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PART 1 GENERAL 

SECTION 21 05 00 

COMMON WORK RESULTS FOR FIRE SUPPRESSION 

1.1 SECTION INCLUDES 

A. Pipe, fittings, valves, and connections for sprinkler, standpipe and fire hose, and combination 
sprinkler and standpipe systems. 

1.2 RELATED REQUIREMENTS 

A. Section 09 90 00 - Painting and Coating: Preparation and painting of fire protection piping 
systems. 

B. Section 21 05 53 - Identification for Fire Supp. Piping and Equipment: Piping identification. 

C. Section 22 05 53 - Identification for Plumbing Piping and Equipment: Piping identification. 

D. Section 21 13 00 - Fire-Suppression Sprinkler Systems: Sprinkler systems design. 

E. Section 21 12 00 - Fire-Suppression Standpipes: Standpipe design. 

1.3 REFERENCE STANDARDS 

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

B. ASME B16.1 - Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250; The 
American Society of Mechanical Engineers. 

C. ASME B16.3 - Malleable Iron Threaded Fittings: Classes 150 and 300; The American Society of 
Mechanical Engineers. 

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

E. ASME B16.5 - Pipe Flanges and Flanged Fittings; The American Society of Mechanical 
Engineers (ANSI/ASME B16.5). 

F. ASME B16.9 - Factory-made Wrought Steel Buttwelding Fittings; The American Society of 
Mechanical Engineers. 

G. ASME B16.11 - Forged Steel Fittings, Socket-welding and Threaded; The American Society of 
Mechanical Engineers. 

H. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; The American Society of 
Mechanical Engineers (ANSIB16.18). 

I. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings; The 
American Society of Mechanical Engineers. 

J. ASME B16.25 - Buttwelding Ends; The American Society of Mechanical Engineers. 

K. ASME B36.10M - Welded and Seamless Wrought Steel Pipe; The American Society of 
Mechanical Engineers. 

L. ASTM A47/A47M - Standard Specification for Ferritic Malleable Iron Castings. 

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

N. ASTM A135/A135M - Standard Specification for Electric-Resistance Welded Steel Pipe. 

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

P. ASTM A536 - Standard Specification for Ductile Iron Castings. 

Q. ASTM A795/A795M - Standard Specification for Black and Hot-Dipped Zinc-Coated 
(Galvanized) Welded and Seamless Steel Pipe for Fire Protection Use. 
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R. ASTM B32 - Standard Specification for Solder Metal. 

S. ASTM B75/B75M - Standard Specification for Seamless Copper Tube. 

T. ASTM B75M - Standard Specification for Seamless Copper Tube (Metric). 

U. ASTM B88 - Standard Specification for Seamless Copper Water Tube. 

V. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric). 

W. ASTM F438 - Standard Specification for Socket-Type Chlorinated Poly (Vinyl Chloride) 
(CPVC) Plastic Pipe Fittings, Schedule 40. 

X. ASTM F439 - Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe 
Fittings, Schedule 80. 

Y. ASTM F442/F442M - Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic 
Pipe (SDR-PR). 

Z. ASTM F493 - Standard Specification for Solvent Cements for Chlorinated Poly (Vinyl Chloride) 
(CPVC) Plastic Pipe and Fittings. 

AA. AWS A5.8/A5.8M - Specification for Filler Metals for Brazing and Braze Welding; American 
Welding Society. 

AB. AWS D1.1/D1.1M - Structural Welding Code - Steel. 

AC. AWWA C105/A21.5 - Polyethylene Encasement for Ductile-Iron Pipe Systems; American Water 
Works Association (ANSI/AWWA C105/A21.5). 

AD. AWWA C110/A21.10 - American National Standard for Ductile-Iron and Gray-Iron Fittings, 3 In. 
Through 48 In. (75 mm Through 1200 mm), for Water and Other Liquids; American Water 
Works Association. 

AE. AWWA C111/A21.11 - Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings; 
American Water Works Association (ANSI/AWWA C111/A21.11). 

AF. AWWA C151/A21.51 - Ductile-Iron Pipe, Centrifugally Cast, for Water; American Water Works 
Association (ANSI/AWWA C151/A21.51). 

AG. NFPA 13 - Standard for the Installation of Sprinkler Systems; National Fire Protection 
Association. 

AH. NFPA 14 - Standard for the Installation of Standpipe and Hose Systems; National Fire 
Protection Association. 

AI. NFPA 24 - Standard for the Installation of Private Fire Service Mains and Their Appurtenances; 
National Fire Protection Association; 1995. 

AJ. UL (FPED) - Fire Protection Equipment Directory; Underwriters Laboratories Inc. 

AK. UL 262 - Gate Valves for Fire-Protection Service; Underwriters Laboratories Inc. 

AL. UL 312 - Check Valves for Fire-Protection Service; Underwriters Laboratories Inc. 

1.4 SUBMITTALS 

A. Product Data: Provide manufacturers catalogue information. Indicate valve data and ratings. 

B. Project Record Documents: Record actual locations of components and tag numbering. 

C. Operation and Maintenance Data: Include installation instructions and spare parts lists. 

1.5 QUALITY ASSURANCE 

A. Manufacturer Qualifications: Company specializing in manufacturing the Products specified in 
this section with minimum three years documented experience. 

B. Installer Qualifications: Company specializing in performing the work of this section with 
minimum 3 years experience approved by manufacturer. 
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C. Conform to UL requirements. 

D. Valves: Bear UL label or marking. Provide manufacturer's name and pressure rating marked on 
valve body. 

E. Products Requiring Electrical Connection: Listed and classified as suitable for the purpose 
specified and indicated. 

1.6 DELIVERY, STORAGE, ANDHANDLING 

A. Deliver and store valves in shipping containers, with labeling in place. 

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. 

1.7 EXTRAMATERIALS 

A. See Gilbane Project Manual. 

B. Provide two valve stem packings for each size and type of valve installed. 

PART 2 PRODUCTS 

2.1 FIRE PROTECTION SYSTEMS 

A. Sprinkler Systems:  Conform work to NFPA 13. 

B. Standpipe and Hose Systems: Conform to NFPA 14. 

C. Welding Materials and Procedures: Conform to ASME Code. 

2.2 BURIED PIPING 

A. Steel Pipe: ASTM A53/A53M Schedule 40, black, with AWWA C105 polyethylene jacket, or 
double layer, half-lapped polyethylene tape. 
1. Steel Fittings: ASME B16.9, wrought steel, buttwelded; with double layer, half-lapped 

polyethylene tape. 
2. Cast Iron Fittings: ASME B16.1, flanges and flanged fittings. 
3. Joints:  Welded in accordance with AWS D1.1. 
4. Casing: Closed glass cell insulation. 

B. Copper Tube: ASTM B75 (ASTM B75M), O60 or O50 temper. 
1. Type:  Type K (A). 
2. Fittings: ASME B16.18, cast copper alloy, solder joint, pressure type. 
3. Joints: AWS A5.8 Classification BCuP-3 or BCuP-4 copper/silver braze. 
4. Casing: Closed glass cell insulation. 

C. Cast Iron Pipe:  AWWA C151/A21.51. 
1. Fittings:  AWWA C110, standard thickness. 
2. Joints:  AWWA C111, rubber gasket. 
3. Mechanical Couplings: Shaped composition sealing gasket, steel bolts, nuts, and 

washers. 

2.3 ABOVE GROUND PIPING 

A. Steel Pipe: ASTM A795 Schedule 10 or ASTM A53 Schedule 40, black. 
1. Steel Fittings: ASME B16.9, wrought steel, buttwelded. 
2. Cast Iron Fittings: ASME B16.1, flanges and flanged fittings. 
3. Malleable Iron Fittings: ASME B16.3, threaded fittings. 
4. Mechanical Grooved Couplings: Malleable iron housing clamps to engage and lock, "C" 

shaped elastomeric sealing gasket, steel bolts, nuts, and washers; galvanized for 
galvanized pipe. 
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5. Mechanical Formed Fittings: Carbon steel housing with integral pipe stop and O-ring 
pocked and O-ring, uniformly compressed into permanent mechanical engagement onto 
pipe. 

B. Copper Tube: ASTM B88 (ASTM B88M), Type K (A), H58 drawn. 
1. Fittings: ASME B16.18, cast copper alloy, grooved. 
2. Mechanical Grooved Couplings: Ductile iron housing with alkyd enamel paint coating 

clamps to engage and lock, "C" shaped elastomeric sealing gasket, steel bolts, nuts, and 
washers. 

C. CPVC Pipe: ASTM F442/F442M, SDR 13.5. 
1. Fittings: ASTM F438 Schedule 40, or ASTM F439 schedule 80, CPVC. 
2. Joints: Solvent welded, using ASTM F493 cement. 

D. Cast Iron Pipe:  AWWA C151/A21.51. 
1. Fittings: AWWA C110/A21.10, standard thickness. 
2. Joints:  AWWA C111, rubber gasket. 
3. Mechanical Grooved Couplings: Malleable iron housing clamps to engage and lock, "C" 

shaped composition sealing gasket, steel bolts, nuts, and washers; galvanized for 
galvanized pipe. 

2.4 PIPE HANGERS ANDSUPPORTS 

A. Hangers for Pipe Sizes 1/2 to 1-1/2 inch: Malleable iron, adjustable swivel, splitring. 

B. Hangers for Pipe Sizes 2 inches and Over: Carbon steel, adjustable, clevis. 

C. Multiple or Trapeze Hangers: Steel channels with welded spacers and hanger rods. 

D. Wall Support for Pipe Sizes to 3 inches: Cast iron hook. 

E. Wall Support for Pipe Sizes 4 inches and Over: Welded steel bracket and wrought steel clamp. 

F. Vertical Support:  Steel riser clamp. 

G. Floor Support: Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, and concrete pier 
or steel support. 

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

2.5 GATE VALVES 

A. Up to and including 2 inches: 
1. Bronze body, bronze trim, rising stem, handwheel, solid wedge or disc, threaded ends. 

B. Over 2 inches: 
1. Iron body, bronze trim, rising stem pre-grooved for mounting tamper switch, handwheel, 

OS&Y, solid rubber covered bronze or cast iron wedge, flanged ends. 

C. Over 4 inches: 
1. Iron body, bronze trim, non-rising stem with bolted bonnet, solid bronze wedge, flanged 

ends, iron body indicator post assembly. 

2.6 GLOBE VALVES 

A. Up to and including 2 inches: 
1. Bronze body, bronze trim, rising stem and handwheel, inside screw, renewable rubber 

disc, threaded ends, with backseating capacity repackable under pressure. 

B. Over 2 inches: 
1. Iron body, bronze trim, rising stem, handwheel, OS&Y, plug-type disc, flanged ends, 

renewable seat and disc. 

2.7 BALL VALVES 

A. Up to and including 2 inches: 
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1. Bronze two piece body, brass, chrome plated bronze, or stainless steel ball, teflon seats 
and stuffing box ring, lever handle and balancing stops, threaded ends . 

B. Over 2 inches: 
1. Cast steel body, chrome plated steel ball, teflon seat and stuffing box seals, lever handle 

or gear drive handwheel for sizes 10 inches and over, flanged. 

2.8 BUTTERFLY VALVES 

A. Bronze Body: 
1. Stainless steel disc, resilient replaceable seat, threaded or grooved ends, extended neck, 

handwheel and gear drive and integral indicating device, and built-in tamper proof switch 
rated 10 amp at 115 volt AC. 

B. Cast or Ductile Iron Body 
1. Cast or ductile iron, chrome or nickel plated ductile iron or aluminum bronze disc, resilient 

replaceable EPDM seat, wafer, lug, or grooved ends, extended neck, handwheel and gear 
drive and integral indicating device, and internal tamper switch rated 10 amp at 115 volt 
AC. 

2.9 CHECK VALVES 

A. Up to and including 2 inches: 
1. Bronze body and swing disc, rubber seat, threaded ends. 

B. Over 2 inches: 
1. Iron body, bronze trim, swing check with rubber disc, renewable disc and seat, flanged 

ends with automatic ball check. 

C. 4 inches and Over: 
1. Iron body, bronze disc, stainless steel spring, resilient seal, threaded, wafer, or flanged 

ends. 

2.10 DRAIN VALVES 

A. Compression Stop: 
1. Bronze with hose thread nipple and cap. 

B. Ball Valve: 
1. Brass with cap and chain, 3/4 inch hose thread. 

PART 3 EXECUTION 

3.1 PREPARATION 

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

B. Remove scale and foreign material, from inside and outside, before assembly. 

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

3.2 INSTALLATION 

A. Install sprinkler system and service main piping, hangers, and supports in accordance with 
NFPA 13. 

B. Install standpipe piping, hangers, and supports in accordance with NFPA 14. 

C. Route piping in orderly manner, plumb and parallel to building structure. Maintain gradient. 

D. Install piping to conserve building space, to not interfere with use of space and other work. 

E. Group piping whenever practical at common elevations. 

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

G. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected 
equipment. 
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H. 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. 
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 flush with top of slab. 

I. Pipe Hangers and Supports: 
1. Install hangers to provide minimum 1/2 inch space between finished covering and adjacent 

work. 
2. Place hangers within 12 inches of each horizontal elbow. 
3. Use hangers with 1-1/2 inch minimum vertical adjustment. Design hangers for pipe 

movement without disengagement of supported pipe. 
4. Support vertical piping at every floor. Support riser piping independently of connected 

horizontal piping. 
5. Where several pipes can be installed in parallel and at same elevation, provide multiple or 

trapeze hangers. 
6. Provide copper plated hangers and supports for copper piping. 
7. Prime coat exposed steel hangers and supports. Hangers and supports located in crawl 

spaces, pipe shafts, and suspended ceiling spaces are not considered exposed. 

J. Slope piping and arrange systems to drain at low points. Use eccentric reducers to maintain top 
of pipe level. 

K. Prepare pipe, fittings, supports, and accessories for finish painting. Where pipe support 
members are welded to structural building framing, scrape, brush clean, and apply one coat of 
zinc rich primer to welding. Refer to Section 09 90 00. 

L. Do not penetrate building structural members unless indicated. 

M. Provide sleeves when penetrating footings, floors, and walls. Seal pipe and sleeve penetrations 
to achieve fire resistance equivalent to fire separation required. 

N. When installing more than one piping system material, ensure system components are 
compatible and joined to ensure the integrity of the system. Provide necessary joining fittings. 
Ensure flanges, union, and couplings for servicing are consistently provided. 

O. Die cut threaded joints with full cut standard taper pipe threads with red lead and linseed oil or 
other non-toxic joint compound applied to male threads only. 

P. Install valves with stems upright or horizontal, not inverted. Remove protective coatings after 
installation. 

Q. Provide gate, ball, or butterfly valves for shut-off or isolating service. 

R. Provide drain valves at main shut-off valves, low points of piping and apparatus. 
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PART 1 GENERAL 

SECTION 21 05 53 

IDENTIFICATION FOR FIRE SUPP. PIPING AND EQUIPMENT 

1.1 SECTION INCLUDES 

A. Nameplates. 

B. Tags. 

C. Stencils. 

D. Pipe Markers. 

1.2 RELATED REQUIREMENTS 

A. Section 09 90 00 - Painting and Coating: Identification painting. 

1.3 REFERENCE STANDARDS 

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

1.4 SUBMITTALS 

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

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

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

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

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

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Brady Corporation: www.bradycorp.com. 

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. 

2.2 NAMEPLATES 

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

2.3 TAGS 

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

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

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

2.4 STENCILS 

A. Stencils: With clean cut symbols and letters of following size: 
1. 3/4 to 1-1/4 inch Outside Diameter of Insulation or Pipe: 8 inch long color field, 1/2 inch 

high letters. 
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2. 1-1/2 to 2 inch Outside Diameter of Insulation or Pipe: 8 inch long color field, 3/4 inch high 
letters. 

3. 2-1/2 to 6 inch Outside Diameter of Insulation or Pipe: 12 inch long color field, 1-1/4 inch 
high letters. 

4. 8 to 10 inch Outside Diameter of Insulation or Pipe: 24 inch long color field, 2-1/2 inch 
high letters. 

5. Over 10 inch Outside Diameter of Insulation or Pipe: 32 inch long color field, 3-1/2 inch 
high letters. 

6. Equipment:  2-1/2 inch highletters. 

B. Stencil Paint: As specified in Section 09 90 00, semi-gloss enamel, colors conforming to ASME 
A13.1. 

2.5 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. 

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

D. Underground Plastic Pipe Markers: Bright colored continuously printed plastic ribbon tape, 
minimum 6 inches wide by 4 mil thick, manufactured for direct burial service. 

2.6 CEILING TACKS 

A. Description: Steel with 3/4 inch diameter color coded head. 

PART 3 EXECUTION 

3.1 PREPARATION 

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

B. Prepare surfaces in accordance with Section 09 90 00 for stencil painting. 

3.2 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. Apply stencil painting in accordance with Section 09 90 00. 

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

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

F. Install underground plastic pipe markers 6 to 8 inches below finished grade, directly above 
buried pipe. 

G. Identify pumps and valves with plastic nameplates. Small devices, such as in-line pumps, may 
be identified with tags. 

H. Identify control panels and major control components outside panels with plastic nameplates. 

I. Identify thermostats relating to terminal boxes or valves with nameplates. 

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

K. Tag automatic controls, instruments, and relays. Key to control schematic. 

L. Identify piping, concealed or exposed, with plastic pipe markers. Use tags on piping 3/4 inch 
diameter and smaller. Identify service, flow direction, and pressure. Install in clear view and 
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align with axis of piping. Locate identification not to exceed 20 feet 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. 

M. Locate ceiling tacks to locate valves above T-bar type panel ceilings. Locate in corner of panel 
closest to equipment. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Standpipe system. 

SECTION 21 12 00 

FIRE-SUPPRESSION STANDPIPES 

B. Fire department connection. 

C. Fire extinguishers located in hose cabinets. 

1.2 RELATED REQUIREMENTS 

A. Section 10 44 00 - Fire Protection Specialties. 

B. Section 21 05 00 - Common Work Results for Fire Suppression: Fire protection piping. 

C. Section 21 05 53 - Identification for Fire Supp. Piping and Equipment. 

D. Section 21 30 00 - Fire Pumps. 

E. Section 21 13 00 - Fire-Suppression Sprinkler Systems. 

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

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

1.3 REFERENCE STANDARDS 

A. FM P7825 - Approval Guide; Factory Mutual Research Corporation. 

B. ITS (DIR) - Directory of Listed Products; Intertek Testing Services NA, Inc. 

C. NFPA 10 - Standard for Portable Fire Extinguishers; National Fire Protection Association. 

D. NFPA 14 - Standard for the Installation of Standpipe and Hose Systems; National Fire 
Protection Association. 

E. UL (FPED) - Fire Protection Equipment Directory; Underwriters Laboratories Inc. 

1.4 SUBMITTALS 

A. Product Data: Provide manufacturer's catalog sheet for equipment indicating rough-in size, 
finish, and accessories. 

B. Shop Drawings: Indicate supports, components, accessories, and sizes. 
1. Submit shop drawings and product data to Owner's insurance underwriter for approval. 
2. Submit proof of approval to Architect. 

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

D. Operation Data:  Include manufacturer's data. 

E. Maintenance Data: Include servicing requirements and test schedule. 

F. Certificates: Provide certificate of compliance from authority having jurisdiction indicating 
approval of field acceptance tests. 

1.5 QUALITY ASSURANCE 

A. Perform Work in accordance with NFPA 14. Maintain one copy on site. 

B. Installer Qualifications: Company specializing in performing the work of this section with 
minimum three years experience approved by manufacturer. 

1.6 PRE-INSTALLATION MEETING 

A. Convene one week before starting work of this section. 

1.7 DELIVERY, STORAGE, ANDHANDLING 

A. Deliver and store products in shipping packaging until installation. 
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1.8 EXTRAMATERIALS 

A. Provide two extra hose nozzles and hoses. 

PART 2 PRODUCTS 

2.1 FIRE HOSE CABINETS 

A. Hose Cabinets: 
1. Style:  Recessed mounted. 
2. Tub: 16 gage thick steel, prepared for pipe and accessory rough-in. 
3. Door: 12 gage thick steel, flush, hinged, positive latch device. 
4. Finish:  Prime Coated. 

B. Hose Rack: Steel with polished chrome finish; swivel type with pins and water stop. 

C. Hose: 1 inch diameter, 50 feet long, of linen hose; mildew and rot-resistant. 

D. Nozzle: Chrome plated brass; combination fog, straight stream, and adjustable shut-off. 

2.2 VALVES 

A. Hose Station Valve: Angle type, brass finish, 1-1/2 inch nominal size with automatic ball drip; 
refer to Section 21 05 00. 

B. Hose Connection Valve: Angle type; brass finish; 2-1/2 inch size, thread to match fire 
department hardware, 300 psi working pressure, with threaded cap and chain of same material 
and finish; refer to Section 21 0500. 

C. Pressure Reducing Valve: Angle type; brass finish with inner hydraulic controls; 1-1/2 inch size, 
thread to match fire department hardware, 400 psi inlet pressure, with threaded cap and chain 
of same material and finish; refer to Section 21 05 00. 

D. Hose Connection Valve Cabinets: 
1. Style:  Recessed mounted. 
2. Tub: 16 gage thick steel, prepared for pipe and accessory rough-in. 
3. Door: 12 gage thick steel, flush, hinged, positive latch device. 
4. Finish:  Prime Coated. 

2.3 FIRE DEPARTMENT CONNECTION 

A. Type: Flush mounted wall type with brass finish. 

B. Outlets: Two way with thread size to suit fire department hardware; threaded dust cap and 
chain of matching material and finish. 

C. Drain:  3/4 inch automatic drip, outside. 

D. Label: "Standpipe - Fire Department Connection". 

2.4 FIRE EXTINGUISHERS 

A. General: Comply with NFPA 10; UL listed. 

B. Water Type: Copper container with positive displacement pump and discharge hose. 
1. 2-1/2 gallon capacity with 2A rating. 
2. 5 gallon capacity with 4A rating. 

C. Carbon Dioxide Type: Insulated handle, hose and horn discharge assembly, self-closing lever 
or squeeze grip operated, insulated handle. 
1. 5 pound capacity with 5BC rating. 
2. 10 pound capacity with 10BC rating. 
3. 15 pound capacity with 10BC rating. 
4. 20 pound capacity with 10BC rating. 
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D. Multi-Purpose Dry Chemical Type: Cartridge operated with hose and shut-off nozzle or integral 
shut-off nozzle. 
1. 2-1/2 pound capacity with 1A:10BC rating. 
2. 5 pound capacity with 2A:10BC rating. 
3. 6 pound capacity with 3A:40BC rating. 
4. 10 pound capacity with 4A:60BC rating. 
5. 20 pound capacity with 20A:120BC rating. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install in accordance with NFPA 14. 

C. Locate and secure cabinets plumb and level. Establish top of cabinet (inside horizontal) surface 
66 inches above finished floor. 

D. Locate hose station valve in cabinet at 60 inches above finished floor. 

E. Connect standpipe system to water source ahead of domestic water connection. 

F. Where static pressure exceeds 100 psi but is less than 100 psi at any hose station, provide 
pressure orifice disc in discharge of hose station valve to prevent pressure on hose exceeding 
90 psi. 

G. Where static pressure exceeds 100 psi at any hose station, provide pressure reducing valve to 
prevent pressure on hose exceeding 90 psi. 

H. Provide two way fire department outlet connection on roof. 

I. Flush entire system of foreign matter. 

3.2 FIELD QUALITY CONTROL 

A. Perform field inspection and testing in accordance with Section 01 40 00. 

B. Test entire system in accordance with NFPA 14. 

C. Test shall be witnessed by authority having jurisdiction. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

SECTION 21 13 00 

FIRE SUPPRESSION SPRINKLERS 

A. Wet-pipe sprinkler system. 

B. System design, installation, and certification. 

1.2 RELATED REQUIREMENTS 

A. Section 28 31 00 - Fire Detection and Alarm. 

B. Section 21 05 00 - Common Work Results for Fire Suppression: Pipe, fittings, and valves. 

C. Section 21 05 48 - Vibration and Seismic Controls for Equipment. 

D. Section 21 05 53 - Identification for Fire Supp. Piping and Equipment. 

E. Section 21 30 00 - Fire Pumps. 

F. Section 21 12 00 - Fire-Suppression Standpipes. 

G. Section 14 91 00 - Facility Chutes: Sprinkler heads inside chutes. 

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

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

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

1.3 REFERENCE STANDARDS 

A. FM P7825 - Approval Guide; Factory Mutual Research Corporation. 

B. ITS (DIR) - Directory of Listed Products; Intertek Testing Services NA, Inc. 

C. NFPA 13 - Standard for the Installation of Sprinkler Systems; National Fire Protection 
Association. 

D. NFPA 13R - Standard for the Installation of Sprinkler Systems in Residential Occupancies up to 
and Including Four Stories in Height; National Fire Protection Association. 

E. UL (FPED) - Fire Protection Equipment Directory; Underwriters Laboratories Inc. 

1.4 SUBMITTALS 

A. Product Data: Provide data on sprinklers, valves, and specialties, including manufacturers 
catalog information. Submit performance ratings, rough-in details, weights, support 
requirements, and piping connections. 

B. Shop Drawings: 
1. Submit preliminary layout of finished ceiling areas indicating only sprinkler locations 

coordinated with ceiling installation. 
2. Indicate hydraulic calculations, detailed pipe layout, hangers and supports, sprinklers, 

components and accessories.  Indicate system controls. 
3. Submit shop drawings and hydraulic calculations to authority having jurisdiction and Fire 

Marshall for approval. Submit proof of approval to Architect. 

C. Samples: Submit one of each style of sprinkler specified. 

D. Project Record Documents: Record actual locations of sprinklers and deviations of piping from 
drawings. Indicate drain and test locations. 

E. Manufacturer's Certificate: Certify that system has been tested and meets or exceeds specified 
requirements and code requirements. 
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F. Operation and Maintenance Data: Include components of system, servicing requirements, 
record drawings, inspection data, replacement part numbers and availability, and location and 
numbers of service depot. 

G. Maintenance Materials: Furnish the following for Owner's use in maintenance of project. 
1. Extra Sprinklers: Type and size matching those installed, in quantity required by 

referenced NFPA design and installation standard. 
2. Sprinkler Wrenches:  For each sprinkler type. 

1.5 QUALITY ASSURANCE 

A. Maintain one copy of referenced design and installation standard on site. 

B. Conform to UL requirements. 

C. Designer Qualifications: Design system under direct supervision of a Professional Engineer 
experienced in design of this type of work and licensed in the State in which the Project is 
located. 

D. Manufacturer Qualifications: Company specializing in manufacturing the Products specified in 
this section with minimum three years documented experience. 

E. Installer Qualifications: Company specializing in performing the work of this section with 
minimum three years experience approved by manufacturer. 

F. Equipment and Components: Provide products that bear UL label or marking. 

G. Products Requiring Electrical Connection: Listed and classified by Underwriters' Laboratories 
Inc. or testing firm acceptable to the authority having jurisdiction as suitable for the purpose 
specified and indicated. 

1.6 MOCK-UP 

A. Provide components for installation inmock-up. 

B. Mock-up may not remain as part of the Work. 

1.7 PRE-INSTALLATION MEETING 

A. Convene one week before starting work of this section. 

1.8 DELIVERY, STORAGE, ANDHANDLING 

A. Store products in shipping containers and maintain in place until installation. Provide temporary 
inlet and outlet caps. Maintain caps in place until installation. 

1.9 EXTRAMATERIALS 

A. Provide extra sprinklers of type and size matching those installed, in quantity required by 
referenced NFPA design and installation standard. 

B. Provide suitable wrenches for each sprinkler type. 

C. Provide metal storage cabinet located adjacent to alarm valve. 

PART 2 PRODUCTS 

2.1 SPRINKLER SYSTEM 

A. Sprinkler System: Provide coverage for building areas noted. 

B. Occupancy: comply with NFPA 13. 

C. Water Supply:  Determine volume and pressure from water flow test data. 
1. Revise design when test data available prior to submittals. 

D. Interface system with building fire and smoke alarm system. 

E. Provide fire department connections where indicated. 

F. Storage Cabinet for Spare Sprinklers and Tools: Steel, located adjacent to alarm valve. 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

FIRE SUPPRESSION SPRINKLERS 21 13 00 - 3 

 

 

 
 
 
2.2 SPRINKLERS 

A. Suspended Ceiling Type: Recessed-type, chrome-plated with push on, clamp, or screw type 
escutcheon plates. 
1. Finish:  Chrome plated. 

a. Within Standard Acoustical Tile Ceilings: White with White Estucheon Plate 
b. Within Wooden Finish Acoustical Clouds: Chrome Plated with Chrome Plated 

Estucheon Plate 
2. Fusible Link: Fusible solder link type temperature rated for specific area hazard. 

B. Exposed Area Type: Standard upright type with guard. 
1. Finish:  Chrome plated. 
2. Fusible Link: Fusible solder link type temperature rated for specific area hazard. 

C. Sidewall Type: Standard, Semi-recessed or Recessed horizontal sidewall type withmatching 
push on escutcheon plate and guard. 
1. Finish: Chrome plated. 
2. Escutcheon Plate Finish: Chrome plated. 
3. Fusible Link: Fusible solder link type temperature rated for specific area hazard. 

D. Dry Sprinklers: Standard, Recessed or Exposed pendant type with matching push on 
escutcheon plate. 
1. Finish:  Chrome plated. 
2. Escutcheon Plate Finish:  Chrome plated. 
3. Fusible Link: Fusible solder link type temperature rated for specific area hazard. 

E. Guards: Finish to match sprinkler finish. 

F. Spray Nozzles: Brass with solid cone discharge, 30 degrees of arc with blow-off dust cap. 

2.3 PIPING SPECIALTIES 

A. Wet Pipe Sprinkler Alarm Valve: Check type valve with divided seat ring, rubber faced clapper 
to automatically actuate water motor alarm and electric alarm, with pressure retard chamber 
and variable pressure trim; with test and drain valve. 

B. Flooding Deluge Valve: Gate type valve with rubber faced disc actuated manually with water 
motor alarm and electric alarm, with alarm testing trim. 

C. Water Motor Alarm: Hydraulically operated impeller type alarm with aluminum alloy chrome 
plated gong and motor housing, nylon bearings, and inlet strainer. 

D. Electric Alarm: Electrically operated chrome plated gong with pressure alarm switch. 

E. Water Flow Switch: Vane type switch for mounting horizontal or vertical, with two contacts; 
rated 10 amp at 125 volt AC and 2.5 amp at 24 volt DC. 

F. Fire Department Connections: 
1. Type: Flush mounted wall type with brass finish. 
2. Outlets: Two way with thread size to suit fire department hardware; threaded dust cap and 

chain of matching material and finish. 
3. Drain:  3/4 inch automatic drip, outside. 
4. Label: "Sprinkler - Fire Department Connection". 

