zurn Industries, Inc:  www.zurn.com. 
d. Toto: www.totousa.com 
e. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Flush Valves:  ASME A112.18.1, diaphragm type, complete with vacuum breaker stops and 
accessories. 
1. Exposed Type:  Chrome plated, escutcheon, integral screwdriver stop. 

C. Seats: 
1. Manufacturers: 

a. Bemis Manufacturing Company:  www.bemismfg.com. 
b. Church Seat Company:  www.churchseats.com. 
c. Zurn Industries, Inc:  www.zurn.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

D. Water Closet Carriers: 
1. Manufacturers: 

a. JOSAM Company:  www.josam.com. 
b. Zurn Industries, Inc:  www.zurn.com. 
c. Substitutions:  See Section 01 60 00 - Product Requirements. 

2. ASME A112.6.1M; adjustable cast iron frame, integral drain hub and vent, adjustable 
spud, lugs for floor and wall attachment, threaded fixture studs with nuts and washers. 

2.02 WALL HUNG URINALS 

A. Urinals:  Vitreous china, ASME A112.19.2, wall hung with side shields and concealed carrier. 
1. Flush Volume: 1.0 gallon (3.7 liters), maximum. 
2. Flush Valve:  Exposed (top spud). 
3. Flush Operation:  Sensor operated. 
4. Trap:  Integral. 

B. Flush Valves:  ASME A112.18.1, diaphragm type, complete with vacuum breaker stops and 
accessories. 
1. Sensor-Operated Type:  Solenoid operator, low voltage hard-wired, infrared sensor and 
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over-ride push button. 
2. Exposed Type:  Chrome plated, escutcheon, integral screwdriver stop. 

2.03 LAVATORIES 

A. Lavatory Manufacturers: 
1. American Standard Inc:  www.americanstandard.com. 
2. Kohler Company:  www.kohler.com. 
3. Zurn Industries, Inc:  www.zurn.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Vitreous China Wall Hung Basin:  ASME A112.19.2; vitreous china wall hung lavatory, 
rectangular basin with splash lip, front overflow, and soap depression. 

C. Sensor Operated Faucet: Cast brass, chrome plated, deck mounted with sensor located on neck 
of spout. 
1. Spout Style: Standard. 
2. Power Supply: 24 VAC. 

a. Cord and plug. 
b. For 24V applications, provide transformer. 

3. Mixing Valve: None, single line for tempered water. 
4. Water Supply: 3/8 inch (9 mm) compression connections. 
5. Aerator: Vandal resistant, 0.5 GPM (1.89 LPM), laminar flow device.  
6. Automatic Shut-off: 30 seconds.  
7. Sensor range: Factory set at a minimum of 3 inch (76 mm) adjustable up to 24 inch (610 

mm).   
8. Sensor range: Automatically adjusts. 

a. Accessory: Optional remote reprogrammer module to adjust pre-set factory functions. 
9. Finish: Polished chrome. 
10. Sensor Operated Faucet Manufacturers: 

a. American Standard, Inc:  www.americanstandard-us.com. 
b. The Chicago Faucet Company:  www.chicagofaucets.com. 
c. Moen Incorporated:  www.moen.com. 
d. Sloan Valve Company:  www.sloanvalve.com. 
e. Substitutions:  See Section 01 60 00 - Product Requirements. 

D. Accessories: 
1. Offset waste with perforated open strainer. 
2. Carrier: 

a. Manufacturers: 
1) JOSAM Company:  www.josam.com. 
2) Zurn Industries, Inc:  www.zurn.com. 
3) Substitutions:  See Section 01 60 00 - Product Requirements. 

b. ASME A112.6.1M; cast iron and steel frame with tubular legs, lugs for floor and wall 
attachment, concealed arm supports, bearing plate and studs. 

2.04 ELECTRIC WATER COOLERS 

A. Electric Water Cooler Manufacturers: 
1. Tri Palm International/Oasis:  www.tripalmint.com. 
2. Elkay Manufacturing Company:  www.elkay.com. 
3. Haws Corporation:  www.hawsco.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 
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B. Water Cooler:  Electric, mechanically refrigerated; surface handicapped mounted; stainless 
steel top, vinyl on steel body, elevated anti-squirt bubbler with stream guard, automatic stream 
regulator, push button, mounting bracket; integral air cooled condenser and stainless steel grille. 
1. Capacity:  8 gallons per minute (30.3 liters per minute) of 50 degrees F (10 degrees C) 

water with inlet at 80 degrees F (27 degrees C) and room temperature of 90 degrees F (32 
degrees C), when tested in accordance with ASHRAE Std 18. 

2. Electrical:  115 V, 60 Hertz compressor, 3 foot (1 m) cord and plug for connection to 
electric wiring system including grounding connector. 

PART 3  EXECUTION 

3.01 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. 

C. Confirm that millwork is constructed with adequate provision for the installation of counter top 
lavatories and sinks. 

3.02 PREPARATION 

A. Rough-in fixture piping connections in accordance with minimum sizes indicated in fixture 
rough-in schedule for particular fixtures. 

3.03 INSTALLATION 

A. Install each fixture with trap, easily removable for servicing and cleaning. 

B. Provide chrome plated rigid or flexible supplies to fixtures with loose key stops, reducers, and 
escutcheons. 

C. Install components level and plumb. 

D. Install and secure fixtures in place with wall supports and bolts. 

E. Seal fixtures to wall and floor surfaces with sealant as specified in Section 07 90 05, color to 
match fixture. 

3.04 ADJUSTING 

A. Adjust stops or valves for intended water flow rate to fixtures without splashing, noise, or 
overflow. 

3.05 CLEANING 

A. Clean plumbing fixtures and equipment. 

3.06 PROTECTION 

A. Protect installed products from damage due to subsequent construction operations. 

B. Repair or replace damaged products before Date of Substantial Completion. 

3.07 SCHEDULES 

A. Fixture Heights:  Install fixtures to heights above finished floor as indicated. 
1. Water Closet: 

a. Standard:  15 inches (380 mm) to top of bowl rim. 
b. Accessible:  18 inches (455 mm) to top of seat. 

2. Water Closet Flush Valves: 
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a. Standard:  11 inches (280 mm) min. above bowl rim. 
3. Urinal: 

a. Standard:  22 inches (560 mm) to top of bowl rim. 
b. Accessible:  17 inches (430 mm) to top of bowl rim. 

4. Lavatory: 
a. Accessible:  34 inches (865 mm) to top of basin rim. 

5. Drinking Fountain: 
a. Accessible:  36 inches (915 mm) to top of spout. 

END OF SECTION 
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SECTION 23 05 48 
 

VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND EQUIPMENT 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Equipment support bases. 

B. Vibration isolators. 

C. Roof curbs. 

D. Vibration isolators. 

1.02 RELATED REQUIREMENTS 

A. Section 03 30 00 - Cast-in-Place Concrete. 

1.03 REFERENCE STANDARDS 

A. ASCE 7 - Minimum Design Loads for Buildings and Other Structures; 2011. 

B. ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications; American Society of 
Heating, Refrigerating and Air-Conditioning Engineers, Inc.; 2011. 

C. IAS AC172 - Accreditation Criteria for Fabricator Inspection Programs for Structural Steel; 
International Accreditation Service, Inc.; 2011. 

1.04 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data: 
1. Provide manufacturer's product literature documenting compliance with PART 2 

PRODUCTS. 
2. Include seismic rating documentation for each isolator and restraint component accounting 

for horizontal, vertical, and combined loads. 

C. Shop Drawings: 
1. Provide schedule of vibration isolator type with location and load on each. 

D. Product Data:  Provide schedule of vibration isolator type with location and load on each. 

E. Shop Drawings:  Indicate inertia bases and locate vibration isolators, with static and dynamic 
load on each.  Indicate seismic control measures. 

F. Manufacturer's Instructions:  Indicate installation instructions with special procedures and 
setting dimensions. 

1.05 QUALITY ASSURANCE 

A. Perform design and installation in accordance with applicable codes. 

B. Manufacturer Qualifications:  Company specializing in manufacturing products specified in 
this section, with not less than three years of documented experience. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND EQUIPMENT    23 05 48     

A. Isolation Technology, Inc:  www.isolationtech.com. 

B. Kinetics Noise Control, Inc:  www.kineticsnoise.com. 

C. Mason Industries:  www.mason-ind.com. 

D. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.02 PERFORMANCE REQUIREMENTS 

A. General: 
1. All vibration isolators, base frames and inertia bases to conform to all uniform deflection 

and stability requirements under all operating loads. 
2. Steel springs to function without undue stress or overloading. 
3. All equipment mounted on vibration isolated bases to have minimum operating clearance 

of  2 inches (50 mm) between the base and floor or support beneath unless noted 
otherwise. 

2.03 VIBRATION ISOLATORS 

A. Non-Seismic Type: 
1. All Elastomeric-Fiber Glass Pads: 

a. Configuration:  Flat or molded. 
b. Thickness:  0.25 inch (6 mm) minimum. 
c. Assembly:  Single or multiple layers using bonded, galvanized sheet metal separation 

plate between each layer with load plate providing evenly distributed load over pad 
surface. 

2. Steel Springs: 
a. Assembly:  Freestanding, laterally stable without housing. 
b. Leveling Device:  Rigidly connected to equipment or frame. 

3. Restrained Steel Springs: 
a. Housing:  Rigid blocking during rigging prevents equipment installed and operating 

height from changing during temporary weight reduction. 
b. Equipment Wind Loading:  Adequate means for fastening isolator top to equipment 

and isolator base plate to supporting structure. 
4. Spring Hanger: 

a. Housing:  Steel construction containing stable steel spring and integral elastomeric 
element preventing metal to metal contact. 

b. Bottom Opening:  Sized to allow plus/minus 15 degrees rod misalignment. 
5. Combination Elastomeric-Spring Hanger: 

a. Housing:  Steel construction containing stable steel spring with elastomeric element 
in series isolating upper connection of hanger box to building structure. 

b. Bottom Opening:  Sized to allow plus/minus 15 degrees rod misalignment. 

2.04 VIBRATION ISOLATORS 

A. Restrained Open Spring Isolators: 
 1. Springs:  Minimum horizontal stiffness equal to 75 percent vertical stiffness, with working 

deflection between 0.3 and 0.6 of maximum deflection.  Color code springs for load 
carrying capacity. 

2. Spring Mounts:  Provide with leveling devices, minimum 0.25 inch (6 mm) thick neoprene 
sound pads, and zinc chromate plated hardware. 

3. Sound Pads:  Size for minimum deflection of 0.05 inch (1.2 mm); meet requirements for 
neoprene pad isolators. 

4. Restraint:  Provide heavy mounting frame and limit stops. 
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5. For Exterior and Humid Areas:  Hot dipped galvanized housings and neoprene coated 
springs. 

B. Spring Hangers: 
1. Springs:  Minimum horizontal stiffness equal to 75 percent vertical stiffness, with working 

deflection between 0.3 and 0.6 of maximum deflection.  Color code springs for load 
carrying capacity. 

2. Housings:  Incorporate neoprene isolation pad meeting requirements for neoprene pad 
isolators. 

3. Misalignment:  Capable of 20 degree hanger rod misalignment. 
4. For Exterior and Humid Areas:  Hot dipped galvanized housings and neoprene coated 

springs. 

C. Neoprene Pad Isolators: 
1. Rubber or neoprene waffle pads. 

a. Hardness:  30 durometer. 
b. Thickness:  Minimum 1/2 inch (13 mm). 
c. Maximum Loading:  50 psi (345 kPa). 
d. Rib Height:  Maximum 0.7 times width. 

2. Configuration:  Single layer. 

PART 3  EXECUTION 

3.01 INSTALLATION - GENERAL 

A. Install in accordance with manufacturer's instructions. 

B. On closed spring isolators, adjust so side stabilizers are clear under normal operating conditions. 

C. 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. 

D. Provide seismic snubbers for all equipment, piping, and ductwork mounted on isolators.  Each 
inertia base shall have minimum of four seismic snubbers located close to isolators.  Snub 
equipment designated for post-disaster use to 0.05 inch (1.5 mm) maximum clearance.  Other 
snubbers shall have clearance between 0.15 inch (4 mm) and 0.25 inch (7 mm). 

3.02 FIELD QUALITY CONTROL 

A. Inspect isolated equipment after installation and submit report.  Include static deflections. 

3.03 SCHEDULE 

A. Pipe Isolation Schedule. 
1. 1 Inch (25 mm) Pipe Size:  Isolate 120 diameters from equipment. 
2. 2 Inch (50 mm) Pipe Size:  Isolate 90 diameters from equipment. 
3. 3 Inch (80 mm) Pipe Size:  Isolate 80 diameters from equipment. 
4. 4 Inch (100 mm) Pipe Size:  Isolate 75 diameters from equipment. 
5. 6 Inch (150 mm) Pipe Size:  Isolate 60 diameters from equipment. 

B. Equipment Isolation Schedule. 
1. Air Cooled Condensing Units. 

a. Isolator Type:  Neoprene Pad Isolators 
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END OF SECTION 
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SECTION 23 05 53 
 

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Nameplates. 

B. Tags. 

C. Pipe Markers. 

D. Ceiling Tacks 

1.02 REFERENCE STANDARDS 

A. ASME A13.1 - Scheme for the Identification of Piping Systems; The American Society of 
Mechanical Engineers; 2007. 

1.03 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. List:  Submit list of wording, symbols, letter size, and color coding for mechanical 
identification. 

C. Chart and Schedule:  Submit valve chart and schedule, including valve tag number, location, 
function, and valve manufacturer's name and model number. 

D. Product Data:  Provide manufacturers catalog literature for each product required. 

E. Manufacturer's Installation Instructions:  Indicate special procedures, and installation. 

F. Project Record Documents:  Record actual locations of tagged valves. 

PART 2  PRODUCTS 

2.01 IDENTIFICATION APPLICATIONS 

A. Air Handling Units:  Nameplates. 

B. Air Terminal Units:  Tags. 

C. Control Panels:  Nameplates. 

D. Heat Transfer Equipment:  Nameplates. 

E. Major Control Components:  Nameplates. 

F. Piping:  Tags. 

G. Pumps:  Nameplates. 

H. Tanks:  Nameplates. 

I. Valves:  Tags and ceiling tacks where located above lay-in ceiling. 

J. Water Treatment Devices:  Nameplates. 

2.02 MANUFACTURERS 

A. Brady Corporation:  www.bradycorp.com. 
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B. Champion America, Inc:  www.Champion-America.com. 

C. Seton Identification Products:  www.seton.com/aec. 

D. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.03 NAMEPLATES 

A. Description:  Laminated three-layer plastic with engraved letters. 
1. Letter Color:  White. 
2. Letter Height:  1/4 inch (6 mm). 
3. Background Color:  Black. 

2.04 TAGS 

A. Plastic Tags:  Laminated three-layer plastic with engraved black letters on light contrasting 
background color.  Tag size minimum 1-1/2 inch (40 mm) diameter. 

B. Metal Tags:  Brass with stamped letters; tag size minimum 1-1/2 inch (40 mm) diameter with 
smooth edges. 

C. Valve Tag Chart:  Typewritten letter size list in anodized aluminum frame. 

2.05 PIPE MARKERS 

A. Color:  Conform to ASME A13.1. 

B. Plastic Pipe Markers:  Factory fabricated, flexible, semi- rigid plastic, preformed to fit around 
pipe or pipe covering; minimum information indicating flow direction arrow and identification 
of fluid being conveyed. 

2.06 CEILING TACKS 

A. Description:  Steel with 3/4 inch (20 mm) diameter color coded head. 

B. Color code as follows: 
1. HVAC Equipment:  Yellow. 
2. Fire Dampers and Smoke Dampers:  Red. 
3. Heating/Cooling Valves:  Blue. 

PART 3  EXECUTION 

 3.01 PREPARATION 

A. Degrease and clean surfaces to receive adhesive for identification materials. 

3.02 INSTALLATION 

A. Install nameplates with corrosive-resistant mechanical fasteners, or adhesive.  Apply with 
sufficient adhesive to ensure permanent adhesion and seal with clear lacquer. 

B. Install tags with corrosion resistant chain. 

C. Install plastic pipe markers in accordance with manufacturer's instructions. 

D. Install underground plastic pipe markers 6 to 8 inches (150 to 200 mm) below finished grade, 
directly above buried pipe. 

E. Identify air handling units, pumps, heat transfer equipment, tanks, and water treatment devices 
with plastic nameplates.  Small devices, such as in-line pumps, may be identified with tags. 

F. Identify control panels and major control components outside panels with plastic nameplates. 
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G. Identify thermostats relating to terminal boxes or valves with nameplates. 

H. Identify valves in main and branch piping with tags. 

I. Locate ceiling tacks to locate valves or dampers above lay-in panel ceilings.  Locate in corner 
of panel closest to equipment. 

END OF SECTION 
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SECTION 23 05 93 
 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Testing, adjustment, and balancing of air systems. 

B. Measurement of final operating condition of HVAC systems. 

C. Commissioning activities. 

1.02 RELATED REQUIREMENTS 

A. Section 01 40 00 - Quality Requirements:  Employment of testing agency and payment for 
services. 

B. Section 01 91 13 - General Commissioning Requirements:  Commissioning requirements that 
apply to all types of work. 

C. Section 23 08 00 - Commissioning of HVAC. 

1.03 REFERENCE STANDARDS 

A. AABC MN-1 - AABC National Standards for Total System Balance; Associated Air Balance 
Council; 2002. 

B. ASHRAE Std 111 - Practices for Measurement, Testing, Adjusting and Balancing of Building 
Heating, Ventilation, Air-Conditioning, and Refrigeration Systems; American Society of 
Heating, Refrigerating and Air-Conditioning Engineers, Inc.; 1988, with 1997 Errata. 

C. NEBB (TAB) - Procedural Standards for Testing Adjusting Balancing of Environmental 
Systems; National Environmental Balancing Bureau; 2005, Seventh Edition. 

D. SMACNA (TAB) - HVAC Systems Testing, Adjusting, and Balancing; Sheet Metal and Air 
Conditioning Contractors' National Association; 2002. 

1.04 SUBMITTALS  

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. TAB Plan:  Submit a written plan indicating the testing, adjusting, and balancing standard to be 
followed and the specific approach for each system and component. 
1. Submit to Delaware Engineering and Design Corporation. 
2. Include at least the following in the plan: 

a. List of all air flow, water flow, sound level, system capacity and efficiency 
measurements to be performed and a description of specific test procedures, 
parameters, formulas to be used. 

b. Copy of field checkout sheets and logs to be used, listing each piece of equipment to 
be tested, adjusted and balanced with the data cells to be gathered for each. 

c. Discussion of what notations and markings will be made on the duct and piping 
drawings during the process. 

d. Final test report forms to be used. 
e. Detailed step-by-step procedures for TAB work for each system and issue, including: 

1) Terminal flow calibration (for each terminal type). 
2) Diffuser proportioning. 
3) Branch/submain proportioning. 
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4) Total flow calculations. 
5) Rechecking. 
6) Diversity issues. 

f. Expected problems and solutions, etc. 
g. Details of how TOTAL flow will be determined; for example: 

1) Air:  Sum of terminal flows via control system calibrated readings or via hood 
readings of all terminals, supply (SA) and return air (RA) pitot traverse, SA or 
RA flow stations. 

2) Water:  Pump curves, circuit setter, flow station, ultrasonic, etc. 
h. Confirmation of understanding of the outside air ventilation criteria under all 

conditions. 
i. Method of verifying and setting minimum outside air flow rate will be verified and set 

and for what level (total building, zone, etc.). 
j. Procedures for formal deficiency reports, including scope, frequency and distribution. 

 C. Final Report:  Indicate deficiencies in systems that would prevent proper testing, adjusting, and 
balancing of systems and equipment to achieve specified performance. 
1. Revise TAB plan to reflect actual procedures and submit as part of final report. 
2. Submit draft copies of report for review prior to final acceptance of Project.  Provide final 

copies for Delaware Engineering and Design Corporation and for inclusion in operating 
and maintenance manuals. 

3. Provide reports in soft cover, letter size, 3-ring binder manuals, complete with index page 
and indexing tabs, with cover identification at front and side.  Include set of reduced 
drawings with air outlets and equipment identified to correspond with data sheets, and 
indicating thermostat locations. 

4. Include actual instrument list, with manufacturer name, serial number, and date of 
calibration. 

5. Form of Test Reports:  Where the TAB standard being followed recommends a report 
format use that; otherwise, follow ASHRAE Std 111. 

6. Units of Measure:  Report data in both I-P (inch-pound) and SI (metric) units. 
7. Include the following on the title page of each report: 

a. Name of Testing, Adjusting, and Balancing Agency. 
b. Address of Testing, Adjusting, and Balancing Agency. 
c. Telephone number of Testing, Adjusting, and Balancing Agency. 
d. Project name. 
e. Project location. 
f. Project Engineer. 
g. Project Contractor. 
h. Report date. 

PART 2  PRODUCTS - NOT USED  

PART 3  EXECUTION 

3.01 GENERAL REQUIREMENTS 

A. Perform total system balance in accordance with one of the following: 
1. NEBB Procedural Standards for Testing Adjusting Balancing of Environmental Systems. 
2. SMACNA HVAC Systems Testing, Adjusting, and Balancing. 

B. Begin work after completion of systems to be tested, adjusted, or balanced and complete work 
prior to Substantial Completion of the project. 

C. Where HVAC systems and/or components interface with life safety systems, including fire and 
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smoke detection, alarm, and control, coordinate scheduling and testing and inspection 
procedures with the authorities having jurisdiction. 

D. TAB Agency Qualifications: 
1. Company specializing in the testing, adjusting, and balancing of systems specified in this 

section. 
2. Certified by one of the following: 

a. NEBB, National Environmental Balancing Bureau:  www.nebb.org. 
b. TABB, The Testing, Adjusting, and Balancing Bureau of National Energy 

Management Institute:  www.tabbcertified.org. 

E. TAB Supervisor Qualifications:  Certified by same organization as TAB agency. 

3.02 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 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. 
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 that will or could prevent proper system 
balance. 

C. Beginning of work means acceptance of existing conditions. 

3.03 PREPARATION  

A. Hold a pre-balancing meeting at least one week prior to starting TAB work. 
1. Require attendance by all installers whose work will be tested, adjusted, or balanced. 

B. Provide instruments required for testing, adjusting, and balancing operations.  Make 
instruments available to Delaware Engineering and Design Corporation to facilitate spot checks 
during testing. 

3.04 ADJUSTMENT TOLERANCES 

A. Air Handling Systems:  Adjust to within plus or minus 5 percent of design for supply systems 
and plus or minus 10 percent of design for return and exhaust systems. 

B. Hydronic Systems:  Adjust to within plus or minus 10 percent of design. 

3.05 RECORDING AND ADJUSTING  
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A. Ensure recorded data represents actual measured or observed conditions. 

B. Permanently mark settings of valves, dampers, and other adjustment devices allowing settings to 
be restored.  Set and lock memory stops. 

C. Mark on the drawings the locations where traverse and other critical measurements were taken 
and cross reference the location in the final report. 

D. After adjustment, take measurements to verify balance has not been disrupted or that such 
disruption has been rectified. 

E. Leave systems in proper working order, replacing belt guards, closing access doors, closing 
doors to electrical switch boxes, and restoring thermostats to specified settings. 

3.06 AIR SYSTEM PROCEDURE 

A. Adjust air handling and distribution systems to provide required or design supply, return, and 
exhaust air quantities at site altitude. 

B. Make air quantity measurements in ducts by Pitot tube traverse of entire cross sectional area of 
duct. 

C. Measure air quantities at air inlets and outlets. 

D. Adjust distribution system to obtain uniform space temperatures free from objectionable drafts 
and noise. 

E. Use volume control devices to regulate air quantities only to extend that adjustments do not 
create objectionable air motion or sound levels.  Effect volume control by duct internal devices 
such as dampers and splitters. 

F. Vary total system air quantities by adjustment of fan speeds.  Provide drive changes required.  
Vary branch air quantities by damper regulation. 

G. Provide system schematic with required and actual air quantities recorded at each outlet or inlet. 

H. Measure static air pressure conditions on air supply units, including filter and coil pressure 
drops, and total pressure across the fan.  Make allowances for 50 percent loading of filters. 

I. Adjust outside air automatic dampers, outside air, return air, and exhaust dampers for design 
conditions. 

J. Measure temperature conditions across outside air, return air, and exhaust dampers to check 
leakage. 

K. Where modulating dampers are provided, take measurements and balance at extreme conditions.  
Balance variable volume systems at maximum air flow rate, full cooling, and at minimum air 
flow rate, full heating. 

L. For variable air volume system powered units set volume controller to air flow setting indicated.  
Confirm connections properly made and confirm proper operation for automatic variable air 
volume temperature control. 

3.07 COMMISSIONING 

A. See Sections 01 91 13 and 23 08 00 for additional requirements. 

B. Perform prerequisites prior to starting commissioning activities. 

C. Fill out Prefunctional Checklists for: 
1. Air side systems. 
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2. Water side systems. 

D. Furnish to the Commissioning Authority, upon request, any data gathered but not shown in the 
final TAB report. 

E. Re-check a random sample equivalent to 10 percent of the final TAB report data as directed by 
Commissioning Authority. 
1. Original TAB agency shall execute the re-checks, witnessed by the Commissioning 

Authority.   
2. Use the same test instruments as used in the original TAB work. 
3. Failure of more than 10 percent of the re-checked items of a given system shall result in the 

rejection of the system TAB report; rebalance the system, provide a new system TAB 
report, and repeat random re-checks. 

4. For purposes of re-check, failure is defined as follows:   
a. Air Flow of Supply and Return:  Deviation of more than 10 percent of instrument 

reading. 
b. Minimum Outside Air Flow:  Deviation of more than 20 percent of instrument 

reading; for inlet vane or VFD OSA compensation system using linear proportional 
control, deviation of more than 30 percent at intermediate supply flow. 

c. Temperatures:  Deviation of more than one degree F (0.5 degree C). 
d. Air and Water Pressures:  Deviation of more than 10 percent of full scale of test 

instrument reading. 
e. Sound Pressures:  Deviation of more than 3 decibels, with consideration for 

variations in background noise. 
5. For purposes of re-check, a whole system is defined as one in which inaccuracies will have 

little or no impact on connected systems; for example, the air distribution system served by 
one air handler or the hydronic chilled water supply system served by a chiller or the 
condenser water system. 

F. In the presence of the Commissioning Authority, verify that: 
1. Final settings of all valves, splitters, dampers and other adjustment devices have been 

permanently marked. 
2. The air system is being controlled to the lowest possible static pressure while still meeting 

design loads, less diversity; this shall include a review of TAB methods, established 
control setpoints, and physical verification of at least one leg from fan to diffuser having all 
balancing dampers wide open and that during full cooling of all terminal units taking off 
downstream of the static pressure sensor, the terminal unit on the critical leg has its damper 
90 percent or more open. 

3. The water system is being controlled to the lowest possible pressure while still meeting 
design loads, less diversity; this shall include a review of TAB methods, established 
control setpoints, and physical verification of at least one leg from the pump to the coil 
having all balancing valves wide open and that during full cooling the cooling coil valve of 
that leg is 90 percent or more open. 

3.08 SCOPE 

A. Test, adjust, and balance the following: 
1. Air Handling Units 
2. Fans  
3. Air Inlets and Outlets 

3.09 MINIMUM DATA TO BE REPORTED 

A. Electric Motors: 
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1. Manufacturer  
2. Model/Frame  
3. HP/BHP  
4. Phase, voltage, amperage; nameplate, actual, no load 
5. RPM  
6. Service factor 
7. Sheave Make/Size/Bore 

B. Cooling Coils: 
1. Identification/number  
2. Location  
3. Service  
4. Manufacturer  
5. Air flow, design and actual 
6. Entering air DB temperature, design and actual 
7. Entering air WB temperature, design and actual 
8. Leaving air DB temperature, design and actual 
9. Leaving air WB temperature, design and actual 
10. Saturated suction temperature, design and actual 
11. Air pressure drop, design and actual 

C. Heating Coils: 
1. Identification/number  
2. Location  
3. Service  
4. Manufacturer  
5. Air flow, design and actual 
6. Water flow, design and actual 
7. Water pressure drop, design and actual 
8. Entering water temperature, design and actual 

D. Air Moving Equipment: 
1. Location  
2. Manufacturer  
3. Model number 
4. Serial number 
5. Arrangement/Class/Discharge  
6. Air flow, specified and actual 
7. Return air flow, specified and actual 
8. Outside air flow, specified and actual 
9. Total static pressure (total external), specified and actual 
10. Inlet pressure 
11. Discharge pressure 
12. Sheave Make/Size/Bore 
13. Number of Belts/Make/Size 
14. Fan RPM 

E. Return Air/Outside Air: 
1. Identification/location  
2. Design air flow 
3. Actual air flow 
4. Design return air flow 
5. Actual return air flow 
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6. Design outside air flow 
7. Actual outside air flow 
8. Return air temperature 
9. Outside air temperature 
10. Required mixed air temperature 
11. Actual mixed air temperature 
12. Design outside/return air ratio 
13. Actual outside/return air ratio 

F. Exhaust Fans: 
1. Location  
2. Manufacturer  
3. Model number 
4. Serial number 
5. Air flow, specified and actual 
6. Total static pressure (total external), specified and actual 
7. Inlet pressure 
8. Discharge pressure 
9. Sheave Make/Size/Bore 
10. Number of Belts/Make/Size 
11. Fan RPM 

G. Duct Traverses: 
1. System zone/branch 
2. Duct size 
3. Area  
4. Design velocity 
5. Design air flow 
6. Test velocity 
7. Test air flow 
8. Duct static pressure 
9. Air temperature 
10. Air correction factor 

END OF SECTION 
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SECTION 23 07 13 
 

DUCT INSULATION 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Glass Fiber, Flexible. 

B. Polyisocyanurate, Rigid 

C. Duct insulation. 

1.02 RELATED REQUIREMENTS 

A. Section 23 05 53 - Identification for HVAC Piping and Equipment. 

B. Section 23 31 00 - HVAC Ducts and Casings 

1.03 REFERENCE STANDARDS 

A. ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate; 
2010. 

B. ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate 
[Metric]; 2010. 

C. ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by 
Means of the Heat Flow Meter Apparatus; 2010. 

D. ASTM C553 - Specification for Mineral Fiber Blanket Thermal Insulation for Commercial and 
Industrial Applications; 2011. 

E. ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal Insulation; 
2010. 

F. ASTM C1071 - Standard Specification for Fibrous Glass Duct Lining Insulation (Thermal and 
Sound Absorbing Material); 2012. 

G. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 
2012. 

H. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2010. 

I. NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materials; 
National Fire Protection Association; 2006. 

J. SMACNA (DCS) - HVAC Duct Construction Standards - Metal and Flexible; Sheet Metal and 
Air Conditioning Contractors' National Association; 2005. 

K. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; 
Underwriters Laboratories Inc.; Current Edition, Including All Revisions. 

1.04 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide product description, thermal characteristics, list of materials and 
thickness for each service, and locations. 

 1.05 QUALITY ASSURANCE 
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A. Manufacturer Qualifications:  Company specializing in manufacturing products of the type 
specified in this section with not less than three years of documented experience. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Accept materials on site in original factory packaging, labelled with manufacturer's 
identification, including product density and thickness. 

B. Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanical 
damage, by storing in original wrapping. 

 1.07 FIELD CONDITIONS 

A. Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics, 
and insulation cements. 

B. Maintain temperature during and after installation for minimum period of 24 hours. 

PART 2  PRODUCTS 

2.01 REQUIREMENTS FOR ALL PRODUCTS OF THIS SECTION 

A. Surface Burning Characteristics:  Flame spread/Smoke developed index of 25/50, maximum, 
when tested in accordance with ASTM E84, NFPA 255, or UL 723. 

2.02 GLASS FIBER, FLEXIBLE 

A. Manufacturer: 
1. Knauf Insulation:  www.knaufusa.com. 
2. Johns Manville Corporation:  www.jm.com. 
3. Owens Corning Corp:  www.owenscorning.com. 
4. CertainTeed Corporation; :  www.certainteed.com. 

B. Insulation:  ASTM C553; flexible, noncombustible blanket. 
1. 'K' ('Ksi') value:  0.26 at 75 degrees F (0.038 at 24 degrees C), when tested in accordance 

with ASTM C518. 
2. Minimum Density of 1.0 PCF. 

C. Vapor Barrier Jacket: 
1. 0.0032 inch (0.081 mm) vinyl. 
2. Moisture Vapor Permeability:  1.3 perm inch (1.9 ng/Pa s m), when tested in accordance 

with ASTM E96/E96M. 
3. Secure with pressure sensitive tape. 

D. Tie Wire:  Annealed steel, 16 gage (1.5 mm). 

2.03 POLYISOCYANURATE, RIGID 

A. Insulation consists of a pre-manufactured panel system consisting of four (4) piece interlocking 
panels. 

B. The interlocking panels shall be constructed of Dow Thermax polyisocyanurate insulation, 
ASTM D-1622, normal 2 pcf. 
1. Water vapor transmission as permeance less than 0.03, per ASTM E-96;  
2. Water absorption less than 0.3% (24 Hours), per ASTM C-209. 
3. Flexural strenght more than 40 psi, per ASTM C-203. 

C. Operating temperature range of -100 deg. F to +250 deg. F. 

D. Insulation shall be clad with 0.032" thick embossed aluminum and sealed with vapor barrier 
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compound.  All joints shall interlock to ensure a thermal seal with no pass through seams. 

E. Panels shall be secured with #10 self-tapping stainless screws with weather seal washers. 

F. Manufacturers: 
1. P.T.M. Manufacturing, LLC Model Techna-Duc. 
2. Fab-Rite Exterior Duct Cladding System 
3. Substitutions:  See Section 01 60 00 - Product Requirements. 

G. Insulation shall be provided with a 20-year warranty. 

2.04 ELASTOMERIC 

A. Manufacturer: 
1. Armacell - AP Armaflex: www.armacell.com 
2. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Insulation:  ASTM C177 or C518; flexible, noncombustible blanket. 
1. 'K' ('Ksi') value:.25 at 75 degrees F (.036 at 24 degrees C), when tested in accordance with 

ASTM C518. 
2. Maximum service temperature:  220 degrees F (115 degrees C). 
3. Maximum Water Vapor Permeability:  0.05 Perm-in. 
4. Mold Growth: Conforms with UL181 
5. Fungi Resistance: Conforms with ASTM G21/C1338 
6. Bacterial Resistance: Conforms with ASTM G22 

2.05 JACKETS 

A. Aluminum Jacket: ASTM B209 (ASTM B209M). 
1. Thickness:  0.016 inch (0.40 mm) sheet. 
2. Finish:  Smooth. 
3. Joining:  Longitudinal slip joints and 2 inch (50 mm) laps. 
4. Fittings:  0.016 inch (0.4 mm) thick die shaped fitting covers with factory attached 

protective liner. 
5. Metal Jacket Bands:  3/8 inch (10 mm) wide; 0.010 inch (0.25 mm) thick stainless steel. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that ducts have been tested before applying insulation materials. 

B. Verify that surfaces are clean, foreign material removed, and dry. 

3.02 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 
1. For rigid polyisocyanurate, installation shall only be completed by manufacturer licensed 

contractors. 

B. Insulated ducts conveying air below ambient temperature: 
1. Provide insulation with vapor barrier jackets. 
2. Finish with tape and vapor barrier jacket. 
3. Continue insulation through walls, sleeves, hangers, and other duct penetrations. 
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4. Insulate entire system including fittings, joints, flanges, fire dampers, flexible connections, 

and expansion joints. 

C. Insulated ducts conveying air above ambient temperature: 
1. Provide with or without standard vapor barrier jacket. 
2. Insulate fittings and joints.  Where service access is required, bevel and seal ends of 

insulation. 

D. Ducts Exposed in Mechanical Equipment Rooms or Finished Spaces (below 10 feet (3 meters) 
above finished floor):  Finish with aluminum jacket. 

E. External Duct Insulation Application: 
1. Secure insulation with vapor barrier with wires and seal jacket joints with vapor barrier 

adhesive or tape to match jacket. 
2. Secure insulation without vapor barrier with staples, tape, or wires. 
3. Install without sag on underside of duct.  Use adhesive or mechanical fasteners where 

necessary to prevent sagging.  Lift duct off trapeze hangers and insert spacers. 
4. Seal vapor barrier penetrations by mechanical fasteners with vapor barrier adhesive. 
5. Stop and point insulation around access doors and damper operators to allow operation 

without disturbing wrapping. 

3.03 SCHEDULES 

A. Exhaust Ducts Within 10 ft (3 m) of Exterior Openings: 2 inches thick, flexible glass fiber 

B. Outside Air Intake Ducts: 2 inches thick, flexible glass fiber 

C. Supply Ducts: 2 inches thick, flexible glass fiber 

D. Return Ducts: 1 inch thick, flexible glass fiber 

E. Return and Relief Ducts in Mechanical Rooms: 2 inches thick, flexible glass fiber with jacket 

F. Ducts Exposed to Outdoors: 2 inches thick, rigid polyisocyanurate 

END OF SECTION 
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SECTION 23 07 19 
 

HVAC PIPING INSULATION 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Piping insulation. 

B. Jackets and accessories. 

1.02 RELATED REQUIREMENTS 

A. Section 23 21 13 - Hydronic Piping:  Placement of hangers and hanger inserts. 

1.03 REFERENCE STANDARDS 

A. ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate; 
2010. 

B. ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate 
[Metric]; 2010. 

C. ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal 
Transmission Properties by Means of the Guarded Hot Plate Apparatus; 2010. 

D. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular Form; 2011. 

E. ASTM C547 - Standard Specification for Mineral Fiber Pipe Insulation; 2012. 

F. ASTM C795 - Standard Specification for Thermal Insulation for Use in Contact with Austenitic 
Stainless Steel; 2008. 

G. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 
2012. 

H. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2010. 

I. NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materials; 
National Fire Protection Association; 2006. 

J. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; 
Underwriters Laboratories Inc.; Current Edition, Including All Revisions. 

1.04 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide product description, thermal characteristics, list of materials and 
thickness for each service, and locations. 

1.05 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in 
this section with not less than three years of documented experience. 
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1.06 DELIVERY, STORAGE, AND HANDLING 

A. Accept materials on site, labeled with manufacturer's identification, product density, and 
thickness. 

1.07 FIELD CONDITIONS 

A. Maintain ambient conditions required by manufacturers of each product. 

B. Maintain temperature before, during, and after installation for minimum of 24 hours. 

PART 2  PRODUCTS 

2.01 REQUIREMENTS FOR ALL PRODUCTS OF THIS SECTION 

A. Surface Burning Characteristics:  Flame spread/Smoke developed index of 25/50, maximum, 
when tested in accordance with ASTM E84, NFPA 255, or UL 723. 

2.02 GLASS FIBER 

A. Manufacturers: 
1. Knauf Insulation:  www.knaufusa.com. 
2. Johns Manville Corporation:  www.jm.com. 
3. Owens Corning Corp:  www.owenscorning.com. 
4. CertainTeed Corporation; :  www.certainteed.com. 

B. Insulation:  ASTM C547 and ASTM C795; rigid molded, noncombustible. 
1. 'K' ('Ksi') value:  ASTM C177, 0.24 at 75 degrees F (0.035 at 24 degrees C). 
2. Maximum service temperature:  850 degrees F (454 degrees C). 
3. Maximum moisture absorption:  0.2 percent by volume. 

C. Insulation:  ASTM C547 and ASTM C795; semi-rigid, noncombustible, end grain adhered to 
jacket. 
1. 'K' ('Ksi') value:  ASTM C177, 0.24 at 75 degrees F (0.035 at 24 degrees C). 
2. Maximum service temperature:  650 degrees F (343 degrees C). 
3. Maximum moisture absorption:  0.2 percent by volume. 

D. Vapor Barrier Jacket:  White kraft paper with glass fiber yarn, bonded to aluminized film; 
moisture vapor transmission when tested in accordance with ASTM E96/E96M of 0.02 
perm-inches (0.029 ng/Pa s m). 

2.03 FLEXIBLE ELASTOMERIC CELLULAR INSULATION 

A. Manufacturer: 
1. Armacell International:  www.armacell.com. 
2. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Insulation:  Preformed flexible elastomeric cellular rubber insulation complying with ASTM 
C534 Grade 3; use molded tubular material wherever possible. 
1. Minimum Service Temperature:  -40 degrees F (-40 degrees C). 
2. Maximum Service Temperature:  220 degrees F (104 degrees C). 
3. Connection:  Waterproof vapor barrier adhesive. 

2.04 JACKETS 

A. PVC Plastic. 
1. Manufacturers: 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

HVAC PIPING INSULATION    23 07 19 -  3  

a. Johns Manville Corporation:  www.jm.com. 
b. Substitutions:  See Section 01 60 00 - Product Requirements. 

2. Jacket:  One piece molded type fitting covers and sheet material, off-white color. 
a. Minimum Service Temperature:  0 degrees F (-18 degrees C). 
b. Maximum Service Temperature:  150 degrees F (66 degrees C). 
c. Moisture Vapor Permeability:  0.002 perm inch (0.0029 ng/Pa s m), maximum, when 

tested in accordance with ASTM E96/E96M. 
d. Thickness:  10 mil (0.25 mm). 
e. Connections:  Brush on welding adhesive. 

B. Canvas Jacket:  UL listed 6 oz/sq yd (220 g/sq m) plain weave cotton fabric treated with dilute 
fire retardant lagging adhesive. 
1. Lagging Adhesive: 

a. Compatible with insulation. 

C. Aluminum Jacket: ASTM B209 (ASTM B209M) formed aluminum sheet. 
1. Thickness:  0.016 inch (0.40 mm) sheet. 
2. Finish:  Embossed. 
3. Joining:  Longitudinal slip joints and 2 inch (50 mm) laps. 
4. Fittings:  0.016 inch (0.4 mm) thick die shaped fitting covers with factory attached 

protective liner. 
5. Metal Jacket Bands:  3/8 inch (10 mm) wide; 0.015 inch (0.38 mm) thick aluminum. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that piping has been tested before applying insulation materials. 

B. Verify that surfaces are clean and dry, with foreign material removed. 

3.02 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Exposed Piping:  Locate insulation and cover seams in least visible locations. 

C. Insulated pipes conveying fluids below ambient temperature:  Insulate entire system including 
fittings, valves, unions, flanges, strainers, flexible connections, pump bodies, and expansion 
joints. 

D. Glass fiber insulated pipes conveying fluids below ambient temperature: 
1. Provide vapor barrier jackets, factory-applied or field-applied.  Secure with self-sealing 

longitudinal laps and butt strips with pressure sensitive adhesive.  Secure with outward 
clinch expanding staples and vapor barrier mastic. 

2. Insulate fittings, joints, and valves with molded insulation of like material and thickness as 
adjacent pipe.  Finish with glass cloth and vapor barrier adhesive or PVC fitting covers. 

E. For hot piping conveying fluids 140 degrees F (60 degrees C) or less, do not insulate flanges 
and unions at equipment, but bevel and seal ends of insulation. 

F. For hot piping conveying fluids over 140 degrees F (60 degrees C), insulate flanges and unions 
at equipment. 

G. Glass fiber insulated pipes conveying fluids above ambient temperature: 
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1. Provide standard jackets, with or without vapor barrier, factory-applied or field-applied.  

Secure with self-sealing longitudinal laps and butt strips with pressure sensitive adhesive.  
Secure with outward clinch expanding staples. 

2. Insulate fittings, joints, and valves with insulation of like material and thickness as 
adjoining pipe.  Finish with glass cloth and adhesive or PVC fitting covers. 

H. Inserts and Shields: 
1. Application:  Piping 1-1/2 inches (40 mm) diameter or larger. 
2. Shields:  Galvanized steel between pipe hangers or pipe hanger rolls and inserts. 
3. Insert location:  Between support shield and piping and under the finish jacket. 
4. Insert configuration:  Minimum 6 inches (150 mm) long, of same thickness and contour as 

adjoining insulation; may be factory fabricated. 

I. Continue insulation through walls, sleeves, pipe hangers, and other pipe penetrations.  Finish at 
supports, protrusions, and interruptions.  At fire separations, refer to Section 07 84 00. 

J. Pipe Exposed in Mechanical Equipment Rooms or Finished Spaces (less than 10 feet (3 meters) 
above finished floor):  Finish with canvas jacket sized for finish painting. 

K. Exterior Applications:  Provide vapor barrier jacket.  Insulate fittings, joints, and valves with 
insulation of like material and thickness as adjoining pipe, and finish with glass mesh reinforced 
vapor barrier cement.  Cover with aluminum jacket with seams located on bottom side of 
horizontal piping. Provide two coats of UV resistant finish for flexible elastomeric cellular 
insulation without jacketing.  

L. Heat Traced Piping:  Insulate fittings, joints, and valves with insulation of like material, 
thickness, and finish as adjoining pipe.  Size large enough to enclose pipe and heat tracer.  
Cover with aluminum jacket with seams located on bottom side of horizontal piping. 

3.03 SCHEDULE 

A. Cooling Systems: 
1. Condensate Drains from Cooling Coils: 1/2" Flexible Elastomeric Celluar Insulation 
2. Refrigerant Suction: 2" Flexible Elastomeric Celluar Insulation 
3. Refrigerant Hot Gas: 2" Flexible Elastomeric Celluar Insulation 

END OF SECTION 



SECTION 23 09 13

INSTRUMENTATION AND CONTROL DEVICES FOR HVAC

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Air supply system.

B. Damper operators.

1.02 RELATED REQUIREMENTS

A. Section 26 27 17 - Equipment Wiring:  Electrical characteristics and wiring connections.

1.03 REFERENCE STANDARDS

A. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilation Systems; 
National Fire Protection Association; 2012.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Preinstallation Meeting:  Conduct a preinstallation meeting one week before starting work 
of this section; require attendance by all affected installers.

1.05 SUBMITTALS

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide description and engineering data for each control system 
component.  Include sizing as requested.  Provide data for each system component and 
software module.

C. Shop Drawings:  Indicate complete operating data, system drawings, wiring diagrams, and 
written detailed operational description of sequences.  Submit schedule of valves indicating 
size, flow, and pressure drop for each valve.  For automatic dampers indicate arrangement, 
velocities, and static pressure drops for each system.

D. Manufacturer's Instructions:  Provide for all manufactured components.

E. Project Record Documents:  Record actual locations of control components, including 
panels, thermostats, and sensors.  Accurately record actual location of control components, 
including panels, thermostats, and sensors.

F. Operation and Maintenance Data:  Include inspection period, cleaning methods, 
recommended cleaning materials, and calibration tolerances.

G. Warranty:  Submit manufacturers warranty and ensure forms have been filled out in 
Delaware Technical Community College s name and registered with manufacturer.

1.06 QUALITY ASSURANCE

A. Designer Qualifications:  Design system under direct supervision of a Professional Engineer 
experienced in design of this work and licensed at Delaware.

1.07 WARRANTY

A. See Section 01 78 00 - Closeout Submittals, for additional warranty requirements.

PART 2  PRODUCTS
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2.01 EQUIPMENT - GENERAL

A. Products Requiring Electrical Connection:  Listed and classified by Underwriters 
Laboratories Inc., as suitable for the purpose specified and indicated.

2.02 DAMPER OPERATORS

A. General:  Provide smooth proportional control with sufficient power for air velocities 20 
percent greater than maximum design velocity and to provide tight seal against maximum 
system pressures.  Provide spring return for two position control and for fail safe operation.
1. Provide sufficient number of operators to achieve unrestricted movement throughout 

damper range.

B. Electric Operators:
1. Spring return, adjustable stroke motor having oil immersed gear train, with auxiliary 

end switch and and 24 V dc, 24 va transformer.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify existing conditions before starting work.

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. Ensure installation of components is complementary to installation of similar components.

G. Coordinate installation of system components with installation of mechanical systems 
equipment such as air handling units and air terminal units.

3.02 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Check and verify location of thermostats with plans and room details before installation.  
Locate 60 inches (1500 mm) above floor.  Align with lighting switches and humidistats.  
Refer to Section 26 27 26.

C. Provide isolation (two position) dampers of parallel blade construction.

D. Install damper motors on outside of duct in warm areas.  Do not install motors in locations 
at outdoor temperatures.

E. 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.

F. Install "hand/off/auto" selector switches to override automatic interlock controls when 
switch is in "hand" position.
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G. Provide conduit and electrical wiring in accordance with Section 26 27 17.  Electrical 
material and installation shall be in accordance with appropriate requirements of Division 26.

3.03 MAINTENANCE

A. Provide service and maintenance of control system for one year from Date of Substantial 
Completion.

B. Provide complete service of controls systems, including call backs, and submit written report 
of each service call.

C. In addition to normal service calls, make minimum of ____ complete normal inspections of 
approximately ____ hours duration to inspect, calibrate, and adjust controls.

END OF SECTION
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SECTION 23 23 00 
 

REFRIGERANT PIPING 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Piping. 

B. Moisture and liquid indicators. 

C. Valves. 

1.02 RELATED REQUIREMENTS 

A. Section 23 07 19 - HVAC Piping Insulation. 

1.03 REFERENCE STANDARDS 

A. ASME B16.26 - Cast Copper Alloy Fittings For Flared Copper Tubes; The American Society of 
Mechanical Engineers; 2011. 

B. ASME B31.5 -  Refrigeration Piping and Heat Transfer Components; The American Society of 
Mechanical Engineers; 2010. 

C. ASME B31.9 - Building Services Piping; The American Society of Mechanical Engineers; 2011 
(ANSI/ASME B31.9). 

D. ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2009. 

E. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric); 2005 
(Reapproved 2011). 

F. MSS SP-58 - Pipe Hangers and Supports - Materials, Design and Manufacture, Selection, 
Application, and Installation; Manufacturers Standardization Society of the Valve and Fittings 
Industry, Inc.; 2009. 

1.04 SYSTEM DESCRIPTION 

A. 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. 

B. Provide pipe hangers and supports in accordance with ASME B31.5 unless indicated otherwise. 

C. Liquid Indicators: 
1. Use line size liquid indicators in main liquid line leaving condenser. 
2. If receiver is provided, install in liquid line leaving receiver. 
3. Use line size on leaving side of liquid solenoid valves. 

D. Valves: 
1. Use service valves on suction and discharge of compressors. 
2. Use gage taps at compressor inlet and outlet. 
3. Use gage taps at hot gas bypass regulators, inlet and outlet. 
4. Use check valves on compressor discharge. 
5. Use check valves on condenser liquid lines on multiple condenser systems. 

E. Filter-Driers: 
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1. Use a filter-drier immediately ahead of liquid-line controls, such as thermostatic expansion 
valves, solenoid valves, and moisture indicators. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide general assembly of specialties, including manufacturers catalogue 
information.  Provide manufacturers catalog data including load capacity. 

C. Shop Drawings:  Indicate schematic layout of system, including equipment, critical 
dimensions, and sizes. 

D. Design Data:  Submit design data indicating pipe sizing.  Indicate load carrying capacity of 
trapeze, multiple pipe, and riser support hangers. 

E. Test Reports:  Indicate results of leak test, acid test. 

F. Maintenance Materials:  Furnish the following for Delaware Technical Community College's 
use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 

1.06 QUALITY ASSURANCE 

A. Installer Qualifications:  Company specializing in performing the type of work specified in this 
section, with minimum 3 years of documented experience. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Deliver and store piping and specialties in shipping containers with labeling in place. 

B. Protect piping and specialties from entry of contaminating material by leaving end caps and 
plugs in place until installation. 

C. Dehydrate and charge components such as piping and receivers, seal prior to shipment, until 
connected into system. 

PART 2  PRODUCTS 

2.01 PIPING 

A. Copper Tube to 7/8 inch (22 mm) OD:  ASTM B88 (ASTM B88M), Type K (A), annealed. 
1. Fittings:  ASME B16.26 cast copper. 
2. Joints:  Flared. 

B. Pipe Supports and Anchors: 
1. Provide hangers and supports that comply with MSS SP-58. 

a. If type of hanger or support for a particular situation is not indicated, select 
appropriate type using MSS SP-58 recommendations. 

2. Hangers for Pipe Sizes 1/2 to 1-1/2 Inch (13 to 38 mm):  Malleable iron adjustable swivel, 
split ring. 

3. Hangers for Pipe Sizes 2 Inches (50 mm) and Over:  Carbon steel, adjustable, clevis. 
4. Multiple or Trapeze Hangers:  Steel channels with welded spacers and hanger rods. 
5. Wall Support for Pipe Sizes to 3 Inches (75 mm):  Cast iron hook. 
6. Vertical Support:  Steel riser clamp. 
7. Copper Pipe Support:  Carbon steel ring, adjustable, copper plated. 
8. Hanger Rods:  Mild steel threaded both ends, threaded one end, or continuous threaded. 
9. 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 
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forms; size inserts to suit threaded hanger rods. 

2.02 MOISTURE AND LIQUID INDICATORS 

A. Manufacturers: 
1. Henry Technologies:  www.henrytech.com. 
2. Parker Hannifin/Refrigeration and Air Conditioning:  www.parker.com. 
3. Sporlan Valve Company:  www.sporlan.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Indicators:  Single port type, UL listed, with copper or brass body, flared or solder ends, sight 
glass, color coded paper moisture indicator and plastic cap; for maximum temperature of 200 
degrees F (93 degrees C) and maximum working pressure of 500 psi (3450 kPa). 

2.03 VALVES 

A. Ball Valves: 
1. Two piece bolted forged brass body with teflon ball seals and copper tube extensions, brass 

bonnet and seal cap, chrome plated ball, stem with neoprene ring stem seals; for maximum 
working pressure of 500 psi (3450 kPa) and maximum temperature of 300 degrees F (149 
degrees C). 

B. Service Valves: 
1. Forged brass body with copper stubs, brass caps, removable valve core, integral ball check 

valve, flared or solder ends, for maximum pressure of 500 psi (3450 kPa). 

2.04 STRAINERS 

A. Straight Line or Angle Line Type: 
1. Brass or steel shell, steel cap and flange, and replaceable cartridge, with screen of stainless 

steel wire or monel reinforced with brass; for maximum working pressure of 430 psi (2960 
kPa). 

PART 3  EXECUTION 

3.01 PREPARATION 

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe. 

B. Remove scale and dirt on inside and outside before assembly. 

C. Prepare piping connections to equipment with flanges or unions. 

3.02 INSTALLATION 

A. Install refrigeration specialties in accordance with manufacturer's instructions. 

B. Route piping in orderly manner, with plumbing parallel to building structure, and maintain 
gradient. 

C. Install piping to conserve building space and avoid interference with use of space. 

D. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected 
equipment. 

3.03 FIELD QUALITY CONTROL 

A. Test refrigeration system in accordance with ASME B31.5. 

B. Pressure test system with dry nitrogen to 200 psi (1380 kPa).  Perform final tests at 27 inches 
(92 kPa) vacuum and 200 psi (1380 kPa) using halide torch.  Test to no leakage. 
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3.04 SCHEDULES 

A. Hanger Spacing for Copper Tubing. 
1. 1/2 inch (13 mm), 5/8 inch (16 mm), and 7/8 inch (22 mm) OD:  Maximum span, 5 feet 

(1500 mm); minimum rod size, 1/4 inch (6.3 mm). 
2. 1-1/8 inch (29 mm) OD:  Maximum span, 6 feet (1800 mm); minimum rod size, 1/4 inch 

(6.3 mm). 
3. 1-3/8 inch (35 mm) OD:  Maximum span, 7 feet (2100 mm); minimum rod size, 3/8 inch 

(9.5 mm). 
4. 1-5/8 inch (41 mm) OD:  Maximum span, 8 feet (2400 mm); minimum rod size, 3/8 inch 

(9.5 mm). 

END OF SECTION 
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SECTION 23 31 00 
 

HVAC DUCTS AND CASINGS 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Metal ductwork. 

B. Casing and plenums. 

C. Duct cleaning. 

1.02 RELATED REQUIREMENTS 

A. Section 23 07 13 - Duct Insulation:  External insulation and duct liner. 

B. Section 23 33 00 - Air Duct Accessories. 

C. Section 23 05 93 - Testing, Adjusting, and Balancing for HVAC. 

1.03 REFERENCE STANDARDS 

A. ASHRAE (FUND) - ASHRAE Handbook - Fundamentals; 2009. 

B. ASTM A36/A36M - Standard Specification for Carbon Structural Steel; 2008. 

C. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process; 2011. 

D. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 
2012. 

E. ICC-ES AC01 - Acceptance Criteria for Expansion Anchors in Masonry Elements; 2009. 

F. ICC-ES AC106 - Acceptance Criteria for Predrilled Fasteners (Screw Anchors) in Masonry 
Elements; 2006. 

G. ICC-ES AC193 - Acceptance Criteria for Mechanical Anchors in Concrete Elements; 2010. 

H. ICC-ES AC308 - Acceptance Criteria for Post-Installed Adhesive Anchors in Concrete 
Elements; 2009. 

I. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 
National Fire Protection Association; 2012. 

J. SMACNA (DCS) - HVAC Duct Construction Standards - Metal and Flexible; Sheet Metal and 
Air Conditioning Contractors' National Association; 2005. 

1.04 PERFORMANCE REQUIREMENTS 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide data for duct materials. 

C. Shop Drawings:  Indicate duct fittings, particulars such as gages, sizes, welds, and 
configuration prior to start of work for HVAC systems. 

D. Project Record Documents:  Record actual locations of ducts and duct fittings.  Record 
changes in fitting location and type.  Show additional fittings used. 
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1.06 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products 
specified in this section, with minimum three years of documented experience. 