G. Supervisory Switches: 

H. Water Level Supervisory Switches: 

I. Tank Temperature Supervisory Switches: 

J. Room Temperature Supervisory Switches: 
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2.4 PRESSURE MAINTENANCE PUMP 

A. Type: Close coupled motor and positive displacement pump unit. 

B. Construction: Bronze with stainless steel shafts, carbon bearings. 

C. Motor: Open drip proof, permanently lubricated. 

D. Electrical Characteristics: 
1. 0.33 hp. 
2. 115 volts, single phase, 60 Hz. 

E. Accessories: Include flexible hose connections, inlet strainer, and relief valve. 

F. Operation: Manual or Automatic with pressure switch actuation. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with referenced NFPA design and installation standard. 

B. Install equipment in accordance with manufacturer's instructions. 

C. Place pipe runs to minimize obstruction to other work. 

D. Place piping in concealed spaces above finished ceilings. 

E. Center sprinklers in two directions in ceiling tile and provide piping offsets as required. 

F. Apply masking tape or paper cover to ensure concealed sprinklers, cover plates, and sprinkler 
escutcheons do not receive field paint finish. Remove after painting. Replace painted 
sprinklers. 

G. Install and connect to fire pump system in accordance with Section 21 30 00. 

H. Flush entire piping system of foreign matter. 

I. Install guards on sprinklers where indicated. 

J. Hydrostatically test entire system. 

K. Require test be witnessed by Fire Marshal and authority having jurisdiction. 

3.2 INTERFACE WITH OTHER PRODUCTS 

A. Ensure required devices are installed and connected as required to fire alarm system. 

END OF SECTION 
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PART 1 GENERAL 

SECTION 22 05 16 

EXPANSION FITTINGS AND LOOPS FOR PLUMBING PIPING 

1.1 SECTION INCLUDES 

A. Flexible pipe connectors. 

B. Expansion joints and compensators. 

C. Pipe loops, offsets, and swing joints. 

1.2 RELATED REQUIREMENTS 

A. Section 21 05 00 - Common Work Results for Fire Suppression. 

B. Section 22 10 05 - Plumbing Piping. 

1.3 REFERENCE STANDARDS 

A. ASTM A269 - Standard Specification for Seamless and Welded Austenitic Stainless Steel 
Tubing for General Service. 

B. EJMA (STDS) - EJMA Standards; Expansion Joint Manufacturers Association. 

1.4 SUBMITTALS 

A. Product Data: 
1. Flexible Pipe Connectors: Indicate maximum temperature and pressure rating, 

face-to-face length, live length, hose wall thickness, hose convolutions per foot and per 
assembly, fundamental frequency of assembly, braid structure, and total number of wires 
in braid. 

2. Expansion Joints: Indicate maximum temperature and pressure rating, and maximum 
expansion compensation. 

B. Design Data: Indicate selection calculations. 

C. Manufacturer's Instructions: Indicate manufacturer's installation instructions, special 
procedures, and external controls. 

D. Project Record Documents: Record installed locations of flexible pipe connectors, expansion 
joints, anchors, and guides. 

E. Maintenance Data: Include adjustment instructions. 

1.5 REGULATORY REQUIREMENTS 

A. Conform to UL or Warnock Hersey requirements. 

1.6 EXTRAMATERIALS 

A. Supply two sets of packing for each packed expansion joint. 

PART 2 PRODUCTS 

2.1 FLEXIBLE PIPE CONNECTORS - STEELPIPING 

A. Manufacturers: 
1. Mercer Rubber Company: www.mercer-rubber.com. 
2. Metraflex Company: www.metraflex.com. 
3. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Inner Hose: Carbon Steel, Stainless Steel or Bronze. 

C. Exterior Sleeve: Single braided or Double braided, stainless steel or bronze. 

D. Exterior Sleeve: None. 

E. Pressure Rating: 125 psi and 450 degrees F or 200 psi and 250 degrees F. 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

EXPANSION FITTINGS AND LOOPS FOR PLUMBING PIPING 22 05 16 - 2 

 

 

 
 
 

F. Joint:  As specified for pipe joints. 

G. Size:  Use pipe sized units. 

H. Maximum offset: 3/4 inch on each side of installed center line. 

2.2 FLEXIBLE PIPE CONNECTORS - COPPERPIPING 

A. Manufacturer: 
1. Mercer Rubber Company: www.mercer-rubber.com. 
2. Metraflex Company: www.metraflex.com. 
3. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Inner Hose: Bronze. 

C. Exterior Sleeve:  Braided bronze. 

D. Pressure Rating: 125 psi and 450 degrees F or 200 psi and 250 degrees F. 

E. Joint:  As specified for pipe joints. 

F. Size:  Use pipe sized units. 

G. Maximum offset: 3/4 inch on each side of installed center line. 

H. Application:  Copper piping. 

2.3 EXPANSION JOINTS - STEEL WITH PACKED SLIDING SLEEVE  

A. Working Pressure and Temperature: Class 150 or Class 300. 

B. Joint:  As specified for pipe joints. 

C. Size:  Use pipe sized units. 

D. Application: Steel piping 2 inches and over. 

2.4 EXPANSION JOINTS - COPPER WITH PACKED SLIDING SLEEV E 

A. Working Pressure:  125 psi. 

B. Maximum Temperature:  250 degrees F. 

C. Joint:  As specified for pipe joints. 

D. Size:  Use pipe sized units. 

E. Application: Copper or steel piping 2 inches and over. 

2.5 ACCESSORIES 

A. Stainless Steel Pipe: ASTMA269. 

B. Pipe Alignment Guides: 
1. Two piece welded steel with enamel paint, bolted, with spider to fit standard pipe, frame 

with four mounting holes, clearance for minimum 1 inch thick insulation, minimum 3 inches 
travel. 

C. Swivel Joints: 
1. Fabricated steel, Bronze, Ductile Iron or Cast steel body, double ball bearing race, field 

lubricated, with rubber (Buna-N) o-ring seals. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install in accordance with EJMA (Expansion Joint Manufacturers Association) Standards. 

C. Install flexible pipe connectors on pipes connected to vibration isolated equipment. Provide line 
size flexible connectors. 
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D. Install flexible connectors at right angles to displacement. Install one end immediately adjacent 
to isolated equipment and anchor other end. Install in horizontal plane unless indicated 
otherwise. 

E. Anchor pipe to building structure where indicated. Provide pipe guides so movement is directed 
along axis of pipe only. Erect piping such that strain and weight is not on cast connections or 
apparatus. 

F. Provide support and equipment required to control expansion and contraction of piping. Provide 
loops, pipe offsets, and swing joints, or expansion joints where required. 

G. Substitute grooved piping for vibration isolated equipment instead of flexible connectors. 
Grooved piping need not be anchored. 

END OF SECTION 
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PART 1 GENERAL 

SECTION 22 05 19 

METERS AND GAGES FOR PLUMBING PIPING 

1.1 SECTION INCLUDES 

A. Positive displacement meters. 

B. Pressure gages and pressure gage taps. 

C. Thermometers and thermometer wells. 

D. Static pressure gages. 

E. Filter gages. 

1.2 REFERENCE STANDARDS 

A. ASME B40.100 - Pressure Gauges and Gauge Attachments; The American Society of 
Mechanical Engineers. 

B. ASME MFC-3M - Measurement of Fluid Flow in Pipes Using Orifice, Nozzle and Venturi; The 
American Society of Mechanical Engineers. 

C. ASTM E1 - Standard Specification for ASTM Liquid-in-Glass Thermometers. 

D. ASTM E77 - Standard Test Method for Inspection and Verification of Thermometers. 

E. AWWA C700 - Cold Water Meters -- Displacement Type, Bronze Main Case; American Water 
Works Association (ANSI/AWWA C700). 

F. AWWA C701 - Cold Water Meters -- Turbine Type, for Customer Service; American Water 
Works Association. 

G. AWWA C702 - Cold Water Meters -- Compound Type; American Water Works Association. 

H. AWWA C706 - Direct-Reading, Remote-Registration Systems for Cold Water Meters; American 
Water Works Association (ANSI/AWWA C706). 

I. AWWA M6 - Water Meters -- Selection, Installation, Testing, and Maintenance; American Water 
Works Association. 

J. UL 393 - Indicating Pressure Gauges for Fire-Protection Service; Underwriters Laboratories 
Inc. 

1.3 SUBMITTALS 

A. Product Data: Provide list that indicates use, operating range, total range and location for 
manufactured components. 

B. Project Record Documents: Record actual locations of components and instrumentation. 

C. Operation and Maintenance Data. 

1.4 FIELD CONDITIONS 

A. Do not install instrumentation when areas are under construction, except for required rough-in, 
taps, supports and test plugs. 

1.5 EXTRAMATERIALS 

A. Supply two bottles of red gage oil for static pressure gages. 

B. Supply two pressure gages with pulsation damper or dial thermometers. 

PART 2 PRODUCTS 

2.1 PRESSURE GAGES 

A. Manufacturers: 
1. Dwyer Instruments, Inc.: www.dwyer-inst.com. 
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2. Moeller Instrument Co., Inc.: www.moellerinstrument.com. 
3. Omega Engineering, Inc.: www.omega.com. 

B. Pressure Gages: ASME B40.100, UL 393 drawn steel case, phosphor bronze bourdon tube, 
rotary brass movement, brass socket, with front recalibration adjustment, black scale on white 
background. 
1. Case:  Steel with brass bourdon tube. 
2. Size:  4-1/2 inch diameter. 
3. Size:  2 inch diameter. 
4. Mid-Scale Accuracy:  One percent. 
5. Scale: Psi. 

2.2 PRESSURE GAGETAPPINGS 

A. Gage Cock:  Tee or lever handle, brass for maximum 150 psi. 

B. Needle Valve: Brass or Stainless Steel, 1/4 inch NPT for minimum 150 psi. 

C. Pulsation Damper: Pressure snubber, brass with 1/4 inch connections. 

D. Syphon: Steel, Schedule 40, 1/4 inch angle or straight pattern. 

2.3 STEM TYPE THERMOMETERS 

A. Manufacturers: 
1. Dwyer Instruments, Inc.: www.dwyer-inst.com. 
2. Omega Engineering, Inc.: www.omega.com. 
3. Weksler Glass Thermometer Corp: www.wekslerglass.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Thermometers - Fixed Mounting: Red- or blue-appearing non-toxic liquid in glass; ASTM E1; 
lens front tube, cast aluminum case with enamel finish. 
1. Size:  9 inch scale. 
2. Window:  Clear Lexan. 
3. Size:  9 inch scale. 
4. Window:  Clear glass or Lexan. 
5. Accuracy:  2 percent, per ASTME77. 
6. Calibration:  Degrees F. 

C. Thermometers - Adjustable Angle: Red- or blue-appearing non-toxic liquid in glass; ASTM E1; 
lens front tube, cast aluminum case with enamel finish, cast aluminum adjustable joint with 
positive locking device; adjustable 360 degrees in horizontal plane, 180 degrees in vertical 
plane. 
1. Size:  9 inch scale. 
2. Window:  Clear Lexan. 
3. Size:  9 inch scale. 
4. Window:  Clear glass or Lexan. 
5. Stem:  3/4 inch NPT brass. 
6. Accuracy:  2 percent, per ASTME77. 
7. Calibration:  Degrees F. 

2.4 THERMOMETER SUPPORTS 

A. Socket: Brass separable sockets for thermometer stems with or without extensions as 
required, and with cap and chain. 

B. Flange: 3 inch outside diameter reversible flange, designed to fasten to sheet metal air ducts, 
with brass perforated stem. 
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2.5 TEST PLUGS 

A. Test Plug: 1/4 inch or 1/2 inch brass or stainless steel fitting and cap for receiving 1/8 inch 
outside diameter pressure or temperature probe with Nordel core for temperatures up to 350 
degrees F. 

B. Test Kit: Carrying case, internally padded and fitted containing one 2-1/2 inch diameter 
pressure gages, one gage adapters with 1/8 inch probes, two 1 inch dial thermometers. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install positive displacement meters with isolating valves on inlet and outlet to AWWA M6. 
Provide full line size valved bypass with globe valve for liquid service meters. 

C. Provide one pressure gage per pump, installing taps before strainers and on suction and 
discharge of pump.  Pipe to gage. 

D. Install pressure gages with pulsation dampers. Provide gage cock or needle valve to isolate 
each gage. Extend nipples and siphons to allow clearance from insulation. 

E. Install thermometers in piping systems in sockets in short couplings. Enlarge pipes smaller 
than 2-1/2 inch for installation of thermometer sockets. Ensure sockets allow clearance from 
insulation. 

F. Install thermometer sockets adjacent to controls systems thermostat, transmitter, or sensor 
sockets.  Refer to Section 23 09 43. 

G. Coil and conceal excess capillary on remote element instruments. 

H. Provide instruments with scale ranges selected according to service with largest appropriate 
scale. 

I. Install gages and thermometers in locations where they are easily read from normal operating 
level. Install vertical to 45 degrees off vertical. 

J. Adjust gages and thermometers to final angle, clean windows and lenses, and calibrate to zero. 

K. Locate test plugs adjacent thermometers and thermometer sockets, adjacent to pressure gages 
and pressure gage taps, adjacent to control device sockets or where indicated. 

3.2 SCHEDULES 

A. Positive Displacement Meters, Location: 
1. Domestic cold water. 
2. Expansion tank make-up. 

B. Pressure Gages, Location and Scale Range: 
1. Pumps, 0 to 100 psi. 
2. Expansion tanks, 0 to 100 psi. 
3. Sprinkler system, 0 to 100 psi. 
4. Backflow preventers, 0 to 100 psi. 

C. Pressure Gage Tappings, Location: 
1. Control valves 3/4 inch & larger - inlets and outlets. 
2. Major coils - inlets and outlets. 
3. Heat exchangers - inlets and outlets. 

D. Stem Type Thermometers, Location and Scale Range: 
1. Domestic hot water supply and recirculation, 0 to 220 degrees F. 

END OF SECTION 
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PART 1 GENERAL 

SECTION 22 05 53 

IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT 

1.1 SECTION INCLUDES 

A. Nameplates. 

B. Tags. 

C. Stencils. 

D. Pipe Markers. 

1.2 RELATED REQUIREMENTS 

A. Section 09 90 00 - Painting and Coating: Identification painting. 

B. Section 22 60 05 - Medical Air, Gas, and Vacuum Systems: Supply of pipe labels for placement 
under this section. 

1.3 REFERENCE STANDARDS 

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

1.4 SUBMITTALS 

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

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

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

D. Samples: Submit two labels; tags in size. 

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

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

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Brady Corporation: www.bradycorp.com. 

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. 

2.2 NAMEPLATES 

A. Description: Laminated three-layer plastic with engraved letters. 
1. Letter Color: Black. 
2. Letter Height:  1/2 inch. 
3. Background Color: Yellow. 

2.3 TAGS 

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

B. Metal Tags: Brass, aluminum, or stainless steel with stamped letters; tag size minimum 1-1/2 
inch diameter or square with smooth edges. 

C. Chart: Typewritten letter size list in anodized aluminum frame. 
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2.4 STENCILS 

A. Stencils: With clean cut symbols and letters of following size: 
1. 3/4 to 1-1/4 inch Outside Diameter of Insulation or Pipe: 8 inch long color field, 1/2 inch 

high letters. 
2. 1-1/2 to 2 inch Outside Diameter of Insulation or Pipe: 8 inch long color field, 3/4 inch high 

letters. 
3. 2-1/2 to 6 inch Outside Diameter of Insulation or Pipe: 12 inch long color field, 1-1/4 inch 

high letters. 
4. 8 to 10 inch Outside Diameter of Insulation or Pipe: 24 inch long color field, 2-1/2 inch 

high letters. 
5. Over 10 inch Outside Diameter of Insulation or Pipe: 32 inch long color field, 3-1/2 inch 

high letters. 
6. Ductwork and Equipment: 2-1/2 inch high letters. 

B. Stencil Paint: As specified in Section 09 90 00, semi-gloss enamel, colors conforming to ASME 
A13.1. 

2.5 PIPE MARKERS 

A. Comply with 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. 

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

D. Underground Plastic Pipe Markers: Bright colored continuously printed plastic ribbon tape, 
minimum 6 inches wide by 4 mil thick, manufactured for direct burial service. 

2.6 CEILING TACKS 

A. Description: Steel with 3/4 inch diameter color coded head. 

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

PART 3 EXECUTION 

3.1 PREPARATION 

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

B. Prepare surfaces in accordance with Section 09 90 00 for stencil painting. 

3.2 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. Apply stencil painting in accordance with Section 09 90 00. 

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

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

F. Install underground plastic pipe markers 6 to 8 inches below finished grade, directly above 
buried pipe. 
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G. Identify air handling units, pumps, heat transfer equipment, tanks, and water treatment devices 
with plastic nameplates or stencil painting. Small devices, such as in-line pumps, may be 
identified with tags. 

H. Identify control panels and major control components outside panels with plastic nameplates. 

I. Identify thermostats relating to terminal boxes or valves with nameplates. 

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

K. Identify air terminal units and radiator valves with numbered tags. 

L. Tag automatic controls, instruments, and relays. Key to control schematic. 

M. Identify piping, concealed or exposed, with plastic pipe markers or plastic tape pipe markers. 
Use tags on piping 3/4 inch diameter and smaller. Identify service, flow direction, and pressure. 
Install in clear view and align with axis of piping. Locate identification not to exceed 20 feet 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. 

N. Identify ductwork with plastic nameplates or stenciled painting. Identify with air handling unit 
identification number and area served. Locate identification at air handling unit, at each side of 
penetration of structure or enclosure, and at each obstruction. 

O. 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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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Piping insulation. 

B. Jackets and accessories. 

1.2 RELATED REQUIREMENTS 

SECTION 22 07 19 

PLUMBING PIPING INSULATION 

A. Section 01 61 16 - Volatile Organic Compound (VOC) Content Restrictions. 

B. Section 07 84 00 - Firestopping. 

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

1.3 REFERENCE STANDARDS 

A. ASTM A666 - Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel 
Sheet, Strip, Plate, and Flat Bar. 

B. ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate. 

C. ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate 
[Metric]. 

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

E. ASTM C195 - Standard Specification for Mineral Fiber Thermal Insulating Cement. 

F. ASTM C449 - Standard Specification for Mineral Fiber Hydraulic-Setting Thermal Insulating and 
Finishing Cement. 

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

H. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular Form. 

I. ASTM C547 - Standard Specification for Mineral Fiber Pipe Insulation. 

J. ASTM C552 - Standard Specification for Cellular Glass Thermal Insulation. 

K. ASTM C578 - Standard Specification for Rigid, Cellular Polystyrene Thermal Insulation. 

L. ASTM C585 - Standard Practice for Inner and Outer Diameters of Rigid Thermal Insulation for 
Nominal Sizes of Pipe and Tubing (NPS System). 

M. ASTM C591 - Standard Specification for Unfaced Preformed Rigid Cellular Polyisocyanurate 
Thermal Insulation. 

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

O. ASTM D1056 - Standard Specification for Flexible Cellular Materials--Sponge or Expanded 
Rubber. 

P. ASTM D2842 - Standard Test Method for Water Absorption of Rigid Cellular Plastics. 

Q. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials. 

R. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials. 

S. NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materials; 
National Fire Protection Association. 
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T. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; 
Underwriters Laboratories Inc. 

1.4 SUBMITTALS 

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

B. Samples: Submit two samples of any representative size illustrating each insulation type. 

C. Manufacturer's Instructions: Indicate installation procedures that ensure acceptable 
workmanship and installation standards will be achieved. 

1.5 QUALITY ASSURANCE 

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

B. Applicator Qualifications: Company specializing in performing the type of work specified in this 
section with minimum 3 years of experience, or and approved by manufacturer. 

1.6 DELIVERY, STORAGE, ANDHANDLING 

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

1.7 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 

2.1 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. 

2.2 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 Gilbane Project Manual. 

B. Insulation: ASTM C547 and ASTM C795; rigid molded, noncombustible. 
1. 'K' value: ASTM C177, 0.24 at 75 degrees F. 
2. Maximum service temperature: 850 degrees F; 1200 degrees F; 1600 degrees F. 
3. Maximum moisture absorption:  0.2 percent by volume. 

C. Insulation: ASTM C547 ; semi-rigid, noncombustible, end grain adhered to jacket. 
1. 'K' value: ASTM C177, 0.24 at 75 degrees F. 
2. Maximum service temperature:  650 degrees F. 
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. 

E. Tie Wire: 0.048 inch stainless steel with twisted ends on maximum 12 inch centers. 

F. Vapor Barrier Lap Adhesive: 
1. Compatible with insulation. Low VOC compliant (LEED). 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

PLUMBING PIPING INSULATION 22 07 19 - 3 

 

 

 
 
 

G. Insulating Cement/Mastic: 
1. ASTM C195; hydraulic setting on mineral wool. 

H. Fibrous Glass Fabric: 
1. Cloth:  Untreated; 9 oz/sq yd weight. 
2. Blanket:  1.0 lb/cu ft density. 
3. Weave:  5x5; 10x10; or 10x20. 

I. Indoor Vapor Barrier Finish: 
1. Cloth:  Untreated; 9 oz/sq yd weight. 
2. Vinyl emulsion type acrylic, compatible with insulation, black or white color. Low VOC 

compliant (LEED). 

J. Outdoor Vapor Barrier Mastic: 
1. Vinyl emulsion type acrylic or mastic, compatible with insulation, black color. Low VOC 

compliant (LEED). 

K. Outdoor Breather Mastic: 
1. Vinyl emulsion type acrylic or mastic, compatible with insulation, black color. Low VOC 

compliant (LEED). 

L. Insulating Cement: 
1. ASTM C449/C449M. Low VOC compliant (LEED). 

2.3 CELLULAR GLASS 

A. Manufacturers: 
1. Pittsburgh Corning Corporation: www.foamglasinsulation.com. 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Insulation:  ASTM C552, Grade 1. 
1. 'K' value:  0.37 at 100 degrees F. 
2. Service Temperature:  Up to 900 degrees F. 
3. Water Vapor Permeability:  0.005 perm inch. 
4. Water Absorption:  0.2 percent by volume, maximum. 

2.4 EXPANDED POLYSTYRENE 

A. Manufacturers: 

B. Insulation: ASTM C578; rigid closed cell. 
1. 'K' value:  0.23 at 75 degrees F. 
2. Maximum service temperature:  165 degrees F. 
3. Maximum water vapor permeance:  5.0 perms 

2.5 EXPANDED PERLITE 

A. Manufacturers: 
1. Schundler Company: www.schundler.com. 

B. Insulation:  ASTM C610, molded. 
1. Maximum service temperature:  1200 degrees F. 
2. Maximum water vapor transmission:  0.1 perm. 

2.6 POLYISOCYANURATE CELLULAR PLASTIC 

A. Insulation Material: ASTM C591, rigid molded modified polyisocyanurate cellular plastic. 
1. Dimension: Comply with requirements of ASTM C585. 
2. 'K' value: 0.18 at 75 degrees F, when tested in accordance with ASTM C518. 
3. Minimum Service Temperature:  -70 degrees F. 
4. Maximum Service Temperature:  300 degrees F. 
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5. Water Absorption: 0.5 percent by volume, maximum, when tested in accordance with 
ASTM D2842.. 

6. Moisture Vapor Transmission:  4.0 perm in. 
7. Connection: Waterproof vapor barrier adhesive. Low VOC compliant (LEED). 

2.7 POLYETHYLENE 

A. Manufacturers: 
1. Armacell LLC: www.armacell.us. 

B. Insulation: Flexible closed-cell polyethylene tubing, slit lengthwise for installation, complying 
with applicable requirements of ASTM D1056. 
1. 'K' value: ASTM C177; 0.25 at 75 degrees F. 
2. Maximum Service Temperature:  200 degrees F. 
3. Density:  2 lb/cu ft. 
4. Maximum Moisture Absorption: 1.0 percent by volume. 
5. Moisture Vapor Permeability: 0.05 perm inch, when tested in accordance with ASTM 

E96/E96M. 
6. Connection: Contact adhesive. Low VOC compliant (LEED). 

2.8 FLEXIBLE ELASTOMERIC CELLULAR INSULATION 

A. Manufacturer: 
1. Armacell LLC: www.armacell.us. 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Insulation: Preformed flexible elastomeric cellular rubber insulation complying with ASTM C 534 
Grade 3; grade 2; grade 1 use molded tubular material wherever possible. 
1. Minimum Service Temperature:  -40 degrees F. 
2. Maximum Service Temperature:  220 degrees F. 
3. Connection:  Waterproof vapor barrier adhesive. 

C. Elastomeric Foam Adhesive: Air dried, contact adhesive, compatible with insulation. Low VOC 
compliant (LEED). 

2.9 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. 
b. Maximum Service Temperature:  150 degrees F. 
c. Moisture Vapor Permeability: 0.002 perm inch, maximum, when tested in accordance 

with ASTM E96/E96M. 
d. Thickness:  20 mil; 30 mil. 
e. Connections: Brush on welding adhesive, tacks, pressure sensitive color matching 

vinyl tape. 
3. Covering Adhesive Mastic: 

a. Compatible with insulation. Low VOC compliant (LEED). 

B. ABS Plastic: 
1. Jacket: One piece molded type fitting covers and sheet material, off-white color. 

a. Minimum Service Temperature:  -40 degrees F. 
b. Maximum Service Temperature of 180 degrees F. 
c. Moisture Vapor Permeability: 0.012 perm inch, when tested in accordance with 

ASTM E96/E96M. 
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d. Thickness:  30 mil. 
e. Connections: Brush on welding adhesive. Low VOC compliant (LEED). 

C. Canvas Jacket: UL listed 6 oz/sq yd plain weave cotton fabric treated with dilute fire retardant 
lagging adhesive. 
1. Lagging Adhesive: 

a. Compatible with insulation. Low VOC compliant (LEED). 

D. Aluminum Jacket: ASTM B209 (ASTM B209M) formed aluminum sheet. 
1. Thickness:  0.016 inch, 0.020 inch sheet. 
2. Finish:  Smooth, embossed. 
3. Joining: Longitudinal slip joints and 2 inch laps. 
4. Fittings: 0.016 inch thick die shaped fitting covers with factory attached protective liner. 
5. Metal Jacket Bands: 3/8 inch wide; 0.015 inch thick aluminum. 
6. Metal Jacket Bands: 3/8 inch wide; 0.010 inch thick stainless steel. 

E. Stainless Steel Jacket: ASTM A 666, Type 304 or 316 stainless steel. 
1. Thickness:  0.010 inch. 
2. Finish: Smooth. 
3. Metal Jacket Bands: 3/8 inch wide; 0.010 inch thick stainless steel. 

PART 3 EXECUTION 

3.1 EXAMINATION 

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

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

3.2 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install in accordance with NAIMA National Insulation Standards. 

C. Exposed Piping: Locate insulation and cover seams in least visible locations. 

D. Insulated pipes conveying fluids below ambient temperature: Insulate entire system including 
fittings, valves, unions, flanges, strainers, flexible connections, pump bodies, and expansion 
joints. 

E. 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. 

F. For hot piping conveying fluids 140 degrees F or less, do not insulate flanges and unions at 
equipment, but bevel and seal ends of insulation. 

G. For hot piping conveying fluids over 140 degrees F, insulate flanges and unions at equipment. 

H. 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. 

I. Inserts and Shields: 
1. Application: Piping 1-1/2 inches diameter or larger. 
2. Shields: Galvanized steel between pipe hangers or pipe hanger rolls and inserts. 
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3. Insert location: Between support shield and piping and under the finish jacket. 
4. Insert configuration: Minimum 6 inches 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. 

J. 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. 

K. Pipe Exposed in Mechanical Equipment Rooms or Finished Spaces (less than 10 feet above 
finished floor): Finish with PVC jacket and fitting covers. 

L. 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. 

M. Buried Piping: Provide factory fabricated assembly with inner all-purpose service jacket with 
self-sealing lap, and asphalt impregnated open mesh glass fabric, with one mil thick aluminum 
foil sandwiched between three layers of bituminous compound; outer surface faced with a 
polyester film. 

N. 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. 

3.3 SCHEDULES 

3.4 INTERIOR INSULATION APPLICATION SCHEDULE 

A. Service: Domestic hot, recirculated hot water and solar piping. 
1. Operating Temperature:  60 to 140 deg  F. 
2. Insulation Material: Flexible elastomeric or glass fiber. 
3. Insulation Thickness: Apply the following insulation thicknesses: 

a. Pipe, All Sizes:  1.0 inch. 
4. Jacket: None. 
5. Vapor Retarder Required: No. 
6. Finish: None. 

B. Service:  Domestic cold water. 
1. Operating Temperature:  35 to 60 deg  F. 
2. Insulation Material: Flexible elastomeric or glass fiber. 
3. Insulation Thickness: Apply the following insulation thicknesses: 

a. Pipe, 1” or less:  0.5 inch. 
b. Pipe, 1¼” to 2” :  0.5 inch. 
c. Pipe, 2-1/2” to 4”:  1.0 inch. 
d. Pipe, 5” and up :  1.0 inch. 

4. Jacket: Foil and paper. 
5. Vapor Retarder Required: Yes. 
6. Finish: None. 

C. Service:  Rainwater conductors. 
1. Operating Temperature:  32 to 100 deg F. 
2. Insulation Material:  Mineral fiber. 
3. Insulation Thickness: Apply the following insulation thicknesses: 

a. Pipe, 3” and up:  1.0 inch. 
4. Jacket: 

a. Concealed Piping - None 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

PLUMBING PIPING INSULATION 22 07 19 - 7 

 

 

 
 
 

b. Exposed Piping - PVC 
5. Vapor Retarder Required: Yes. 
6. Finish: None. 

D. Service:  Roof drain bodies. 
1. Operating Temperature:  32 to 100 deg  F. 
2. Insulation Material:  Mineral fiber. 
3. Insulation Thickness:  1.0 inch. 
4. Jacket: 

a. Concealed - None 
b. Exposed  - PVC 

5. Vapor Retarder Required: Yes. 
6. Finish: None 

E. Service: Sanitary waste piping where heat tracing is installed. 
1. Operating Temperature:  35 to 100 deg  F. 
2. Insulation Material:  Mineral fiber. 
3. Insulation Thickness: Apply the following insulation thicknesses: 

a. Pipe, 3” and up:  1.0 inch. 
4. Jacket: Aluminum. 
5. Vapor Retarder Required: Yes. 
6. Finish: None. 

F. Service:  Condensate drain piping. 
1. Operating Temperature:  35 to 75 deg  F. 
2. Insulation Material:  Flexible elastomeric. 
3. Insulation Thickness:  0.5 inch. 
4. Jacket: None. 
5. Vapor Retarder Required: Yes. 
6. Finish: None. 

G. Service: Exposed sanitary drains and domestic water supplies and stops for fixtures for the 
disabled. 
1. Operating Temperature:  35 to 120 deg.  F. 
2. Insulation Material:  Molded closed cell vinyl. 
3. Insulation Thickness:  3/16 inch. 
4. Vapor Retarder Required: No. 
5. Finish: None. 

H. Service:  Diesel-engine exhaust. 
1. Operating Temperature: 850 deg. F and lower. 
2. Insulation Material: Calcium silicate. 
3. Insulation Thickness: Apply the following insulation thicknesses: 

a. Steel Pipe, All sizes:  3.0 inch. 
4. Jacket: Aluminum 
5. Vapor Retarder Required: No. 
6. Finish: None. 

3.5 EXTERIOR INSULATION APPLICATION SCHEDULE 

A. This application schedule is for aboveground insulation outside the building. Loose-fill 
insulation, for belowground piping, is specified in Division 2 piping distribution Sections. 

B. Service:  Domestic water. 
1. Operating Temperature:  60 to 180 deg. F. 
2. Insulation Material: Cellular glass, with jacket 
3. Insulation Thickness: Apply the following insulation thicknesses: 
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a. Pipe, 1” or less:  2.0 inch. 
b. Pipe, 1-1/4” and larger:  2.0 inch. 

4. Jacket: Aluminum. 
5. Vapor Retarder Required: No. 
6. Finish: None. 

C. Service:  Storm water. 
1. Operating Temperature:  32 to 100 deg. F. 
2. Insulation Material:  Flexible elastomeric. 
3. Insulation Thickness: Apply the following insulation thicknesses: 

a. Pipe, 1-1/4” to 2”:  0.5 inch. 
b. Pipe, 2-1/2” and up:  1.0 inch. 

4. Field-Applied Jacket: Aluminum. 
5. Vapor Retarder Required: Yes. 
6. Finish: None. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

SECTION 22 10 05 

PLUMBING PIPING 

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

1.2 RELATED REQUIREMENTS 

A. Section 31 23 16 - Excavation. 

B. Section 31 23 23 - Fill. 

C. Section 31 23 16.13 - Trenching. 

D. Section 33 13 00 - Disinfecting of Water Utility Distribution. 

E. Section 07 84 00 - Firestopping. 

F. Section 08 31 00 - Access Doors and Panels. 

G. Section 09 90 00 - Painting and Coating.221005 

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

I. Section 22 07 19 - Plumbing Piping Insulation. 

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

1.3 REFERENCE STANDARDS 

A. ANSI Z21.22 - American National Standard for Relief Valves and Automatic Gas Shutoff 
Devices for Hot Water Supply Systems. 

B. ASME B16.1 - Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250; The 
American Society of Mechanical Engineers. 

C. ASME B16.3 - Malleable Iron Threaded Fittings: Classes 150 and 300; The American Society of 
Mechanical Engineers. 

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

E. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; The American Society of 
Mechanical Engineers (ANSIB16.18). 

F. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings; The 
American Society of Mechanical Engineers. 

G. ASME B16.23 - Cast Copper Alloy Solder Joint Drainage Fittings - DWV; The American Society 
of Mechanical Engineers. 

H. ASME B16.26 - Cast Copper Alloy Fittings for Flared Copper Tubes; The American Society of 
Mechanical Engineers. 

I. ASME B16.29 - Wrought Copper and Wrought Copper Alloy Solder Joint Drainage Fittings - 
DWV; The American Society of Mechanical Engineers. 

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

K. ASME B31.2 - Fuel Gas Piping; The American Society of Mechanical Engineers. 

L. ASME B31.9 - Building Services Piping; The American Society of Mechanical Engineers 
(ANSI/ASME B31.9). 
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M. ASME (BPV IV) - Boiler and Pressure Vessel Code, Section IV - Rules for Construction of 
Heating Boilers; The American Society of Mechanical Engineers. 

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

O. ASTM A47/A47M - Standard Specification for Ferritic Malleable Iron Castings. 

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

Q. ASTM A74 - Standard Specification for Cast Iron Soil Pipe and Fittings. 

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

S. ASTM B32 - Standard Specification for Solder Metal. 

T. ASTM B42 - Standard Specification for Seamless Copper Pipe, Standard Sizes. 

U. ASTM B43 - Standard Specification for Seamless Red Brass Pipe, Standard Sizes. 

V. ASTM B68/B68M - Standard Specification for Seamless Copper Tube, Bright Annealed. 

W. ASTM B68M - Standard Specification for Seamless Copper Tube, Bright Annealed (Metric). 

X. ASTM B75/B75M - Standard Specification for Seamless Copper Tube. 

Y. ASTM B75M - Standard Specification for Seamless Copper Tube (Metric). 

Z. ASTM B88 - Standard Specification for Seamless Copper Water Tube. 

AA. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric). 

AB. ASTM B280 - Standard Specification for Seamless Copper Tube for Air Conditioning and 
Refrigeration Field Service. 

AC. ASTM B302 - Standard Specification for Threadless Copper Pipe, Standard Sizes. 

AD. ASTM B306 - Standard Specification for Copper Drainage Tube (DWV). 

AE. ASTM C4 - Standard Specification for Clay Drain Tile and Perforated Clay Drain Tile. 

AF. ASTM C14 - Standard Specification for Nonreinforced Concrete Sewer, Storm Drain, and 
Culvert Pipe. 

AG. ASTM C14M - Standard Specification for Nonreinforced Concrete Sewer, Storm Drain, and 
Culvert Pipe [Metric]. 

AH. ASTM C76 - Standard Specification for Reinforced Concrete Culvert, Storm Drain, and Sewer 
Pipe. 

AI. ASTM C76M - Standard Specification for Reinforced Concrete Culvert, Storm Drain, and Sewer 
Pipe (Metric). 

AJ. ASTM C425 - Standard Specification for Compression Joints for Vitrified Clay Pipe and Fittings. 

AK. ASTM C443 - Standard Specification for Joints for Concrete Pipe and Manholes, Using Rubber 
Gaskets. 

AL. ASTM C443M - Standard Specification for Joints for Concrete Pipe and Manholes, Using 
Rubber Gaskets (Metric). 

AM. ASTM C564 - Standard Specification for Rubber Gaskets for Cast Iron Soil Pipe and Fittings. 

AN. ASTM C700 - Standard Specification for Vitrified Clay Pipe, Extra Strength, Standard Strength, 
and Perforated. 

AO. ASTM C1053 - Standard Specification for Borosilicate Glass Pipe and Fittings for Drain, Waste, 
and Vent (DWV) Applications. 
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AP. ASTM D1785 - Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 
40, 80, and 120. 

AQ. ASTM D2235 - Standard Specification for Solvent Cement for Acrylonitrile-Butadiene-Styrene 
(ABS) Plastic Pipe and Fittings. 

AR. ASTM D2239 - Standard Specification for Polyethylene (PE) Plastic Pipe (SIDR-PR) Based on 
Controlled Inside Diameter. 

AS. ASTM D2241 - Standard Specification for Poly (Vinyl Chloride) (PVC) Pressure-Rated Pipe 
(SDR Series). 

AT. ASTM D2447 - Standard Specification for Polyethylene (PE) Plastic Pipe, Schedules 40 and 80, 
Based on Outside Diameter; 2003. 

AU. ASTM D2466 - Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, 
Schedule 40. 

AV. ASTM D2513 - Standard Specification for Polyethylene (PE) Gas Pressure Pipe, Tubing, and 
Fittings. 

AW. ASTM D2564 - Standard Specification for Solvent Cements for Poly (Vinyl Chloride) 
(PVC) Plastic Piping Systems. 

AX. ASTM D2609 - Standard Specification for Plastic Insert Fittings for Polyethylene (PE) Plastic 
Pipe. 

AY. ASTM D2661 - Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Schedule 40 
Plastic Drain, Waste, and Vent Pipe and Fittings. 

AZ. ASTM D2665 - Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Drain, Waste, 
and Vent Pipe and Fittings. 

BA. ASTM D2680 - Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) and Poly (Vinyl 
Chloride) (PVC) Composite Sewer Piping. 

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

BC. ASTM D2729 - Standard Specification for Poly (Vinyl Chloride) (PVC) Sewer Pipe and Fittings. 

BD. ASTM D2751 - Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Sewer Pipe 
and Fittings. 

BE. ASTM D2846/D2846M - Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) 
Plastic Hot- and Cold-Water Distribution Systems. 

BF. ASTM D2855 - Standard Practice for Making Solvent-Cemented Joints with Poly (Vinyl Chloride) 
(PVC) Pipe and Fittings. 

BG. ASTM D2996 - Standard Specification for Filament-Wound "Fiberglass" 
(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe. 

BH. ASTM D2997 - Standard Specification for Centrifugally Cast "Fiberglass" 
(Glass-Fiber-Reinforced Thermosetting-Resin) Pipe. 

BI. ASTM D3034 - Standard Specification for Type PSM Poly (Vinyl Chloride) (PVC) Sewer Pipe 
and Fittings. 

BJ. ASTM D3262 - Standard Specification for "Fiberglass" (Glass-Fiber-Reinforced 
Thermosetting-Resin) Sewer Pipe. 

BK. ASTM D3517 - Standard Specification for "Fiberglass" (Glass-Fiber-Reinforced 
Thermosetting-Resin) Pressure Pipe. 

BL. ASTM D3754 - Standard Specification for "Fiberglass" (Glass-Fiber-Reinforced 
Thermosetting-Resin) Sewer and Industrial Pressure Pipe. 
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BM. ASTM D3840 - Standard Specification for "Fiberglass" (Glass-Fiber-Reinforced 
Thermosetting-Resin) Pipe Fittings for Nonpressure Applications. 

BN. ASTM F437 - Standard Specification for Threaded Chlorinated Poly (Vinyl Chloride) (CPVC) 
Plastic Pipe Fittings, Schedule 80. 

BO. ASTM F438 - Standard Specification for Socket-Type Chlorinated Poly (Vinyl Chloride) (CPVC) 
Plastic Pipe Fittings, Schedule 40. 

BP. ASTM F439 - Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe 
Fittings, Schedule 80. 

BQ. ASTM F441/F441M - Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic 
Pipe, Schedules 40 and 80. 

BR. ASTM F442/F442M - Standard Specification for Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic 
Pipe (SDR-PR). 

BS. ASTM F477 - Standard Specification for Elastomeric Seals (Gaskets) for Joining Plastic Pipe. 

BT. ASTM F493 - Standard Specification for Solvent Cements for Chlorinated Poly (Vinyl Chloride) 
(CPVC) Plastic Pipe and Fittings. 

BU. ASTM F628 - Standard Specification for Acrylonitrile-Butadiene-Styrene (ABS) Schedule 40 
Plastic Drain, Waste, and Vent Pipe with a Cellular Core. 

BV. ASTM F679 - Standard Specification for Poly (Vinyl Chloride) (PVC) Large-Diameter Plastic 
Gravity Sewer Pipe and Fittings. 

BW. ASTM F708 - Standard Practice for Design and Installation of Rigid Pipe Hangers. 

BX. ASTM F1281 - Standard Specification for Crosslinked Polyethylene/Aluminum/Crosslinked 
Polyethylene (PEX-AL-PEX) Pressure Pipe. 

BY. ASTM F1282 - Standard Specification for Polyethylene/Aluminum/Polyethylene (PE-AL-PE) 
Composite Pressure Pipe. 

BZ. AWS A5.8/A5.8M - Specification for Filler Metals for Brazing and Braze Welding; American 
Welding Society. 

CA. AWWA C105/A21.5 - Polyethylene Encasement for Ductile-Iron Pipe Systems; American Water 
Works Association (ANSI/AWWA C105/A21.5). 

CB. AWWA C110/A21.10 - American National Standard for Ductile-Iron and Gray-Iron Fittings, 3 In. 
Through 48 In. (75 mm Through 1200 mm), for Water and Other Liquids; American Water 
Works Association. 

CC. AWWA C111/A21.11 - Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings; 
American Water Works Association (ANSI/AWWA C111/A21.11). 

CD. AWWA C151/A21.51 - Ductile-Iron Pipe, Centrifugally Cast, for Water; American Water Works 
Association (ANSI/AWWA C151/A21.51). 

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

CF. AWWA C900 - Polyvinyl Chloride (PVC) Pressure Pipe, 4 In. Through 12 In. (100 mm Through 
300 mm), for Water Transmission and Distribution; American Water Works Association 
(ANSI/AWWA C900). 

CG. AWWA C901 - Polyethylene (PE) Pressure Pipe and Tubing, 1/2 In. (13 mm) Through 3 In. (76 
mm), for Water Service; American Water Works Association. 

CH. AWWA C950 - Fiberglass Pressure Pipe; American Water Works Association (ANSI/AWWA 
C950). 
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CI. 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. 

CJ. 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 

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

CL. MSS SP-67 - Butterfly Valves; Manufacturers Standardization Society of the Valve and Fittings 
Industry, Inc. 

CM. MSS SP-69 - Pipe Hangers and Supports - Selection and Application; Manufacturers 
Standardization Society of the Valve and Fittings Industry, Inc. 

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

CO. MSS SP-71 - Cast Iron Swing Check Valves, Flanged and Threaded Ends; Manufacturers 
Standardization Society of the Valve and Fittings Industry, Inc. 

CP. MSS SP-78 - Cast Iron Plug Valves, Flanged and Threaded Ends; Manufacturers 
Standardization Society of the Valve and Fittings Industry, Inc. 

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

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

CS. MSS SP-89 - Pipe Hangers and Supports - Fabrication and Installation Practices; 
Manufacturers Standardization Society of the Valve and Fittings Industry, Inc. 

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

CU. NFPA 54 - National Fuel Gas Code; National Fire Protection Association. 

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

1.4 SUBMITTALS 

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

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

1.5 QUALITY ASSURANCE 

A. Perform Work in accordance with local standards. 
1. Maintain one copy on project site. 

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. 

1.6 REGULATORY REQUIREMENTS 

A. Perform Work in accordance with local plumbing code. 

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

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

PLUMBING PIPING 22 10 05 - 6 

 

 

 
 
 

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

1.7 DELIVERY, STORAGE, ANDHANDLING 

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. 

1.8 FIELD CONDITIONS 

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

1.9 EXTRAMATERIALS 

A. Provide two repacking kits for each size valve. 

PART 2 PRODUCTS 

2.1 SANITARY SEWER PIPING, BURIED BEYOND 5 FEET OF BUIL DING 

A. Cast Iron Pipe: ASTM A74 service weight. 
1. Fittings:  Cast iron. 
2. Joint Seals: ASTM C564 neoprene gaskets, or lead and oakum. 

B. PVC Pipe: ASTM D 3034 SDR 35. As permitted by code. 
1. Fittings: PVC. 
2. Joints:  Push-on, using ASTM F477 elastomeric gaskets. 

C. PVC Pipe: ASTM D 2665 or ASTM D 3034. As permitted by code. 
1. Fittings: PVC. 
2. Joints: Solvent welded, with ASTM D2564 solvent cement. 

2.2 SANITARY SEWER PIPING, BURIED WITHIN 5 FEET OF BUIL DING 

A. Cast Iron Pipe: ASTM A74 service weight. 
1. Fittings:  Cast iron. 
2. Joints: Hub-and-spigot, CISPI HSN compression type with ASTM C564 neoprene gaskets 

or lead and oakum. 

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

2.3 SANITARY SEWER PIPING, ABOVE GRADE 

A. Cast Iron Pipe: ASTM A74, service weight. 
1. Fittings:  Cast iron. 
2. Joint Seals: ASTM C564 neoprene gaskets, or lead and oakum. 

B. 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. 

C. PVC Pipe: ASTM D1785 Schedule 40, or ASTM D2241 SDR 26 for not less than 150 psi 
pressure rating. 
1. Fittings:  ASTM D2466, PVC. 
2. Joints: Solvent welded, with ASTM D2564 Solvent cement. Low VOC compliant (LEED). 
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2.4 WATER PIPING, BURIED BEYOND 5 FEET OF BUILDING 

A. Ductile Iron Pipe:  AWWA C151/A21.51. 
1. Fittings: AWWA C110, ductile or gray iron, standard thickness. 
2. Joints: AWWA C111/A21.11, rubber gasket with 3/4 inch diameter rods. 

B. Copper Pipe: ASTM B42, hard drawn. 
1. Fittings: ASME B16.18, cast copper alloy or ASME B16.22 wrought copper and bronze. 
2. Joints: ASTM B 32, alloy Sn95 solder. 

C. Copper Pipe: ASTM B42, annealed. 
1. Fittings:  ASME B16.26, cast bronze. 
2. Joints: Flared. 

2.5 WATER PIPING, BURIED WITHIN 5 FEET OF BUILDING 

A. Copper Pipe: ASTM B42, hard drawn. 
1. Fittings: ASME B16.18, cast copper alloy or ASME B16.22 wrought copper and bronze. 
2. Joints: ASTM B 32, alloy Sn95 solder. 

B. Copper Pipe: ASTM B42, annealed. 
1. Fittings:  ASME B16.26, cast bronze. 
2. Joints: Flared. 

C. Ductile Iron Pipe: AWWA C151/A21.51. 
1. Fittings: Ductile or gray iron, standard thickness. 
2. Joints: AWWA C111/A21.11, rubber gasket with 3/4 inch diameter rods. 

2.6 WATER PIPING, ABOVE GRADE 

A. Copper Tube: ASTM B88 (ASTM B88M), Type L (B), Drawn (H). 
1. Fittings: ASME B16.18, cast copper alloy or ASME B16.22, wrought copper and bronze. 
2. Viega, ProPress Fittings: Bronze or copper shall conform to ASME B16.51, IAPMO PS117, 

ICC LC1002 and NSF 61, NSF 61-G and NSF 372. 
a. ProPress fittings 1/2-inch thru 4-inch for use with ASTM B88 copper tube type K, L, or 

M and 1/2-inch up to include 1-1/4-inch annealed copper tube. ProPress fittings shall 
have an EPDM sealing element and Smart Connect (SC) feature. 2-1/2-inch thru 
4-inch shall have a 420 stainless steel grip ring, PBT separator ring, EPDM sealing 
element and Smart Connect (SC) feature. 

3. Joints: ASTM B32, alloy Sn95 solder. 

2.7 STORM WATER PIPING, BURIED BEYOND 5 FEET OF BUILDIN G 

A. Cast Iron Pipe: ASTM A74 service weight. 
1. Fittings:  Cast iron. 
2. Joint Seals: ASTM C564 neoprene gaskets, or lead and oakum. 

B. Concrete Pipe: Nonreinforced, ASTM C14 (ASTM C14M) Class 1. 
1. Fittings:  Concrete, as specified for pipe. 
2. Joints:  Elastomeric gaskets; ASTM C443 (ASTM C443M). 

C. PVC Pipe: ASTM D2665 or ASTM D3034. 
1. Fittings: PVC. 
2. Joints: Solvent welded, with ASTM D2564 solvent cement. 

2.8 STORM WATER PIPING, BURIED WITHIN 5 FEET OF BUILDIN G 

A. Cast Iron Pipe: ASTM A74 service weight. 
1. Fittings:  Cast iron. 
2. Joint Seals: ASTM C564 neoprene gaskets, or lead and oakum. 

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

C. PVC Pipe: ASTM D2665 or ASTM D3034. 
1. Fittings: PVC. 
2. Joints: Solvent welded, with ASTM D2564 solvent cement. 

2.9 STORM WATER PIPING, ABOVE GRADE 

A. Cast Iron Pipe: ASTM A74 service weight. 
1. Fittings:  Cast iron. 
2. Joint Seals: ASTM C564 neoprene gaskets, or lead and oakum. 

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

C. PVC Pipe: ASTM D2665 or ASTM D3034. 
1. Fittings: PVC. 
2. Joints: Solvent welded, with ASTM D2564 solvent cement. Low VOC compliant (LEED). 

2.10 FLANGES, UNIONS, AND COUPLINGS 

A. Unions for Pipe Sizes 3 Inches 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: 
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. Grooved and Shouldered Pipe End Couplings: 
1. Housing: Malleable iron clamps to engage and lock, designed to permit some angular 

deflection, contraction, and expansion; steel bolts, nuts, and washers; galvanized for 
galvanized pipe. 

2. Sealing gasket: "C" shape composition sealing gasket. 

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

2.11 PIPE HANGERS ANDSUPPORTS 

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. 

B. Plumbing Piping - Drain, Waste, and Vent: 
1. Conform to ASME B31.9. 
2. Hangers for Pipe Sizes 1/2 Inch to 1-1/2 Inches: Malleable iron, adjustable swivel, split 

ring. 
3. Hangers for Pipe Sizes 2 Inches 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: Cast iron hook. 
6. Wall Support for Pipe Sizes 4 Inches and Over: Welded steel bracket and wrought steel 

clamp. 
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7. Vertical Support:  Steel riser clamp. 
8. Floor Support: Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, and concrete 

pier or steel support. 
9. Copper Pipe Support: Carbon steel ring, adjustable, copper plated. 

C. Plumbing Piping - Water: 
1. Conform to ASME B31.9. 
2. Hangers for Pipe Sizes 1/2 Inch to 1-1/2 Inches: Malleable iron, adjustable swivel, split 

ring. 
3. Hangers for Cold Pipe Sizes 2 Inches and Over: Carbon steel, adjustable, clevis. 
4. Hangers for Hot Pipe Sizes 2 Inches to 4 Inches: Carbon steel, adjustable, clevis. 
5. Hangers for Hot Pipe Sizes 6 Inches and Over: Adjustable steel yoke, cast iron pipe roll, 

double hanger. 
6. Multiple or Trapeze Hangers: Steel channels with welded supports or spacers and hanger 

rods. 
7. Multiple or Trapeze Hangers for Hot Pipe Sizes 6 Inches and Over: Steel channels with 

welded supports or spacers and hanger rods, cast iron roll. 
8. Wall Support for Pipe Sizes to 3 Inches: Cast iron hook. 
9. Wall Support for Pipe Sizes 4 Inches and Over: Welded steel bracket and wrought steel 

clamp. 
10. Wall Support for Hot Pipe Sizes 6 Inches and Over: Welded steel bracket and wrought 

steel clamp with adjustable steel yoke and cast iron pipe roll. 
11. Vertical Support:  Steel riser clamp. 
12. Floor Support for Cold Pipe: Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, 

and concrete pier or steel support. 
13. Floor Support for Hot Pipe Sizes to 4 Inches: Cast iron adjustable pipe saddle, locknut, 

nipple, floor flange, and concrete pier or steel support. 
14. Floor Support for Hot Pipe Sizes 6 Inches and Over: Adjustable cast iron pipe roll and 

stand, steel screws, and concrete pier or steel support. 
15. Copper Pipe Support: Carbon steel ring, adjustable, copper plated. 

2.12 GATE VALVES 

A. Manufacturers: 
1. Conbraco Industries: www.conbraco.com. 
2. Nibco Inc.: www.nibco.com. 
3. Milwaukee Valve Company: www.milwaukeevalve.com. 

B. Up To and Including 3 Inches: 
1. MSS SP-80, Class 125, bronze body, bronze trim, rising stem, handwheel, inside screw, 

solid wedge disc, solder ends. 

C. 2 Inches 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 and larger 
mounted over 8 feet above floor. 

2.13 GLOBE VALVES 

A. Manufacturers: 
1. Conbraco Industries: www.conbraco.com. 
2. Nibco Inc.: www.nibco.com. 
3. Milwaukee Valve Company: www.milwaukeevalve.com. 

B. Up To and Including 3 Inches: 
1. MSS SP-80, Class 125, bronze body, bronze trim, handwheel, bronze disc, solder ends. 

C. 2 Inches and Larger: 
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1. MSS SP-85, Class 125, iron body, bronze trim, handwheel, outside screw and yoke, 
renewable bronze plug-type disc, renewable seat, flanged ends. Provide chain-
wheel operators for valves 6 inches and larger mounted over 8 feet above floor. 

2.14 BALL VALVES 

A. Manufacturers: 
1. Conbraco Industries: www.conbraco.com. 
2. Nibco, Inc.: www.nibco.com. 
3. Milwaukee Valve Company: www.milwaukeevalve.com. 

B. Construction, 4 Inches and Smaller: MSS SP-110, Class 150, 400 psi 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. 

2.15 PLUG VALVES 

A. Manufacturers: 
1. Conbraco Industries: www.conbraco.com. 
2. Nibco, Inc.: www.nibco.com. 
3. Milwaukee Valve Company: www.milwaukeevalve.com. 

B. Construction 2-1/2 Inches and Larger: MSS SP-78, 175 psi CWP, cast iron body and plug, 
pressure lubricated, teflon or Buna N packing, flanged or grooved ends. Provide lever operator 
with set screw. 

2.16 BUTTERFLY VALVES 

A. Manufacturers: 
1. Hammond Valve: www.hammondvalve.com. 
2. Crane Co.: www.cranevalve.com. 
3. Milwaukee Valve Company: www.milwaukeevalve.com. 

B. Construction 1-1/2 Inches and Larger: MSS SP-67, 200 psi CWP, cast or ductile iron body, 
nickel-plated ductile iron disc, resilient replaceable EPDM, Buna N, or EPT seat, wafer, lug, or 
grooved ends, extended neck, 10 position lever handle. 

C. Provide gear operators for valves 8 inches and larger, and chain-wheel operators for valves 
mounted over 8 feet above floor. 

2.17 FLOW CONTROLS 

A. Manufacturers: 
1. ITT Bell & Gossett: www.bellgossett.com. 
2. Griswold Controls: www.griswoldcontrols.com. 
3. Taco, Inc.: www.taco-hvac.com. 

B. Construction: Class 125, Brass or bronze body with union on inlet and outlet, temperature and 
pressure test plug on inlet and outlet, blowdown/backflush drain. 

C. Calibration: Control flow within 5 percent of selected rating, over operating pressure range of 10 
times minimum pressure required for control, maximum minimum pressure 3.5 psi psi. 

2.18 SWING CHECK VALVES 

A. Manufacturers: 
1. Hammond Valve: www.hammondvalve.com. 
2. Nibco Inc.: www.nibco.com. 
3. Milwaukee Valve Company: www.milwaukeevalve.com. 

B. Up to 3 Inches: 
1. MSS SP-80, Class 125, bronze body and cap, bronze swing disc with rubber seat, solder 

ends. 
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C. Over 3 Inches: 
1. MSS SP-71, Class 125, iron body, bronze swing disc, renewable disc seal and seat, 

flanged or grooved ends. 

2.19 SPRING LOADED CHECK VALVES 

A. Manufacturers: 
1. Hammond Valve: www.hammondvalve.com. 
2. Crane Co.: www.cranevalve.com. 
3. Milwaukee Valve Company: www.milwaukeevalve.com. 

B. Class 125, iron body, bronze trim, stainless steel springs, bronze disc, Buna N seals, wafer style 
ends. 

2.20 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. 

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

diaphragm, strainer, threaded single or double union ends. 

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

2.21 RELIEF VALVES 

A. Pressure Relief: 
1. Manufacturers: 

a. Cla-Val Co: www.cla-val.com. 
b. Henry Technologies: www.henrytech.com. 
c. Watts Regulator Company: www.wattsregulator.com. 

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

B. Temperature and Pressure Relief: 
1. Manufacturers: 

a. Cla-Val Co: www.cla-val.com. 
b. Henry Technologies: www.henrytech.com. 
c. Watts Regulator Company: www.wattsregulator.com. 

2. AGA Z21.22 certified, bronze body, teflon seat, stainless steel stem and springs, 
automatic, direct pressure actuated, temperature relief maximum 210 degrees F, capacity 
ASME (BPV IV) certified and labelled. 

2.22 STRAINERS 

A. Manufacturers: 
1. Armstrong International, Inc.: www.armstronginternational.com. 
2. Green Country Filter Manufacturing: www.greencountryfilter.com. 
3. WEAMCO: www.weamco.com. 

B. Size 2 inch and Under: 
1. Threaded brass body for 175 psi CWP, Y pattern with 1/32 inch stainless steel perforated 

screen. 
2. Class 150, threaded bronze body 300 psi CWP, Y pattern with 1/32 inch stainless steel 

perforated screen. 

C. Size 1-1/2 inch to 4 inch: 
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1. Class 125, flanged iron body, Y pattern with 1/16 inch stainless steel perforated screen. 

D. Size 5 inch and Larger: 
1. Class 125, flanged iron body, basket pattern with 1/8 inch stainless steel perforated 

screen. 

PART 3 EXECUTION 

3.1 EXAMINATION 

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

3.2 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. 

3.3 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. 

E. Group piping whenever practical at common elevations. 

F. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected 
equipment.  Refer to Section 22 05 16. 

G. 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. 

H. Provide access where valves and fittings are not exposed. Coordinate size and location of 
access doors with Section 08 31 00. 

I. Establish elevations of buried piping outside the building to ensure not less than 3 ft. of cover. 

J. Install vent piping penetrating roofed areas to maintain integrity of roof assembly. 

K. Where pipe support members are welded to structural building framing, scrape, brush clean, 
and apply one coat of zinc rich primer to welding. 

L. Provide support for utility meters in accordance with requirements of utility companies. 

M. Prepare exposed, unfinished pipe, fittings, supports, and accessories ready for finish painting. 
Refer to Section 09 90 00. 

N. Excavate in accordance with Section 31 23 16. 

O. Backfill in accordance with Section 31 23 23. 

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

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

R. Pipe vents from gas pressure reducing valves to outdoors and terminate in weather proof hood. 

S. Install water piping to ASME B31.9. 

T. Install fuel oil piping to ASME B31.9. 

U. PVC Pipe: Make solvent-welded joints in accordance with ASTM D2855. 

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

W. In all kitchen/cooking areas, any piping that is run exposed along walls shall maintain at least a 
1" gap to the walls to allow for cleaning per codes. 
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X. 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. 
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 flush with top of slab. 

Y. 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 space between finished covering and adjacent 

work. 
4. Place hangers within 12 inches of each horizontal elbow. 
5. Use hangers with 1-1/2 inch minimum vertical adjustment. Design hangers for pipe 

movement without disengagement of supported pipe. 
6. Support vertical piping at every floor. Support riser piping independently of connected 

horizontal piping. 
7. Where several pipes can be installed in parallel and at same elevation, provide multiple or 

trapeze hangers. 
8. Provide copper plated hangers and supports for copper piping. 
9. Prime coat exposed steel hangers and supports. Refer to Section 09 90 00. Hangers and 

supports located in crawl spaces, pipe shafts, and suspended ceiling spaces are not 
considered exposed. 

10. Provide hangers adjacent to motor driven equipment with vibration isolation; refer to 
Section 22 05 48. 

11. Support cast iron drainage piping at every joint. 

Z. Viega, ProPress Fittings: 
1. Viega, ProPress bronze, or copper fittings: Tube ends shall be cut on a right angle 

(square) to the tube. Tube ends shall be reamed and chamfered, all grease, oil or dirt shall 
be removed from the tube end with a clean rag. Visually examine the fitting sealing 
element to insure there is no damage, and it is properly seated into the fitting. Insert tube 
fully into the fitting. Make a mark with a felt tip pen on the tube wall at the face of the fitting. 
Always examine the tube to insure it is fully inserted into the fitting prior to pressing the 
joint. ProPress fittings 1/2-inch thru 4-inch shall be joined using Ridgid ProPress Tools. 
2-1/2-inch thru 4-inch ProPress copper fittings shall utilize Ridgid ProPress XLC Rings. 
ProPress fittings shall be installed according to the most current edition of the Viega 
installation guidelines. Installers shall attend a Viega ProPress installation training class. 
Sealing elements shall be verified for the intended use. 

2. Testing: After ProPress fittings have been installed a "step test" shall be followed. 
Pressurize the system with air, or dry nitrogen between 0.5 psi and 45 psi, or with water 
between 15 psi and 85 psi. Check the pressure gauge for pressure loss. If the system 
does not hold pressure, walk the system and check for un-pressed fittings. When you 
identify the un-pressed fitting/s insure the pipe is fully inserted into the fitting and press the 
fitting. After appropriate repairs have been made, retest the system per local code or 
specification requirements. 