1.07 REGULATORY REQUIREMENTS 

A. Construct ductwork to NFPA 90A standards. 

1.08 FIELD CONDITIONS 

A. Do not install duct sealants when temperatures are less than those recommended by sealant 
manufacturers. 

B. Maintain temperatures within acceptable range during and after installation of duct sealants. 

PART 2  PRODUCTS 

2.01 DUCT ASSEMBLIES 

A. MATERIALS 
1. Galvanized Steel for Ducts:  Hot-dipped galvanized steel sheet, ASTM A653/A653M FS 

Type B, with G90/Z275 coating. 
2. Joint Sealers and Sealants:  Non-hardening, water resistant, mildew and mold resistant. 

a. Type:  Heavy mastic or liquid used alone or with tape, suitable for joint configuration 
and compatible with substrates, and recommended by manufacturer for pressure class 
of ducts. 

b. VOC Content:  Not more than 250 g/L, excluding water. 
c. Surface Burning Characteristics:  Flame spread of zero, smoke developed of zero, 

when tested in accordance with ASTM E84. 
3. Hanger Rod:  ASTM A36/A36M; steel, galvanized; threaded both ends, threaded one end, 

or continuously threaded. 
4. Hanger Fasteners:  Attach hangers to structure using appropriate fasteners, as follows: 

a. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193. 
b. Masonry Wedge Expansion Anchors:  Complying with ICC-ES AC01. 
c. Concrete Screw Type Anchors:  Complying with ICC-ES AC193. 
d. Masonry Screw Type Anchors:  Complying with ICC-ES AC106. 
e. Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308. 
f. Other Types:  As required. 

5. Insulated Flexible Ductwork: 
a. Two ply vinyl film supported by helically wound spring steel wire; fiberglass 

insulation; metalized vapor barrier film. 
1) Pressure Rating:  4.0 inches WG positive and 1.0 inches WG (250 Pa) negative. 
2) Maximum Velocity:  4000 fpm (20.3 m/sec). 
3) Temperature Range:  -10 degrees F to 160 degrees F (-23 degrees C to 71 

degrees). 
b. Manufacturers: 

1) Thermaflex Model M-KE. 
2) Hart & Cooley Model F216. 
3) Substitutions:  See Section 01 60 00 - Product Requirements. 

2.02 DUCTWORK FABRICATION 

A. All Ducts:  Galvanized steel, unless otherwise indicated. 
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1. Low Pressure Supply (System with Cooling Coils):  2 inch w.g. (500 Pa) pressure class, 

galvanized steel. 

B. Return and Relief:  1 inch w.g. (250 Pa) pressure class, galvanized steel. 

C. General Exhaust:  1 inch w.g. (250 Pa) pressure class, galvanized steel. 

D. Fabricate and support in accordance with SMACNA HVAC Duct Construction Standards - 
Metal and Flexible, and as indicated. 

E. Provide duct material, gages, reinforcing, and sealing for operating pressures indicated. 

F. 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 must be used, provide air foil 
turning vanes of perforated metal with glass fiber insulation. 

G. T's, bends, and elbows:  Construct according to SMACNA (DCS). 

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 in accordance with SMACNA 
HVAC Duct Construction Standards - Metal and Flexible. 

J. Where ducts are connected to exterior wall louvers and duct outlet is smaller than louver frame, 
provide blank-out panels sealing louver area around duct.  Use same material as duct, painted 
black on exterior side; seal to louver frame and duct. 

K. Metallic duct manufacturers: 
1. Metal-Fab, Inc:  www.mtlfab.com. 
2. SEMCO Incorporated:  www.semcoinc.com. 
3. United McGill Corporation:  www.unitedmcgill.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.03 MANUFACTURED DUCTWORK AND FITTINGS 

A. Flexible Ducts:  Black polymer film supported by helically wound spring steel wire. 
1. UL labeled. 
2. Insulation:  Fiberglass insulation with aluminized vapor barrier film. 
3. Pressure Rating:  4 inches WG (1000 Pa) positive and 0.5 inches WG (175 Pa) negative. 
4. Maximum Velocity:  4000 fpm (20.3 m/sec). 
5. Temperature Range:  -20 degrees F to 175 degrees F (-28 degrees C to 79 degrees C). 

2.04 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 (100 mm) high concrete curbs.  At floor, rivet panels 
on 8 inch (200 mm) centers to angles.  Where floors are acoustically insulated, provide liner of 
18 gage (1.20 mm) galvanized expanded metal mesh supported at 12 inch (300 mm) centers, 
turned up 12 inches (30 mm) 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. 
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PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install, support, and seal ducts in accordance with SMACNA HVAC Duct Construction 
Standards - Metal and Flexible. 

B. Install in accordance with manufacturer's instructions. 

C. During construction provide temporary closures of metal or taped polyethylene on open 
ductwork to prevent construction dust from entering ductwork system. 

D. Duct sizes indicated are inside clear dimensions.  For lined ducts, maintain sizes inside lining. 

E. Install and seal metal and flexible ducts in accordance with SMACNA HVAC Duct 
Construction Standards - Metal and Flexible. 

F. Provide openings in ductwork where required to accommodate thermometers and controllers.  
Provide pilot 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. 

G. Locate ducts with sufficient space around equipment to allow normal operating and 
maintenance activities. 

H. Connect terminal units to supply ducts directly or with one foot (300 mm) maximum length of 
flexible duct.  Do not use flexible duct to change direction. 

I. Connect diffusers or light troffer boots to low pressure ducts directly or with 5 feet (1.5 m) 
maximum length of flexible duct held in place with strap or clamp. 

J. Connect flexible ducts to metal ducts with draw bands. 

K. During construction provide temporary closures of metal or taped polyethylene on open 
ductwork to prevent construction dust from entering ductwork system. 

3.02 CLEANING 

A. Clean duct system and force air at high velocity through duct to remove accumulated dust.  To 
obtain sufficient air, clean half the system at a time.  Protect equipment that could be harmed 
by excessive dirt with temporary filters, or bypass during cleaning. 

3.03 SCHEDULES 

A. Ductwork Pressure Class: 
1. Supply (Heating Systems):  2 inch (500 Pa 
2. Supply (System with Cooling Coils):  2 inch (500 Pa). 
3. General Exhaust:  1 inch (250 Pa). 
4. Outside Air Intake:  1 inch (250 Pa). 
5. Combustion Air:  1 inch (250 Pa) 

END OF SECTION 
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SECTION 23 33 00 
 

AIR DUCT ACCESSORIES 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Air turning devices/extractors. 

B. Backdraft dampers - metal. 

C. Backdraft dampers. 

D. Combination fire and smoke dampers. 

E. Duct access doors. 

F. Duct test holes. 

G. Fire dampers. 

H. Flexible duct connections. 

I. Smoke dampers. 

J. Volume control dampers. 

1.02 RELATED REQUIREMENTS 

A. Section 23 31 00 - HVAC Ducts and Casings. 

B. Section 23 36 00 - Air Terminal Units: Pressure regulating damper assemblies. 

1.03 REFERENCE STANDARDS 

A. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 
National Fire Protection Association; 2012. 

B. NFPA 92A - Standard for Smoke-Control Systems Utilizing Barriers and Pressure Differences; 
2012. 

C. SMACNA (DCS) - HVAC Duct Construction Standards - Metal and Flexible; Sheet Metal and 
Air Conditioning Contractors' National Association; 2005. 

D. UL 33 - Heat Responsive Links for Fire-Protection Service; Underwriters Laboratories Inc.; 
Current Edition, Including All Revisions. 

E. UL 555 - Standard for Fire Dampers; Underwriters Laboratories Inc.; Current Edition, Including 
All Revisions. 

F. UL 555S - Standard for Leakage Rated Dampers for Use in Smoke Control Systems; 
Underwriters Laboratories Inc.; Current Edition, Including All Revisions. 

1.04 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide for shop fabricated assemblies including volume control dampers.  
Include electrical characteristics and connection requirements. 

C. Manufacturer's Installation Instructions:  Provide instructions for fire dampers. 
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D. Project Record Drawings:  Record actual locations of access doors and test holes. 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Protect dampers from damage to operating linkages and blades. 

PART 2  PRODUCTS 

2.01 AIR TURNING DEVICES/EXTRACTORS 

A. Manufacturers: 
1. Krueger:  www.krueger-hvac.com. 
2. PCI Industries, Inc; Pottorff Brand:  www.portorff.com. 
3. Ruskin Company:  www.ruskin.com. 
4. Titus:  www.titus-hvac.com. 
5. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Multi-blade device with blades aligned in short dimension; steel construction; with individually 
adjustable blades, mounting straps. 

2.02 BACKDRAFT DAMPERS - METAL 

2.03 BACKDRAFT DAMPERS 

A. Gravity Backdraft Dampers, Size 18 x 18 inches (450 x 450 mm) or Smaller, Furnished with 
Air Moving Equipment: Air moving equipment manufacturer's standard construction. 

2.04 COMBINATION FIRE AND SMOKE DAMPERS 

A. Fabricate in accordance with NFPA 90A, UL 555, UL 555S, and as indicated. 

B. Provide factory sleeve and collar for each damper. 

C. Multiple Blade Dampers:  Fabricate with 16 gage (1.5 mm) galvanized steel frame and blades, 
oil-impregnated bronze or stainless steel sleeve bearings and plated steel axles, stainless steel 
jamb seals, 1/8 x 1/2 inch (3.2 x 12.7 mm) plated steel concealed linkage, stainless steel closure 
spring, blade stops, and lock, and 1/2 inch (12.7 mm) actuator shaft. 

D. Operators:  UL listed and labelled spring return electric type suitable for 120 volts, single 
phase, 60 Hz.  Provide end switches to indicate damper position.  Locate damper operator on 
interior of duct and link to damper operating shaft. 

E. Electro Thermal Link:  Fusible link melting at 165 degrees F (74 degrees C); 120 volts, single 
phase, 60 Hz; UL listed and labeled. 

2.05 DUCT ACCESS DOORS 

A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - Metal and 
Flexible, and as indicated. 

B. Access doors with sheet metal screw fasteners are not acceptable. 

2.06 DUCT TEST HOLES 

A. Temporary Test Holes:  Cut or drill in ducts as required.  Cap with neat patches, neoprene 
plugs, threaded plugs, or threaded or twist-on metal caps. 

2.07 FIRE DAMPERS 

A. Fabricate in accordance with NFPA 90A and UL 555, and as indicated. 
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B. Horizontal Dampers:  Galvanized steel, 22 gage (0.76 mm) frame, stainless steel closure spring, 
and lightweight, heat retardant non-asbestos fabric blanket. 

C. Curtain Type Dampers:  Galvanized steel with interlocking blades.  Provide stainless steel 
closure springs and latches for horizontal installations.  Configure with blades out of air stream 
except for 1.0 inch (250 Pa) pressure class ducts up to 12 inches (300 mm) in height. 

D. Fusible Links:  UL 33, separate at 160 degrees F (71 degrees C) with adjustable link straps for 
combination fire/balancing dampers. 

2.08 FLEXIBLE DUCT CONNECTIONS 

A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - Metal and 
Flexible, and as indicated. 

B. Flexible Duct Connections:  Fabric crimped into metal edging strip. 
1. Fabric:  UL listed fire-retardant neoprene coated woven glass fiber fabric to NFPA 90A, 

minimum density 30 oz per sq yd (1.0 kg/sq m). 
a. Net Fabric Width:  Approximately 2 inches (50 mm) wide. 

2.09 SMOKE DAMPERS 

A. Fabricate in accordance with NFPA 90A and UL 555S, and as indicated. 

B. Electro Thermal Link:  Fusible link melting at 165 degrees F (74 degrees C); 120 volts, single 
phase, 60 Hz; UL listed and labeled. 

2.10 VOLUME CONTROL DAMPERS 

A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards - Metal and 
Flexible, and as indicated. 

B. Single Blade Dampers:  Fabricate for duct sizes up to 12 x 48 inch (300 x 1220 mm). 

C. Multi-Blade Damper:  Fabricate of opposed blade pattern with maximum blade sizes 8 x 72 
inch (200 x 1825 mm).  Assemble center and edge crimped blades in prime coated or 
galvanized channel frame with suitable hardware. 

D. End Bearings:  Except in round ducts 12 inches (300 mm) and smaller, provide end bearings.  
On multiple blade dampers, provide oil-impregnated nylon or sintered bronze bearings. 

E. Quadrants: 
1. Provide locking, indicating quadrant regulators on single and multi-blade dampers. 
2. On insulated ducts mount quadrant regulators on stand-off mounting brackets, bases, or 

adapters. 
3. Where rod lengths exceed 30 inches (750 mm) provide regulator at both ends. 

PART 3  EXECUTION 

3.01 PREPARATION 

A. Verify that electric power is available and of the correct characteristics. 
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3.02 INSTALLATION 

A. Install accessories in accordance with manufacturer's instructions, NFPA 90A, and follow 
SMACNA HVAC Duct Construction Standards - Metal and Flexible.  Refer to Section 23 31 
00 for duct construction and pressure class. 

B. Provide backdraft dampers on exhaust fans or exhaust ducts nearest to outside and where 
indicated. 

C. Provide duct access doors for inspection and cleaning before and after filters, coils, fans, 
automatic dampers, at fire dampers, combination fire and smoke dampers, and elsewhere as 
indicated.  Provide for cleaning kitchen exhaust ducts in accordance with NFPA 96.  Provide 
minimum 8 x 8 inch (200 x 200 mm) size for hand access, 18 x 18 inch (450 x 450 mm) size for 
shoulder access, and as indicated.  Provide 4 x 4 inch (100 x 100 mm) for balancing dampers 
only.  Review locations prior to fabrication. 

D. Provide duct test holes where indicated and required for testing and balancing purposes. 

E. 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 mounting angles, sleeves, 
breakaway duct connections, corrosion resistant springs, bearings, bushings and hinges. 

F. Install smoke dampers and combination smoke and fire dampers in accordance with NFPA 92A. 

G. Demonstrate re-setting of fire dampers to Delaware Technical Community College's 
representative. 

H. At fans and motorized equipment associated with ducts, provide flexible duct connections 
immediately adjacent to the equipment. 

I. 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 2 duct widths from duct 
take-off. 

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. Provide air turning devices within duct whenever long radius elbows are not utilized. 

END OF SECTION 
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SECTION 23 34 23 
 

HVAC POWER VENTILATORS 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Cabinet exhaust fans. 

1.02 RELATED REQUIREMENTS 

A. Section 23 33 00 - Air Duct Accessories:  Backdraft dampers. 

1.03 REFERENCE STANDARDS 

A. AMCA 99 - Standards Handbook; Air Movement and Control Association International, Inc.; 
2010. 

B. AMCA 210 - Laboratory Methods of Testing Fans for Aerodynamic Performance Rating; Air 
Movement and Control Association International, Inc.; 2007 (ANSI/AMCA 210, same as 
ANSI/ASHRAE 51). 

C. AMCA (DIR) - [Directory of] Products Licensed Under AMCA International Certified Ratings 
Program; Air Movement and Control Association International, Inc.; 
http://www.amca.org/licenses/search.aspx. 

D. AMCA 300 - Reverberant Room Method for Sound Testing of Fans; Air Movement and 
Control Association International, Inc.; 2008. 

E. AMCA 301 - Methods for Calculating Fan Sound Ratings from Laboratory Test Data; Air 
Movement and Control Association International, Inc.; 1990. 

1.04 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide data on fans and accessories including fan curves with specified 
operating point clearly plotted, power, RPM, sound power levels at rated capacity, and electrical 
characteristics and connection requirements. 

C. Manufacturer's Instructions:  Indicate installation instructions. 

D. Maintenance Data:  Include instructions for lubrication, motor and drive replacement, spare 
parts list, and wiring diagrams. 

E. Maintenance Materials:  Furnish the following for Delaware Technical Community College's 
use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 
2. Extra Fan Belts:  One set for each individual fan. 

1.05 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products 
specified in this section, with minimum three years of documented experience. 
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1.06 FIELD CONDITIONS 

A. Permanent ventilators may be used for ventilation during construction only after ductwork is 
clean, filters are in place, bearings have been lubricated, and fan has been test run under 
observation. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. Greenheck:  www.greenheck.com. 

B. Loren Cook Company:  www.lorencook.com. 

C. PennBarry:  www.pennbarry.com. 

D. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.02 POWER VENTILATORS - GENERAL 

A. Performance Ratings:  Determined in accordance with AMCA 210 and bearing the AMCA 
Certified Rating Seal. 

B. Sound Ratings:  AMCA 301, tested to AMCA 300, and bearing AMCA Certified Sound Rating 
Seal. 

C. Fabrication:  Conform to AMCA 99. 

D. Electrical Components:  Listed and classified by Underwriters Laboratories Inc. as suitable for 
the purpose specified and indicated. 

2.03 CABINET AND CEILING EXHAUST FANS 

A. Centrifugal Fan Unit:  V-belt or direct driven with galvanized steel housing lined with acoustic 
insulation, resilient mounted motor, gravity backdraft damper in discharge. 

B. Disconnect Switch: Nema Rated disconnect with H-O-A switch and thermal overload 
proteciton. 

C. Sheaves:  Cast iron or steel, dynamically balanced, bored to fit shafts and keyed; variable and 
adjustable pitch motor sheaves selected so required rpm is obtained with sheaves set at 
mid-position; fan shaft with self-aligning pre-lubricated ball bearings. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Hung Cabinet Fans: 
1. Install flexible connections specified in Section 23 33 00 between fan and ductwork.  

Ensure metal bands of connectors are parallel with minimum one inch (25 mm) flex 
between ductwork and fan while running. 

C. Provide sheaves required for final air balance. 

D. Install backdraft dampers on inlet to roof and wall exhausters. 

E. Provide backdraft dampers on outlet from cabinet and ceiling exhauster fans and as indicated. 
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END OF SECTION 
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SECTION 23 37 00 
 

AIR OUTLETS AND INLETS 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Diffusers.  

B. Registers/grilles.  

1.02 REFERENCE STANDARDS 

A. ASHRAE Std 70 - Method of Testing for Rating the Performance of Air Outlets and Inlets; 
American Society of Heating, Refrigerating and Air Conditioning Engineers, Inc.; 2006. 

1.03 SUBMITTALS  

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide data for equipment required for this project.  Review outlets and inlets 
as to size, finish, and type of mounting prior to submission.  Submit schedule of outlets and 
inlets showing type, size, location, application, and noise level. 

C. Project Record Documents:  Record actual locations of air outlets and inlets. 

1.04 QUALITY ASSURANCE 

A. Test and rate air outlet and inlet performance in accordance with ASHRAE Std 70. 

1.05 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products 
specified in this section, with minimum three years of documented experience. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS  

A. Price Industries:  www.price-hvac.com. 

B. Titus:  www.titus-hvac.com. 

C. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.02 RECTANGULAR CEILING DIFFUSERS 

A. Type:  Square, stamped, multi-core diffuser to discharge air in 360 degree pattern with 
sectorizing baffles where indicated. 

B. Frame:  Inverted T-bar type.  In plaster ceilings, provide plaster frame and ceiling frame. 

C. Fabrication:  Steel with baked enamel finish. 

D. Accessories:  Radial opposed blade damper and multi-louvered equalizing grid with damper 
adjustable from diffuser face. 

PART 3  EXECUTION 

3.01 INSTALLATION  

A. Install in accordance with manufacturer's instructions. 
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B. Check location of outlets and inlets and make necessary adjustments in position to conform with 
architectural features, symmetry, and lighting arrangement. 

C. Install diffusers to ductwork with air tight connection. 

D. Provide balancing dampers on duct take-off to diffusers, and grilles and registers, despite 
whether dampers are specified as part of the diffuser, or grille and register assembly. 

E. Paint ductwork visible behind air outlets and inlets matte black. 

END OF SECTION 
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SECTION 23 81 29 
 

VARIABLE REFRIGERANT VOLUME (VRV) HVAC SYSTEM 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Variable refrigerant volume HVAC system includes: 
1. Outdoor/Condensing unit(s). 
2. Indoor/Evaporator units. 
3. Branch selector units. 
4. Refrigerant piping. 
5. Control panels. 
6. Control wiring. 

1.02 RELATED REQUIREMENTS 

A. Section 01 79 00 - Demonstration and Training. 

B. Section 01 91 13 - General Commissioning Requirements. 

C. Section 23 23 00 - Refrigerant Piping and Specialties:  Additional requirements for refrigerant 
piping system. 

1.03 REFERENCE STANDARDS 

A. AHRI 210/240 - Standard for Performance Rating of Unitary Air-Conditioning and Air-Source 
Heat Pump Equipment; Air-Conditioning, Heating, and Refrigeration Institute; 2008. 

B. ASHRAE Std 90.1 - Energy Standard for Buildings Except Low-Rise Residential Buildings; 
American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc; 2007, 
Including All Addenda (ANSI/ASHRAE/IESNA Std 90.1). 

C. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

D. UL 1995 - Heating and Cooling Equipment; Current Edition, Including All Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Preinstallation Meeting:  Conduct a preinstallation meeting one week prior to the start of the 
work of this section; require attendance by all affected installers. 

1.05 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures. 

B. Pre-Bid Submittals:  For proposed substitute systems/products, as defined in PART 2, and 
alternate systems/products, as defined above, proposer shall submit all data described in this 
article, under the terms given for substitutions stated in PART 2. 

C. Design Data: 
1. Provide design calculations showing that system will achieve performance specified. 
2. Provide design data required by ASHRAE 90.1. 
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D. Product Data:  Submit manufacturer's standard data sheets showing the following for each item 

of equipment, marked to correlate to equipment item markings shown in the contract 
documents: 
1. Outdoor/Central Units: 

a. Refrigerant Type and Size of Charge. 
b. Cooling Capacity:  Btu/h (W). 
c. Heating Capacity:  Btu/h (W). 
d. Cooling Input Power:  Btu/h (kW). 
e. Heating Input Power:  Btu/h (kW). 
f. Operating Temperature Range, Cooling and Heating. 
g. Air Flow:  Cubic feet per minute (Cubic meters per second). 
h. Fan Curves. 
i. External Static Pressure (ESP):  Inches WG (Pa). 
j. Sound Pressure Level:  dB(A). 
k. Electrical Data:  

1) Maximum Circuit Amps (MCA). 
2) Maximum Fuse Amps (MFA). 
3) Maximum Starting Current (MSC). 
4) Full Load Amps (FLA). 
5) Total Over Current Amps (TOCA). 
6) Fan Motor:  HP (W). 

l. Weight and Dimensions. 
m. Maximum number of indoor units that can be served. 
n. Maximum refrigerant piping run from outdoor/condenser unit to indoor/evaporator 

unit. 
o. Maximum height difference between outdoor/condenser unit to indoor/evaporator 

unit, both above and below. 
p. Control Options. 

2. Indoor/Evaporator Units: 
a. Cooling Capacity:  Btu/h (W). 
b. Heating Capacity:  Btu/h (W). 
c. Cooling Input Power:  Btu/h (kW). 
d. Heating Input Power:  Btu/h (kW). 
e. Air Flow:  Cubic feet per minute (Cubic meters per second). 
f. Fan Curves. 
g. External Static Pressure (ESP):  Inches WG (Pa). 
h. Sound Pressure level:  dB(A). 
i. Electrical Data: 

1) Maximum Circuit Amps (MCA). 
2) Maximum Fuse Amps (MFA). 
3) Maximum Starting Current (MSC). 
4) Full Load Amps (FLA). 
5) Total Over Current Amps (TOCA). 
6) Fan Motor:  HP (W). 

j. Maximum Lift of Built-in Condensate Pump. 
k. Weight and Dimensions. 
l. Control Options. 

3. Control Panels:  Complete description of options, control points, zones/groups. 

E. Specimen Warranty:  Copy of manufacturer's warranties. 
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F. Shop Drawings:  Installation drawings custom-made for this project; include as-designed 
HVAC layouts, locations of equipment items, refrigerant piping sizes and locations, condensate 
piping sizes and locations, remote sensing devices, control components, electrical connections, 
control wiring connections.  Include: 
1. Detailed piping diagrams, with branch balancing devices. 
2. Condensate piping routing, size, and pump connections. 
3. Detailed power wiring diagrams. 
4. Detailed control wiring diagrams. 
5. Locations of required access through fixed construction.  
6. Drawings required by manufacturer. 

G. Operating and Maintenance Data: 
1. Manufacturer's complete standard instructions for each unit of equipment and control 

panel. 
2. Custom-prepared system operation, troubleshooting, and maintenance instructions and 

recommendations. 
3. Identification of replaceable parts and local source of supply. 

H. Project Record Documents:  Record the following: 
1. As-installed routing of refrigerant piping and condensate piping. 
2. Locations of access panels. 
3. Locations of control panels. 

I. Warranty:  Executed warranty, made out in Owner's name. 

1.06 QUALITY ASSURANCE 

A. Manufacturer Qualifications:   
1. Company that has been manufacturing variable refrigerant volume heat pump equipment 

for at least 5 years. 
2. Company that provides system design software to installers. 

B. Installer Qualifications:  Trained and approved by manufacturer of equipment.  

1.07 DELIVERY, STORAGE AND HANDLING 

A. Deliver, store, and handle equipment and refrigerant piping according to manufacturer's 
recommendations. 

1.08 WARRANTY 

A. See Section 01 78 00 - Closeout Submittals, for additional warranty requirements. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. Basis of Design:  The system design shown in the contract documents is based on equipment 
and system designed by Daikin AC; www.daikinac.com. 

B. Systems designed and manufactured by other manufacturers will be considered by Delaware 
Technical Community College under the terms described for substitutions with the following 
exceptions: 
1. Substitutions:  See Section 01 60 00 - Product Requirements. 
2. Substitution requests will be considered only if required submittal data is complete; see 

article SUBMITTALS above. 
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3. Contractor (not equipment supplier) shall certify that the use of the substitute system and 

equipment will not require changes to other work or re-design by Delaware Engineering 
and Design Corporation. 

4. Do not assume substitution has been accepted until formal written notice has been issued 
by Delaware Engineering and Design Corporation. 

2.02 HVAC SYSTEM DESIGN 

A. System Operation:  Heating and cooling, simultaneously. 
1. Zoning:  Provide capability for temperature control for each individual indoor/evaporator 

unit independently of all other units. 
2. Zoning:  Provide heating/cooling selection for each individual indoor/evaporator unit 

independently of all other units. 
3. Provide a complete functional system that achieves the specified performance based on the 

specified design conditions and that is designed and constructed according to the 
equipment manufacturer's requirements. 

4. Conditioned spaces are shown on the drawings. 
5. Branch selector unit locations are not shown on the drawings. 
6. Required equipment unit capacities are shown on the drawings. 
7. Refrigerant piping sizes are not shown on the drawings. 
8. Connect equipment to condensate piping provided by others; condensate piping is shown 

on the drawings. 

B. Cooling Mode Interior Performance: 
1. Daytime Setpoint:  68 degrees F (20 degrees C), plus or minus 2 degrees F (1 degrees C). 
2. Setpoint Range:  57 degrees F (14 degrees C) to 77 degrees F (25 degrees C). 
3. Night Setback:  78 degrees F (25 degrees C). 
4. Interior Relative Humidity:  20 percent, maximum. 

C. Heating Mode Interior Performance: 
1. Daytime Setpoint:  68 degrees F (20 degrees C), plus or minus 2 degrees F (1 degrees C). 
2. Setpoint Range:  59 degrees F (15 degrees C) to 80 degrees F (27 degrees C). 
3. Night Setback:  60 degrees F (15 degrees C). 
4. Interior Relative Humidity:  10 percent, minimum. 

D. Outside Air Design Conditions: 

E. Energy Design Wind Speed:  25 mph (40 km/h). 

F. Operating Temperature Ranges: 
1. Simultaneous Heating and Cooling Operating Range:  minus 4 degrees F (minus 20 

degrees C) to 60 degrees F (16 degrees C) dry bulb. 
2. Cooling Mode Operating Range:  minus 4 degrees F (minus 20 degrees C) to 110 degrees 

F (43 degrees C) dry bulb. 
3. Heating Mode Operating Range:  0 degrees F (minus 18 degrees C) to 77 degrees F (25 

degrees C) dry bulb; minus 4 degrees F (minus 20 degrees C) to 60 degrees F (16 degrees 
C) wet bulb; without low ambient controls or auxiliary heat source. 

G. Refrigerant Piping Lengths:  Provide equipment capable of serving system with following 
piping lengths without any oil traps: 
1. Minimum Piping Length from Outdoor/Central Unit(s) to Furthest Terminal Unit:  540 

feet (165 m), actual; 620 feet (189 m), equivalent. 
2. Total Combined Liquid Line Length:  3280 feet (1000 m), minimum. 
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3. Minimum Piping Length Between Indoor Units:  49 feet (15 mm). 

H. Control Wiring Lengths: 
1. Between Outdoor/Condenser Unit and Indoor/Evaporator Unit:  6,665 feet (2031 m), 

minimum. 
2. Between Outdoor/Condenser Unit and Central Controller:  3,330 feet (1015 m), minimum. 
3. Between Indoor/Evaporator Unit and Remote Controller:  1,665 feet (507 m). 

I. Controls:  Provide the following control interfaces: 
1. For Each Indoor/Evaporator Unit:  One wall-mounted wired "local" controller, with 

temperature sensor; locate where directed, in each space. 
2. Remote, multizone on/off control panels sufficient to control all units; locate where 

directed. 
3. One central remote control panel for entire system; locate where directed. 
4. One time clock control panel for entire system; locate where directed. 

J. Local Controllers:  Wall-mounted, wired, containing temperature sensor. 

K. Remote Temperature Sensors:  In addition to temperature sensors integral with 
indoor/evaporator units, provide wall-mounted, wired remote temperature sensors located in the 
same room for ______ 
1. In-ceiling mounted units. 
2. On-ceiling mounted units. 
3. Wall mounted units mounted up high. 
4. Concealed console units. 
5. Exception:  Where a local controller with temperature sensor is provided for the particular 

unit and is located in the same space. 

2.03 EQUIPMENT 

A. All Units:  Factory assembled, wired, and piped and factory tested for function and safety. 
1. Refrigerant:  R-410A. 
2. Performance Certification:  AHRI Certified; www.ahrinet.org. 
3. Safety Certification:  Tested to UL 1995 by UL or Intertek-ETL and bearing the 

certification label. 
4. Provide outdoor/condensing units capable of serving indoor unit capacity up to 200 percent 

of the capacity of the outdoor/condensing unit. 
5. Provide units capable of serving the zones indicated. 
6. Thermal Performance:  Provide heating and cooling capacity as indicated, based on the 

following nominal operating conditions: 
7. Energy Efficiency:  Report EER and COP based on tests conducted at “full load” in 

accordance with AHRI 210/240 or alternate test method approved by U.S. Department of 
Energy. 

B. Electrical Characteristics:   
1. Power - Branch Selector Units:  208 to 230 Volts, single phase, 60 Hz. 
2. Power - Indoor Units:  208 to 230 Volts, single phase, 60 Hz. 
3. 208-230 Voltage Range:  187 to 253 volts. 

C. System Controls: 
1. Include self diagnostic, auto-check functions to detect malfunctions and display the type 

and location. 

D. Remote Centralized Control Panel: 
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E. Remote On/Off Control Panel: 

F. Time Clock Panel: 

G. Unit Controls:  As required to perform input functions necessary to operate system; provided 
by manufacturer of units. 
1. Outside air capability. 

H. Wiring: 
1. Control Wiring:  18 AWG, 2-conductor, non-shielded, non-polarized, stranded cable. 
2. Control Wiring Configuration:  Daisy chain. 

I. Refrigerant Piping: 
1. Refrigerant Flow Balancing:  Provide refrigerant piping joints and headers specifically 

designed to ensure proper refrigerant balance and flow for optimum system capacity and 
performance; T-style joints are prohibited. 

2. Insulate each refrigerant line individually between the condensing and indoor units. 

2.04 OUTDOOR/CONDENSING UNITS 

A. Outdoor/Condensing Units:  Air-cooled DX refrigeration units, designed specifically for use 
with indoor/evaporator units; factory assembled and wired with all necessary electronic and 
refrigerant controls; modular design for ganging multiple units. 
1. Refrigeration Circuit:  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 and refrigerant regulator. 

2. Refrigerant:  Factory charged. 
3. Variable Volume Control:  Modulate compressor capacity automatically to maintain 

constant suction and condensing pressures while varying refrigerant volume to suit 
heating/cooling loads. 

4. Capable of being installed with wiring and piping to the left, right, rear or bottom. 
5. Capable of heating operation at low end of operating range as specified, without additional 

low ambient controls or auxiliary heat source; during heating operation, reverse cycle 
(cooling mode) oil return or defrost is not permitted, due to potential reduction in space 
temperature. 

6. Sound Pressure Level:  As specified, measured at 3 feet (one meter) from front of unit; 
provide night setback sound control as a standard feature; three selectable sound level steps 
of 55 dB, 50 dB, and 45 dB, maximum. 

7. Power Failure Mode:  Automatically restart operation after power failure without loss of 
programmed settings. 

8. Provide refrigerant auto-charging feature and refrigerant charge check function. 
9. Safety Devices:  High pressure sensor and switch, low pressure sensor/switch, control 

circuit fuses, crankcase heaters, fusible plug, overload relay, inverter overload protector, 
thermal protectors for compressor and fan motors, over current protection for the inverter 
and anti-recycling timers. 

10. Provide refrigerant sub-cooling to ensure the liquid refrigerant does not flash when 
supplying to us indoor units. 

11. Oil Recovery Cycle:  Automatic, occurring 2 hours after start of operation and then every 
8 hours of operation; maintain continuous heating during oil return operation.  

12. Controls:  Provide contacts for electrical demand shedding.  
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B. Unit Cabinet:  Weatherproof and corrosion resistant; rust-proofed mild steel panels coated with 

baked enamel finish. 
1. Designed to allow side-by-side installation with minimum spacing. 

C. Fans:  One or more direct-drive propeller type, vertical discharge, with multiple speed 
operation via DC (digitally commutating) inverter. 
1. Provide minimum of 2 fans for each condensing unit. 
2. External Static Pressure:  Factory set at 0.12 in WG (30 Pa), minimum. 
3. Indoor Mounted Air-Cooled Units:  External static pressure field set at 0.32 in WG (80 

Pa), minimum; provide for mounting of field-installed ducts. 
4. Fan Airflow:  As indicated for specific equipment. 
5. Fan Motors:  Factory installed; permanently lubricated bearings; inherent protection; fan 

guard; output as indicated for specific equipment. 

D. Condenser Coils:  Copper tubes expanded into aluminum fins to form mechanical bond; waffle 
louver fin and rifled bore tube design to ensure high efficiency performance. 
1. Copper Tube:  Hi-X seamless copper tube. 
2. Corrosion Protection:  Fins coated with anti-corrosion acrylic resin and hydrophilic film 

type E1; pipe plates coated with powdered polyester powder coating of 2.0 to 3.0 microns 
thickness. 

E. Compressors:  Scroll type, hermetically sealed, variable speed inverter-driven and fixed speed 
in combination to suit total capacity; minimum of one variable speed, inverter driven 
compressor per condenser unit; minimum of two compressors per condenser unit; capable of 
controlling capacity within range of 6 percent to 100 percent of total capacity. 
1. Variable Speed Control:  Capable of changing the speed to follow the variations in total 

cooling and heating load as determined by the suction gas pressure; high/low pressures 
calculated by samplings of evaporator and condenser temperatures every 20 seconds, with 
compressor capacity adjusted to eliminate deviation from target value by changing inverter 
frequency or on/off setting of fixed speed compressors. 

2. Multiple Condenser Modules:  Balance total operation hours of compressors by means of 
duty cycling function, providing for sequential starting of each module at each start/stop 
cycle, completion of oil return, and completion of defrost, or every 8 hours. 

3. Failure Mode:  In the event of compressor failure, operate remaining compressor(s) at 
proportionally reduced capacity; provide microprocessor and associated controls 
specifically designed to address this condition. 

4. Inverter Driven Compressors:  PVM inverter driven, highly efficient reluctance DC 
(digitally commutating), hermetically sealed scroll “G2-type” with maximum speed of 
7,980 rpm. 

5. Rotors:  Incorporating neodymium magnets for higher torque and efficiency; at complete 
stop of compressor, position rotor into optimum position for low torque start. 

6. Provide each compressor with crankcase heater, high pressure safety switch, and internal 
thermal overload protector. 

7. Provide oil separators and intelligent oil management system. 
8. Provide spring mounted vibration isolators. 

2.05 BRANCH SELECTOR UNITS 

A. Branch Selector Units:  Concealed boxes designed specifically for this type of system to 
control heating/cooling mode selection of downstream units; consisting of electronic expansion 
valves, subcooling heat exchanger, refrigerant control piping and electronics to facilitate 
communications between unit and main processor and between branch unit and 
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indoor/evaporator units.  
1. Control direction of refrigerant flow using electronic expansion valves; use of solenoid 

valves for changeover and pressure equalization is not permitted due to refrigerant noise; 
use of multi-port branch selector boxes is not permitted unless spare ports are provided for 
redundancy. 

2. Provide one electronic expansion valve for each downstream unit served, except multiple 
indoor/evaporator units may be connected, provided balancing joints are used in 
downstream piping and total capacity is within capacity range of the branch selector. 

3. When branch unit is simultaneously heating and cooling, energize subcooling heat 
exchanger. 

4. Casing:  Galvanized steel sheet; with flame and heat resistant foamed polyethylene sound 
and thermal insulation. 

5. Refrigerant Connections:  Braze type. 
6. Condensate Drainage:  Provide unit that does not require condensate drainage. 

2.06 INDOOR/EVAPORATOR UNITS 

A. All Indoor/Evaporator Units:  Factory assembled and tested DX fan-coil units, with electronic 
proportional expansion valve, control circuit board, factory wiring and piping, self-diagnostics, 
auto-restart function, 3-minute fused time delay, and test run switch. 
1. Refrigerant:  Refrigerant circuits factory-charged with dehydrated air, for field charging. 
2. Temperature Control Mechanism:  Return air thermistor and computerized 

Proportional-Integral-Derivative (PID) control of superheat.   
3. Coils:  Direct expansion type constructed from copper tubes expanded into aluminum fins 

to form a mechanical bond; waffle louver fin and high heat exchange, rifled bore tube 
design; factory tested. 
a. Provide thermistor on liquid and gas lines. 

4. Fans:  Direct-drive, with statically and dynamically balanced impellers; high and low 
speeds unless otherwise indicated; motor thermally protected. 

5. Return Air Filter:  Washable long-life net filter with mildew proof resin, unless otherwise 
indicated. 

6. Condensate Drainage:  Built-in condensate drain pan with PVC drain connection. 
7. Cabinet Insulation:  Sound absorbing foamed polystyrene and polyethylene insulation. 

B. Recessed Ceiling Units - 3 FT by 3 FT:  Four-way airflow cassette with central return air grille, 
for installation in a fixed ceiling. 
1. Face Size:  33 inches (939 mm) square, nominal. 
2. Cabinet Height:  Maximum of 10 inches (250 mm) above face of ceiling. 
3. Exposed Housing:  White, impact resistant, with washable decoration panel. 
4. Supply Airflow Adjustment: 

a. Via motorized louvers which can be horizontally and vertically adjusted from 0 to 90 
degrees. 

b. Field-modifiable to 3-way and 2-way airflow. 
c. Three auto-swing positions, including standard, draft prevention and ceiling stain 

prevention. 
5. Return Air Filter:  Manufacturer's standard. 
6. Minimum Capacity:  As indicated on the drawings. 
7. Sound Pressure Range:  Between 28 dB(A) to 33 dB(A) at low speed measured at 5 feet 

(1.5 m) below the unit. 
8. Fan:  Direct-drive turbo type, with motor output range of 0.06 to 0.12 HP (45 to 90 W). 
9. Condensate Pump:  Built-in, with lift of 21 inches (533 mm), minimum. 
10. Provide side-mounted supply air branch duct connection. 
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11. Provide side-mounted fresh air intake duct connection. 

C. Recessed Ceiling Units - 2 FT by 2 FT:  Four-way airflow cassette with central return air grille, 
sized for installation in standard 24 by 24 inch (610 by 610 mm) lay-in ceiling grid. 
1. Cabinet Height:  Maximum of 12 inches (305 mm) above face of ceiling. 
2. Exposed Housing:  White, impact resistant, with washable decoration panel. 
3. Maintenance Access:  All electrical components accessible through decoration panel. 
4. Supply Airflow Adjustment: 

a. Via motorized louvers which can be horizontally and vertically adjusted from 0 to 90 
degrees. 

b. Field-modifiable to 3-way and 2-way airflow. 
c. Three auto-swing positions, including standard, draft prevention and ceiling stain 

prevention. 
5. Sound Pressure:  Measured at low speed at 5 feet (1.5 m) below unit. 
6. Fan:  Direct-drive turbo type. 
7. Condensate Pump:  Built-in, with lift of 21 inches (533 mm), minimum. 
8. Provide side-mounted supply air branch duct connection. 
9. Provide side-mounted fresh air intake duct connection. 

D. Wall Surface-Mounted Units:  Finished white casing, with removable front grille; foamed 
polystyrene and polyethylene sound insulation; wall mounting plate; polystyrene condensate 
drain pan. 
1. Airflow Control:  Auto-swing louver that closes automatically when unit stops; five (5) 

steps of discharge angle, set using remote controller; upon restart, discharge angle 
defaulting to same angle as previous operation. 

2. Sound Pressure Range:  Measured at low speed at 3.3 feet (one meter) below and away 
from unit.  

3. Condensate Pump:  Built-in, concealed. 
4. Condensate Drain Connection:  Back, with piping concealed in wall. 
5. Fan:  Direct-drive cross-flow type.  
6. Fan Motor Output Range:  From 0.054 to 0.058 HP (40 to 43 W). 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that required electrical services have been installed and are in the proper locations prior 
to starting installation. 

B. Verify that condensate piping has been installed and is in the proper location prior to starting 
installation. 

C. Notify Delaware Engineering and Design Corporation  if conditions for installation are 
unsatisfactory. 

3.02 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install refrigerant piping in accordance with equipment manufacturer's instructions. 

C. Perform wiring in accordance with NFPA 70, National Electric Code (NEC). 

D. Coordinate with installers of systems and equipment connecting to this system. 

3.03 FIELD QUALITY CONTROL 
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A. Provide manufacturer's field representative to inspect installation prior to startup. 
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3.04 SYSTEM STARTUP 

A. Provide manufacturer's field representative to perform system startup. 

B. Prepare and start equipment and system in accordance with manufacturer's instructions and 
recommendations. 

C. Adjust equipment for proper operation within manufacturer's published tolerances. 

3.05 CLEANING 

A. Clean exposed components of dirt, finger marks, and other disfigurements. 

3.06 CLOSEOUT ACTIVITIES 

A. See Section 01 78 00 - Closeout Submittals, for closeout submittals. 

B. See Section 01 79 00 - Demonstration and Training, for additional requirements. 

C. Demonstration:  Demonstrate operation of system to Delaware Technical Community College's 
personnel. 
1. Use operation and maintenance data as reference during demonstration. 
2. Conduct walking tour of project. 
3. Briefly describe function, operation, and maintenance of each component. 

D. Training:  Train Delaware Technical Community College's personnel on operation and 
maintenance of system. 
1. Use operation and maintenance manual as training reference, supplemented with additional 

training materials as required. 
2. Provide minimum of one day of training. 
3. Instructor:  Manufacturer's training personnel. 
4. Location:  At project site. 

3.07 PROTECTION 

A. Protect installed components from subsequent construction operations. 

B. Replace exposed components broken or otherwise damaged beyond repair. 

END OF SECTION 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES    26 05 19     

SECTION 26 05 19 
 

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Single conductor building wire. 

B. Metal-clad cable. 

C. Wire and cable for 600 volts and less. 

D. Wiring connectors. 

E. Electrical tape. 

F. Heat shrink tubing. 

G. Oxide inhibiting compound. 

H. Wire pulling lubricant. 

1.02 RELATED REQUIREMENTS 

A. Section 07 84 00 - Firestopping. 

B. Section 26 05 26 - Grounding and Bonding for Electrical Systems:  Additional requirements for 
grounding conductors and grounding connectors. 

C. Section 26 05 53 - Identification for Electrical Systems:  Identification products and 
requirements. 

1.03 REFERENCE STANDARDS 

A. ASTM B3 - Standard Specification for Soft or Annealed Copper Wire; 2001 (Reapproved 
2007). 

B. ASTM B8 - Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, 
Medium-Hard, or Soft; 2011. 

C. ASTM B33 - Standard Specification for Tin-Coated Soft or Annealed Copper Wire for 
Electrical Purposes; 2010. 

D. ASTM B787/B787M - Standard Specification for 19 Wire Combination Unilay-Stranded 
Copper Conductors for Subsequent Insulation; 2004 (Reapproved 2009). 

E. ASTM B800 - Standard Specification for 8000 Series Aluminum Alloy Wire for Electrical 
Purposes - Annealed and Intermediate Tempers; 2005 (Reapproved 2011). 

F. ASTM B801 - Standard Specification for Concentric-Lay-Stranded Conductors of 8000 Series 
Aluminum Alloy Wire for Subsequent Covering of Insulation; 2007. 

G. ASTM D3005 - Standard Specification for Low-Temperature Resistant Vinyl Chloride Plastic 
Pressure-Sensitive Electrical Insulating Tape; 2010. 

H. ASTM D4388 - Standard Specification for Nonmetallic Semi-Conducting and Electrically 
Insulating Rubber Tapes; 2008. 

I. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association; 2010. 
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J. NECA 104 - Recommended Practice for Installing Aluminum Building Wire and Cable; 
National Electrical Contractors Association; 2006 (NECA/AA 104). 

K. NECA 120 - Standard for Installing Armored Cable (AC) and Metal-Clad Cable (MC); National 
Electrical Contractors Association; 2006. 

L. NEMA WC 70 - Power Cables Rated 2000 Volts or Less for the Distribution of Electrical 
Energy; National Electrical Manufacturers Association; 2009 (ANSI/NEMA WC 70/ICEA 
S-95-658). 

M. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association; 2009. 

N. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

O. UL 44 - Thermoset-Insulated Wires and Cables; Current Edition, Including All Revisions. 

P. UL 83 - Thermoplastic-Insulated Wires and Cables; Current Edition, Including All Revisions. 

Q. UL 486A-486B - Wire Connectors; Current Edition, Including All Revisions. 

R. UL 486C - Splicing Wire Connectors; Current Edition, Including All Revisions. 

S. UL 486D - Sealed Wire Connector Systems; Current Edition, Including All Revisions. 

T. UL 510 - Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape; Current Edition, 
Including All Revisions. 

U. UL 1569 - Metal-Clad Cables; Current Edition, Including All Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination:   
1. Coordinate sizes of raceways, boxes, and equipment enclosures installed under other 

sections with the actual conductors to be installed, including adjustments for conductor 
sizes increased for voltage drop.  

2. Coordinate with electrical equipment installed under other sections to provide terminations 
suitable for use with the conductors to be installed. 

3. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations 
from the contract documents. Obtain direction before proceeding with work. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for conductors 
and cables, including detailed information on materials, construction, ratings, listings, and 
available sizes, configurations, and stranding. 

C. Project Record Documents:  Record actual installed circuiting arrangements. Record actual 
routing for underground circuits. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 
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B. Maintain at the project site a copy of each referenced document that prescribes execution 

requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store conductors and cables in accordance with manufacturer's 
instructions. 

1.08 FIELD CONDITIONS 

A. Do not install or otherwise handle thermoplastic-insulated conductors at temperatures lower 
than 14 degrees F (-10 degrees C), unless otherwise permitted by manufacturer's instructions. 
When installation below this temperature is unavoidable, notify Delaware Engineering and 
Design Corporation and obtain direction before proceeding with work. 

PART 2  PRODUCTS 

2.01 CONDUCTOR AND CABLE APPLICATIONS 

A. Do not use conductors and cables for applications other than as permitted by NFPA 70 and 
product listing. 

B. Provide single conductor building wire installed in suitable raceway unless otherwise indicated, 
permitted, or required. 

C. Nonmetallic-sheathed cable is not permitted. 

D. Underground feeder and branch-circuit cable is not permitted. 

E. Service entrance cable is not permitted. 

F. Armored cable is not permitted. 

G. Metal-clad cable is permitted only as follows: 
1. Where not otherwise restricted, may be used: 

a. Where concealed above accessible ceilings for final connections from junction boxes 
to luminaires. 
1) Maximum Length:  6 feet (1.8 m). 

b. Where concealed in hollow stud walls, above accessible ceilings, and under raised 
floors for branch circuits up to 20 A. 
1) Exception:  Provide single conductor building wire in raceway for circuit 

homerun from first outlet to panelboard. 
2. In addition to other applicable restrictions, may not be used: 

a. Unless approved by Delaware Technical Community College. 
b. Where not approved for use by the authority having jurisdiction. 
c. Where exposed to view. 
d. Where exposed to damage. 
e. For damp, wet, or corrosive locations, unless provided with a PVC jacket listed as 

suitable for those locations. 

H. Concealed Dry Interior Locations:  Use only building wire in raceway or metal clad cable. 

I. Exposed Dry Interior Locations:  Use only building wire in raceway. 
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J. Above Accessible Ceilings:  Use only building wire in raceway or metal clad cable. 

K. Wet or Damp Interior Locations:  Use only building wire in raceway. 

L. Exterior Locations:  Use only building wire with Type THWN-2 insulation in raceway. 

2.02 CONDUCTOR AND CABLE MANUFACTURERS 

A. Cerro Wire LLC:  www.cerrowire.com.  

B. Encore Wire Corporation:  www.encorewire.com. 

C. Southwire Company:  www.southwire.com. 

D. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.03 ALL CONDUCTORS AND CABLES 

A. Provide products that comply with requirements of NFPA 70. 

B. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the 
purpose indicated. 

C. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring, 
connectors, etc. as required for a complete operating system. 

D. Comply with NEMA WC 70. 

E. Thermoplastic-Insulated Conductors and Cables:  Listed and labeled as complying with UL 83. 

F. Thermoset-Insulated Conductors and Cables:  Listed and labeled as complying with UL 44. 

G. Conductors for Grounding and Bonding:  Also comply with Section 26 05 26. 

H. Conductor Material: 
1. Provide copper conductors except where aluminum conductors are specifically indicated. 

Substitution of aluminum conductors for copper is not permitted. Conductor sizes indicated 
are based on copper unless specifically indicated as aluminum. Conductors designated with 
the abbreviation "AL" indicate aluminum. 

2. Copper Conductors:  Soft drawn annealed, 98 percent conductivity, uncoated copper 
conductors complying with ASTM B3, ASTM B8, or ASTM B787/B787M unless 
otherwise indicated. 

3. Tinned Copper Conductors:  Comply with ASTM B33. 
4. Aluminum Conductors (only where specifically indicated or permitted for substitution):  

AA-8000 series aluminum alloy conductors recognized by ASTM B800 and compact 
stranded in accordance with ASTM B801 unless otherwise indicated. 

I. Minimum Conductor Size: 
1. Branch Circuits:  12 AWG. 

a. Exceptions: 
1) 20 A, 120 V circuits longer than 75 feet (23 m):  10 AWG, for voltage drop. 
2) 20 A, 120 V circuits longer than 150 feet (46 m):  8 AWG, for voltage drop. 

2. Control Circuits:  14 AWG. 

J. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable 
minimum size requirements specified. 

K. Conductor Color Coding: 
1. Color code conductors as indicated unless otherwise required by the authority having 

jurisdiction. Maintain consistent color coding throughout project. 
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2. Color Coding Method:  Integrally colored insulation. 
a. Conductors size 4 AWG and larger may have black insulation color coded using vinyl 

color coding electrical tape.   
3. Color Code: 

a. 208Y/120 V, 3 Phase, 4 Wire System: 
1) Phase A:  Black. 
2) Phase B:  Red. 
3) Phase C:  Blue. 
4) Neutral/Grounded:  White. 

b. Equipment Ground, All Systems:  Green. 
c. Travelers for 3-Way and 4-Way Switching:  Pink. 
d. For control circuits, comply with manufacturer's recommended color code. 

2.04 SINGLE CONDUCTOR BUILDING WIRE 

A. Manufacturers: 
1. Copper Building Wire: 

a. Cerro Wire LLC:  www.cerrowire.com. 
b. Encore Wire Corporation:  www.encorewire.com. 
c. Southwire Company:  www.southwire.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

2. Aluminum Building Wire (only where specifically indicated or permitted for substitution): 
a. Alcan Products Corporation/Alcan Cable (Stabiloy):  www.cable.alcan.com. 

B. Description:  Single conductor insulated wire. 

C. Conductor Stranding:   
1. Feeders and Branch Circuits: 

a. Size 10 AWG and Smaller:  Solid. 
b. Size 8 AWG and Larger:  Stranded. 

2. Control Circuits:  Stranded. 

D. Insulation Voltage Rating:  600 V. 

E. Insulation: 
1. Copper Building Wire:  Type THHN/THWN-2. 

F. Conductor:  Copper. 

G. Insulation Voltage Rating:  600 volts. 

H. Insulation:  NFPA 70, Type THHN/THWN-2. 

2.05 METAL-CLAD CABLE 

A. Manufacturers: 
1. AFC Cable Systems Inc:  www.afcweb.com. 
2. Encore Wire Corporation:  www.encorewire.com. 
3. Southwire Company:  www.southwire.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Description:  NFPA 70, Type MC cable listed and labeled as complying with UL 1569, and 
listed for use in classified firestop systems to be used. 

C. Conductor Stranding:   
1. Size 10 AWG and Smaller:  Solid. 
2. Size 8 AWG and Larger:  Stranded. 
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D. Insulation Voltage Rating:  600 V. 

E. Insulation:  Type THHN/THWN-2. 

F. Provide oversized neutral conductors where indicated or required. 

G. Provide dedicated neutral conductor for each phase conductor where indicated or required. 

H. Grounding:  Full-size integral equipment grounding conductor. 
1. Provide additional isolated/insulated grounding conductor where indicated or required. 

I. Armor:  Aluminum or steel, interlocked tape. 

J. Provide PVC jacket applied over cable armor where indicated or required for environment of 
installed location. 

K. Description:  NFPA 70, Type MC. 

L. Conductor:  Copper. 

M. Insulation Voltage Rating:  600 volts. 

N. Insulation Temperature Rating:  75 degrees C. 

O. Insulation Material:  Thermoplastic. 

P. Armor Material:  Steel. 

Q. Armor Design:  Interlocked metal tape. 

2.06 WIRING CONNECTORS 

A. Description:  Wiring connectors appropriate for the application, suitable for use with the 
conductors to be connected, and listed as complying with UL 486A-486B or UL 486C as 
applicable. 

B. Connectors for Grounding and Bonding:  Comply with Section 26 05 26. 

C. Wiring Connectors for Splices and Taps: 
1. Copper Conductors Size 8 AWG and Smaller:  Use twist-on insulated spring connectors. 
2. Copper Conductors Size 6 AWG and Larger:  Use mechanical connectors or compression 

connectors. 

D. Wiring Connectors for Terminations: 
1. Provide terminal lugs for connecting conductors to equipment furnished with terminations 

designed for terminal lugs. 
2. Provide compression adapters for connecting conductors to equipment furnished with 

mechanical lugs when only compression connectors are specified. 
3. Where over-sized conductors are larger than the equipment terminations can accommodate, 

provide connectors suitable for reducing to appropriate size, but not less than required for 
the rating of the overcurrent protective device. 

4. Provide motor pigtail connectors for connecting motor leads in order to facilitate 
disconnection. 

5. Copper Conductors Size 8 AWG and Larger:  Use mechanical connectors or compression 
connectors where connectors are required. 

E. Do not use insulation-piercing or insulation-displacement connectors designed for use with 
conductors without stripping insulation. 

F. Twist-on Insulated Spring Connectors:  Rated 600 V, 221 degrees F (105 degrees C) for 
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standard applications and 302 degrees F (150 degrees C) for high temperature applications; 
pre-filled with sealant and listed as complying with UL 486D for damp and wet locations. 

G. Mechanical Connectors:  Provide bolted type or set-screw type.  

H. Compression Connectors:  Provide circumferential type or hex type crimp configuration. 

2.07 WIRING ACCESSORIES 

A. Electrical Tape: 
1. Vinyl Color Coding Electrical Tape:  Integrally colored to match color code indicated; 

listed as complying with UL 510; minimum thickness of 7 mil (0.18 mm); resistant to 
abrasion, corrosion, and sunlight; suitable for continuous temperature environment up to 
221 degrees F (105 degrees C). 

2. Vinyl Insulating Electrical Tape:  Complying with ASTM D3005 and listed as complying 
with UL 510; minimum thickness of 7 mil (0.18 mm); resistant to abrasion, corrosion, and 
sunlight; conformable for application down to 0 degrees F (-18 degrees C) and suitable for 
continuous temperature environment up to 221 degrees F (105 degrees C). 

3. Rubber Splicing Electrical Tape:  Ethylene Propylene Rubber (EPR) tape, complying with 
ASTM D4388; minimum thickness of 30 mil (0.76 mm); suitable for continuous 
temperature environment up to 194 degrees F (90 degrees C) and short-term 266 degrees F 
(130 degrees C) overload service. 

4. Electrical Filler Tape:  Rubber-based insulating moldable putty, minimum thickness of 
125 mil (3.2 mm); suitable for continuous temperature environment up to 176 degrees F 
(80 degrees C). 

5. Varnished Cambric Electrical Tape:  Cotton cambric fabric tape, with or without adhesive, 
oil-primed and coated with high-grade insulating varnish; minimum thickness of 7 mil 
(0.18 mm); suitable for continuous temperature environment up to 221 degrees F (105 
degrees C). 

6. Moisture Sealing Electrical Tape:  Insulating mastic compound laminated to flexible, 
all-weather vinyl backing; minimum thickness of 90 mil (2.3 mm). 

B. Heat Shrink Tubing:  Heavy-wall, split-resistant, with factory-applied adhesive; rated 600 V; 
suitable for direct burial applications; listed as complying with UL 486D.  