3.4 APPLICATION 

A. Use grooved mechanical couplings and fasteners only in accessible locations. 

B. Install unions downstream of valves and at equipment or apparatus connections. 
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C. Install brass male adapters each side of valves in copper piped system. Solder adapters to 
pipe. 

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

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

F. Provide lug end butterfly valves adjacent to equipment when provided to isolate equipment. 

G. Provide spring loaded check valves on discharge of water pumps. 

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

I. Provide flow controls in water recirculating systems where indicated. 

3.5 TOLERANCES 

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

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

3.6 DISINFECTION OF DOMESTIC WATER PIPING SYSTEM 

A. Disinfect water distribution system in accordance with Section 33 13 00. 

B. Prior to starting work, verify system is complete, flushed and clean. 

C. 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). 

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

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

F. Maintain disinfectant in system for 24 hours. 

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

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

I. 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. 

3.7 SERVICE CONNECTIONS 

A. Provide new sanitary and storm 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. 
1. Provide sleeve in wall for service main and support at wall with reinforced concrete bridge. 

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

2. Provide 18 gage galvanized sheet metal sleeve around service main to 6 inch above floor 
and 6 feet minimum below grade. Size for minimum of 2 inches 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. Provide regulators on each line serving 
gravity type appliances, sized in accordance with equipment. 

3.8 SCHEDULES 

A. Pipe Hanger Spacing: 
1. Metal Piping: 
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a. Pipe size: 1/2 inches to 1-1/4 inches: 
1) Maximum hanger spacing:  6.5 ft. 
2) Hanger rod diameter:  3/8 inches. 

b. Pipe size:  1-1/2 inches to 2 inches: 
1) Maximum hanger spacing:  10 ft. 
2) Hanger rod diameter:  3/8 inch. 

c. Pipe size:  2-1/2 inches to 3 inches: 
1) Maximum hanger spacing:  10 ft. 
2) Hanger rod diameter:  1/2 inch. 

d. Pipe size:  4 inches to 6 inches: 
1) Maximum hanger spacing:  10 ft. 
2) Hanger rod diameter:  5/8 inch. 

e. Pipe size:  8 inches to 12 inches: 
1) Maximum hanger spacing:  14 ft. 
2) Hanger rod diameter:  7/8 inch. 

f. Pipe size:  14 inches and Over: 
1) Maximum hanger spacing:  20 ft. 
2) Hanger rod diameter:  1 inch. 

2. Plastic Piping: 
a. Pipe Size 1" to 6": 

1) Maximum hanger spacing:  6 ft. 
2) Hanger rod diameter:  3/8 inch. 

b. Pipe Size 8" and Over: 
1) Maximum hanger spacing:  6 ft. 
2) Hanger rod diameter:  7/8 inch. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Roof and floor drains. 

B. Cleanouts. 

C. Hydrants. 

D. Backflow preventers. 

SECTION 22 10 06 

PLUMBING PIPING SPECIALTIES 

E. Water hammer arrestors. 

F. Thermostatic mixing valves. 

1.2 RELATED REQUIREMENTS 

A. Section 33 05 13 - Manholes and Structures. 

B. Section 03 30 00 - Cast-in-Place Concrete: Manhole bottoms. 

C. Section 22 10 05 - Plumbing Piping. 

D. Section 22 40 00 - Plumbing Fixtures. 

E. Section 22 30 00 - Plumbing Equipment. 

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

1.3 REFERENCE STANDARDS 

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

B. ASME A112.6.4 - Roof, Deck, and Balcony Drains; The American Society of Mechanical 
Engineers. 

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

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

E. ASSE 1013 - Reduced Pressure Principle Backflow Preventers and Reduced Pressure Fire 
Protection Principle Backflow Preventers; American Society of Sanitary Engineering. 

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

G. ASTM C478 - Standard Specification for Precast Reinforced Concrete Manhole Sections. 

H. ASTM C478M - Standard Specification for Precast Reinforced Concrete Manhole Sections 
[Metric]. 

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

1.4 SUBMITTALS 

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

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

C. Certificates: Certify that grease or oil interceptors meet or exceed specified requirements. 

D. Manufacturer's Instructions: Indicate Manufacturer's Installation Instructions: Indicate assembly 
and support requirements. 

E. Project Record Documents: Record actual locations of equipment, cleanouts, backflow 
preventers, water hammer arrestors. 
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F. Operation Data: Indicate frequency of treatment required for interceptors. 

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

1.5 QUALITY ASSURANCE 

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

1.6 DELIVERY, STORAGE, ANDHANDLING 

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

1.7 EXTRAMATERIALS 

A. Supply for Owner's use in maintenance of project: 
1. Two loose keys for outside hose bibbs. 
2. Two hose end vacuum breakers for hose bibbs. 

PART 2 PRODUCTS 

2.1 DRAINS 

A. Manufacturers: 
1. Josam Company: www.josam.com. 
2. Wade Manufacturing Company: www.wadedrains.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, cast metal, cast bronze, or cast iron 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. 
f. Leveling frame. 
g. Adjustable extension sleeve for roof insulation. 
h. Perforated or slotted ballast guard extension for inverted roof. 
i. Perforated stainless steel ballast guard extension. 

C. Parapet Drains: 
1. Lacquered or Galvanized cast iron body with aluminum flashing clamp collar and epoxy 

coated or nickel bronze sloping grate. 

D. Canopy and Cornice Drains: 
1. Lacquered or Galvanized cast iron body with aluminum flashing clamp collar and epoxy 

coated or nickel bronze flat strainer. 

E. Roof Overflow Drains: 
1. Lacquered or Galvanized cast iron body and clamp collar and bottom clamp ring; pipe 

extended to above flood elevation. 

F. Downspout Nozzles: 
1. Bronze round with straight bottom section. 

G. Area Drains: 
1. Assembly:  ASME A112.6.4. 
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2. Body:  Lacquered cast iron with sump. 
3. Strainer:  Round nickel-bronze. 
4. Accessories: Membrane flange and membrane clamp with integral gravel stop, with 

adjustable under deck clamp, roof sump receiver, waterproofing flange, levelling frame, 
adjustable extension sleeve (for insulation), and perforated stainless steel ballast guard 
extension. 

H. Floor Drain: 
1. Round, type 304 stainless steel adjustable floor drain with anchor flange and medium-duty 

vertically adjustable satin finish top. 

2.2 CLEANOUTS 

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

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

C. Cleanouts at Exterior Unsurfaced Areas: 
1. Line type with lacquered cast iron body and round epoxy coated gasketed cover. 

D. 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. 

E. 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. 

F. Cleanouts at Interior Unfinished Accessible Areas: Calked or threaded type. Provide bolted 
stack cleanouts on vertical rainwater leaders. 

2.3 HYDRANTS 

A. Manufacturers: 
1. Arrowhead Brass Company: www.arrowheadbrass.com. 
2. Wade Manufacturing Company: www.wadedrains.com 
3. Zurn Industries, Inc.: www.zurn.com. 

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

hose thread spout, handwheel, and integral vacuum breaker. 

C. Wall Hydrants: Exterior 
1. ASSE 1019; chrome plated lockable recessed box, hose thread spout, lockshield and 

removable key, and vacuum breaker. 

D. Roof Hydrant: 
1. Freezeless, cast iron support components. Drain connection, EPDM Boot. 

2.4 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. 
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B. Reduced Pressure Backflow Preventers: 
1. ASSE 1013; bronze body with bronze internal parts and stainless steel springs; two 

independently operating, spring loaded check valves; diaphragm type differential pressure 
relief valve located between check valves; third check valve that opens under back 
pressure in case of diaphragm failure; non-threaded vent outlet; assembled with two gate 
valves, strainer, and four test cocks. 

2. Compliant with all local codes for service entrances. 

2.5 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. Compliant with all local codes for service entrances. 

2.6 WATER HAMMER ARRESTORS 

A. Manufacturers: 
1. Watts Regulator Company: www.wattsregulator.com. 
2. Wade Manufacturing Company: www.wadedrains.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 or piston type sized in accordance with PDI-WH 201, 

precharged suitable for operation in temperature range -100 to 300 degrees F and 
maximum 250 psi working pressure. 

2.7 MIXING VALVES 

A. Thermostatic Mixing Valves: 
1. Manufacturers: 

a. Leonard Valve Company: www.leonardvalve.com. 
b. Substitutions: See Section 01 60 00 - Product Requirements. 

2. Valve: Chrome plated cast brass body, stainless steel or copper alloy bellows, integral 
temperature adjustment. 

3. See drawings for flow rates. Manufacturer shall provide proposed sizing/model number via 
submittals. 

4. Accessories: 
a. Check valve on inlets. 
b. Volume control shut-off valve on outlet. 
c. Stem thermometer on outlet. 
d. Strainer stop checks on inlets. 

5. Cabinet: 16 gage prime coated steel, for recessed mounting with keyed lock. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 
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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, washing machines, toilets, urinal and any other quick closing 
valves. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Water closets. 

B. Lavatories. 

C. Sinks. 

1.2 RELATED REQUIREMENTS 

SECTION 22 40 00 

PLUMBING FIXTURES 

A. Section 07 90 05 - Joint Sealers: Seal fixtures to walls and floors. 

B. Section 22 10 05 - Plumbing Piping. 

C. Section 22 10 06 - Plumbing Piping Specialties. 

D. Section 22 30 00 - Plumbing Equipment. 

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

1.3 REFERENCE STANDARDS 

A. ANSI Z124.1 - American National Standard for Plastic Bathtub Units; 1995. 

B. ANSI Z124.2 - American National Standard for Plastic Shower Units; 1995. 

C. ANSI Z124.1.2 - American National Standard for Plastic Bathtub and Shower Units. 

D. ANSI Z358.1 - American National Standard for Emergency Eyewash and Shower Equipment. 

E. ARI 1010 - Self-Contained, Mechanically-Refrigerated Drinking-Water Coolers; Air-Conditioning 
and Refrigeration Institute. 

F. ASME A112.6.1M - Supports for Off-the-Floor Plumbing Fixtures for Public Use; The American 
Society of Mechanical Engineers. 

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

H. ASME A112.19.1M - Enameled Cast Iron Plumbing Fixtures; The American Society of 
Mechanical Engineers. 

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

J. ASME A112.19.3 - Stainless Steel Plumbing Fixtures (Designed for Residential Use); The 
American Society of Mechanical Engineers. 

K. ASME A112.19.4M - Porcelain Enameled Formed Steel Plumbing Fixtures; The American 
Society of Mechanical Engineers. 

L. ASME A112.19.5 - Trim for Water-Closet Bowls, Tanks and Urinals; The American Society of 
Mechanical Engineers. 

M. ASME A112.19.14 - Six Liter Water Closets Equipped with Dual Flushing Device. 

1.4 SUBMITTALS 

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

B. Samples: Submit two sets of color chips for each standard color. 

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

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

E. Waterless Urinals: Submit recommended frequency of maintenance and parts replacement, 
methods of cleaning, sources of replacement supplies and parts. 
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F. Warranty: Submit manufacturer warranty and ensure forms have been completed in Owner's 
name and registered with manufacturer. 

1.5 QUALITY ASSURANCE 

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

1.6 REGULATORY REQUIREMENTS 

A. Products Requiring Electrical Connection: Listed and classified by Underwriters Laboratories 
Inc., or testing firm acceptable to the authority having jurisdiction as suitable for the purpose 
specified and indicated. 

1.7 MOCK-UP 

A. Provide mock-up of typical bathroom group. 

B. Mock-up may remain as part of the Work. 

1.8 DELIVERY, STORAGE, ANDHANDLING 

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. 

1.9 WARRANTY 

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

1.10 EXTRAMATERIALS 

A. Supply two sets of faucet washers, flush valve service kits, and lavatory supply fittings. 

PART 2 PRODUCTS 

2.1 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:  1.28 gallon, maximum. 
2. Flush Valve:  Exposed (top spud). 
3. Flush Operation: Manual, oscillating handle. 
4. Handle Height:  44 inches or less. 
5. Manufacturers: 

a. American Standard Inc.: www.americanstandard.com. 
b. Kohler. 
c. Toto USA: www.totousa.com. 
d. Zurn Industries, Inc.: www.zurn.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. 
2. Metering Type: Easily accessible adjustment nut. 
3. ASME A112.19.2; floor mounted, siphon jet or wall hung blow out vitreous china closet 

bowl, with elongated rim, 1-1/2 inch top spud, china bolt caps. 
4. Manufacturers: 

a. Toto USA: www.totousa.com 
b. Sloan Valve Company: www.sloanvalve.com. 
c. Zurn Industries, Inc.: www.zurn.com. 
d. Substitutions: See Section 01 60 00 - Product Requirements. 
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C. Seats: 
1. Manufacturers: 

a. American Standard Inc;  : www.americanstandard-us.com. 
b. Kohler 
c. Bemis Manufacturing Company: www.bemismfg.com. 
d. Church Seat Company: www.churchseats.com. 
e. Substitutions: See Section 01 60 00 - Product Requirements. 

2. Solid plastic, open front, extended back, brass bolts, with cover. 

D. Water Closet Carriers: 
1. Manufacturers: 

a. JR Smith. 
b. Sloan Valve Company: www.sloanvalve.com. 
c. Zurn Industries, Inc.: www.zurn.com. 
d. 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. 

E. Installations to comply with ADA requirements. 

2.2 LAVATORIES 

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

B. Supply Faucet: ASME A112.18.1; chrome plated combination supply fitting with pop-up waste, 
water economy aerator with maximum flow of 2.2 gallons per minute, indexed handles. 

C. Installations to comply with ADA requirements. 

D. Accessories: 
1. Chrome plated 17 gage brass P-trap with clean-out plug and arm with escutcheon. 
2. Offset waste with perforated open strainer. 
3. Screwdriver stops. 
4. Rigid supplies. 
5. Carrier: 

a. Manufacturers: 
1) JR Smith 
2) Sloan Valve Company: www.sloanvalve.com. 
3) Zurn Industries, Inc.: www.zurn.com. 

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

2.3 SINKS 

A. Sink Manufacturers: 
1. American Standard, Inc.; www.americanstandard-us.com. 
2. Kohler Company: www.kohler.com. 
3. Zurn Industries Inc.: www.zurn.com. 

B. Single Compartment Bowl: ASME A112.19.3;  by  by  inch outside 
dimensions 20 gage, 0.0359 inch thick, Type 302 stainless steel, self rimming and undercoated, 
with ledge back drilled for trim. 
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1. Drain:  1-1/2 inch chromed brass drain. 

C. Double Compartment Bowl: ASME A112.19.3;  by  by  inch outside 
dimensions 20 gage, 0.0359 inch thick, Type 302 stainless steel, self rimming and undercoated, 
with ledge back drilled for trim. 
1. Drain:  1-1/2 inch chromed brass drain. 

D. Provide with high-arc restricted spring spout and aerator with separate bubbler. 

E. Provide with stop valves, supplies, trap, wall escutcheons, and offset drain assembly. 

F. Installations to comply with ADA requirements. 

PART 3 EXECUTION 

3.1 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. 

3.2 PREPARATION 

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

3.3 INSTALLATION 

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

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

C. Install components level and plumb. 

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

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

F. Solidly attach water closets to floor with lag screws. Lead flashing is not intended hold fixture in 
place. 

3.4 INTERFACE WITH WORK OF OTHER SECTIONS 

A. Review millwork shop drawings. Confirm location and size of fixtures and openings before 
rough-in and installation. 

3.5 ADJUSTING 

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

3.6 CLEANING 

A. Clean plumbing fixtures and equipment. 

END OF SECTION NOT FOR C
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PART 1 GENERAL 

SECTION 23 05 13 

MOTOR REQUIREMENTS FOR HVAC AND PLUMBING EQUIP 

1.1 SECTION INCLUDES 

A. Single phase electric motors. 

B. Three phase electric motors. 

1.2 RELATED REQUIREMENTS 

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

B. Section 26 29 13 - Enclosed Controllers. 

1.3 REFERENCE STANDARDS 

A. ABMA STD 9 - Load Ratings and Fatigue Life for Ball Bearings; American Bearing 
Manufacturers Association, Inc. 

B. IEEE 112 - IEEE Standard Test Procedure for Polyphase Induction Motors and Generators; 
Institute of Electrical and Electronic Engineers. 

C. NEMA MG 1 - Motors and Generators; National Electrical Manufacturers Association. 

D. NFPA 70 - National Electrical Code; National Fire Protection Association. 

E. National Grid "Motor-Up" Rebate Program/Initiative. 

1.4 SUBMITTALS 

A. Product Data: Provide wiring diagrams with electrical characteristics and connection 
requirements. 

B. Test Reports: Indicate test results verifying nominal efficiency and power factor for three phase 
motors larger than 1/2 horsepower. 

C. Manufacturer's Installation Instructions: Indicate setting, mechanical connections, lubrication, 
and wiring instructions. 

D. Operation Data: Include instructions for safe operating procedures. 

E. Maintenance Data: Include assembly drawings, bearing data including replacement sizes, and 
lubrication instructions. 

1.5 QUALITY ASSURANCE 

A. Manufacturer Qualifications: Company specializing in manufacture of electric motors for HVAC 
use, and their accessories, with minimum three years documented product development, 
testing, and manufacturing experience. 

B. Conform to applicable electrical code, NFPA 70 and local energy code. 

C. Provide certificate of compliance from authority having jurisdiction indicating approval of high 
efficiency motors. 

D. Products Requiring Electrical Connection: Listed and classified by Underwriters' Laboratories, 
Inc. or testing firm acceptable to the authority having jurisdiction as suitable for the purpose 
specified and indicated. 

1.6 DELIVERY, STORAGE, ANDHANDLING 

A. Protect motors stored on site from weather and moisture by maintaining factory covers and 
suitable weather-proof covering. For extended outdoor storage, remove motors from equipment 
and store separately. 

1.7 WARRANTY 

A. Provide five year manufacturer warranty for motors larger than 20 horsepower. 
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PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Lincoln Motors: www.lincolnmotors.com. 

B. A. O. Smith Electrical Products Company: www.aosmithmotors.com. 

C. Reliance Electric/Rockwell Automation: www.reliance.com. 

2.2 GENERAL CONSTRUCTION AND REQUIREMENTS 

A. Electrical Service: Refer to Section 26 27 17 for required electrical characteristics. 

B. Electrical Service, General. See drawings for specific details: 
1. Motors 1/2 HP and Smaller: 115 volts, single phase, 60 Hz 
2. Motors Larger than 1/2 Horsepower: 460 volts, three phase, 60 Hz. 

C. Construction: 
1. Open drip-proof type except where specifically noted otherwise. 
2. Design for continuous operation in 40 degrees C environment. 
3. Design for temperature rise in accordance with NEMA MG 1 limits for insulation class, 

service factor, and motor enclosure type. 
4. Motors with frame sizes 254T and larger: Premium Efficiency Type. 

D. Explosion-Proof Motors: UL approved and labelled for hazard classification, with over 
temperature protection. 

E. Visible Nameplate: Indicating motor horsepower, voltage, phase, cycles, RPM, full load amps, 
locked rotor amps, frame size, manufacturer's name and model number, service factor, power 
factor. 

F. Wiring Terminations: 
1. Provide terminal lugs to match branch circuit conductor quantities, sizes, and materials 

indicated. Enclose terminal lugs in terminal box sized to NFPA 70, threaded for conduit. 
2. For fractional horsepower motors where connection is made directly, provide conduit 

connection in end frame. 

2.3 APPLICATIONS 

A. Exception: Motors less than 250 watts, for intermittent service may be the equipment 
manufacturer's standard and need not conform to these specifications. 

B. Single phase motors for shaft mounted fans and centrifugal pumps: Split phase type. 

C. Single phase motors for shaft mounted fans or blowers: Permanent split capacitor type or 
electronically commutated (ECM) type. See schedules for requirements. 

D. Single phase motors for fans, pumps, and blowers: Capacitor start type. 

E. Single phase motors for fans, blowers, and pumps: Capacitor start, capacitor run type. 

F. Motors located in outdoors and in draw through cooling towers: Totally enclosed weatherproof 
epoxy-treated type. 

2.4 SINGLE PHASE POWER - SPLIT PHASE MOTORS 

A. Starting Torque: Less than 150 percent of full load torque. 

B. Starting Current: Up to seven times full load current. 

C. Breakdown Torque: Approximately 200 percent of full load torque. 

D. Drip-proof Enclosure: Class A (50 degrees C temperature rise) insulation, NEMA Service 
Factor, prelubricated sleeve or ball bearings. 

E. Enclosed Motors: Class A (50 degrees C temperature rise) insulation, 1.0 Service Factor, 
prelubricated ball bearings. 
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2.5 SINGLE PHASE POWER - PERMANENT-SPLIT CAPACITOR MOTO RS 

A. Starting Torque: Exceeding one fourth of full load torque. 

B. Starting Current:  Up to six times full load current. 

C. Multiple Speed: Through tapped windings. 

D. Open Drip-proof or Enclosed Air Over Enclosure: Class A (50 degrees C temperature rise) 
insulation, minimum 1.0 Service Factor, prelubricated sleeve or ball bearings, automatic reset 
overload protector. 

E. Provide inverter-duty motors for all VFD applications. 

2.6 SINGLE PHASE POWER - CAPACITOR START MOTORS 

A. Starting Torque:  Three times full load torque. 

B. Starting Current: Less than five times full load current. 

C. Pull-up Torque: Up to 350 percent of full load torque. 

D. Breakdown Torque: Approximately 250 percent of full load torque. 

E. Motors: Capacitor in series with starting winding; provide capacitor-start/capacitor-run motors 
with two capacitors in parallel with run capacitor remaining in circuit at operating speeds. 

F. Drip-proof Enclosure: Class A (50 degrees C temperature rise) insulation, NEMA Service 
Factor, prelubricated sleeve bearings. 

G. Enclosed Motors: Class A (50 degrees C temperature rise) insulation, 1.0 Service Factor, 
prelubricated ball bearings. 

H. Provide inverter-duty motors for VFD applications. 

2.7 THREE PHASE POWER - SQUIRREL CAGE MOTORS 

A. Starting Torque: Between 1 and 1-1/2 times full load torque. 

B. Starting Current:  Six times full load current. 

C. Power Output, Locked Rotor Torque, Breakdown or Pull Out Torque: NEMA Design B 
characteristics. 

D. Design, Construction, Testing, and Performance: Conform to NEMA MG 1 for Design B 
motors. 

E. Insulation System: NEMA Class B or better. 

F. Testing Procedure: In accordance with IEEE 112. Load test motors to determine free from 
electrical or mechanical defects in compliance with performance data. 

G. Motor Frames: NEMA Standard T-Frames of steel, aluminum, or cast iron with end brackets of 
cast iron or aluminum with steel inserts. 

H. Thermistor System (Motor Frame Sizes 254T and Larger): Three PTC thermistors embedded 
in motor windings and epoxy encapsulated solid state control relay for wiring into motor starter; 
refer to Section 26 29 13. 

I. Bearings: Grease lubricated anti-friction ball bearings with housings equipped with plugged 
provision for relubrication, rated for minimum ABMA STD 9, L-10 life of 20,000 hours. Calculate 
bearing load with NEMA minimum V-belt pulley with belt center line at end of NEMA standard 
shaft extension. Stamp bearing sizes on nameplate. 

J. Sound Power Levels: To NEMA MG 1. 

K. Part Winding Start Above 254T Frame Size: Use part of winding to reduce locked rotor starting 
current to approximately 60 percent of full winding locked rotor current while providing 
approximately 50 percent of full winding locked rotor torque. 
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L. Weatherproof Epoxy Sealed Motors: Epoxy seal windings using vacuum and pressure with 
rotor and starter surfaces protected with epoxy enamel; bearings double shielded with 
waterproof non-washing grease. 

M. Nominal Efficiency: As scheduled at full load and rated voltage when tested in accordance with 
IEEE 112. 

N. Nominal Power Factor: As scheduled at full load and rated voltage when tested in accordance 
with IEEE 112. 

O. Provide inverter-duty motors for VFD applicaitons. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install securely on firm foundation. Mount ball bearing motors with shaft in any position. 

C. Check line voltage and phase and ensure agreement with nameplate. 

D. Provide detailed installation and purchase information for reimbursement by Utility for rebate 
program. 

3.2 SCHEDULE - PREMIUM EFFICIENCY 

A. NEMA Open Motor Service Factors. 
1. 1/6-1/3 hp: 

a. 3600 rpm: 1.35. 
b. 1800 rpm: 1.35. 
c. 1200 rpm: 1.35. 
d. 900 rpm: 1.35. 

2. 1/2 hp: 
a. 3600 rpm: 1.25. 
b. 1800 rpm: 1.25. 
c. 1200 rpm: 1.25. 
d. 900 rpm: 1.15. 

3. 3/4 hp: 
a. 3600 rpm: 1.25. 
b. 1800 rpm: 1.25. 
c. 1200 rpm: 1.15. 
d. 900 rpm: 1.15. 

4. 1 hp: 
a. 3600 rpm: 1.25. 
b. 1800 rpm: 1.15. 
c. 1200 rpm: 1.15. 
d. 900 rpm: 1.15. 

5. 1.5-150 hp: 
a. 3600 rpm: 1.15. 
b. 1800 rpm: 1.15. 
c. 1200 rpm: 1.15. 
d. 900 rpm: 1.15. 

B. Three Phase - Premium Efficiency, Open Drip-Proof Performance: 
1. Ratings. 

a. 1 hp: 
1) NEMA Frame: 145T. 
2) Minimum Percent Power Factor: 72. 
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3) Minimum Percent Efficiency: 82.5% @ 1200 RPM, 85.5%@ 1800 RPM, 77% @ 
3600 RPM 

b. 1-1/2 hp: 
1) NEMA Frame: 182T. 
2) Minimum Percent Power Factor: 73. 
3) Minimum Percent Efficiency: 86.5% @ 1200 RPM, 86.5% @ 1800 RPM, 84% 

@ 3600 RPM 
c. 2 hp: 

1) NEMA Frame: 184T. 
2) Minimum Percent Power Factor: 75. 
3) Minimum Percent Efficiency: 87.5% @ 1200 RPM, 86.5% @ 1800 RPM, 85.5% 

@ 3600 RPM 
d. 3 hp: 

1) NEMA Frame: 213T. 
2) Minimum Percent Power Factor: 60. 
3) Minimum Percent Efficiency: 88.5% @ 1200 RPM, 89.5% @ 1800 RPM, 85.5% 

@ 3600 RPM 
e. 5 hp: 

1) NEMA Frame: 215T. 
2) Minimum Percent Power Factor: 65. 
3) Minimum Percent Efficiency: 89.5% @ 1200 RPM, 89.5% @ 1800 RPM, 86.5% 

@ 3600 RPM 
f. 7-1/2 hp: 

1) NEMA Frame: 254T. 
2) Minimum Percent Power Factor: 73. 
3) Minimum Percent Efficiency: 90.2% @ 1200 RPM, 91% @ 1800 RPM, 88.5% 

@ 3600 RPM 
g. 10 hp: 

1) NEMA Frame: 256T. 
2) Minimum Percent Power Factor: 74. 
3) Minimum Percent Efficiency: 91.7% @ 1200 RPM, 91.7% @ 1800 RPM, 89.5% 

@ 3600 RPM 
h. 15 hp: 

1) NEMA Frame: 284T. 
2) Minimum Percent Power Factor: 77. 
3) Minimum Percent Efficiency: 91.7% @ 1200 RPM, 93% @ 1800 RPM, 90.2% 

@ 3600 RPM. 
i. 20 hp: 

1) NEMA Frame: 286T. 
2) Minimum Percent Power Factor: 78. 
3) Minimum Percent Efficiency: 92.4% @ 1200 RPM, 93% @ 1800 RPM, 91% @ 

3600 RPM 
j. 25 hp: 

1) NEMA Frame: 324T. 
2) Minimum Percent Power Factor: 74. 
3) Minimum Percent Efficiency: 93% @ 1200 RPM, 93.6% @ 1800 RPM, 91.7% 

@ 3600 RPM 
k. 30 hp: 

1) NEMA Frame: 326T. 
2) Minimum Percent Power Factor: 78. 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

MOTOR REQUIREMENTS FOR HVAC AND PLUMBING EQUIP 23 05 13 - 6 

 

 

 
 
 

3) Minimum Percent Efficiency: 93.6% @ 1200 RPM, 94.1% @ 1800 RPM, 91.7% 
@ 3600 RPM 

l. 40 hp: 
1) NEMA Frame: 364T. 
2) Minimum Percent Power Factor: 77. 
3) Minimum Percent Efficiency: 94.1% @ 1200 RPM, 94.1 @ 1800 RPM, 92.4% @ 

3600 RPM 
m. 50 hp: 

1) NEMA Frame: 365T. 
2) Minimum Percent Power Factor: 79. 
3) Minimum Percent Efficiency: 94.1% @ 1200 RPM, 94.5% @ 1800 RPM, 93% 

@ 3600 RPM 
n. 60 hp: 

1) NEMA Frame: 404T. 
2) Minimum Percent Power Factor: 82. 
3) Minimum Percent Efficiency: 93. 

o. 75 hp: 
1) NEMA Frame: 405T. 
2) Minimum Percent Power Factor: 80. 
3) Minimum Percent Efficiency: 93. 

p. 100 hp: 
1) NEMA Frame: 444T. 
2) Minimum Percent Power Factor: 80. 
3) Minimum Percent Efficiency: 93. 

C. Three Phase - Premuim Efficiency, Totally Enclosed, Fan Cooled Performance: 
1. 1200 rpm. 

a. 1 hp: 
1) NEMA Frame: 145T. 
2) Minimum Percent Power Factor: 72. 
3) Minimum Percent Efficiency: 82.5% @ 1200 RPM, 85.5% 2 1800 RPM, 77% @ 

3600 RPM 
b. 1-1/2 hp: 

1) NEMA Frame: 182T. 
2) Minimum Percent Power Factor: 73. 
3) Minimum Percent Efficiency: 87.5% @ 1200 RPM, 86.5% @ 1800 RPM, 84% 

@ 3600 RPM 
c. 2 hp: 

1) NEMA Frame: 184T. 
2) Minimum Percent Power Factor: 68. 
3) Minimum Percent Efficiency: 88.5% @ 1200 RPM, 86.5% @ 1800 RPM, 85.5% 

@ 3600 RPM 
d. 3 hp: 

1) NEMA Frame: 213T. 
2) Minimum Percent Power Factor: 63. 
3) Minimum Percent Efficiency: 89.5% @ 1200 RPM, 89.5% @ 1800 RPM, 86.5% 

@ 3600 RPM 
e. 5 hp: 

1) NEMA Frame: 215T. 
2) Minimum Percent Power Factor: 66. 
3) Minimum Percent Efficiency: 89.5% @ 1200 RPM, 89.5% @ 1800 RPM, 88.5% 

@ 3600 RPM 
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f. 7-1/2 hp: 
1) NEMA Frame: 254T. 
2) Minimum Percent Power Factor: 68. 
3) Minimum Percent Efficiency: 91% @ 1200 RPM, 91.7% @ 1800 RPM, 89.5% 

@ 3600 RPM 
g. 10 hp: 

1) NEMA Frame: 256T. 
2) Minimum Percent Power Factor: 75. 
3) Minimum Percent Efficiency: 91% @ 1200 RPM, 91.7% @ 1800 RPM, 90.2% 

@ 3600 RPM 
h. 15 hp: 

1) NEMA Frame: 284T. 
2) Minimum Percent Power Factor: 72. 
3) Minimum Percent Efficiency: 91.7% @ 1200 RPM, 92.4% @ 1800 RPM, 91% 

@ 3600 RPM 
i. 20 hp: 

1) NEMA Frame: 286T. 
2) Minimum Percent Power Factor: 76. 
3) Minimum Percent Efficiency: 91.7% @ 1200 RPM, 93% @ 1800 RPM, 91% @ 

3600 RPM 
j. 25 hp: 

1) NEMA Frame: 324T. 
2) Minimum Percent Power Factor: 71. 
3) Minimum Percent Efficiency: 93% @ 1200 RPM, 93.6% @ 1800 RPM, 91.7% 

@ 3600 RPM 
k. 30 hp: 

1) NEMA Frame: 326T. 
2) Minimum Percent Power Factor: 79. 
3) Minimum Percent Efficiency: 93% @ 1200 RPM, 93.6% @ 1800 RPM, 91.7% 

@ 3600 RPM. 
l. 40 hp: 

1) NEMA Frame: 364T. 
2) Minimum Percent Power Factor: 78. 
3) Minimum Percent Efficiency: 94.1% @ 1200 RPM, 94.1% @ 1800 RPM, 92.4% 

@ 3600 RPM 
m. 50 hp: 

1) NEMA Frame: 365T. 
2) Minimum Percent Power Factor: 81. 
3) Minimum Percent Efficiency: 94.1% @ 1200 RPM, 94.5% @ 1800 RPM, 93% 

@ 3600 RPM 
n. Over 50 HP - Refer to National Grid "Motor Up" Energy Efficiency requirements for 

reimbursement. 
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PART 1 GENERAL 

 
 
 

SECTION 23 05 16 

EXPANSION FITTINGS AND LOOPS FOR HVAC PIPING 

1.1 SECTION INCLUDES 

A. Flexible pipe connectors. 

B. Expansion joints and compensators. 

C. Pipe loops, offsets, and swing joints. 

1.2 RELATED REQUIREMENTS 

A. Section 23 21 13 - Hydronic Piping. 

B. Section 23 23 00 - Refrigerant Piping. 

1.3 REFERENCE STANDARDS 

A. ASTM A269 - Standard Specification for Seamless and Welded Austenitic Stainless Steel 
Tubing for General Service. 

B. EJMA (STDS) - EJMA Standards; Expansion Joint Manufacturers Association. 

1.4 SUBMITTALS 

A. Product Data: 
1. Flexible Pipe Connectors: Indicate maximum temperature and pressure rating, 

face-to-face length, live length, hose wall thickness, hose convolutions per foot and per 
assembly, fundamental frequency of assembly, braid structure, and total number of wires 
in braid. 

2. Expansion Joints: Indicate maximum temperature and pressure rating, and maximum 
expansion compensation. 

B. Design Data: Indicate selection calculations. 

C. Manufacturer's Instructions: Indicate manufacturer's installation instructions, special 
procedures, and external controls. 

D. Project Record Documents: Record installed locations of flexible pipe connectors, expansion 
joints, anchors, and guides. 

E. Maintenance Data: Include adjustment instructions. 

1.5 REGULATORY REQUIREMENTS 

A. Conform to UL requirements. 

1.6 EXTRAMATERIALS 

A. Supply two sets of packing for each packed expansion joint. 

PART 2 PRODUCTS 

2.1 FLEXIBLE PIPE CONNECTORS - STEELPIPING 

A. Manufacturers: 
1. Mercer Rubber Company: www.mercer-rubber.com. 
2. Metraflex Company: www.metraflex.com. 

B. Inner Hose:  Carbon Steel. 

C. Exterior Sleeve: Single braided, stainless steel or bronze. 

D. Pressure Rating: 125 psi and 450 degrees F. 

E. Joint:  As specified for pipe joints. 

F. Size:  Use pipe sized units. 
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G. Maximum offset: 3/4 inch on each side of installed center line. 

2.2 FLEXIBLE PIPE CONNECTORS - COPPERPIPING 

A. Manufacturer: 
1. Mercer Rubber Company: www.mercer-rubber.com. 
2. Metraflex Company: www.metraflex.com. 

B. Inner Hose: Bronze. 

C. Exterior Sleeve:  Braided bronze. 

D. Pressure Rating: 125 psi and 450 degrees F. 

E. Joint:  As specified for pipe joints. 

F. Size:  Use pipe sized units. 

G. Maximum offset: 3/4 inch on each side of installed center line. 

H. Application:  Copper piping. 

2.3 EXPANSION JOINTS - STAINLESS STEEL BELLOWS TYPE 

A. Manufacturers: 
1. Mercer Rubber Company: www.mercer-rubber.com. 
2. Metraflex Company: www.metraflex.com. 

B. Pressure Rating: 125 psi and 400 degrees F. 

C. Maximum Compression:  1-3/4 inches. 

D. Maximum Extension:  1/4 inch. 

E. Joint:  As specified for pipe joints. 

F. Size:  Use pipe sized units. 

G. Application: Steel piping 3 inches and under. 

2.4 EXPANSION JOINTS - EXTERNAL RING CONTROLLED STAINLE SS STEEL BELLOWS TYPE 

A. Manufacturers: 
1. Mercer Rubber Company: www.mercer-rubber.com. 
2. Metraflex Company: www.metraflex.com. 

B. Pressure Rating: 125 psi and 400 degrees F. 

C. Maximum Compression:  15/16 inch. 

D. Maximum Extension:  5/16 inch. 

E. Maximum Offset:  1/8 inch. 

F. Joint: Flanged. 

G. Size:  Use pipe sized units. 

H. Accessories:  Internal flow liner. 

I. Application: Steel piping over 2 inches. 

2.5 EXPANSION JOINTS - SINGLE SPHERE, ELBOW OR FLEXIBLE  COMPENSATOR 

A. Manufacturers: 
1. Mercer Rubber Company: www.mercer-rubber.com. 
2. Metraflex Company: www.metraflex.com. 

B. Body:  Teflon. 

C. Pressure Rating, Sizes 3/4 Inch to 2 Inch: 150 psi and 210 degrees F. 

D. Pressure Rating, Sizes 1-1/2 Inch to 12 Inch: 150 psi and 250 degrees F. 
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E. Pressure Rating, Sizes 14 Inch to 24 Inch: 105 psi and 250 degrees F. 

F. Maximum Compression:  3/4 inch. 

G. Maximum Elongation:  1/2 inch. 

H. Maximum Offset:  1/2 inch. 

I. Maximum Angular Movement:  15 degrees. 

J. Joint:  Tapped steel flanges. 

K. Size:  Use pipe sized units. 

L. Accessories:  Control rods. 

M. Application: Steel piping 2 inches and over. 

2.6 EXPANSION JOINTS - TWO-PLY BRONZE BELLOWS TYPE 

A. Manufacturers: 
1. Mercer Rubber Company: www.mercer-rubber.com. 
2. Metraflex Company: www.metraflex.com. 

B. Construction: Bronze with anti-torque device, limit stops, internal guides. 

C. Pressure Rating: 125 psi and 400 degrees F. 

D. Maximum Compression:  1-3/4 inches. 

E. Maximum Extension:  1/4 inch. 

F. Joint:  As specified for pipe joints. 

G. Size:  Use pipe sized units. 

H. Application:  Copper piping. 

2.7 EXPANSION JOINTS - LOW PRESSURE COMPENSATOR WITH TW O-PLY BRONZE 
BELLOWS 

A. Manufacturers: 
1. Mercer Rubber Company: www.mercer-rubber.com. 
2. Metraflex Company: www.metraflex.com. 

B. Working Pressure:  75 psi. 

C. Maximum Temperatures:  250 degrees F. 

D. Maximum Compression:  1/2 inch. 

E. Maximum Extension:  5/32 inch. 

F. Joint: Soldered. 

G. Size:  Use pipe sized units. 

H. Application: Copper or steel piping 3 inches and under. 

2.8 EXPANSION JOINTS - STEEL WITH PACKED SLIDING SLEEVE  

A. Working Pressure and Temperature:  Class 150. 

B. Joint:  As specified for pipe joints. 

C. Size:  Use pipe sized units. 

D. Application: Steel piping 2 inches and over. 

2.9 EXPANSION JOINTS - COPPER WITH PACKED SLIDING SLEEV E 

A. Working Pressure:  125 psi. 

B. Maximum Temperature:  250 degrees F. 
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C. Joint:  As specified for pipe joints. 

D. Size:  Use pipe sized units. 

E. Application: Copper or steel piping 2 inches and over. 

2.10 ACCESSORIES 

A. Stainless Steel Pipe:  ASTMA269. 

B. Pipe Alignment Guides: 
1. Two piece welded steel with enamel paint, bolted, with spider to fit standard pipe, frame 

with four mounting holes, clearance for minimum 1 inch thick insulation, minimum 3 inches 
travel. 

C. Swivel Joints: 
1. Fabricated steel body, double ball bearing race, field lubricated, with rubber (Buna-N) 

o-ring seals. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install in accordance with EJMA (Expansion Joint Manufacturers Association) Standards. 

C. Install flexible pipe connectors on pipes connected to vibration isolated equipment. Provide line 
size flexible connectors. 

D. Install flexible connectors at right angles to displacement. Install one end immediately adjacent 
to isolated equipment and anchor other end. Install in horizontal plane unless indicated 
otherwise. 

E. Anchor pipe to building structure where indicated. Provide pipe guides so movement is directed 
along axis of pipe only. Erect piping such that strain and weight is not on cast connections or 
apparatus. 

F. Provide support and equipment required to control expansion and contraction of piping. Provide 
loops, pipe offsets, and swing joints, or expansion joints where required. 

G. Substitute grooved piping for vibration isolated equipment instead of flexible connectors. 
Grooved piping need not be anchored. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

SECTION 23 05 19 

METERS AND GAGES FOR HVAC PIPING 

A. Positive displacement meters. 

B. Flow meters. 

C. Pressure gages and pressure gage taps. 

D. Thermometers and thermometer wells. 

E. Static pressure gages. 

F. Filter gages. 

1.2 RELATED REQUIREMENTS 

A. Section 23 21 13 - Hydronic Piping. 

B. Section 23 09 23 - Direct-Digital Control System for HVAC. 

C. Section 23 09 93 - Sequence of Operations for HVAC Controls. 

1.3 REFERENCE STANDARDS 

A. ASME B40.100 - Pressure Gauges and Gauge Attachments; The American Society of 
Mechanical Engineers. 

B. ASME MFC-3M - Measurement of Fluid Flow in Pipes Using Orifice, Nozzle and Venturi; The 
American Society of Mechanical Engineers. 

C. ASTM E1 - Standard Specification for ASTM Thermometers. 

D. ASTM E77 - Standard Test Method for Inspection and Verification of Thermometers. 

E. AWWA C700 - Cold Water Meters -- Displacement Type, Bronze Main Case; American Water 
Works Association (ANSI/AWWA C700). 

F. AWWA C701 - Cold Water Meters -- Turbine Type, for Customer Service; American Water 
Works Association. 

G. AWWA C702 - Cold Water Meters -- Compound Type; American Water Works Association. 

H. AWWA C706 - Direct-Reading, Remote-Registration Systems for Cold Water Meters; American 
Water Works Association (ANSI/AWWA C706). 

I. AWWA M6 - Water Meters -- Selection, Installation, Testing, and Maintenance; American Water 
Works Association. 

J. UL 393 - Indicating Pressure Gauges for Fire-Protection Service; Underwriters Laboratories 
Inc. 

K. UL 404 - Gages, Indicating Pressure, for Compressed Gas Service; Underwriters Laboratories 
Inc. 

1.4 SUBMITTALS 

A. Product Data: Provide list that indicates use, operating range, total range and location for 
manufactured components. 

B. Project Record Documents: Record actual locations of components and instrumentation. 

C. Operation and Maintenance Data: Manufacturer's Standards and Operations and maintenance 
manuals and catalog cuts. 
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1.5 FIELD CONDITIONS 

A. Do not install instrumentation when areas are under construction, except for required rough-in, 
taps, supports and test plugs. 

1.6 EXTRAMATERIALS 

A. Supply two bottles of red gage oil for static pressure gages. 

B. Supply two pressure gages with pulsation damper or dial thermometers. 

PART 2 PRODUCTS 

2.1 POSITIVE DISPLACEMENT METERS (LIQUID) 

A. Manufacturers: 
1. Dwyer Instruments, Inc.: www.dwyer-inst.com. 
2. Venture Measurement Company: www.venturemeasurement.com. 
3. McCrometer: www.mccrometer.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. AWWA C700, positive displacement disc type suitable for fluid with bronze case and cast iron 
frost-proof, breakaway bottom cap, hermetically sealed register, remote reading to AWWA 
C706. 

C. Meter: Brass body turbine meter with magnetic drive register. 
1. Service:  Cold water, 122 degrees F. 
2. Service:  Hot water, 200 degrees F. 
3. Accuracy:  1-1/2 percent. 
4. Maximum Counter Reading: 10 million gallons. 
5. Size:  1/2 inch. 

2.2 PRESSURE GAGES 

A. Manufacturers: 
1. Dwyer Instruments, Inc.: www.dwyer-inst.com. 
2. Moeller Instrument Co., Inc.: www.moellerinstrument.com. 
3. Omega Engineering, Inc.: www.omega.com. 

B. Pressure Gages: ASME B40.100, UL 393 drawn steel case, phosphor bronze bourdon tube, 
rotary brass movement, brass socket, with front recalibration adjustment, black scale on white 
background. 
1. Case:  Steel with brass bourdontube. 
2. Size:  2-1/2 inch diameter. 
3. Mid-Scale Accuracy:  One percent. 
4. Scale: Psi. 

2.3 PRESSURE GAGETAPPINGS 

A. Gage Cock:  Tee or lever handle, brass for maximum 150 psi. 

B. Needle Valve: Brass or Stainless Steel, 1/4 inch NPT for minimum 150 psi. 

C. Pulsation Damper: Pressure snubber, brass with 1/4 inch connections. 

D. Syphon: Steel, Schedule 40 or Brass, 1/4 inch angle or straight pattern. 

2.4 STEM TYPE THERMOMETERS 

A. Manufacturers: 
1. Dwyer Instruments, Inc.: www.dwyer-inst.com. 
2. Omega Engineering, Inc.: www.omega.com. 
3. Weksler Glass Thermometer Corp: www.wekslerglass.com. 
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B. Thermometers - Fixed Mounting: Red- or blue-appearing non-toxic liquid in glass; ASTM E1; 
lens front tube, cast aluminum case with enamel finish. 
1. Size:  7 inch scale. 
2. Window:  Clear glass or Lexan. 
3. Stem: Brass. 
4. Accuracy:  2 percent, per ASTME77. 
5. Calibration:  Degrees F. 

C. Thermometers - Adjustable Angle: Red- or blue-appearing non-toxic liquid in glass; ASTM E1; 
lens front tube, cast aluminum case with enamel finish, cast aluminum adjustable joint with 
positive locking device; adjustable 360 degrees in horizontal plane, 180 degrees in vertical 
plane. 
1. Size:  7 inch scale. 
2. Window:  Clear glass or Lexan. 
3. Stem:  3/4 inch NPT brass. 
4. Accuracy:  2 percent, per ASTME77. 
5. Calibration:  Degrees F. 

2.5 DIAL THERMOMETERS 

A. Manufacturers: 
1. Dwyer Instruments, Inc.: www.dwyer-inst.com. 
2. Omega Engineering, Inc.: www.omega.com. 
3. Weksler Glass Thermometer Corp: www.wekslerglass.com. 

B. Thermometers - Fixed Mounting: Dial type bimetallic actuated; ASTM E1; stainless steel case, 
silicone fluid damping, white with black markings and black pointer, hermetically sealed lens, 
stainless steel stem. 
1. Size:  2-1/2 inch diameter dial. 
2. Lens:  Clear glass or Lexan. 
3. Accuracy:  1 percent. 
4. Calibration:  Degrees F. 

C. Thermometer: ASTM E1, stainless steel case, adjustable angle with front recalibration, 
bimetallic helix actuated with silicone fluid damping, white with black markings and black pointer 
hermetically sealed lens, stainless steel stem. 
1. Size:  3 inch diameter dial. 
2. Lens:  Clear glass or Lexan. 
3. Accuracy:  1 percent. 
4. Calibration:  Degrees F. 

D. Thermometers: Dial type vapor or liquid actuated; ASTM E1; stainless steel case, with brass or 
copper bulb, copper or bronze braided capillary, white with black markings and black pointer, 
glass lens. 
1. Size:  2-1/2 inch diameter dial. 
2. Lens:  Clear glass or Lexan. 
3. Length of Capillary:  Minimum 5 feet. 
4. Accuracy:  2 percent. 
5. Calibration:  Degrees F. 

2.6 THERMOMETER SUPPORTS 

A. Socket: Brass separable sockets for thermometer stems with or without extensions as 
required, and with cap and chain. 

B. Flange: 3 inch outside diameter reversible flange, designed to fasten to sheet metal air ducts, 
with brass perforated stem. 
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2.7 TEST PLUGS 

A. Test Plug: 1/4 inch or 1/2 inch brass or stainless steel fitting and cap for receiving 1/8 inch 
outside diameter pressure or temperature probe with Nordel core for temperatures up to 350 
degrees F. 

B. Test Kit: Carrying case, internally padded and fitted containing one 2-1/2 inch diameter 
pressure gages, one gage adapters with 1/8 inch probes, two 1 inch dial thermometers. 

2.8 STATIC PRESSURE GAGES 

A. Manufacturers: 
1. Dwyer Instruments, Inc.: www.dwyer-inst.com. 
2. Omega Engineering, Inc.: www.omega.com. 
3. Weksler Glass Thermometer Corp: www.wekslerglass.com. 

B. 2-1/2 inch diameter dial in metal case, diaphragm actuated, black figures on white background, 
front recalibration adjustment, 2 percent of full scale accuracy. 

C. Inclined manometer, red liquid on white background with black figures, front recalibration 
adjustment, 3 percent of full scale accuracy. 

D. Accessories: Static pressure tips with compression fittings for bulkhead mounting, 1/4 inch 
diameter tubing. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install positive displacement meters with isolating valves on inlet and outlet to AWWA M6. 
Provide full line size valved bypass with globe valve for liquid service meters. 

C. Provide one pressure gage per pump, installing taps before strainers and on suction and 
discharge of pump.  Pipe to gage. 

D. Install pressure gages with pulsation dampers. Provide gage cock to isolate each gage. 
Provide siphon on gages in steam systems. Extend nipples and siphons to allow clearance 
from insulation. 

E. Install thermometers in piping systems in sockets in short couplings. Enlarge pipes smaller 
than 2-1/2 inch for installation of thermometer sockets. Ensure sockets allow clearance from 
insulation. 

F. Install thermometers in air duct systems on flanges. 

G. Install thermometer sockets adjacent to controls systems thermostat, transmitter, or sensor 
sockets. Refer to Section 23 09 43. Where thermometers are provided on local panels, duct or 
pipe mounted thermometers are provided on local panels, duct or pipe mounted thermometers 
are not required. 

H. Locate duct mounted thermometers minimum 10 feet downstream of mixing dampers, coils, or 
other devices causing air turbulence. 

I. Coil and conceal excess capillary on remote element instruments. 

J. Provide instruments with scale ranges selected according to service with largest appropriate 
scale. 

K. Install gages and thermometers in locations where they are easily read from normal operating 
level. Install vertical to 45 degrees off vertical. 

L. Adjust gages and thermometers to final angle, clean windows and lenses, and calibrate to zero. 

M. Locate test plugs adjacent thermometers and thermometer sockets, adjacent to pressure gages 
and pressure gage taps, adjacent to control device sockets or where indicated. 
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3.2 SCHEDULE 

A. Pressure Gages, Location: 
1. Pumps. 
2. Expansion tanks. 
3. Pressure tanks. 
4. Standpipe, highest points. 
5. Standpipe and sprinkler water supply connection. 
6. Sprinkler system. 
7. Pressure reducing valves. 
8. Backflow preventers. 

B. Pressure Gage Tappings, Location: 
1. Control valves 3/4 inch & larger - inlets and outlets. 
2. Major coils - inlets and outlets. 
3. Heat exchangers - inlets andoutlets. 
4. Chiller - inlets and outlets. 
5. Boiler - inlets and outlets. 

C. Stem Type Thermometers, Location and Scale Range: 
1. Headers to central equipment. 
2. Coil banks - inlets and outlets. 
3. Heat exchangers - inlets andoutlets. 
4. Boilers - inlets and outlets. 
5. Chiller - inlets and outlets. 
6. Water zone supply and return. 
7. After major coils. 
8. Domestic hot water supply and recirculation. 

D. Thermometer Sockets, Location: 
1. Control valves 1 inch & larger - inlets and outlets. 
2. Reheat coils - inlets and outlets. 
3. Cabinet heaters - inlets and outlets. 
4. Unit heaters - inlets and outlets. 

E. Dial Thermometers, Location and Scale Range: 
1. ERV Outside air. 
2. ERV Return air. 
3. ERV Exhaust air. 
4. ERV Supply air. 

F. Static Pressure and Filter Gages, Location and Scale Range: 
1. Built up filter banks. 
2. Unitary filter sections. 
3. Supply fan discharge. 
4. Building static. 
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PART 1 GENERAL 

SECTION 23 05 48 

VIBRATION AND SEISMIC CONTOLS FOR HVAC 

1.1 SECTION INCLUDES 

A. Vibration isolators. 

1.2 RELATED REQUIREMENTS 

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

1.3 SUBMITTALS 

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

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

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

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

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

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

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

2.2 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. 

2.3 VIBRATION ISOLATORS 

A. 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 thick neoprene sound 
pads, and zinc chromate plated hardware. 

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

4. For Exterior and Humid Areas: Hot dipped galvanized housings and neoprene coated 
springs. 

B. 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 thick neoprene sound 
pads, and zinc chromate plated hardware. 

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

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

springs. 
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C. Closed Spring Isolators: 
1. Type: Closed spring mount with top and bottom housing separated with neoprene rubber 

stabilizers. 
2. 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. 

3. Housings: Incorporate neoprene isolation pad meeting requirements for neoprene pad 
isolators, and neoprene side stabilizers with minimum 0.25 inch clearance. 

4. For Exterior and Humid Areas: Hot dipped galvanized housings and neoprene coated 
springs. 

D. Restrained Closed Spring Isolators: 
1. Type: Closed spring mount with top and bottom housing separated with neoprene rubber 

stabilizers. 
2. 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. 

3. Housings: Incorporate neoprene isolation pad meeting requirements for neoprene pad 
isolators, and neoprene side stabilizers with minimum 0.25 inch clearance and limit stops. 

4. For Exterior and Humid Areas: Hot dipped galvanized housings and neoprene coated 
springs. 

E. 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. 

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

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

2. Configuration:  Single layer. 
3. Configuration: 1/2 inch thick waffle pads bonded each side of 1/4 inch thick steel plate. 

G. Rubber Mount or Hanger: Molded rubber designed for 0.4 inch deflection with threaded insert. 

H. Glass Fiber Pads: Neoprene jacketed pre-compressed molded glass fiber. 

I. Seismic Snubbers: 
1. Type: Non-directional and double acting unit consisting of interlocking steel members 

restrained by neoprene elements. 
2. Elements: Replaceable neoprene, minimum of 0.75 inch thick with minimum 1/8 inch air 

gap. 
3. Capacity: 4 times load assigned to mount groupings at 0.4 inch deflection. 
4. Attachment Points and Fasteners: Capable of withstanding 3 times rated load capacity of 

seismic snubber. 

J. Roof Mounting Curb: 14 inches high with rigid steel lower section containing adjustable spring 
pockets with restrained spring isolators, steel upper section to support rooftop equipment, and 
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continuous elastomeric membrane extending from upper section for counterflashing over 
roofing. Provide acoustical package consisting of interior perimeter angles and cross members 
to support up to two layers of gypsum board. 

PART 3 EXECUTION 

3.1 INSTALLATION - GENERAL 

A. Install in accordance with manufacturer's instructions. 

B. Bases: 
1. Set steel bases for one inch clearance between housekeeping pad and base. 
2. Set concrete inertia bases for 2 inches clearance between housekeeping pad and base. 
3. Adjust equipment level. 

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

D. 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. 

E. Provide pairs of horizontal limit springs on fans with more than 6.0 inches WC static pressure, 
and on hanger supported, horizontally mounted axial fans. 

F. 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 maximum clearance. Other snubbers 
shall have clearance between 0.15 inch and 0.25 inch. 

G. Support piping connections to equipment mounted on isolators using isolators or resilient 
hangers as follows: 
1. Up to 4 Inches Pipe Size: First three points of support. 
2. 5 to 8 Inches Pipe Size: First four points of support. 
3. 10 inches Pipe Size and Over: First six points of support. 
4. Select three hangers closest to vibration source for minimum 1.0 inch static deflection or 

static deflection of isolated equipment. Select remaining isolators for minimum 1.0 inch 
static deflection or 1/2 static deflection of isolated equipment. 

3.2 FIELD QUALITY CONTROL 

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

3.3 SCHEDULE 

A. Pipe Isolation Schedule. 
1. 1 Inch Pipe Size: Isolate 120 diameters from equipment. 
2. 2 Inch Pipe Size: Isolate 90 diameters from equipment. 
3. 3 Inch Pipe Size: Isolate 80 diameters from equipment. 
4. 4 Inch Pipe Size: Isolate 75 diameters from equipment. 
5. 6 Inch Pipe Size: Isolate 60 diameters from equipment. 
6. 8 Inch Pipe Size: Isolate 60 diameters from equipment. 
7. 10 Inch Pipe Size: Isolate 54 diameters from equipment. 
8. 12 Inch Pipe Size: Isolate 50 diameters from equipment. 
9. 16 Inch Pipe Size: Isolate 45 diameters from equipment. 
10. 24 Inch Pipe Size: Isolate 38 diameters from equipment. 
11. Over 24 Inch Pipe Size: As indicated. 

B. Equipment Isolation Schedule. 
1. Pumps. 

END OF SECTION 
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PART 1 GENERAL 

SECTION 23 05 53 

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

1.1 SECTION INCLUDES 

A. Nameplates. 

B. Tags. 

C. Stencils. 

D. Pipe Markers. 

E. Ceiling tacks. 

1.2 RELATED REQUIREMENTS 

A. Section 09 90 00 - Painting and Coating: Identification painting. 

1.3 REFERENCE STANDARDS 

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

1.4 SUBMITTALS 

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

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

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

D. Samples: Submit two labels or tags 1/2 x 4 inch in size. 

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

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

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Brady Corporation: www.bradycorp.com. 

B. Champion America, Inc: www.Champion-America.com. 

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

2.2 NAMEPLATES 

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

2.3 TAGS 

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

B. Metal Tags: Aluminum with stamped letters; tag size minimum 1-1/2 inch diameter with smooth 
edges. 

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

2.4 STENCILS 

A. Stencils: With clean cut symbols and letters of following size: 
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1. 3/4 to 1-1/4 inch Outside Diameter of Insulation or Pipe: 8 inch long color field, 1/2 inch 
high letters. 

2. 1-1/2 to 2 inch Outside Diameter of Insulation or Pipe: 8 inch long color field, 3/4 inch high 
letters. 

3. 2-1/2 to 6 inch Outside Diameter of Insulation or Pipe: 12 inch long color field, 1-1/4 inch 
high letters. 

4. 8 to 10 inch Outside Diameter of Insulation or Pipe: 24 inch long color field, 2-1/2 inch 
high letters. 

5. Over 10 inch Outside Diameter of Insulation or Pipe: 32 inch long color field, 3-1/2 inch 
high letters. 

6. Ductwork and Equipment: 2-1/2 inch high letters. 

B. Stencil Paint: As specified in Section 09 90 00, semi-gloss enamel, colors conforming to ASME 
A13.1. 

2.5 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. 

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

D. Underground Plastic Pipe Markers: Bright colored continuously printed plastic ribbon tape, 
minimum 6 inches wide by 4 mil thick, manufactured for direct burial service. 

2.6 CEILING TACKS 

A. Description: Steel with 3/4 inch 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 

3.1 PREPARATION 

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

B. Prepare surfaces in accordance with Section 09 90 00 for stencil painting. 

3.2 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. Apply stencil painting in accordance with Section 09 90 00. 

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

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

F. Install underground plastic pipe markers 6 to 8 inches below finished grade, directly above 
buried pipe. 

G. 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. 

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

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

K. Identify air terminal units and radiator valves with numbered tags. 

L. Tag automatic controls, instruments, and relays. Key to control schematic. 

M. Identify piping, concealed or exposed, with plastic pipe markers, plastic tape pipe markers or 
stencilled painting. Use tags on piping 3/4 inch diameter and smaller. Identify service, flow 
direction, and pressure. Install in clear view and align with axis of piping. Locate identification 
not to exceed 20 feet 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. 

N. Identify ductwork with plastic nameplates or stencilled painting. Identify with air handling unit 
identification number and area served. Locate identification at air handling unit, at each side of 
penetration of structure or enclosure, and at each obstruction. 

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

END OF SECTION 
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PART 1 GENERAL 

SECTION 23 05 93 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 

1.1 SECTION INCLUDES 

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

B. Testing, adjustment, and balancing of hydronic and refrigerating systems. 

C. Measurement of final operating condition of HVAC systems. 

D. Sound measurement of equipment operating conditions. 

E. Vibration measurement of equipment operating conditions. 

F. Commissioning activities. 

1.2 RELATED REQUIREMENTS 

A. Section 01 91 10 - General Commissioning Requirements: Commissioning requirements that 
apply to all types of work. 

B. Section 01 91 10 - Functional Testing Procedures 

C. Section 23 08 00 - Mechanical Systems Commissioning 

D. Section 23 08 10 - Control Systems Commissioning 

1.3 REFERENCE STANDARDS 

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

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.. 

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

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

1.4 SUBMITTALS 

A. Qualifications: Submit name of adjusting and balancing agency and TAB supervisor for 
approval within 30 days after award of Contract. 

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 Architect. 
2. Submit to the Commissioning Authority, Construction Manager, and HVAC controls 

contractor. 
3. Submit six weeks prior to starting the testing, adjusting, and balancing work. 
4. Include certification that the plan developer has reviewed the contract documents, the 

equipment and systems, and the control system with the Architect and other installers to 
sufficiently understand the design intent for each system. 

5. Include at least the following in the plan: 
a. Preface: An explanation of the intended use of the control system. 
b. 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. 

c. 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. 
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d. Identification and types of measurement instruments to be used and their most recent 
calibration date. 