C. Oxide Inhibiting Compound:  Listed; suitable for use with the conductors or cables to be 
installed. 

D. Wire Pulling Lubricant:  Listed; suitable for use with the conductors or cables to be installed 
and suitable for use at the installation temperature. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that interior of building has been protected from weather. 

B. Verify that work likely to damage wire and cable has been completed. 
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C. Verify that raceways, boxes, and equipment enclosures are installed and are properly sized to 

accommodate conductors and cables in accordance with NFPA 70. 

D. Verify that raceway installation is complete and supported. 

E. Verify that field measurements are as shown on the drawings. 

F. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 PREPARATION 

A. Clean raceways thoroughly to remove foreign materials before installing conductors and cables. 

3.03 INSTALLATION 

A. Circuiting Requirements: 
1. All exposed raceway shall be run in a neat organized fashion and shall be parralell with 

other building systems. 
2. Unless dimensioned, circuit routing indicated is diagrammatic. 
3. When circuit destination is indicated and routing is not shown, determine exact routing 

required. 
4. Arrange circuiting to minimize splices. 
5. Include circuit lengths required to install connected devices within 10 ft (3.0 m) of location 

shown. 
6. Maintain separation of Class 1, Class 2, and Class 3 remote-control, signaling, and 

power-limited circuits in accordance with NFPA 70. 
7. Circuiting Adjustments:  Unless otherwise indicated, when branch circuits are shown as 

separate, combining them together in a single raceway is not permitted. 
8. Common Neutrals:  Unless otherwise indicated, sharing of neutral/grounded conductors 

among single phase branch circuits is not permitted. Provide dedicated neutral/grounded 
conductor for each individual branch circuit. 

9. Provide oversized neutral/grounded conductors where indicated and as specified below. 
a. Provide 200 percent rated neutral for feeders serving panelboards with 200 percent 

rated neutral bus. 

B. Install products in accordance with manufacturer's instructions. 

C. Install conductors and cable in a neat and workmanlike manner in accordance with NECA 1. 

D. Install aluminum conductors in accordance with NECA 104. 

E. Install metal-clad cable (Type MC) in accordance with NECA 120. 

F. Installation in Raceway: 
1. Tape ends of conductors and cables to prevent infiltration of moisture and other 

contaminants. 
2. Pull all conductors and cables together into raceway at same time. 
3. Do not damage conductors and cables or exceed manufacturer's recommended maximum 

pulling tension and sidewall pressure. 
4. Use suitable wire pulling lubricant where necessary, except when lubricant is not 

recommended by the manufacturer. 

G. Exposed Cable Installation (only where specifically permitted): 
1. Route cables parallel or perpendicular to building structural members and surfaces. 
2. Protect cables from physical damage. 
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H. Paralleled Conductors:  Install conductors of the same length and terminate in the same 
manner. 

I. Secure and support conductors and cables in accordance with NFPA 70 using suitable supports 
and methods approved by the authority having jurisdiction. Provide independent support from 
building structure. Do not provide support from raceways, piping, ductwork, or other systems. 
1. Installation Above Suspended Ceilings:  Do not provide support from ceiling support 

system. Do not provide support from ceiling grid or allow conductors and cables to lay on 
ceiling tiles. 

2. Installation in Vertical Raceways:  Provide supports where vertical rise exceeds 
permissible limits. 

J. Terminate cables using suitable fittings. 
1. Metal-Clad Cable (Type MC): 

a. Use listed fittings. 
b. Cut cable armor only using specialized tools to prevent damaging conductors or 

insulation. Do not use hacksaw or wire cutters to cut armor. 
c. Do not use direct-bearing set-screw type fittings for cables with aluminum armor. 

K. Install conductors with a minimum of 12 inches (300 mm) of slack at each outlet. 

L. Where conductors are installed in enclosures for future termination by others, provide a 
minimum of 5 feet (1.5 m) of slack. 

M. Neatly train and bundle conductors inside boxes, wireways, panelboards and other equipment 
enclosures. 

N. Make wiring connections using specified wiring connectors. 
1. Make splices and taps only in accessible boxes. Do not pull splices into raceways or make 

splices in conduit bodies or wiring gutters. 
2. Remove appropriate amount of conductor insulation for making connections without 

cutting, nicking or damaging conductors. 
3. Do not remove conductor strands to facilitate insertion into connector. 
4. Clean contact surfaces on conductors and connectors to suitable remove corrosion, oxides, 

and other contaminates. Do not use wire brush on plated connector surfaces. 
5. Connections for Aluminum Conductors:  Fill connectors with oxide inhibiting compound 

where not pre-filled by manufacturer. 
6. Mechanical Connectors:  Secure connections according to manufacturer's recommended 

torque settings. 
7. Compression Connectors:  Secure connections using manufacturer's recommended tools 

and dies. 

O. Insulate splices and taps that are made with uninsulated connectors using methods suitable for 
the application, with insulation and mechanical strength at least equivalent to unspliced 
conductors. 
1. Dry Locations:  Use insulating covers specifically designed for the connectors, electrical 

tape, or heat shrink tubing. 
a. For taped connections, first apply adequate amount of rubber splicing electrical tape 

or electrical filler tape, followed by outer covering of vinyl insulating electrical tape. 
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b. For taped connections likely to require re-entering, including motor leads, first apply 

varnished cambric electrical tape, followed by adequate amount of rubber splicing 
electrical tape, followed by outer covering of vinyl insulating electrical tape. 

2. Damp Locations:  Use insulating covers specifically designed for the connectors, electrical 
tape, or heat shrink tubing. 
a. For connections with insulating covers, apply outer covering of moisture sealing 

electrical tape. 
b. For taped connections, follow same procedure as for dry locations but apply outer 

covering of moisture sealing electrical tape. 
3. Wet Locations:  Use heat shrink tubing. 

P. Insulate ends of spare conductors using vinyl insulating electrical tape. 

Q. Field-Applied Color Coding:  Where vinyl color coding electrical tape is used in lieu of 
integrally colored insulation as permitted in Part 2 under "Color Coding", apply half 
overlapping turns of tape at each termination and at each location conductors are accessible.   

R. Color Code Legend:  Provide identification label identifying color code for ungrounded 
conductors at each piece of feeder or branch-circuit distribution equipment when premises has 
feeders or branch circuits served by more than one nominal voltage system. 

S. Install firestopping to preserve fire resistance rating of partitions and other elements, using 
materials and methods specified in Section 07 84 00. 

T. Unless specifically indicated to be excluded, provide final connections to all equipment and 
devices, including those furnished by others, as required for a complete operating system.  

U. Install wire and cable securely, in a neat and workmanlike manner, as specified in NECA 1. 

V. Route wire and cable as required to meet project conditions. 
1. Wire and cable routing indicated is approximate unless dimensioned. 
2. Where wire and cable destination is indicated and routing is not shown, determine exact 

routing and lengths required. 

W. Use wiring methods indicated. 

X. Pull all conductors into raceway at same time. 

Y. Use suitable wire pulling lubricant for building wire 4 AWG and larger. 

Z. Protect exposed cable from damage. 

AA. Support cables above accessible ceiling, using spring metal clips or metal cable ties to support 
cables from structure or ceiling suspension system.  Do not rest cable on ceiling panels. 

AB. Use suitable cable fittings and connectors. 

AC. Neatly train and lace wiring inside boxes, equipment, and panelboards. 

AD. Clean conductor surfaces before installing lugs and connectors. 

AE. Make splices, taps, and terminations to carry full ampacity of conductors with no perceptible 
temperature rise. 
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AF. Use split bolt connectors for copper conductor splices and taps, 6 AWG and larger.  Tape 

uninsulated conductors and connector with electrical tape to 150 percent of insulation rating of 
conductor. 

AG. Use solderless pressure connectors with insulating covers for copper conductor splices and taps, 
8 AWG and smaller. 

AH. Use insulated spring wire connectors with plastic caps for copper conductor splices and taps, 10 
AWG and smaller. 

AI. Identify and color code wire and cable under provisions of Section 26 05 53.  Identify each 
conductor with its circuit number or other designation indicated. 

3.04 FIELD QUALITY CONTROL 

A. Perform inspection, testing, and adjusting in accordance with Section 01 40 00. 

B. Perform field inspection and testing in accordance with Section 01 40 00. 

C. Inspect and test in accordance with NETA STD ATS, except Section 4. 

D. Perform inspections and tests listed in NETA STD ATS, Section 7.3.2. The insulation resistance 
test is required for all conductors. The resistance test for parallel conductors listed as optional is 
not required. 
1. Disconnect surge protective devices (SPDs) prior to performing any high potential testing. 

Replace SPDs damaged by performing high potential testing with SPDs connected.  

E. Correct deficiencies and replace damaged or defective conductors and cables. 

F. Perform inspections and tests listed in NETA STD ATS, Section 7.3.2. 

END OF SECTION 
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SECTION 26 05 26 
 

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Grounding and bonding requirements. 

B. Conductors for grounding and bonding. 

C. Connectors for grounding and bonding. 

D. Ground bars. 

E. Ground rod electrodes. 

F. Chemically-enhanced ground electrodes. 

G. Ground enhancement material. 

H. Grounding and bonding components. 

I. Provide all components necessary to complete the grounding system(s) consisting of: 
1. Existing metal underground water pipe. 
2. Metal underground water pipe. 
3. Metal frame of the building. 
4. Rod electrodes. 

1.02 RELATED REQUIREMENTS 

A. Section 26 05 19 - Low-Voltage Electrical Power Conductors and Cables:  Additional 
requirements for conductors for grounding and bonding, including conductor color coding. 
1. Includes oxide inhibiting compound. 

B. Section 26 05 53 - Identification for Electrical Systems:  Identification products and 
requirements. 

C. Section 26 56 00 - Exterior Lighting:  Additional grounding and bonding requirements for 
pole-mounted luminaires. 

1.03 REFERENCE STANDARDS 

A. IEEE 81 - Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface 
Potentials of a Ground System; 1983. 

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association; 2010. 

C. NEMA GR 1 - Grounding Rod Electrodes and Grounding Rod Electrode Couplings; National 
Electrical Manufacturers Association; 2007. 

D. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association; 2009. 

E. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

F. UL 467 - Grounding and Bonding Equipment; Current Edition, Including All Revisions. 
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1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination:   
1. Verify exact locations of underground metal water service pipe entrances to building. 
2. Coordinate the work with other trades to provide steel reinforcement complying with 

specified requirements for concrete-encased electrode. 
3. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations 

from the contract documents. Obtain direction before proceeding with work. 

B. Sequencing: 
1. Do not install ground rod electrodes until final backfill and compaction is complete. 

1.05 PERFORMANCE REQUIREMENTS 

A. Grounding System Resistance:  5 ohms. 

1.06 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for grounding 
and bonding system components. 

C. Test Reports:  Indicate overall resistance to ground and resistance of each electrode. 

D. Project Record Documents:  Record actual locations of grounding electrode system 
components and connections. 

1.07 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

D. Installer Qualifications for Signal Reference Grids:  Company with minimum five years 
documented experience with high frequency grounding systems. 

1.08 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions. 

B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated. 

PART 2  PRODUCTS 

2.01 GROUNDING AND BONDING REQUIREMENTS 

A. Do not use products for applications other than as permitted by NFPA 70 and product listing. 

B. Unless specifically indicated to be excluded, provide all required components, conductors, 
connectors, conduit, boxes, fittings, supports, accessories, etc. as necessary for a complete 
grounding and bonding system. 

C. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable 
minimum size requirements specified. 
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D. Grounding System Resistance: 
1. Achieve specified grounding system resistance under normally dry conditions unless 

otherwise approved by Delaware Engineering and Design Corporation. Precipitation within 
the previous 48 hours does not constitute normally dry conditions. 

2. Grounding Electrode System:  Not greater than 5 ohms to ground, when tested according 
to IEEE 81 using "fall-of-potential" method. 

3. Between Grounding Electrode System and Major Electrical Equipment Frames, System 
Neutral, and Derived Neutral Points:  Not greater than 0.5 ohms, when tested according to 
IEEE 81 using "point-to-point" methods. 

E. Grounding Electrode System: 
1. Provide connection to required and supplemental grounding electrodes indicated to form 

grounding electrode system. 
a. Provide continuous grounding electrode conductors without splice or joint. 
b. Install grounding electrode conductors in raceway where exposed to physical damage. 

Bond grounding electrode conductor to metallic raceways at each end with bonding 
jumper. 

2. Metal Underground Water Pipe(s): 
a. Provide connection to underground metal domestic and fire protection (where present) 

water service pipe(s) that are in direct contact with earth for at least 10 feet (3.0 m) at 
an accessible location not more than 5 feet (1.5 m) from the point of entrance to the 
building. 

b. Provide bonding jumper(s) around insulating joints/pipes as required to make pipe 
electrically continuous. 

c. Provide bonding jumper around water meter of sufficient length to permit removal of 
meter without disconnecting jumper. 

3. Metal Building or Structure Frame: 
a. Provide connection to metal building or structure frame effectively grounded in 

accordance with NFPA 70 at nearest accessible location. 
4. Concrete-Encased Electrode: 

a. Provide connection to concrete-encased electrode consisting of not less than 20 feet 
(6.0 m) of either steel reinforcing bars or bare copper conductor not smaller than 4 
AWG embedded within concrete foundation or footing that is in direct contact with 
earth in accordance with NFPA 70. 

5. Ground Rod Electrode(s): 
a. Provide three electrodes in an equilateral triangle configuration unless otherwise 

indicated or required. 
b. Space electrodes not less than 10 feet (3.0 m) from each other and any other ground 

electrode. 
c. Where location is not indicated, locate electrode(s) at least 5 feet (1.5 m) outside 

building perimeter foundation as near as possible to electrical service entrance; where 
possible, locate in softscape (uncovered) area. 

d. Provide ground enhancement material around electrode. 
6. Provide additional ground electrode(s) as required to achieve specified grounding electrode 

system resistance. 
7. Ground Bar:  Provide ground bar, separate from service equipment enclosure, for common 

connection point of grounding electrode system bonding jumpers as permitted in NFPA 70. 
Connect grounding electrode conductor provided for service-supplied system grounding to 
this ground bar__ 
a. Ground Bar Size:  1/4 by 2 by 16 inches minimum unless otherwise indicated or 

required. 
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b. Where ground bar location is not indicated, locate in accessible location as near as 
possible to service disconnect enclosure. 

c. Ground Bar Mounting Height:  18 inches (450 mm) above finished floor unless 
otherwise indicated. 

F. Service-Supplied System Grounding: 
1. For each service disconnect, provide grounding electrode conductor to connect neutral 

(grounded) service conductor to grounding electrode system. Unless otherwise indicated, 
make connection at neutral (grounded) bus in service disconnect enclosure. 

2. For each service disconnect, provide main bonding jumper to connect neutral (grounded) 
bus to equipment ground bus where not factory-installed. Do not make any other 
connections between neutral (grounded) conductors and ground on load side of service 
disconnect. 

G. Bonding and Equipment Grounding: 
1. Provide bonding for equipment grounding conductors, equipment ground busses, metallic 

equipment enclosures, metallic raceways and boxes, device grounding terminals, and other 
normally non-current-carrying conductive materials enclosing electrical 
conductors/equipment or likely to become energized as indicated and in accordance with 
NFPA 70. 

2. Provide insulated equipment grounding conductor in each feeder and branch circuit 
raceway. Do not use raceways as sole equipment grounding conductor. 

3. Where circuit conductor sizes are increased for voltage drop, increase size of equipment 
grounding conductor proportionally in accordance with NFPA 70. 

4. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit 
equipment grounding conductor and to outlet box with bonding jumper. 

5. Terminate branch circuit equipment grounding conductors on solidly bonded equipment 
ground bus only. Do not terminate on neutral (grounded) or isolated/insulated ground bus. 

6. Provide bonding jumper across expansion or expansion/deflection fittings provided to 
accommodate conduit movement. 

7. Provide bonding for interior metal piping systems in accordance with NFPA 70. This 
includes, but is not limited to: 
a. Metal water piping where not already effectively bonded to metal underground water 

pipe used as grounding electrode. 
b. Metal gas piping. 
c. Metal process piping. 

8. Provide bonding for interior metal air ducts. 
9. Provide bonding for metal building frame where not used as a grounding electrode. 
10. Provide bonding for metal siding not effectively bonded through attachment to metal 

building frame. 

H. Communications Systems Grounding and Bonding: 
1. Provide intersystem bonding termination at service equipment or metering equipment 

enclosure and at disconnecting means for any additional buildings or structures in 
accordance with NFPA 70.  

2. Provide bonding jumper in raceway from intersystem bonding termination to each 
communications room or backboard and provide ground bar for termination. 
a. Bonding Jumper Size:  6 AWG, unless otherwise indicated or required. 
b. Raceway Size:  3/4 inch (21 mm) unless otherwise indicated or required. 
c. Ground Bar Size:  1/4 by 2 by 16 inches minimum unless otherwise indicated or 

required. 
d. Ground Bar Mounting Height:  18 inches (450 mm) above finished floor unless 
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otherwise indicated. 

I. Pole-Mounted Luminaires:  Also comply with Section 26 56 00. 

2.02 GROUNDING AND BONDING COMPONENTS 

A. General Requirements: 
1. Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL) or 

testing firm acceptable to authority having jurisdiction as suitable for the purpose 
indicated. 

2. Provide products listed and labeled as complying with UL 467 where applicable. 

B. Conductors for Grounding and Bonding, in addition to requirements of Section 26 05 19: 
1. Use insulated copper conductors unless otherwise indicated. 

a. Exceptions: 
1) Use bare copper conductors where installed underground in direct contact with 

earth. 
2) Use bare copper conductors where directly encased in concrete (not in raceway). 

C. Connectors for Grounding and Bonding: 
1. Description:  Connectors appropriate for the application and suitable for the conductors 

and items to be connected; listed and labeled as complying with UL 467. 
2. Unless otherwise indicated, use exothermic welded connections or compression connectors 

for underground, concealed and other inaccessible connections. 
3. Unless otherwise indicated, use mechanical connectors, compression connectors, or 

exothermic welded connections for accessible connections. 
4. Manufacturers - Mechanical and Compression Connectors: 

a. Burndy:  www.burndy.com. 
b. Harger Lightning & Grounding:  www.harger.com. 
c. Thomas & Betts Corporation:  www.tnb.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

5. Manufacturers - Exothermic Welded Connections: 
a. Burndy:  www.burndy.com. 
b. Cadweld, a brand of Erico International Corporation:  www.erico.com. 
c. ThermOweld, a brand of Continental Industries, Inc:  www.thermoweld.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

D. Ground Bars: 
1. Description:  Copper rectangular ground bars with mounting brackets and insulators. 
2. Size:  As indicated. 
3. Holes for Connections:  As indicated or as required for connections to be made. 
4. Manufacturers: 

a. Erico International Corporation:  www.erico.com. 
b. Harger Lightning & Grounding:  www.harger.com. 
c. ThermOweld, a brand of Continental Industries, Inc:  www.thermoweld.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

E. Ground Rod Electrodes:   
1. Comply with NEMA GR 1. 
2. Material:  Copper-bonded (copper-clad) steel. 
3. Size:  3/4 inch (19 mm) diameter by 10 feet (3.0 m) length, unless otherwise indicated. 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS    26 05 26     

 
4. Where rod lengths of greater than 10 feet (3.0 m) are indicated or otherwise required, 

sectionalized ground rods may be used. 
5. Manufacturers: 

a. Erico International Corporation:  www.erico.com. 
b. Galvan Industries, Inc:  www.galvanelectrical.com. 
c. Harger Lightning & Grounding:  www.harger.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

F. Chemically-Enhanced Ground Electrodes: 
1. Description:  Copper tube factory-filled with electrolytic salts designed to provide a 

low-impedance ground in locations with high soil resistivity; straight (for vertical 
installations) or L-shaped (for horizontal installations) as indicated or as required. 

2. Length:  10 feet (3.0 m). 
3. Integral Pigtail:  Factory-attached, sized not less than grounding electrode conductor to be 

attached. 
4. Backfill Material:  Grounding enhancement material recommended by electrode 

manufacturer. 
5. Manufacturers: 

a. Erico International Corporation:  www.erico.com. 
b. Harger Lightning & Grounding:  www.harger.com. 
c. ThermOweld, a brand of Continental Industries, Inc:  www.thermoweld.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

G. Ground Enhancement Material: 
1. Description:  Factory-mixed conductive material designed for permanent and 

maintenance-free improvement of grounding effectiveness by lowering resistivity. 
2. Resistivity:  Not more than 20 ohm-cm in final installed form. 
3. Manufacturers: 

a. Erico International Corporation:  www.erico.com. 
b. Harger Lightning & Grounding:  www.harger.com. 
c. ThermOweld, a brand of Continental Industries, Inc:  www.thermoweld.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that work likely to damage grounding and bonding system components has been 
completed. 

B. Verify that field measurements are as shown on the drawings. 

C. Verify that conditions are satisfactory for installation prior to starting work. 

D. Verify existing conditions prior to beginning work. 

E. Verify that final backfill and compaction has been completed before driving rod electrodes. 

3.02 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Install grounding and bonding system components in a neat and workmanlike manner in 
accordance with NECA 1. 

C. Ground Rod Electrodes:  Unless otherwise indicated, install ground rod electrodes vertically. 
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Where encountered rock prohibits vertical installation, install at 45 degree angle or bury 
horizontally in trench at least 30 inches (750 mm) deep in accordance with NFPA 70 or provide 
ground plates. 
1. Outdoor Installations:  Unless otherwise indicated, install with top of rod 6 inches (150 

mm) below finished grade. 
2. Indoor Installations:  Unless otherwise indicated, install with 4 inches (100 mm) of top of 

rod exposed. 

D. Make grounding and bonding connections using specified connectors. 
1. Remove appropriate amount of conductor insulation for making connections without 

cutting, nicking or damaging conductors. Do not remove conductor strands to facilitate 
insertion into connector. 

2. Remove nonconductive paint, enamel, or similar coating at threads, contact points, and 
contact surfaces. 

3. Exothermic Welds:  Make connections using molds and weld material suitable for the 
items to be connected in accordance with manufacturer's recommendations. 

4. Mechanical Connectors:  Secure connections according to manufacturer's recommended 
torque settings. 

5. Compression Connectors:  Secure connections using manufacturer's recommended tools 
and dies. 

E. Identify grounding and bonding system components in accordance with Section 26 05 53. 

F. Install ground electrodes at locations indicated.  Install additional rod electrodes as required to 
achieve specified resistance to ground. 

G. Provide grounding electrode conductor and connect to reinforcing steel in foundation footing 
where indicated.  Bond steel together. 

H. Provide bonding to meet requirements described in Quality Assurance. 

I. Equipment Grounding Conductor:  Provide separate, insulated conductor within each feeder 
and branch circuit raceway.  Terminate each end on suitable lug, bus, or bushing. 

3.03 FIELD QUALITY CONTROL 

A. Perform inspection in accordance with Section 01 40 00. 

B. Inspect and test in accordance with NETA STD ATS except Section 4. 

C. Perform inspections and tests listed in NETA STD ATS, Section 7.13. 

D. Perform ground electrode resistance tests under normally dry conditions. Precipitation within 
the previous 48 hours does not constitute normally dry conditions. 

E. Investigate and correct deficiencies where measured ground resistances do not comply with 
specified requirements. 

END OF SECTION 
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SECTION 26 05 29 
 

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Support and attachment components for equipment, conduit, cable, boxes, and other electrical 
work. 

1.02 RELATED REQUIREMENTS 

A. Section 03 30 00 - Cast-in-Place Concrete:  Concrete equipment pads. 

B. Section 26 05 34 - Conduit:  Additional support and attachment requirements for conduits. 

C. Section 26 05 37 - Boxes:  Additional support and attachment requirements for boxes. 

D. Section 26 51 00 - Interior Lighting:  Additional support and attachment requirements for 
interior luminaires. 

E. Section 26 56 00 - Exterior Lighting:  Additional support and attachment requirements for 
exterior luminaires. 

F. Conduit and equipment supports. 

G. Anchors and fasteners. 

1.03 REFERENCE STANDARDS 

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron 
and Steel Products; 2012. 

B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel 
Hardware; 2009. 

C. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel; 
2011. 

D. MFMA-4 - Metal Framing Standards Publication; Metal Framing Manufacturers Association; 
2004. 

E. ICC-ES AC01 - Acceptance Criteria for Expansion Anchors in Masonry Elements; 2009. 

F. ICC-ES AC193 - Acceptance Criteria for Mechanical Anchors in Concrete Elements; 2010 

G. ICC-ES AC308 - Acceptance Criteria for Post-Installed Adhesive Anchors in Concrete 
Elements; 2009. 

H. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association; 2010. 

I. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

J. UL 5B - Strut-Type Channel Raceways and Fittings; Current Edition, Including All Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination:   
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1. Coordinate sizes and arrangement of supports and bases with the actual equipment and 
components to be installed. 

2. Coordinate the work with other trades to provide additional framing and materials required 
for installation. 

3. Coordinate compatibility of support and attachment components with mounting surfaces at 
the installed locations. 

4. Coordinate the arrangement of supports with ductwork, piping, equipment and other 
potential conflicts installed under other sections or by others. 

5. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations 
from the contract documents. Obtain direction before proceeding with work. 

B. Sequencing: 
1. Do not install products on or provide attachment to concrete surfaces until concrete has 

fully cured in accordance with Section 03 30 00. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for metal channel 
(strut) framing systems, non-penetrating rooftop supports, and post-installed concrete and 
masonry anchors. 

C. Shop Drawings:  Include details for fabricated hangers and supports where materials or 
methods other than those indicated are proposed for substitution. 

D. Product Data:  Provide manufacturer’s catalog data for fastening systems. 

1.06 QUALITY ASSURANCE 

A. Comply with NFPA 70. 

B. Comply with applicable building code. 

C. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions. 

B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated. 

PART 2  PRODUCTS 

2.01 SUPPORT AND ATTACHMENT COMPONENTS 

A. General Requirements: 
1. Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and 

hardware as necessary for the complete installation of electrical work. 
2. Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL) or 

testing firm acceptable to authority having jurisdiction as suitable for the purpose 
indicated, where applicable. 
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3. Where support and attachment component types and sizes are not indicated, select in 

accordance with manufacturer's application criteria as required for the load to be supported 
with a minimum safety factor of _____. Include consideration for vibration, equipment 
operation, and shock loads where applicable. 

4. Do not use products for applications other than as permitted by NFPA 70 and product 
listing. 

5. Do not use wire, chain, perforated pipe strap, or wood for permanent supports unless 
specifically indicated or permitted. 

6. Steel Components:  Use corrosion resistant materials suitable for the environment where 
installed. 
a. Indoor Dry Locations:  Use zinc-plated steel or approved equivalent unless otherwise 

indicated. 
b. Outdoor and Damp or Wet Indoor Locations:  Use galvanized steel, stainless steel, or 

approved equivalent unless otherwise indicated. 
c. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633. 
d. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM 

A123/A123M or ASTM A153/A153M. 

B. Conduit and Cable Supports:  Straps, clamps, etc. suitable for the conduit or cable to be 
supported. 
1. Conduit Straps:  One-hole or two-hole type; steel or malleable iron. 
2. Conduit Clamps:  Bolted type unless otherwise indicated. 
3. Manufacturers: 

a. Cooper Crouse-Hinds, a division of Cooper Industries:  www.cooperindustries.com. 
b. Erico International Corporation:  www.erico.com. 
c. O-Z/Gedney, a brand of Emerson Industrial Automation:  

www.emersonindustrial.com. 
d. Thomas & Betts Corporation:  www.tnb.com. 
e. Substitutions:  See Section 01 60 00 - Product Requirements. 

C. Outlet Box Supports:  Hangers, brackets, etc. suitable for the boxes to be supported. 
1. Manufacturers: 

a. Cooper Crouse-Hinds, a division of Cooper Industries:  www.cooperindustries.com. 
b. Erico International Corporation:  www.erico.com. 
c. O-Z/Gedney, a brand of Emerson Industrial Automation:  

www.emersonindustrial.com. 
d. Thomas & Betts Corporation:  www.tnb.com. 
e. Substitutions:  See Section 01 60 00 - Product Requirements. 

D. Metal Channel (Strut) Framing Systems:  Factory-fabricated continuous-slot metal channel 
(strut) and associated fittings, accessories, and hardware required for field-assembly of supports. 
1. Comply with MFMA-4. 
2. Channel Material: 

a. Indoor Dry Locations:  Use painted steel, zinc-plated steel, or galvanized steel. 
b. Outdoor and Damp or Wet Indoor Locations:  Use galvanized steel. 

3. Minimum Channel Thickness:  12 gauge (2.6 mm). 
4. Minimum Channel Dimensions:  1-5/8 inch (41 mm) width by 13/16 inch (21 mm) height. 
5. Manufacturers: 

a. Cooper B-Line, a division of Cooper Industries:  www.cooperindustries.com. 
b. Thomas & Betts Corporation:  www.tnb.com. 
c. Unistrut, a brand of Atkore International Inc:  www.unistrut.com. 
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d. Substitutions:  See Section 01 60 00 - Product Requirements. 
e. Source Limitations:  Furnish channels (struts) and associated fittings, accessories, and 

hardware produced by a single manufacturer. 

E. Hanger Rods:  Threaded zinc-plated steel unless otherwise indicated. 
1. Minimum Size, Unless Otherwise Indicated or Required: 

a. Equipment Supports:  1/2 inch (13 mm) diameter. 
b. Single Conduit up to 1 inch (27mm) trade size:  1/4 inch (6 mm) diameter. 
c. Single Conduit larger than 1 inch (27mm) trade size:  3/8 inch (10 mm) diameter. 
d. Trapeze Support for Multiple Conduits:  3/8 inch (10 mm) diameter. 
e. Outlet Boxes:  1/4 inch (6 mm) diameter. 
f. Luminaires:  1/4 inch (6 mm) diameter. 

F. Anchors and Fasteners: 
1. Unless otherwise indicated and where not otherwise restricted, use the anchor and fastener 

types indicated for the specified applications. 
2. Concrete:  Use preset concrete inserts, expansion anchors, or screw anchors. 
3. Solid or Grout-Filled Masonry:  Use expansion anchors or screw anchors. 
4. Hollow Masonry:  Use toggle bolts. 
5. Hollow Stud Walls:  Use toggle bolts. 
6. Steel:  Use beam clamps, machine bolts, or welded threaded studs. 
7. Sheet Metal:  Use sheet metal screws. 
8. Wood:  Use wood screws. 
9. Plastic and lead anchors are not permitted. 
10. Preset Concrete Inserts:  Continuous metal channel (strut) and spot inserts specifically 

designed to be cast in concrete ceilings, walls, and floors. 
a. Comply with MFMA-4. 
b. Channel Material:  Use galvanized steel. 
c. Minimum Channel Thickness:  12 gauge (2.6 mm). 
d. Manufacturer:  Same as manufacturer of metal channel (strut) framing system. 

11. Post-Installed Concrete and Masonry Anchors:  Evaluated and recognized by ICC 
Evaluation Service, LLC (ICC-ES) for compliance with applicable building code.  

12. Manufacturers - Mechanical Anchors: 
a. Hilti, Inc:  www.us.hilti.com. 
b. ITW Red Head, a division of Illinois Tool Works, Inc:  www.itwredhead.com. 
c. Powers Fasteners, Inc:  www.powers.com. 
d. Simpson Strong-Tie Company Inc:  www.strongtie.com. 
e. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.02 MANUFACTURERS 

A. Thomas & Betts Corporation:  www.tnb.com. 

B. Threaded Rod Company:  www.threadedrod.com. 

C. Substitutions:  See Section 01 60 00 - Product Requirements. 
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2.03 MATERIALS 

A. Hangers, Supports, Anchors, and Fasteners - General:  Corrosion-resistant materials of size and 
type adequate to carry the loads of equipment and conduit, including weight of wire in conduit. 

B. Supports:  Fabricated of structural steel or formed steel members; galvanized. 
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C. Anchors and Fasteners: 

1. Refer to the attached table: 
   Drop-in Sleeve Anchors 

  | Expansion Machine Bolt Anchors 
  | | Lag Shield Anchors 
  | | | Nail-in Anchors 
  | | | | Toggle Bolts 

   | | | | | Hollow Wall Anchors 
   | | | | | | Power Driven Studs 
 Brick  X X X X   X   
 Concrete X X X X   X   
 Concrete Block X  X X X    
 Cinder Block  X   X X    
 Stone  X X  X   X   
 Marble  X  X      
 Building Tile  X   X X    
 Ceramic Tile  X   X     
 Terrazzo  X  X       
 Terra Cotta  X   X X    
 Plaster      X X    
 Drywall     X X    
 Slate   X   X     
 Steel        X   
   ANCHOR HARDWARE TABLE 
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D. Fastener Types:   
1. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193. 
2. Masonry Wedge Expansion Anchors:  Complying with ICC-ES AC01. 
3. Concrete Screw Type Anchors:  Complying with ICC-ES AC193. 
4. Masonry Screw Type Anchors:  Complying with ICC-ES AC106. 
5. Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308. 
6. Other Types:  As required. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Install support and attachment components in a neat and workmanlike manner in accordance 
with NECA 1. 

C. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES) 
evaluation report conditions of use where applicable. 

D. Provide independent support from building structure. Do not provide support from piping, 
ductwork, or other systems. 

E. Unless specifically indicated or approved by Delaware Engineering and Design Corporation, do 
not provide support from suspended ceiling support system or ceiling grid. 

F. Unless specifically indicated or approved by Delaware Engineering and Design Corporation, do 
not provide support from roof deck. 

G. Do not penetrate or otherwise notch or cut structural members without approval of Structural 
Engineer. 

H. Equipment Support and Attachment: 
1. Use metal fabricated supports or supports assembled from metal channel (strut) to support 

equipment as required. 
2. Use metal channel (strut) secured to studs to support equipment surface-mounted on 

hollow stud walls when wall strength is not sufficient to resist pull-out. 
3. Use metal channel (strut) to support surface-mounted equipment in wet or damp locations 

to provide space between equipment and mounting surface. 
4. Securely fasten floor-mounted equipment. Do not install equipment such that it relies on its 

own weight for support. 

I. Conduit Support and Attachment:  Also comply with Section 26 05 34. 

J. Box Support and Attachment:  Also comply with Section 26 05 37. 

K. Interior Luminaire Support and Attachment:  Also comply with Section 26 51 00. 

L. Exterior Luminaire Support and Attachment:  Also comply with Section 26 56 00. 

M. Preset Concrete Inserts:  Use manufacturer provided closure strips to inhibit concrete seepage 
during concrete pour. 

N. Secure fasteners according to manufacturer's recommended torque settings. 

O. Remove temporary supports. 
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3.02 FIELD QUALITY CONTROL 

A. See Section 01 40 00 - Quality Requirements, for additional requirements. 

B. Inspect support and attachment components for damage and defects. 

C. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by 
manufacturer. Replace components that exhibit signs of corrosion. 

D. Correct deficiencies and replace damaged or defective support and attachment components. 

E. Install hangers and supports as required to adequately and securely support electrical system 
components, in a neat and workmanlike manner, as specified in NECA 1. 
1. Do not fasten supports to pipes, ducts, mechanical equipment, or conduit. 
2. Do not drill or cut structural members. 

F. Rigidly weld support members or use hexagon-head bolts to present neat appearance with 
adequate strength and rigidity.  Use spring lock washers under all nuts. 

G. Install surface-mounted cabinets and panelboards with minimum of four anchors. 

H. In wet and damp locations use steel channel supports to stand cabinets and panelboards 1-5/8" 
off wall. 

I. Use sheet metal channel to bridge studs above and below cabinets and panelboards recessed in 
hollow partitions. 

END OF SECTION 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

CONDUIT    26 05 34 -  1  

SECTION 26 05 34 
 

CONDUIT 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Galvanized steel rigid metal conduit (RMC). 

B. Aluminum rigid metal conduit (RMC). 

C. PVC-coated galvanized steel rigid metal conduit (RMC). 

D. Flexible metal conduit (FMC). 

E. Liquidtight flexible metal conduit (LFMC). 

F. Electrical metallic tubing (EMT). 

G. Rigid polyvinyl chloride (PVC) conduit. 

H. Conduit fittings. 

I. Accessories. 

J. Conduit, fittings and conduit bodies. 

1.02 RELATED REQUIREMENTS 

A. Section 07 84 00 - Firestopping. 

B. Section 26 05 19 - Low-Voltage Electrical Power Conductors and Cables:  Metal clad cable 
(Type MC) and armored cable (Type AC), including uses permitted. 

C. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 
1. Includes additional requirements for fittings for grounding and bonding. 

D. Section 26 05 29 - Hangers and Supports for Electrical Systems. 

E. Section 26 05 35 - Surface Raceways. 

F. Section 26 05 37 - Boxes. 

G. Section 26 05 53 - Identification for Electrical Systems:  Identification products and 
requirements. 

H. Section 26 27 01 - Electrical Service Entrance:  Additional requirements for electrical service 
conduits. 

I. Section 27 10 05 - Structured Cabling for Voice and Data - Inside-Plant:  Additional 
requirements for communications systems conduits. 

J. Section 31 23 16 - Excavation. 

K. Section 31 23 16.13 - Trenching:  Excavating, bedding, and backfilling. 

L. Section 31 23 23 - Fill:  Bedding and backfilling. 

1.03 REFERENCE STANDARDS 

A. ANSI C80.1 - American National Standard for Electrical Rigid Steel Conduit (ERSC); 2005. 
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B. ANSI C80.3 - American National Standard for Steel Electrical Metallic Tubing (EMT); 2005. 

C. ANSI C80.5 - American National Standard for Electrical Rigid Aluminum Conduit (ERAC); 
2005. 

D. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association; 2010. 

E. NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT); National Electrical 
Contractors Association; 2006. 

F. NECA 102 - Standard for Installing Aluminum Rigid Metal Conduit; National Electrical 
Contractors Association; 2004. 

G. NECA 111 - Standard for Installing Nonmetallic Raceways (RNC, ENT, LFNC); National 
Electrical Contractors Association; 2003. 

H. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic 
Tubing, and Cable; National Electrical Manufacturers Association; 2012 (ANSI/NEMA FB 1). 

I. NEMA RN 1 - Polyvinyl-Chloride (PVC) Externally Coated Galvanized Rigid Steel Conduit 
and Intermediate Metal Conduit; National Electrical Manufacturers Association; 2005. 

J. NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Conduit; National Electrical Manufacturers 
Association; 2003. 

K. NEMA TC 3 - Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and Tubing; 
National Electrical Manufacturers Association; 2004. 

L. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

M. UL 1 - Flexible Metal Conduit; Current Edition, Including All Revisions. 

N. UL 6 - Electrical Rigid Metal Conduit-Steel; Current Edition, Including All Revisions. 

O. UL 6A - Electrical Rigid Metal Conduit-Aluminum, Red Brass, and Stainless Steel; Current 
Edition, Including All Revisions. 

P. UL 360 - Liquid-Tight Flexible Steel Conduit; Current Edition, Including All Revisions. 

Q. UL 514B - Conduit, Tubing, and Cable Fittings; Current Edition, Including All Revisions. 

R. UL 651 - Schedule 40 and 80 Rigid PVC Conduit and Fittings; Current Edition, Including All 
Revisions. 

S. UL 797 - Electrical Metallic Tubing-Steel; Current Edition, Including All Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination:   
1. Coordinate minimum sizes of conduits with the actual conductors to be installed, including 

adjustments for conductor sizes increased for voltage drop.  
2. Coordinate the arrangement of conduits with structural members, ductwork, piping, 

equipment and other potential conflicts installed under other sections or by others. 
3. Verify exact conduit termination locations required for boxes, enclosures, and equipment 

installed under other sections or by others. 
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4. Coordinate the work with other trades to provide roof penetrations that preserve the 
integrity of the roofing system and do not void the roof warranty. 

5. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations 
from the contract documents. Obtain direction before proceeding with work. 

B. Sequencing: 
1. Do not begin installation of conductors and cables until installation of conduit is complete 

between outlet, junction and splicing points. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for conduits and 
fittings. 

C. Project Record Documents:  Record actual routing for conduits installed underground and 
conduits 2 inch (53 mm) trade size and larger. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for purpose 
specified and shown. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store conduit and fittings in accordance with manufacturer's 
instructions. 

B. Accept conduit on site.  Inspect for damage. 

C. Protect conduit from corrosion and entrance of debris by storing above grade.  Provide 
appropriate covering. 

PART 2  PRODUCTS 

2.01 CONDUIT APPLICATIONS 

A. Do not use conduit and associated fittings for applications other than as permitted by NFPA 70 
and product listing. 

B. Unless otherwise indicated and where not otherwise restricted, use the conduit types indicated 
for the specified applications. Where more than one listed application applies, comply with the 
most restrictive requirements. Where conduit type for a particular application is not specified, 
use galvanized steel rigid metal conduit. 

C. Underground: 
1. Under Slab on Grade:  Use rigid PVC conduit. 
2. Exterior, Direct-Buried:  Use rigid PVC conduit. 
3. Exterior, Embedded Within Concrete:  Use rigid PVC conduit. 
4. Where rigid polyvinyl (PVC) conduit is provided, transition to galvanized steel rigid metal 

conduit where emerging from underground. 
5. Where rigid polyvinyl (PVC) conduit larger than 2 inch (53 mm) trade size is provided, use 

galvanized steel rigid metal conduit elbows for bends. 
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6. Where steel conduit is installed in direct contact with earth where soil has a resistivity of 
less than 2000 ohm-centimeters or is characterized as severely corrosive based on soils 
report or local experience, use corrosion protection tape to provide supplementary 
corrosion protection or use PVC-coated galvanized steel rigid metal conduit. 

7. Where steel conduit emerges from concrete into soil, use corrosion protection tape to 
provide supplementary corrosion protection for a minimum of 4 inches (100 mm) on either 
side of where conduit emerges or use PVC-coated galvanized steel rigid metal conduit. 

D. Embedded Within Concrete: 
1. Within Slab on Grade:  Not permitted. 
2. Within Slab Above Ground:  Not permitted. 

E. Concealed Within Masonry Walls:  Use galvanized steel rigid metal conduit or electrical 
metallic tubing (EMT). 

F. Concealed Within Hollow Stud Walls:  Use galvanized steel rigid metal conduit or electrical 
metallic tubing (EMT). 

G. Concealed Above Accessible Ceilings:  Use galvanized steel rigid metal conduit or electrical 
metallic tubing (EMT). 

H. Interior, Damp or Wet Locations:  Use galvanized steel rigid metal conduit. 

I. Exposed, Interior, Not Subject to Physical Damage:  Use electrical metallic tubing (EMT). 

J. Exposed, Interior, Subject to Physical Damage:  Use galvanized steel rigid metal conduit. 
1. Locations subject to physical damage include, but are not limited to: 

a. Where exposed below 8 feet (2.4 m), except within electrical and communication 
rooms or closets. 

b. Where exposed below 20 feet (6.1 m) in warehouse areas. 

K. Exposed, Exterior:  Use galvanized steel rigid metal conduit. 

L. Corrosive Locations Above Ground:  Use PVC-coated galvanized steel rigid metal conduit or 
aluminum rigid metal conduit. 

M. Connections to Luminaires Above Accessible Ceilings:  Use flexible metal conduit. 
1. Maximum Length:  6 feet (1.8 m). 

N. Connections to Vibrating Equipment: 
1. Dry Locations:  Use flexible metal conduit. 
2. Damp, Wet, or Corrosive Locations:  Use liquidtight flexible metal conduit. 
3. Maximum Length:  18 inches unless otherwise indicated. 
4. Vibrating equipment includes, but is not limited to: 

a. Transformers. 
b. Motors. 

2.02 CONDUIT REQUIREMENTS 

A. Electrical Service Conduits:  Also comply with Section 26 27 01. 

B. Communications Systems Conduits:  Also comply with Section 27 10 05. 

C. Fittings for Grounding and Bonding:  Also comply with Section 26 05 26. 

D. Provide all conduit, fittings, supports, and accessories required for a complete raceway system. 

E. Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL) or 
testing firm acceptable to authority having jurisdiction as suitable for the purpose indicated. 
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F. Minimum Conduit Size, Unless Otherwise Indicated: 
1. Branch Circuits:  3/4 inch (21 mm) trade size. 
2. Branch Circuit Homeruns:  3/4 inch (21 mm) trade size. 
3. Control Circuits:  1/2 inch (16 mm) trade size. 
4. Flexible Connections to Luminaires:  3/8 inch (12 mm) trade size. 
5. Underground, Interior:  3/4 inch (21 mm) trade size. 
6. Underground, Exterior:  1 inch (27 mm) trade size. 

G. Where conduit size is not indicated, size to comply with NFPA 70 but not less than applicable 
minimum size requirements specified. 

2.03 GALVANIZED STEEL RIGID METAL CONDUIT (RMC) 

A. Manufacturers: 
1. Allied Tube & Conduit:  www.alliedeg.com. 
2. Republic Conduit:  www.republic-conduit.com. 
3. Wheatland Tube Company:  www.wheatland.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Description:  NFPA 70, Type RMC galvanized steel rigid metal conduit complying with ANSI 
C80.1 and listed and labeled as complying with UL 6. 

C. Fittings: 
1. Manufacturers: 

a. Bridgeport Fittings Inc:  www.bptfittings.com. 
b. O-Z/Gedney, a brand of Emerson Industrial Automation:  

www.emersonindustrial.com. 
c. Thomas & Betts Corporation:  www.tnb.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

2. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed and 
labeled as complying with UL 514B. 

3. Material:  Use steel, malleable iron, or die cast zinc. 
4. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw and 

compression (gland) type fittings are not permitted. 

2.04 ALUMINUM RIGID METAL CONDUIT (RMC) 

A. Manufacturers: 
1. Allied Tube & Conduit:  www.alliedeg.com. 
2. Republic Conduit:  www.republic-conduit.com. 
3. Wheatland Tube Company:  www.wheatland.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Description:  NFPA 70, Type RMC aluminum rigid metal conduit complying with ANSI C80.5 
and listed and labeled as complying with UL 6A. 

C. Fittings: 
1. Manufacturers: 

a. Bridgeport Fittings Inc:  www.bptfittings.com. 
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b. O-Z/Gedney, a brand of Emerson Industrial Automation:  

www.emersonindustrial.com. 
c. Thomas & Betts Corporation:  www.tnb.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

2. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed and 
labeled as complying with UL 514B. 

3. Material:  Use aluminum. 
4. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw and 

compression (gland) type fittings are not permitted. 

2.05 PVC-COATED GALVANIZED STEEL RIGID METAL CONDUIT (RMC) 

A. Manufacturers: 
1. Thomas & Betts Corporation:  www.tnb.com. 
2. Robroy Industries:  www.robroy.com. 
3. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Description:  NFPA 70, Type RMC galvanized steel rigid metal conduit with external 
polyvinyl chloride (PVC) coating complying with NEMA RN 1 and listed and labeled as 
complying with UL 6. 

C. Exterior Coating:  Polyvinyl chloride (PVC), nominal thickness of 40 mil (1.02 mm). 

D. PVC-Coated Fittings: 
1. Manufacturer:  Same as manufacturer of PVC-coated conduit to be installed. 
2. Non-Hazardous Locations:  Use fittings listed and labeled as complying with UL 514B. 
3. Material:  Use steel or malleable iron. 
4. Exterior Coating:  Polyvinyl chloride (PVC), minimum thickness of 40 mil (1.02 mm). 

E. PVC-Coated Supports:  Furnish with exterior coating of polyvinyl chloride (PVC), minimum 
thickness of 15 mil (0.38 mm). 

2.06 FLEXIBLE METAL CONDUIT (FMC) 

A. Manufacturers: 
1. AFC Cable Systems, Inc:  www.afcweb.com. 
2. Electri-Flex Company:  www.electriflex.com. 
3. International Metal Hose:  www.metalhose.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Description:  NFPA 70, Type FMC standard wall steel flexible metal conduit listed and labeled 
as complying with UL 1, and listed for use in classified firestop systems to be used. 

C. Fittings: 
1. Manufacturers: 

a. Bridgeport Fittings Inc:  www.bptfittings.com. 
b. O-Z/Gedney, a brand of Emerson Industrial Automation:  

www.emersonindustrial.com. 
c. Thomas & Betts Corporation:  www.tnb.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

2. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying 
with UL 514B. 

3. Material:  Use steel, malleable iron, aluminum, or die cast zinc. 

D. Description:  Interlocked steel construction. 
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E. Fittings:  NEMA FB 1. 

2.07 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC) 

A. Manufacturers: 
1. AFC Cable Systems, Inc:  www.afcweb.com. 
2. Electri-Flex Company:  www.electriflex.com. 
3. International Metal Hose:  www.metalhose.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Description:  NFPA 70, Type LFMC polyvinyl chloride (PVC) jacketed steel flexible metal 
conduit listed and labeled as complying with UL 360. 

C. Fittings: 
1. Manufacturers: 

a. Bridgeport Fittings Inc:  www.bptfittings.com. 
b. O-Z/Gedney, a brand of Emerson Industrial Automation:  

www.emersonindustrial.com. 
c. Thomas & Betts Corporation:  www.tnb.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

2. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying 
with UL 514B. 

3. Material:  Use steel, malleable iron, aluminum, or die cast zinc. 

D. Description:  Interlocked steel construction with PVC jacket. 

E. Fittings:  NEMA FB 1. 

2.08 ELECTRICAL METALLIC TUBING (EMT) 

A. Manufacturers: 
1. Allied Tube & Conduit:  www.alliedeg.com. 
2. Republic Conduit:  www.republic-conduit.com. 
3. Wheatland Tube Company:  www.wheatland.com. 
4. Triangle 
5. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Description:  NFPA 70, Type EMT steel electrical metallic tubing complying with ANSI C80.3 
and listed and labeled as complying with UL 797. 

C. Fittings: 
1. Manufacturers: 

a. Bridgeport Fittings Inc:  www.bptfittings.com. 
b. O-Z/Gedney, a brand of Emerson Industrial Automation:  

www.emersonindustrial.com. 
c. Thomas & Betts Corporation:  www.tnb.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

2. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying 
with UL 514B. 

3. Material:  Use steel or malleable iron. 
4. Connectors and Couplings:  Use compression (gland) type. 

a. Do not use indenter type connectors and couplings. 
b. Do not use set-screw type connectors and couplings. 

D. Description:  ANSI C80.3; galvanized tubing. 
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E. Fittings and Conduit Bodies:  NEMA FB 1; steel or malleable iron compression type. 

2.09 RIGID POLYVINYL CHLORIDE (PVC) CONDUIT 

A. Manufacturers: 
1. Cantex Inc:  www.cantexinc.com. 
2. Carlon, a brand of Thomas & Betts Corporation:  www.carlon.com. 
3. JM Eagle:  www.jmeagle.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Description:  NFPA 70, Type PVC rigid polyvinyl chloride conduit complying with NEMA TC 
2 and listed and labeled as complying with UL 651; Schedule 40 unless otherwise indicated, 
Schedule 80 where subject to physical damage; rated for use with conductors rated 90 degrees 
C. 

C. Fittings:   
1. Manufacturer:  Same as manufacturer of conduit to be connected. 
2. Description:  Fittings complying with NEMA TC 3 and listed and labeled as complying 

with UL 651; material to match conduit. 

2.10 ACCESSORIES 

A. Corrosion Protection Tape:  PVC-based, minimum thickness of 20 mil (0.51 mm). 

B. Conduit Joint Compound:  Corrosion-resistant, electrically conductive; suitable for use with the 
conduit to be installed. 

C. Solvent Cement for PVC Conduit and Fittings:  As recommended by manufacturer of conduit 
and fittings to be installed. 

D. Pull Strings: Use nylon cord with average breaking strength of not less than 200 pound-force 
(890 N). 

E. Sealing Compound for Sealing Fittings:  Listed for use with the particular fittings to be 
installed. 

F. Modular Seals for Conduit Penetrations:  Rated for minimum of 40 psig; Suitable for the 
conduits to be installed. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that field measurements are as shown on drawings. 

B. Verify that mounting surfaces are ready to receive conduits.  

C. Verify that conditions are satisfactory for installation prior to starting work. 

D. Conduit routing is shown on drawings in approximate locations unless dimensioned.  Route as 
required to complete wiring system. 

3.02 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Install conduit in a neat and workmanlike manner in accordance with NECA 1. 

C. Install galvanized steel rigid metal conduit (RMC) in accordance with NECA 101. 

D. Install aluminum rigid metal conduit (RMC) in accordance with NECA 102. 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

CONDUIT    26 05 34 -  9  

E. Install PVC-coated galvanized steel rigid metal conduit (RMC) using only tools approved by the 
manufacturer. 

F. Install rigid polyvinyl chloride (PVC) conduit in accordance with NECA 111. 

G. Conduit Routing: 
1. Unless dimensioned, conduit routing indicated is diagrammatic. 
2. When conduit destination is indicated and routing is not shown, determine exact routing 

required. 
3. Conceal all conduits unless specifically indicated to be exposed. 
4. Conduits in the following areas may be exposed, unless otherwise indicated: 

a. Electrical rooms. 
b. Mechanical equipment rooms. 
c. Within joists in areas with no ceiling. 

5. Unless otherwise approved, do not route conduits exposed: 
a. Across floors. 
b. Across roofs. 
c. Across top of parapet walls. 
d. Across building exterior surfaces. 

6. Conduits installed underground or embedded in concrete may be routed in the shortest 
possible manner unless otherwise indicated. Route all other conduits parallel or 
perpendicular to building structure and surfaces, following surface contours where 
practical. 

7. Arrange conduit to maintain adequate headroom, clearances, and access. 
8. Arrange conduit to provide no more than the equivalent of four 90 degree bends between 

pull points. 
9. Arrange conduit to provide no more than 150 feet (46 m) between pull points. 
10. Route conduits above water and drain piping where possible. 
11. Arrange conduit to prevent moisture traps. Provide drain fittings at low points and at 

sealing fittings where moisture may collect. 
12. Maintain minimum clearance of 6 inches (150 mm) between conduits and piping for other 

systems. 
13. Maintain minimum clearance of 12 inches (300 mm) between conduits and hot surfaces. 

This includes, but is not limited to: 
a. Heaters. 
b. Hot water piping. 
c. Flues. 

14. Group parallel conduits in the same area together on a common rack. 

H. Conduit Support: 
1. Secure and support conduits in accordance with NFPA 70 and Section 26 05 29 using 

suitable supports and methods approved by the authority having jurisdiction. 
2. Provide independent support from building structure. Do not provide support from piping, 

ductwork, or other systems. 
3. Installation Above Suspended Ceilings:  Do not provide support from ceiling support 

system. Do not provide support from ceiling grid or allow conduits to lay on ceiling tiles. 
4. Use conduit strap to support single surface-mounted conduit. 

a. Use clamp back spacer with conduit strap for damp and wet locations to provide space 
between conduit and mounting surface. 
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 5. Use metal channel (strut) with accessory conduit clamps to support multiple parallel 

surface-mounted conduits. 
6. Use conduit clamp to support single conduit from beam clamp or threaded rod. 
7. Use trapeze hangers assembled from threaded rods and metal channel (strut) with 

accessory conduit clamps to support multiple parallel suspended conduits. 
8. Use of spring steel conduit clips for support of conduits is not permitted. 
9. Use of wire for support of conduits is not permitted. 
10. Where conduit support intervals specified in NFPA 70 and NECA standards differ, comply 

with the most stringent requirements. 

I. Connections and Terminations: 
1. Use approved zinc-rich paint or conduit joint compound on field-cut threads of galvanized 

steel conduits prior to making connections.  
2. Where two threaded conduits must be joined and neither can be rotated, use three-piece 

couplings or split couplings. Do not use running threads. 
3. Use suitable adapters where required to transition from one type of conduit to another. 
4. Provide drip loops for liquidtight flexible conduit connections to prevent drainage of liquid 

into connectors. 
5. Terminate threaded conduits in boxes and enclosures using threaded hubs or double lock 

nuts for dry locations and raintight hubs for wet locations. 
6. Where spare conduits stub up through concrete floors and are not terminated in a box or 

enclosure, provide threaded couplings equipped with threaded plugs set flush with finished 
floor. 

7. Provide insulating bushings or insulated throats at all conduit terminations to protect 
conductors. 

8. Secure joints and connections to provide maximum mechanical strength and electrical 
continuity. 

J. Penetrations: 
1. Do not penetrate or otherwise notch or cut structural members, including footings and 

grade beams, without approval of Structural Engineer. 
2. Make penetrations perpendicular to surfaces unless otherwise indicated. 
3. Provide sleeves for penetrations as indicated or as required to facilitate installation. Set 

sleeves flush with exposed surfaces unless otherwise indicated or required. 
4. Conceal bends for conduit risers emerging above ground. 
5. Seal interior of conduits entering the building from underground at first accessible point to 

prevent entry of moisture and gases. 
6. Provide suitable modular seal where conduits penetrate exterior wall below grade. 
7. Where conduits penetrate waterproof membrane, seal as required to maintain integrity of 

membrane. 
8. Make penetrations for roof-mounted equipment within associated equipment openings and 

curbs where possible to minimize roofing system penetrations. Where penetrations are 
necessary, seal as indicated or as required to preserve integrity of roofing system and 
maintain roof warranty. Include proposed locations of penetrations and methods for sealing 
with submittals. 

9. Provide metal escutcheon plates for conduit penetrations exposed to public view. 
10. Install firestopping to preserve fire resistance rating of partitions and other elements, using 

materials and methods specified in Section 07 84 00. 

K. Underground Installation: 
1. Provide trenching and backfilling in accordance with Sections 31 23 16 and 31 2323. 
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2. Minimum Cover, Unless Otherwise Indicated or Required: 
a. Underground, Exterior:  36 inches. 
b. Under Slab on Grade:  12 inches (300 mm) to bottom of slab. 