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

f. Final test report forms to be used. 
g. 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. 
4) Total flow calculations. 
5) Rechecking. 
6) Diversity issues. 

h. Expected problems and solutions, etc. 
i. Criteria for using air flow straighteners or relocating flow stations and sensors. 
j. 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. 
k. Specific procedures that will ensure that both air and water side are operating at the 

lowest possible pressures and methods to verify this. 
l. Confirmation of understanding of the outside air ventilation criteria under all 

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

and for what level (total building, zone, etc.). 
n. Method of checking building static and exhaust fan and/or relief damper capacity. 
o. Proposed selection points for sound measurements and sound measurement 

methods. 
p. Methods for making coil or other system plant capacity measurements, if specified. 
q. Time schedule for TAB work to be done in phases (by floor, etc.). 
r. Description of TAB work for areas to be built out later, if any. 
s. Time schedule for deferred or seasonal TAB work, if specified. 
t. False loading of systems to complete TAB work, if specified. 
u. Exhaust fan balancing and capacity verifications, including any required room 

pressure differentials. 
v. Interstitial cavity differential pressure measurements and calculations, if specified. 
w. Procedures for field technician logs of discrepancies, deficient or uncompleted work 

by others, contract interpretation requests and lists of completed tests (scope and 
frequency). 

x. Procedures for formal progress reports, including scope and frequency. 
y. Procedures for formal deficiency reports, including scope, frequency and distribution. 

C. Field Logs: Submit at least once a week to Commissioning Authority and Construction 
Manager. 

D. Control System Coordination Reports: Communicate in writing to the controls installer all 
setpoint and parameter changes made or problems and discrepancies identified during TAB 
that affect, or could affect, the control system setup and operation. 

E. Progress Reports. 

F. Final Report: Indicate deficiencies in systems that would prevent proper testing, adjusting, and 
balancing of systems and equipment to achieve specified performance. 
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1. Submit to the Commissioning Authority, Construction Manager, and HVAC controls 
contractor within two weeks after completion of testing, adjusting, and balancing. 

2. Revise TAB plan to reflect actual procedures and submit as part of final report. 
3. Submit draft copies of report for review prior to final acceptance of Project. Provide final 

copies for Architect and for inclusion in operating and maintenance manuals. 
4. 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. 

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

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

7. Units of Measure: Report data in I-P (inch-pound) units only. 
8. 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 Architect. 
g. Project Engineer. 
h. Project Contractor. 
i. Project altitude. 
j. Report date. 

G. Project Record Documents: Record actual locations of flow measuring stations and balancing 
valves and rough setting. 

1.5 QUALITY ASSURANCE (MOVED TO PART 3) 

1.6 PRE-BALANCING MEETING (MOVED TO PART 3) 

1.7 SEQUENCING AND SCHEDULING (MOVED TO PART 3) 

1.8 WARRANTY (MOVED TO PART 3) 

PART 2  PRODUCTS - NOT USED 

PART 3 EXECUTION 

3.1 GENERAL REQUIREMENTS 

A. Perform total system balance in accordance with one of the following: 
1. AABC MN-1, AABC National Standards for Total System Balance. 
2. ASHRAE Std 111, Practices for Measurement, Testing, Adjusting and Balancing of 

Building Heating, Ventilation, Air-Conditioning, and Refrigeration Systems. 
3. NEBB Procedural Standards for Testing Adjusting Balancing of Environmental Systems. 
4. SMACNA HVAC Systems Testing, Adjusting, and Balancing. 
5. Maintain at least one copy of the standard to be used at project site at all times. 

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 
smoke detection, alarm, and control, coordinate scheduling and testing and inspection 
procedures with the authorities having jurisdiction. 

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

2. Having minimum of three years documented experience. 
3. Certified byone of the following: 

a. AABC, Associated Air Balance Council: www.aabchq.com; upon completion submit 
AABC National Performance Guaranty. 

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

Management Institute: www.tabbcertified.org. 

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

F. TAB Supervisor Qualifications: Professional Engineer licensed in the State in which the Project 
is located. 

3.2 EXAMINATION 

A. Verify that systems are complete and operable before commencing work. Ensure the following 
conditions: 
1. Systems are started and operating in a safe and normal condition. 
2. Temperature control systems are installed complete and operable. 
3. Proper thermal overload protection is in place for electrical equipment. 
4. Final filters are clean and in place. If required, install temporary media in addition to final 

filters. 
5. Duct systems are clean of debris. 
6. Fans are rotating correctly. 
7. Fire 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. 

3.3 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 Architect to facilitate spot checks during testing. 

C. Provide additional balancing devices as required. 

3.4 ADJUSTMENT TOLERANCES 

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

B. Air Outlets and Inlets: Adjust total to within plus 10 percent and minus 10 percent of design to 
space. Adjust outlets and inlets in space to within plus or minus 10 percent of design. 

C. Hydronic Systems: Adjust to within plus or minus 10 percent of design. 
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3.5 RECORDING AND ADJUSTING 

A. Field Logs: Maintain written logs including: 
1. Running log of events and issues. 
2. Discrepancies, deficient or uncompleted work by others. 
3. Contract interpretation requests. 
4. Lists of completed tests. 

B. Ensure recorded data represents actual measured or observed conditions. 

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

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

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

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

G. At final inspection, recheck random selections of data recorded in report. Recheck points or 
areas as selected and witnessed by the Owner. 

H. Check and adjust systems approximately six months after final acceptance and submit report. 

3.6 AIR SYSTEM PROCEDURE 

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

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 and sheave 
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. Measure building static pressure and adjust supply, return, and exhaust air systems to provide 
required relationship between each to maintain approximately 0.05 inches positive static 
pressure near the building entries. 
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M. Check multi-zone units for motorized damper leakage. Adjust air quantities with mixing 
dampers set first for cooling, then heating, then modulating. 

N. 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. 

O. On fan powered VAV boxes, adjust air flow switches for proper operation. 

P. For laboratories, lab classrooms, and prep rooms, offset CFM values (differential between 
exhaust/return and supply airflows) shall be required to maintain a plus 10% minus 5% offset. 

3.7 WATER SYSTEM PROCEDURE 

A. Adjust water systems to provide required or design quantities. 

B. Use calibrated Venturi tubes, orifices, or other metered fittings and pressure gauges to 
determine flow rates for system balance. Where flow metering devices are not installed, base 
flow balance on temperature difference across various heat transfer elements in the system. 

C. Adjust systems to provide specified pressure drops and flows through heat transfer elements 
prior to thermal testing. Perform balancing by measurement of temperature differential in 
conjunction with air balancing. 

D. Effect system balance with automatic control valves fully open to heat transfer elements. 

E. Effect adjustment of water distribution systems by means of balancing cocks, valves, and 
fittings. Do not use service or shut-off valves for balancing unless indexed for balance point. 

F. Where available pump capacity is less than total flow requirements or individual system parts, 
full flow in one part may be simulated by temporary restriction of flow to other parts. 

3.8 COMMISSIONING 

A. Perform prerequisites prior to starting commissioning activities. 

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

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

D. Re-check minimum outdoor air intake flows and maximum and intermediate total airflow rates 
for 10 percent of the air handlers plus a random sample equivalent to 5 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. 
d. Air and Water Pressures: Deviation of more than 10 percent of full scale of test 

instrument reading. 
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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. 

E. 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. 

F. No seasonal tests are required. 

G. No further monitoring is required. 

H. No deferred testing is required. 

3.9 SCOPE 

A. Test, adjust, and balance the following: 
1. Electric Water Coolers 
2. Plumbing Pumps 
3. HVAC Pumps/Hydronic Systems 
4. Packaged Boilers 
5. Combined Heating, Cooling, and Power hydronic systems 
6. Absorption Chillers 
7. Cooling towers 
8. Air Cooled Refrigerant Condensers 
9. Terminal Heat Transfer Units 
10. Heat Exchangers 
11. Laboratory fume hoods 
12. Air Handling Units/Rooftop Mounted Air handling units 
13. Fans 
14. Air Filters 
15. Air Terminal Units/Chilled Beams (air and hydronic) 
16. Air Inlets and Outlets 

3.10 MINIMUM DATA TO BE REPORTED 

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

B. V-Belt Drives: 
1. Identification/location 
2. Required driven RPM 
3. Driven sheave, diameter and RPM 
4. Belt, size and quantity 
5. Motor sheave diameter and RPM 
6. Center to center distance, maximum, minimum, and actual 

C. Pumps: 
1. Identification/number 
2. Manufacturer 
3. Size/model 
4. Impeller 
5. Service 
6. Design flow rate, pressure drop, BHP 
7. Actual flow rate, pressure drop, BHP 
8. Discharge pressure 
9. Suction pressure 
10. Total operating head pressure 
11. Shut off, discharge and suction pressures 
12. Shut off, total head pressure 

D. Hydronic System Control 
1. Differential pressure setpoints for BAS contractor / commissioning. 

E. Combustion Equipment: 
1. Boiler manufacturer 
2. Model number 
3. Serial number 
4. Firing rate 
5. Overfire draft 
6. Gas meter timing dial size 
7. Gas meter time per revolution 
8. Gas pressure at meter outlet 
9. Gas flow rate 
10. Heat input 
11. Burner manifold gas pressure 
12. Percent carbon monoxide (CO) 
13. Percent carbon dioxide (CO2) 
14. Percent oxygen (O2) 
15. Percent excess air 
16. Flue gas temperature at outlet 
17. Ambient temperature 
18. Net stack temperature 
19. Percent stack loss 
20. Percent combustion efficiency 
21. Heat output 

F. Air Cooled Condensers: 
1. Identification/number 
2. Location 
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3. Manufacturer 
4. Model number 
5. Serial number 
6. Entering DB air temperature, design and actual 
7. Leaving DB air temperature, design and actual 
8. Number of compressors 

G. Chillers: 
1. Identification/number 
2. Manufacturer 
3. Capacity 
4. Model number 
5. Serial number 
6. Evaporator entering water temperature, design and actual 
7. Evaporator leaving water temperature, design and actual 
8. Evaporator pressure drop, design and actual 
9. Evaporator water flow rate, design and actual 
10. Condenser entering water temperature, design and actual 
11. Condenser pressure drop, design and actual 
12. Condenser water flow rate, design and actual 

H. Cooling Tower: 
1. Tower identification/number 
2. Manufacturer 
3. Model number 
4. Serial number 
5. Rated capacity 
6. Entering air WB temperature, specified and actual 
7. Leaving air WB temperature, specified and actual 
8. Ambient air DB temperature 
9. Condenser water entering temperature 
10. Condenser water leaving temperature 
11. Condenser water flow rate 
12. Fan RPM 

I. Heat Exchangers: 
1. Identification/number 
2. Location 
3. Service 
4. Manufacturer 
5. Model number 
6. Serial number 
7. Steam pressure, design and actual 
8. Primary water entering temperature, design and actual 
9. Primary water leaving temperature, design and actual 
10. Primary water flow, design and actual 
11. Primary water pressure drop, design and actual 
12. Secondary water leaving temperature, design and actual 
13. Secondary water leaving temperature, design and actual 
14. Secondary water flow, design and actual 
15. Secondary water pressure drop, design and actual 

J. Cooling Coils: 
1. Identification/number 
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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. Water flow, design and actual 
11. Water pressure drop, design and actual 
12. Entering water temperature, design and actual 
13. Leaving water temperature, design and actual 
14. Saturated suction temperature, design and actual 
15. Air pressure drop, design and actual 

K. 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 
9. Leaving water temperature, design and actual 
10. Entering air temperature, design and actual 
11. Leaving air temperature, design and actual 
12. Air pressure drop, design and actual 

L. 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 

M. 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 
6. Design outside air flow 
7. Actual outside air flow 
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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 

N. 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 
12. Associated with Fume Hoods, Include: 

a. Face velocity test at max/min sash position. 

O. 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 

P. Duct Leak Tests: 
1. Description of ductwork under test 
2. Duct design operating pressure 
3. Duct design test static pressure 
4. Duct capacity, air flow 
5. Maximum allowable leakage duct capacity times leak factor 
6. Test apparatus 

a. Blower 
b. Orifice, tube size 
c. Orifice size 
d. Calibrated 

7. Test static pressure 
8. Test orifice differential pressure 
9. Leakage 

Q. Flow Measuring Stations: 
1. Identification/number 
2. Location 
3. Size 
4. Manufacturer 
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5. Model number 
6. Serial number 
7. Design Flow rate 
8. Design pressure drop 
9. Actual/final pressure drop 
10. Actual/final flow rate 
11. Station calibrated setting 

R. Terminal Unit Data: 
1. Manufacturer 
2. Type, constant, variable, single, dual duct 
3. Identification/number 
4. Location 
5. Model number 
6. Size 
7. Minimum static pressure 
8. Minimum design air flow 
9. Maximum design air flow 
10. Maximum actual air flow 
11. Inlet static pressure 

S. Air Distribution Tests: 
1. Air terminal number 
2. Room number/location 
3. Terminal type 
4. Terminal size 
5. Area factor 
6. Design velocity 
7. Design air flow 
8. Test (final) velocity 
9. Test (final) air flow 
10. Percent of design air flow 

T. Sound Level Reports: 
1. Location 
2. Octave bands - equipment off 
3. Octave bands - equipment on 

U. Vibration Tests: 
1. Location of points: 

a. Fan bearing, drive end 
b. Fan bearing, opposite end 
c. Motor bearing, center (if applicable) 
d. Motor bearing, drive end 
e. Motor bearing, opposite end 
f. Casing (bottom or top) 
g. Casing (side) 
h. Duct after flexible connection (discharge) 
i. Duct after flexible connection (suction) 

2. Test readings: 
a. Horizontal, velocity and displacement 
b. Vertical, velocity and displacement 
c. Axial, velocity and displacement 

3. Normally acceptable readings, velocity and acceleration 
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4. Unusual conditions at time of test 
5. Vibration source (if non-complying) 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Duct insulation. 

B. Insulation jackets. 

1.2 RELATED REQUIREMENTS 

SECTION 23 07 13 

DUCT INSULATION 

A. Section 01 61 16 - Volatile Organic Compound (VOC) Content Restrictions. 

B. Section 09 90 00 - Painting and Coating: Painting insulation jackets. 

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

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

E. Section 23 31 00 - HVAC Ducts and Casings: Glass fiber ducts. 

1.3 REFERENCE STANDARDS 

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

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

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

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

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

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

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

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

I. ASTM G21 - Standard Practice for Determining Resistance of Synthetic Polymeric Materials to 
Fungi. 

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

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

L. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; 
Underwriters Laboratories Inc. 

1.4 SUBMITTALS 

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

B. Manufacturer's Instructions: Indicate installation procedures necessary to ensure acceptable 
workmanship and that installation standards will be achieved. 

1.5 QUALITY ASSURANCE 

A. Manufacturer Qualifications: Company specializing in manufacturing products of the type 
specified in this section with not less than three years of documented experience. 
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B. Applicator Qualifications: Company specializing in performing the type of work specified in this 
section, with minimum three years of experience and approved by manufacturer. 

1.6 DELIVERY, STORAGE, ANDHANDLING 

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

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

1.7 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 

2.1 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. 

2.2 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' value: 0.36 at 75 degrees F, when tested in accordance with ASTM C518. 
2. Maximum Service Temperature:  450 degrees F. 
3. Maximum Water Vapor Sorption: 5.0 percent by weight. 

C. Vapor Barrier Jacket: 
1. Moisture Vapor Permeability: 0.02 perm inch, when tested in accordance with ASTM 

E96/E96M. 
2. Secure with pressure sensitive tape. 

D. Vapor Barrier Tape: 
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film, with pressure 

sensitive rubber based adhesive. 

E. Outdoor Vapor Barrier Mastic: 
1. Vinyl emulsion type acrylic or mastic, compatible with insulation, black color. 

F. Tie Wire:  Annealed steel, 16 gage. 

2.3 GLASS FIBER, RIGID 

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 C612; rigid, noncombustible blanket. 
1. 'K' value: 0.24 at 75 degrees F, when tested in accordance with ASTM C518. 
2. Maximum service temperature:  450 degrees F. 
3. Maximum Water Vapor Sorption:  5.0 percent. 
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4. Maximum Density:  8.0 lb/cu ft. 

C. Vapor Barrier Jacket: 
1. Moisture Vapor Permeability: 0.02 perm inch, when tested in accordance with ASTM 

E96/E96M. 
2. Secure with pressure sensitive tape. 

D. Vapor Barrier Tape: 
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film, with pressure 

sensitive rubber based adhesive. 

E. Indoor Vapor Barrier Finish: 
1. Cloth: Untreated; 9 oz/sq yd weight, glass fabric. 
2. Vinyl emulsion type acrylic, compatible with insulation, black color. 

2.4 JACKETS 

A. Aluminum Jacket: ASTM B209 (ASTM B209M). 
1. Thickness:  0.016 inch sheet. 
2. Finish: Smooth. 
3. Joining: Longitudinal slip joints and 2 inch laps. 
4. Fittings: 0.016 inch thick die shaped fitting covers with factory attached protective liner. 
5. Metal Jacket Bands: 3/8 inch wide; 0.015 inch thick aluminum. 
6. Metal Jacket Bands: 3/8 inch wide; 0.010 inch thick stainless steel. 

PART 3 EXECUTION 

3.1 EXAMINATION 

A. Verify that ducts have been tested before applying insulation materials. 

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

3.2 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install in accordance with NAIMA National Insulation Standards. 

C. 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. 
4. Insulate entire system including fittings, joints, flanges, fire dampers, flexible connections, 

and expansion joints. 

D. 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. 

E. Exterior Applications: Provide insulation with vapor barrier jacket. Cover with with calked 
aluminum jacket with seams located on bottom side of horizontal duct section. 

F. 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. 
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5. Stop and point insulation around access doors and damper operators to allow operation 
without disturbing wrapping. 

3.3 SCHEDULES 

A. INDOOR DUCT AND PLENUM APPLICATIONSCHEDULE 
1. NOTE: Apply duct lagging where indicated on drawings. 
2. Service: Round, supply-air ducts, concealed. 

a. Material:  Mineral-fiber blanket. 
b. Thickness:  1-1/2 inches. 
c. Jacket:  Foil and paper. 
d. Vapor Retarder Required: Yes. 

3. Service: Round, return-air ducts, concealed. 
a. Material:  Mineral-fiber blanket. 
b. Thickness:  1 inch. 
c. Jacket:  Foil and paper. 
d. Vapor Retarder Required: No. 

4. Service: Round, outside-air ducts, concealed. 
a. Material:  Mineral-fiber blanket 
b. Thickness:  1-1/2 inches. 
c. Jacket:  Foil and paper. 
d. Vapor Retarder Required: Yes. 

5. Service: Rectangular, supply-air ducts, concealed. 
a. Material:  Mineral-fiber blanket 
b. Thickness:  1-1/2 inches. 
c. Jacket:  Foil and paper. 
d. Vapor Retarder Required: Yes. 

6. Service: Rectangular, return-air ducts, concealed. 
a. Material:  Mineral-fiber blanket 
b. Thickness:  1 inch. 
c. Jacket:  Foil and paper. 
d. Vapor Retarder Required: No. 

7. Service: Rectangular, outside-air ducts, concealed. 
a. Material:  Mineral-fiber blanket 
b. Thickness:  1- 1/2 inches. 
c. Jacket:  Foil and paper. 
d. Vapor Retarder Required: Yes. 

8. Service: Round, supply-air ducts, exposed. 
a. Material:  Mineral-fiber blanket 
b. Thickness:  2 inches. 
c. Jacket:  Spiral-wound steel, paintable. 
d. Vapor Retarder Required: Yes. 

9. Service: Round, return-air ducts, exposed. 
a. Material:  Mineral-fiber board. 
b. Thickness:  1 inch. 
c. Jacket:  Spiral-wound steel, paintable. 
d. Vapor Retarder Required: No. 
e. NOTE: Provide double-walled spiral ductwork in areas noted on drawings as defined 

in specification section 15890. 
10. Service: Round, outside-air ducts, exposed. 

a. Material:  Mineral-fiber board. 
b. Thickness:  2 inches. 
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c. Jacket:  Spiral-wound steel, paintable. 
d. Vapor Retarder Required: Yes. 
e. NOTE: Provide double-walled spiral ductwork in areas noted on drawings as defined 

in specification section 15890. 
11. Service: Rectangular, supply-air ducts, exposed. 

a. Material:  Mineral-fiber board. 
b. Thickness:  2 inches. 
c. Jacket:  Aluminum, painted to architects specifications. 
d. Vapor Retarder Required: Yes. 

12. Service: Rectangular, return-air ducts, exposed. 
a. Material:  Mineral-fiber board. 
b. Thickness:  1 inch. 
c. Jacket:  Aluminum, painted to architects specifications 
d. Vapor Retarder Required: No. 

13. Service: Rectangular, outside-air ducts, exposed. 
a. Material:  Mineral-fiber board. 
b. Thickness: 2 inches. 
c. Jacket:  Aluminum, painted to architects specifications. 
d. Vapor Retarder Required: Yes. 

14. Service: Rectangular, dishwasher exhaust ducts, concealed. 
a. Material:  Mineral-fiber blanket. 
b. Thickness:  1/2 inch. 
c. Jacket:  Foil and Paper 
d. Vapor Retarder Required: No. 

15. Service: Rectangular, dishwasher exhaust ducts, exposed. 
a. Material:  Mineral-fiber board. 
b. Thickness:  1/2 inch. 
c. Jacket: Aluminum 
d. Vapor Retarder Required: No. 

B. OUTDOOR DUCT AND PLENUM APPLICATION SCHEDULE 
1. Service:  Round, supply-air ducts. 

a. Material:  Mineral-fiber board. 
b. Thickness:  2 inches. 
c. Field-Applied Jacket: aluminum 

1) Aluminum Thickness:  0.032 inch 
d. Vapor Retarder Required: Yes. 

2. Service:  Round, return-air ducts. 
a. Material:  Mineral-fiber board. 
b. Thickness:  2 inches. 
c. Field-Applied Jacket: aluminum 

1) Aluminum Thickness:  0.032 inch 
d. Vapor Retarder Required: Yes. 

3. Service: Rectangular, supply-air ducts. 
a. Material:  Mineral-fiber board. 
b. Thickness:  2 inches. 
c. Field-Applied Jacket: aluminum 

1) Aluminum Thickness:  0.032 inch 
d. Vapor Retarder Required: Yes. 

4. Service:  Rectangular, return-air ducts. 
a. Material:  Mineral-fiber board. 
b. Thickness:  2 inches. 
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c. Field-Applied Jacket: aluminum 
1) Aluminum Thickness:  0.032 inch 

d. Vapor Retarder Required: Yes. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Equipment insulation. 

B. Covering. 

1.2 RELATED REQUIREMENTS 

SECTION 23 07 16 

HVAC EQUIPMENT INSULATION 

A. Section 01 61 16 - Volatile Organic Compound (VOC) Content Restrictions. 

B. Section 09 90 00 - Painting and Coating: Painting insulation covering. 

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

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

E. Section 23 21 14 - Hydronic Specialties. 

F. Section 23 23 00 - Refrigerant Piping: Placement of inserts. 

1.3 REFERENCE STANDARDS 

A. ASTM A666 - Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel 
Sheet, Strip, Plate, and Flat Bar. 

B. ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate. 

C. ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate 
[Metric]. 

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

E. ASTM C449 - Standard Specification for Mineral Fiber Hydraulic-Setting Thermal Insulating and 
Finishing Cement. 

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

G. ASTM C533 - Standard Specification for Calcium Silicate Block and Pipe Thermal Insulation. 

H. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular Form. 

I. ASTM C552 - Standard Specification for Cellular Glass Thermal Insulation. 

J. ASTM C553 - Specification for Mineral Fiber Blanket Thermal Insulation for Commercial and 
Industrial Applications. 

K. ASTM C592 - Standard Specification for Mineral Fiber Blanket Insulation and Blanket-Type Pipe 
Insulation (Metal-Mesh Covered) (Industrial Type). 

L. ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal Insulation. 

M. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials. 

N. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials. 

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

P. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; 
Underwriters Laboratories Inc. 

1.4 SUBMITTALS 

A. See Section 01 30 00 - Administrative Requirements, for submittal procedures. 
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B. Product Data: Provide product description, thermal characteristics, list of materials and 
thickness for equipment scheduled. 

C. Manufacturer's Instructions: Indicate installation procedures that ensure acceptable 
workmanship and installation standards will be achieved. 

1.5 QUALITY ASSURANCE 

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

B. Applicator Qualifications: Company specializing in performing the type of work specified in this 
section and approved bymanufacturer. 

1.6 DELIVERY, STORAGE, ANDHANDLING 

A. Accept materials on site in original factory packaging, labeled with manufacturer's identification, 
including product densityand thickness. 

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

1.7 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 

2.1 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. 

2.2 GLASS FIBER, FLEXIBLE 

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 C553; flexible, noncombustible. 
1. 'K' Value: 0.36 at 75 degrees F, when tested in accordance with ASTM C177 or ASTM 

C518. 
2. Maximum Service Temperature:  450 degrees F. 
3. Maximum Water Vapor Sorption: 5.0 percent by weight. 

C. Vapor Barrier Jacket: Kraft paper reinforced with glass fiber yarn and bonded to aluminized 
film. 
1. Moisture Vapor Permeability: 0.02 perm inch, when tested in accordance with ASTM 

E96/E96M. 
2. Secure with self-sealing longitudinal laps and butt strips. 

D. Tie Wire: 0.048 inch stainless steel with twisted ends on maximum 12 inch centers. 

2.3 GLASS FIBER, RIGID 

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. 
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B. Insulation: ASTM C612 or ASTM C592; rigid, noncombustible. 
1. 'K' Value: 0.25 at 75 degrees F, when tested in accordance with ASTM C177 or ASTM 

C518. 
2. Maximum Service Temperature:  850 degrees F. 
3. Maximum Water Vapor Sorption: 5.0 percent by weight. 
4. Maximum Density:  8.0 lb/cu ft. 

C. Vapor Barrier Jacket: 
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film. 
2. Moisture Vapor Permeability: 0.02 perm inch, when tested in accordance with ASTM 

E96/E96M. 
3. Secure with self-sealing longitudinal laps and butt strips. 

2.4 FLEXIBLE ELASTOMERIC CELLULAR INSULATION 

A. Manufacturer: 
1. Armacell LLC; www.armacell.us. 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Insulation: Preformed flexible elastomeric cellular rubber insulation complying with ASTM 
C534/C534M Grade 3, in sheet form. 
1. Minimum Service Temperature:  -40 degrees F. 
2. Maximum Service Temperature:  220 degrees F. 
3. Connection: Waterproof vapor barrier adhesive. Low VOC compliant (LEED). 

2.5 JACKETS 

A. PVC Plastic: 
1. Jacket:   Sheet material, off-white color. 

a. Minimum Service Temperature:  -40 degrees F. 
b. Maximum Service Temperature:  150 degrees F. 
c. Moisture Vapor Permeability: 0.02 perm inch, when tested in accordance with ASTM 

E96/E96M. 
d. Thickness:  10 mil. 
e. Connections: Brush on welding adhesive. 

2. Covering Adhesive Mastic: 
a. Compatible with insulation. Low VOC compliant (LEED). 

B. Aluminum Jacket: ASTM B209 (ASTM B209M) formed aluminum sheet. 
1. Thickness:  0.016 inch sheet. 
2. Finish: Smooth. 
3. Joining: Longitudinal slip joints and 2 inch laps. 
4. Metal Jacket Bands: 3/8 inch wide; 0.015 inch thick aluminum. 

PART 3 EXECUTION 

3.1 EXAMINATION 

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

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

3.2 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Factory Insulated Equipment: Do not insulate. 

C. Exposed Equipment: Locate insulation and cover seams in least visible locations. 

D. Apply insulation close to equipment by grooving, scoring, and beveling insulation. Fasten 
insulation to equipment with studs, pins, clips, adhesive, wires, or bands. 
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E. Fill joints, cracks, seams, and depressions with bedding compound to form smooth surface. On 
cold equipment, use vapor barrier cement. 

F. Insulated equipment containing fluids below ambient temperature: Insulate entire system. 

G. Fiber glass insulated equipment containing fluids below ambient temperature: Provide vapor 
barrier jackets, factory-applied or field-applied. Finish with glass cloth and vapor barrier 
adhesive. 

H. For hot equipment containing fluids 140 degrees F or less, do not insulate flanges and unions, 
but bevel and seal ends of insulation. 

I. For hot equipment containing fluids over 140 degrees F, insulate flanges and unions with 
removable sections and jackets. 

J. Fiber glass insulated equipment containing fluids above ambient temperature: Provide standard 
jackets, with or without vapor barrier, factory-applied or field-applied. Finish with glass cloth and 
adhesive. 

K. Inserts and Shields: 
1. Application: Equipment 1-1/2 inches diameter or larger. 
2. Shields: Galvanized steel between hangers and inserts. 
3. Insert location: Between support shield and equipment and under the finish jacket. 
4. Insert configuration: Minimum 6 inches long, of same thickness and contour as adjoining 

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

material suitable for the planned temperature range. 

L. Finish insulation at supports, protrusions, and interruptions. 

M. Equipment in Mechanical Equipment Rooms or Finished Spaces: Finish with canvas jacket 
sized for finish painting. 

N. Exterior Applications: Provide vapor barrier jacket or finish with glass mesh reinforced vapor 
barrier cement. Cover with aluminum jacket with seams located on bottom side of horizontal 
equipment. 

O. Cover glass fiber insulation with metal mesh and finish with heavy coat of insulating cement 
aluminum jacket. 

P. Nameplates and ASME Stamps: Bevel and seal insulation around; do not insulate over. 

Q. Equipment Requiring Access for Maintenance, Repair, or Cleaning: Install insulation so it can 
be easily removed and replaced without damage. 

3.3 SCHEDULE 

A. Heating, cooling, and dual temperature hydronic systems: 
1. Heat Exchangers/Converters: 1.5" thick fiberglass insulation, vapor barrier, PVC jacket. 
2. Chiller Cold Surfaces (Not Factory Insulated):1.5" thick fiberglass insulation, vapor barrier, 

PVC jacket. 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Piping insulation. 

B. Jackets and accessories. 

1.2 RELATED REQUIREMENTS 

SECTION 23 07 19 

HVAC PIPING INSULATION 

A. Section 01 61 16 - Volatile Organic Compound (VOC) Content Restrictions. 

B. Section 07 84 00 - Firestopping. 

C. Section 09 90 00 - Painting and Coating: Painting insulation jacket. 

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

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

F. Section 23 23 00 - Refrigerant Piping: Placement of inserts. 

1.3 REFERENCE STANDARDS 

A. ASTM A666 - Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel 
Sheet, Strip, Plate, and Flat Bar. 

B. ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate. 

C. ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate 
[Metric]. 

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

E. ASTM C195 - Standard Specification for Mineral Fiber Thermal Insulating Cement. 

F. ASTM C449 - Standard Specification for Mineral Fiber Hydraulic-Setting Thermal Insulating and 
Finishing Cement. 

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

H. ASTM C533 - Standard Specification for Calcium Silicate Block and Pipe Thermal Insulation. 

I. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular 
Thermal Insulation in Sheet and Tubular Form. 