3. Provide underground warning tape in accordance with Section 26 05 53 along entire 
conduit length. 

L. Conduit Movement Provisions:  Where conduits are subject to movement, provide expansion 
and expansion/deflection fittings to prevent damage to enclosed conductors or connected 
equipment. This includes, but is not limited to: 
1. Where conduits cross structural joints intended for expansion, contraction, or deflection. 
2. Where conduits are subject to earth movement by settlement or frost. 

M. Condensation Prevention:  Where conduits cross barriers between areas of potential substantial 
temperature differential, provide sealing fitting or approved sealing compound at an accessible 
point near the penetration to prevent condensation. This includes, but is not limited to:  
1. Where conduits pass from outdoors into conditioned interior spaces. 
2. Where conduits pass from unconditioned interior spaces into conditioned interior spaces. 

N. Provide pull string in all empty conduits and in conduits where conductors and cables are to be 
installed by others. Leave minimum slack of 12 inches (300 mm) at each end. 

O. Provide grounding and bonding in accordance with Section 26 05 26. 

P. Identify conduits in accordance with Section 26 05 53. 

3.03 FIELD QUALITY CONTROL 

A. See Section 01 40 00 - Quality Requirements, for additional requirements. 

B. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by 
manufacturer. Replace components that exhibit signs of corrosion. 

C. Where coating of PVC-coated galvanized steel rigid metal conduit (RMC) contains cuts or 
abrasions, repair in accordance with manufacturer's instructions. 

D. Correct deficiencies and replace damaged or defective conduits. 

3.04 CLEANING 

A. Clean interior of conduits to remove moisture and foreign matter. 

3.05 PROTECTION 

A. Immediately after installation of conduit, use suitable manufactured plugs to provide protection 
from entry of moisture and foreign material and do not remove until ready for installation of 
conductors. 

B. Install conduit securely, in a neat and workmanlike manner, as specified in NECA 1. 

C. Install steel conduit as specified in NECA 101. 

D. Arrange supports to prevent misalignment during wiring installation. 

E. Support conduit using coated steel or malleable iron straps, lay-in adjustable hangers, clevis 
hangers, and split hangers. 

F. Group related conduits; support using conduit rack.  Construct rack using steel channel. 
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G. Fasten conduit supports to building structure and surfaces under provisions of Section 26 05 29. 

H. Do not support conduit with wire or perforated pipe straps.  Remove wire used for temporary 
supports. 

I. Do not attach conduit to ceiling support wires. 

J. Arrange conduit to maintain headroom and present neat appearance. 

K. Route conduit parallel and perpendicular to walls. 

L. Route conduit installed above accessible ceilings parallel and perpendicular to walls. 

M. Route conduit in and under slab from point-to-point. 

N. Maintain adequate clearance between conduit and piping. 

O. Maintain 12 inch (300 mm) clearance between conduit and surfaces with temperatures 
exceeding 104 degrees F (40 degrees C). 

P. Cut conduit square using saw or pipecutter; de-burr cut ends. 

Q. Bring conduit to shoulder of fittings; fasten securely. 

R. Use conduit hubs to fasten conduit to sheet metal boxes in damp and wet locations. 

S. Install no more than equivalent of three 90 degree bends between boxes.  Use conduit bodies to 
make sharp changes in direction, as around beams.  Use hydraulic one shot bender to fabricate 
bends in metal conduit larger than 2 inch (50 mm) size. 

T. Avoid moisture traps; provide junction box with drain fitting at low points in conduit system. 

U. Provide suitable fittings to accommodate expansion and deflection where conduit crosses 
seismic. 

V. Provide suitable pull string in each empty conduit except sleeves and nipples. 

W. Use suitable caps to protect installed conduit against entrance of dirt and moisture. 

X. Ground and bond conduit under provisions of Section 26 05 26. 

Y. Identify conduit under provisions of Section 26 05 53. 

3.06 INTERFACE WITH OTHER PRODUCTS 

A. Install conduit to preserve fire resistance rating of partitions and other elements, using materials 
and methods specified in Section 07 84 00. 

END OF SECTION 
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SECTION 26 05 35 
 

SURFACE RACEWAYS 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Surface raceway systems. 

1.02 RELATED REQUIREMENTS 

A. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

B. Section 26 05 29 - Hangers and Supports for Electrical Systems. 

C. Section 26 05 34 - Conduit. 

D. Section 26 05 37 - Boxes. 

E. Section 26 05 53 - Identification for Electrical Systems:  Identification products and 
requirements. 

F. Section 26 27 26 - Wiring Devices:  Receptacles. 

1.03 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association; 2010. 

B. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

C. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2008. 

D. UL 5 - Surface Metal Raceways and Fittings; Current Edition, Including All Revisions. 

E. UL 5A - Nonmetallic Surface Raceways and Fittings; Current Edition, Including All Revisions. 

F. UL 111 - Outline of Investigation for Multioutlet Assemblies; Current Edition, Including All 
Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination:   
1. Coordinate the placement of raceways with millwork, furniture, equipment, etc. installed 

under other sections or by others. 
2. Coordinate rough-in locations of outlet boxes provided under Section 26 05 37 and conduit 

provided under Section 26 05 34 as required for installation of raceways provided under 
this section. 

3. Verify minimum sizes of raceways with the actual conductors and components to be 
installed.  

4. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations 
from the contract documents. Obtain direction before proceeding with work. 

B. Sequencing: 
1. Do not install raceways until final surface finishes and painting are complete. 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

SURFACE RACEWAYS    26 05 35 -  2  

 
2. Do not begin installation of conductors and cables until installation of raceways is 

complete between outlet, junction and splicing points. 

1.05 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets including 
dimensions, knockout sizes and locations, materials, fabrication details, finishes, service 
condition requirements, and accessories. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions. 

PART 2  PRODUCTS 

2.01 RACEWAY REQUIREMENTS 

A. Provide all components, fittings, supports, and accessories required for a complete raceway 
system. 

B. Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL), Intertek 
(ETL), or testing firm acceptable to authority having jurisdiction as suitable for the purpose 
indicated. 

C. Do not use raceways for applications other than as permitted by NFPA 70 and product listing. 

2.02 SURFACE RACEWAY SYSTEMS 

A. Manufacturers: 
1. Hubbell Incorporated:  www.hubbell-wiring.com. 
2. MonoSystems, Inc:  www.monosystems.com. 
3. Wiremold, a brand of Legrand North America, Inc:  www.legrand.us. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Surface Metal Raceways:  Listed and labeled as complying with UL 5. 

C. Surface Nonmetallic Raceways:  Listed and labeled as complying with UL 5A. 

D. Multioutlet Assemblies:  Listed and labeled as complying with UL 111. 

E. Type _____ - Surface Raceway System: 
1. Raceway Type:  As indicated on the drawings__________. 
2. Length:  As indicated on the drawings. 
3. Accessory Device Boxes:  Suitable for the devices to be installed; color to match raceway. 
4. Integrated Device Provisions: 

a. Receptacles: 
1) Comply with Section 26 27 26, except for finishes. 
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2) Configuration:  As indicated on the drawings. 
3) Color:  Match raceway. 
4) Spacing:  As indicated on the drawings. 

b. Communications Outlets: 
1) Configuration:  As indicated on the drawings. 
2) Spacing:  As indicated on the drawings. 

2.03 SOURCE QUALITY CONTROL 

A. See Section 01 40 00 - Quality Requirements, for additional requirements. 

PART 3  EXECUTION 

3.01 INSTALLATION 

 A. Install products in accordance with manufacturer's instructions. 

B. Install raceways in a neat and workmanlike manner in accordance with NECA 1. 

C. Install raceways plumb and level. 

D. Secure and support raceways in accordance with Section 26 05 29 at intervals complying with 
NFPA 70 and manufacturer's requirements. 

E. Close unused raceway openings. 

F. Provide grounding and bonding in accordance with Section 26 05 26. 

G. Identify raceways in accordance with Section 26 05 53. 

3.02 FIELD QUALITY CONTROL 

A. See Section 01 40 00 - Quality Requirements, for additional requirements. 

B. Inspect raceways for damage and defects. 

C. Surface Raceway Systems with Integrated Devices:  Test each wiring device to verify operation 
and proper polarity. 

D. Correct wiring deficiencies and replace damaged or defective raceways. 

3.03 CLEANING 

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match 
original factory finish. 

3.04 PROTECTION 

A. Protect installed raceways from subsequent construction operations. 

END OF SECTION 
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SECTION 26 05 36 
 

CABLE TRAYS FOR ELECTRICAL SYSTEMS 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Cable trays and accessories. 

B. Firestopping within (not around) cable trays. 

1.02 RELATED REQUIREMENTS 

A. Section 07 84 00 - Firestopping:  Firestopping around cable trays. 

B. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

C. Section 26 05 29 - Hangers and Supports for Electrical Systems. 

1.03 REFERENCES 

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron 
and Steel Products; 2012. 

B. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process; 2011. 

C. NEMA VE 1 - Metallic Cable Tray Systems; National Electrical Manufacturers Association; 
2009. 

D. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

1.04 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide data for fittings and accessories. 

C. Shop Drawings:  Indicate tray type, dimensions, support points, and finishes. 

D. Project Record Documents:  Record actual routing of cable tray and locations of supports. 

1.05 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience, and with service facilities within 
100 miles (160 km) of Project. 

C. Products:  Listed and classified by Underwriters Laboratories Inc., as suitable for the purpose 
specified and indicated. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. Schneider Electric; Square D Products; Model ______:  www.schneider-electric.us. 

B. Thomas & Betts Corporation; Model ______:  www.tnb.com. 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

CABLE TRAYS FOR ELECTRICAL SYSTEMS    26 05 36 -  2  

C. Wiremold Company; Model ______:  www.wiremold.com. 

D. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.02 LADDER-TYPE CABLE TRAY 

A. Description:  NEMA VE 1, Class 20C ladder type tray. 

B. Material:  Formed sheet steel, hot-dip galvanized after fabrication in accordance with ASTM 
A123/A123M, painted with gray epoxy. 

C. Inside Width:  As indicated. 

D. Inside Depth:  As indicated. 

E. Straight Section Rung Spacing:  12 inches (305 mm) on center. 

F. Inside Radius of Fittings:  12 inches (305 mm). 

G. Provide manufacturer's standard clamps, hangers, brackets, splice plates, reducer plates, blind 
ends, barrier strips, connectors, and grounding straps. 

H. Covers:  Flanged, ventilated, flush cover. 

2.03 WARNING SIGNS 

A. Engraved Nameplates:  1/2 inch (13 mm) black letters on yellow laminated plastic nameplate, 
engraved with the following wording:  "WARNING! DO NOT USE CABLE TRAY AS 
WALKWAY, LADDER, OR SUPPORT.  USE ONLY AS MECHANICAL SUPPORT FOR 
CABLES AND TUBING!" 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install metallic cable tray in accordance with NEMA VE 1. 

B. Support trays in accordance with Section 26 05 29.  Provide supports at each connection point, 
at the end of each run, and at other points to maintain spacing between supports of ____ ft (____ 
mm) maximum. 

C. Use expansion connectors where required. 

D. Provide firestopping under provisions of Section 07 84 00 to sustain ratings when passing cable 
tray through fire-rated elements. 

E. Ground and bond cable tray under provisions of Section 26 05 26. 
1. Provide continuity between tray components. 
2. Provide 2 AWG bare copper equipment grounding conductor through entire length of tray; 

bond to each component. 
3. Connections to tray may be made using mechanical or exothermic connectors. 

F. Install warning signs at 50 feet (1500 mm) centers along cable tray, located to be visible. 

END OF SECTION 
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SECTION 26 05 37 
 

BOXES 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Outlet and device boxes up to 100 cubic inches (1,650 cu cm), including those used as junction 
and pull boxes. 

B. Cabinets and enclosures, including junction and pull boxes larger than 100 cubic inches (1,650 
cu cm). 

C. Wall and ceiling outlet boxes. 

D. Pull and junction boxes. 

1.02 RELATED REQUIREMENTS 

A. Section 07 84 00 - Firestopping. 

B. Section 08 31 00 - Access Doors and Panels:  Panels for maintaining access to concealed 
boxes. 

C. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

D. Section 26 05 29 - Hangers and Supports for Electrical Systems. 

E. Section 26 05 34 - Conduit: 
1. Conduit bodies and other fittings. 
2. Additional requirements for locating boxes to limit conduit length and/or number of bends 

between pulling points. 

F. Section 26 05 35 - Surface Raceways: 
1. Accessory boxes designed specifically for surface raceway systems. 

G. Section 26 05 53 - Identification for Electrical Systems:  Identification products and 
requirements. 

H. Section 26 27 26 - Wiring Devices: 
1. Wall plates. 

I. Section 26 27 26 - Wiring Devices:  Wall plates in finished areas. 

1.03 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association; 2010. 

B. NECA 130 - Standard for Installing and Maintaining Wiring Devices; National Electrical 
Contractors Association; 2010. 

C. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic 
Tubing, and Cable; National Electrical Manufacturers Association; 2012 (ANSI/NEMA FB 1). 

D. NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports; National 
Electrical Manufacturers Association; 2008 (Revised 2010) (ANSI/NEMA OS 1). 
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E. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); National Electrical 

Manufacturers Association; 2008. 

F. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

G. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current 
Edition, Including All Revisions. 

H. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition, 
Including All Revisions. 

I. UL 514A - Metallic Outlet Boxes; Current Edition, Including All Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination:   
1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment, 

or other potential obstructions within the dedicated equipment spaces and working 
clearances for electrical equipment required by NFPA 70. 

2. Coordinate arrangement of electrical equipment with the dimensions and clearance 
requirements of the actual equipment to be installed. 

3. Coordinate minimum sizes of boxes with the actual installed arrangement of conductors, 
clamps, support fittings, and devices, calculated according to NFPA 70. 

4. Coordinate minimum sizes of pull boxes with the actual installed arrangement of connected 
conduits, calculated according to NFPA 70. 

5. Coordinate the placement of boxes with millwork, furniture, devices, equipment, etc. 
installed under other sections or by others. 

6. Coordinate the work with other trades to preserve insulation integrity. 
7. Coordinate the work with other trades to provide walls suitable for installation of 

flush-mounted boxes where indicated. 
8. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations 

from the contract documents. Obtain direction before proceeding with work. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for outlet and 
device boxes and junction and pull boxes. 

C. Project Record Documents:  Record actual locations for outlet and device boxes, junction 
boxes, and pull boxes. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions. 

B. Products:  Provide products listed and classified by Underwriters Laboratories Inc., as suitable 
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for the purpose specified and indicated. 

PART 2  PRODUCTS 

2.01 BOXES 

A. General Requirements: 
1. Do not use boxes and associated accessories for applications other than as permitted by 

NFPA 70 and product listing. 
2. Provide all boxes, fittings, supports, and accessories required for a complete raceway 

system and to accommodate devices and equipment to be installed. 
3. Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL) or 

testing firm acceptable to authority having jurisdiction as suitable for the purpose 
indicated. 

4. Where box size is not indicated, size to comply with NFPA 70 but not less than applicable 
minimum size requirements specified. 

5. Provide grounding terminals within boxes where equipment grounding conductors 
terminate. 

B. Outlet and Device Boxes Up to 100 cubic inches (1,650 cu cm), Including Those Used as 
Junction and Pull Boxes: 
1. Use sheet-steel boxes for dry locations unless otherwise indicated or required. 
2. Use cast iron boxes or cast aluminum boxes for damp or wet locations unless otherwise 

indicated or required; furnish with compatible weatherproof gasketed covers. 
3. Use cast iron boxes or cast aluminum boxes where exposed galvanized steel rigid metal 

conduit is used. 
4. Use cast aluminum boxes where aluminum rigid metal conduit is used. 
5. Use suitable concrete type boxes where flush-mounted in concrete. 
6. Use suitable masonry type boxes where flush-mounted in masonry walls. 
7. Use raised covers suitable for the type of wall construction and device configuration where 

required. 
8. Use shallow boxes where required by the type of wall construction. 
9. Do not use "through-wall" boxes designed for access from both sides of wall. 
10. Sheet-Steel Boxes:  Comply with NEMA OS 1, and list and label as complying with UL 

514A. 
11. Cast Metal Boxes:  Comply with NEMA FB 1, and list and label as complying with UL 

514A; furnish with threaded hubs. 
12. Boxes for Supporting Luminaires and Ceiling Fans:  Listed as suitable for the type and 

weight of load to be supported; furnished with fixture stud to accommodate mounting of 
luminaire where required. 

13. Boxes for Ganged Devices:  Use multigang boxes of single-piece construction. Do not use 
field-connected gangable boxes. 

14. Minimum Box Size, Unless Otherwise Indicated: 
a. Wiring Devices (Other Than Communications Systems Outlets):  4 inch square by 

2-1/8 inch deep (100 by 54 mm) trade size. 
b. Communications Systems Outlets:  4 inch square by 2-1/8 inch (100 by 54 mm) trade 

size. 
c. Ceiling Outlets:  4 inch octagonal or square by 2-1/8 inch deep (100 by 54 mm) trade 

size. 
15. Wall Plates:  Comply with Section 26 27 26. 
16. Manufacturers: 

a. Cooper Crouse-Hinds, a division of Cooper Industries:  www.cooperindustries.com. 
b. Hubbell Incorporated; Bell Products:  www.hubbell-bell.com. 
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c. Hubbell Incorporated; RACO Products:  www.hubbell-raco.com. 
d. O-Z/Gedney, a brand of Emerson Industrial Automation:  

www.emersonindustrial.com. 
e. Thomas & Betts Corporation:  www.tnb.com. 
f. Steel City. 
g. Substitutions:  See Section 01 60 00 - Product Requirements. 

C. Cabinets and Enclosures, Including Junction and Pull Boxes Larger Than 100 cubic inches 
(1,650 cu cm): 
1. Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E, or UL 

508A. 
2. NEMA 250 Environment Type, Unless Otherwise Indicated: 

a. Indoor Clean, Dry Locations:  Type 1, painted steel. 
b. Outdoor Locations:  Type 3R, painted steel. 

3. Junction and Pull Boxes Larger Than 100 cubic inches (1,650 cu cm): 
a. Provide screw-cover or hinged-cover enclosures unless otherwise indicated. 

4. Finish for Painted Steel Enclosures:  Manufacturer's standard grey unless otherwise 
indicated. 

5. Manufacturers: 
a. Cooper B-Line, a division of Cooper Industries:  www.cooperindustries.com. 
b. Hoffman, a brand of Pentair Technical Products:  www.hoffmanonline.com. 
c. Hubbell Incorporated; Wiegmann Products:  www.hubbell-wiegmann.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.02 OUTLET BOXES 

A. Sheet Metal Outlet Boxes:  NEMA OS 1, galvanized steel. 
1. Luminaire and Equipment Supporting Boxes:  Rated for weight of equipment supported; 

include 1/2 inch (13 mm) male fixture studs where required. 

B. Cast Boxes:  NEMA FB 1, Type FD, cast feralloy.  Provide gasketed cover by box 
manufacturer.  Provide threaded hubs. 

C. Wall Plates for Finished Areas:  As specified in Section 26 27 26. 

2.03 PULL AND JUNCTION BOXES 

A. Sheet Metal Boxes:  NEMA OS 1, galvanized steel. 

B. Hinged Enclosures:  As specified in Section 26 27 16. 

C. Surface Mounted Cast Metal Box:  NEMA 250, Type 4; flat-flanged, surface mounted junction 
box: 
1. Material:  Galvanized cast iron. 
2. Cover:  Furnish with ground flange, neoprene gasket, and stainless steel cover screws. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that field measurements are as shown on drawings. 

B. Verify that mounting surfaces are ready to receive boxes.  

C. Verify that conditions are satisfactory for installation prior to starting work. 

D. Verify locations of floor boxes and outlets in offices and work areas prior to rough-in. 
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3.02 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Perform work in a neat and workmanlike manner in accordance with NECA 1 and, where 
applicable, NECA 130, including mounting heights specified in those standards where mounting 
heights are not indicated.  

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's 
instructions and NFPA 70. 

D. Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems. 

E. Flush-mount boxes in finished areas unless specifically indicated to be surface-mounted. 

F. Unless otherwise indicated, boxes may be surface-mounted where exposed conduits are 
indicated or permitted. 

G. Box Locations: 
1. Locate boxes to be accessible. Provide access panels in accordance with Section 08 31 00 

as required where approved by the Architect. 
2. Unless dimensioned, box locations indicated are approximate. 
3. Locate boxes so that wall plates do not span different building finishes. 
4. Locate boxes so that wall plates do not cross masonry joints. 
5. Unless otherwise indicated, where multiple outlet boxes are installed at the same location 

at different mounting heights, install along a common vertical center line. 
6. Do not install flush-mounted boxes on opposite sides of walls back-to-back. Provide 

minimum 6 inches (150 mm) horizontal separation unless otherwise indicated. 
7. Acoustic-Rated Walls:  Do not install flush-mounted boxes on opposite sides of walls 

back-to-back; provide minimum 24 inches (610 mm) horizontal separation. 
8. Fire-Resistance-Rated Walls:  Install flush-mounted boxes such that the required 

fire-resistance will not be reduced. 
a. Do not install flush-mounted boxes on opposite sides of walls back-to-back; provide 

minimum 24 inches (610 mm) separation where wall is constructed with individual 
noncommunicating stud cavities or protect both boxes with listed putty pads. 

b. Do not install flush-mounted boxes with area larger than 16 square inches (0.0103 sq 
m) or such that the total aggregate area of openings exceeds 100 square inches (0.0645 
sq m) for any 100 square feet (9.29 sq m) of wall area. 

9. Locate junction and pull boxes as indicated, as required to facilitate installation of 
conductors, and to limit conduit length and/or number of bends between pulling points in 
accordance with Section 26 05 34. 

10. Locate junction and pull boxes in the following areas, unless otherwise indicated or 
approved by the Architect: 
a. Concealed above accessible suspended ceilings. 
b. Within joists in areas with no ceiling. 
c. Electrical rooms. 
d. Mechanical equipment rooms. 

H. Box Supports: 
1. Secure and support boxes in accordance with NFPA 70 and Section 26 05 29 using suitable 

supports and methods approved by the authority having jurisdiction. 
2. Provide independent support from building structure except for cast metal boxes (other 

than boxes used for fixture support) supported by threaded conduit connections in 
accordance with NFPA 70. Do not provide support from piping, ductwork, or other 
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systems. 
3. Installation Above Suspended Ceilings:  Do not provide support from ceiling grid or 

ceiling support system. 
4. Use far-side support to secure flush-mounted boxes supported from single stud in hollow 

stud walls. Repair or replace supports for boxes that permit excessive movement. 

I. Install boxes plumb and level. 

J. Flush-Mounted Boxes: 
1. Install boxes in noncombustible materials such as concrete, tile, gypsum, plaster, etc. so 

that front edge of box or associated raised cover is not set back from finished surface more 
than 1/4 inch (6 mm) or does not project beyond finished surface. 

2. Install boxes in combustible materials such as wood so that front edge of box or associated 
raised cover is flush with finished surface. 

3. Repair rough openings around boxes in noncombustible materials such as concrete, tile, 
gypsum, plaster, etc. so that there are no gaps or open spaces greater than 1/8 inch (3 mm) 
at the edge of the box. 

K. Install boxes as required to preserve insulation integrity. 

L. Install permanent barrier between ganged wiring devices when voltage between adjacent 
devices exceeds 300 V. 

M. Install firestopping to preserve fire resistance rating of partitions and other elements, using 
materials and methods specified. 

N. Close unused box openings. 

O. Install blank wall plates on junction boxes and on outlet boxes with no devices or equipment 
installed or designated for future use. 

P. Provide grounding and bonding in accordance with Section 26 05 26. 

Q. Identify boxes in accordance with Section 26 05 53. 

R. Install boxes securely, in a neat and workmanlike manner, as specified in NECA 1. 

S. Install in locations as shown on Drawings, and as required for splices, taps, wire pulling, 
equipment connections, and as required by NFPA 70. 

T. Coordinate installation of outlet boxes for equipment connected under Section 26 27 17. 

U. Set wall mounted boxes at elevations to accommodate mounting heights indicated. 

V. Electrical boxes are shown on Drawings in approximate locations unless dimensioned. 
1. Adjust box locations up to 10 feet (3 m) if required to accommodate intended purpose. 

W. Orient boxes to accommodate wiring devices oriented as specified in Section 26 27 26. 

X. Maintain headroom and present neat mechanical appearance. 

Y. Install pull boxes and junction boxes above accessible ceilings and in unfinished areas only. 

Z. Inaccessible Ceiling Areas:  Install outlet and junction boxes no more than 6 inches (150 mm) 
from ceiling access panel or from removable recessed luminaire. 

AA. Install boxes to preserve fire resistance rating of partitions and other elements, using materials 
and methods specified in Section 07 84 00. 

AB. Coordinate mounting heights and locations of outlets mounted above counters, benches, and 
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backsplashes. 

AC. Locate outlet boxes to allow luminaires to be positioned as shown on reflected ceiling plan. 

AD. Align adjacent wall mounted outlet boxes for switches, thermostats, and similar devices. 

AE. Use flush mounting outlet box in finished areas. 

AF. Locate flush mounting box in masonry wall to require cutting of masonry unit corner only.  
Coordinate masonry cutting to achieve neat opening. 

AG. Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems. 

AH. Locate outlet boxes so that wall plates do not cross masonry joints. 

AI. Do not install flush mounting box back-to-back in walls; provide minimum 6 inches (150 mm) 
separation. 
1. Provide minimum 24 inches (600 mm) separation in acoustic rated walls. 
2. Provide minimum 24 inches (600 mm) separation in fire rated walls. 

AJ. Do not install flush mounting box back-to-back in walls; provide minimum 6 inches (150 mm) 
separation.  Provide minimum 24 inches (600 mm) separation in acoustic rated walls. 

AK. Secure flush mounting box to interior wall and partition studs.  Accurately position to allow for 
surface finish thickness. 

AL. Do not fasten boxes to ceiling support wires. 

AM. Support boxes independently of conduit, except cast box that is connected to two rigid metal 
conduits both supported within 12 inches (305 mm) of box. 

AN. Use gang box where more than one device is mounted together.  Do not use sectional box. 

AO. Use gang box with plaster ring for single device outlets. 

AP. Use cast outlet box in exterior locations exposed to the weather and wet locations. 

3.03 ADJUSTING 

A. Adjust floor boxes flush with finish flooring material. 

B. Adjust flush-mounting outlets to make front flush with finished wall material. 

C. Install knockout closures in unused box openings. 

3.04 CLEANING 

A. Clean interior of boxes to remove dirt, debris, plaster and other foreign material. 

3.05 PROTECTION 

A. Immediately after installation, protect boxes from entry of moisture and foreign material until 
ready for installation of conductors. 

B. Clean exposed surfaces and restore finish. 

 END OF SECTION 
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SECTION 26 05 53 
 

IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Electrical identification requirements. 

B. Large Device Identification. 

C. Nameplates and Labels. 

D. Wire and cable markers. 

E. Voltage markers. 

F. Underground warning tape. 

G. Floor marking tape. 

H. Warning signs and labels. 

1.02 RELATED REQUIREMENTS 

A. Section 26 05 19 - Low-Voltage Electrical Power Conductors and Cables:  Color coding for 
power conductors and cables 600 V and less; vinyl color coding electrical tape. 

B. Section 26 27 26 - Wiring Devices:  Device and wallplate finishes; factory pre-marked 
wallplates. 

1.03 REFERENCE STANDARDS 

A. ANSI Z535.2 - American National Standard for Environmental and Facility Safety Signs; 2007. 

B. ANSI Z535.4 - American National Standard for Product Safety Signs and Labels; 2007. 

C. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

D. NFPA 70E - Standard for Electrical Safety in the Workplace; 2012. 

E. UL 969 - Marking and Labeling Systems; Current Edition, Including All Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination:   
1. Verify final designations for equipment, systems, and components to be identified prior to 

fabrication of identification products.  

B. Sequencing: 
1. Do not conceal items to be identified, in locations such as above suspended ceilings, until 

identification products have been installed. 
2. Do not install identification products until final surface finishes and painting are complete. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for each product. 
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C. Shop Drawings:  Provide schedule of items to be identified indicating proposed designations, 
materials, legends, and formats. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

1.07 FIELD CONDITIONS 

A. Do not install adhesive products when ambient temperature is lower than recommended by 
manufacturer. 

PART 2  PRODUCTS 

2.01 IDENTIFICATION REQUIREMENTS 

A. Identification for Equipment: 
1. Use identification nameplate to identify each piece of electrical distribution and control 

equipment and associated sections, compartments, and components. 
a. Panelboards: 

1) Identify ampere rating. 
2) Identify voltage and phase. 
3) Identify power source and circuit number. Include location when not within sight 

of equipment. 
4) Identify main overcurrent protective device. Use identification label for 

panelboards with a door. For power distribution panelboards without a door, use 
identification nameplate. 

5) Use typewritten circuit directory to identify load(s) served for panelboards with a 
door. Identify spares and spaces. 

6) For power panelboards without a door, use identification nameplate to identify 
load(s) served for each branch device. Identify spares and spaces. 

b. Enclosed switches, circuit breakers, and motor controllers: 
1) Identify voltage and phase. 
2) Identify power source and circuit number. Include location when not within sight 

of equipment. 
3) Identify load(s) served. Include location when not within sight of equipment. 

c. Time Switches: 
1) Identify load(s) served and associated circuits controlled. Include location. 

2. Service Equipment: 
a. Use identification nameplate to identify each service disconnecting means. 
b. Use identification nameplate at each piece of service equipment to identify the 

available fault current and the date calculations were performed. 
3. Use identification nameplate to identify equipment utilizing series ratings, where 

permitted, in accordance with NFPA 70. 
4. Use identification nameplate to identify disconnect location for equipment with remote 

disconnecting means. 
5. Use identification label to identify overcurrent protective devices for branch circuits 

serving fire alarm circuits. Identify with text "FIRE ALARM CIRCUIT". 
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6. Arc Flash Hazard Warning Labels:  Use warning labels to identify arc flash hazards for 

electrical equipment, such as switchboards, panelboards, industrial control panels, meter 
socket enclosures, and motor control centers that are likely to require examination, 
adjustment, servicing, or maintenance while energized. 
a. Minimum Size:  3.5 by 5 inches (89 mm by 127 mm). 
b. Legend:  Include orange header that reads "WARNING", followed by the word 

message "Arc Flash and Shock Hazard; Appropriate PPE Required; Do not operate 
controls or open covers without appropriate personal protection equipment; Failure to 
comply may result in injury or death; Refer to NFPA 70E for minimum PPE 
requirements" or approved equivalent. 

7. Use warning signs to identify electrical hazards for entrances to all rooms and other 
guarded locations that contain exposed live parts operating at 600 V nominal or less with 
the word message "DANGER; Electrical hazard; Authorized personnel only" or approved 
equivalent. 

B. Identification for Conductors and Cables: 
1. Color Coding for Power Conductors 600 V and Less:  Comply with Section 26 05 19. 
2. Use wire and cable markers to identify circuit number or other designation indicated for 

power, control, and instrumentation conductors and cables at the following locations: 
a. At each source and load connection. 
b. Within boxes when more than one circuit is present. 
c. Within equipment enclosures when conductors and cables enter or leave the 

enclosure. 
3. Use wire and cable markers to identify connected grounding electrode system components 

for grounding electrode conductors.  

C. Identification for Raceways: 
1. Use voltage markers or color-coded bands to identify systems other than normal power 

system for accessible conduits at maximum intervals of 20 feet (6.1 m). 
a. Color-Coded Bands:  Use field-painting or vinyl color coding electrical tape to mark 

bands 3 inches (76 mm) wide. 
1) Color Code: 

(a) Fire Alarm System:  Red. 
2) Vinyl Color Coding Electrical Tape:  Comply with Section 26 05 19. 

2. Use identification labels or plastic marker tags to identify circuits enclosed for accessible 
conduits at wall penetrations, at floor penetrations, at roof penetrations, and at equipment 
terminations when source is not within sight. 

3. Use identification labels or plastic marker tags to identify spare conduits at each end. 
Identify purpose and termination location. 

4. Use underground warning tape to identify underground raceways. 

D. Identification for Boxes: 
1. Use voltage markers or color coded boxes to identify systems other than normal power 

system. 
a. Color-Coded Boxes:  Field-painted with the same color code used for raceways. 

1) Fire Alarm System:  Red. 
2. Use identification labels to identify circuits enclosed. 

E. Identification for Devices: 
1. Wiring Device and Wallplate Finishes:  Comply with Section 26 27 26. 
2. Factory Pre-Marked Wallplates:  Comply with Section 26 27 26. 
3. Use identification label to identify fire alarm system devices. 
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a. For devices concealed above suspended ceilings, provide additional identification on 
ceiling tile below device location. 

4. Use identification label to identify serving branch circuit for all receptacles. 
5. Use identification label or engraved wallplate to identify load controlled for wall-mounted 

control devices controlling loads that are not visible from the control location and for 
multiple wall-mounted control devices installed at one location. 

2.02 MANUFACTURERS 

A. Brady Corporation:  www.bradycorp.com. 

B. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.03 LARGE DEVICE IDENTIFICATION 

A. Identify all disconnect switches, pull boxes, junction boxes (larger than 4" X 4") in unfinished 
areas with Brady voltage markers, catalog #B-498, series #44xxx (xxx indicates last 3 numbers 
of model number which vary based on voltage, size, etc. Contractor shall coordinate this 
information prior to ordering).  Sizes for each label shall be as large as possible, style "A", "B" 
or "C" as the device permits. 

B. Identify all disconnect switches, pull boxes, junction boxes (larger than 4" X 4") finished with 
black engraved lamicoid self-adhesive labels, 1" X 4".  The label shall state the power feed, 
circuit or section number, and the equipment identification number that the large device serves. 

2.04 IDENTIFICATION NAMEPLATES AND LABELS 

A. Identification Nameplates: 
1. Manufacturers: 

a. Brimar Industries, Inc:  www.brimar.com. 
b. Kolbi Pipe Marker Co:  www.kolbipipemarkers.com. 
c. Seton Identification Products:  www.seton.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 

2. Materials: 
a. Indoor Clean, Dry Locations:  Use plastic nameplates. 
b. Outdoor Locations:  Use plastic, stainless steel, or aluminum nameplates suitable for 

exterior use. 
3. Plastic Nameplates:  Two-layer or three-layer laminated acrylic or electrically 

non-conductive phenolic with beveled edges; minimum thickness of 1/16 inch (1.6 mm); 
engraved text. 
a. Exception:  Provide minimum thickness of 1/8 inch (3 mm) when any dimension is 

greater than 4 inches (100 mm). 
4. Stainless Steel Nameplates:  Minimum thickness of 1/32 inch (0.8 mm); engraved or 

laser-etched text. 
5. Aluminum Nameplates:  Anodized; minimum thickness of 1/32 inch (0.8 mm); engraved 

or laser-etched text. 
6. Mounting Holes for Mechanical Fasteners:  Two, centered on sides for sizes up to 1 inch 

(25 mm) high; Four, located at corners for larger sizes. 

B. Identification Labels: 
1. Manufacturers: 

a. Brady Corporation:  www.bradyid.com. 
b. Brother International Corporation:  www.brother-usa.com. 
c. Panduit Corp:  www.panduit.com. 
d. Substitutions:  See Section 01 60 00 - Product Requirements. 
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2. Materials:  Use self-adhesive laminated plastic labels; UV, chemical, water, heat, and 
abrasion resistant. 
a. Use only for indoor locations. 

3. Text:  Use factory pre-printed or machine-printed text. Do not use handwritten text unless 
otherwise indicated. 

C. Format for Equipment Identification: 
1. Minimum Size:  1 inch (25 mm) by 2.5 inches (64 mm). 
2. Legend: 

a. System designation where applicable: 
1) Fire Alarm System:  Identify with text "FIRE ALARM". 

b. Equipment designation or other approved description. 
3. Text: All capitalized unless otherwise indicated. 
4. Minimum Text Height: 

a. System Designation:  1 inch (25 mm). 
b. Equipment Designation:  1/2 inch (13 mm). 
c. Other Information:  1/4 inch (6 mm). 
d. Exception:  Provide minimum text height of 1 inch (25 mm) for equipment located 

more than 10 feet (3.0 m) above floor or working platform. 
5. Color: 

a. Normal Power System:  White text on black background. 
b. Fire Alarm System:  White text on red background. 

D. Format for General Information and Operating Instructions: 
1. Minimum Size:  1 inch (25 mm) by 2.5 inches (64 mm). 
2. Legend:  Include information or instructions indicated or as required for proper and safe 

operation and maintenance. 
3. Text: All capitalized unless otherwise indicated. 
4. Minimum Text Height:  1/4 inch (6 mm). 
5. Color:  Black text on white background unless otherwise indicated. 

a. Exceptions: 
1) Provide white text on red background for general information or operational 

instructions for fire alarm systems. 

E. Format for Caution and Warning Messages: 
1. Minimum Size:  2 inches (51 mm) by 4 inches (100 mm). 
2. Legend:  Include information or instructions indicated or as required for proper and safe 

operation and maintenance. 
3. Text: All capitalized unless otherwise indicated. 
4. Minimum Text Height:  1/2 inch (13 mm). 
5. Color:  Black text on yellow background unless otherwise indicated. 

F. Format for Receptacle Identification: 
1. Minimum Size:  3/8 inch (10 mm) by 1.5 inches (38 mm). 
2. Legend:  Power source and circuit number or other designation indicated. 
3. Text: All capitalized unless otherwise indicated. 
4. Minimum Text Height:  3/16 inch (5 mm). 
5. Color:  Black text on clear background. 

G. Format for Control Device Identification: 
1. Minimum Size:  3/8 inch (10 mm) by 1.5 inches (38 mm). 
2. Legend:  Load controlled or other designation indicated. 
3. Text: All capitalized unless otherwise indicated. 
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4. Minimum Text Height:  3/16 inch (5 mm). 
5. Color:  Black text on clear background. 

H. Format for Fire Alarm Device Identification: 
1. Minimum Size:  3/8 inch (10 mm) by 1.5 inches (38 mm). 
2. Legend:  Designation indicated and device zone or address. 
3. Text: All capitalized unless otherwise indicated. 
4. Minimum Text Height:  3/16 inch (5 mm). 
5. Color:  Red text on white background. 

I. Nameplates:  Engraved three-layer laminated plastic, black letters on white background, 2" by 
6" in size 

J. Locations: 
1. Each electrical distribution and control equipment enclosure. 
2. Disconnect Switches 
3. Panelboards. 

K. Letter Size: 
1. Use 1/8 inch (3 mm) letters for identifying individual equipment and loads. 

L. Labels:  Embossed adhesive tape, with 3/16 inch (5 mm) white letters on black background.  
Use only for identification of individual wall switches and receptacles, and control device 
stations. 

2.05 WIRE AND CABLE MARKERS 

A. Manufacturers: 
1. Brady Corporation:  www.bradyid.com. 
2. HellermannTyton:  www.hellermanntyton.com. 
3. Panduit Corp:  www.panduit.com. 
4. Brady, Bradysleeve, Catalog #B-320 PVC. 
5. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Markers for Conductors and Cables:  Use wrap-around self-adhesive vinyl cloth, wrap-around 
self-adhesive vinyl self-laminating, heat-shrink sleeve, plastic sleeve, plastic clip-on, or vinyl 
split sleeve type markers suitable for the conductor or cable to be identified. 

C. Markers for Conductor and Cable Bundles:  Use plastic marker tags secured by nylon cable 
ties. 

D. Legend:  Power source and circuit number or other designation indicated. 

E. Text:  Use factory pre-printed or machine-printed text, all capitalized unless otherwise 
indicated. 
1. Do not use handwritten text. 

F. Minimum Text Height:  1/8 inch (3 mm). 

G. Color:  Black text on white background unless otherwise indicated. 

H. Description:  Vinyl cloth type self-adhesive wire markers. 
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I. Locations:  Each conductor at pull boxes, junction boxes, and Termination or connection points 

including each load connection. 

J. Legend: 
1. Power and Lighting Circuits:  Branch circuit or feeder number indicated on drawings. 

2.06 VOLTAGE MARKERS 

A. Manufacturers: 
1. Brady Corporation:  www.bradyid.com. 
2. Brimar Industries, Inc:  www.brimar.com. 
3. Seton Identification Products:  www.seton.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Markers for Boxes and Equipment Enclosures:  Use factory pre-printed self-adhesive vinyl or 
self-adhesive vinyl cloth type markers. 

C. Minimum Size: 
1. Markers for Equipment:  1 1/8 by 4 1/2 inches (29 by 110 mm). 
2. Markers for Pull Boxes:  1 1/8 by 4 1/2 inches (29 by 110 mm). 
3. Markers for Junction Boxes:  1/2 by 2 1/4 inches (13 by 57 mm). 

D. Legend: 
1. Markers for System Identification: 

a. Other Systems:  Type of service. 

E. Color:  Black text on orange background unless otherwise indicated. 

2.07 UNDERGROUND WARNING TAPE 

A. Manufacturers: 
1. Brady Corporation:  www.bradyid.com. 
2. Brimar Industries, Inc:  www.brimar.com. 
3. Seton Identification Products:  www.seton.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Materials:  Use foil-backed detectable type polyethylene tape suitable for direct burial, unless 
otherwise indicated. 

C. Foil-backed Detectable Type Tape:  3 inches (76 mm) wide, with minimum thickness of 5 mil 
(0.1 mm), unless otherwise required for proper detection. 

D. Legend:  Type of service, continuously repeated over full length of tape. 

E. Color: 
1. Tape for Buried Power Lines:  Black text on red background. 
2. Tape for Buried Communication, Alarm, and Signal Lines:  Black text on orange 

background. 

2.08 FLOOR MARKING TAPE 

2.09 WARNING SIGNS AND LABELS 

A. Manufacturers: 
1. Brimar Industries, Inc:  www.brimar.com. 
2. Clarion Safety Systems, LLC:  www.clarionsafety.com. 
3. Seton Identification Products:  www.seton.com. 
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4. Substitutions:  See Section 01 60 00 - Product Requirements. 

B. Comply with ANSI Z535.2 or ANSI Z535.4 as applicable. 

C. Warning Signs: 
1. Materials: 

a. Indoor Dry, Clean Locations:  Use factory pre-printed rigid plastic or self-adhesive 
vinyl signs. 

b. Outdoor Locations:  Use factory pre-printed rigid aluminum signs. 
2. Rigid Signs:  Provide four mounting holes at corners for mechanical fasteners. 
3. Minimum Size:  7 by 10 inches (178 by 254 mm) unless otherwise indicated. 

D. Warning Labels: 
1. Materials:  Use factory pre-printed or machine-printed self-adhesive polyester, or 

self-adhesive vinyl labels; UV, chemical, water, heat, and abrasion resistant; produced 
using materials recognized to UL 969. 
a. Do not use labels designed to be completed using handwritten text. 

2. Machine-Printed Labels:  Use thermal transfer process printing machines and accessories 
recommended by label manufacturer.  

3. Minimum Size:  2 by 4 inches (51 mm by 102 mm) unless otherwise indicated. 

PART 3  EXECUTION 

3.01 PREPARATION 

A. Clean surfaces to receive adhesive products according to manufacturer's instructions. 

B. Degrease and clean surfaces to receive nameplates and labels. 

3.02 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Install identification products to be plainly visible for examination, adjustment, servicing, and 
maintenance. Unless otherwise indicated, locate products as follows: 
1. Surface-Mounted Equipment:  Enclosure front. 
2. Flush-Mounted Equipment:  Inside of equipment door. 
3. Free-Standing Equipment:  Enclosure front; also enclosure rear for equipment with rear 

access. 
4. Elevated Equipment:  Legible from the floor or working platform. 
5. Branch Devices:  Adjacent to device. 
6. Interior Components:  Legible from the point of access. 
7. Conduits:  Legible from the floor. 
8. Boxes:  Outside face of cover. 
9. Conductors and Cables:  Legible from the point of access. 
10. Devices:  Outside face of cover.  

C. Install identification products centered, level, and parallel with lines of item being identified. 

D. Secure nameplates to exterior surfaces of enclosures using stainless steel screws and to interior 
surfaces using self-adhesive backing, or epoxy cement. 

E. Install self-adhesive labels and markers to achieve maximum adhesion, with no bubbles or 
wrinkles and edges properly sealed. 

F. Install underground warning tape above buried lines with one tape per trench at 3 inches (75 
mm) below finished grade. 
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G. Secure rigid signs using stainless steel screws. 
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3.03 FIELD QUALITY CONTROL 

A. See Section 01 40 00 - Quality Requirements, for additional requirements. 

B. Replace self-adhesive labels and markers that exhibit bubbles, wrinkles, curling or other signs 
of improper adhesion. 

END OF SECTION 
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SECTION 26 09 23 
 

LIGHTING CONTROL DEVICES 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Occupancy sensors. 

1.02 RELATED REQUIREMENTS 

A. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

B. Section 26 05 37 - Boxes. 

C. Section 26 05 53 - Identification for Electrical Systems:  Identification products and 
requirements. 

D. Section 26 27 26 - Wiring Devices:  Devices for manual control of lighting, including wall 
switches, wall dimmers, fan speed controllers, and wall plates. 

E. Section 26 51 00 - Interior Lighting. 

1.03 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010. 

B. NECA 130 - Standard for Installing and Maintaining Wiring Devices; National Electrical 
Contractors Association; 2010. 

C. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2008. 

D. NEMA 410 - Performance Testing for Lighting Controls and Switching Devices with Electronic 
Fluorescent Ballasts; National Electrical Manufacturers Association; 2011. 

E. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination:   
1. Coordinate the placement of occupancy sensors with millwork, furniture, equipment or 

other potential obstructions to motion detection coverage installed under other sections or 
by others. 

2. Notify Delaware Engineering and Design Corporation of any conflicts or deviations from 
the contract documents to obtain direction prior to proceeding with work. 

B. Sequencing: 
1. Do not install lighting control devices until final surface finishes and painting are complete. 

1.05 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Include ratings, configurations, standard wiring diagrams, dimensions, colors, 
service condition requirements, and installed features. 
1. Occupancy Sensors:  Include detailed motion detection coverage range diagrams. 

C. Operation and Maintenance Data:  Include detailed information on device programming and 
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setup. 

D. Maintenance Materials:  Furnish the following for Delaware Technical Community College's 
use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 

E. Project Record Documents:  Record actual installed locations and settings for lighting control 
devices. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

1.07 DELIVERY, STORAGE, AND PROTECTION 

A. Store products in a clean, dry space in original manufacturer's packaging in accordance with 
manufacturer's written instructions until ready for installation. 

1.08 FIELD CONDITIONS 

A. Maintain field conditions within manufacturer's required service conditions during and after 
installation. 

1.09 WARRANTY 

A. See Section 01 78 00 - Closeout Submittals, for additional warranty requirements. 

B. Provide five year manufacturer warranty for all occupancy sensors. 

PART 2  PRODUCTS 

2.01 ALL LIGHTING CONTROL DEVICES 

A. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the 
purpose specified and indicated. 

B. Unless specifically indicated to be excluded, provide all required conduit, wiring, connectors, 
hardware, components, accessories, etc. as required for a complete operating system. 

C. Products for Switching of Electronic Fluorescent Ballasts:  Tested and rated to be suitable for 
peak inrush currents specified in NEMA 410. 

2.02 OCCUPANCY SENSORS 

A. Manufacturers: 
1. Hubbell Building Automation, Inc:  www.hubbellautomation.com 
2. Sensor Switch Inc:  www.sensorswitch.com. 
3. WattStopper:  www.wattstopper.com. 
4. Leviton:  www.leviton.com. 
5. Substitutions:  See Section 01 60 00 - Product Requirements. 
6. Source Limitations:  Furnish products produced by a single manufacturer and obtained 

from a single supplier. 

B. All Occupancy Sensors: 
1. Description:  Factory-assembled commercial specification grade devices for indoor use 
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capable of sensing both major motion, such as walking, and minor motion, such as small 
desktop level movements, according to published coverage areas, for automatic control of 
load indicated. 

2. Sensor Technology: 
a. Passive Infrared/Ultrasonic Dual Technology Occupancy Sensors:  Designed to 

detect occupancy using a combination of both passive infrared and ultrasonic 
technologies. 

3. Operation:  Unless otherwise indicated, occupancy sensor to turn load on when occupant 
presence is detected and to turn load off when no occupant presence is detected during an 
adjustable turn-off delay time interval. 

4. Dual Technology Occupancy Sensors:  Field configurable turn-on and hold-on activation 
with settings for activation by either or both sensing technologies. 

5. Turn-Off Delay:  Field adjustable, up to a maximum time delay setting of not less than 15 
minutes and not more than 30 minutes. 

6. Sensitivity:  Field adjustable. 
7. Adaptive Technology:  Field selectable; capable of self-adjusting sensitivity and time 

delay according to conditions. 
8. Integral Photocell:  For field selectable and adjustable inhibition of automatic turn-on of 

load when ambient lighting is above the selected level. 
9. Compatibility:  Suitable for controlling incandescent lighting, low-voltage lighting with 

electronic and magnetic transformers, fluorescent lighting with electronic and magnetic 
ballasts, and fractional motor loads, with no minimum load requirements. 

C. Ceiling Mounted Occupancy Sensors: 
1. All Ceiling Mounted Occupancy Sensors: 

a. Description:  Low profile occupancy sensors designed for ceiling installation. 
b. Unless otherwise indicated or required to control the load indicated on the drawings, 

provide low voltage units, for use with separate compatible accessory power packs. 
c. Finish:  White unless otherwise indicated. 

2. Passive Infrared/Ultrasonic Dual Technology Ceiling Mounted Occupancy Sensors: 
a. Provide as specified on drawings. 

D. Power Packs for Low Voltage Occupancy Sensors: 
1. Description:  Plenum rated, self-contained low voltage class 2 transformer and relay 

compatible with specified low voltage occupancy sensors for switching of line voltage 
loads. 

2. Provide quantity and configuration of power and slave packs with all associated wiring and 
accessories as required to control the load indicated on the drawings. 

3. Input Supply Voltage:  Dual rated for 120/277 V ac. 
4. Load Rating:   

a. Fluorescent Load:  Not less than 20 A. 
b. Motor Load:  Not less than 1 HP. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 
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B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are 

properly sized to accommodate devices and conductors in accordance with NFPA 70. 

C. Verify that openings for outlet boxes are neatly cut and will be completely covered by devices 
or wall plates. 

D. Verify that final surface finishes are complete, including painting. 

E. Verify that branch circuit wiring installation is completed, tested, and ready for connection to 
lighting control devices. 

F. Verify that the service voltage and ratings of lighting control devices are appropriate for the 
service voltage and load requirements at the location to be installed. 

G. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 PREPARATION 

A. Provide extension rings to bring outlet boxes flush with finished surface. 

B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes. 

3.03 INSTALLATION 

A. Perform work in a neat and workmanlike manner in accordance with NECA 1 and, where 
applicable, NECA 130, including mounting heights specified in those standards unless 
otherwise indicated. 

B. Coordinate locations of outlet boxes provided under Section 26 05 37 as required for installation 
of lighting control devices provided under this section. 

C. Install lighting control devices in accordance with manufacturer's instructions. 

D. Unless otherwise indicated, connect lighting control device grounding terminal or conductor to 
branch circuit equipment grounding conductor and to outlet box with bonding jumper. 

E. Install lighting control devices plumb and level, and held securely in place. 

F. Identify lighting control devices in accordance with Section 26 05 53. 

G. Occupancy Sensor Locations:   
1. Location Adjustments:  Within the design intent, reasonably minor adjustments to 

locations may be made in order to optimize coverage and avoid conflicts or problems 
affecting coverage. 

2. Locate dual technology passive infrared/ultrasonic occupancy sensors a minimum of 4 feet 
(1.2 m) from air supply ducts or other sources of heavy air flow and as per manufacturer's 
recommendations, in order to minimize false triggers. 

H. Lamp Burn-In:  Operate lamps at full output for minimum of 100 hours or prescribed period 
per manufacturer's recommendations prior to use with any dimming controls. Replace lamps 
that fail prematurely due to improper lamp burn-in. 

I. Unless otherwise indicated, install power packs for lighting control devices above accessible 
ceiling or above access panel in inaccessible ceiling near the sensor location. 

J. Where indicated, install separate compatible wall switches for manual control interface with 
lighting control devices or associated power packs. 

K. Unless otherwise indicated, install switches on load side of power packs so that switch does not 
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turn off power pack. 

3.04 FIELD QUALITY CONTROL 

A. See Section 01 40 00 - Quality Requirements, for additional requirements. 

B. Inspect each lighting control device for damage and defects. 

C. Test occupancy sensors to verify proper operation, including time delays and ambient light 
thresholds where applicable. Verify optimal coverage for entire room or area. 

D. Correct wiring deficiencies and replace damaged or defective lighting control devices. 

3.05 ADJUSTING 

A. Adjust devices and wall plates to be flush and level. 

B. Adjust occupancy sensor settings to minimize undesired activations while optimizing energy 
savings, and to achieve desired function as indicated or as directed by Delaware Engineering 
and Design Corporation. 

C. Where indicated or as directed by Architect, install factory masking material or adjust integral 
blinders on dual technology occupancy sensor lenses to block undesired motion detection. 

3.06 CLEANING 

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match 
original factory finish. 

3.07 COMMISSIONING 

A. See Section 01 91 13 for commissioning requirements. 

3.08 CLOSEOUT ACTIVITIES 

A. See Section 01 78 00 - Closeout Submittals, for closeout submittals. 

B. See Section 01 79 00 - Demonstration and Training, for additional requirements. 

C. Training:  Train Delaware Technical Community College's personnel on operation, adjustment, 
programming, and maintenance of lighting control devices. 
1. Use operation and maintenance manual as training reference, supplemented with additional 

training materials as required. 

END OF SECTION 
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SECTION 26 24 16 
 

PANELBOARDS 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Power distribution panelboards. 

B. Lighting and appliance panelboards. 

C. Overcurrent protective devices for panelboards. 

1.02 RELATED REQUIREMENTS 

A. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

B. Section 26 05 29 - Hangers and Supports for Electrical Systems. 

C. Section 26 05 53 - Identification for Electrical Systems:  Identification products and 
requirements. 

D. Section 26 43 00 - Surge Protective Devices. 

1.03 REFERENCE STANDARDS 

A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; Federal 
Specification; Revision D, 2006. 

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association; 2010. 

C. NECA 407 - Standard for Installing and Maintaining Panelboards; National Electrical 
Contractors Association; 2009. 

D. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2008. 

E. NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts 
Maximum); National Electrical Manufacturers Association; 2001 (R2006). 

F. NEMA PB 1 - Panelboards; National Electrical Manufacturers Association; 2011. 

G. NEMA PB 1.1 - General Instructions for Proper Installation, Operation and Maintenance of 
Panelboards Rated 600 Volts or Less; National Electrical Manufacturers Association; 2007. 

H. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association; 2009. 

I. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

J. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current 
Edition, Including All Revisions. 

K. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition, 
Including All Revisions. 

L. UL 67 - Panelboards; Current Edition, Including All Revisions. 
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M. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker 

Enclosures; Current Edition, Including All Revisions. 

N. UL 869A - Reference Standard for Service Equipment; Current Edition, Including All 
Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination:   
1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment, 

or other potential obstructions within the dedicated equipment spaces and working 
clearances for electrical equipment required by NFPA 70. 

2. Coordinate arrangement of electrical equipment with the dimensions and clearance 
requirements of the actual equipment to be installed. 

3. Coordinate the work with other trades to provide walls suitable for installation of 
flush-mounted panelboards where indicated. 

4. Verify with manufacturer that conductor terminations are suitable for use with the 
conductors to be installed. 

5. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations 
from the contract documents. Obtain direction before proceeding with work. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for panelboards, 
enclosures, overcurrent protective devices, and other installed components and accessories. 

C. Shop Drawings:  Indicate outline and support point dimensions, voltage, main bus ampacity, 
overcurrent protective device arrangement and sizes, short circuit current ratings, conduit entry 
locations, conductor terminal information, and installed features and accessories. 
1. Include dimensioned plan and elevation views of panelboards and adjacent equipment with 

all required clearances indicated. 
2. Clearly indicate whether proposed short circuit current ratings are fully rated or, where 

acceptable, series rated systems. 
3. Include documentation of listed series ratings upon request. 

D. Project Record Documents:  Record actual installed locations of panelboards and actual 
installed circuiting arrangements. 

E. Maintenance Materials:   Furnish the following for Delaware Technical Community College's 
use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 
2. Panelboard Keys:  Two of each different key. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

1.07 DELIVERY, STORAGE, AND HANDLING 
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A. Receive, inspect, handle, and store panelboards in accordance with manufacturer's instructions 
and NECA 407. 

B. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas 
or heavy plastic cover to protect units from dirt, water, construction debris, and traffic. 

C. Handle carefully in accordance with manufacturer's written instructions to avoid damage to 
panelboard internal components, enclosure, and finish. 

1.08 FIELD CONDITIONS 

A. Maintain ambient temperature within the following limits during and after installation of 
panelboards: 
1. Panelboards Containing Circuit Breakers:  Between 23 degrees F (-5 degrees C) and 104 

degrees F (40 degrees C). 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. Siemens Industry, Inc:  www.sea.siemens.com. 

B. Eaton Corporation; Cutler-Hammer Products:  www.eaton.com. 

C. General Electric Company:  www.geindustrial.com. 

D. Schneider Electric; Square D Products:  www.schneider-electric.us. 

E. Source Limitations:  Furnish panelboards and associated components produced by the same 
manufacturer as the other electrical distribution equipment used for this project and obtained 
from a single supplier. 

2.02 ALL PANELBOARDS 

A. Provide products listed and labeled by Underwriters Laboratories Inc. as suitable for the purpose  
indicated. 

B. Unless otherwise indicated, provide products suitable for continuous operation under the 
following service conditions:  
1. Altitude:  Less than 6,600 feet (2,000 m). 
2. Ambient Temperature: 

a. Panelboards Containing Circuit Breakers:  Between 23 degrees F (-5 degrees C) and 
104 degrees F (40 degrees C). 

C. Short Circuit Current Rating: 
1. Provide panelboards with listed short circuit current rating as indicated on the drawings. 
2. Listed series ratings are acceptable, except where not permitted by motor contribution 

according to NFPA 70. 
3. Label equipment utilizing series ratings as required by NFPA 70. 

D. Panelboards Used for Service Entrance:  Listed and labeled as suitable for use as service 
equipment according to UL 869A. 

E. Mains:  Configure for top or bottom incoming feed as indicated or as required for the 
installation. 

F. Branch Overcurrent Protective Devices:  Replaceable without disturbing adjacent devices. 

G. Bussing:  Sized in accordance with UL 67 temperature rise requirements. 
1. Provide fully rated neutral bus unless otherwise indicated, with a suitable lug for each 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

PANELBOARDS    26 24 16 -  4  

feeder or branch circuit requiring a neutral connection. 
2. Provide 200 percent rated neutral bus and lugs where indicated or where oversized neutral 

conductors are provided. 
3. Provide solidly bonded equipment ground bus in each panelboard, with a suitable lug for 

each feeder and branch circuit equipment grounding conductor. 

H. Conductor Terminations:  Suitable for use with the conductors to be installed. 

I. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50 and UL 
50E. 
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the 

following installation locations: 
 a. Indoor Clean, Dry Locations:  Type 1. 
b. Outdoor Locations:  Type 4X, stainless steel. 

2. Boxes:  Galvanized steel unless otherwise indicated. 
a. Provide wiring gutters sized to accommodate the conductors to be installed. 
b. Increase gutter space as required where sub-feed lugs, feed-through lugs, gutter taps, 

or oversized lugs are provided. 
c. Provide painted steel boxes for surface-mounted panelboards where indicated, finish 

to match fronts. 
3. Fronts: 

a. Fronts for Surface-Mounted Enclosures:  Same dimensions as boxes. 
b. Fronts for Flush-Mounted Enclosures:  Overlap boxes on all sides to conceal rough 

opening. 
c. Finish for Painted Steel Fronts:  Manufacturer's standard grey unless otherwise 

indicated. 
4. Lockable Doors:  All locks keyed alike unless otherwise indicated. 

J. Future Provisions:  Prepare all unused spaces for future installation of devices including 
bussing, connectors, mounting hardware and all other required provisions. 

K. Surge Protective Devices:  Where factory-installed, internally mounted surge protective devices 
are provided in accordance with Section 26 43 00, list and label panelboards as a complete 
assembly including surge protective device. 

L. Multi-Section Panelboards:  Provide enclosures of the same height, with feed-through lugs or 
sub-feed lugs and feeders as indicated or as required to interconnect sections. 

M. Load centers are not acceptable. 

2.03 POWER DISTRIBUTION PANELBOARDS 

A. Description:  Panelboards complying with NEMA PB 1, power and feeder distribution type, 
circuit breaker type, and listed and labeled as complying with UL 67; ratings, configurations and 
features as indicated on the drawings. 

B. Conductor Terminations: 
1. Main and Neutral Lug Material:  Aluminum, suitable for terminating aluminum or copper 

conductors. 
2. Main and Neutral Lug Type:  Mechanical. 

C. Bussing: 
1. Phase and Neutral Bus Material:  Aluminum or copper. 
2. Ground Bus Material:  Aluminum or copper. 

D. Circuit Breakers: 
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1. Provide bolt-on type. 
2. Provide thermal magnetic circuit breakers unless otherwise indicated. 
3. Provide electronic trip circuit breakers where indicated. 

E. Enclosures: 
1. Provide surface-mounted or flush-mounted enclosures as indicated. 
2. Fronts:  Provide lockable hinged door with concealed hinges for access to overcurrent 

protective device handles without exposing live parts. 
3. Provide clear plastic circuit directory holder mounted on inside of door.  

F. Description:  NEMA PB 1, circuit breaker type. 

G. Panelboard Bus:  Copper, ratings as indicated.  Provide copper ground bus in each panelboard. 

H. Minimum integrated short circuit rating: as indicated. 

I. Molded Case Circuit Breakers:  With integral thermal and instantaneous magnetic trip in each 
pole; UL listed. For air conditioning equipment branch circuits provide circuit breakers UL 
listed as Type HACR. 

J. Cabinet Front:  Surface type, fastened with concealed trim clamps, hinged door with flush lock, 
metal directory frame, finished in manufacturer's standard gray enamel. 

2.04 LIGHTING AND APPLIANCE PANELBOARDS 

A. Description:  Panelboards complying with NEMA PB 1, lighting and appliance branch circuit 
type, circuit breaker type, and listed and labeled as complying with UL 67; ratings, 
configurations and features as indicated on the drawings. 

B. Conductor Terminations: 
1. Main and Neutral Lug Material:  Aluminum, suitable for terminating aluminum or copper 

conductors. 
2. Main and Neutral Lug Type:  Mechanical. 

C. Bussing: 
1. Phase Bus Connections:  Arranged for sequential phasing of overcurrent protective 

devices. 
2. Phase and Neutral Bus Material:  Aluminum or copper. 
3. Ground Bus Material:  Aluminum or copper. 

D. Circuit Breakers:  Thermal magnetic bolt-on type. 

E. Enclosures: 
1. Provide surface-mounted or flush-mounted enclosures as indicated. 
2. Fronts:  Provide lockable hinged door with concealed hinges for access to overcurrent 

protective device handles without exposing live parts. 
3. Provide clear plastic circuit directory holder mounted on inside of door. 

F. Description:  NEMA PB1, circuit breaker type, lighting and appliance branch circuit 
panelboard. 

G. Panelboard Bus:  Copper, ratings as indicated.  Provide copper ground bus in each panelboard; 
provide insulated ground bus where scheduled. 

H. Minimum Integrated Short Circuit Rating:  As indicated. 

I. Series Rated panelboards are not acceptable. 

J. Molded Case Circuit Breakers:  Thermal magnetic trip circuit breakers, bolt-on type, with 
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common trip handle for all poles; UL listed. 
1. Type SWD for lighting circuits. 
2. Type HACR for air conditioning equipment circuits. 
3. Class A ground fault interrupter circuit breakers where scheduled. 
4. Do not use tandem circuit breakers. 

K. Enclosure:  NEMA PB 1, Type 1. 

L. Cabinet Front:  Flush or surface cabinet front with concealed trim clamps, concealed hinge, 
metal directory frame, and flush lock all keyed alike.  Finish in manufacturer's standard gray 
enamel. 

2.05 OVERCURRENT PROTECTIVE DEVICES 

A. Molded Case Circuit Breakers: 
1. Description:  Quick-make, quick-break, over center toggle, trip-free, trip-indicating circuit 

breakers listed and labeled as complying with UL 489, and complying with FS W-C-375 
where applicable; ratings, configurations, and features as indicated on the drawings. 

2. Interrupting Capacity: 
a. Provide circuit breakers with interrupting capacity as required to provide the short 

circuit current rating indicated, but not less than: 
1) 10,000 rms symmetrical amperes at 240 VAC or 208 VAC. 

b. Fully Rated Systems:  Provide circuit breakers with interrupting capacity not less 
than the short circuit current rating indicated. 

c. Series Rated Systems:  Provide circuit breakers listed in combination with upstream 
devices to provide interrupting rating not less than the short circuit current rating 
indicated. 

3. Conductor Terminations: 
a. Provide mechanical lugs unless otherwise indicated. 
b. Provide compression lugs where indicated. 
c. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors. 

4. Thermal Magnetic Circuit Breakers:  For each pole, furnish thermal inverse time tripping 
element for overload protection and magnetic instantaneous tripping element for short 
circuit protection.   
a. Provide field-adjustable magnetic instantaneous trip setting for circuit breaker frame 

sizes 225 amperes and larger. 
5. Electronic Trip Circuit Breakers:  Furnish solid state, microprocessor-based, true rms 

sensing trip units. 
a. Provide the following field-adjustable trip response settings: 

1) Long time pickup, adjustable by replacing interchangeable trip unit or by setting 
dial. 

2) Long time delay. 
3) Short time pickup and delay. 
4) Instantaneous pickup. 
5) Ground fault pickup and delay where ground fault protection is indicated. 

b. Provide zone selective interlocking capability where indicated, capable of 
communicating with other electronic trip circuit breakers and external ground fault 
sensing systems to control short time delay and ground fault delay functions for 
system coordination purposes. 

6. Multi-Pole Circuit Breakers:  Furnish with common trip for all poles. 
7. Provide listed switching duty rated circuit breakers with SWD marking for all branch 

circuits serving fluorescent lighting. 
8. Provide listed high intensity discharge lighting rated circuit breakers with HID marking for 
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all branch circuits serving HID lighting. 
9. Do not use handle ties in lieu of multi-pole circuit breakers. 
10. Provide multi-pole circuit breakers for multi-wire branch circuits as required by NFPA 70. 

2.06 SOURCE QUALITY CONTROL 

A. Factory test panelboards according to NEMA PB 1. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 

B. Verify that the ratings and configurations of the panelboards and associated components are 
consistent with the indicated requirements. 

C. Verify that mounting surfaces are ready to receive panelboards.  

D. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 INSTALLATION 

A. Install products in accordance with manufacturer's instructions. 

B. Install panelboards securely, in a neat and workmanlike manner in accordance with NECA 1 
(general workmanship), NECA 407 (panelboards), and NEMA PB 1.1. 

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's 
instructions and NFPA 70. 

D. Provide required supports in accordance with Section 26 05 29. 

E. Install panelboards plumb. 

F. Install flush-mounted panelboards so that trims fit completely flush to wall with no gaps and 
rough opening completely covered. 

G. Mount panelboards such that the highest position of any operating handle for circuit breakers or 
switches does not exceed 79 inches (2000 mm) above the floor or working platform. 

H. Provide minimum of six spare 1 inch (27 mm) trade size conduits out of each flush-mounted 
panelboard stubbed into accessible space above ceiling and below floor. 

I. Provide grounding and bonding in accordance with Section 26 05 26. 

J. Install all field-installed branch devices, components, and accessories. 

K. Multi-Wire Branch Circuits:  Group grounded and ungrounded conductors together in the 
panelboard as required by NFPA 70. 

L. Install panelboards in accordance with NEMA PB 1.1 and NECA 1. 

M. Install panelboards plumb.  Install recessed panelboards flush with wall finishes. 

N. Height:  6 feet (1800 mm) to top of panelboard; install panelboards taller than 6 feet (1800 mm) 
with bottom no more than 4 inches (100 mm) above floor. 

O. Provide filler plates to cover unused spaces in panelboards. 

P. Provide circuit breaker lock-on devices to prevent unauthorized personnel from de-energizing 
essential loads where indicated. Also provide for the following: 
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1. Fire detection and alarm circuits. 

Q. Identify panelboards in accordance with Section 26 05 53. 

R. Provide computer-generated circuit directory for each lighting and appliance panelboard, and 
each power distribution panelboard provided with a door, clearly and specifically indicating the 
loads served. Identify spares and spaces. 

S. Provide identification nameplate for each panelboard in accordance with Section 26 05 53. 

T. Provide arc flash warning labels in accordance with NFPA 70. 

U. Provide spare conduits out of each recessed panelboard to an accessible location above ceiling.  
Identify each as SPARE. 

V. Ground and bond panelboard enclosure according to Section 26 05 26. 

3.03 FIELD QUALITY CONTROL 

A. Perform inspection, testing, and adjusting in accordance with Section 01 40 00. 

B. Perform field inspection and testing in accordance with Section 01 40 00. 

C. Inspect and test in accordance with NETA STD ATS, except Section 4. 

D. Molded Case Circuit Breakers:  Perform inspections and tests listed in NETA STD ATS, 
Section 7.6.1.1 for all main circuit breakers. Tests listed as optional are not required. 

E. Correct deficiencies and replace damaged or defective panelboards or associated components. 

F. Perform inspections and tests listed in NETA STD ATS, Section 7.5 for switches, Section 7.6 
for circuit breakers. 

3.04 ADJUSTING 

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended 
torque settings. 

B. Adjust alignment of panelboard fronts. 

C. Load Balancing:  For each panelboard, rearrange circuits such that the difference between each 
measured steady state phase load does not exceed 20 percent and adjust circuit directories 
accordingly.  Maintain proper phasing for multi-wire branch circuits. 

3.05 CLEANING 

A. Clean dirt and debris from panelboard enclosures and components according to manufacturer's 
instructions. 

B. Repair scratched or marred exterior surfaces to match original factory finish. 

END OF SECTION 
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SECTION 26 27 01 
 

ELECTRICAL SERVICE ENTRANCE 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Meter bases. 

1.02 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association; 2010. 

B. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

1.03 SYSTEM DESCRIPTION 

A. System Characteristics:  208Y/120 volts, single phase, four-wire, 60 Hertz. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Preinstallation Meeting:  Convene one week prior to commencing work of this section.  
Review service entrance requirements and details with Utility Company representative. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide ratings and dimensions of transformer cabinets and meter bases. 

C. Submit utility company-prepared drawings. 

1.06 QUALITY ASSURANCE 

A. Utility Company: 

B. Perform work in accordance with utility company written requirements and NFPA 70. 
1. Maintain one copy of each document on site. 

C. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. GE Industrial:  www.geindustrial.com. 

B. Milbank Manufacturing:  www.milbankmfg.com. 

C. Square D:  www.squared.com. 

D. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.02 COMPONENTS 

A. Provide service entrance components as indicated on drawings. Coordinate all requirements 
with utility company. 
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B. Other Components:  As required by utility company. 

PART 3  EXECUTION 

3.01 PREPARATION 

A. Arrange with utility company to obtain permanent electric service to the Project. 

B. Verify that field measurements are as indicated on utility company drawings. 

3.02 INSTALLATION 

A. Install meter base as required by utility company. 

B. Install securely, in a neat and workmanlike manner, as specified in NECA 1. 

END OF SECTION 
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SECTION 26 27 17 
 

EQUIPMENT WIRING 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Electrical connections to equipment. 

1.02 RELATED REQUIREMENTS 

A. Section 26 05 34 - Conduit. 

B. Section 26 05 19 - Low-Voltage Electrical Power Conductors and Cables (600 V and Less). 

C. Section 26 05 37 - Boxes. 

D. Section 26 27 26 - Wiring Devices. 

E. Section 26 28 18 - Enclosed Switches. 

F. Section 26 29 13 - Enclosed Controllers. 

1.03 REFERENCE STANDARDS 

A. NEMA WD 1 - General Color Requirements for Wiring Devices; National Electrical 
Manufacturers Association; 1999 (R 2005). 

B. NEMA WD 6 - Wiring Devices - Dimensional Requirements; National Electrical Manufacturers 
Association; 2002 (R2008). 

C. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 
1. Obtain and review shop drawings, product data, manufacturer's wiring diagrams, and 

manufacturer's instructions for equipment furnished under other sections. 
2. Determine connection locations and requirements. 

B. Sequencing: 
1. Install rough-in of electrical connections before installation of equipment is required. 
2. Make electrical connections before required start-up of equipment. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide wiring device manufacturer’s catalog information showing dimensions, 
configurations, and construction. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated. 

PART 2  PRODUCTS 
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2.01 MATERIALS 

A. Cords and Caps:  NEMA WD 6; match receptacle configuration at outlet provided for 
equipment. 
1. Colors:  Conform to NEMA WD 1. 
2. Cord Construction:  NFPA 70, Type SO, multiconductor flexible cord with identified 

equipment grounding conductor, suitable for use in damp locations. 
3. Size:  Suitable for connected load of equipment, length of cord, and rating of branch 

circuit overcurrent protection. 

B. Disconnect Switches:  As specified in Section 26 28 18 and in individual equipment sections. 

C. Wiring Devices:  As specified in Section 26 27 26. 

D. Flexible Conduit:  As specified in Section 26 05 34. 

E. Wire and Cable:  As specified in Section 26 05 19. 

F. Boxes:  As specified in Section 26 05 37. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that equipment is ready for electrical connection, wiring, and energization. 

3.02 ELECTRICAL CONNECTIONS 

A. Make electrical connections in accordance with equipment manufacturer's instructions. 

B. Make conduit connections to equipment using flexible conduit.  Use liquidtight flexible conduit 
with watertight connectors in damp or wet locations. 

C. Connect heat producing equipment using wire and cable with insulation suitable for 
temperatures encountered. 

D. Provide receptacle outlet to accommodate connection with attachment plug. 

E. Provide cord and cap where field-supplied attachment plug is required. 

F. Install suitable strain-relief clamps and fittings for cord connections at outlet boxes and 
equipment connection boxes. 

G. Install disconnect switches, controllers, control stations, and control devices to complete 
equipment wiring requirements. 

H. Install terminal block jumpers to complete equipment wiring requirements. 

I. Install interconnecting conduit and wiring between devices and equipment to complete 
equipment wiring requirements. 

J. Coolers and Freezers:  Cut and seal conduit openings in freezer and cooler walls, floor, and 
ceilings. 

END OF SECTION 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

WIRING DEVICES    26 27 26 -  1  

SECTION 26 27 26 
 

WIRING DEVICES 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Wall switches. 

B. Wall dimmers. 

C. Receptacles. 

D. Wall plates. 

1.02 RELATED REQUIREMENTS 

A. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

B. Section 26 05 35 - Surface Raceways:  Surface raceway systems, including multioutlet 
assemblies. 

C. Section 26 05 37 - Boxes. 

D. Section 26 05 53 - Identification for Electrical Systems:  Identification products and 
requirements. 

E. Section 26 27 17 - Equipment Wiring:  Cords and plugs for equipment. 

1.03 REFERENCE STANDARDS 

A. FS W-C-596 - Connector, Electrical, Power, General Specification for; Federal Specification; 
Revision G, 2001. 

B. FS W-S-896 - Switches, Toggle (Toggle and Lock), Flush-mounted (General Specification); 
Federal Specification; Revision F, 1999. 

C. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association; 2010. 

D. NECA 130 - Standard for Installing and Maintaining Wiring Devices; National Electrical 
Contractors Association; 2010. 

E. NEMA WD 1 - General Color Requirements for Wiring Devices; National Electrical 
Manufacturers Association; 1999 (R 2005). 

F. NEMA WD 6 - Wiring Device -- Dimensional Requirements; National Electrical Manufacturers 
Association; 2002 (R2008). 

G. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

H. UL 20 - General-Use Snap Switches; Current Edition, Including All Revisions. 

I. UL 498 - Attachment Plugs and Receptacles; Current Edition, Including All Revisions. 

J. UL 514D - Cover Plates for Flush-Mounted Wiring Devices; Current Edition, Including All 
Revisions. 

K. UL 943 - Ground-Fault Circuit-Interrupters; Current Edition, Including All Revisions. 
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L. UL 1472 - Solid-State Dimming Controls; Current Edition, Including All Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 
1. Coordinate the placement of outlet boxes with millwork, furniture, equipment, etc. 

installed under other sections or by others. 
2. Coordinate wiring device ratings and configurations with the electrical requirements of 

actual equipment to be installed. 
3. Coordinate the placement of outlet boxes for wall switches with actual installed door 

swings. 
4. Coordinate the installation and preparation of uneven surfaces, such as split face block, to 

provide suitable surface for installation of wiring devices. 
5. Notify Delaware Engineering and Design Corporation of any conflicts or deviations from 

the contract documents to obtain direction prior to proceeding with work. 

B. Sequencing: 
1. Do not install wiring devices until final surface finishes and painting are complete. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide manufacturer's catalog information showing dimensions, colors, and 
configurations. 
1. Wall Dimmers:  Include derating information for ganged multiple devices. 

C. Project Record Documents:  Record actual installed locations of wiring devices. 

D. Maintenance Materials:  Furnish the following for Delaware Technical Community College's 
use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 
2. Extra Wall Plates:  One of each style, size, and finish. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

1.07 DELIVERY, STORAGE, AND PROTECTION 

A. Store in a clean, dry space in original manufacturer's packaging until ready for installation. 

B. Products:  Provide products listed and classified by Underwriters Laboratories Inc. as suitable 
for the purpose specified and indicated. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. Hubbell Incorporated; :  www.hubbell-wiring.com. 

B. Pass & Seymour, a brand of Legrand North America, Inc; :  www.legrand.us 

C. Cooper Wiring Devices:  www.cooperwiringdevices.com. 
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D. Leviton Manufacturing, Inc:  www.leviton.com. 

E. Bryant 

F. Substitutions:  See Section 01 60 00 - Product Requirements. 

G. Source Limitations:  Where possible, for each type of wiring device furnish products produced 
by a single manufacturer and obtained from a single supplier. 

H. Source Limitations:  Where wall controls are furnished as part of lighting control system, 
provide accessory matching receptacles and wallplates by the same manufacturer in locations 
indicated. 

2.02 APPLICATIONS 

A. Provide wiring devices suitable for intended use and with ratings adequate for load served. 

B. For single receptacles installed on an individual branch circuit, provide receptacle with ampere 
rating not less than that of the branch circuit. 

C. Provide weather resistant GFI receptacles with specified weatherproof covers for all receptacles 
installed outdoors or in damp or wet locations. 

D. Provide GFI protection for all receptacles installed within 6 feet (1.8 m) of sinks. 

E. Provide GFI protection for all receptacles serving electric drinking fountains. 

F. Unless noted otherwise, do not use combination switch/receptacle devices. 

2.03 ALL WIRING DEVICES 

A. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the 
purpose specified and indicated. 

2.04 WALL SWITCHES 

A. Provide as specified on drawings. 

2.05 WALL DIMMERS 

A. Provide as specified on drawings. 

2.06 RECEPTACLES 

A. Provide as specified on drawings. 

B. GFI Receptacles: 
1. All GFI Receptacles:  Provide with feed-through protection, light to indicate ground fault 

tripped condition and loss of protection, and list as complying with UL 943, class A. 
2. Weather Resistant GFI Receptacles:  Industrial specification grade, duplex, 20A, 125V, 

NEMA 5-20R, rectangular decorator style, listed and labeled as weather resistant type 
complying with UL 498 Supplement SE suitable for installation in damp or wet locations. 

2.07 WALL PLATES 

A. Manufacturers: 
1. Hubbell Incorporated; ______:  www.hubbell-wiring.com. 
2. Leviton Manufacturing Company, Inc; ______:  www.leviton.com. 
3. Pass & Seymour, a brand of Legrand North America, Inc; ______:  www.legrand.us 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 
5. Source Limitations:  Where wall controls are furnished as part of lighting control system, 
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provide accessory matching receptacles and wallplates by the same manufacturer in 
locations indicated. 

B. All Wall Plates:  Comply with UL 514D. 
1. Configuration:  One piece cover as required for quantity and types of corresponding 

wiring devices. 
2. Size:  Standard. 
3. Screws:  Metal with slotted heads finished to match wall plate finish. 

C. Nylon Wall Plates:  Smooth finish, high-impact thermoplastic. 

D. Stainless Steel Wall Plates:  Brushed satin finish, Type 302 stainless steel. 

E. Weatherproof Covers for Wet or Damp Locations:  Gasketed, cast aluminum or zinc, with 
hinged lockable cover and corrosion-resistant screws; listed as suitable for use in wet locations 
while in use with attachment plugs connected. 

F. Decorative Cover Plates:, Smooth stainless steel. 

G. Weatherproof Cover Plates:  Gasketed cast metal with gasketed device cover. 

H. Surface Mounted Device Cover Plates:  Galvanized steel. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 

B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are 
properly sized to accommodate devices and conductors in accordance with NFPA 70. 

C. Verify that wall openings are neatly cut and will be completely covered by wall plates. 

D. Verify that final surface finishes are complete, including painting. 

E. Verify that floor boxes are adjusted properly. 

F. Verify that branch circuit wiring installation is completed, tested, and ready for connection to 
wiring devices. 

G. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 PREPARATION 

A. Provide extension rings to bring outlet boxes flush with finished surface. 

B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes. 

3.03 INSTALLATION 

A. Perform work in a neat and workmanlike manner in accordance with NECA 1 and, where 
applicable, NECA 130, including mounting heights specified in those standards unless 
otherwise indicated.  

B. Perform work in a neat and workmanlike manner in accordance with NECA 1, including 
mounting heights specified in that standard unless otherwise indicated.  
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C. Coordinate locations of outlet boxes provided under Section 26 05 37 as required for installation 

of wiring devices provided under this section. 
1. Mounting Heights:  As indicated on the drawings. 
2. Orient outlet boxes for vertical installation of wiring devices unless otherwise indicated. 
3. Where multiple receptacles or wall switches are installed at the same location and at the 

same mounting height, gang devices together under a common wall plate. 
4. Locate wall switches on strike side of door with edge of wall plate 3 inches (80 mm) from 

edge of door frame. Where locations are indicated otherwise, notify Delaware Engineering 
and Design Corporation to obtain direction prior to proceeding with work. 

5. Locate receptacles for electric drinking fountains concealed behind drinking fountain 
according to manufacturer's instructions. 

D. Install wiring devices in accordance with manufacturer's instructions. 

E. Install permanent barrier between ganged wiring devices when voltage between adjacent 
devices exceeds 300 V. 

F. Where required, connect wiring devices using pigtails not less than 6 inches (150 mm) long. Do 
not connect more than one conductor to wiring device terminals. 

G. Connect wiring devices by wrapping conductor clockwise 3/4 turn around screw terminal and 
tightening to proper torque specified by the manufacturer. Where present, do not use push-in 
pressure terminals that do not rely on screw-actuated binding. 

H. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit 
equipment grounding conductor and to outlet box with bonding jumper. 

I. Provide GFI receptacles with integral GFI protection at each location indicated. Do not use 
feed-through wiring to protect downstream devices.   

J. Install securely, in a neat and workmanlike manner, as specified in NECA 1. 

K. Install wiring devices plumb and level with mounting yoke held rigidly in place.  

L. Install wall switches with OFF position down. 

M. Do not share neutral conductor on branch circuits utilizing wall dimmers. 

N. Install vertically mounted receptacles with grounding pole on top and horizontally mounted 
receptacles with grounding pole on left. 

O. Install wall plates to fit completely flush to wall with no gaps and rough opening completely 
covered without strain on wall plate. Repair or reinstall improperly installed outlet boxes or 
improperly sized rough openings. Do not use oversized wall plates in lieu of meeting this 
requirement. 

P. Install blank wall plates on junction boxes and on outlet boxes with no wiring devices installed 
or designated for future use. 

Q. Identify wiring devices in accordance with Section 26 05 53. 

R. Install receptacles with grounding pole on bottom. 

S. Connect wiring device grounding terminal to outlet box with bonding jumper. 

T. Install decorative plates on switch, receptacle, and blank outlets in finished areas. 

U. Connect wiring devices by wrapping conductor around screw terminal. 
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V. Install galvanized steel cover plates on outlet boxes and junction boxes in unfinished areas, 
above accessible ceilings, and on surface mounted switches & outlets. 

3.04 INTERFACE WITH OTHER PRODUCTS 

A. Coordinate locations of outlet boxes provided under Section 26 05 37 to obtain mounting 
heights specified. 

3.05 FIELD QUALITY CONTROL 

A. Perform field inspection, testing, and adjusting in accordance with Section 01 40 00. 

B. Inspect each wiring device for damage and defects. 

C. Operate each wall switch, wall dimmer, and fan speed controller with circuit energized to verify 
proper operation. 

D. Operate each wall switch with circuit energized and verify proper operation. 

E. Test each receptacle to verify operation and proper polarity. 

F. Test each GFCI receptacle for proper tripping operation according to manufacturer's 
instructions. 

G. Correct wiring deficiencies and replace damaged or defective wiring devices. 

3.06 ADJUSTING 

A. Adjust devices and wall plates to be flush and level. 

3.07 CLEANING 

 A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match 
original factory finish. 

END OF SECTION 
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SECTION 26 28 13 
 

FUSES 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Fuses. 

1.02 RELATED REQUIREMENTS 

A. Section 26 05 53 - Identification for Electrical Systems:  Identification products and 
requirements. 

B. Section 26 24 16 - Panelboards:  Fusible switches. 

C. Section 26 28 18 - Enclosed Switches:  Fusible switches. 

1.03 REFERENCE STANDARDS 

A. NEMA FU 1 - Low Voltage Cartridge Fuses; National Electrical Manufacturers Association; 
2002 (R2007). 

B. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

C. UL 248-1 - Low-Voltage Fuses - Part 1: General Requirements; Current Edition, Including All 
Revisions. 

D. UL 248-4 - Low-Voltage Fuses - Part 4: Class CC Fuses; Current Edition, Including All 
Revisions. 

E. UL 248-8 - Low-Voltage Fuses - Part 8: Class J Fuses; Current Edition, Including All 
Revisions. 

F. UL 248-10 - Low-Voltage Fuses - Part 10: Class L Fuses; Current Edition, Including All 
Revisions. 

G. UL 248-12 - Low-Voltage Fuses - Part 12: Class R Fuses; Current Edition, Including All 
Revisions. 

H. UL 248-15 - Low-Voltage Fuses - Part 15: Class T Fuses; Current Edition, Including All 
Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination:   
1. Coordinate fuse clips furnished in equipment provided under other sections for 

compatibility with indicated fuses. 
a. Fusible Enclosed Switches:  See Section 26 28 18. 

2. Coordinate fuse requirements according to manufacturer's recommendations and nameplate 
data for actual equipment to be installed. 

3. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations 
from the contract documents. Obtain direction before proceeding with work. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 
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B. Maintenance Materials:   Furnish the following for Delaware Technical Community College's 
use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 
2. Extra Fuses:  One set(s) of three for each type and size installed. 
3. Fuse Pullers:  One set(s) compatible with each type and size installed. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

C. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. Cooper Bussmann, a division of Cooper Industries:  www.cooperindustries.com. 

B. Mersen (formerly Ferraz Shawmut):  ferrazshawmut.mersen.com. 

C. Littelfuse, Inc; Model ______:  www.littelfuse.com. 

D. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.02 FUSES 

A. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the 
purpose indicated. 

B. Unless specifically indicated to be excluded, provide fuses for all fusible equipment as required 
for a complete operating system. 

C. Provide fuses of the same type, rating, and manufacturer within the same switch. 

D. Comply with UL 248-1. 

E. Unless otherwise indicated, provide cartridge type fuses complying with NEMA FU 1, Class 
and ratings as indicated. 

F. Voltage Rating:  Suitable for circuit voltage. 

G. Provide the following accessories where indicated or where required to complete installation: 
1. Fuseholders:  Compatible with indicated fuses. 
2. Fuse Reducers:  For adapting indicated fuses to permit installation in switch designed for 

fuses with larger ampere ratings. 

H. Power Load Feeder Switches:  Class RK1 (time delay). 

I. Motor Load Feeder Switches:  Class RK1 (time delay). 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that fuse ratings are consistent with circuit voltage and manufacturer's recommendations 
and nameplate data for equipment. 

B. Verify that mounting surfaces are ready to receive spare fuse cabinet.  
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C. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 INSTALLATION 

A. Do not install fuses until circuits are ready to be energized. 

B. Install fuses with label oriented such that manufacturer, type, and size are easily read. 

END OF SECTION 
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SECTION 26 28 18 
 

ENCLOSED SWITCHES 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Enclosed safety switches. 

B. Fusible switches. 

C. Nonfusible switches. 

1.02 RELATED REQUIREMENTS 

A. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

B. Section 26 05 29 - Hangers and Supports for Electrical Systems. 

C. Section 26 05 53 - Identification for Electrical Systems:  Identification products and 
requirements. 

D. Section 26 28 13 - Fuses. 

1.03 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association; 2010. 

B. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2008. 

C. NEMA FU 1 - Low Voltage Cartridge Fuses; National Electrical Manufacturers Association; 
2002 (R2007). 

D. NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts 
Maximum); National Electrical Manufacturers Association; 2001 (R2006). 

E. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association; 2009. 

F. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

G. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current 
Edition, Including All Revisions. 

H. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition, 
Including All Revisions. 

I. UL 98 - Enclosed and Dead-Front Switches; Current Edition, Including All Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination:   
1. Coordinate the work with other trades.  Avoid placement of ductwork, piping, equipment, 

or other potential obstructions within the dedicated equipment spaces and within working 
clearances for electrical equipment required by NFPA 70. 

2. Coordinate arrangement of electrical equipment with the dimensions and clearance 
requirements of the actual equipment to be installed. 
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3. Verify with manufacturer that conductor terminations are suitable for use with the 
conductors to be installed. 

4. Notify Delaware Engineering and Design Corporation of any conflicts with or deviations 
from the contract documents. Obtain direction before proceeding with work. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for enclosed 
switches and other installed components and accessories. 

C. Shop Drawings:  Indicate outline and support point dimensions, voltage and current ratings, 
short circuit current ratings, conduit entry locations, conductor terminal information, and 
installed features and accessories. 

D. Project Record Documents:  Record actual locations of enclosed switches. 

E. Maintenance Data:  Include information on replacement parts and recommended maintenance 
procedures and intervals. 

F. Maintenance Materials:   Furnish the following for Delaware Technical Community College's 
use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas 
or heavy plastic cover to protect units from dirt, water, construction debris, and traffic. 

B. Handle carefully in accordance with manufacturer's written instructions to avoid damage to 
enclosed switch internal components, enclosure, and finish. 

1.08 FIELD CONDITIONS 

A. Maintain ambient temperature between -22 degrees F (-30 degrees C) and 104 degrees F (40 
degrees C) during and after installation of enclosed switches. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. Siemens Industry, Inc:  www.sea.siemens.com. 

B. Eaton Corporation; Cutler-Hammer Products:  www.eaton.com. 

C. General Electric Company:  www.geindustrial.com. 

D. Schneider Electric; Square D Products:  www.schneider-electric.us. 

E. Substitutions:  See Section 01 60 00 - Product Requirements. 
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F. Source Limitations:  Furnish enclosed switches and associated components produced by the 
same manufacturer as the other electrical distribution equipment used for this project and 
obtained from a single supplier. 

2.02 ENCLOSED SAFETY SWITCHES 

A. Description:  Quick-make, quick-break, enclosed safety switches complying with NEMA KS 1, 
type HD (heavy duty), and listed and labeled as complying with UL 98; ratings, configurations, 
and features as indicated on the drawings. 

B. Provide products listed and labeled by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated. 

C. Unless otherwise indicated, provide products suitable for continuous operation under the 
following service conditions:  
1. Altitude:  Less than 6,600 feet (2,000 m). 
2. Ambient Temperature: Between -22 degrees F (-30 degrees C) and 104 degrees F (40 

degrees C). 

D. Horsepower Rating:  Suitable for connected load. 

E. Voltage Rating:  Suitable for circuit voltage. 

F. Short Circuit Current Rating: 
1. Provide enclosed safety switches, when protected by the fuses or supply side overcurrent 

protective devices to be installed, with listed short circuit current rating not less than the 
available fault current at the installed location. 

2. Minimum Ratings: 
a. Heavy Duty Single Throw Switches Protected by Class R Fuses:  200,000 rms 

symmetrical amperes. 

G. Provide with switch blade contact position that is visible when the cover is open. 

H. Fuse Clips for Fusible Switches:  As required to accept fuses indicated. 
1. Where NEMA Class R fuses are installed, provide rejection feature to prevent installation 

of fuses other than Class R. 

I. Conductor Terminations:  Suitable for use with the conductors to be installed. 

J. Provide insulated, groundable fully rated solid neutral assembly where a neutral connection is 
required, with a suitable lug for terminating each neutral conductor. 

K. Provide solidly bonded equipment ground bus in each enclosed safety switch, with a suitable 
lug for terminating each equipment grounding conductor. 

L. Enclosures:  Comply with NEMA KS 1 and NEMA 250, and list and label as complying with 
UL 50 and UL 50E. 
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the 

following installation locations: 
a. Indoor Clean, Dry Locations:  Type 1. 
b. Outdoor Locations:  Type 3R. 

2. Finish for Painted Steel Enclosures:  Manufacturer's standard, factory applied grey unless 
otherwise indicated. 
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M. Provide safety interlock to prevent opening the cover with the switch in the ON position with 

capability of overriding interlock for testing purposes.   

N. Heavy Duty Switches: 
1. Conductor Terminations: 

a. Provide mechanical lugs unless otherwise indicated. 
b. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors. 

2. Provide externally operable handle with means for locking in the OFF position, capable of 
accepting three padlocks. 

O. Provide the following features and accessories where indicated or where required to complete 
installation: 
1. Hubs:  As required for environment type; sized to accept conduits to be installed. 

2.03 COMPONENTS 

A. Fusible Switch Assemblies:  NEMA KS 1, Type HD enclosed load interrupter knife switch. 
1. Externally operable handle interlocked to prevent opening front cover with switch in ON 

position. 
2. Handle lockable in OFF position. 
3. Fuse clips:  Designed to accommodate NEMA FU1, Class R fuses.  Provide rejection 

clips to reject all other than Class R fuses. 
4. Fuse extenders where indicated on contract drawings. 

B. Nonfusible Switch Assemblies:  NEMA KS 1, Type HD enclosed load interrupter knife switch. 
1. Externally operable handle interlocked to prevent opening front cover with switch in ON 

position. 
2. Handle lockable in OFF position. 
3. Electrical interlocks, break before switch opens and close after switch closes, where 

indicated on contract drawings. 

C. Enclosures:  NEMA KS 1. 
1. Interior Dry Locations:  Type 1. 
2. Exterior Locations:  Type 3R. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 

B. Verify that the ratings of the enclosed switches are consistent with the indicated requirements. 

C. Verify that mounting surfaces are ready to receive enclosed safety switches.  

D. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 INSTALLATION 

A. Install enclosed switches in accordance with manufacturer's instructions. 

B. Install enclosed switches securely, in a neat and workmanlike manner in accordance with NECA 
1. 

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's 
instructions and NFPA 70. 
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D. Provide required supports in accordance with Section 26 05 29. 

E. Install enclosed switches plumb. 

F. Except where indicated to be mounted adjacent to the equipment they supply, mount enclosed 
switches such that the highest position of the operating handle does not exceed 79 inches (2000 
mm) above the floor or working platform. 

G. Provide grounding and bonding in accordance with Section 26 05 26. 

H. Provide fuses complying with Section 26 28 13 for fusible switches as indicated or as required 
by equipment manufacturer's recommendations. 

I. Where accessories are not self-powered, provide control power source as indicated or as 
required to complete installation. 

J. Identify enclosed switches in accordance with Section 26 05 53. 

K. Provide identification nameplate for each enclosed switch in accordance with Section 26 05 53. 

L. Provide arc flash warning labels in accordance with NFPA 70. 

M. Install fuses in fusible disconnect switches. 

N. Apply adhesive tag on inside door of each fused switch indicating NEMA fuse class and size 
installed. 

3.03 FIELD QUALITY CONTROL 

A. Perform field inspection in accordance with Section 01 40 00. 

B. Inspect and test in accordance with NETA STD ATS, except Section 4. 

C. Perform inspections and tests listed in NETA STD ATS, Section 7.5.1.1. 

D. Correct deficiencies and replace damaged or defective enclosed safety switches or associated 
components. 

3.04 ADJUSTING 

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended 
torque settings. 

3.05 CLEANING 

A. Clean dirt and debris from switch enclosures and components according to manufacturer's 
instructions. 

B. Repair scratched or marred exterior surfaces to match original factory finish. 

END OF SECTION 



DTCC Powerplant Education Facility        
Sussex County Airport & Industrial Park    N    
Delaware Technical Community College     
Owens Campus, Georgetown, Delaware   

ENCLOSED CONTROLLERS    26 29 13 -  1  

SECTION 26 29 13 
 

ENCLOSED CONTROLLERS 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Manual motor controllers. 

1.02 RELATED REQUIREMENTS 

A. Section 26 05 29 - Hangers and Supports for Electrical Systems. 

B. Section 26 05 53 - Identification for Electrical Systems:  Identification products and 
requirements. 

1.03 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association; 2010. 

B. NEMA ICS 6 - Industrial Control and Systems:  Enclosures; National Electrical Manufacturers 
Association; 1993 (R2006). 

C. NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts 
Maximum); National Electrical Manufacturers Association; 2001 (R2006). 

D. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association; 2009. 

E. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

1.04 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Provide catalog sheets showing voltage, controller size, ratings and size of 
switching and overcurrent protective devices, short circuit ratings, dimensions, and enclosure 
details. 

C. Maintenance Data:  Replacement parts list for controllers. 

1.05 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience and with service facilities within 
100 miles (160 km) of Project. 

C. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. Eaton Corporation; Cutler-Hammer Product:  www.eaton.com. 
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B. General Electric Company:  www.geindustrial.com. 

C. Schneider Electric; Square D Products:  www.schneider-electric.us. 

D. Substitutions:  See Section 01 60 00 - Product Requirements. 

2.02 MANUAL CONTROLLERS 

A. Fractional Horsepower Motor Starter:  Provide as specified on drawings. 

B. Manual Motor Switch:  Provide as specified on drawings. 

C. Enclosures:  NEMA ICS 6, Type 1. 

PART 3  EXECUTION 

3.01 INSTALLATION 

A. Install enclosed controllers where indicated, in accordance with manufacturer's instructions. 

B. Install securely, in a neat and workmanlike manner, as specified in NECA 1. 

C. Provide supports in accordance with Section 26 05 29. 

D. Select and install overload heater elements in motor controllers to match installed motor 
characteristics. 

E. Identify enclosed controllers in accordance with Section 26 05 53. 

3.02 FIELD QUALITY CONTROL 

A. Perform field inspection and testing in accordance with Section 01 40 00. 

B. Inspect and test in accordance with NETA STD ATS, except Section 4. 

C. Perform inspections and tests listed in NETA STD ATS, Section 7.16.1. 

END OF SECTION 
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SECTION 26 43 00 
 

SURGE PROTECTIVE DEVICES 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Surge protective devices for service entrance locations. 

B. Surge protective devices for branch panelboard locations. 

1.02 RELATED REQUIREMENTS 

A. Section 26 05 26 - Grounding and Bonding. 

B. Section 26 24 16 - Panelboards. 

1.03 ABBREVIATIONS AND ACRONYMS 

A. EMI/RFI:  Electromagnetic Interference/Radio Frequency Interference. 

B. SPD:  Surge Protective Device. 

1.04 REFERENCE STANDARDS 

A. MIL-STD-220 - Method of Insertion Loss Measurement; Revision C, 2009. 

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010. 

C. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association; 2009. 

D. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

E. UL 1283 - Standard for Electromagnetic Interference Filters; Current Edition, Including All 
Revisions. 

F. UL 1449 - Standard for Surge Protective Devices; Current Edition, Including All Revisions. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Product Data:  Include detailed component information, voltage, surge current ratings, 
repetitive surge current capacity, voltage protection rating (VPR) for all protection modes, 
maximum continuous operating voltage (MCOV), nominal discharge current (I-n), short circuit 
current rating (SCCR), connection means including any required external overcurrent 
protection, enclosure ratings, outline and support point dimensions, weight, service condition 
requirements, and installed features. 

C. Shop Drawings:  Include wiring diagrams showing all factory and field connections with wire 
and circuit breaker/fuse sizes.  

D. Certificates:  Manufacturer's documentation of listing for compliance with the following 
standards:  
1. UL 1449. 
2. UL 1283.  
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E. Manufacturer's Installation Instructions:  Include application conditions and limitations of use 

stipulated by product testing agency. Include instructions for storage, handling, protection, 
examination, preparation, and installation of product. 

F. Operation and Maintenance Data:  Include information on status indicators and recommended 
maintenance procedures and intervals. 

G. Warranty:  Submit sample of manufacturer's warranty and documentation of final executed 
warranty completed in Delaware Technical Community College's name and registered with 
manufacturer. 

H. Project Record Documents:  Record actual connections and locations of surge protective 
devices. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

1.07 DELIVERY, STORAGE, AND PROTECTION 

A. Store in a clean, dry space in accordance with manufacturer's written instructions. 

1.08 FIELD CONDITIONS 

A. Maintain field conditions within manufacturer's required service conditions during and after 
installation. 

1.09 WARRANTY 

A. See Section 01 77 00 - Closeout Procedures, for additional warranty requirements. 

B. Manufacturer's Warranty:  Provide minimum five year warranty covering repair or replacement 
of surge protective devices showing evidence of failure due to defective materials or 
workmanship. 

C. Exclude surge protective devices from any clause limiting warranty responsibility for acts of 
nature, including lightning, stated elsewhere. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. Basis of Design:  As indicated under product article(s) below. 

B. Factory-installed, Internally Mounted Surge Protective Devices: 
1. Same as manufacturer of equipment containing surge protective device, to provide a 

complete listed assembly including SPD. 

C. Source Limitations:  Furnish surge protective devices produced by a single manufacturer and 
obtained from a single supplier. 
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2.02 ALL SURGE PROTECTIVE DEVICES 

A. Description:  Factory-assembled surge protective devices (SPDs) for 60 Hz service, listed and 
classified by Underwriters Laboratories Inc. as suitable for the purpose specified and indicated; 
system voltage as indicated on the drawings. 

B. Protected Modes:  
1. Wye Systems:  L-N, L-G, N-G, L-L. 

C. UL 1449 Voltage Protection Ratings (VPRs):  
1. 208Y/120V System Voltage:  Not more than 1,000 V for L-N, L-G, and N-G modes and 

1,200 V for L-L mode. 

D. UL 1449 Maximum Continuous Operating Voltage (MCOV):  Not less than 115% of nominal 
system voltage.  

E. Equipment Containing Factory-installed, Internally Mounted SPDs:  Listed and labeled as a 
complete assembly including SPD. 
1. Panelboards:  See Section 26 24 16. 

2.03 SURGE PROTECTIVE DEVICES FOR SERVICE ENTRANCE LOCATIONS 

A. Unless otherwise indicated, provide factory-installed, internally mounted SPDs.  

B. List and label as complying with UL 1283 and UL 1449, Type 1 when connected on line side of 
service disconnect overcurrent device and Type 1 or 2 when connected on load side of service 
disconnect overcurrent device. 

C. Provide SPDs utilizing field-replaceable modular protection circuits.  

D. Surge Current Rating:  Not less than that indicated on drawings.  

E. Repetitive Surge Current Capacity:  Not less than 5,000 impulses.  

F. UL 1449 Nominal Discharge Current (I-n):  20 kA. 

G. UL 1449 Short Circuit Current Rating (SCCR):  Not less than the short circuit current rating of 
the equipment the SPD is connected to, including any series ratings. 

H. EMI/RFI Filtering:  Provide UL 1283 EMI/RFI filter to attenuate electrical noise.  
1. Noise Attenuation:  Not less than 40 dB at 100 kHz using MIL-STD-220 insertion loss test 

method. 

I. Diagnostics:  
1. Protection Status Monitoring:  Provide indicator lights to report the protection for each 

phase. 
2. Alarm Notification:  Provide indicator light and audible alarm to report alarm condition. 

Provide button to manually silence audible alarm. 
3. Remote Status Monitoring:  Provide two Form C dry type contacts (normally open and 

normally closed) for remote annunciation of status. 
4. Surge Counter:  Provide surge event counter with manual reset button, surge count 

retention upon power loss, and six digit LCD display that indicates quantity of surge 
events. 

J. Basis of Design:  Schneider Electric; Square D Products:  www.schneider-electric.us. 
1. Factory-installed, Internally Mounted Surge Protective Devices: 
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a. IMA Series:  Replaceable modules; 200 kA SCCR; individually fused MOVs, 

thermal fusing; dry contacts; surge counter; duty cycle tested for 20,000 impulses; 10 
year warranty. 

2.04 SURGE PROTECTIVE DEVICES FOR BRANCH PANELBOARD LOCATIONS 

A. Unless otherwise indicated, provide factory-installed, internally mounted SPDs.  

B. List and label as complying with UL 1283 and UL 1449, Type 1 or Type 2. 

C. Provide SPDs utilizing only field-replaceable modular protection circuits.  

D. Surge Current Rating:  Not less than that indicated on drawings.  

E. Repetitive Surge Current Capacity:  Not less than 2,000 impulses.  

F. UL 1449 Nominal Discharge Current (I-n):  20 kA. 

G. UL 1449 Short Circuit Current Rating (SCCR):  Not less than the short circuit current rating of 
the equipment the SPD is connected to, including any series ratings. 

H. EMI/RFI Filtering:  Provide UL 1283 EMI/RFI filter to attenuate electrical noise.  
1. Noise Attenuation:  Not less than 40 dB at 100 kHz using MIL-STD-220 insertion loss test 

method. 

I. Diagnostics:  
1. Protection Status Monitoring:  Provide indicator lights to report the protection status. 
2. Alarm Notification:  Provide indicator light and audible alarm to report alarm condition. 

Provide button to manually silence audible alarm. 
3. Remote Status Monitoring:  Provide two Form C dry type contacts (normally open and 

normally closed) for remote annunciation of status. 
4. Surge Counter:  Provide surge event counter with manual reset button, surge count 

retention upon power loss, and six digit LCD display that indicates quantity of surge 
events.  

J. Basis of Design:  Schneider Electric; Square D Products:  www.schneider-electric.us. 
1. Factory-installed, Internally Mounted Surge Protective Devices: 

a. IMA Series:  Replaceable modules; 200 kA SCCR; individually fused MOVs, 
thermal fusing; dry contacts; surge counter; duty cycle tested for 20,000 impulses; 10 
year warranty. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 

B. Verify that the service voltage and configuration marked on the SPD are consistent with the 
service voltage and configuration at the location to be installed. 

C. Verify system grounding and bonding is in accordance with Section 26 05 26, including 
bonding of neutral and ground for service entrance and separately derived systems where 
applicable. Do not energize SPD until deficiencies have been corrected. 

D. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 INSTALLATION 

A. Perform work in a neat and workmanlike manner in accordance with NECA 1. 
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B. Arrange equipment to provide minimum clearances in accordance with manufacturer's 
instructions and NFPA 70. 

C. Do not energize SPD until bonding of neutral and ground for service entrance and separately 
derived systems is complete in accordance with Section 26 05 26 where applicable. Replace 
SPDs damaged by improper or missing neutral-ground bond. 

D. Disconnect SPD prior to performing any high potential testing. Replace SPDs damaged by 
performing high potential testing with SPD connected. 

3.03 FIELD QUALITY CONTROL 

A. Perform inspection, testing, and adjusting in accordance with Section 01 40 00. 

B. Inspect and test in accordance with NETA STD ATS, except Section 4. 

C. Perform inspections and tests listed in NETA STD ATS Section 7.19.1. 

D. Procure services of a qualified manufacturer's representative to observe installation and assist in 
inspection, testing, and adjusting. Include manufacturer's reports with field quality control 
submittals. 

3.04 CLEANING 

A. Repair scratched or marred exterior surfaces to match original factory finish. 

END OF SECTION 
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SECTION 26 51 00 
 

INTERIOR LIGHTING 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Interior luminaires. 

B. Emergency lighting units. 

C. Exit signs. 

D. Ballasts. 

E. Lamps. 

1.02 RELATED REQUIREMENTS 

A. Section 26 05 37 - Boxes. 

B. Section 26 05 53 - Identification for Electrical Systems:  Identification products and 
requirements. 

C. Section 26 09 23 - Lighting Control Devices: Automatic controls for lighting including 
occupancy sensors, outdoor motion sensors, time switches, outdoor photo controls, and 
daylighting controls.  

D. Section 26 27 26 - Wiring Devices:  Manual wall switches and wall dimmers. 

E. Section 26 56 00 - Exterior Lighting. 

1.03 REFERENCE STANDARDS 

A. ANSI C82.11 - American National Standard for Lamp Ballasts - High Frequency Fluorescent 
Lamp Ballasts - Supplements; Consolidated-2002. 

B. IEEE C62.41.2 - Recommended Practice on Characterization of Surges in Low-Voltage (1000 
V and less) AC Power Circuits; 2002 (R2008). 

C. IESNA LM-63 - ANSI Approved Standard File Format for Electronic Transfer of Photometric 
Data and Related Information; 2002. 

D. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association; 2010. 

E. NECA/IESNA 500 - Standard for Installing Indoor Commercial Lighting Systems; National 
Electrical Contractors Association; 2006. 

F. NECA/IESNA 502 - Standard for Installing Industrial Lighting Systems; National Electrical 
Contractors Association; 2006. 

G. NEMA 410 - Performance Testing for Lighting Controls and Switching Devices with Electronic 
Fluorescent Ballasts; National Electrical Manufacturers Association; 2011. 

H. NEMA LE 4 - Recessed Luminaires, Ceiling Compatibility; National Electrical Manufacturers 
Association; 2006. 
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I. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 

Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

J. NFPA 101 - Code for Safety to Life from Fire in Buildings and Structures; National Fire 
Protection Association; 2012. 

K. UL 935 - Fluorescent-Lamp Ballasts; Current Edition, Including All Revisions. 

L. UL 1598 - Luminaires; Current Edition, Including All Revisions. 

M. UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products; Current 
Edition, Including All Revisions. 

1.04 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 
1. Coordinate the installation of luminaires with mounting surfaces installed under other 

sections or by others. Coordinate the work with placement of supports, anchors, etc. 
required for mounting. Coordinate compatibility of luminaires and associated trims with 
mounting surfaces at installed locations. 

2. Coordinate the placement of luminaires with structural members, ductwork, piping, 
equipment, diffusers, fire suppression system components, and other potential conflicts 
installed under other sections or by others. 

3. Notify Delaware Engineering and Design Corporation of any conflicts or deviations from 
the contract documents to obtain direction prior to proceeding with work. 

1.05 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Shop Drawings:  Indicate dimensions and components for each fixture that is not a standard 
product of the manufacturer. 

C. Product Data:  Provide manufacturer's standard catalog pages and data sheets including detailed 
information on luminaire construction, dimensions, ratings, finishes, mounting requirements, 
listings, service conditions, photometric performance, installed accessories, and ceiling 
compatibility; include model number nomenclature clearly marked with all proposed features. 
1. Provide electronic files of photometric data certified by a National Voluntary Laboratory 

Accreditation Program (NVLAP) lab or independent testing agency in IESNA LM-63 
standard format upon request. 

2. Lamps:  Include rated life, color temperature, color rendering index (CRI), and initial and 
mean lumen output. 

D. Certificates for Dimming Ballasts:  Manufacturer's documentation of compatibility with 
dimming controls to be installed. 

E. Maintenance Materials:  Furnish the following for Delaware Technical Community College's 
use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 
2. Extra Lenses and Louvers:  Two percent of total quantity installed for each type, but not 

less than one of each type. 
3. Extra Lamps:  Ten percent of total quantity installed for each type, but not less than two of 

each type. 
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4. Extra Ballasts:  Two percent of total quantity installed for each type, but not less than one 

of each type. 

F. Project Record Documents:  Record actual connections and locations of luminaires and any 
associated remote components. 

1.06 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Conform to requirements of NFPA 70 and NFPA 101. 

D. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

1.07 DELIVERY, STORAGE, AND PROTECTION 

A. Receive, handle, and store products according to NECA/IESNA 500 (commercial lighting), 
NECA/IESNA 502 (industrial lighting), and manufacturer's written instructions. 

B. Keep products in original manufacturer's packaging and protect from damage until ready for 
installation. 

1.08 FIELD CONDITIONS 

A. Maintain field conditions within manufacturer's required service conditions during and after 
installation. 

1.09 WARRANTY 

A. See Section 01 78 00 - Closeout Submittals, for additional warranty requirements. 

B. Provide two year manufacturer warranty for all linear fluorescent ballasts. 

C. Provide five year pro-rata warranty for batteries for emergency lighting units. 

D. Provide ten year pro-rata warranty for batteries for self-powered exit signs. 

E. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated. 

PART 2  PRODUCTS 

2.01 LUMINAIRES 

A. Provide products as indicated in Lighting Fixture Schedule included on the Drawings. 

2.02 BALLASTS 

A. Manufacturers: 
1. General Electric Company/GE Lighting; :  www.gelighting.com. 
2. Osram Sylvania; :  www.sylvania.com. 
3. Philips Lighting Electronics/Advance; :  www.advance.philips.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 
5. Manufacturer Limitations:  Where possible, for each type of luminaire provide ballasts 

produced by a single manufacturer. 

B. All Ballasts: 
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1. Provide ballasts with characteristics as indicated on Lighting Fixture Schedule included on 
the Drawings. 

2. Provide ballasts containing no polychlorinated biphenyls (PCBs). 
3. Minimum Efficiency/Efficacy:  Provide ballasts complying with all current applicable 

federal and state ballast efficiency/efficacy standards. 

2.03 LAMPS 

A. Manufacturers: 
1. General Electric Company/GE Lighting; :  www.gelighting.com. 
2. Osram Sylvania; :  www.sylvania.com. 
3. Philips Lighting Company; :  www.lighting.philips.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 
5. Manufacturer Limitations:  Where possible, provide lamps produced by a single 

manufacturer. 

B. All Lamps: 
1. Provide lamps with characteristics as indicated on Lighting Fixture Schedule included on 

the Drawings. 
2. Unless explicitly excluded, provide new, compatible, operable lamps in each luminaire. 
3. Verify compatibility of specified lamps with luminaires to be installed. Where lamps are 

not specified, provide lamps per luminaire manufacturer's recommendations. 
4. Minimum Efficiency:  Provide lamps complying with all current applicable federal and 

state lamp efficiency standards. 
5. Color Temperature Consistency:  Unless otherwise indicated, for each type of lamp 

furnish products which are consistent in perceived color temperature. Replace lamps that 
are determined by the Delaware Engineering and Design Corporation to be inconsistent in 
perceived color temperature. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 

B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are 
properly sized to accommodate conductors in accordance with NFPA 70. 

C. Verify that suitable support frames are installed where required. 

D. Verify that branch circuit wiring installation is completed, tested, and ready for connection to 
luminaires. 

E. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 PREPARATION 

A. Provide extension rings to bring outlet boxes flush with finished surface. 

B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes. 