J. ASTM C547 - Standard Specification for Mineral Fiber Pipe Insulation. 

K. ASTM C552 - Standard Specification for Cellular Glass Thermal Insulation. 

L. ASTM C578 - Standard Specification for Rigid, Cellular Polystyrene Thermal Insulation. 

M. ASTM C585 - Standard Practice for Inner and Outer Diameters of Rigid Thermal Insulation for 
Nominal Sizes of Pipe and Tubing (NPS System). 

N. ASTM C591 - Standard Specification for Unfaced Preformed Rigid Cellular Polyisocyanurate 
Thermal Insulation. 

O. ASTM C610 - Standard Specification for Molded Expanded Perlite Block and Pipe Thermal 
Insulation. 

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

Q. ASTM D1056 - Standard Specification for Flexible Cellular Materials--Sponge or Expanded 
Rubber. 
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R. ASTM D2842 - Standard Test Method for Water Absorption of Rigid Cellular Plastics. 

S. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials. 

T. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials. 

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

V. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; 
Underwriters Laboratories Inc. 

1.4 SUBMITTALS 

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

B. Manufacturer's Instructions: Indicate installation procedures that ensure acceptable 
workmanship and installation standards will be achieved. 

1.5 QUALITY ASSURANCE 

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

B. Applicator Qualifications: Company specializing in performing the type of work specified in this 
section with minimum three years of experience. 

1.6 DELIVERY, STORAGE, ANDHANDLING 

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

1.7 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 

2.1 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. 

2.2 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' value: ASTM C177, 0.24 at 75 degrees F. 
2. Maximum service temperature:  850 degrees F. 
3. Maximum moisture absorption:  0.2 percent byvolume. 

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

E. Tie Wire: 0.048 inch stainless steel with twisted ends on maximum 12 inch centers. 

F. Vapor Barrier Lap Adhesive: 
1. Compatible with insulation. Low VOC compliant (LEED). 

G. Insulating Cement/Mastic: 
1. ASTM C195; hydraulic setting on mineral wool. 

H. Fibrous Glass Fabric: 
1. Cloth:  Untreated; 9 oz/sq ydweight. 
2. Blanket:  1.0 lb/cu ft density. 
3. Weave: 5x5. 

I. Indoor Vapor Barrier Finish: 
1. Cloth:  Untreated; 9 oz/sq ydweight. 
2. Vinyl emulsion type acrylic, compatible with insulation, black color. Low VOC compliant 

(LEED). 

J. Outdoor Vapor Barrier Mastic: 
1. Vinyl emulsion type acrylic or mastic, compatible with insulation, black color. Low VOC 

compliant (LEED). 

K. Outdoor Breather Mastic: 
1. Vinyl emulsion type acrylic or mastic, compatible with insulation, black color. Low VOC 

compliant (LEED). 

L. Insulating Cement: 
1. ASTM C449/C449M. Low VOC compliant (LEED). 

2.3 CELLULAR GLASS 

A. Manufacturers: 
1. Pittsburgh Corning Corporation: www.foamglasinsulation.com. 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Insulation:  ASTM C552, Grade 1. 
1. 'K' value:  0.37 at 100 degrees F. 
2. Service Temperature:  Up to 900 degrees F. 
3. Water Vapor Permeability:  0.005 perm inch. 
4. Water Absorption:  0.2 percent by volume, maximum. 

2.4 EXPANDED POLYSTYRENE 

A. Insulation: ASTM C578; rigid closed cell. 
1. 'K' value:  0.23 at 75 degrees F. 
2. Maximum service temperature:  165 degrees F. 
3. Maximum water vapor permeance:  5.0 perms 

2.5 EXPANDED PERLITE 

A. Manufacturers: 
1. Schundler Company: www.schundler.com. 

B. Insulation:  ASTM C610, molded. 
1. Maximum service temperature:  1200 degrees F. 
2. Maximum water vapor transmission:  0.1 perm. 
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2.6 HYDROUS CALCIUM SILICATE 

A. Manufacturers: 
1. Johns Manville Corporation: www.jm.com. 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Insulation: ASTM C533 and ASTM C795; rigid molded, asbestos free, gold color. 
1. 'K' value: ASTM C177 and C518; 0.40 at 300 degrees F, when tested in accordance with 

ASTM C177 or ASTM C518. 
2. Maximum service temperature:  1200 degrees F. 
3. Density:  15 lb/cu ft. 

C. Tie Wire: 0.048 inch stainless steel with twisted ends on maximum 12 inch centers. 

D. Insulating Cement: 
1. ASTM C449/C449M. Low VOC compliant (LEED). 

2.7 POLYISOCYANURATE CELLULAR PLASTIC 

A. Insulation Material: ASTM C591, rigid molded modified polyisocyanurate cellular plastic. 
1. Dimension: Comply with requirements of ASTM C585. 
2. 'K' value: 0.18 at 75 degrees F, when tested in accordance with ASTM C518. 
3. Minimum Service Temperature:  -70 degrees F. 
4. Maximum Service Temperature:  300 degrees F. 
5. Water Absorption: 0.5 percent by volume, maximum, when tested in accordance with 

ASTM D2842.. 
6. Moisture Vapor Transmission:  4.0 perm in. 
7. Connection:  Waterproof vapor barrier adhesive. 

2.8 POLYETHYLENE 

A. Manufacturers: 
1. Armacell LLC; Model  : www.armacell.us. 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Insulation: Flexible closed-cell polyethylene tubing, slit lengthwise for installation, complying 
with applicable requirements of ASTM D1056. 
1. 'K' value: ASTM C177; 0.25 at 75 degrees F. 
2. Maximum Service Temperature:  300 degrees F. 
3. Density:  2 lb/cu ft. 
4. Maximum Moisture Absorption: 1.0 percent by volume. 
5. Moisture Vapor Permeability: 0.05 perm inch, when tested in accordance with ASTM 

E96/E96M. 
6. Connection: Contact adhesive. Low VOC compliant (LEED). 

2.9 FLEXIBLE ELASTOMERIC CELLULAR INSULATION 

A. Manufacturer: 
1. Armacell LLC: www.armacell.us. 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Insulation: Preformed flexible elastomeric cellular rubber insulation complying with ASTM 
C534/C534M Grade 3; use molded tubular material wherever possible. 
1. Minimum Service Temperature:  -40 degrees F. 
2. Maximum Service Temperature:  220 degrees F. 
3. Connection:  Waterproof vapor barrier adhesive. 

C. Elastomeric Foam Adhesive: Air dried, contact adhesive, compatible with insulation. Low VOC 
compliant (LEED). 
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2.10 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. 
b. Maximum Service Temperature:  150 degrees F. 
c. Moisture Vapor Permeability: 0.002 perm inch, maximum, when tested in accordance 

with ASTM E96/E96M. 
d. Thickness:  10 mil. 
e. Connections: Brush on welding adhesive. 

3. Covering Adhesive Mastic: 
a. Compatible with insulation. Low VOC compliant (LEED). 

B. ABS Plastic: 
1. Jacket: One piece molded type fitting covers and sheet material, off-white color. 

a. Minimum Service Temperature:  -40 degrees F. 
b. Maximum Service Temperature of 180 degrees F. 
c. Moisture Vapor Permeability: 0.012 perm inch, when tested in accordance with 

ASTM E96/E96M. 
d. Thickness:  30 mil. 
e. Connections: Brush on welding adhesive. Low VOC compliant (LEED). 

C. Canvas Jacket: UL listed 6 oz/sq yd plain weave cotton fabric treated with dilute fire retardant 
lagging adhesive. 
1. Lagging Adhesive: 

a. Compatible with insulation. 

D. Aluminum Jacket: ASTM B209 (ASTM B209M) formed aluminum sheet. 
1. Thickness:  0.016 inch sheet. 
2. Finish: Smooth. 
3. Joining: Longitudinal slip joints and 2 inch laps. 
4. Fittings: 0.016 inch thick die shaped fitting covers with factory attached protective liner. 
5. Metal Jacket Bands: 3/8 inch wide; 0.015 inch thick aluminum. 
6. Metal Jacket Bands: 3/8 inch wide; 0.010 inch thick stainless steel. 

E. Stainless Steel Jacket: ASTM A666, Type 302 stainless steel. 
1. Thickness:  0.010 inch. 
2. Finish: Smooth. 
3. Metal Jacket Bands: 3/8 inch wide; 0.010 inch thick stainless steel. 

PART 3 EXECUTION 

3.1 EXAMINATION 

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

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

3.2 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install in accordance with NAIMA National Insulation Standards. 

C. Exposed Piping: Locate insulation and cover seams in least visible locations. 
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D. Insulated pipes conveying fluids below ambient temperature: Insulate entire system including 
fittings, valves, unions, flanges, strainers, flexible connections, pump bodies, and expansion 
joints. 

E. 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. 

F. For hot piping conveying fluids 140 degrees F or less, do not insulate flanges and unions at 
equipment, but bevel and seal ends of insulation. 

G. For hot piping conveying fluids over 140 degrees F, insulate flanges and unions at equipment. 

H. 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. 

I. Inserts and Shields: 
1. Application: Piping 1-1/2 inches 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 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. 

J. 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. 

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

L. 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. 

M. Buried Piping: Provide factory fabricated assembly with inner all-purpose service jacket with 
self-sealing lap, and asphalt impregnated open mesh glass fabric, with one mil thick aluminum 
foil sandwiched between three layers of bituminous compound; outer surface faced with a 
polyester film. 

N. 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. 

3.3 SCHEDULE 

A. PIPING INSULATION SCHEDULES 
1. General: Abbreviations used in the following schedules include: 

a. Field Applied Jackets: P - PVC, K-Foil and Paper, A - Aluminum, SS - Stainless 
Steel. 

b. Piping Sizes: NPS - Nominal Pipe Size. 
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B. INTERIOR PIPING APPLICATION SCHEDULE 
1. Service:  Condensate drain piping. 

a. Operating Temperature:  35 to 75 deg F. 
b. Insulation Material:  Flexibleelastomeric. 
c. Insulation Thickness:  0.5 inch. 
d. Jacket: None. 
e. Vapor Retarder Required: Yes. 
f. Finish: None. 

C. Service: Condenser-water supply and return / Heat pump water supply and return. 
1. Operating Temperature:  34 to 100 deg F. 
2. Insulation Material: Mineral fiber or glass fiber, with jacket. 
3. Insulation Thickness: Apply the following insulation thicknesses: 

a. Pipe, Up to 4”:  2.0 inch. 
b. Pipe, 5” to 10”:  2-1/2 inch. 
c. Pipe 10” and up:  3 inch. 

4. Field-Applied Jacket: PVC. 
5. Vapor Retarder Required: Yes 
6. Finish: None. 

D. EXTERIOR PIPING INSULATION APPLICATION SCHEDULE 

E. Service: Condenser-water supply and return / Heat pump water supply and return. 
1. Operating Temperature:  34 to 100 deg. F. 
2. Insulation Material: Cellular glass, with jacket. 
3. Insulation Thickness: Apply the following insulation thicknesses: 

a. Pipe, Up to 4”:  2.0 inch. 
b. Pipe, 5” to 10”:  2-1/2 inch. 
c. Pipe 10” and up:  3 inch. 

4. Field-Applied Jacket: Aluminum 
5. Vapor Retarder Required: Yes. 
6. Finish: None. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SUMMARY 

SECTION 23 08 00 

COMMISSIONING OF HVAC 

A. See Section 01 91 13 - General Commissioning Requirements for overall objectives; comply 
with the requirements of Section 01 91 13. 

B. This section covers the Contractor's responsibilities for commissioning; each subcontractor or 
installer responsible for the installation of a particular system or equipment item to be 
commissioned is responsible for the commissioning activities relating to that system or 
equipment item. 

C. The Commissioning Authority (CA) directs and coordinates all commissioning activities and 
provides Prefunctional Checklists and Functional Test Procedures for Contractor's use. 

D. The entire HVAC system is to be commissioned, including commissioning activities for the 
following specific items: 
1. Control system. 
2. Major and minor equipment items. 
3. Piping systems and equipment. 
4. Ductwork and accessories. 
5. Terminal units. 
6. Sound control devices. 
7. Vibration control devices. 
8. Variable frequency drives. 
9. Other equipment and systems explicitly identified elsewhere in Contract Documents as 

requiring commissioning. 

E. The Prefunctional Checklist and Functional Test requirements specified in this section are in 
addition to, not a substitute for, inspection or testing specified in other sections. 

1.2 RELATED REQUIREMENTS 

1.3 SUBMITTALS 

A. Updated Submittals: Keep the Commissioning Authority informed of all changes to control 
system documentation made during programming and setup; revise and resubmit when 
substantial changes are made. 

B. DRAFT Prefunctional Checklists and Functional Test Procedures for Control System: Detailed 
written plan indicating the procedures to be followed to test, checkout and adjust the control 
system prior to full system Functional Testing; include at least the following for each type of 
equipment controlled: 
1. System name. 
2. List of devices. 
3. Step-by-step procedures for testing each controller after installation, including: 

a. Process of verifying proper hardware and wiring installation. 
b. Process of downloading programs to local controllers and verifying that they are 

addressed correctly. 
c. Process of performing operational checks of each controlled component. 
d. Plan and process for calibrating valve and damper actuators and all sensors. 
e. Description of the expected field adjustments for transmitters, controllers and control 

actuators should control responses fall outside of expected values. 
4. Copy of proposed log and field checkout sheets to be used to document the process; 

include space for initial and final read values during calibration of each point and space to 
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specifically indicate when a sensor or controller has “passed” and is operating within the 
contract parameters. 

5. Description of the instrumentation required for testing. 
6. Indicate what tests on what systems should be completed prior to TAB using the control 

system for TAB work. Coordinate with the Commissioning Authority and TAB contractor 
for this determination. 

C. Startup Reports, Prefunctional Checklists, and Trend Logs: Submit for approval of 
Commissioning Authority. 

D. HVAC Control System O&M Manual Requirements. In addition to documentation specified 
elsewhere, compile and organize at minimum the following data on the control system: 
1. Specific step-by-step instructions on how to perform and apply all functions, features, 

modes, etc. mentioned in the controls training sections of this specification and other 
features of this system. Provide an index and clear table of contents. Include the detailed 
technical manual for programming and customizing control loops and algorithms. 

2. Full as-built set of control drawings. 
3. Full as-built sequence of operations for each piece of equipment. 
4. Full points list; in addition to the information on the original points list submittal, include a 

listing of all rooms with the following information for each room: 
a. Floor. 
b. Room number. 
c. Room name. 
d. Air handler unit ID. 
e. Reference drawing number. 
f. Air terminal unit tag ID. 
g. Heating and/or cooling valve tag ID. 
h. Minimum air flow rate. 
i. Maximum air flow rate. 

5. Full print out of all schedules and set points after testing and acceptance of the system. 
6. Full as-built print out of software program. 
7. Electronic copy on disk of the entire program for this facility. 
8. Marking of all system sensors and thermostats on the as-built floor plan and HVAC 

drawings with their control system designations. 
9. Maintenance instructions, including sensor calibration requirements and methods by 

sensor type, etc. 
10. Control equipment component submittals, parts lists, etc. 
11. Warranty requirements. 
12. Copies of all checkout tests and calibrations performed by the Contractor (not 

commissioning tests). 
13. Organize and subdivide the manual with permanently labeled tabs for each of the following 

data in the given order: 
a. Sequences of operation. 
b. Control drawings. 
c. Points lists. 
d. Controller and/or module data. 
e. Thermostats and timers. 
f. Sensors and DP switches. 
g. Valves and valve actuators. 
h. Dampers and damper actuators. 
i. Program setups (software program printouts). 

E. Project Record Documents: See Section 01 78 00 for additional requirements. 
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1. Submit updated version of control system documentation, for inclusion with operation and 
maintenance data. 

2. Show actual locations of all static and differential pressure sensors (air, water and building 
pressure) and air-flow stations on project record drawings. 

F. Draft Training Plan: In addition to requirements specified in Section 01 79 00, include: 
1. Follow the recommendations of ASHRAE Guideline 1. 
2. Control system manufacturer's recommended training. 
3. Demonstration and instruction on function and overrides of any local packaged controls not 

controlled by the HVAC control system. 

G. Training Manuals: See Section 01 79 00 for additional requirements. 
1. Provide three extra copies of the controls training manuals in a separate manual from the 

O&M manuals. 

PART 2 PRODUCTS 

2.1 TEST EQUIPMENT 

A. Provide all standard testing equipment required to perform startup and initial checkout and 
required functional performance testing; unless otherwise noted such testing equipment will 
NOT become the property of Owner. 

B. Equipment-Specific Tools: Where special testing equipment, tools and instruments are specific 
to a piece of equipment, are only available from the vendor, and are required in order to 
accomplish startup or Functional Testing, provide such equipment, tools, and instruments as 
part of the work at no extra cost to Owner; such equipment, tools, and instruments are to 
become the property of Owner. 

PART 3 EXECUTION 

3.1 PREPARATION 

A. Cooperate with the Commissioning Authority in development of the Prefunctional Checklists and 
Functional Test Procedures. 

B. Furnish additional information requested by the Commissioning Authority. 

C. Prepare a preliminary schedule for HVAC pipe and duct system testing, flushing and cleaning, 
equipment start-up and testing, adjusting, and balancing start and completion for use by the 
Commissioning Authority; update the schedule as appropriate. 

D. Notify the Commissioning Authority when pipe and duct system testing, flushing, cleaning, 
startup of each piece of equipment and testing, adjusting, and balancing will occur; when 
commissioning activities not yet performed or not yet scheduled will delay construction notify 
ahead of time and be proactive in seeing that the Commissioning Authority has the scheduling 
information needed to efficiently execute the commissioning process. 

E. Put all HVAC equipment and systems into operation and continue operation during each 
working day of testing, adjusting, and balancing and commissioning, as required. 

F. Provide test holes in ducts and plenums where directed to allow air measurements and air 
balancing; close with an approved plug. 

G. Provide temperature and pressure taps in accordance with the contract documents. 

3.2 INSPECTING AND TESTING - GENERAL 

A. Submit startup plans, startup reports, and Prefunctional Checklists for each item of equipment 
or other assembly to be commissioned. 

B. Perform the Functional Tests directed by the Commissioning Authority for each item of 
equipment or other assembly to be commissioned. 

C. Provide two-way radios for use during the testing. 
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D. Valve/Damper Stroke Setup and Check: 
1. For all valve/damper actuator positions checked, verify the actual position against the 

control system readout. 
2. Set pump/fan to normal operating mode. 
3. Command valve/damper closed; visually verify that valve/damper is closed and adjust 

output zero signal as required. 
4. Command valve/damper open; verify position is full open and adjust output signal as 

required. 
5. Command valve/damper to a few intermediate positions. 
6. If actual valve/damper position does not reasonably correspond, replace actuator or add 

pilot positioner (for pneumatics). 

E. Isolation Valve or System Valve Leak Check: For valves not by coils. 
1. With full pressure in the system, command valve closed. 
2. Use an ultra-sonic flow meter to detect flow or leakage. 

F. Deficiencies: Correct deficiencies and re-inspect or re-test, as applicable, at no extra cost to 
Owner. 

3.3 TAB COORDINATION 

A. TAB: Testing, adjusting, and balancing of HVAC. 

B. Coordinate commissioning schedule with TAB schedule. 

C. Review the TAB plan to determine the capabilities of the control system toward completing TAB. 

D. Provide all necessary unique instruments and instruct the TAB technicians in their use; such as 
handheld control system interface for setting terminal unit boxes, etc. 

E. Have all required Prefunctional Checklists, calibrations, startup and component Functional 
Tests of the system completed and approved by the Commissioning Authority prior to starting 
TAB. 

F. Provide a qualified control system technician to operate the controls to assist the TAB 
technicians or provide sufficient training for the TAB technicians to operate the system without 
assistance. 

3.4 CONTROL SYSTEM FUNCTIONAL TESTING 

A. Prefunctional Checklists for control system components will require a signed and dated 
certification that all system programming is complete as required to accomplish the 
requirements of the Contract Documents and the detailed Sequences of Operation 
documentation submittal. 

B. Do not start Functional Testing until all controlled components have themselves been 
successfully Functionally Tested in accordance with the contract documents. 

C. Using a skilled technician who is familiar with this building, execute the Functional Testing of the 
control system as required by the Commissioning Authority. 

D. Functional Testing of the control system constitutes demonstration and trend logging of control 
points monitored by the control system. 
1. The scope of trend logging is partially specified; trend log up to 50 percent more points 

than specified at no extra cost to Owner. 
2. Perform all trend logging specified in Prefunctional Checklists and Functional Test 

procedures. 

E. Functionally Test integral or stand-alone controls in conjunction with the Functional Tests of the 
equipment they are attached to, including any interlocks with other equipment or systems; 
further testing during control system Functional Test is not required unless specifically indicated 
below. 
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F. Demonstrate the following to the Commissioning Authority during testing of controlled 
equipment; coordinate with commissioning of equipment. 
1. Setpoint changing features and functions. 
2. Sensor calibrations. 

G. Demonstrate to the Commissioning Authority: 
1. That all specified functions and features are set up, debugged and fully operable. 
2. That scheduling features are fully functional and setup, including holidays. 
3. That all graphic screens and value readouts are completed. 
4. Correct date and time setting in central computer. 
5. That field panels read the same time as the central computer; sample 10 percent of field 

panels; if any of those fail, sample another 10 percent; if any of those fail test all remaining 
units at no extra cost to Owner. 

6. Functionality of field panels using local operator keypads and local ports (plug-ins) using 
portable computer/keypad; demonstrate 100 percent of panels and 10 percent of ports; if 
any ports fail, sample another 10 percent; if any of those fail, test all remaining units at no 
extra cost to Owner. 

7. Power failure and battery backup and power-up restart functions. 
8. Global commands features. 
9. Security and access codes. 
10. Occupant over-rides (manual, telephone, key, keypad, etc.). 
11. O&M schedules and alarms. 
12. Occupancy sensors and controls. 
13. All control strategies and sequences not tested during controlled equipment testing. 

H. If the control system, integral control components, or related equipment do not respond to 
changing conditions and parameters appropriately as expected, as specified and according to 
acceptable operating practice, under any of the conditions, sequences, or modes tested, correct 
all systems, equipment, components, and software required at no additional cost to Owner. 

3.5 OPERATION AND MAINTENANCE MANUALS 

A. See Section 01 78 00 for additional requirements. 

B. Add design intent documentation furnished by Architect to manuals prior to submission to 
Owner. 

C. Submit manuals related to items that were commissioned to Commissioning Authority for 
review; make changes recommended by Commissioning Authority. 

D. Commissioning Authority will add commissioning records to manuals after submission to 
Owner. 

3.6 DEMONSTRATION AND TRAINING 

A. See Section 01 79 00 for additional requirements. 

B. Demonstrate operation and maintenance of HVAC system to Owner' personnel; if during any 
demonstration, the system fails to perform in accordance with the information included in the 
O&M manual, stop demonstration, repair or adjust, and repeat demonstration. Demonstrations 
may be combined with training sessions if appropriate. 

C. These demonstrations are in addition to, and not a substitute for, Prefunctional Checklists and 
demonstrations to the Commissioning Authority during Functional Testing. 

D. Provide classroom and hands-on training of Owner's designated personnel on operation and 
maintenance of the HVAC system, control system, and all equipment items indicated to be 
commissioned. Provide the following minimum durations of training: 

E. TAB Review:  Instruct Owner's personnel for minimum  hours, after completion of TAB, on 
the following: 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

COMMISSIONING OF HVAC 23 08 00 - 6 

 

 

 
 
 

1. Review final TAB report, explaining the layout and meanings of each data type. 
2. Discuss any outstanding deficient items in control, ducting or design that may affect the 

proper delivery of air or water. 
3. Identify and discuss any terminal units, duct runs, diffusers, coils, fans and pumps that are 

close to or are not meeting their design capacity. 
4. Discuss any temporary settings and steps to finalize them for any areas that are not 

finished. 
5. Other salient information that may be useful for facility operations, relative to TAB. 

F. HVAC Control System Training: Perform training in at least three phases: 
1. Phase 1 - Basic Control System:  Provide minimum of  hours of actual training on the 

control system itself. Upon completion of training, each attendee, using appropriate 
documentation, should be able to perform elementary operations and describe general 
hardware architecture and functionality of the system. 
a. This training may be held on-site or at the manufacturer's facility. 
b. If held off-site, the training may occur prior to final completion of the system 

installation. 
c. For off-site training, Contractor shall pay expenses of up to two attendees. 

2. Phase 2 - Integrating with HVAC Systems: Provide minimum of  hours of on-site, 
hands-on training after completion of Functional Testing. Include instruction on: 
a. The specific hardware configuration of installed systems in this facility and specific 

instruction for operating the installed system, including interfaces with other systems, 
if any. 

b. Security levels, alarms, system start-up, shut-down, power outage and restart 
routines, changing setpoints and alarms and other typical changed parameters, 
overrides, freeze protection, manual operation of equipment, optional control 
strategies that can be considered, energy savings strategies and set points that if 
changed will adversely affect energy consumption, energy accounting, procedures for 
obtaining vendor assistance, etc. 

c. Trend logging and monitoring features (values, change of state, totalization, etc.), 
including setting up, executing, downloading, viewing both tabular and graphically and 
printing trends; provide practice in setting up trend logging and monitoring during 
training session. 

d. Every display screen, allowing time for questions. 
e. Point database entryand modifications. 

3. Phase 3 - Post-Occupancy: Six months after occupancy conduct minimum of  hours 
of training. Tailor training session to questions and topics solicited beforehand from 
Owner. Also be prepared to address topics brought up and answer questions concerning 
operation of the system. 

G. Provide the services of manufacturer representatives to assist instructors where necessary. 

H. Provide the services of the HVAC controls instructor at other training sessions, when requested, 
to discuss the interaction of the controls system as it relates to the equipment being discussed. 

END OF SECTION NOT FOR C
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PART 1 GENERAL 

SECTION 23 09 13 

INSTRUMENTATION AND CONTROL DEVICES FOR HVAC 

1.1 SECTION INCLUDES 

A. Thermostats, Temperature Sensors. 

B. Carbon Dioxide Sensors. 

C. Automatic dampers. 

D. Damper operators. 

E. Humidity Sensors 

F. Miscellaneous accessories. 

1.2 RELATED REQUIREMENTS 

A. Section 23 05 48 - Vibration and Seismic Contols for HVAC. 

B. Section 23 05 19 - Meters and Gages for HVAC Piping: Thermometer sockets, gage taps. 

C. Section 23 21 13 - Hydronic Piping: Installation of control valves, flow switches, temperature 
sensor sockets, gage taps. 

D. Section 23 33 00 - Air Duct Accessories: Installation of automatic dampers. 

E. Section 23 09 23 - Direct-Digital Control System for HVAC. 

F. Section 23 09 93 - Sequence of Operations for HVAC Controls. 

1.3 REFERENCE STANDARDS 

A. AMCA 500-D - Laboratory Methods for Testing Dampers for Rating; Air Movement and Control 
Association International, Inc. 

B. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings; The 
American Society of Mechanical Engineers. 

C. ASTM B32 - Standard Specification for Solder Metal. 

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

E. ASTM D1693 - Standard Test Method for Environmental Stress-Cracking of Ethylene Plastics. 

F. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); National Electrical 
Manufacturers Association. 

G. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilation Systems; National 
Fire Protection Association. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Preinstallation Meeting: Conduct a preinstallation meeting one week before starting work of this 
section; require attendance by all affected installers. 

B. Sequencing: Ensure that utility connections are achieved in an orderly and expeditious manner. 

1.5 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. 
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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. 
1. Revise shop drawings to reflect actual installation and operating sequences. 

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 Owner s 
name and registered with manufacturer. 

H. Maintenance Materials: Furnish the following for Owner's use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 

1.6 QUALITY ASSURANCE 

A. Designer Qualifications: Design system under direct supervision of a Professional Engineer 
experienced in design of this work and licensed in the State in which the Project is located. 

1.7 WARRANTY 

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

PART 2 PRODUCTS 

2.1 EQUIPMENT - GENERAL 

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

2.2 CONTROL PANELS 

A. NEMA 250, general purpose utility enclosures with enamelled finished face panel. 

B. Provide common keying for all panels. 

2.3 DAMPERS 

A. Performance: Test in accordance with AMCA 500-D. 

B. Frames: Galvanized steel, welded or riveted with corner reinforcement, minimum 12 gage. 

C. Blades: Galvanized steel, maximum blade size 8 inches wide, 48 inches long, minimum 22 
gage, attached to minimum 1/2 inch shafts with set screws. 

D. Blade Seals: Synthetic elastomeric inflatable mechanically attached, field replaceable. 

E. Jamb Seals:  Spring stainless steel. 

F. Shaft Bearings: Oil impregnated sintered bronze. 

G. Linkage Bearings: Oil impregnated sintered bronze. 

H. Leakage: Less than one percent based on approach velocity of 2000 ft/min and 4 inches wg. 

I. Maximum Pressure Differential:  6 inches wg. 

J. Temperature Limits:  -40 to 200 degrees F. 

2.4 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. 
2. Provide one operator for maximum 36 sq ft damper section. 

B. Electric Operators: 
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1. Spring return, adjustable stroke motor having oil immersed gear train, with auxiliary end 
switch. 

2.5 HUMIDISTATS 

A. Room Humidistats: 
1. Wall mounted, proportioning type, polymer. 
2. Throttling range: Adjustable 2 percent relative humidity. 
3. Operating range:  30 to 80 percent. 
4. Maximum temperature:  110 degrees F. 

B. Limit Duct Humidistat: 
1. Insertion, two position, polymer type. 
2. Throttling range: Adjustable 2 percent relative humidity. 
3. Operating range:  20 to 80 percent. 
4. Maximum temperature:  150 degrees F. 

2.6 INPUT/OUTPUT SENSORS 

A. Temperature Sensors: 
1. Sensor range shall provide a resolution of no worse than .4°F (unless noted otherwise). 
2. Room temperature sensor shall be an element contained within a ventilated cover, suitable 

for wall mounting with digital output. Sensors located in mechanical areas, plenums, 
garages, gymnasiums, or designated institutional locations shall be a flat plate sensor with 
no possible adjustment or shall be provided with aestetically-pleasing lockable protective 
cover. Security screws shall be used in institutional settings as deemed necessary by the 
design engineer. ATC contractor shall coordinate requirements with the design engineer 
during the submittal process. Provide insulated base. Following sensing elements are 
acceptable: 
a. Sensing element - Platinum RTD, Thermistor, or integrated circuit, +/- 0.8°F accuracy 

at calibration point. 
b. Units shall be capable of +/- 2 degrees (F) adjustment by the occupant, with display 

showing current temperature and setpoint. 
3. Single point duct temperature sensor shall consist of sensing element, junction box for 

wiring connections and gasket to prevent air leakage or vibration noise. Temperature 
range as required for resolution indicated in paragraph A. Sensor probe shall be 316 
stainless steel. 
a. Sensing element - Platinum RTD, Thermistor, or integrated circuit, +/- 0.8°F accuracy 

at calibration point. 
4. Averaging duct temperature sensor shall consist of an averaging element, junction box for 

wiring connections and gasket to prevent air leakage. Provide enough sensors to give one 
lineal foot of sensing element for each square foot of cooling coil face area. Temperature 
range as required for resolution indicated in paragraph A. 
a. Sensing element - Platinum RTD, Thermistor, or integrated circuit, +/- 0.8°F accuracy 

at calibration point. 
5. Liquid immersion temperature sensor shall include stainless steel thermowell, sensor and 

connection head for wiring connections. 
a. Sensing element for chilled water applications - Platinum RTD, Thermistor, or 

integrated circuit, +/- 0.8°F accuracy at calibration point. Temperature range shall be 
as required for resolution indicated in paragraph A. 

b. Sensing element for non-chilled water applications - Platinum RTD, +/- 0.2°F 
accuracy at calibration point. Temperature range shall be as required for resolution of 
no worse than 0.1°F. 