3.03 INSTALLATION 

A. Coordinate locations of outlet boxes provided under Section 26 05 37 as required for installation 
of luminaires provided under this section. 

B. Install products according to manufacturer's instructions. 

C. Install luminaires securely, in a neat and workmanlike manner, as specified in NECA 1 (general 
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workmanship), NECA 500 (commercial lighting), and NECA 502 (industrial lighting). 

D. Install luminaires plumb and square and aligned with building lines and with adjacent 
luminaires. 

E. Suspended Ceiling Mounted Luminaires: 
1. Do not use ceiling tiles to bear weight of luminaires. 
2. Do not use ceiling support system to bear weight of luminaires unless ceiling support 

system is certified as suitable to do so. 
3. Secure surface-mounted and recessed luminaires to ceiling support channels or framing 

members, or to building structure. 
4. Secure pendant-mounted luminaires to building structure. 
5. Secure lay-in luminaires to ceiling support channels using listed safety clips at four 

corners. 
6. In addition to ceiling support wires, provide two galvanized steel safety wire(s), minimum 

12 gage, connected from opposing corners of each recessed luminaire to building structure. 
7. See appropriate Division 9 section where suspended grid ceiling is specified for additional 

requirements. 

F. Recessed Luminaires: 
1. Install trims tight to mounting surface with no visible light leakage. 
2. Non-IC Rated Luminaires:  Maintain required separation from insulation and combustible 

materials according to listing. 
3. Luminaires Recessed in Fire-Rated Ceilings:  Install using accessories and firestopping 

materials to meet regulatory requirements for fire rating. 

G. Suspended Luminaires: 
1. Unless otherwise indicated, specified mounting heights are to bottom of luminaire. 
2. Install using the suspension method indicated, with support lengths and accessories as 

required for specified mounting height. 
3. Provide minimum of two supports for each luminaire equal to or exceeding 4 feet in length, 

with no more than 4 feet (1.2 m) between supports. 
4. Install canopies tight to mounting surface. 

H. Wall-Mounted Luminaires:  Unless otherwise indicated, specified mounting heights are to 
center of luminaire. 

I. Install fixtures securely, in a neat and workmanlike manner, as specified in NECA 500 
(commercial lighting). 

J. Install suspended luminaires using pendants supported from swivel hangers.  Provide pendant 
length required to suspend luminaire at indicated height. 

K. Install surface mounted luminaires plumb and adjust to align with building lines and with each 
other.  Secure to prevent movement. 

L. Install accessories furnished with each luminaire. 

M. Make wiring connections to branch circuit using building wire with insulation suitable for 
temperature conditions within fixture; use flexible conduit. 

N. Connect luminaires to branch circuit outlets provided under Section 26 05 37 using flexible 
conduit. 

O. Make wiring connections to branch circuit using building wire with insulation suitable for 
temperature conditions within luminaire. 
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P. Bond products and metal accessories to branch circuit equipment grounding conductor. 

Q. Install specified lamps in each luminaire. 

R. Emergency Lighting Units: 
1. Unless otherwise indicated, connect unit to unswitched power from same circuit feeding 

normal lighting in same room or area. Bypass local switches, contactors, or other lighting 
controls. 

S. Exit Signs: 
1. Unless otherwise indicated, connect unit to unswitched power from same circuit feeding 

normal lighting in same room or area. Bypass local switches, contactors, or other lighting 
controls. 

T. Lamp Burn-In:  Operate lamps at full output for prescribed period per manufacturer's 
recommendations prior to use with any dimming controls. Replace lamps that fail prematurely 
due to improper lamp burn-in. 

3.04 FIELD QUALITY CONTROL 

A. See Section 01 40 00 - Quality Requirements, for additional requirements. 

B. Inspect each product for damage and defects. 

C. Perform field inspection in accordance with Section 01 40 00. 

D. Operate each luminaire after installation and connection to verify proper operation. 

E. Test self-powered exit signs and emergency lighting units to verify proper operation upon loss 
of normal power supply.  

F. Correct wiring deficiencies and repair or replace damaged or defective products. Repair or 
replace excessively noisy ballasts as determined by Delaware Engineering and Design 
Corporation. 

3.05 ADJUSTING 

A. Aim and position adjustable emergency lighting unit lamps to achieve optimum illumination of 
egress path as required or as directed by Delaware Engineering and Design Corporation or 
authority having jurisdiction. 

B. Exit Signs with Field-Selectable Directional Arrows:  Set as indicated or as required to 
properly designate egress path as directed by Delaware Engineering and Design Corporation or 
authority having jurisdiction. 

C. Aim and adjust fixtures as directed. 

3.06 CLEANING 

A. Clean surfaces according to NECA 500 (commercial lighting), NECA 502 (industrial lighting), 
and manufacturer's instructions to remove dirt, fingerprints, paint, or other foreign material and 
restore finishes to match original factory finish. 

B. Clean electrical parts to remove conductive and deleterious materials. 

C. Remove dirt and debris from enclosures. 

D. Clean finishes and touch up damage. 

3.07 CLOSEOUT ACTIVITIES 
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A. See Section 01 78 00 - Closeout Submittals, for closeout submittals. 

B. See Section 01 79 00 - Demonstration and Training, for additional requirements. 

C. Just prior to Substantial Completion, replace all lamps that have failed. 

3.08 PROTECTION 

A. Protect installed luminaires from subsequent construction operations. 

3.09 SCHEDULE - See Drawings 

END OF SECTION 
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SECTION 26 56 00 
 

EXTERIOR LIGHTING 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Exterior luminaires. 

B. Ballasts. 

C. Lamps. 

D. Poles and accessories. 

E. Luminaire accessories. 

1.02 RELATED REQUIREMENTS 

A. Section 03 30 00 - Cast-in-Place Concrete:  Materials and installation requirements for concrete 
bases for poles. 

B. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

C. Section 26 05 37 - Boxes. 

D. Section 26 27 26 - Wiring Devices:  Receptacles for installation in poles. 

E. Section 26 28 13 - Fuses. 

1.03 UNIT PRICES 

A. See Section 01 22 00 - Unit Prices, for additional unit price requirements. 

B. Exterior Lighting Unit: 
 1. Basis of Measurement:  Each. 
2. Basis of Payment:  Includes concrete foundation, pole, and luminaire(s) with lamps and 

accessories. 

1.04 REFERENCE STANDARDS 

A. AASHTO LTS - Standard Specifications for Structural Supports for Highway Signs, 
Luminaires and Traffic Signals; American Association of State Highway and Transportation 
Officials; 5th Edition, with 2011 Interim Revisions. 

B. ANSI C82.4 - American National Standard for Ballasts for High-Intensity-Discharge and Low 
Pressure Sodium Lamps (Multiple-Supply Type); 2002. 

C. IEEE C2 - National Electrical Safety Code; 2007. 

D. IEEE C62.41.2 - Recommended Practice on Characterization of Surges in Low-Voltage (1000 
V and less) AC Power Circuits; 2002 (R2008). 

E. IESNA LM-5 - Photometric Measurements of Area and Sports Lighting Installations; 2004. 

F. IESNA LM-63 - ANSI Approved Standard File Format for Electronic Transfer of Photometric 
Data and Related Information; 2002. 

G. IESNA LM-64 - Photometric Measurements of Parking Areas; 2001. 
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H. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 

Contractors Association; 2010. 

I. NECA/IESNA 501 - Recommended Practice for Installing Exterior Lighting Systems; 2006. 

J. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition 
Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and 
Supplements. 

K. UL 1029 - High-Intensity-Discharge Lamp Ballasts; Current Edition, Including All Revisions. 

1.05 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 
1. Coordinate placement of poles and associated foundations with utilities, curbs, sidewalks, 

trees, walls, fences, striping, etc. installed under other sections or by others. Coordinate 
elevation to obtain specified foundation height. 

2. Notify Delaware Engineering and Design Corporation of any conflicts or deviations from 
the contract documents to obtain direction prior to proceeding with work. 

1.06 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Shop Drawings: 
1. Indicate dimensions and components for each luminaire that is not a standard product of 

the manufacturer. 

C. Product Data:  Provide manufacturer's standard catalog pages and data sheets including detailed 
information on luminaire construction, dimensions, ratings, finishes, mounting requirements, 
listings, service conditions, photometric performance, weight, effective projected area (EPA), 
and installed accessories; include model number nomenclature clearly marked with all proposed 
features. 
1. Provide electronic files of photometric data certified by a National Voluntary Laboratory 

Accreditation Program (NVLAP) lab or independent testing agency in IESNA LM-63 
standard format upon request. 

2. Lamps:  Include rated life and initial and mean lumen output. 
3. Poles:  Include information on maximum supported effective projected area (EPA) and 

weight for the design wind speed. 

D. Certificates for Poles and Accessories:  Manufacturer's documentation that products are 
suitable for the luminaires to be installed and comply with designated structural design criteria. 

E. Maintenance Materials:  Furnish the following for Delaware Technical Community College's 
use in maintenance of project. 
 1. See Section 01 60 00 - Product Requirements, for additional provisions. 
2. Extra Lamps:  Ten percent of total quantity installed for each type, but not less than two of 

each type. 
3. Extra Ballasts:  Two percent of total quantity installed for each type, but not less than one 

of each type. 
4. Extra Fuses:  Five percent of total quantity installed for each type, but not less than two of 

each type. 
5. Touch-Up Paint:  2 gallons (8 liters), to match color of pole finish. 

F. Project Record Documents:  Record actual connections and locations of pole foundations, 
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luminaires, and any pull or junction boxes. 

1.07 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain at the project site a copy of each referenced document that prescribes execution 
requirements. 

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

1.08 DELIVERY, STORAGE, AND HANDLING 

A. Receive, handle, and store products according to NECA/IESNA 501 and manufacturer's written 
instructions. 

B. Keep products in original manufacturer's packaging and protect from damage until ready for 
installation. 

PART 2  PRODUCTS 

2.01 LUMINAIRES 

A. Provide products as indicated in Lighting Fixture Schedule included on the Drawings. 

2.02 BALLASTS 

A. Manufacturers: 
1. General Electric Company/GE Lighting; :  www.gelighting.com. 
2. Osram Sylvania; :  www.sylvania.com. 
3. Philips Lighting Electronics/Advance; :  www.advance.philips.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 
5. Manufacturer Limitations:  Where possible, for each type of luminaire provide ballasts 

produced by a single manufacturer. 

B. All Ballasts: 
1. Provide ballasts with characteristics as indicated on Lighting Fixture Schedule included on 

the Drawings. 
2. Provide ballasts containing no polychlorinated biphenyls (PCBs). 
3. Minimum Efficiency/Efficacy:  Provide ballasts complying with all current applicable 

federal and state ballast efficiency/efficacy standards. 

2.03 LAMPS 

A. Manufacturers: 
1. General Electric Company/GE Lighting; :  www.gelighting.com. 
2. Osram Sylvania; :  www.sylvania.com. 
3. Philips Lighting Company; :  www.lighting.philips.com. 
4. Substitutions:  See Section 01 60 00 - Product Requirements. 
5. Manufacturer Limitations:  Where possible, provide lamps produced by a single 

manufacturer. 

B. All Lamps: 
1. Provide lamps with characteristics as indicated in Lighting Fixture Schedule included on 

the Drawings. 
2. Unless explicitly excluded, provide new, compatible, operable lamps in each luminaire. 
3. Verify compatibility of specified lamps with luminaires to be installed. Where lamps are 
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not specified, provide lamps per luminaire manufacturer's recommendations. 
4. Minimum Efficiency:  Provide lamps complying with all current applicable federal and 

state lamp efficiency standards. 
5. Color Temperature Consistency:  Unless otherwise indicated, for each type of lamp 

furnish products which are consistent in perceived color temperature. Replace lamps that 
are determined by the Delaware Engineering and Design Corporation to be inconsistent in 
perceived color temperature. 

2.04 POLES 

A. Provide poles with characteristics as indicated on Lighting Fixture Schedule included on the 
Drawings. 

B. All Poles: 
1. Provide poles and associated support components suitable for the luminaire(s) and 

associated supports and accessories to be installed. 
2. Structural Design Criteria: 

a. Comply with AASHTO LTS. 
b. Wind Load:  Include effective projected area (EPA) of luminaire(s) and associated 

supports and accessories to be installed. 
3. Unless otherwise indicated, provide with the following features/accessories: 

a. Provision for pole-mounted weatherproof GFI receptacle where indicated. 

C. Metal Poles:  Provide ground lug, accessible from handhole. 

PART 3  EXECUTION 

3.01 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 

B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are 
properly sized to accommodate conductors in accordance with NFPA 70. 

C. Verify that suitable support frames are installed where required. 

D. Verify that branch circuit wiring installation is completed, tested, and ready for connection to 
luminaires. 

E. Verify that conditions are satisfactory for installation prior to starting work. 

3.02 PREPARATION 

A. Provide extension rings to bring outlet boxes flush with finished surface. 

B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes. 

3.03 INSTALLATION 

A. Coordinate locations of outlet boxes provided under Section 26 05 37 as required for installation 
of luminaires provided under this section. 

B. Install products according to manufacturer's instructions. 

C. Install luminaires securely, in a neat and workmanlike manner, as specified in NECA 1 (general 
workmanship) and NECA/IESNA 501 (exterior lighting). 
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D. Install luminaires plumb and square and aligned with building lines and with adjacent 

luminaires. 

E. Wall-Mounted Luminaires:  Unless otherwise indicated, specified mounting heights are to 
center of luminaire. 

F. Pole-Mounted Luminaires: 
1. Maintain the following minimum clearances: 

a. Comply with IEEE C2. 
b. Comply with utility company requirements. 

2. Foundation-Mounted Poles: 
a. Provide cast-in-place concrete foundations for poles as indicated, in accordance with 

Section 03 30 00. 
1) Install anchor bolts plumb per template furnished by pole manufacturer. 
2) Position conduits to enter pole shaft. 

b. Install foundations plumb. 
c. Install poles plumb, using leveling nuts or shims as required to adjust to plumb. 
d. Tighten anchor bolt nuts to manufacturer's recommended torque. 
e. Install non-shrink grout between pole anchor base and concrete foundation, leaving 

small channel for condensation drainage. 
f. Install anchor base covers or anchor bolt covers as indicated. 

3. Grounding: 
a. Bond luminaires, metal accessories, metal poles, and foundation reinforcement to 

branch circuit equipment grounding conductor. 
b. Provide supplementary ground rod electrode as specified in Section 26 05 26 at each 

pole bonded to grounding system as indicated. 
4. Install separate service conductors, 12 AWG copper, from each luminaire down to 

handhole for connection to branch circuit conductors. 
5. Install non-breakaway in-line fuse holders and fuses complying with Section 26 28 13 in 

pole handhole for each ungrounded conductor. 
6. Install weather resistant GFI duplex receptacle with weatherproof cover as specified in 

Section 26 27 26 in designated poles. 

G. Install accessories furnished with each luminaire. 

H. Bond products and metal accessories to branch circuit equipment grounding conductor. 

I. Install lamps in each luminaire. 

3.04 FIELD QUALITY CONTROL 

A. See Section 01 40 00 - Quality Requirements, for additional requirements. 

B. Inspect each product for damage and defects. 

C. Operate each luminaire after installation and connection to verify proper operation. 

D. Correct wiring deficiencies and repair or replace damaged or defective products. Repair or 
replace excessively noisy ballasts as determined by Delaware Engineering and Design 
Corporation. 

3.05 ADJUSTING 

A. Aim and position adjustable luminaires to achieve desired illumination as indicated or as 
directed by Delaware Engineering and Design Corporation. Secure locking fittings in place. 
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B. Luminaires with Field-Rotatable Optics:  Position optics according to manufacturer's 

instructions to achieve lighting distribution as indicated or as directed by Delaware Engineering 
and Design Corporation. 

3.06 CLEANING 

A. Clean surfaces according to NECA/IESNA 501 and manufacturer's instructions to remove dirt, 
fingerprints, paint, or other foreign material and restore finishes to match original factory finish. 

 3.07 bvCLOSEOUT ACTIVITIES 

A. See Section 01 78 00 - Closeout Submittals, for closeout submittals. 

B. See Section 01 79 00 - Demonstration and Training, for additional requirements. 

C. Demonstration:  Demonstrate proper operation of luminaires to Delaware Engineering and 
Design Corporation, and correct deficiencies or make adjustments as directed. 

D. Just prior to Substantial Completion, replace all lamps that have failed. 

3.08 PROTECTION 

A. Protect installed luminaires from subsequent construction operations. 

END OF SECTION 
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SECTION 28 31 00 
 

FIRE DETECTION AND ALARM 

PART 1  GENERAL 

1.01 SECTION INCLUDES 

A. Fire alarm system design and installation, including all components, wiring, and conduit. 

B. Transmitters for communication with supervising station.  

C. Maintenance of fire alarm system under contract for specified warranty period. 

1.02 RELATED REQUIREMENTS 

A. Section 08 71 00 - Door Hardware:  Electrically operated locks and door holder devices to be 
monitored and released by fire alarm system. 

B. Section 21 13 00 - Fire-Suppression Sprinkler Systems:  Supervisory, alarm, and actuating 
devices installed in sprinkler system. 

C. Section 23 33 00 - Air Duct Accessories:  Smoke dampers monitored and controlled by fire 
alarm system. 

1.03 REFERENCE STANDARDS 

A. 36 CFR 1191 - Americans with Disabilities Act Accessibility Guidelines for Buildings and 
Facilities; Final Rule; current edition; (ADA Standards for Accessible Design). 

B. IEEE C62.41.2 - Recommended Practice on Characterization of Surges in Low-Voltage (1000 
V and Less) AC Power Circuits; 2002 (R2008). 

C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having 
Jurisdiction, Including All Applicable Amendments and Supplements. 

D. NFPA 72 - National Fire Alarm Code and Signaling Code; 2010. 

E. NFPA 101 - Code for Safety to Life from Fire in Buildings and Structures; 2012. 

1.04 SUBMITTALS 

A. See Section 01 33 00 - Administrative Requirements, for submittal procedures. 

B. Proposal Documents:  Submit the following with cost/time proposal: 
1. NFPA 72 "Record of Completion", filled out to the extent known at the time. 
2. Manufacturer's detailed data sheet for each control unit, initiating device, and notification 

appliance. 
3. Certification by Contractor that the system design will comply with the contract 

documents. 
4. Proposed maintenance contract. 

C. Drawings must be prepared as reproducible drawings. 
1. Delaware Technical Community College will provide floor plan drawings for Contractor's 

use; verify all dimensions on Delaware Technical Community College-provided drawings. 

D. Evidence of designer qualifications. 
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E. Design Documents:  Submit all information required for plan review and permitting to the 

Office of the State Fire Marshal, including but not limited to floor plans, riser diagrams, and 
description of operation: 
1. Copy (if any) of list of data required by authority having jurisdiction. 
2. NFPA 72 "Record of Completion", filled out to the extent known at the time. 
3. Clear and concise description of operation, with input/output matrix similar to that shown 

in NFPA 72 Appendix A-7-5-2.2(9), and complete listing of software required. 
4. System zone boundaries and interfaces to fire safety systems. 
5. Location of all components, circuits, and raceways; mark components with identifiers used 

in control unit programming. 
6. Circuit layouts; number, size, and type of raceways and conductors; conduit fill 

calculations; spare capacity calculations; notification appliance circuit voltage drop 
calculations. 

7. List of all devices on each signaling line circuit, with spare capacity indicated. 
8. Manufacturer's detailed data sheet for each component, including wiring diagrams, 

installation instructions, and circuit length limitations. 
9. Description of power supplies; if secondary power is by battery include calculations 

demonstrating adequate battery power. 
10. Certification by either the manufacturer of the control unit or by the manufacturer of each 

other component that the components are compatible with the control unit. 
11. Certification by the manufacturer of the control unit that the system design complies with 

the contract documents. 
12. Certification by Contractor that the system design complies with the contract documents. 

F. Evidence of installer qualifications. 

G. Evidence of instructor qualifications; training lesson plan outline. 

H. Evidence of maintenance contractor qualifications, if different from installer. 

I. Inspection and Test Reports: 
1. Submit inspection and test plan prior to closeout demonstration. 
2. Submit documentation of satisfactory inspections and tests. 
3. Submit NFPA 72 "Inspection and Test Form," filled out. 

J. Operating and Maintenance Data:  Revise and resubmit until acceptable; have one set available 
during closeout demonstration: 
1. Complete set of specified design documents, as approved by authority having jurisdiction. 
2. Additional printed set of project record documents and closeout documents, bound or filed 

in same manuals. 
3. Contact information for firm that will be providing contract maintenance and trouble 

call-back service. 
4. List of recommended spare parts, tools, and instruments for testing. 
5. Replacement parts list with current prices, and source of supply. 
6. Detailed troubleshooting guide and large scale input/output matrix. 
7. Preventive maintenance, inspection, and testing schedule complying with NFPA 72; 

provide printed copy and computer format acceptable to Delaware Technical Community 
College. 

8. Detailed but easy to read explanation of procedures to be taken by non-technical 
administrative personnel in the event of system trouble, when routine testing is being 
conducted, for fire drills, and when entering into contracts for remodeling. 
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K. Project Record Documents:  Have one set available during closeout demonstration: 
1. Complete set of floor plans showing actual installed locations of components, conduit, and 

zones. 
2. "As installed" wiring and schematic diagrams, with final terminal identifications. 
3. "As programmed" operating sequences, including control events by device, updated 

input/output chart, and voice messages by event. 

L. Closeout Documents: 
1. Certification by manufacturer that the system has been installed in compliance with his 

installation requirements, is complete, and is in satisfactory operating condition. 
2. NFPA 72 "Record of Completion", filled out completely and signed by installer and 

authorized representative of authority having jurisdiction. 
3. Certificate of Occupancy. 
4. Maintenance contract. 

M. Maintenance Materials, Tools, and Software:  Furnish the following for Delaware Technical 
Community College's use in maintenance of project. 
1. Furnish spare parts of same manufacturer and model as those installed; deliver in original 

packaging, labeled in same manner as in operating and maintenance data and place in spare 
parts cabinet. 

2. In addition to the items in quantities indicated in PART 2, furnish the following: 
a. All tools, software, and documentation necessary to modify the fire alarm system 

using Delaware Technical Community College's personnel; minimum modification 
capability to include addition and deletion of devices, circuits, and zones, and changes 
to system description, operation, and evacuation and instructional messages. 

b. One copy, on CD-ROM, of all software not resident in read-only-memory. 

1.05 QUALITY ASSURANCE 

A. Copies of Design Criteria Documents:  Maintain at the project site for the duration of the 
project, bound together, an original copy of NFPA 72, the relevant portions of applicable codes, 
and instructions and guidelines of authorities having jurisdiction; deliver to Delaware Technical 
Community College upon completion. 

B. Designer Qualifications:  NICET Level III or IV (3 or 4) certified fire alarm technician or 
registered fire protection engineer, employed by fire alarm control panel manufacturer, 
Contractor, or installer, with experience designing fire alarm systems in the jurisdictional area 
of the authorities having jurisdiction. 

C. Installer Qualifications:  Firm with minimum 3 years documented experience installing fire 
alarm systems of the specified type and providing contract maintenance service as a regular part 
of their business. 
1. Authorized representative of control unit manufacturer; submit manufacturer's certification 

that installer is authorized; include name and title of manufacturer's representative making 
certification. 

2. Installer Personnel:  At least 2 years of experience installing fire alarm systems. 
3. Supervisor:  NICET level III or IV (3 or 4) certified fire alarm technician; furnish name 

and address. 

D. Maintenance Contractor Qualifications:  Same entity as installer or different entity with 
specified qualifications. 
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E. Instructor Qualifications:  Experienced in technical instruction, understanding fire alarm 

theory, and able to provide the required training; trained by fire alarm control unit manufacturer. 

1.06 WARRANTY 

A. Provide control panel manufacturer's warranty that system components other than wire and 
conduit are free from defects and will remain so for 5 years after date of Substantial 
Completion. 

B. Provide installer's warranty that the installation is free from defects and will remain so for 1 
year after date of Substantial Completion. 

PART 2  PRODUCTS 

2.01 MANUFACTURERS 

A. Fire Alarm Control Units - Basis of Design:  Honeywell Security & Fire Solutions/Notifier ; :  
www.notifier.com. 

B. Fire Alarm Control Units - Other Acceptable Manufacturers:  Provided their products meet or 
exceed the performance of the basis of design product, products of the following are acceptable: 
1. Honeywell Security & Fire Solutions/Gamewell-FCI:  www.gamewell-fci.com. 
2. Honeywell Security & Fire Solutions/Fire-Lite:  www.firelite.com. 
3. Honeywell Security & Fire Solutions/Silent Knight:  www.silentknight.com. 
4. Siemens Building Technologies, Inc:  www.sbt.siemens.com. 
5. SimplexGrinnell:  www.simplexgrinnell.com. 
6. Provide all control units made by the same manufacturer. 

C. Initiating Devices, and Notification Appliances: 
1. Same manufacturer as control units. 
2. Provide all initiating devices and notification appliances made by the same manufacturer. 

D. Substitutions:  See Section 01 60 00 - Product Requirements. 
1. For other acceptable manufacturers of control units specified, submit product data showing 

equivalent features and compliance with contract documents. 
2. For substitution of products by manufacturers not listed, submit product data showing 

features and certification by Contractor that the design will comply with contract 
documents. 

2.02 FIRE ALARM SYSTEM 

A. Fire Alarm System:  Provide a new automatic fire detection and alarm system: 
1. Provide all components necessary, regardless of whether shown in the contract documents 

or not. 
2. Protected Premises:  Entire building shown on drawings. 
3. Comply with the following; where requirements conflict, order of precedence of 

requirements is as listed: 
a. ADA Standards for Accessible Design. 
b. The requirements of the State Fire Marshal. 
c. Applicable local codes. 
d. The contract documents (drawings and specifications). 
e. NFPA 101. 
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f. NFPA 72; where the word "should" is used consider that provision mandatory; where 

conflicts between requirements require deviation from NFPA 72, identify deviations 
clearly on design documents. 

4. Evacuation Alarm:  Single smoke zone;  general evacuation of entire premises. 
5. Program notification zones and voice messages as directed by Delaware Technical 

Community College. 
6. Hearing Impaired Occupants:  Provide visible notification devices in all public areas and 

in dwelling units. 
7. Master Control Unit (Panel):  New, located as indicated on drawings. 

B. Supervising Stations and Fire Department Connections: 
1. Public Fire Department Notification:  By on-premises supervising station. 
2. Remote Supervising Station:  UL-listed central station under contract to facility. 
3. Means of Transmission to On-Premises Supervising Station:  Digital alarm communicator 

transmitter (DACT), 2 telephone lines. 
4. Means of Transmission to Remote Supervising Station:  Digital alarm communicator 

transmitter (DACT), 2 telephone lines. 
5. Auxiliary Connection Type:  Local energy. 

C. Circuits: 
1. Initiating Device Circuits (IDC): Class B, Style A. 
2. Signaling Line Circuits (SLC) Within Single Building:  Class B, Style 0.5. 
3. Notification Appliance Circuits (NAC):  Class B, Style W. 

D. Spare Capacity: 
1. Initiating Device Circuits:  Minimum 25 percent spare capacity. 
2. Notification Appliance Circuits:  Minimum 25 percent spare capacity. 
3. Speaker Amplifiers:  Minimum 25 percent spare capacity. 
4. Master Control Unit:  Capable of handling all circuits utilized to capacity without 

requiring additional components other than plug-in control modules. 

E. Power Sources: 
1. Primary:  Dedicated branch circuits of the facility power distribution system. 
2. Secondary:  Storage batteries. 
3. Capacity:  Sufficient to operate entire system for period specified by NFPA 72. 
4. Each Computer System:  Provide uninterruptible power supply (UPS). 

2.03 FIRE SAFETY SYSTEMS INTERFACES 

A. Supervision:  Provide supervisory signals in accordance with NFPA 72 for the following: 
1. Sprinkler water control valves. 

B. Alarm:  Provide alarm initiation in accordance with NFPA 72 for the following: 
1. Sprinkler water flow. 
2. Duct smoke detectors. 

C. HVAC: 
1. Duct Smoke Detectors:  Close dampers indicated; shut down air handlers indicated. 

D. Doors: 
1. Smoke Barrier Door Magnetic Holders:  Release upon activation of smoke detectors in 

smoke zone on either side of door, upon alarm from manual pull station on same floor, and 
upon sprinkler activation on same floor. 

2. Electromagnetic Door Locks on Egress Doors:  Unlock upon activation of any alarm 
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initiating device or suppression system in smoke zone that doors serve as egress from. 
3. Overhead Coiling Fire Doors:  Release upon activation of smoke detectors in smoke zone 

on either side of door, upon alarm from manual pull station on same floor, and upon 
sprinkler activation on same floor. 

2.04 COMPONENTS 

A. General: 
1. Provide flush mounted units where installed in finish areas; in unfinished areas, surface 

mounted unit are acceptable. 
2. Provide legible, permanent labels for each control device, using identification used in 

operation and maintenance data. 

B. Fire Alarm Control Units, Initiating Devices, and Notification Appliances:  Analog, 
addressable type; listed by Underwriters Laboratories as suitable for the purpose intended. 

C. Master Control Unit:  As specified for Basis of Design above, or equivalent. 

D. Initiating Devices: 
1. Manual Pull Stations:  Quanity as indicated on drawings. 

a. Provide 1 extra. 
2. Smoke Detectors:  Quanity as indicated on drawings. 

a. Provide 1 extra. 
3. Duct Smoke Detectors:  Quanity as indicated on drawings. 

a. Provide 1 extra. 

E. Notification Appliances: 
1. Horn/Strobes:  Quanity as indicated on drawings. 

a. Provide 2 extra. 

F. Circuit Conductors:  Copper or optical fiber; provide 200 feet (60 m) extra; color code and 
label. 

G. Surge Protection:  In accordance with IEEE C62.41.2 category B combination waveform and 
NFPA 70; except for optical fiber conductors. 

H. Locks and Keys:  Deliver keys to Delaware Technical Community College. 
1. Provide the same standard lock and key for each key operated switch and lockable panel 

and cabinet; provide 5 keys of each type 

I. Instruction Charts:  Printed instruction chart for operators, showing steps to be taken when a 
signal is received (normal, alarm, supervisory, and trouble); easily readable from normal 
operator's station. 
1. Frame:  Stainless steel or aluminum with polycarbonate or glass cover. 
2. Provide one for each control unit where operations are to be performed. 
3. Obtain approval of Delaware Technical Community College prior to mounting; mount in 

location acceptable to Delaware Technical Community College. 
4. Provide extra copy with operation and maintenance data submittal. 

J. Storage Cabinet for Spare Parts and Tools:  Steel with baked enamel finish, size appropriate to 
quantity of parts and tools. 
1. Padlock eye and hasp for lock furnished by Delaware Technical Community College. 
2. Locate as directed by Delaware Technical Community College. 

PART 3  EXECUTION 

3.01 INSTALLATION 
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A. Install in accordance with applicable codes, NFPA 72, NFPA 70, and the contract documents. 

B. Conceal all wiring, conduit, boxes, and supports where installed in finished areas. 

C. Obtain Delaware Technical Community College's approval of locations of devices, before 
installation. 

D. Install instruction cards and labels. 

3.02 INSPECTION AND TESTING FOR COMPLETION 

A. Notify Delaware Technical Community College 7 days prior to beginning completion 
inspections and tests. 

B. Notify authorities having jurisdiction and comply with their requirements for scheduling 
inspections and tests and for observation by their personnel. 

C. Provide the services of the installer's supervisor or person with equivalent qualifications to 
supervise inspection and testing, correction, and adjustments. 

D. Prepare for testing by ensuring that all work is complete and correct; perform preliminary tests 
as required. 

E. Provide all tools, software, and supplies required to accomplish inspection and testing. 

F. Perform inspection and testing in accordance with NFPA 72 and requirements of local 
authorities; document each inspection and test. 

G. Correct defective work, adjust for proper operation, and retest until entire system complies with 
contract documents. 

H. Diagnostic Period:  After successful completion of inspections and tests, Operate system in 
normal mode for at least 14 days without any system or equipment malfunctions. 
1. Record all system operations and malfunctions. 
2. If a malfunction occurs, start diagnostic period over after correction of malfunction. 
3. Delaware Technical Community College will provide attendant operator personnel during 

diagnostic period; schedule training to allow Delaware Technical Community College 
personnel to perform normal duties. 

4. At end of successful diagnostic period, fill out and submit NFPA 72 "Inspection and 
Testing Form." 

3.03 Delaware Technical Community College PERSONNEL INSTRUCTION 

A. Provide the following instruction to designated Delaware Technical Community College 
personnel: 
1. Hands-On Instruction:  On-site, using operational system. 
2. Classroom Instruction:  Delaware Technical Community College furnished classroom, 

on-site or at other local facility. 

B. Administrative:  One-hour session(s) covering issues necessary for non-technical 
administrative staff; classroom: 
1. Initial Training:  1 session pre-closeout. 
2. Refresher Training:  1 session post-occupancy. 

C. Basic Operation:  One-hour sessions for attendant personnel, security officers, and engineering 
staff; combination of classroom and hands-on: 
1. Initial Training:  1 session pre-closeout. 

D. Furnish the services of instructors and teaching aids; have copies of operation and maintenance 
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data available during instruction. 

3.04 CLOSEOUT 

A. Closeout Demonstration:  Demonstrate proper operation of all functions to Delaware Technical 
Community College. 
1. Be prepared to conduct any of the required tests. 
2. Have at least one copy of operation and maintenance data, preliminary copy of project 

record drawings, input/output matrix, and operator instruction chart(s) available during 
demonstration. 

3. Have authorized technical representative of control unit manufacturer present during 
demonstration. 

4. Demonstration may be combined with inspection and testing required by authority having 
jurisdiction; notify authority having jurisdiction in time to schedule demonstration. 

5. Repeat demonstration until successful. 

B. Occupancy of the project will not occur prior to Substantial Completion. 

C. Substantial Completion of the project cannot be achieved until inspection and testing is 
successful and: 
1. Specified diagnostic period without malfunction has been completed. 
2. Approved operating and maintenance data has been delivered. 
3. Spare parts, extra materials, and tools have been delivered. 
4. All aspects of operation have been demonstrated to Delaware Technical Community 

College. 
5. Final acceptance of the fire alarm system has been given by authorities having jurisdiction. 
6. Occupancy permit has been granted. 
7. Specified pre-closeout instruction is complete. 

D. Perform post-occupancy instruction within 3 months after Substantial Completion. 

3.05 MAINTENANCE 

A. See Section 01 77 00 - Closeout Procedures, for additional requirements relating to maintenance 
service. 

B. Provide to Delaware Technical Community College, at no extra cost, a written maintenance 
contract for 2 years, to include the work described below. 

C. Perform routine inspection, testing, and preventive maintenance required by NFPA 72, 
including: 
1. Maintenance of fire safety interface and supervisory devices connected to fire alarm 

system. 
2. Repairs required, unless due to improper use, accidents, or negligence beyond the control 

of the maintenance contractor. 
3. Record keeping required by NFPA 72 and authorities having jurisdiction. 

D. Provide trouble call-back service upon notification by Delaware Technical Community College: 
1. Provide on-site response within 2 hours of notification. 
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2. Include allowance for call-back service during normal working hours at no extra cost to 

Delaware Technical Community College. 
3. Delaware Technical Community College will pay for call-back service outside of normal 

working hours on an hourly basis, based on actual time spent at site and not including 
travel time; include hourly rate and definition of normal working hours in maintenance 
contract. 

E. Provide a complete description of preventive maintenance, systematic examination, adjustment, 
cleaning, inspection, and testing, with a detailed schedule. 

F. Maintain a log at each fire alarm control unit, listing the date and time of each inspection and 
call-back visit, the condition of the system, nature of the trouble, correction performed, and 
parts replaced.  Submit duplicate of each log entry to Delaware Technical Community 
College's representative upon completion of site visit. 

G. Comply with Delaware Technical Community College's requirements for access to facility and 
security. 

END OF SECTION 
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SECTION 311000 - SITE CLEARING 

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. Protecting existing trees, shrubs, plants and grass to remain. 
2. Removing existing trees and other vegetation. 
3. Clearing and grubbing. 
4. Stripping and stockpiling topsoil. 
5. Removing above- and below-grade site improvements. 
6. Disconnecting, capping or sealing, and abandoning site utilities in place and removing 

site utilities. 
7. Temporary erosion and sedimentation control measures. 

B. Related Sections include the following: 

1. Division 01 Section "Temporary Construction Utilities, Facilities & Controls" for 
temporary utilities, temporary construction and support facilities, temporary security and 
protection facilities. 

2. Division 31 Section "Earth Moving" for soil materials, excavating, backfilling, and site 
grading. 

3. Division 32 Section "Turf and Grasses" for finish grading including preparing and 
placing planting soil mixes and testing of topsoil material. 

1.3 DEFINITIONS 

A. Topsoil:  Natural or cultivated surface-soil layer containing organic matter and sand, silt, and 
clay particles; friable, pervious, and black or a darker shade of brown, gray, or red than 
underlying subsoil; reasonably free of subsoil, clay lumps, gravel, and other objects more than 2 
inches in diameter; and free of subsoil and weeds, roots, toxic materials, or other nonsoil 
materials. 

1.4 MATERIAL OWNERSHIP 

A. Except for stripped topsoil or other materials indicated to remain Owner's property, cleared 
materials shall become Contractor's property and shall be removed from Project site. 

1.5 SUBMITTALS 
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A. Photographs or videotape, sufficiently detailed, of existing conditions of trees and plantings, 
adjoining construction, and site improvements that might be misconstrued as damage caused by 
site clearing. 

1.6 QUALITY ASSURANCE 

A. Preinstallation Conference:  Conduct conference at Project site to comply with requirements in 
Division 01 Section "Project Management and Coordination." 

1.7 PROJECT CONDITIONS 

A. Traffic:  Minimize interference with adjoining roads, streets, walks, and other adjacent occupied 
or used facilities during site-clearing operations. 

1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities 
without permission from Owner and authorities having jurisdiction. 

2. Provide alternate routes around closed or obstructed traffic ways if required by authorities 
having jurisdiction. 

B. Utility Locator Service:  Notify utility locator service for area where Project is located before 
site clearing.  The contractor is responsible for all costs associated with a utility locator service.   

C. Do not commence site clearing operations until temporary erosion and sedimentation control 
measures are in place. 

PART 2 - PRODUCTS 

2.1 SOIL MATERIALS 

A. Satisfactory Soil Materials:  Requirements for satisfactory soil materials are specified in 
Division 31 Section "Earth Moving." 

1. Obtain approved borrow soil materials off-site when satisfactory soil materials are not 
available on-site. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Protect and maintain benchmarks and survey control points from disturbance during 
construction. 

B. Locate and clearly flag trees and vegetation to remain or to be relocated. 

C. Protect existing site improvements to remain from damage during construction. 

1. Restore damaged improvements to their original condition, as acceptable to Owner. 
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D. Contact DNREC, Division of Sediment and Stormwater to arrange a preconstruction meeting 
prior to any site clearing or site disturbance activities. 

3.2 TEMPORARY EROSION AND SEDIMENTATION CONTROL 

A. Provide temporary erosion and sedimentation control measures to prevent soil erosion and 
discharge of soil-bearing water runoff or airborne dust to adjacent properties and walkways, 
according to approved Sediment and Erosion Control Drawings. 

B. Inspect, repair, and maintain erosion and sedimentation control measures during construction 
until permanent vegetation has been established. 

C. Remove erosion and sedimentation controls and restore and stabilize areas disturbed during 
removal. 

3.3 UTILITIES 

A. Locate, identify, disconnect, and seal or cap off utilities indicated to be removed. 

1. Construction Manager will arrange to shut off indicated on-site utilities when requested 
by Contractor.   

B. Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others 
unless permitted under the following conditions and then only after arranging to provide 
temporary utility services according to requirements indicated: 

1. Notify Construction Manger and Owner not less than five days in advance of proposed 
utility interruptions. 

2. Do not proceed with utility interruptions without Construction Manager’s written 
permission. 

C. Excavate for and remove underground utilities indicated to be removed. Refer to sections 
covering site utilities. 

3.4 CLEARING AND GRUBBING 

A. Remove obstructions, trees, shrubs, grass, and other vegetation to permit installation of new 
construction. 

1. Do not remove trees, shrubs, and other vegetation indicated to remain or to be relocated. 
2. Cut minor roots and branches of trees indicated to remain in a clean and careful manner 

where such roots and branches obstruct installation of new construction. 
3. Grind stumps and remove roots, obstructions, and debris extending to a depth of 18 

inches below exposed subgrade. 
4. Use only hand methods for grubbing within tree protection zone. 
5. Chip removed tree branches and dispose of off-site. 

B. Fill depressions caused by clearing and grubbing operations with satisfactory soil material 
unless further excavation or earthwork is indicated. 
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1. Place fill material in horizontal layers not exceeding a loose depth of 8 inches, and 
compact each layer to a density equal to adjacent original ground. 

3.5 TOPSOIL STRIPPING 

A. Remove sod and grass before stripping topsoil. 

B. Strip topsoil to whatever depths are encountered in a manner to prevent intermingling with 
underlying subsoil or other waste materials. 

1. Remove subsoil and nonsoil materials from topsoil, including trash, debris, weeds, roots, 
and other waste materials. 

C. Stockpile topsoil materials away from edge of excavations without intermixing with subsoil.  
Grade and shape stockpiles to drain surface water.  Cover to prevent windblown dust. 

1. Do not stockpile topsoil within tree protection zones. 
2. Stockpile surplus topsoil to allow for respreading deeper topsoil. 

3.6 SITE IMPROVEMENTS 

A. Remove existing above- and below-grade improvements as indicated and as necessary to 
facilitate new construction. 

B. Remove slabs, paving, curbs, gutters, and aggregate base as indicated. 

1. Unless existing full-depth joints coincide with line of demolition, neatly saw-cut length 
of existing pavement to remain before removing existing pavement.  Saw-cut faces 
vertically. 

2. Paint cut ends of steel reinforcement in concrete to remain to prevent corrosion. 

3.7 DISPOSAL 

A. Disposal:  Remove surplus soil material, unsuitable topsoil, obstructions, demolished materials, 
and waste materials including trash and debris, and legally dispose of them off Owner's 
property. 

END OF SECTION 311000 
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SECTION 312000 – EARTH MOVING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. The General Conditions, any Supplementary General Conditions and Division 1, General 
Requirements, are hereby made a part of this Section as fully as if repeated herein. 

1.2 SECTION INCLUDES 

A. Earthwork includes areas below building foundations, below concrete slabs on grade, below 
paved areas and grading of all unpaved area in the site. 

1. Layout and staking for earthwork. 
2. Excavation and rough grading. 
3. Erosion and sediment control. 
4. Foundation excavation for footings. 
5. Establishing subgrades, leveling and proofrolling. 
6. Filling, backfilling and compaction. 
7. Keeping streets clean of materials tracked off site. 
8. Includes trenching, excavation and backfill for utilities. 
9. Maintenance and/or repair of damage to the rough grading. 
10. Removal and disposal of stones, debris, excess and unsuitable materials. 
11. Soil treatment for termite control. 
12. Field quality control, testing, and inspection. 

1.3 DEFINITIONS 

A. Rock Excavation:  Natural geological formations or other material which cannot be removed by 
adequate equipment (in good condition) as defined below, shall be considered a change in the 
scope of work and paid for by the Owner if encountered. 

1. Open Excavation and Grading:  Rock in excess of the capabilities of a Caterpillar D-8 
tractor (or equivalent) with 2 cu. yd. bucket and hydraulically operated single tooth 
power ripper. 

2. Trenches, Pits and Footings:  Rock in excess of the capabilities of a Caterpillar 235 
Hydraulic Backhoe (or equivalent) using a 2 ft. Bucket width (3/4 cu. yd.) 

3. Minimum Effort:  If rock is not removed during the process of normal digging and 
ripping, then extend the excavation to expose the rock surface within the limit of original 
excavation.  Contact the A/E and he may direct the sides of rock to be exposed to a depth 
of 3 feet.  This will be to determine to the extent of additional work. 

B. Earth Excavation:  Anything not classified as rock including as example:  soils, gravels, stones, 
boulders, vegetation, debris, and unsuitable materials. 

C. Unsuitable Materials:  All excavated materials; debris, man made or fabricated materials, 
concrete spoil, organic, soft, expansive, or unstable matter; all shall be disposed of as herein 
specified.  Excessive moisture content shall not classify a material as unsuitable. 
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D. Removal and disposal of unsuitable material above the subgrade elevation and placement of 
approved specific fill material (from on or off the site) above the subgrade elevation as directed 
by the Soils Engineer shall be considered a part of the work. 

E. Removal and disposal of unsuitable material approved below the subgrade elevation and 
placement of approved specific fill material (from on or off the site) below the subgrade 
elevation as directed by the Soils Engineer shall be considered a change in the scope of work. 

F. Soils Engineer or Inspection Agency:  An Agency and its designated representatives who 
monitor and approve all earthwork operations described herein. 

G. Subgrade:  The finished elevation of the earth immediately below all slabs, granular and porous 
fill, paving, footings, walls, etc., except the subgrade elevation shall not be higher than 12" 
below the existing earth elevation at the start of the project. 

H. Subgrade for utility construction:  Underside of barrel of pipe, or underside of any cradle or 
bedding if noted on drawings, or referenced in applicable local government specifications.  For 
pipe drains and miscellaneous structures encased in concrete or on concrete, stone and/or gravel 
cradle, subgrade is lowest outside surface of encasement or cradle. 

I. Structures: Buildings, footings, foundations, retaining walls, slabs, tanks, curbs, mechanical and 
electrical appurtenances, or other man-made stationary features constructed above or below the 
ground surface. 

J. Bedding Course:  Course placed over the excavated subgrade in a trench before laying pipe. 

K. Drainage Course:  Course supporting the slab on grade that also minimizes upward capillary 
flow of pore water. 

L. Subbase Course:  Course placed between the subgrade and base course for hot-mix asphalt 
pavement, or course placed between the subgrade and a cement concrete pavement or a cement 
concrete or hot-mix asphalt walk. 

M. Utilities:  On site underground pipes, conduits, ducts, and cables, as well as underground 
services within buildings. 

N. Filter Material:  Course placed around drainage pipes. 

1.4 QUALITY ASSURANCE 

A. Reference Standards: 

1. American Association of State Highway and Transportation Officials (AASHTO). 
2. American Society for Testing and Materials (ASTM). 
3. Delaware Department of Transportation, State Highway Administration “Standard 

Specifications for Materials and Construction”, as amended to date (DelDOT as 
hereinafter referred).  Delete references to Measurement and Payment. 

B. Geotechnical Testing Agency Qualifications:  An independent testing agency (with a 
Geotechnical engineer licensed in the state where the project is being constructed on staff) 
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qualified according to ASTM E 329 to conduct soil materials and rock-definition testing, as 
documented according to ASTM D 3740 and ASTM E 548.   

C. Tolerances:  As indicated herein. 

D. Testing:  Requirements as specified herein. 

1.5 SUBMITTALS 

A. Notification: 

1. Notify and provide data to regulatory authorities and A/E prior to commencement of 
work. 

2. Provide notice of:  encounter with unknown utilities; subgrades before filling; areas 
requiring  

3. testing or inspection. 

B. Product Data: For the following: 

1. Geotextile. 
2. Detection Warning Tape. 

C. Material Test Reports:  From a qualified testing agency indicating and interpreting test results 
for compliance of the following with requirements indicated: 

1. Classification according to ASTM D2487 of each on site and borrow soil material 
proposed for fill and backfill. 

2. Laboratory compaction curve according to ASTM D1557 for each on site and borrow soil 
material proposed for fill and backfill. 

3. Field reports; in-place soil density tests. 
4. One optimum moisture – maximum density curve for each type of soil encountered. 
5. Report of actual unconfined compressive strength and/or results of bearing tests of each 

strata tested. 
6. Test reports must be submitted daily to the Architect and Owner. 

1.6 PROJECT CONDITIONS 

A. Subsurface Conditions:  Subsurface soils investigations have been made at the site.  The report 
and logs of the test borings and test pits are included in the Appendix of these specifications.  
Such investigations have been made for the purposes of design only and neither the Engineers, 
the Owner, nor the Geotechnical Engineer guarantee adequacy or accuracy of the data, or that 
data are representative of all conditions to be encountered.  Such information is made available 
for general information only and shall not relieve the Contractor of the responsibility for making 
his own investigations, tests, and analysis.  Any additional test borings and other exploratory 
operations may be made by Contractor shall be at no cost to Owner. 

1. See Geotechnical Engineering Report prepared by Duffield Associations, Inc. in Division 
1 for test boring data and other requirements.   
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B. Erosion and sediment control, in addition to erosion control specified in Section 31100 and 
Division 1: 

1. Standards:  Comply with the requirements of the "Standards and Specifications for Soil 
Erosion and Sediment Control in Developing Areas" by the U.S.D.A. Soil Conservation 
Service. 

2. General Erosion:  Prevent erosion of earthwork; repair and correct any ditches, gullies or 
erosion immediately and upon occurrence. 

3. Excavations:  Prevent water from flowing into open excavations and toward building 
walls. 

4. Slopes:  Cover (with continuous plastic membrane) and stake all slopes steeper than 1.5 
horizontal to 1 vertical. 

C. Environmental Conditions: 

1. Do not apply soil treatment when temperature is at or below freezing or when ground is 
frozen or frost is expected. 

2. Do not apply soil treatment when surface water is present. 

D. Existing Conditions:  Accept the site in the condition which it exists at the time of the award of 
the contract and perform all work to the grades indicated. 

1. Protect plant material, lawns and other features not designated for removal. 
2. Protect bench marks, existing structures, fences, sidewalks, paving and curbs from 

excavating equipment and vehicular traffic. 
 

E. Existing Utilities:  Locate existing underground utilities in areas of work.  If utilities are to 
remain in place, provide adequate means of protection during earthwork operations. 

1. Should uncharted, or incorrectly charted, piping or other utilities be encountered during 
excavation, consult utility Owner immediately for directions.  Cooperate with Owner and 
utility companies in keeping respective services and facilities in operation.  Repair 
damaged utilities to satisfaction of utility Owner. 

2. Do not interrupt existing utilities serving facilities occupied and used by others, except 
when permitted in writing by A/E and then only after acceptable temporary utility 
services have been provided.  Provide a minimum of 48 hour notices to utility Owners 
and receive written notice to proceed before interrupting any utility. 

F. Rock Excavation:  Rock excavation may be performed with hoe rams, jack hammers, or any 
method the Contractor wishes to employ except for explosives. 

1.7 PROTECTION 

A. Safety:  Provide protective measures necessary for the safety of workmen, to the public and 
adjacent property. Prevent cave-ins, collapse of walls, structures and slopes, both on and 
adjacent to the site. 

B. Standards:  Comply with regulations of local authorities having jurisdiction, including all 
applicable O.S.H.A. requirements. 
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C. Repair:  Includes the removal and replacement with new materials all materials so affected by 
settlement. 

PART 2 - PRODUCTS 

2.1 FILL AND BACKFILL 

A. Satisfactory Soils: 

1. Compacted fill and backfill shall be free of deleterious matter such as frozen materials, 
organics, wood, debris, or rock larger than 4 inches in diameter and be classified SP, SW, 
SM, SC, GP, GC, GM, or GW per ASTM D-2487.  All material shall have a liquid limit 
and plasticity index not exceeding 40 and 20 respectively when tested in accordance with 
ASTM D-4318.  

2. The minimum dry unit weight shall not be less than 105 PCF maximum dry density as 
determined by ASTM D-1557, modified proctor. 

3. All fill and backfill materials shall be obtained from on site or from off site sources and 
shall be approved by the Geotechnical Engineer prior to placement.   

4. Provide borrow soil materials when sufficient satisfactory soil materials are not available 
from excavations. 

B. Engineered Fill:  Naturally or artificially graded mixture of natural or crushed gravel, crushed 
stone, and natural or crushed sand; ASTM D 2940; with a least 90 percent passing a 1 ½ inch 
sieve and not more than 12 percent passing a No. 200 sieve. 

1. Locations: All on site fill areas 

C. Structural Fill: On-site soils free of organic material, topsoil, miscellaneous fill, debris and rock 
fragments in excess of 3 inches in their largest dimension may be suitable as structural fill.The 
granular on-site soils may be suitable for re-use as structural fill.  Some of these soils have an 
in-situ moisture content that exceeds the typical range that would allow the recommended 
compaction to be achieved.  Therefore, drying of these soils may be required to achieve the 
recommended compaction. 

 If sufficient quantities of suitable on-site soils are not available for structural fill, imported 
borrow consisting of predominately granular soils conforming to the requirements of the 
Delaware Department of Transportation Standard Specifications Select Borrow, Type G should 
be utilized or AASHTO SP-57 stone. 

D. Drainage fill:  

1. Washed, narrowly graded mixture of crushed stone, or crushed or uncrushed gravel, 
(ASTM D 448 Coarse - aggregate grading size 57), with 100% passing of  1-1/2" sieve 
and not more than 5% passing a No. 8 sieve.  Aggregate shall meet DELDOT 
specification for No. 106A aggregate.  Provide by Contractor from off site source. 

a. Locations:  All concrete slab on grade areas 
 

2. For foundation drainage, use aggregate meeting DELDOT specification for No. 113 ag-
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gregate. 
 

a.       Locations:  Drainage fill behind basement walls and retaining walls. 

E. Stone Base Course:  Naturally or artificially graded mixture of natural or crushed gravel,  
crushed stone, reclaimed concrete, and natural or crushed sand (ASTM D2490) with at least 
95% passing a 1 ½” sieve and not more than 8% passing a No. 200 sieve.  Provide by contractor 
from off site sources. 

F. Subbase Material:  Designation CR-6 in accordance with DELDOT Specifications. 

1. Locations:  All vehicular traffic areas 

G. Bedding Course:  Naturally or artificially graded mixture of natural or crushed gravel, crushed 
stone, and natural or crushed sand; ASTM D2940; except with 100 percent passing a 1 inch (25-
mm) sieve and not more than 8 percent passing a No. 200 (0.075-mm) sieve. For utility 
installations, bedding shall conform to AASHTO #57 stone. 

H. Filter Material: Narrowly graded mixture of natural or crushed gravel, or crushed stone and 
natural sand; AASHTO M-43, size No. 17. 

I. Sand: ASTM C 33; fine aggregate, natural, or manufactured sand. 

J. Processed Rubble Fill: Existing brick and concrete rubble, free of wood and steel may be 
processed by use of tracked equipment such that no particle size greater than 6 inches in the 
longest dimension remains. 

K. Impervious Fill: Clayey gravel and sand mixture capable of compacting to a dense state. 

2.2 FILL AND BACKFILL FOR UTILITIES 

A. Backfill:  Earth removed from the trench provided that in the opinion of Soils Engineer such 
excavated material is satisfactory for backfilling. 

B. Should the excavated material be considered unsatisfactory for backfilling, the Contractor shall 
remove and dispose of such unsatisfactory material and substitute, in lieu thereof, suitable 
material obtained from elsewhere on or off the site.   

C. Materials shall meet the requirements specified in paragraph 2.1.A above. 

2.3 TOPSOIL 

A. Refer to Section 329200 Turf and Grasses.   

2.4 SOIL TREATMENT - TERMITE CONTROL 

A. Emulsion soil chemicals of only water-based type.  Do not use any fuel oil as a diluent. 

B. Solutions and chemicals listed and approved by EPA, USDA, and Delaware State Department 
of Agriculture. 
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C. Chemicals used in retreatment shall also be certified and state type of chemical and rate of 
concentration. 

2.5 ACCESSORIES 

A. Detectable Warning Tape:  Acid and alkali-resistant polyethylene film warning tape 
manufactured for marking and identifying underground utilities, a minimum of 6 inches (150 
mm) wide and 4 mils (0.1 mm) thick, continuously inscribed with a description of the utility, 
with metallic core encased in a protective jacket for corrosion protection, detectable by metal 
detector when tape is buried up to 30 inches (750 mm) deep; colored as follows: 

1. Red: Electric 
2. Yellow: Gas, oil, steam, and dangerous materials. 
3. Orange: Telephone and other communications. 
4. Blue:  Water systems 
5. Green:  Sewer systems. 

2.6 GEOTEXTILES 

A. Subsurface Drainage Geotextile:  Nonwoven needle-punched geotextile, manufactured for 
subsurface drainage applications, made from polyolefins or polyesters; with elongation greater 
than 50 percent; complying with AASHTO M 288 and the following, measured per test 
methods referenced: 

1. Survivability:  Class 2; AASHTO M 288. 
2. Grab Tensile Strength:  157 lbf; ASTM D 4632. 
3. Sewn Seam Strength:  142 lbf; ASTM D 4632. 
4. Tear Strength:  56 lbf; ASTM D 4533. 
5. Puncture Strength:  56 lbf; ASTM D 4833. 
6. Apparent Opening Size:  No. 70 sieve, maximum; ASTM D 4751. 
7. Permittivity:  0.5 per second, minimum; ASTM D 4491. 
8. UV Stability:  50 percent after 500 hours' exposure; ASTM D 4355. 

B. Separation Geotextile:  Woven geotextile fabric, manufactured for separation applications, 
made from polyolefins or polyesters; with elongation less than 50 percent; complying with 
AASHTO M 288 and the following, measured per test methods referenced: 

1. Survivability:  Class 2; AASHTO M 288. 
2. Grab Tensile Strength:  247 lbf; ASTM D 4632. 
3. Sewn Seam Strength:  222 lbf; ASTM D 4632. 
4. Tear Strength:  90 lbf; ASTM D 4533. 
5. Puncture Strength:  90 lbf; ASTM D 4833. 
6. Apparent Opening Size:  No. 40 sieve, maximum; ASTM D 4751. 
7. Permittivity:  0.02 per second, minimum; ASTM D 4491. 
8. UV Stability:  50 percent after 500 hours' exposure; ASTM D 4355. 
 

2.7 FLOWABLE FILL 
 

A. Stabilized flowable fly ash mixture with a maximum slump of 8" and a minimum unconfined 
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compressive strength of 100 psi used to fill construction excavations. 
 

B. Manufacturer:  American Stone Mix or approved equal. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Verify existing ground surfaces have been stripped of topsoil, root mat and existing pavement, 
unsatisfactory soils, concrete spoil, obstructions and deleterious material. 

B. Following rough grading and prior to foundation excavation, placement of fill, or construction 
of the floor slabs, it is recommended that the exposed subgrade be proofrolled. The proofroll 
should be performed using a minimum 10-ton vibratory roller in the presence of the qualified 
soils technician working under the supervision of a geotechnical engineer. Yielding or 
otherwise unsuitable subgrade conditions encountered within the proposed building areas 
should be undercut to firm subgrade conditions and backfilled with compacted structural fill.  

C. Locate underground utilities in areas of work.  If utilities are to remain in place, provide 
adequate means of protection during earthwork operations.  Contact "Miss Utility". 

D. Use of explosives will not be permitted, unless approved by Owner in writing and Regulatory 
Agencies having jurisdiction. 

E. Demolish and completely remove from site existing underground utilities indicated to be 
removed.  Coordinate with utility companies to shut off services if lines are active. 

F. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by 
settlement, lateral movement, undermining, washout, and other hazards created by earthwork 
operations. 

G. Protect subgrades and foundation soils against freezing temperatures or frost.  Provide 
protective insulating materials as necessary. 

H. Provide erosion-control measures to prevent erosion or displacement of soils and discharge of 
soil-bearing water runoff or airborne dust to adjacent properties and walkways. 

3.2 EXCAVATION 

A. Excavation consists of removal and disposal of material encountered when establishing required 
finish grade elevations. 

B. Unauthorized Excavations: 

1. Unauthorized excavation consists of removal of materials beyond indicated subgrade 
elevations or dimensions without specific direction of A/E.  Unauthorized excavation, as 
well as remedial work directed by A/E, shall be at Contractor's expense. 

2. Under footings, foundations, or retaining walls, fill unauthorized excavation by extending 
indicated bottom elevation of footing to excavation bottom, without altering required top 
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elevation.  Lean concrete, flo-ash fill, or compacted structural fill may be used to bring 
elevations to proper position, when acceptable by A/E. 

C. Additional Excavation:  When excavation has reached required subgrade elevations, notify Soils 
Engineer who will make an inspection of conditions. 

1. If unsuitable bearing materials are encountered at required subgrade elevations, carry 
excavations deeper and replace excavated materials as directed by A/E 

2. Removal of unsuitable material below the subgrade elevation and its replacement as 
directed will be paid by the Owner on basis of contract conditions relative to change in 
work. 

D. Stability of Excavations:  Slope sides of excavations to comply with local codes and ordinances 
having jurisdiction.  Shore and brace where sloping is not possible because of space restrictions 
or stability of materials excavated. 

1. Maintain sides and slopes of excavations in safe conditions until completion of 
backfilling. 

E. Shoring and Bracing:  Provide materials for shoring and bracing, such as sheet piling, uprights, 
stringers, and cross braces, in good serviceable condition. 

1. Establish requirements for trench shoring and bracing to comply with local, State & 
Federal codes and authorities having jurisdiction. 

2. Maintain shoring and bracing in excavations regardless of time period excavations will be 
open.  Carry down shoring and bracing as excavation progresses. 

F. Dewatering:  Prevent surface water and subsurface or ground water from flowing into 
excavations and from flooding project site and surrounding area. 

1. Do not allow water to accumulate in excavations.  Remove water to prevent  softening of 
foundation bottoms, undercutting footings, and soil changes  detrimental to stability of 
subgrades and foundations.  Excavations shall be kept free of water for a minimum of 
two (2) inches below subgrade of excavation.   Provide and maintain pumps, well points, 
sumps, suction and discharge lines, and other dewatering system components necessary 
to convey water away from excavations. 

2. Convey water removed from excavations and rain water into approved sediment control 
devices.  Establish and maintain temporary drainage ditches and other diversions outside 
excavation limits for each structure.  Do not use trench excavations as temporary 
drainage ditches. 

3. Excessive groundwater conditions:  Refer to Article 4.3.6 of the General Conditions. 

G. Material Storage: Stockpile satisfactory excavated materials where directed, until required for 
backfill or fill.  Place, grade and shape stockpiles for proper drainage. 

1. Prevent saturation of soil above the optimum moisture content. 
2. Locate and retain soil materials away from edge of excavations. 
3. Dispose of excess soil material and waste materials as herein specified. 
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H. Excavation for Structures:  Conform to elevations and dimensions shown within a tolerance of 
plus or minus 0.10', and extending sufficient distance from footings and foundations to permit 
placing and removal of concrete formwork, installation of services, other construction, and for 
inspection. 

1. In excavating for footings and foundations, take care not to disturb bottom of excavation.  
Excavate by hand to final grade just before concrete reinforcement is placed.  Trim 
bottoms to required lines and grades to leave solid base to receive other work. 

2. If in excavating for building foundations the soil directly below the building foundations 
is disturbed, the disturbed soil shall be removed and shall be recompacted to 95% 
compaction or replaced with concrete backfill. 

I. Excavation for Stone and Concrete Pavements:  Cut surface under pavements to comply with 
cross sections, elevations and grades as shown: 

1. Where rock or concrete spoil is encountered, carry excavation 18" below subgrade and 
backfill with suitable material approved by the A/E. 

J. Excavation for Trenches:  Dig trenches to the uniform width required for particular item to be 
installed with ample working room. 

1. Excavate trenches to depth, lines, gradients, and elevations indicated or required. Carry 
depth of trenches for piping to establish indicated flow lines and invert elevations.  
Beyond building perimeter, keep bottoms of trenches sufficiently below finish grade to 
avoid freeze ups. 

2. Where rock is encountered, carry excavation 6" below required elevation and backfill 
with a 6" layer of crushed stone or gravel prior to installation of pipe. 

3. Grade bottoms of trenches as indicated, notching under pipe bells to provide solid bearing 
for entire body of pipe. 

a. For pipes and conduit less than 6 inches in nominal diameter and flat-bottomed, 
multiple-duct conduit units, hand-excavate trench bottoms and support pipe and 
conduit on an undisturbed subgrade. 

b. For pipes and conduit 6 inches or larger in nominal diameter, shape bottom of 
trench to support bottom 90 degrees of pipe circumference.  Fill depressions with 
tamped sand backfill. 

4. Backfill trenches with concrete where trench excavations pass within 18" of column or 
wall footings and which are carried below bottom of such footings, or which pass under 
wall footings.  Place concrete to level of bottom of adjacent footing.  Concrete is 
specified in Division 3. 

5. Do not backfill trenches until tests and inspections have been made and backfilling 
authorized by A/E.  Use care in backfilling to avoid damage or displacement of pipe 
systems. 

K. Cold Weather Protection:  Protect excavation bottoms against freezing when atmospheric 
temperature is less than 35 degrees F. (1 degree C.). 

L. Ground Surface Preparation (Structural and Pavement areas): 
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1. The existing ground surface in the structural and pavement areas shall be stripped of 
topsoil, root mat, existing pavements, unsatisfactory soils, concrete spoil, obstructions 
and deleterious material.  Base course material from the existing pavements may remain 
if approved by the A/E. The entire area shall be proof rolled, a minimum of four (4) 
passes, with a loaded dump truck with a minimum axle load of 10 tons in the presence of 
the soils engineer.  Soft spots identified by the Soils Engineer during proofrolling will be 
undercut and backfilled in accordance with Section 3.4. Proofrolling and compaction 
equipment shall meet the requirements of Section 3.3.D.  Undercutting and backfilling 
operations for eliminating soft spots above the subgrade elevation shall be included in the 
base bid.  

2. In cut areas, prior to the construction of paving or concrete slab on grade, the entire 
subgrade shall be proofrolled in the presence of the Soils Engineer.  Soft areas 
encountered during proofrolling shall be undercut and backfilled in accordance with 
section 3.4.  Proofrolling and compaction equipment shall be in compliance with Section 
3.3 D.  The cost of undercutting and backfilling above the subgrade elevation shall be 
included in the base bid. 

M. Earthwork Quantities: 

1. Contractor shall be responsible for determining earthwork quantities for the                        
completion of the work.  

3.3 COMPACTION 

A. General:  Control soil compaction during construction providing percentage of dry density 
specified for each area classification. 

B. Percentage of Maximum Density Requirements:  Compact soil to not less than the following 
percentages of the maximum dry density which is determined in accordance with ASTM D 
1557, or in accordance with ASTM D 2049 for soils which will not exhibit a well defined 
moisture density relationship. 

1. Structural, pavement and walkway areas, steps and utility trenches - 95% of the 
maximum dry density. 

2. Lawn areas outside the designated structural fill limits – minimum compaction 90% of 
the maximum dry density. 

C. Moisture Control:  Obtaining a uniformly high degree of compaction requires control over the 
moisture content of the material being placed in the fills and backfill.  The soils used in fill and 
backfill shall be brought to within 3% of optimum moisture at no additional cost to the Owner. 

1. Where the soil layer is too dry, the Contractor shall apply water uniformly using 
approved equipment to increase the moisture content to within 3% of the optimum, taking 
precautions to prevent free water from appearing on the surface during or subsequent to 
compaction operations. 

2. Where the soil layer is too wet, the Contractor shall dry the soils by plowing or discing to 
aerate the soil and reduce the moisture content to within 3% of the optimum. 

D. Compaction equipment shall be as required to complete the scope of work outlined in the 
geotechnical report, contract documents and specifications for this project. 
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3.4 BACKFILL AND FILL 

A. General:  Place acceptable soil material in layers not more than eight (8) inches in thickness to 
required subgrade elevations, for each area classification listed below.  Each layer shall be 
compacted to the requirements of Section 3.3B. 

1. Fill and backfill within building and pavement limits and in utility trenches shall be 
structural fill soils meeting the requirements of Section 2.1.A.   

2. Under lawn areas outside the designated structural fill limits, backfill and fill soils shall 
be soils meeting the requirements of Section 2.1.A, or other on site materials approved by 
the Geotechnical Engineer. 

3. Fill and backfill located below walkways and steps shall be constructed of structural fill 
soils meeting the requirements of Section 2.1.A. 

4. Drainage fill material shall be proof rolled to a uniform stable condition prior to 
placement of vapor retarder. 

5. Stone base course shall be compacted to 95% maximum dry density per ASTM D-1557. 

B. Backfill excavations as promptly as work permits, but not until completion of the following: 

1. Acceptance of construction below finish grade including, where applicable, subdrainage 
damp proofing, waterproofing, and perimeter insulation. 

2. Concrete and masonry have cured 28 days and is adequately braced. 
3. Inspection, testing, approval, and recording locations of underground utilities. 
4. Removal of concrete formwork. 
5. Removal of trash and debris. 
6. Removing temporary shoring and bracing, and sheeting. 
7. Installing permanent or temporary horizontal bracing on horizontally supported walls. 

C. Ground surface preparation:  Shall be in accordance with Section 3.2K. 

1. When existing ground surface has density less than that specified under Section 3.3B for 
particular area classification, break up ground surface, pulverize, moisture condition to 
optimum moisture content, and compact to required depth and percentage of maximum 
dry density. 

D. Placement and Compaction:  Place backfill and fill materials in layers not more than 8" in loose 
depth, for material compacted by heavy compaction equipment and not more than 4" in loose 
depth for material compacted by hand operated tampers. 

1. Before compaction, moisten or aerate each layer as may be necessary to provide optimum 
moisture content.  Compact each layer to required percentage of maximum dry density 
for each classification.  Do not place backfill or fill material on surfaces that are muddy, 
frozen, or contain frost or ice. 

2. Place backfill and fill materials evenly adjacent to structures, to required elevations.  
Take care to prevent wedging action of backfill against structures by carrying material 
uniformly around structure to approximately same elevation in each lift. 

3. Structural fill shall extend a minimum of five (5) feet beyond building and road pavement 
limits and shall include the support slopes to their full width. 
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4. Backfilling against pipe structures, whose joints involve the use of cement mortar or 
other concrete, or where buttresses are constructed, shall not be done until mortar has set 
at least 12 hours. 

5. Compaction over one foot above the pipe shall be done with approved mechanical 
tampers.  Compaction density shall be as specified in Section 3.3. 

E. Utility trench backfill 

1. Place and compact initial backfill of subbase material, free of particles larger than 1 inch, 
to a height of 12 inches over the utility pipe or conduit.  Carefully compact material 
under pipe haunches and bring backfill evenly up on both sides and along the full length 
of utility piping or conduit to avoid damage or displacement of utility system. 

2. Coordinate backfilling with utilities testing. 
3. Provide 4-inch thick, concrete-base slab support for piping or conduit less than 30 inches 

below surface of roadways.  After installing and testing, completely encase piping or 
conduit in a minimum of 4 inches of concrete before backfilling or placing roadway 
subbase. 

4. Fill voids with approved backfill materials while shoring, bracing, and sheeting is 
removed. 

5. Place and compact final backfill of satisfactory soil material to final subgrade. 
6. Install warning tape directly above utilities, 12 inches below finished grade, except 6 

inches below subgrade under pavements and slabs. 

3.5 ROUGH GRADING 

A. General:  Uniformly grade areas within limits of grading under this section, including adjacent 
transition areas.  Smooth finished surfaces with specified tolerances, compact with uniform 
levels or slopes between points where elevations are shown, or between such points and existing 
grades.  In fill areas, sloped surfaces steeper than 5 horizontal to 1 vertical shall be benched so 
that fill materials will be placed on a level surface.  All fill subgrades shall be observed by the 
Geotechnical Engineer. 

B. Grading Outside Building Lines:  Grade areas adjacent to building lines to drain away from 
structures and to prevent ponding.  Finish surfaces free from irregular surface changes, and as 
follows: 

1. Lawn or Unpaved Areas:  Finish areas to receive topsoil to within not more than 2”' 
above or below required subgrade elevations. 

2. Walks:  Shape surface or areas under walks to line, grade and cross section, with finish 
surface not more than .04' above or below required subgrade elevation. 

3. Pavements:  Shape surface areas under pavement to line, grade and cross section, with 
finish surface not more than .04' for bituminous surfaces and 08' for stone surfaces, above 
or below required subgrade elevation. 

C. Grading Surface or Fill Under Building Slabs:  Grade smooth and even, free of voids, 
compacted as specified, and to required elevation.  Provide final grades within a tolerance of 
.02' when tested with a 10' straightedge. 

3.6 BUILDING SLAB BASE COURSE 
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A. General:  Slab base course consists of placement of drainage fill or stone base course material, 
in layers of indicated thickness, over subgrade surface to support concrete building slabs. 

B. Placing:  Place slab base course on prepared subgrade in layers of uniform thickness, 
conforming to indicate cross section and thickness.  Maintain optimum moisture content for 
compacting material during placement operations. 

1. When a compacted drainage course is shown to be 6" thick or less, place material in a 
single layer. Where shown to be more than 6" thick, place material in equal layers, except 
no single layers more than 6" or less than 3" in thickness when compacted. 

C. Any ruts or soft yielding spots which may occur or any areas having inadequate compaction or 
deviations from the requirements set forth herein shall be corrected by removing and adding 
uniformly graded crushed stone or by loosening crushed gravel, reshaping and recompacting. 
The subgrade shall have a uniform density throughout its entire depth and width and shall be 
approved by the A/E prior to pouring any concrete. 

D. Following this preparation, the subgrade shall be protected from damage as described below: 

1. The subgrade shall be protected from damage by heavy loads or equipment moving on 
tracks or cleats. 

2. The contractor shall at all times keep the subgrade drained. 
3. No concrete shall be deposited upon a frozen subgrade nor, until the subgrade has been 

approved by the A/E. 
4. Immediately in advance of placing concrete, the subgrade shall be sprinklered with as 

much water as it can readily absorb. 

3.7 FINISH GRADING & PLACING TOPSOIL 

A. Refer to Specification Section 329200 – “Turf and Grasses” 

3.8 MAINTENANCE 

A. Protection of graded areas:  Protect newly graded areas from traffic and erosion.  Keep free of 
trash and debris.  Repair and re establish grades in settled, eroded and rutted areas to specified 
tolerances. 

B. Reconditioning compacted areas:  Where completed compacted areas are disturbed by 
subsequent construction operations or adverse weather, scarify surface, reshape, and compact to 
required density prior to further construction. 

C. Restore areas previously occupied by stockpiled materials to match finished condition of the 
remainder of the work. 

3.9 APPLICATION OF SOIL TREATMENT 

A. Refer to Section 313116  Termite control 

3.10 DISPOSAL OF EXCESS AND WASTE MATERIALS 
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A. Removal from Owner's Property:  Remove waste materials including trash, debris, and 
unsuitable and excess excavated material, and dispose of off Owner's property. 

3.11 FIELD QUALITY CONTROL – SOILS 

A. Quality Control Testing During Construction:  Allow testing service to inspect and approve 
subgrades and fill layers before further construction work is performed. 

1. Perform field density tests in accordance with ASTM D 1556 (sand cone method) or 
ASTM D 2922 and D-3017(shallow depth nuclear method), as applicable. 

2. Paved Areas and Building Slab Subgrade:  Make at least one field density test of 
subgrade for every 2,000 sq. ft. of paved area or building slab area, but in no case less 
than 3 tests. In each compacted fill layer, make one field density test for every 2,000 sq. 
ft. of overlaying building slab or paved area, but in no case less than 2 tests.  Field 
density tests shall be made at all walkway entrances and ramps into the proposed 
building. 

3. Foundation Wall Backfill:  Take enough field density tests to ensure backfill is being 
properly compacted. 

4. Utility Trench Backfill:  Perform field density tests on a spot-check basis to assist the 
Contractor in determining if compaction is in accordance with the specifications. 

5. If in opinion of A/E, based on testing service reports and inspection, subgrade or fills 
which have been placed are below specified density, provide additional compaction and 
testing at no additional expense. 

6. Footing Subgrade:  For each strata of soil on which footings will be placed, conduct at 
least one test to verify required design bearing capacities.  Subsequent evaluation and 
approval of each footing subgrade should be performed by Geotechnical Testing Agency. 

7. Costs of testing and inspection shall be borne by the Contractor. 

3.12 FIELD QUALITY CONTROL - SOIL TREATMENTS 

A. Pay costs for required testing of termite control materials.  Samples shall be taken and analyzed 
by an independent testing laboratory. 

B. Sampling:  Test one sample of working solution for each 10,000 square feet of area applied.  
Take samples from discharge end of spraying equipment for each batch mixed and applied if 
less than 10,000 square feet. 

C. Retreating:  Retreat all areas if the test results average less than 90 percent of listed minimum 
concentration. 

3.13 TESTING AND INSPECTION 

A. INSPECTION AGENCY:  Contractor will employ an Independent Testing agency for purposes 
of inspecting and testing construction of embankments, fills, backfills, trenches, and subgrades 
and report to the A/E conformance in all particulars to specification requirements. 

B. Scheduling: 

1. Assign qualified personnel to be on site at all times when operations are scheduled. 
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2. The Contractor should note that no earthwork operation shall be permitted in their 
absence. 

C. Responsibilities: 

1. Evaluation of subgrade preparation and suitability. 
2. Moisture content and field density tests on all layers of fill and backfill material placed. 
3. Evaluation of degree of compaction attained for all fill and backfill material placed. 
4. Testing and evaluation of borrow material. 
5. Sources of borrow and of select fill. 
6. Footing subgrade suitability. 
7. Inspection of installation of Subdrainage system. 

D. Results of Tests: 

1. Make results available to the Soils Engineer and A/E immediately upon completion of 
areas of layers. 

E. Final Report: The Inspection Agency shall prepare a written report that summarizes the work 
inspected during the course of the project. A discussion of all deviations from the contract 
documents and specifications, with their related impact on the final construction, shall be 
described in detail. The engineer of record shall review this final report, and recommend 
corrective measures (as deemed necessary) that must be made prior to final acceptance of the 
work. Prior to final payment, a written report certifying that the work meets the requirements of 
the contract documents, specifications, and all governing agencies shall be prepared, submitted, 
and approved by the A/E. 

END OF SECTION 312000 
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SECTION 313116 - TERMITE CONTROL 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Soil treatment with termiticide. 

1.2 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include the EPA-Registered Label for 
termiticide products. 

1.3 INFORMATIONAL SUBMITTALS 

A. Product certificates. 

B. Soil Treatment Application Report:  Include the following: 

1. Date and time of application. 
2. Moisture content of soil before application. 
3. Termiticide brand name and manufacturer. 
4. Quantity of undiluted termiticide used. 
5. Dilutions, methods, volumes used, and rates of application. 
6. Areas of application. 
7. Water source for application. 

C. Warranties:  Sample of special warranties. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications:  A specialist who is licensed according to regulations of authorities 
having jurisdiction to apply termite control treatment and products in jurisdiction where Project 
is located and who employs workers trained and approved by manufacturer to install 
manufacturer's products. 

B. Regulatory Requirements:  Formulate and apply termiticides and termiticide devices according 
to the EPA-Registered Label. 

C. Preinstallation Conference:  Conduct conference at Project site. 
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1.5 PROJECT CONDITIONS 

A. Environmental Limitations:  To ensure penetration, do not treat soil that is water saturated or 
frozen.  Do not treat soil while precipitation is occurring.  Comply with requirements of the 
EPA-Registered Label and requirements of authorities having jurisdiction. 

B. Coordinate soil treatment application with excavating, filling, grading, and concreting 
operations.  Treat soil under footings, grade beams, and ground-supported slabs before 
construction. 

1.6 WARRANTY 

A. Soil Treatment Special Warranty:  Manufacturer's standard form, signed by Applicator and 
Contractor, certifying that termite control work, consisting of applied soil termiticide treatment, 
will prevent infestation of subterranean termites.  If subterranean termite activity or damage is 
discovered during warranty period, re-treat soil and repair or replace damage caused by termite 
infestation. 

1. Warranty Period:  Five years from date of Substantial Completion. 

B. Wood Treatment Special Warranty:  Manufacturer's standard form, signed by Applicator and 
Contractor, certifying that termite control work, consisting of applied wood termiticide 
treatment, will prevent infestation of subterranean termites.  If subterranean termite damage is 
discovered during warranty period, repair or replace damage caused by termite infestation and 
treat replacement wood. 

1. Warranty Period:  12 years from date of Substantial Completion. 

1.7 MAINTENANCE SERVICE 

A. Continuing Service:  Beginning at Substantial Completion, provide 12 months' continuing 
service including monitoring, inspection, and re-treatment for occurrences of termite activity.  
Provide a standard continuing service agreement.  State services, obligations, conditions, terms 
for agreement period, and terms for future renewal options. 

PART 2 - PRODUCTS 

2.1 SOIL TREATMENT 

A. Termiticide:  Provide an EPA-Registered termiticide, complying with requirements of 
authorities having jurisdiction, in an aqueous solution formulated to prevent termite infestation.  
Provide quantity required for application at the label volume and rate for the maximum 
termiticide concentration allowed for each specific use, according to product's EPA-Registered 
Label. 
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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. BASF Corporation, Agricultural Products; Termidor. 
b. Bayer Environmental Science; Premise 75. 
c. FMC Corporation, Agricultural Products Group; Dragnet FT. 
d. Syngenta; Demon TC. 

2. Service Life of Treatment:  Soil treatment termiticide that is effective for not less than 
five years against infestation of subterranean termites. 

PART 3 - EXECUTION 

3.1 APPLICATION, GENERAL 

A. General:  Comply with the most stringent requirements of authorities having jurisdiction and 
with manufacturer's EPA-Registered Label for products. 

3.2 APPLYING SOIL TREATMENT 

A. Examine substrates, areas, and conditions, with Applicator present, for compliance with 
requirements for moisture content of soil per termiticide label requirements, interfaces with 
earthwork, slab and foundation work, landscaping, utility installation, and other conditions 
affecting performance of termite control. 

B. Proceed with application only after unsatisfactory conditions have been corrected. 

C. Soil Treatment Preparation:  Remove foreign matter and impermeable soil materials that could 
decrease treatment effectiveness on areas to be treated.  Loosen, rake, and level soil to be 
treated except previously compacted areas under slabs and footings.  Termiticides may be 
applied before placing compacted fill under slabs if recommended in writing by termiticide 
manufacturer. 

1. Fit filling hose connected to water source at the site with a backflow preventer, 
complying with requirements of authorities having jurisdiction. 

D. Application:  Mix soil treatment termiticide solution to a uniform consistency.  Provide quantity 
required for application at the label volume and rate for the maximum specified concentration of 
termiticide, according to manufacturer's EPA-Registered Label, to the following so that a 
continuous horizontal and vertical termiticidal barrier or treated zone is established around and 
under building construction.  Distribute treatment evenly. 

1. Slabs-on-Grade and Basement Slabs:  Under ground-supported slab construction, 
including footings, building slabs, and attached slabs as an overall treatment.  Treat soil 
materials before concrete footings and slabs are placed. 
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2. Foundations:  Adjacent soil, including soil along the entire inside perimeter of foundation 
walls; along both sides of interior partition walls; around plumbing pipes and electric 
conduit penetrating the slab; around interior column footers, piers, and chimney bases; 
and along the entire outside perimeter, from grade to bottom of footing.  Avoid soil 
washout around footings. 

3. Penetrations:  At expansion joints, control joints, and areas where slabs will be 
penetrated. 

E. Avoid disturbance of treated soil after application.  Keep off treated areas until completely dry. 

F. Protect termiticide solution, dispersed in treated soils and fills, from being diluted until ground-
supported slabs are installed.  Use waterproof barrier according to EPA-Registered Label 
instructions. 

G. Post warning signs in areas of application. 

H. Reapply soil treatment solution to areas disturbed by subsequent excavation, grading, 
landscaping, or other construction activities following application. 

END OF SECTION 313116 
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SECTION 315000 - EXCAVATION SUPPORT AND PROTECTION 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes temporary excavation support and protection systems. 

1.2 PERFORMANCE REQUIREMENTS 

A. Furnish, install, monitor, and maintain excavation support and protection system capable of 
supporting excavation sidewalls and of resisting soil and hydrostatic pressure and superimposed 
and construction loads. 

1. Delegated Design:  Design excavation support and protection system, including 
comprehensive engineering analysis by a qualified professional engineer, using 
performance requirements and design criteria indicated. 

1.3 ACTION SUBMITTALS 

A. Shop Drawings:  For excavation support and protection system. 

B. Delegated-Design Submittal:  For excavation support and protection system indicated to comply 
with performance requirements and design criteria, including analysis data signed and sealed by 
the qualified professional engineer responsible for their preparation. 

1.4 QUALITY ASSURANCE 

A. Preinstallation Conference:  Conduct conference at Project site. 

1.5 PROJECT CONDITIONS 

A. Survey Work:  Engage a qualified land surveyor or professional engineer to survey adjacent 
existing buildings, structures, and site improvements; establish exact elevations at fixed points 
to act as benchmarks.  Clearly identify benchmarks and record existing elevations. 

1. During installation of excavation support and protection systems, regularly resurvey 
benchmarks, maintaining an accurate log of surveyed elevations and positions for 
comparison with original elevations and positions.  Promptly notify Architect if changes 
in elevations or positions occur or if cracks, sags, or other damage is evident in adjacent 
construction. 



DTCC Powerplant Education Facility  BMG Project Number 2012112.00 
Sussex County Airport & Industrial Park  November 19, 2012 
Delaware Technical Community College   
Owens Campus, Georgetown, Delaware 
 

EXCAVATION SUPPORT AND PROTECTION 315000 - 2 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. General:  Provide materials that are either new or in serviceable condition. 

B. Structural Steel:  ASTM A 36/A 36M, ASTM A 690/A 690M, or ASTM A 992/A 992M. 

C. Cast-in-Place Concrete:  ACI 301, of compressive strength required for application. 

D. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 (Grade 420), deformed. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Bracing:  Locate bracing to clear columns, floor framing construction, and other permanent 
work.  If necessary to move brace, install new bracing before removing original brace. 

1. Do not place bracing where it will be cast into or included in permanent concrete work 
unless otherwise approved by Architect. 

2. Install internal bracing, if required, to prevent spreading or distortion of braced frames. 
3. Maintain bracing until structural elements are supported by other bracing or until 

permanent construction is able to withstand lateral earth and hydrostatic pressures. 

3.2 REMOVAL AND REPAIRS 

A. Remove excavation support and protection systems when construction has progressed 
sufficiently to support excavation and bear soil and hydrostatic pressures.  Remove in stages to 
avoid disturbing underlying soils or damaging structures, pavements, facilities, and utilities. 

1. Remove excavation support and protection systems to a minimum depth of 48 inches 
(1200 mm) below overlaying construction and abandon remainder. 

B. Leave excavation support and protection systems permanently in place. 

END OF SECTION 315000 
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SECTION 321216 - ASPHALT PAVING 

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. Hot-mix asphalt paving. 
2. Hot-mix asphalt patching. 
3. Hot-mix asphalt paving overlay. 
4. Asphalt surface treatments. 
5. Pavement-marking paint. 
6. Cold milling of existing hot-mix asphalt pavement. 

B. Related Sections include the following: 

1. Division 31 Section "Earth Moving" for aggregate subbase and base courses and for 
aggregate pavement shoulders. 

1.3 DEFINITIONS 

A. Hot-Mix Asphalt Paving Terminology:  Refer to ASTM D 8 for definitions of terms. 

B. DOT:  Delaware Department of Transportation. 

1.4 SYSTEM DESCRIPTION 

A. Provide hot-mix asphalt paving according to materials, workmanship, and other applicable 
requirements of Specifications for road and Bridge Construction of the Delaware Department of 
Transportation. 

1. Standard Specification:  Division 400  
2. Measurement and payment provisions and safety program submittals included in standard 

specifications do not apply to this Section. 

1.5 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include technical data and tested physical 
and performance properties. 

B. Job-Mix Designs:  Certification, by authorities having jurisdiction, of approval of each job mix 
proposed for the Work. 

C. Job-Mix Designs:  For each job mix proposed for the Work. 
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D. Qualification Data:  For manufacturer. 

E. Material Test Reports:  For each paving material. 

F. Material Certificates:  For each paving material, signed by manufacturers. 

1.6 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  A qualified manufacturer. 

1. Manufacturer shall be a paving-mix manufacturer registered with and approved by 
authorities having jurisdiction or the DOT of the state in which Project is located. 

B. Testing Agency Qualifications:  Qualified according to ASTM D 3666 for testing indicated, as 
documented according to ASTM E 548. 

C. Regulatory Requirements:  Comply with Delaware Department of Transportation Specifications 
for Road and Bridge Construction for asphalt paving work.  All work within DelDOT Right of 
Way shall conform to the Delaware Department of Transportation Specifications for Road and 
Bridge Construction. 

D. Asphalt-Paving Publication:  Comply with AI MS-22, "Construction of Hot Mix Asphalt 
Pavements," unless more stringent requirements are indicated. 

E. Preinstallation Conference:  Conduct conference at Project site to comply with requirements in 
Division 01 Section "Project Management and Coordination." 

F. Preinstallation Conference:  Conduct conference at Project site to comply with requirements in 
Division 01 Section "Project Management and Coordination."  Review methods and procedures 
related to hot-mix asphalt paving including, but not limited to, the following: 

1. Review proposed sources of paving materials, including capabilities and location of plant 
that will manufacture hot-mix asphalt. 

2. Review condition of subgrade and preparatory work. 
3. Review requirements for protecting paving work, including restriction of traffic during 

installation period and for remainder of construction period. 
4. Review and finalize construction schedule and verify availability of materials, Installer's 

personnel, equipment, and facilities needed to make progress and avoid delays. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Deliver pavement-marking materials to Project site in original packages with seals unbroken 
and bearing manufacturer's labels containing brand name and type of material, date of 
manufacture, and directions for storage. 

B. Store pavement-marking materials in a clean, dry, protected location within temperature range 
required by manufacturer.  Protect stored materials from direct sunlight. 
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1.8 PROJECT CONDITIONS 

A. Environmental Limitations:  Do not apply asphalt materials if subgrade is wet or excessively 
damp.  Adhere to all specifications in Delaware Department of Transportation Specifications for 
Road and Bridge Construction. 

B. Pavement-Marking Paint:  Proceed with pavement marking only on clean, dry surfaces and at 
minimum ambient or surface temperatures specified in the Delaware Department of 
Transportation Specifications for Road and Bridge Construction. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Materials:  All materials used under this section shall conform to the requirements of Delaware 
Department of Transportation Specifications for Road and Bridge Construction, including, but 
not limited to: graded aggregate, asphalt cement, and tack coat. 

B. Herbicide Treatment: Commercial chemical for weed control, registered by Environmental 
Protection Agency.  Provide granular, liquid or wettable powder form.  Obtain written approval 
from the Maryland Department of the Environment prior to application of the herbicide. 

1. Manufacturers:  Subject to compliance with requirements, provide products of one of the 
following: 

a. Ciba-Geigy Corp. 
b. Dow Chemical, USA 
c. E.I. Du Pont de Nemours & Co., Inc. 
d. FMC Corp 
e. Thompson-Hayward Chemical Co. 
f. U.S. Borax and Chemical Corp. 
g. Allied Chemical Corp. 
h. Ag-Chem Products, Inc. 

C. Lane Marking Paint:  Paint shall comply with Division 700 of the Delaware Department of 
Transportation Specifications for Road and Bridge Construction. 

1. Color: White 
2. Color: Yellow 
3. Color: Blue 

D. Joint Sealants:  Joint Sealants shall comply with Delaware Department of Transportation 
Specifications for Road and Bridge Construction, Divisions 700 & 800. 

2.2 MIXES 

A. Hot-Mix Asphalt:  Provide Plant Mixed, hot-laid, asphalt-aggregate mixture complying with 
Delaware Department of Transportation Specifications for Road and Bridge Construction, 
Division 400 and referred Divisions. 
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PART 3 - EXECUTION 

3.1 SURFACE PREPARATION 

A. Verify that subgrade is dry and in suitable condition to support paving and imposed loads. 
Sweep loose granular particles from surface of unbound-aggregate base course.  Do not 
dislodge or disturb aggregate embedded in compacted surface of base course. 

B. Proof-roll subbase using heavy, pneumatic-tired rollers to locate areas that are unstable or that 
require further compaction. 

C. Herbicide Treatment:  Apply herbicide according to manufacturer's recommended rates and 
written application instructions.  Apply to dry, prepared subgrade or surface of compacted-
aggregate base before applying paving materials. 

1. Mix herbicide with if formulated by manufacturer for that purpose. 
2. Remove spillages and clean affected surfaces. 

D. Proceed with paving only after unsatisfactory conditions have been corrected. 

E. Tack Coat:  Apply to contact surfaces of previously constructed asphalt or Portland cement 
concrete and surfaces abutting or projecting into hot-mixed asphalt pavement.  Distribute at a 
rate of 0.05 to 0.15 gal. Per sq. yd. of surface in accordance Section 401 of the Delaware 
Department of Transportation Specifications for Road and Bridge Construction. 

F. Allow to dry until at proper condition to receive paving. 

G. Exercise care in applying bituminous materials to avoid smearing of adjoining concrete 
surfaces.  Remove and clean damaged surfaces. 

3.2 COLD MILLING 

A. Clean existing pavement surface of loose and deleterious material immediately before cold 
milling.  Remove existing asphalt pavement by cold milling to grades and cross sections 
indicated. 

1. Mill to a depth of as specified on plans. 
2. Mill to a uniform finished surface free of gouges, grooves, and ridges. 
3. Control rate of milling to prevent tearing of existing asphalt course. 
4. Repair or replace curbs, manholes, and other construction damaged during cold milling. 
5. Excavate and trim unbound-aggregate base course, if encountered, and keep material 

separate from milled hot-mix asphalt. 
6. Transport milled hot-mix asphalt to asphalt recycling facility. 
7. Keep milled pavement surface free of loose material and dust. 

3.3 PATCHING 

A. Hot-Mix Asphalt Pavement:  Saw cut perimeter of patch and excavate existing pavement 
section to sound base.  Excavate rectangular or trapezoidal patches, extending 12 inches into 
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adjacent sound pavement, unless otherwise indicated.  Cut excavation faces vertically.  Remove 
excavated material.  Recompact existing unbound-aggregate base course to form new subgrade. 

B. Portland Cement Concrete Pavement:  Break cracked slabs and roll as required to reseat 
concrete pieces firmly. 

1. Pump hot undersealing asphalt under rocking slabs until slab is stabilized or, if necessary, 
crack slab into pieces and roll to reseat pieces firmly. 

2. Remove disintegrated or badly cracked pavement.  Excavate rectangular or trapezoidal 
patches, extending into adjacent sound pavement, unless otherwise indicated.  Cut 
excavation faces vertically.  Recompact existing unbound-aggregate base course to form 
new subgrade. 

C. Tack Coat:  Apply uniformly to vertical surfaces abutting or projecting into new, hot-mix 
asphalt paving at a rate of 0.05 to 0.15 gal./sq. yd.. 

1. Allow tack coat to cure undisturbed before applying hot-mix asphalt paving. 
2. Avoid smearing or staining adjoining surfaces, appurtenances, and surroundings.  

Remove spillages and clean affected surfaces. 

D. Patching:  Fill excavated pavements with hot-mix asphalt base mix and, while still hot, compact 
flush with adjacent surface. 

E. Patching:  Partially fill excavated pavements with hot-mix asphalt base mix and, while still hot, 
compact.  Cover asphalt base course with compacted, hot-mix surface layer finished flush with 
adjacent surfaces. 

3.4 REPAIRS 

A. Leveling Course:  Install and compact leveling course consisting of hot-mix asphalt surface 
course to level sags and fill depressions deeper than 1 inch in existing pavements. 

1. Install leveling wedges in compacted lifts not exceeding 3 inches thick. 

B. Crack and Joint Filling:  Remove existing joint filler material from cracks or joints to a depth of 
1/4 inch. 

1. Clean cracks and joints in existing hot-mix asphalt pavement. 
2. All cracks greater than 1/8th inch but less than 1/2 inch shall be cleaned to a depth of 1 

inch and sealed with hot bitumastic sealer.   
3. All cracks greater than 1/2 inch shall be sealed using a slurry seal containing fine sand 

aggregate.  Fill flush with surface of existing pavement and remove excess. 
4. Longitudinal cracks shall be sealed using a pavement repair membrane such as paveprep 

or equal as noted on the construction plans. 
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3.5 HOT-MIX ASPHALT PLACING 

A. Machine place hot-mix asphalt on prepared surface, spread uniformly, and strike off.  Place 
asphalt mix by hand to areas inaccessible to equipment in a manner that prevents segregation of 
mix.  Place each course to required grade, cross section, and thickness when compacted. 

1. Place hot-mix asphalt base course in number of lifts and thicknesses indicated. 
2. Place hot-mix asphalt surface course in single lift. 
3. Spread mix at minimum temperature of 225 deg F. 
4. Begin applying mix along centerline of crown for crowned sections and on high side of 

one-way slopes, unless otherwise indicated. 
5. Regulate paver machine speed to obtain smooth, continuous surface free of pulls and 

tears in asphalt-paving mat. 

B. Place paving in consecutive strips not less than 10 feet wide unless infill edge strips of a lesser 
width are required. 

1. After first strip has been placed and rolled, place succeeding strips and extend rolling to 
overlap previous strips.  Complete a section of asphalt base course before placing asphalt 
surface course. 

C. Immediately correct surface irregularities in paving course behind paver.  Use suitable hand 
tools to remove excess material forming high spots.  Fill depressions with hot-mix asphalt to 
prevent segregation of mix; use suitable hand tools to smooth surface. 

3.6 JOINTS 

A. Construct joints to ensure a continuous bond between adjoining paving sections.  Construct 
joints free of depressions with same texture and smoothness as other sections of hot-mix asphalt 
course. Joints shall comply with Delaware Department of Transportation Specifications for 
Road and Bridge Construction, Section 401.12. 

1. Clean contact surfaces and apply tack coat to joints. 
2. Offset longitudinal joints, in successive courses, a minimum of 6 inches. 
3. Offset transverse joints, in successive courses, a minimum of 24 inches. 
4. Construct transverse joints as described in AI MS-22, "Construction of Hot Mix Asphalt 

Pavements." 
5. Compact joints as soon as hot-mix asphalt will bear roller weight without excessive 

displacement. 
6. Compact asphalt at joints to a density within 2 percent of specified course density. 

3.7 COMPACTION 

A. General:  Begin compaction as soon as placed hot-mix paving will bear roller weight without 
excessive displacement.  Compact hot-mix paving with hot, hand tampers or vibratory-plate 
compactors in areas inaccessible to rollers. 

1. Complete compaction before mix temperature cools to 185 deg F. 
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B. Breakdown Rolling:  Complete breakdown or initial rolling immediately after rolling joints and 
outside edge.  Examine surface immediately after breakdown rolling for indicated crown, grade, 
and smoothness.  Correct laydown and rolling operations to comply with requirements. 

C. Intermediate Rolling:  Begin intermediate rolling immediately after breakdown rolling while 
hot-mix asphalt is still hot enough to achieve specified density.  Continue rolling until hot-mix 
asphalt course has been uniformly compacted to the following density: 

1. Average Density:  98 percent of reference laboratory density according to 
AASHTO T 209, but not less than 96 percent nor greater than 100 percent. 

2. Average Density:  92 percent of reference maximum theoretical density according to 
ASTM D 2041, but not less than 90 percent nor greater than 96 percent. 

D. Finish Rolling:  Finish roll paved surfaces to remove roller marks while hot-mix asphalt is still 
warm. 

E. Edge Shaping:  While surface is being compacted and finished, trim edges of pavement to 
proper alignment.  Bevel edges while asphalt is still hot; compact thoroughly. 

F. Repairs:  Remove paved areas that are defective or contaminated with foreign materials and 
replace with fresh, hot-mix asphalt.  Compact by rolling to specified density and surface 
smoothness. 

G. Protection:  After final rolling, do not permit vehicular traffic on pavement until it has cooled 
and hardened. 

H. Erect barricades to protect paving from traffic until mixture has cooled enough not to become 
marked. 

3.8 INSTALLATION TOLERANCES 

A. Thickness:  Compact each course to produce the thickness indicated within the following 
tolerances: 

1. Base Course:  Plus or minus 1/2 inch. 
2. Surface Course:  Plus 1/4 inch, no minus. 

B. Surface Smoothness:  Compact each course to produce a surface smoothness within the 
following tolerances as determined by using a 10-foot straightedge applied transversely or 
longitudinally to paved areas: 

1. Base Course:  1/4 inch. 
2. Surface Course:  1/8 inch. 
3. Crowned Surfaces:  Test with crowned template centered and at right angle to crown.  

Maximum allowable variance from template is 1/4 inch. 
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3.9 PAVEMENT MARKING 

A. Do not apply pavement-marking paint until layout, colors, and placement have been verified 
with Architect. 

B. Contractor shall provide striping on parking and roadway surfaces as indicated on the plans.  
The following is a list of all required striping: 

1. Parking stalls. 
2. Cross-hatch/gore areas. 
3. Handicap Parking symbols. 
4. Stop bars. 
5. Directional arrows. 
6. Lane lines. 
7. Words/numbers. 

C. Allow paving to age for 30 days before starting pavement marking. 

D. Sweep and clean surface to eliminate loose material and dust. 

E. Apply paint with mechanical equipment to produce pavement markings, of dimensions 
indicated, with uniform, straight edges.  Apply at manufacturer's recommended rates to provide 
a minimum wet film thickness of 15 mils. 

1. Broadcast glass spheres uniformly into wet pavement markings at a rate of 6 lb/gal. for 
all markings with the exception of parking stall lines. 

3.10 WHEEL STOPS 

A. Securely attach wheel stops into pavement with not less than two galvanized steel dowels 
embedded at one-quarter to one-third points.  Securely install dowels into pavement and bond to 
wheel stop.  Recess head of dowel beneath top of wheel stop. 

3.11 FIELD QUALITY CONTROL 

A. Testing Agency:  Contractor will engage a qualified independent testing and inspecting agency 
to perform field tests and inspections and to prepare test reports. 

1. Testing agency will conduct and interpret tests and state in each report whether tested 
Work complies with or deviates from specified requirements. 

B. Additional testing and inspecting, at Contractor's expense, will be performed to determine 
compliance of replaced or additional work with specified requirements. 

C. Thickness:  In-place compacted thickness of hot-mix asphalt courses will be determined 
according to ASTM D 3549. 

D. Surface Smoothness:  Finished surface of each hot-mix asphalt course will be tested for 
compliance with smoothness tolerances. 
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E. In-Place Density:  Testing agency will take samples of uncompacted paving mixtures and 
compacted pavement according to ASTM D 979 or AASHTO T 168. 

1. Reference maximum theoretical density will be determined by averaging results from 
four samples of hot-mix asphalt-paving mixture delivered daily to site, prepared 
according to ASTM D 2041, and compacted according to job-mix specifications. 

2. In-place density of compacted pavement will be determined by testing core samples 
according to ASTM D 1188 or ASTM D 2726. 

a. One core sample will be taken for every 1000 sq. yd. or less of installed pavement, 
with no fewer than 3 cores taken. 

b. Field density of in-place compacted pavement may also be determined by nuclear 
method according to ASTM D 2950 and correlated with ASTM D 1188 or 
ASTM D 2726. 

F. Remove and replace or install additional hot-mix asphalt where test results or measurements 
indicate that it does not comply with specified requirements. 

3.12 DISPOSAL 

A. Except for material indicated to be recycled, remove excavated materials from Project site and 
legally dispose of them in an EPA-approved landfill. 

1. Do not allow excavated materials to accumulate on-site. 

END OF SECTION 321216 
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SECTION 321313 - CONCRETE PAVING 

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 exterior cement concrete pavement for the following: 

1. Driveways and roadways. 
2. Parking lots. 
3. Curbs and gutters. 
4. Walkways. 
5. Unit paver base. 

B. Related Sections include the following: 

1. Division 03 Section "Cast-in-Place Concrete" for general building applications of 
concrete. 

2. Division 31 Section "Earth Moving" for subgrade preparation, grading, and subbase 
course. 

3. Division 32 Section "Concrete Paving Joint Sealants" for joint sealants of joints in 
concrete  

 pavement and at isolation joints of concrete pavement with adjacent construction. 

1.3 DEFINITIONS 

A. Cementitious Materials:  Portland cement alone or in combination with one or more of blended 
hydraulic cement, fly ash and other pozzolans, and ground granulated blast-furnace slag. 

1.4 SUBMITTALS 

A. Product Data:  For each type of manufactured material and product indicated. 

B. Design Mixtures:  For each concrete pavement mixture.  Include alternate mixture designs when 
characteristics of materials, Project conditions, weather, test results, or other circumstances 
warrant adjustments. 

C. Samples:  10-lbsample of exposed aggregate. 

D. Qualification Data:  For manufacturer.  Manufacturer of ready-mixed concrete products 
complying with ASTM C 94 requirements for production facilities and equipment. 

E. Material Test Reports:  General contractor will engage a qualified testing agency for indicating 
and interpreting test results for compliance of the following with requirements indicated, based 
on comprehensive testing of current materials: 
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1. Aggregates. Include service record data indicating absence of deleterious expansion of 
concrete due to alkali-aggregate reactivity. 

F. Material Certificates:  Signed by manufacturers certifying that each of the following materials 
complies with requirements: 

1. Cementitious materials. 
2. Steel reinforcement and reinforcement accessories. 
3. Fiber reinforcement. 
4. Admixtures. 
5. Curing compounds. 
6. Applied finish materials. 
7. Bonding agent or epoxy adhesive. 
8. Joint fillers. 

G. Field quality-control test reports. 

H. For plazas and wide walkways, submit control joint spacing plan for review.  

I. Minutes of preinstallation conference. 

1.5 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Manufacturer of ready-mixed concrete products who complies 
with ASTM C 94/C 94M requirements for production facilities and equipment. 

1. Manufacturer certified according to NRMCA's "Certification of Ready Mixed Concrete 
Production Facilities." 

B. Testing Agency Qualifications:  An independent agency qualified according to ASTM C 1077 
and ASTM E 329 for testing indicated, as documented according to ASTM E 548. 

1. Personnel conducting field tests shall be qualified as ACI Concrete Field Testing 
Technician, Grade 1, according to ACI CP-01 or an equivalent certification program. 

C. ACI Publications:  Comply with ACI 301, "Specification for Structural Concrete," unless 
modified by requirements in the Contract Documents. 

D. Concrete Testing Service:  Engage a qualified independent testing agency to perform material 
evaluation tests and to design concrete mixtures. 

E. Mockups:  Build mockups to verify selections made under sample submittals and to 
demonstrate aesthetic effects and set quality standards for materials and execution. 

1. Build mockups of full-thickness sections of concrete paving to demonstrate typical joints; 
surface finish, texture, and color; curing; and standard of workmanship. 

2. Build mockups of concrete paving in the location and of the size indicated or, if not 
indicated, build mockups where directed by Architect and not less than 96 inches  by 96 
inches 
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3. Approval of mockups does not constitute approval of deviations from the Contract 
Documents contained in mockups unless Architect specifically approves such deviations 
in writing. 

4. Approved mockups may become part of the completed Work if undisturbed at time of 
Substantial Completion. 

F. Preinstallation Conference:  Conduct conference at Project site to comply with requirements in 
Division 01 Section "Project Management and Coordination." 

1. Before submitting design mixtures, review concrete pavement mixture design and 
examine procedures for ensuring quality of concrete materials and concrete pavement 
construction practices.  Require representatives, including the following, of each entity 
directly concerned with concrete pavement, to attend conference: 

a. Contractor's superintendent. 
b. Independent testing agency responsible for concrete design mixtures. 
c. Ready-mix concrete producer. 
d. Concrete pavement subcontractor. 

1.6 PROJECT CONDITIONS 

A. Traffic Control:  Maintain access for vehicular and pedestrian traffic as required for other 
construction activities. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 
product selection: 

1. Available Products:  Subject to compliance with requirements, products that may be 
incorporated into the Work include, but are not limited to, products specified. 

2. Products:  Subject to compliance with requirements, provide one of the products 
specified. 

3. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
manufacturers specified. 

4. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
manufacturers specified. 

2.2 FORMS 

A. Form Materials:  Plywood, metal, metal-framed plywood, or other approved panel-type 
materials to provide full-depth, continuous, straight, smooth exposed surfaces. 

1. Use flexible or curved forms for curves with a radius 100 feet or less. 
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B. Form-Release Agent:  Commercially formulated form-release agent that will not bond with, 
stain, or adversely affect concrete surfaces and will not impair subsequent treatments of 
concrete surfaces. 

2.3 STEEL REINFORCEMENT 

A. Plain-Steel Welded Wire Reinforcement:  ASTM A 185, fabricated from as-drawn steel wire 
into flat sheets. 

B. Deformed-Steel Welded Wire Reinforcement:  ASTM A 497, flat sheet. 

C. Epoxy-Coated Welded Wire Fabric:  ASTM A 884/A 884M, Class A, plain steel. 

D. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60; deformed. 

E. Galvanized Reinforcing Bars:  ASTM A 767/A 767M, Class II zinc coated, hot-dip galvanized 
after fabrication and bending; with ASTM A 615/A 615M, Grade 60 deformed bars. 

F. Epoxy-Coated Reinforcing Bars:  ASTM A 775/A 775M or ASTM A 934/A 934M; with 
ASTM A 615/A 615M, Grade 60 deformed bars. 

G. Steel Bar Mats:  ASTM A 184/A 184M; with ASTM A 615/A 615M, Grade 60, deformed bars; 
assembled with clips. 

H. Plain Steel Wire:  ASTM A 82, as drawn. 

I. Deformed-Steel Wire:  ASTM A 496. 

J. Epoxy-Coated-Steel Wire:  ASTM A 884/A 884M, Class A coated, plain. 

K. Joint Dowel Bars:  Plain steel bars, ASTM A 615/A 615M, Grade 60.  Cut bars true to length 
with ends square and free of burrs. 

L. Epoxy-Coated Joint Dowel Bars:  ASTM A 775/A 775M; with ASTM A 615/A 615M, 
Grade 60, plain steel bars. 

M. Tie Bars:  ASTM A 615/A 615M, Grade 60, deformed. 

N. Bar Supports:  Bolsters, chairs, spacers, and other devices for spacing, supporting, and fastening 
reinforcing bars, welded wire reinforcement, and dowels in place.  Manufacture bar supports 
according to CRSI's "Manual of Standard Practice" from steel wire, plastic, or precast concrete 
of greater compressive strength than concrete, and as follows: 

1. Equip wire bar supports with sand plates or horizontal runners where base material will 
not support chair legs. 

2. For epoxy-coated reinforcement, use epoxy-coated or other dielectric-polymer-coated 
wire bar supports. 

O. Epoxy Repair Coating:  Liquid two-part epoxy repair coating, compatible with epoxy coating on 
reinforcement. 
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P. Zinc Repair Material:  ASTM A 780. 

2.4 CONCRETE MATERIALS 

A. Materials:  All materials including but not limited to reinforcing materials, concrete materials, 
concrete mix, admixtures, curing materials, traffic paint and other related materials used under 
this section shall conform to the requirements of the Delaware Department of Transportation 
Specifications for Road and Bridge Construction.  References to a required class of concrete 
shall correspond to the classes as shown in the State of Delaware Department of Transportation 
Specifications for Road and Bridge Construction Division 500 and Division 800. 

B. Fly ash shall meet the approval of the ASTM C-618 pozzolan Class F and may be used as a 
partial substitute for cement when approved by the Architect. 

C. The concrete mix used in performing this work shall be DelDOT Class “A” or DelDOT Class 
“B” depending on the compressive strength shown on the details and shall meet the approval of 
the Architect. 

D. The concrete temperature shall not exceed 90°F when delivered to the job-site or at any time 
prior to placement in the forms. 

E. Type I - Portland Cement: Shall be used from October 1 through May 1 and when the air 
temperature in the shade and away from artificial heat is above 70°F or less, or as directed by 
the Architect. 

 
A. Type II - Portland Cement: Shall be used from May 1 through October 1 and when the air tem-

perature in the shade and away from artificial heat is above 70°F, or as directed by the Archi-
tect. 

F. When approved by the Architect, Hi-Early strength concrete may be used. Approval will be on 
a case by case basis. 

G. Exposed Aggregate:  Selected, hard, and durable; washed; free of materials with deleterious 
reactivity to cement or that cause staining; from a single source, with gap-graded coarse 
aggregate as follows: 

1. Aggregate Sizes:  1/2 to 3/4 inch nominal. 
2. Aggregate Source, Shape, and Color:  Submit color samples for review by Architect and 

owner 

H. Water:  ASTM C 94/C 94M. 

I. Air-Entraining Admixture:  ASTM C 260. 

J. Chemical Admixtures:  Admixtures may only be use with prior approval by the Architect.  
Provide admixtures certified by manufacturer to be compatible with other admixtures and to 
contain not more than 0.1 percent water-soluble chloride ions by mass of cementitious material. 

1. Water-Reducing Admixture:  ASTM C 494/C 494M, Type A. 
2. Retarding Admixture:  ASTM C 494/C 494M, Type B. 
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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. 

2.5 FIBER REINFORCEMENT 

A. Synthetic Fiber:  fibrillated polypropylene fibers engineered and designed for use in concrete 
pavement, complying with ASTM C 1116, Type III, 1/2 to 1-1/2 inches long. 

1. Available Products: 

a. Fibrillated Fibers: 

1) Axim Concrete Technologies; Fibrasol F. 
2) FORTA Corporation; Forta. 
3) Euclid Chemical Company (The); Fiberstrand F. 
4) Grace, W. R. & Co.--Conn.; Grace Fibers. 
5) SI Concrete Systems; Fibermesh. 

2.6 CURING MATERIALS 

A. Absorptive Cover:  AASHTO M 182, Class 2, burlap cloth made from jute or kenaf, weighing 
approximately 9 oz./sq. yd. dry. 

B. Moisture-Retaining Cover:  ASTM C 171, polyethylene film or white burlap-polyethylene 
sheet. 

C. Water:  Potable. 

D. Evaporation Retarder:  Waterborne, monomolecular film forming; manufactured for application 
to fresh concrete. 

1. Available Products: 

a. Axim Concrete Technologies; Cimfilm. 
b. Burke by Edeco; BurkeFilm. 
c. ChemMasters; Spray-Film. 
d. Conspec Marketing & Manufacturing Co., Inc.; Aquafilm. 
e. Dayton Superior Corporation; Sure Film. 
f. Euclid Chemical Company (The); Eucobar. 
g. Kaufman Products, Inc.; Vapor Aid. 
h. Lambert Corporation; Lambco Skin. 
i. L&M Construction Chemicals, Inc.; E-Con. 
j. MBT Protection and Repair, ChemRex Inc.; Confilm. 
k. Meadows, W. R., Inc.; Sealtight Evapre. 
l. Metalcrete Industries; Waterhold. 
m. Nox-Crete Products Group, Kinsman Corporation; Monofilm. 
n. Sika Corporation, Inc.; SikaFilm. 
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o. Symons Corporation; Finishing Aid. 
p. Vexcon Chemicals, Inc.; Certi-Vex EnvioAssist. 

E. White Waterborne Membrane-Forming Curing Compound:  ASTM C 309, Type 2, Class B. 

1. Available Products: 

a. Anti-Hydro International, Inc.; AH Curing Compound #2 WP WB. 
b. Burke by Edoco; Resin Emulsion White. 
c. ChemMasters; Safe-Cure 2000. 
d. Conspec Marketing & Manufacturing Co., Inc.; W.B. Resin Cure. 
e. Dayton Superior Corporation; Day-Chem White Pigmented Cure (J-10-W). 
f. Euclid Chemical Company (The); Kurez VOX White Pigmented. 
g. Kaufman Products, Inc.; Thinfilm 450. 
h. Lambert Corporation; Aqua Kure-White. 
i. L&M Construction Chemicals, Inc.; L&M Cure R-2. 
j. Meadows, W. R., Inc.; 1200-White. 
k. Symons Corporation; Resi-Chem White. 
l. Tamms Industries, Inc.; Horncure 200-W. 
m. Unitex; Hydro White. 
n. Vexcon Chemicals, Inc.; Certi-Vex Enviocure White 100. 

2.7 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, non-redispersible, 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 
requirements, and as follows: 

1. Types IV and V, load bearing, for bonding hardened or freshly mixed concrete to 
hardened concrete. 

D. Chemical Surface Retarder:  (For exposed aggregate concrete) Water-soluble, liquid-set retarder 
with color dye, for horizontal concrete surface application, capable of temporarily delaying final 
hardening of concrete to a depth of 1/8 to 1/4 inch. 

1. Products: 

a. Burke by Edeco; True Etch Surface Retarder. 
b. ChemMasters; Exposee. 
c. Conspec Marketing & Manufacturing Co., Inc.; Delay S. 
d. Euclid Chemical Company (The); Surface Retarder S. 
e. Kaufman Products, Inc.; Expose. 
f. Metalcrete Industries; Surftard. 
g. Nox-Crete Products Group, Kinsman Corporation; Crete-Nox TA. 
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h. Scofield, L. M. Company; Lithotex. 
i. Sika Corporation, Inc.; Rugasol-S. 
j. Vexcon Chemicals, Inc.; Certi-Vex Envioset. 

2.8 WHEEL STOPS 

A. Wheel Stops:  Solid, 3000 PSI concrete, precast. 

1. Dowels:  Galvanized steel, 3/4-inch diameter, 10-inch minimum length. 

2.9 ADA TRUNCATED DOMES 

A. General:  In-line replacable designed to be installed in a “wet set” condition.   Units must 
include anchors which allow replacement by removing colored covers and bolts while leaving 
anchors in place. 

B. Materials: Homogenous glass and carbon reinforced composite 

1. UV stable and colorfast. 
2. Resistant to slat and chemical staining per ASTM B 117 & 1308. 
3. Minimum Compressive and Tensile Strength of 28,900 psi and 11,600 psi respectively. 
4. Must be able to handle load bearing capacity of 16,000 lbs per AASHO –H20 with no 

visible damage. 
5. Color must be uniform throughout with no paint or coating to provide color. 
6. Dome geometry must comply with ADA regulations for detectable warnings at curb 

ramps in diameter, height and spacing. 

C. Where installation on radius is shown, provide precut and scored units for installation without 
gaps and piecemeal infills.   Field cut rectangular units will not be acceptable.  

D. Units shall be by ADA Solutions, Inc. or approved equal. 

2.10 CONCRETE MIXTURES 

A. The concrete mix used in performing this work shall be DelDOT Class “A” or DelDOT Class 
“B” depending on the compressive strength shown on the details and shall meet the approval of 
the Architect. 

B. Prepare design mixtures, proportioned according to ACI 301, for each type and strength of 
normal-weight concrete determined by either laboratory trial mixes or field experience. 

1. Use a qualified independent testing agency for preparing and reporting proposed concrete 
mixture designs for the trial batch method. 

C. Proportion mixtures to provide normal-weight concrete with the following properties: 

1. Compressive Strength (28 Days):  4000 psi  or 3000 psi. depending on location 
2. Maximum Water-Cementitious Materials Ratio at Point of Placement:  0.50. 
3. Slump Limit:  2-5, plus or minus 1 inch. 



DTCC Powerplant Education Facility  BMG Project Number 2012112.00 
Sussex County Airport & Industrial Park  November 19, 2012 
Delaware Technical Community College   
Owens Campus, Georgetown, Delaware 
 

CONCRETE PAVING 
 

321313 - 9 

D. Add air-entraining admixture at manufacturer's prescribed rate to result in normal-weight 
concrete at point of placement having an air content as follows: 

1. Air Content:  6 percent plus or minus 1.5 percent for 1-inch nominal maximum aggregate 
size. 

E. Limit water-soluble, chloride-ion content in hardened concrete to 0.15 percent by weight of 
cement. 

F. Chemical Admixtures:  Use admixtures according to manufacturer's written instructions. 

1. Use water-reducing admixture, plasticizing and retarding 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. 

G. Cementitious Materials:  Limit percentage, by weight, of cementitious materials other than 
portland cement according to ACI 301 requirements for concrete exposed to deicing chemicals.   
Limits shall be as follows per DelDOT requirements: 

1. Fly Ash or Pozzolan:  25 percent. 
2. Ground Granulated Blast-Furnace Slag:  50 percent. 
3. Combined Fly Ash or Pozzolan, and Ground Granulated Blast-Furnace Slag:  50 percent, 

with fly ash or pozzolan not exceeding 25 percent. 

H. Synthetic Fiber:  Uniformly disperse in concrete mix at manufacturer's recommended rate, but 
not less than 1.0 lb/cu. yd.. 

2.11 CONCRETE MIXING 

A. Ready-Mixed Concrete:  Measure, batch, and mix concrete materials and concrete according to 
ASTM C 94/C 94M and ASTM C 1116 where synthetic fibers are noted on the plans.  Furnish 
batch certificates for each batch discharged and used in the Work. 

1. When air temperature is between 85 deg F 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 EXAMINATION 

A. Examine exposed subgrades and subbase surfaces for compliance with requirements for 
dimensional, grading, and elevation tolerances. 

B. Proof-roll prepared subbase surface below concrete pavements with heavy pneumatic-tired 
equipment to identify soft pockets and areas of excess yielding. 
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1. Completely proof-roll subbase in one direction and repeat in perpendicular direction.  
Limit vehicle speed to 3 mph. 

2. Proof-roll with a loaded 10-wheel tandem-axle dump truck weighing not less than 15 
tons. 

3. Subbase with soft spots and areas of pumping or rutting exceeding depth of 1/2 inch 
require correction according to requirements in Division 31 Section "Earth Moving." 

C. Proceed with concrete pavement operations only after nonconforming conditions have been 
corrected and subgrade is ready to receive pavement. 

3.2 PREPARATION 

A. Remove loose material from compacted subbase surface immediately before placing concrete. 

3.3 EDGE FORMS AND SCREED CONSTRUCTION 

A. Set, brace, and secure edge forms, bulkheads, and intermediate screed guides for pavement to 
required lines, grades, and elevations.  Install forms to allow continuous progress of work and 
so forms can remain in place at least 24 hours after concrete placement. 

B. Clean forms after each use and coat with form-release agent to ensure separation from concrete 
without damage. 

3.4 STEEL REINFORCEMENT 

A. General:  Comply with CRSI's "Manual of Standard Practice" for fabricating, placing, and 
supporting reinforcement. 

B. Clean reinforcement of loose rust and mill scale, earth, ice, or other bond-reducing materials. 

C. Arrange, space, and securely tie bars and bar supports to hold reinforcement in position during 
concrete placement.  Maintain minimum cover to reinforcement. 

D. Install welded wire reinforcement in lengths as long as practicable.  Lap adjoining pieces at 
least one full mesh, and lace splices with wire.  Offset laps of adjoining widths to prevent 
continuous laps in either direction. 

E. Install fabricated bar mats in lengths as long as practicable.  Handle units to keep them flat and 
free of distortions.  Straighten bends, kinks, and other irregularities, or replace units as required 
before placement.  Set mats for a minimum 2-inch overlap of adjacent mats. 

3.5 JOINTS 

A. General:  Form construction, isolation, and contraction joints and tool edgings true to line with 
faces perpendicular to surface plane of concrete.  Construct transverse joints at right angles to 
centerline, unless otherwise indicated. 

1. When joining existing pavement, place transverse joints to align with previously placed 
joints, unless otherwise indicated. 
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B. Construction Joints:  Set construction joints at side and end terminations of pavement and at 
locations where pavement operations are stopped for more than one-half hour unless pavement 
terminates at isolation joints. 

1. Continue steel reinforcement across construction joints, unless otherwise indicated.  Do 
not continue reinforcement through sides of pavement strips, unless otherwise indicated. 

2. Provide tie bars at sides of pavement strips where indicated. 
3. Butt Joints:  Use bonding agent at joint locations where fresh concrete is placed against 

hardened or partially hardened concrete surfaces. 
4. 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. 

C. Isolation Joints:  Form isolation joints of preformed joint-filler strips abutting concrete curbs, 
catch basins, manholes, inlets, structures, walks, other fixed objects, and where indicated. 

1. Locate expansion joints at intervals of 20 feet, unless otherwise indicated. 
2. Extend joint fillers full width and depth of joint. 
3. All Isolation Joints shall be treated with joint filler. 
4. Terminate joint filler not less than 1/2 inch or more than 1 inch below finished surface. 
5. Furnish joint fillers in one-piece lengths.  Where more than one length is required, lace or 

clip joint-filler sections together. 
6. Protect top edge of joint filler during concrete placement with metal, plastic, or other 

temporary preformed cap.  Remove protective cap after concrete has been placed on both 
sides of joint. 

D. Contraction Joints:  Form weakened-plane contraction joints, sectioning concrete into areas as 
indicated.  For larger walkways, width greater than 12’ and plazas, submit shop drawing of joint 
pattern.  Construct contraction joints for a depth equal to at least one-fourth of the concrete 
thickness, as follows: 

1. Grooved Joints:  Form contraction joints after initial floating by grooving and finishing 
each edge of joint with grooving tool to a 3/8-inch radius.  Repeat grooving of 
contraction joints after applying surface finishes.  Eliminate groover marks on concrete 
surfaces. 

2. Doweled Contraction 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. 

E. Edging:  Tool edges of pavement, gutters, curbs, and joints in concrete after initial floating with 
an edging tool to a 3/8-inch radius.  Repeat tooling of edges after applying surface finishes.  
Eliminate tool marks on concrete surfaces. 

3.6 CONCRETE PLACEMENT 

A. Inspection:  Before placing concrete, inspect and complete formwork installation, steel 
reinforcement, and items to be embedded or cast in.  Notify other trades to permit installation of 
their work. 
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B. Remove snow, ice, or frost from subbase surface and reinforcement before placing concrete.  
Do not place concrete on frozen surfaces. 

C. Moisten subbase to provide a uniform dampened condition at time concrete is placed.  Do not 
place concrete around manholes or other structures until they are at required finish elevation and 
alignment. 

D. Comply with ACI 301 requirements for measuring, mixing, transporting, and placing concrete. 

E. Do not add water to fresh concrete after testing. 

F. Deposit and spread concrete in a continuous operation between transverse joints.  Do not push 
or drag concrete into place or use vibrators to move concrete into place. 

G. Consolidate concrete according to ACI 301 by mechanical vibrating equipment supplemented 
by hand spading, rodding, or tamping. 

1. Consolidate concrete along face of forms and adjacent to transverse joints with an 
internal vibrator.  Keep vibrator away from joint assemblies, reinforcement, or side 
forms.  Use only square-faced shovels for hand spreading and consolidation.  Consolidate 
with care to prevent dislocating reinforcement, dowels, and joint devices. 

H. Screed pavement surfaces with a straightedge and strike off. 

I. Commence initial floating using bull floats or darbies to impart an open textured and uniform 
surface plane before excess moisture or bleed water appears on the surface.  Do not further 
disturb concrete surfaces before beginning finishing operations or spreading surface treatments. 

J. Curbs and Gutters:  When automatic machine placement is used for curb and gutter placement, 
submit revised mix design and laboratory test results that meet or exceed requirements.  
Produce curbs and gutters to required cross section, lines, grades, finish, and jointing as 
specified for formed concrete.  If results are not approved, remove and replace with formed 
concrete. 

K. Slip-Form Pavers:  When automatic machine placement is used for pavement, submit revised 
mix design and laboratory test results that meet or exceed requirements.  Produce pavement to 
required thickness, lines, grades, finish, and jointing as required for formed pavement. 

1. Compact subbase and prepare subgrade of sufficient width to prevent displacement of 
paver machine during operations. 

L. When adjoining pavement lanes are placed in separate pours, do not operate equipment on 
concrete until pavement has attained 85 percent of its 28-day compressive strength. 

M. 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. 
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1. When air temperature has fallen to or is expected to fall below 40 deg F, uniformly heat 
water and aggregates before mixing to obtain a concrete mixture temperature of not less 
than 50 deg F and not more than 80 deg F at point of placement. 

2. Do not use frozen materials or materials containing ice or snow. 
3. Do not use calcium chloride, salt, or other materials containing antifreeze agents or 

chemical accelerators unless otherwise specified and approved in mix designs. 

N. Hot-Weather Placement:  Comply with ACI 301 and as follows when hot-weather conditions 
exist: 

1. Cool ingredients before mixing to 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. Cover steel reinforcement with water-soaked burlap so steel temperature will not exceed 
ambient air temperature immediately before embedding in concrete. 

3. Fog-spray forms, steel reinforcement, and subgrade just before placing concrete.  Keep 
subgrade moisture uniform without standing water, soft spots, or dry areas. 

3.7 FLOAT FINISHING 

A. Float Finish:  Begin the second floating operation when bleed-water sheen has disappeared and 
concrete surface has stiffened sufficiently to permit operations.  Float surface with power-driven 
floats, or by hand floating if area is small or inaccessible to power units.  Finish surfaces to true 
planes.  Cut down high spots and fill low spots.  Refloat surface immediately to uniform 
granular texture. 

 
1. Construct test sections of each type of concrete paving, including at least one expansion 

joint and control joints, for review by CM, Owner and Architect for agreement of finish 
prior to starting concrete installation.   Review will include texture of broom finish, joint 
striking, picture framing and geometric conformity.  

2. Medium-to-Fine-Textured Broom Finish:  Draw a soft bristle broom across float-finished 
concrete surface perpendicular to line of traffic to provide a uniform, fine-line texture. 

3. Incorporate “picture framing” of concrete in finish within lump sum prices bid. 

3.8 CONCRETE PROTECTION AND CURING 

A. General:  Protect freshly placed concrete from premature drying and excessive cold or hot 
temperatures. 

B. Comply with ACI 306.1 for cold-weather protection. 

C. Evaporation Retarder:  Apply evaporation retarder to 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. 
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D. Begin curing after finishing concrete but not before free water has disappeared from concrete 
surface. 

E. Curing Methods:  Cure concrete by moisture curing, moisture-retaining-cover curing, curing 
compound, or a combination of these as follows: 

1. 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.  Immediately repair any 
holes or tears during curing period using cover material and waterproof tape. 

2. 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. 

3.9 PAVEMENT TOLERANCES 

A. Comply with tolerances of ACI 117 and as follows: 

1. Elevation:  1/4 inch. 
2. Thickness:  Plus 3/8 inch, minus 1/4 inch. 
3. Surface:  Gap below 10-foot- long, unleveled straightedge not to exceed 1/4 inch. 
4. Lateral Alignment and Spacing of Tie Bars and Dowels:  1 inch. 
5. Vertical Alignment of Tie Bars and Dowels:  1/4 inch. 
6. Alignment of Tie-Bar End Relative to Line Perpendicular to Pavement Edge:  1/2 inch. 
7. Alignment of Dowel-Bar End Relative to Line Perpendicular to Pavement Edge:  Length 

of dowel 1/4 inch per 12 inches. 
8. Joint Spacing:  3 inches. 
9. Contraction Joint Depth:  Plus 1/4 inch, no minus. 
10. Joint Width:  Plus 1/8 inch, no minus. 

3.10 WHEEL STOPS 

A. Securely attach wheel stops into pavement with not less than two galvanized steel dowels 
embedded in holes drilled or cast into wheel stops at one-quarter to one-third points.  Firmly 
bond each dowel to wheel stop and to pavement.  Securely install dowels into pavement and 
bond to wheel stop.  Recess head of dowel beneath top of wheel stop. 

3.11 FIELD QUALITY CONTROL 

A. Testing Agency:  Contractor shall engage a qualified independent testing and inspecting agency 
to perform field tests and inspections and prepare test reports. 

B. Testing Services:  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 at least 1 composite sample for each 100 cu. yd. or fraction 
thereof of each concrete mix placed each day. 
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a. When frequency of testing will provide 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. 

2. Slump:  ASTM C 143/C 143M; one test at point of placement for each composite sample, 
but not less than one test for each day's pour of each concrete mix.  Perform additional 
tests when concrete consistency appears to change. 

3. Air Content:  ASTM C 231, pressure method; one test for each composite sample, but not 
less than one test for each day's pour of each concrete mix. 

4. Concrete Temperature:  ASTM C 1064; one test hourly when air temperature is 40 deg F 
and below and when 80 deg F and above, and one test for each composite sample. 

5. Compression Test Specimens:  ASTM C 31/C 31M; cast and laboratory cure one set of 
three standard cylinder specimens for each composite sample. 

6. Compressive-Strength Tests:  ASTM C 39/C 39M; test 1 specimen at 7 days and 2 
specimens at 28 days. 

a. A compressive-strength test shall be the average compressive strength from 2 
specimens obtained from same composite sample and tested at 28 days. 

C. Strength of each concrete mix will be satisfactory if average of any 3 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. 

D. 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. 

E. 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. 

F. Additional Tests:  Testing and inspecting agency shall make additional tests of concrete when 
test results indicate that slump, air entrainment, compressive strengths, or other requirements 
have not been met, as directed by Architect. 

G. Remove and replace concrete pavement where test results indicate that it does not comply with 
specified requirements. 

H. Additional testing and inspecting, at Contractor's expense, will be performed to determine 
compliance of replaced or additional work with specified requirements. 

3.12 REPAIRS AND PROTECTION 

A. Remove and replace concrete pavement that is broken, damaged, or defective or that does not 
comply with requirements in this Section. 
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B. Drill test cores, where directed by Architect, when necessary to determine magnitude of cracks 
or defective areas.  Fill drilled core holes in satisfactory pavement areas with portland cement 
concrete bonded to pavement with epoxy adhesive. 

C. Protect concrete from damage.  Exclude traffic from pavement for at least 14 days after 
placement.  When construction traffic is permitted, maintain pavement as clean as possible by 
removing surface stains and spillage of materials as they occur. 

D. Maintain concrete pavement free of stains, discoloration, dirt, and other foreign material.  
Sweep concrete pavement not more than two days before date scheduled for Substantial 
Completion inspections. 

END OF SECTION 321313 
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SECTION 323113 - CHAIN LINK FENCES AND GATES 

PART 1 - GENERAL 
 
1.1  RELATED DOCUMENTS 
 

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

 
1.2  SUMMARY 
 

A. This Section includes the following: 
 

1. Galvanized-steel chain link fabric. 
2. Galvanized-steel framework. 

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

 
1. Division 31 Section "Earth Moving" for filling and grading work. 
2. Division 03 Section "Cast-in-Place Concrete" for concrete for post footings. 

 
1.3  SUBMITTALS 
 

A. General:  Submit all fence components according to the Conditions of the Contract and Division 1 
Specification Sections. 

 
B. Product data in the form of manufacturer's technical data, specifications, and installation instructions 

for fence and gate posts, fabric, gates, gate operators, and accessories. 
 

C. Shop drawings showing location of fence, gates, each post, and details of post installation, extension 
arms, gate swing, hardware, and accessories. 

 
1.4  QUALITY ASSURANCE 
 

A. Installer Qualifications:  Engage an experienced Installer who has at least three years' experience and 
 has completed at least five chain link fence projects with same material and of similar scope to that 
indicated for this Project with a successful construction record of in-service performance. 

 
B. Single-Source Responsibility:  Obtain chain link fences and gates, including accessories, fittings, and 

 fastenings, from a single source. 
 
1.5  PROJECT CONDITIONS 
 

A. Field Measurements:  Verify layout information for fences and gates shown on the Drawings in 
relation  to the property survey and existing structures.  Verify dimensions by field measurements. 

 
1.6  MISCELLANEOUS REQUIREMENTS 
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A. Deliver, store, uncrate, handle and install in manner to prevent damage to equipment. 
 

 B. Remove promptly from site all debris resulting from installation of materials and equipment specified 
    herein. 
 

C. Finish of all materials and equipment shall be appropriate for exterior locations. 

PART 2 - PRODUCTS 
 
2.1  GENERAL 
 

A. Dimensions shown for pipe, roll-formed, and H-sections are outside dimensions. 
 

B. Manufacturer: Subject to compliance with requirements, provide products of one of the following: 

1. Allied Tube and Conduit Corp. 
2. Anchor Fence, Inc. 
3. Wheatland Tube Company. 
4. Davis Walker Corp. 
5. Dominion Fence and Wire Prod. 
6. United States Steel 

 
2.2  FABRIC - FENCING  
 

A. Selvage:  Knuckled at both selvages. 
 
B. Steel Chain-Link Fence Fabric:  Fabricated in one-piece widths for fencing 12 feet and less in height 

to comply with Chain Link Fence Manufacturers Institute (CLFMI) "Product Manual" and with 
 requirements indicated below: 

 
1. Mesh and Wire Size:   

a. Standard Fence - 2-inch mesh, 0.148-inch diameter (9 gauge). 
2. Coating:  ASTM A 817, Type 2, Class 2, zinc-coated (galvanized). 
 

2.3  FRAMING 
 

A. Round member sizes are given in actual outside diameter (OD) to the nearest thousandth of inches.  
Round fence posts and rails are often referred to in ASTM standard specifications by nominal pipe 
sizes (NPS) or the equivalent trade sizes in inches.  The following indicates these equivalents all 
measured in inches: 

 
Actual OD NPS Size Trade Size 

 1.315 1 1-3/8 
 1.660 1-1/4 1-5/8 
 1.900 1-1/2 2 
 2.375 2 2-1/2 
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 2.875 2-1/2 3 
 3.500 3 3-1/2 
 4.000 3-1/2 4 
 6.625 6 6-5/8 
 8.625 8 8-5/8 
 

B. Type I Round Posts:  Standard weight (schedule 40) galvanized-steel pipe conforming to 
ASTM F 1083, according to heavy industrial requirements of ASTM F 669, Group IA,.  Minimum 
yield strength of 25,000 psi or 85,000 psi, if indicated in specification or on drawing, not less than 
1.8 oz. of zinc per sq. ft.  Type A coating inside and outside according to ASTM F 1234, as 
determined by ASTM A 90, and weights per foot as follows: 

 
 

Actual OD Weight (lb/ft) NPS Size 
 1.315 1.68 1 
 1.660 2.27 1-1/4 
 1.900 2.72 1-1/2 
 2.375 3.65 2 
 2.875 5.79 2-1/2 
 3.500 7.58 3 
 4.000 9.11 3-1/2 
 6.625 8.97 6 
 8.625 28.55 8 

 
C. Top Rail:  Manufacturer's longest lengths (17 to 21 feet) with swedged-end or expansion-type 

coupling, approximately 6 inches long for joining.  Provide rail ends or other means for attaching 
top rail securely to each gate corner, pull, and end post. 

 
1. Round Steel:  1.660-inch OD Type I or II steel pipe. 

 
D. Framing 

 
1. Steel posts for fabric heights under 6 feet: 

 
a. Round Line or Intermediate Posts:  2.00-inch OD Type I or II steel pipe. 
b. Round End, Corner, and Pull Posts:  2.50-inch OD Type I or II steel pipe. 
c. Top Rail: Manufacturer's longest lengths, with expansion type couplings, approximately 

6O long, for each joint.  Provide means for attaching top rail securely to each gate, 
corner, pull and end post. 

 
1) 1.66O OD pipe, 2.27 lbs. per ft. 

 
d. All fence and backstop frames, posts and fittings shall be PVC coated according to the 

following: 
1) Coating:  ASTM F 668, Class 2a, PVC. 
2) PVC Coating Color:  As selected by Architect from manufacturers’ standard 

colors, or black complying with ASTM F 934. 
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2. Steel posts for fabric heights over 6 - 8 feet: 
 

a. Round Line or Intermediate Posts:  2.375-inch OD Type I or II steel pipe. 
b. Round End, Corner, and Pull Posts:  3.000-inch OD Type I or II steel pipe. 
c. Top Rail: Manufacturer's longest lengths, with expansion type couplings, approximately 

6O long, for each joint.  Provide means for attaching top rail securely to each gate, 
corner, pull and end post. 

 
1) 1.66O OD pipe, 2.27 lbs. per ft. 

 
2.4  FITTINGS AND ACCESSORIES 
 

A. Material:  Comply with ASTM F 626.  Mill-finished aluminum or galvanized iron or steel to suit 
manufacturer's standards. 

 
1. Steel and Iron:  Unless specified otherwise, hot-dip galvanize pressed steel or cast-iron fence 

fittings and accessories with at least 1.2 oz. zinc per sq. ft. as determined by ASTM A 90. 
 

B. Post and Line Caps:  Provide weathertight closure cap for each post.  Provide line post caps 
with loop to receive tension wire or top rail. 

 
C. Bottom and Center Rail:  If shown on detail, same material as top rail.  Provide manufacturer's 

standard galvanized-steel, cast-iron or cast-aluminum cap for each end.  Provide bottom rail at 
baseball backstop only.  Provide center rail at 8N high fences or over. 

 
D. Tension or Stretcher Bars:  Hot-dip galvanized steel with a minimum length 2 inches less than the 

full height of fabric, a minimum cross section of 3/16 inch by 3/4 inch, and a minimum of 1.2 oz. 
of zinc coating per sq. ft.  Provide one bar for each gate and end post, and two for each corner and 
pull post, except where fabric is integrally woven into the post. 

 
E. Tension and Brace Bands:  3/4-inch-wide minimum hot-dip galvanized steel with a minimum of 

1.2 oz. of zinc coating per sq. ft. 
 

1. Tension Bands:  0.074 inch thick (14 gage) minimum. 
2. Brace Bands:  0.105 inch thick (12 gage) minimum. 

 
F. Tension Wire:  0.177-inch-diameter metallic-coated steel marcelled tension wire conforming to 

ASTM A 824 with finish to match fabric.  Provide at all fencing except baseball backstop. 
 

1. Coating Type II zinc in the following class as determined by ASTM A 90. 
 

 a. Class 2, with a minimum coating weight of 1.20 oz. per sq. ft. of uncoated wire 
surface. 

 
G. Tie Wires:  0.106-inch-diameter (12-gage) galvanized steel with a minimum of 0.80 oz. per sq. ft. 

of zinc coating according to ASTM A 641, Class 3 or 0.148-inch-diameter (9-gage) aluminum wire 
alloy 1350-H19 or equal, to match fabric wire. 
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2.5  CONCRETE 
 

A. Concrete:  Provide truck poured concrete consisting of portland cement per ASTM C 150, 
aggregates per ASTM C 33, and potable water.  Mix materials to obtain concrete with a minimum 
28-day compressive strength of 3000 psi.  Use at least four sacks of cement per cu. yd., 1-inch 
maximum size aggregate, 3-inch maximum slump. 

 

PART 3 - EXECUTION 
 
3.1  INSTALLATION 
 

A. General:  Install fence to comply with ASTM F 567.  Do not begin installation and erection before 
final grading is completed, unless otherwise permitted. 

 
1. Apply fabric to outside of framework.  Install perimeter fencing inside of property line 

established by survey as required by Division 1. 
 

B. Excavation:  Drill or hand-excavate (using post-hole digger) holes for posts to diameters and 
spacings indicated, in firm, undisturbed or compacted soil. 

 
1. If not indicated on Drawings, excavate holes for each post to minimum diameter 

recommended by fence manufacturer, but not less than four times the largest cross section of 
post. 

2. Unless otherwise indicated, excavate hole depths approximately 3 inches lower than post 
bottom, with bottom of posts set not less than 36 inches below finish grade surface. 

 
C. Setting Posts:  Center and align posts in holes 3 inches above bottom of excavation.  Space a 

maximum of 10 feet o.c., unless otherwise indicated. 
 

1. Protect portion of posts above ground from concrete splatter.  Place concrete around posts 
and vibrate or tamp for consolidation.  Check each post for vertical and top alignment, and 
hold in position during placement and finishing operations. 

 
a. Unless otherwise indicated, extend concrete footings 2 inches above grade and trowel 

to a crown to shed water. 
 

D. Top Rails:  Run rail continuously through line post caps, bending to radius for curved runs and at 
other posts terminating into rail end attached to posts or post caps fabricated to receive rail.  
Provide expansion couplings as recommended by fencing manufacturer. 

 
E. Center Rails:  Install center rails in one piece between posts and flush with post on fabric side, 

using rail ends and special offset fittings where necessary. 
 

F. Brace Assemblies:  Install braces at end and gate posts and at both sides of corner and pull posts.  
Locate horizontal braces at midheight of fabric on fences with top rail and at two thirds fabric 
height on fences without top rail.  Install so posts are plumb when diagonal rod is under proper 
tension. 
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G. Bottom Tension Wire:  Install tension wire within 6 inches of bottom of fabric before stretching 

fabric and tie to each post with not less than same gage and type of wire.  Pull wire taut, without 
sags.  Fasten fabric to tension wire with 0.120-inch-diameter (11-gage) hog rings of same material 
and finish as fabric wire, spaced a maximum of 24 inches o.c. 

 
H. Fabric:  Leave approximately 2 inches between finish grade and bottom selvage unless otherwise 

indicated.  Pull fabric taut and tie to posts, rails, and tension wires.  Install fabric on security side of 
fence, and anchor to framework so that fabric remains under tension after pulling force is released. 

 
I. Tension or Stretcher Bars:  Thread through fabric and secure to end, corner, pull, and gate posts 

with tension bands spaced not over 15 inches o.c. 
 

J. Tie Wires:  Use wire of proper length to secure fabric firmly to posts and rails.  Bend ends of wire 
to minimize hazard to persons or clothing. 
 
1. Maximum Spacing:  Tie fabric to line posts 12 inches o.c. and to rails and braces 24 inches 

o.c. 
 

K. Fasteners:  Install nuts for tension bands and carriage bolts on the side of the fence opposite the 
fabric side.  Peen ends of bolts or score threads to prevent removal of nuts for added security. 

 
 
END OF SECTION 323113 
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SECTION 329200 - TURFS AND GRASSES 
 
PART 1 – GENERAL 

1.1 SUMMARY 

A. Section Includes: 

1. Seeding 

2. Hydroseeding 
 
3. Erosion-control material(s). 

1.2 QUALITY ASSURANCE 

A. Installer Qualifications:  A qualified landscape Installer whose work has resulted in successful 
turf establishment. 

1. Experience:  Five years experience in turf installation in addition to requirements in 
Division 01 Section "Quality Requirements." 

2. Installer's Field Supervision:  Require Installer to maintain an experienced full-time 
supervisor on Project site when work is in progress. 

3. Maintenance Proximity:  Not more than two hours' normal travel time from Installer's 
place of business to Project site. 

4. Pesticide Applicator:  State licensed, commercial. 

B. Soil-Testing Laboratory Qualifications:  An independent laboratory or university laboratory, 
recognized by the State Department of Agriculture, with the experience and capability to 
conduct the testing indicated and that specializes in types of tests to be performed. 

C. Soil Analysis:  For each unamended soil type, furnish soil analysis and a written report by a 
qualified soil-testing laboratory stating percentages of organic matter; gradation of sand, silt, 
and clay content; cation exchange capacity; deleterious material; pH; and mineral and plant-
nutrient content of the soil. 

1.3 DELIVERY, STORAGE, AND HANDLING 

A. Seed and Other Packaged Materials:  Deliver packaged materials in original, unopened 
containers showing weight, certified analysis, name and address of manufacturer, and indication 
of conformance with state and federal laws, as applicable. 

1.4 PROJECT CONDITIONS 

A. Planting Restrictions:  Plant during one of the following periods.  Coordinate planting periods 
with initial maintenance periods to provide required maintenance from date of substantial 
completion. 

1. Regular Seeding Season 
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 a. Spring:  March  1st - April 15th 
 b. Fall:  August 15th – October 15th 

1.5 MAINTENANCE SERVICE 

A. Seeded Turf: Contractor to maintain seeded landscaping for (60) days maintenance period from 
the date of final acceptance of the project. Include all watering, mowing, trimming, reseeding, 
fertilizing, chemical and physical weed control and removal and other operations as necessary 
for a healthy lawn. Newly seeded lawns shall be kept continuously moist for a minimum of 30 
days after seeding when natural rain fall is less than 1 inch per week. 

1. When initial maintenance period has not elapsed before end of planting season, or if turf 
is not fully established, continue maintenance during next planting season. 

PART 2 - PRODUCTS 

2.1 SEED 

A. Grass Seed:  Fresh, clean, dry, new-crop seed complying with AOSA's "Journal of Seed 
Technology; Rules for Testing Seeds" for purity and germination tolerances. 

B. Seed Species: State-certified seed of grass species as follows: 

1. As recommended by the University of Maryland Turf Grass Technical Update TT-77 and 
approved by  the Architect. 

2. Lawn Seed:   Fresh, clean and new crop seed mixture. 

 a.   Mixed by an approved method. 
 b.   composed of the following varieties, mixed to the specified proportions by weight 
and tested    to minimum percentages of purity and germination.  Poa Annua, Bent 
Grass and noxious     weed seed free. 

 
 c.  Blends:                                              Parts                 Purity      Minimum 
Germination   
  Improved Kentucky Bluegrass             20%                  97%                       80% 
  Turf Type Tall Fescue                          65%                  97%                       80% 
  Perennial Rye Grass                             15%                  97%                       80% 

3. Turf Type Tall Fescue shall be one of the following: Coyote II, Masterpiece or Rebel IV 
or other Category #1 Turf Type Tall Fescue and Kentucky Bluegrass, as recommended 
by the University of Maryland Turf Grass Technical up-date  TT-77 and approved by the 
Landscape Architect. 

2.2 INORGANIC   SOIL  AMENDMENTS 

A. Lime:  ASTM C 602, agricultural liming material containing a minimum of 80 percent calcium 
carbonate equivalent and as follows: 
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1. Class:  O, with a minimum of 95 percent passing through No. 8 sieve and a minimum of 
55 percent passing through No. 60 sieve. 

2. Provide lime in form of ground dolomitic limestone or calcitic limestone. 

B. Iron Sulfate: Granulated ferrous sulfate containing a minimum of 20 percent iron and 10 percent 
sulfur. 

C. Aluminum Sulfate: Commercial grade, unadulterated. 

D. Perlite:  Horticultural perlite, soil amendment grade. 

E. Agricultural Gypsum: Minimum 90 percent calcium sulfate, finely ground with 90 percent 
passing through No. 50 sieve. 

F. Sand:  Clean, washed, natural or manufactured, and free of toxic materials. 

G. Diatomaceous Earth: Calcined, 90 percent silica, with approximately 140 percent water 
absorption capacity by weight. 

H. Zeolites:  Mineral clinoptilolite with at least 60 percent water absorption by weight. 

2.3 ORGANIC SOIL AMENDMENTS 

A. Compost:  Well-composted, stable, and weed-free organic matter, pH range of 5.5 to 8; 
moisture content 35 to 55 percent by weight; 100 percent passing through 1-inch sieve; soluble 
salt content of 5 or less decisiemens/m; not exceeding 0.5 percent inert contaminants and free of 
substances toxic to plantings.  

B. Manure:  Well-rotted, unleached, stable or cattle manure containing not more than 25 percent by 
volume of straw, sawdust, or other bedding materials; free of toxic substances, stones, sticks, 
soil, weed seed, and material harmful to plant growth. 

2.4 FERTILIZERS 

A. Slow-Release Fertilizer:  Granular or pelleted fertilizer consisting of 50 percent water-insoluble 
nitrogen, phosphorus, and potassium in the following composition: 

1. Composition:  10 percent nitrogen, 10 percent phosphorous, and 10 percent potassium, by 
weight. 

2.5 PLANTING SOILS 

A. Planting Soil: Imported topsoil or manufactured topsoil from on or off-site sources. Obtain 
topsoil displaced from naturally well-drained construction or mining sites where topsoil occurs 
at least 4 inches deep; do not obtain from agricultural land, bogs, or marshes. 

B. Straw Mulch: Provide air dried, clean, mildew and seed free salt hay or threshed straw of wheat, 
rye, barley or oats. 
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C. Preparation of Soil 

1. Prepare sub-soil to eliminate uneven areas and low spots. Maintain lines, levels, profiles 
and contours. Make changes in grade gradual. Blend slopes into level areas.  

2. Remove foreign materials, weeds and undesirable plants and their roots. Remove 
contaminated sub-soil. 

3. Scarify subsoil to a depth of 5 inches where topsoil is to be placed. Repeat cultivation in 
area where equipment, used for hauling and spreading topsoil, has compacted sub-soil. 

D. Placing Topsoil 

1. Spread topsoil to a minimum depth of 4 inches over areas to be seeded. Rake until 
smooth. 

2. Place topsoil during dry weather and on dry unfrozen subgrade. 
3. Remove vegetable matter and foreign non-organic material from topsoil while spreading, 

remove stones over 1" in diameter.  
4. Grade topsoil to eliminate rough, low soft areas, and to ensure proper drainage according 

to grading plan. 

2.6 PESTICIDES 

A. General:  Pesticide, registered and approved by EPA, acceptable to authorities having 
jurisdiction, and of type recommended by manufacturer for each specific problem and as 
required for Project conditions and application. Do not use restricted pesticides unless 
authorized in writing by authorities having jurisdiction. 

PART 3 - EXECUTION 

3.1 INSPECTIONS 

A.  Examine finish surfaces, grades, topsoil quality and depth.  Do not start seeding work until 
unsatisfactory conditions are corrected. 

 

3.2 PREPARATION: FOR LAWN SEEDING. 

A. Limit preparation to areas which will be immediately seeded. 

B.  Remove existing temporary lawn and other vegetation and dispose of such material outside of 
Owner’s property.  Do not turn existing vegetation over into soil being prepared for permanent 
lawn.  Option Method:  use “round-Up” spray a minimum of two weeks prior to preparation to 
avoid removal of vegetation and topsoil loss.  Incorporate organic residue into top 6” as before.  
Bring soil to finished grade to provide positive drainage as shown on the plan. 

C.  Loosen topsoil of lawn area to a minimum depth of 6” Remove stones over 1” in dimension and 
sticks, roots, rubbish and extraneous matter.  

D.  Grade lawn areas to a smooth, free draining even surface with a loose, moderate course texture.  
Roll, rake and remove ridges and fill depressions as required to drain. 
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E.  Apply limestone at the rate determined by soils test to adjust pH of topsoil to not less than 6.0 or 
more than 6.8. 

F.  Apply fertilizer at a rate determined by soils test. 

G.  Thoroughly and evenly incorporated with soil to a depth of 6” by disking or other approved 
method.  Fertilize areas inaccessible to power equipment with hand tools and incorporate into 
soil. 

H.  Restore prepared areas to specified condition if eroded settled or otherwise disturbed after fine 
grading and prior to seeding. 

3.3 INSTALLATION 

A.  Lawn Seeding: 

1. Seed immediately after preparation of bed.  Spring seeding between March 1 and April 
15 and fall seeding between August 15 and October 15 or at such other times acceptable 
to the Landscape Architect. 

2. Seed indicated areas within contract limits and areas adjoining contract limits disturbed 
as a result of construction operations. 

3. Perform seeding operations when the soil is dry and when winds do not exceed 5 miles 
per hour. 

4. Apply seed with approved hydroseeder, brillion drill, or hurricane seeder. 
5. Sow grass seed at a rate of 8.0 lbs. per 1,000  sq. ft.  (348 lbs. / acre). 
6. Rake & rolling – after sowing seed, rake the area lightly and roll with a 200 lb. hand 

roller.  The finished grade of the seeded area must present an even, smooth and finished 
appearance. 

B. Mulching:    

1. Straw mulch:  straw shall be spread over all seeded areas at the rate of 2/50 tons per acre.  
Mulch shall be applied to a uniform loose depth of not less than 1” no more no more than 
2”.  Mulch applied shall achieve a uniform distribution and depth so that no more than 
10% of soil surface is exposed.  Secure with a mulch anchoring tool.  Punch, crimp and 
anchor mulch into the soil surface a minimum of 2”.   

C. Acceptance & Warranty:   

1. Seeded areas will be inspected at completion of installation and accepted subject to 
compliance with specified materials and installation requirements. 

2. Seeded areas will be acceptable provided all requirements, including maintenance have 
been complied with, a healthy, , even-colored, viable lawn is established, free of weeds, 
undesirable grass species, disease and insects. 

3. No individual lawn areas shall be bare spots or unacceptable cover totaling more than 25 
percent of the individual area in areas requested to be inspected.  

4. Upon acceptance the Owner shall assure lawn maintenance. 
 

D. Turf Maintenance: 
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A. Maintain and establish turf by watering, fertilizing, weeding, mowing, trimming, replanting 

and performing other operations as required to establish healthy, viable turf.  Roll, re-grade 
and replant bare or eroded areas and re-mulch to produce a uniformly smooth turf.  Provide 
materials and installation the same as those used in the original installation. 

B. Mow turf as soon as top growth is tall enough to cut.  Repeat mowing to maintain height 
appropriate for species without cutting more than 1/3 of the grass height.  Remove no more 
than 1/3 of the grass-leaf growth in initial or subsequent mowings. 

C. Apply pesticides and other chemical products  and biological control agents  in accordance 
with authorities having jurisdiction and manufacturer’s written recommendations.  

E. Satisfactory Turf 

 
A. Sodded areas will be inspected at completion of installation and accepted subject to com-

pliance with specified materials and installation requirements. 
B. Sodded areas will be acceptable provided all requirements, including maintenance have 

been complied with, a healthy, even-colored, viable lawn is established, free of weeds, un-
desirable grass species, disease and insects. 

C. No individual lawn areas shall be bare spots or unacceptable cover totaling more than 25 of 
the individual area in  areas requested to be inspected. 

D. Upon acceptance the Owner shall assume lawn maintenance. 
 

F. Cleaning: 

1. Perform cleaning during installation of the work and upon completion of work.  Remove 
from the site all excess materials, debris and equipment.  Repair damage resulting from 
seeding, and lawn renovation operations. 

G. Clean Up  &  Inspection: 

1. Upon completion of the work and maintenance, the grounds shall be cleared of all debris 
and equipment, which shall be entirely removed from the premises, to the satisfaction of 
the Owner and the landscape architect. 

2. Final inspection shall be made at the conclusion of the maintenance period.  Written 
notice to the Owner requesting inspection should be submitted at lease 10-days prior to 
anticipated inspection date. 

 

END OF SECTION 329200 
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SECTION 330500 - COMMON WORK RESULTS FOR UTILITIES 

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. Grout. 
2. Flowable fill. 
3. Piped utility demolition. 

1.3 DEFINITIONS 

A. Exposed Installations:  Exposed to view outdoors or subject to outdoor ambient temperatures 
and weather conditions. 

B. Concealed Installations:  Concealed from view and protected from weather conditions and 
physical contact by building occupants but subject to outdoor ambient temperatures.  Examples 
include installations within unheated shelters. 

1.4 DELIVERY, STORAGE, AND HANDLING 

A. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, 
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and 
moisture. 

B. Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending. 

PART 2 - PRODUCTS 

2.1 GROUT 

A. Description:  ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout. 

1. Characteristics:  Post hardening, volume adjusting, nonstaining, noncorrosive, 
nongaseous, and recommended for interior and exterior applications. 

2. Design Mix:  5000-psi , 28-day compressive strength. 
3. Packaging:  Premixed and factory packaged. 

2.2 FLOWABLE FILL 

A. Description:  Low-strength-concrete, flowable-slurry mix. 
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1. Cement:  ASTM C 150, Type I, portland. 
2. Density:  115- to 145-lb/cu. ft.. 
3. Aggregates:  ASTM C 33, natural sand, fine and crushed gravel or stone, coarse. 
4. Water:  Comply with ASTM C 94/C 94M. 
5. Strength:  100 to 200 psig at 28 days. 

PART 3 - EXECUTION 

3.1 PIPED UTILITY DEMOLITION 

A. Refer to Division 01 Section "Cutting and Patching" and Division 02 Section "Selective 
Structure Demolition" for general demolition requirements and procedures. 

B. Disconnect, demolish, and remove piped utility systems, equipment, and components indicated 
to be removed. 

1. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap or 
plug remaining piping with same or compatible piping material. 

2. Piping to Be Abandoned in Place:  Drain piping.  Fill abandoned piping with flowable 
fill, and cap or plug piping with same or compatible piping material. 

C. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, 
remove damaged or unserviceable portions and replace with new products of equal capacity and 
quality. 

3.2 GROUTING 

A. Mix and install grout for equipment base bearing surfaces, pump and other equipment base 
plates, and anchors. 

B. Clean surfaces that will come into contact with grout. 

C. Provide forms as required for placement of grout. 

D. Avoid air entrapment during placement of grout. 

E. Place grout, completely filling equipment bases. 

F. Place grout on concrete bases and provide smooth bearing surface for equipment. 

G. Place grout around anchors. 

H. Cure placed grout. 

END OF SECTION 330500 
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SECTION 334100 - STORM UTILITY DRAINAGE PIPING 

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 gravity-flow, nonpressure storm drainage outside the building, with the 
following components:  

1. Precast concrete manholes. 
2. Trench drain  
3. Storm drain pipe and appurtenances  

1.3 PERFORMANCE REQUIREMENTS 

A. Gravity-Flow, Nonpressure, Drainage-Piping Pressure Rating:  10-foot head of water.  Pipe 
joints shall be at least watertight, unless otherwise indicated. 

1.4 SUBMITTALS 

A. Product Data:  For the following: 

1. Storm drain pipe. 

B. Shop Drawings:  For the following: 

1. Manholes:  Include plans, elevations, sections, details, and frames and covers. 
2. Catch Basins and Stormwater Inlets.  Include plans, elevations, sections, details, and 

frames, covers, and grates. 
3. Stormwater Detention Structures:  Include plans, elevations, sections, details, frames and 

covers, design calculations, and concrete design-mix report. 

C. Field quality-control test reports. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Protect pipe, pipe fittings, and seals from dirt and damage. 

B. Handle manholes according to manufacturer's written rigging instructions. 

C. Handle catch basins and stormwater inlets according to manufacturer's written rigging 
instructions. 

D. Handle downspout boots according to manufacturer’s written instructions. 
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1.6 PROJECT CONDITIONS 

A. Interruption of Existing Storm Drainage Service:  Do not interrupt service to facilities occupied 
by Owner or others unless permitted under the following conditions and then only after 
arranging to provide temporary service according to requirements indicated: 

1. Notify Construction Manager Owner no fewer than five days in advance of proposed 
interruption of service. 

2. Do not proceed with interruption of service without Construction Manager's written 
permission. 

B. Site Information:  Perform site survey, research public utility records, and verify existing utility 
locations.  Verify that Storm Drainage System piping may be installed in compliance with 
original design and referenced standards. 
 
1. Locate existing Storm Drainage System piping and structures that are to be abandoned 

and closed. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 
product selection: 

1. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
manufacturers specified. 

2.2 PIPING MATERIALS 

A. Refer to Part 3 "Piping Applications" Article for applications of pipe, fitting, and joining 
materials. 

2.3 PE PIPE AND FITTINGS 

A. Corrugated PE Drainage Pipe and Fittings NPS 48 and Smaller:  AASHTO M 252M, Type S, 
with smooth waterway for coupling joints. 

1. Watertight Couplings:  PE sleeve with ASTM D 1056, Type 2, Class A, Grade 2 gasket 
material that mates with tube and fittings. 

2. Corrugated PE Pipe and Fittings NPS 12 to NPS 48:  AASHTO M 294M, Type S, with 
smooth waterway for coupling joints. 

3. Watertight Couplings:  PE sleeve with ASTM D 1056, Type 2, Class A, Grade 2 gasket 
material that mates with pipe and fittings. 

B. Corrugated PE Pipe and Fittings NPS 56 and NPS 60:  AASHTO MP7, Type S, with smooth 
waterway for coupling joints. 



DTCC Powerplant Education Facility  BMG Project Number 2012112.00 
Sussex County Airport & Industrial Park  November 19, 2012 
Delaware Technical Community College   
Owens Campus, Georgetown, Delaware 
 

STORM UTILITY DRAINAGE PIPING 
 

334100 - 3 

1. Watertight Couplings:  PE sleeve with ASTM D 1056, Type 2, Class A, Grade 2 gasket 
material that mates with pipe and fittings. 

2.4 REINFORCED CONCRETE PIPE:  

1. Materials shall be in accordance with ASSHTO M-170. 
2. Pipe class shall be Class III unless otherwise indicated on the drawings. 
3. Joints to be tongue and groove. 
4. Joining material may be either: 
 

a. Portland cement mortar consisting of 1 part Portland cement, 2 parts sand and 
enough water to provide a workable mix, or  

b. Bitumastic joint filler equal to Ram-Neck. 
 
 5. Joints shall be watertight under full flow conditions. 

2.5 NONPRESSURE-TYPE PIPE COUPLINGS 

A. Comply with ASTM C 1173, elastomeric, sleeve-type, reducing or transition coupling, for 
joining underground nonpressure piping.  Include ends of same sizes as piping to be joined, and 
corrosion-resistant-metal tension band and tightening mechanism on each end. 

B. Sleeve Materials: 

1. For Concrete Pipes:  ASTM C 443, rubber. 
2. For Dissimilar Pipes:  ASTM D 5926, PVC or other material compatible with pipe 

materials being joined. 

2.6 CATCH BASINS & INLETS 

A. Standard PVC Surface Drainage Inlets and In-Line Drains as indicated on the drawings. 

1. Ductile Iron Grates shall be considered an integral part of the surface drainage structure 
and shall be furnished by the same manufacturer.   

2. Structures shall be as manufactured by Nyloplast a division of Advanced Drainage 
Systems, Inc. or approved equal. 

2.7 CONCRETE 

A. General:  Cast-in-place concrete according to ACI 318, and the following: 

1. Cement:  ASTM C 150, Type II. 
2. Fine Aggregate:  ASTM C 33, sand. 
3. Coarse Aggregate:  ASTM C 33, crushed gravel. 
4. Water:  Potable. 

B. Portland Cement Design Mix:  4000 psi  minimum, with 0.45 maximum water/cementitious 
materials ratio. 
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1. Reinforcing Fabric:  ASTM A 185/A 185M, steel, welded wire fabric, plain. 
2. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 (420 MPa) deformed steel. 

C. Manhole Channels and Benches:  Factory or field formed from concrete.  Portland cement 
design mix, 4000 psi minimum, with 0.45 maximum water/cementitious materials ratio.  
Include channels and benches in manholes. 

1. Channels:  Concrete invert, formed to same width as connected piping, with height of 
vertical sides to three-fourths of pipe diameter.  Form curved channels with smooth, 
uniform radius and slope. 

a. Invert Slope:  1 percent through manhole. 

2. Benches:  Concrete, sloped to drain into channel. 

a. Slope:  4 percent. 

D. Ballast and Pipe Supports:  Portland cement design mix, 3000 psi minimum, with 0.58 
maximum water/cementitious materials ratio. 

1. Reinforcing Fabric:  ASTM A 185/A 185M, steel, welded wire fabric, plain. 
2. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 (420 MPa) deformed steel. 

2.8 CLEANOUTS 

A. Cast-Iron Cleanouts: 

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. Josam Company. 
b. MIFAB, Inc. 
c. Smith, Jay R.  Mfg. Co. 
d. Tyler Pipe. 
e. Watts Water Technologies, Inc. 
f. Zurn Specification Drainage Operation; Zurn Plumbing Products Group. 

 

2. Description:  ASME A112.36.2M, round, gray-iron housing with clamping device and 
round, secured, scoriated, gray-iron cover.  Include gray-iron ferrule with inside calk or 
spigot connection and countersunk, tapered-thread, brass closure plug. 

3. Top-Loading Classification(s):  Heavy Duty. 
4. Sewer Pipe Fitting and Riser to Cleanout:  ASTM A 74, Service class, cast-iron soil pipe 

and fittings. 

B. Plastic Cleanouts: 
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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. Canplas LLC. 
b. IPS Corporation. 
c. NDS Inc. 
d. Plastic Oddities; a division of Diverse Corporate Technologies, Inc. 
e. Sioux Chief Manufacturing Company, Inc. 
f. Zurn Light Commercial Products Operation; Zurn Plumbing Products Group. 

2. Description:  PVC body with PVC threaded plug.  Include PVC sewer pipe fitting and 
riser to cleanout of same material as sewer piping. 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Excavation, trenching, and backfilling are specified in Division 31 Section "Earth Moving." 

3.2 PIPING APPLICATIONS 

A. Pipe couplings and special pipe fittings with pressure ratings at least equal to piping rating may 
be used in applications below, unless otherwise indicated. 

1. Use nonpressure-type flexible couplings where required to join gravity-flow, nonpressure 
sewer piping, unless otherwise indicated. 

a. Flexible or rigid couplings for same or minor difference OD pipes. 

b. Join reinforced-concrete sewer piping according to ACPA's "Concrete Pipe 
Installation Manual" for rubber-gasket joints. 

c. Join dissimilar pipe materials with nonpressure-type flexible or rigid couplings. 

B. Gravity-Flow, Nonpressure Sewer Piping:  Use the following pipe materials for each size range 
and material as indicated on drawings: 

1. NPS 4 and NPS 36   Corrugated PE drainage pipe and fittings, watertight couplings, and 
coupled joints. 

2. Reinforced-Concrete Sewer Pipe and Fittings:  ASTM C 76, with groove and tongue ends. 

3.3 PIPING INSTALLATION 

A. General Locations and Arrangements:  Drawing plans and details indicate general location and 
arrangement of underground storm drainage piping.  Location and arrangement of piping layout 
take design considerations into account.  Install piping as indicated, to extent practical.  Where 
specific installation is not indicated, follow piping manufacturer's written instructions. 
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B. Install piping beginning at low point, true to grades and alignment indicated with unbroken 
continuity of invert.  Place bell ends of piping facing upstream.  Install gaskets, seals, sleeves, 
and couplings according to manufacturer's written instructions for use of lubricants, cements, 
and other installation requirements. 

C. Install manholes for changes in direction unless fittings are indicated.  Use fittings for branch 
connections unless direct tap into existing stormdrain system is indicated. 

D. Install proper size increasers, reducers, and couplings where different sizes or materials of pipes 
and fittings are connected.  Reducing size of piping in direction of flow is prohibited. 

E. Tunneling:  Install pipe under streets or other obstructions that cannot be disturbed by tunneling, 
jacking, or a combination of both. 

F. Install gravity-flow, nonpressure drainage piping according to the following:  

1. Install piping pitched down in direction of flow, at minimum slope of 1 percent, unless 
otherwise indicated. 

2. Install piping below frost line. 
3. Install corrugated steel piping according to ASTM A 798/A 798M. 
4. Install nonreinforced-concrete sewer piping according to ASTM C 1479 and ACPA's 

"Concrete Pipe  
 Installation Manual." 
5. Install reinforced-concrete sewer piping according to ASTM C 1479 and ACPA's "Concrete 

Pipe  
 Installation Manual." 
6. Install PE corrugated sewer piping according to CPPA's "Recommended Installation 

Practices for  
 Corrugated Polyethylene Pipe and Fittings." 

3.4 PIPE JOINT CONSTRUCTION 

A. Basic pipe joint construction is specified in Division 33 Section "Common Work Results for 
Utilities."  Where specific joint construction is not indicated, follow piping manufacturer's 
written instructions. 

B. Join gravity-flow, nonpressure drainage piping according to the following: 

1. Join nonreinforced-concrete sewer piping according to ASTM C 14 and ACPA's 
"Concrete Pipe Installation Manual" for rubber-gasket joints. 

2. Join reinforced-concrete sewer piping according to ACPA's "Concrete Pipe Installation 
Manual" for rubber-gasket joints. 

3. Join dissimilar pipe materials with nonpressure-type flexible or rigid couplings. 
4. Join corrugated PE piping according to CPPA 100 and the following: 

a. Use watertight couplings for Type 1, watertight joints. 

3.5 CATCH BASIN INSTALLATION 
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A. Construct catch basins to sizes and shapes indicated. 

B. Set frames and grates to elevations indicated. 

3.6 CONCRETE PLACEMENT 

A. Place cast-in-place concrete according to ACI 318/318R. 

3.7 CONNECTIONS 

A. Connect nonpressure, gravity-flow drainage piping in building's storm building drains specified 
in Division 22. 

3.8 IDENTIFICATION 

A. Materials and their installation are specified in Division 31 Section "Earth Moving." Arrange 
for installation of green warning tape directly over piping and at outside edge of underground 
structures. 

1. Use detectable warning tape over nonferrous piping and over edges of underground 
structures. 

3.9 FIELD QUALITY CONTROL 

A. Inspect interior of piping to determine whether line displacement or other damage has occurred.  
Inspect after approximately 24 inches of backfill is in place, and again at completion of Project. 

1. Submit separate reports for each system inspection. 
2. Defects requiring correction include the following: 

a. Alignment:  Less than full diameter of inside of pipe is visible between structures. 
b. Deflection:  Flexible piping with deflection that prevents passage of ball or 

cylinder of size not less than 92.5 percent of piping diameter. 
c. Crushed, broken, cracked, or otherwise damaged piping. 
d. Infiltration:  Water leakage into piping. 
e. Exfiltration:  Water leakage from or around piping. 

3. Replace defective piping using new materials, and repeat inspections until defects are 
within allowances specified. 

4. Reinspect and repeat procedure until results are satisfactory. 

B. Test new piping systems, and parts of existing systems that have been altered, extended, or 
repaired, for leaks and defects. 

1. Do not enclose, cover, or put into service before inspection and approval. 
2. Test completed piping systems according to authorities having jurisdiction. 
3. Schedule tests and inspections by authorities having jurisdiction with at least 24 hours' 

advance notice. 
4. Submit separate report for each test. 
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3.10 CLEANING 

A. Clean interior of piping of dirt and superfluous materials. Flush with potable water. 

END OF SECTION 334100 
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