B. Equipment Operation Sensors: 
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1. Status Inputs for Fans: Differential pressure switch with adjustable range of 0 to 5 inches 
wg. 

2. Status Inputs for Pumps: Differential pressure switch piped across pump with adjustable 
pressure differential range of 8 to 60 psi. 

3. Status Inputs for Electric Motors: Current sensing relay with current transformers, 
adjustable and set to 175 percent of rated motor current. 

C. Damper Position Indication: Potentiometer mounted in enclosure with adjustable crank arm 
assembly connected to damper to transmit 0 - 100 percent damper travel. 

D. Carbon Dioxide Level Sensors: 
1. Wall or duct-mounted as required by control sequence or plans. 
2. Demand-control ventilation sensor for measuring and transmitting CO2 levels ranging from 

0-2,000 ppm. 
3. Single-beam, dual-wavelength design with five-year stability for calibration.. 
4. Proportional output, 4-20 mAsignal. 

2.7 THERMOSTATS 

A. Line Voltage Thermostats: 
1. Integral manual On/Off/Auto selector switch, single or two pole as required. 
2. Dead band:  Maximum 2 degrees F. 
3. Cover: Locking with set point adjustment, with thermometer. 
4. Rating:  Motor load. 

B. Outdoor Reset Thermostat: 
1. Remote bulb or bimetal rod and tube type, proportioning action with adjustable throttling 

range, adjustable setpoint. 
2. Scale range:  -10 to 70 degrees F. 

C. Immersion Thermostat: 
1. Remote bulb or bimetallic rod and tube type, proportional action with adjustable setpoint 

and adjustable throttling range. 

D. Airstream Thermostats: 
1. Remote bulb or bimetallic rod and tube type, proportional action with adjustable setpoint in 

middle of range and adjustable throttling range. 
2. Averaging service remote bulb element: 7.5 feet. 

E. Electric Low Limit Duct Thermostat: 
1. Snap acting, single pole, single throw, manual reset switch that trips if temperature sensed 

across any 12 inches of bulb length is equal to or below setpoint, 
2. Bulb length:  Minimum 20 feet. 
3. Provide one thermostat for every 20 sq ft of coil surface. 

F. Electric High Limit Duct Thermostat: 
1. Snap acting, single pole, single throw, manual reset switch that trips if temperature sensed 

across any 12 inches of bulb length is equal to or above setpoint, 
2. Bulb length:  Minimum 20 feet. 
3. Provide one thermostat for every 20 sq ft of coil surface. 

G. Fire Thermostats: 
1. UL labeled, factory set in accordance with NFPA 90A. 
2. Normally closed contacts, manual reset. 

H. Heating/Cooling Valve Top Thermostats: 
1. Proportional acting for proportional flow, molded rubber diaphragm, remote bulb liquid filled 

element, direct and reverse acting at differential pressure to 25 psig, cast housing with 
position indicator and adjusting knob. 
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2.8 TRANSMITTERS 

A. Pressure Transmitters: 
1. One pipe direct acting indicating type for gas, liquid, or steam service, range suitable for 

system, proportional electronic output. 

B. Temperature Transmitters: 
1. One pipe, directly proportional output signal to measured variable, linearity within plus or 

minus 1/2 percent of range for 200 degree F span and plus or minus 1 percent for 50 
degree F span, with 50 degrees F temperature range, compensated bulb, averaging 
capillary, or rod and tube operation on 20 psig input pressure and 3 to 15 psig output. 

PART 3 EXECUTION 

3.1 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. 

3.2 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Check and verify location of thermostats with plans and room details before installation. Locate 
48 inches above floor. Align with lighting switches, CO2 sensors, and humidistats. Refer to 
Section 26 27 26. 

C. Mount freeze protection thermostats using flanges and element holders. 

D. Mount outdoor reset thermostats and outdoor sensors indoors, with sensing elements outdoors 
with sun shield. 

E. Provide separable sockets for liquids and flanges for air bulb elements. 

F. Provide thermostats in aspirating boxes in front entrances. 

G. Provide guards on thermostats in entrances. 

H. Provide valves with position indicators and with pilot positioners where sequenced with other 
controls. 

I. Provide mixing dampers of opposed blade construction arranged to mix streams. Provide 
separate minimum outside air damper section adjacent to return air dampers with separate 
damper motor. 

J. Provide isolation (two position) dampers of parallel blade construction. 

K. Install damper motors on outside of duct in warm areas. Do not install motors in locations at 
outdoor temperatures. 

L. Mount control panels adjacent to associated equipment on vibration free walls or free standing 
angle iron supports. One cabinet may accommodate more than one system in same equipment 
room. Provide engraved plastic nameplates for instruments and controls inside cabinet and 
engraved plastic nameplates on cabinet face. 
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M. Install "hand/off/auto" selector switches to override automatic interlock controls when switch is in 
"hand" position. 

N. 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. 

3.3 MAINTENANCE 

A. See Section 01 70 00 - Execution Requirements, for additional requirements relating to 
maintenance service. 

B. Provide service and maintenance of control system for one year from Date of Substantial 
Completion. 

END OF SECTION 
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PART 1 GENERAL 

SECTION 23 09 23 

DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC 

1.1 SECTION INCLUDES 

A. System Description 

B. Operator Interface 

C. Controllers 

D. Power Supplies and Line Filtering 

E. System Software 

F. Controller Software 

G. HVAC Control Programs 

H. Control equipment. 

I. Software. 

1.2 RELATED REQUIREMENTS 

A. Section 01 91 00 - Commissioning 

B. Section 01 91 10 - Functional Testing Procedures 

C. Section 23 09 13 - Instrumentation and Control Devices for HVAC. 

D. Section 23 09 93 - Sequence of Operations for HVAC Controls. 

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

1.3 REFERENCE STANDARDS 

A. NFPA 70 - National Electrical Code; National Fire Protection Association. 

1.4 SYSTEM DESCRIPTION 

A. Automatic temperature control field monitoring and control system using field programmable 
micro-processor based units with communication to Building Management System; Johnson 
Controls by Modern Controls 

B. Contractor shall migrate the existing system in entirety from the existing JCI NAE controller to a 
new JCI FX with new graphics, software, programming, and training as specified herein. 

C. Base system on distributed system of fully intelligent, stand-alone controllers, operating in a 
multi-tasking, multi-user environment on token passing network, with central and remote 
hardware, software, and interconnecting wire and conduit. 

D. Include computer software and all hardware, operator input/output devices, control units, local 
area networks (LAN), sensors, control devices, actuators. 

E. Controls for variable air volume terminals, radiation, reheat coils, unit heaters, fan coils, and the 
like when directly connected to the control units. Individual terminal unit control is specified in 
Section 23 09 13. 

F. Provide control systems consisting of thermostats, control valves, dampers and operators, 
indicating devices, interface equipment, power transformers and electrical feeds, and other 
apparatus and accessories required to operate mechanical systems, and to perform functions 
specified. 

G. Include installation and calibration, supervision, adjustments, and fine tuning necessary for 
complete and fully operational system. 
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1.5 SUBMITTALS 

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

B. Product Data: Provide data for each system component and software module. 

C. Shop Drawings: 
1. Indicate trunk cable schematic showing programmable control unit locations, and trunk 

data conductors. 
2. List connected data points, including connected control unit and input device. 
3. Indicate system graphics indicating monitored systems, data (connected and calculated) 

point addresses, and operator notations. Provide demonstration diskette containing 
graphics. 

4. Show system configuration with peripheral devices, batteries, power supplies, diagrams, 
modems, and interconnections. 

5. Indicate description and sequence of operation of operating, user, and application 
software. 

D. Manufacturer's Instructions: Indicate manufacturer's installation instructions for all 
manufactured components. 

E. Project Record Documents: Record actual locations of control components, including control 
units, thermostats, and sensors. 
1. Revise shop drawings to reflect actual installation and operating sequences. 
2. Include submittals data in final "Record Documents" form. 

F. Operation and Maintenance Data: 
1. Include interconnection wiring diagrams complete field installed systems with identified and 

numbered, system components and devices. 
2. Include keyboard illustrations and step-by-step procedures indexed for each operator 

function. 
3. Include inspection period, cleaning methods, cleaning materials recommended, and 

calibration tolerances. 

G. Warranty: Submit manufacturer's warranty and ensure forms have been filled out in Owner s 
name and registered with manufacturer. 

1.6 QUALITY ASSURANCE 

A. Perform work in accordance with NFPA 70. 

B. Design system software under direct supervision of a Professional Engineer experienced in 
design of this Work and licensed at the State in which the Project is located. 

C. Manufacturer Qualifications: Company specializing in manufacturing the Products specified in 
this section with minimum 10 years documented experience. 

D. Installer Qualifications: Company specializing in performing the work of this section 5 years 
documented experience approved by manufacturer. 

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

1.7 PRE-INSTALLATION MEETING 

A. Convene one week before starting work of this Section. 

B. Require attendance of parties directly affecting the work of this Section. 

1.8 WARRANTY 

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

B. Correct defective Work within a five year period after Substantial Completion. 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC 23 09 23 - 3 

 

 

 
 
 

C. Provide five year manufacturer's warranty for field programmable micro-processor based units. 

1.9 MAINTENANCE SERVICE 

A. Provide service and maintenance of energy management and control systems for one years 
from Date of Substantial Completion. 

B. Provide four complete inspections per year, two in each season, to inspect, calibrate, and adjust 
controls as required, and submit written reports. 

C. Provide complete service of systems, including call backs. Make minimum of 4 complete 
normal inspections of approximately 4 hours duration in addition to normal service calls to 
inspect, calibrate, and adjust controls, and submit written reports. 

1.10 EXTRAMATERIALS 

A. See Section 01 60 00 - Product Requirements, for additional provisions. 

1.11 PROTECTION OF SOFTWARE RIGHTS 

A. Prior to delivery of software, the Owner and the party providing the software will enter into a 
software license agreement with provisions for the following: 
1. Limiting use of software to equipment provided under these specifications. 
2. Limiting copying. 
3. Preserving confidentiality. 
4. Prohibiting transfer to a third party. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Johnson Controls, Inc: www.johnsoncontrols.com. 

B. Substitutions:  Not Permitted. 

2.2 CONTROLLERS 

A. BUILDING CONTROLLERS 
1. General: 

a. Manage global strategies by one or more, independent, standalone, microprocessor 
based controllers. 

b. Provide sufficient memory to support controller's operating system, database, and 
programming requirements. 

c. Share data between networked controllers. 
d. Controller operating system manages input and output communication signals 

allowing distributed controllers to share real and virtual object information and allowing 
for central monitoring and alarms. 

e. Utilize real-time clock for scheduling. 
f. Continuously check processor status and memory circuits for abnormal operation. 
g. Controller to assume predetermined failure mode and generate alarm notification 

upon detection of abnormal operation. 
h. Communication with other network devices to be based on assigned protocol. 

2. Communication: 
a. Controller to reside on a BACnet network using ISO 8802-3 (ETHERNET) Data 

Link/Physical layer protocol. 
b. Perform routing when connected to a network of custom application and application 

specific controllers. 
c. Provide required communication to District-wide BAS. 

3. Anticipated Environmental Ambient Conditions: 
a. Outdoors and/or in WetAmbient Conditions: 

1) Mount within waterproof enclosures. 
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2) Rated for operation at 40 to 150 degrees F. 
b. Conditioned Space: 

1) Mount within dustproof enclosures. 
2) Rated for operation at 32 to 120 degrees F. 

4. Provisions for Serviceability: 
a. Diagnostic LEDs for power, communication, and processor. 
b. Make all wiring connections to field removable, modular terminal strips, or to a 

termination card connected by a ribbon cable. 
5. Memory: In the event of a power loss, maintain all BIOS and programming information for 

a minimum of 72 hours. 
6. Power and Noise Immunity: 

a. Maintain operation at 90 to 110 percent of nominal voltage rating. 
b. Perform orderly shutdown below 80 percent of nominal voltage. 
c. Operation protected against electrical noise of 5 to 120 Hz and from keyed radios up 

to 5 W. at 3 feet. 

B. INPUT/OUTPUT INTERFACE 
1. Hardwired inputs and outputs tie into the DDC system through building, custom 

application, or application specific controllers. 
2. All Input/Output Points: 

a. Protect controller from damage resulting from any point short-circuiting or grounding 
and from voltage up to 24 volts of any duration. 

b. Provide universal type for building and custom application controllers where input or 
output is software designated as either binary or analog type with appropriate 
properties. 

3. Binary Inputs: 
a. Allow monitoring of On/Off signals from remote devices. 
b. Provide wetting current of 12 mA minimum, compatible with commonly available 

control devices and protected against the effects of contact bounce and noise. 
c. Sense dry contact closure with power provided only by the controller. 

4. Pulse Accumulation Input Objects: Conform to all requirements of binary input objects and 
accept up to 10 pulses per second. 

5. Analog Inputs: 
a. Allow for monitoring of low voltage 0 to 10 VDC, 4 to 20 mA current, or resistance 

signals (thermistor, RTD). 
b. Compatible with and field configurable to commonly available sensing devices. 

6. Binary Outputs: 
a. Used for On/Off operation or a pulsed low-voltage signal for pulse width modulation 

control. 
b. Outputs provided with three position (On/Off/Auto) override switches. 
c. Status lights for building and custom application controllers to be selectable for 

normally open or normally closed operation. 
7. Analog Outputs: 

a. Monitoring signal provides a 0 to 10 VDC or a 4 to 20 mA output signal for end device 
control. 

b. Provide status lights and two position (AUTO/MANUAL) switch for building and 
custom application controllers with manually adjustable potentiometer for manual 
override on building and custom application controllers. 

c. Drift to not exceed 0.4 percent of range per year. 
8. Tri State Outputs: 

a. Coordinate two binary outputs to control three point, floating type, electronic actuators 
without feedback. 
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b. Limit the use of three point, floating devices to the following zone and terminal unit 
control applications: 

c. Control algorithms run the zone actuator to one end of its stroke once every 24 hours 
for verification of operator tracking. 

9. System Object Capacity: 
a. System size to be expandable to twice the number of input output objects required by 

providing additional controllers, including associated devices and wiring. 
b. Hardware additions or software revisions for the installed operator interfaces are not 

to be required for future, system expansions. 

2.3 POWER SUPPLIES AND LINE FILTERING 

A. Power Supplies: 
1. Provide UL listed control transformers with Class 2 current limiting type or over-current 

protection in both primary and secondary circuits for Class 2 service as required by the 
NEC. 

2. Limit connected loads to 80 percent of rated capacity. 
3. Match DC power supply to current output and voltage requirements. 
4. Unit to be full wave rectifier type with output ripple of 5.0 mV maximum peak to peak. 
5. Regulation to be 1 percent combined line and load with 100 microsecond response time 

for 50 percent load changes. 
6. Provide over-voltage and over-current protection to withstand a 150 percent current 

overload for 3 seconds minimum without trip-out or failure. 
7. Operational Ambient Conditions: 32 to 120 degrees F. 
8. EM/RF meets FCC Class B and VDE 0871 for Class B and MIL-STD 810 for shock and 

vibration. 
9. Line voltage units UL recognized and CSA approved. 

B. Power Line Filtering: 
1. Provide external or internal transient voltage and surge suppression component for all 

workstations and controllers. 
2. Minimum surge protection attributes: 

a. Dielectric strength of 1000 volts minimum. 
b. Response time of 10 nanoseconds or less. 
c. Transverse mode noise attenuation of 65 dB or greater. 
d. Common mode noise attenuation of 150 dB or greater at 40 to 100 Hz. 

2.4 OPERATOR INTERFACE - DISTRICT WIDE 

A. Work Station: 
1. Utilize existing workstations within the District for full access to the system. 

B. System Support: Full LAN interface units (desktop, laptop, tablet, etc.) connected to multi-user, 
multi-tasking environment with concurrent capability to: 
1. Access DDC network. 
2. Access or control same control unit. 
3. Access or modify same control unit data base. 
4. Archive data, alarms, and network actions to hard disk regardless of what application 

programs are being currently executed. 
5. Develop and edit data base. 
6. Implement and tune DDC control. 
7. Develop graphics. 
8. Control facility. 
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2.5 CONTROL UNITS 

A. Units: Modular in design and consisting of processor board with programmable RAM memory, 
local operator access and display panel, and integral interface equipment. 

B. Battery Backup: For minimum of 48 hours for complete system including RAM without 
interruption, with automatic battery charger. 

C. Control Units Functions: 
1. Monitor or control each input/output point. 
2. Completely independent with hardware clock/calendar and software to maintain control 

independently. 
3. Acquire, process, and transfer information to operator station or other control units on 

network. 
4. Accept, process, and execute commands from other control unit's or devices or operator 

stations. 
5. Access both data base and control functions simultaneously. 
6. Record, evaluate, and report changes of state or value that occur among associated 

points. Continue to perform associated control functions regardless of status of network. 
7. Perform in stand-alone mode: 

a. Start/stop. 
b. Duty cycling. 
c. Automatic Temperature Control. 
d. Demand control via a sliding window, predictive algorithm. 
e. Event initiated control. 
f. Calculated point. 
g. Scanning and alarm processing. 
h. Full direct digital control. 
i. Trend logging. 
j. Global communications. 
k. Maintenance scheduling. 

D. Global Communications: 
1. Broadcast point data onto network, making that information available to all other system 

control units. 
2. Transmit any or all input/output points onto network for use by other control units and 

utilize data from other control units. 

E. Input/Output Capability: 
1. Discrete/digital input (contact status). 
2. Discrete/digital output. 
3. Analog input. 
4. Analog output. 
5. Pulse input (5 pulses/second). 
6. Pulse output (0-655 seconds in duration with 0.01 second resolution). 

F. Monitor, control, or address data points. Mix shall include analog inputs, analog outputs, pulse 
inputs, pulse outputs and discrete inputs/outputs, as required. Install control units with 
minimum 30 percent spare capacity. 

G. Point Scanning: Set scan or execution speed of each point to operator selected time from 1 to 
250 seconds. 

H. Upload/Download Capability: Download from or upload to operator station. Upload/Download 
time for entire control unit database maximum 10 seconds on hard wired LAN, or 60 seconds 
over voice grade phone lines. 
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I. Test Mode Operation: Place input/output points in test mode to allow testing and developing of 
control algorithms on line without disrupting field hardware and controlled environment. In test 
mode: 
1. Inhibit scanning and calculation of input points. Issue manual control to input points (set 

analog or digital input point to operator determined test value) from work station. 
2. Control output points but change only data base state or value; leave external field 

hardware unchanged. 
3. Enable control actions on output points but change only data base state or value. 

J. Local display and adjustment panel: Portable control unit, containing digital display, and 
numerical keyboard. Display and adjust: 
1. Input/output point information and status. 
2. Controller set points. 
3. Controller tuning constants. 
4. Program execution times. 
5. High and low limit values. 
6. Limit differential. 
7. Set/display date and time. 
8. Control outputs connected to the network. 
9. Automatic control outputs. 
10. Perform control unit diagnostic testing. 
11. Points in "Test" mode. 

2.6 LOCAL AREA NETWORK (LAN) 

A. Provide communication between control units over local area network (LAN). 

B. LAN Capacity: Not less than 100 stations or nodes. 

C. Break in Communication Path: Alarm and automatically initiate LAN reconfiguration. 

D. LAN Data Speed:  Minimum 19.2 Kb. 

E. Communication Techniques: Allow interface into network by multiple operation stations and by 
auto-answer/auto-dial modems. Support communication over telephone lines utilizing modems. 

F. Transmission Median: Fiber optic or single pair of solid 24 gauge twisted, shielded copper 
cable. 

G. Network Support: Time for global point to be received by any station, shall be less than 3 
seconds. Provide automatic reconfiguration if any station is added or lost. If transmission cable 
is cut, reconfigure two sections with no disruption to system's operation, without operator 
intervention. 

2.7 SYSTEM SOFTWARE 

A. Operating System: 
1. Concurrent, multi-tasking capability. 

a. Common Software Applications Supported: Microsoft Excel. 
2. System Graphics: 

a. Allow up to 10 graphic screens, simultaneously displayed for comparison and 
monitoring of system status. 

b. Animation displayed by shifting image files based on object status. 
c. Provide method for operator with password to perform the following: 

1) Move between, change size, and change location of graphic displays. 
2) Modify on-line. 
3) Add, delete, or change dynamic objects consisting of: 

(a) Analog and binary values. 
(b) Dynamic text. 
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(c) Static text. 
(d) Animation files. 

3. Custom Graphics Generation Package: 
a. Create, modify, and save graphic files and visio format graphics in PCX formats. 
b. HTML graphics to support web browser compatible formats. 
c. Capture or convert graphics from AutoCAD. 

4. Standard HVAC Graphics Library: 
a. HVAC Equipment: 

1) Heat Pumps 
2) Energy Recovery Units 
3) Air Handlers 

b. Ancillary Equipment: 
1) Fans. 
2) Pumps. 
3) Coils. 
4) Valves. 
5) Piping. 
6) Dampers. 
7) Ductwork. 

B. Workstation System Applications: 
1. Automatic System Database Save and Restore Functions: 

a. Current database copy of each Building Controller is automatically stored on hard 
disk. 

b. Automatic update occurs upon change in any system panel. 
c. In the event of database loss in any system panel, the first workstation to detect the 

loss automatically restores the database for that panel unless disabled by the 
operator. 

2. Manual System Database Save and Restore Functions by Operator with Password 
Clearance: 
a. Save database from any system panel. 
b. Clear a panel database. 
c. Initiate a download of a specified database to any system panel. 

3. Software provided allows system configuration and future changes or additions by 
operators under proper password protection. 

4. On-line Help: 
a. Context-sensitive system assists operator in operation and editing. 
b. Available for all applications. 
c. Relevant screen data provided for particular screen display. 
d. Additional help available via hypertext. 

5. Security: 
a. Operator log-on requires user name and password to view, edit, add, or delete data. 
b. System security selectable for each operator. 
c. System supervisor sets passwords and security levels for all other operators. 
d. Operator passwords to restrict functions accessible to viewing and/or changing 

system applications, editor, and object. 
e. Automatic, operator log-off results from keyboard or mouse inactivity during 

user-adjustable, time period. 
f. All system security data stored in encrypted format. 

6. System Diagnostics: 
a. Operations Automatically Monitored: 

1) Workstations. 
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2) Printers. 
3) Modems. 
4) Network connections. 
5) Building management panels. 
6) Controllers. 

b. Device failure is annunciated to the operator. 
7. Alarm Processing: 

a. All system objects are configurable to "alarm in" and "alarm out" of normal state. 
b. Configurable Objects: 

1) Alarm limits. 
2) Alarm limit differentials. 
3) States. 
4) Reactions for each object. 

8. Alarm Messages: 
a. Descriptor: English language. 
b. Recognizable Features: 

1) Source. 
2) Location. 
3) Nature. 

9. Configurable Alarm Reactions by Workstation and Time of Day: 
a. Logging. 
b. Printing. 
c. Starting programs. 
d. Displaying messages. 
e. Dialing out to remote locations. 
f. Paging. 
g. Providing audible annunciation. 
h. Displaying specific system graphics. 

10. Custom Trend Logs: 
a. Definable for any data object in the system including interval, start time, and stop 

time. 
b. Trend Data: 

1) Sampled and stored on the building controller panel. 
2) Archivable on hard disk. 
3) Retrievable for use in reports, spreadsheets and standard database programs. 
4) Archival on LAN accessible storage media including hard disk, tape, Raid array 

drive, and virtual cloud environment. 
5) Protected and encrypted format to prevent manipulation, or editing of historical 

data and event logs. 
11. Alarm and Event Log: 

a. View all system alarms and change of states from any system location. 
b. Events listed chronologically. 
c. Operator with proper security acknowledges and clears alarms. 
d. Alarms not cleared by operator are archived to the workstation hard disk. 

12. Object, Property Status and Control: 
a. Provide a method to view, edit if applicable, the status of any object and property in 

the system. 
b. Status Available by the Following Methods: 

1) Menu. 
2) Graphics. 
3) Custom Programs. 
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13. Reports and Logs: 
a. Reporting Package: 

1) Allows operator to select, modify, or create reports. 
2) Definable as to data content, format, interval, and date. 
3) Archivable to hard disk. 

b. Real-time logs available by type or status such as alarm, lockout, normal, etc. 
c. Stored on hard disk and readily accessible by standard software applications, 

including spreadsheets and word processing. 
d. Set to be printed on operator command or specific time(s). 

14. Reports: 
a. Standard: 

1) Objects with current values. 
2) Current alarms not locked out. 
3) Disabled and overridden objects, points and SNVTs. 
4) Objects in manual or automatic alarm lockout. 
5) Objects in alarm lockout currently in alarm. 
6) Logs: 

(a) Alarm History. 
(b) System messages. 
(c) System events. 
(d) Trends. 

b. Custom: 
1) Daily. 
2) Weekly. 
3) Monthly. 
4) Annual. 
5) Time and date stamped. 
6) Title. 
7) Facility name. 

c. Tenant Override: 
1) Monthly report showing total, requested, after-hours HVAC and lighting services 

on a daily basis for each tenant. 
2) Annual report showing override usage on a monthly basis. 

d. Electrical, Fuel, and Weather: 
1) Electrical Meter(s): 

(a) Monthly showing daily electrical consumption and peak electrical demand 
with time and date stamp for each meter. 

(b) Annual summary showing monthly electrical consumption and peak demand 
with time and date stamp for each meter. 

2) Fuel Meter(s): 
(a) Monthly showing daily natural gas consumption for each meter. 
(b) Annual summary showing monthly consumption for each meter. 

3) Weather: 
(a) Monthly showing minimum, maximum, average outdoor air temperature and 

heating/cooling degree-days for the month. 

C. Workstation Applications Editors: 
1. Provide editing software for all system applications at the PC workstation. 
2. Downloaded application is executed at controller panel. 
3. Full screen editor for each application allows operator to view and change: 

a. Configuration. 
b. Name. 
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c. Control parameters. 
d. Set-points. 

4. Scheduling: 
a. Monthly calendar indicates schedules, holidays, and exceptions. 
b. Allows several related objects to be scheduled and copied to other objects or dates. 
c. Start and stop times adjustable from master schedule. 

5. Custom Application Programming: 
a. Create, modify, debug, edit, compile, and download custom application programming 

during operation and without disruption of all other system applications. 
b. Programming Features: 

1) English oriented language, based on BASIC, FORTRAN, C, or PASCAL syntax 
allowing for free form programming. 

2) Alternative language graphically based using appropriate function blocks suitable 
for all required functions and amenable to customizing or compounding. 

3) Insert, add, modify, and delete custom programming code that incorporates word 
processing features such as cut/paste and find/replace. 

4) Allows the development of independently, executing, program modules designed 
to enable and disable other modules. 

5) Debugging/simulation capability that displays intermediate values and/or results 
including syntax/execution error messages. 

6) Support for conditional statements (IF/THEN/ELSE/ELSE-F) using compound 
Boolean (AND, OR, and NOT) and/or relations (EQUAL, LESS THAN, 
GREATER THAN, NOT EQUAL) comparisons. 

7) Support for floating-point arithmetic utilizing plus, minus, divide, times, square 
root operators; including absolute value; minimum/maximum value from a list of 
values for mathematical functions. 

8) Language consisting of resettable, predefined, variables representing time of 
day, day of the week, month of the year, date; and elapsed time in seconds, 
minutes, hours, and days where the variable values cab be used in IF/THEN 
comparisons, calculations, programming statement logic, etc. 

9) Language having predefined variables representing status and results of the 
system software enables, disables, and changes the set points of the controller 
software. 

2.8 CONTROLLER SOFTWARE 

A. All applications reside and operate in the system controllers and editing of all applications 
occurs at the operator workstation. 

B. System Security: 
1. User access secured via user passwords and user names. 
2. Passwords restrict user to the objects, applications, and system functions as assigned by 

the system manager. 
3. User Log On/Log Off attempts are recorded. 
4. Automatic Log Off occurs following the last keystroke after a user defined delay time. 

C. Object or Object Group Scheduling: 
1. Weekly Schedules Based on Separate, Daily Schedules: 

a. Include start, stop, optimal stop, and night economizer. 
b. 10 events maximum per schedule. 
c. Start/stop times adjustable for each group object. 

D. Provide standard application for equipment coordination and grouping based on function and 
location to be used for scheduling and other applications. 

E. Alarms: 
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1. Binary object is set to alarm based on the operator specified state. 
2. Analog object to have high/low alarm limits. 
3. All alarming is capable of being automatically and manually disabled. 
4. Alarm Reporting: 

a. Operator determines action to be taken for alarm event. 
b. Alarms to be routed to appropriate workstation. 
c. Reporting Options: 

F. Maintenance Management: System monitors equipment status and generates maintenance 
messages based upon user-designated run-time limits. 

G. Sequencing: Application software based upon specified sequences of operation in Section 23 
09 93. 

H. PID Control Characteristics: 
1. Direct or reverse action. 
2. Anti-windup. 
3. Calculated, time-varying, analog value, positions an output or stages a series of outputs. 
4. User selectable controlled variable, set-point, and PED gains. 

I. Staggered Start Application: 
1. Prevents all controlled equipment from simultaneously restarting after power outage. 
2. Order of equipment startup is user selectable. 

J. Energy Calculations: 
1. Accumulated instantaneous power or flow rates are converted to energy use data. 
2. Algorithm calculates a rolling average and allows window of time to be user specified in 

minute intervals. 
3. Algorithm calculates a fixed window average with a digital input signal from a utility meter 

defining the start of the window period that in turn synchronizes the fixed-window average 
with that used by the power company. 

K. Anti-Short Cycling: 
1. All binary output objects protected from short-cycling. 
2. Allows minimum on-time and off-time to be selected. 

L. On-Off Control with Differential: 
1. Algorithm allows binary output to be cycled based on a controlled variable and set-point. 
2. Algorithm to be direct-acting or reverse-acting incorporating an adjustable differential. 

M. Run-Time Totalization: 
1. Totalize run-times for all binary input objects. 
2. Provides operator with capability to assign high run-time alarm. 

2.9 OPERATING SYSTEM SOFTWARE 

A. Input/Output Capability From Operator Station: 
1. Request display of current values or status in tabular or graphic format. 
2. Command selected equipment to specified state. 
3. Initiate logs and reports. 
4. Change analog limits. 
5. Add, delete, or change points within each control unit or application routine. 
6. Change point input/output descriptors, status, alarm descriptors, and engineering unit 

descriptors. 
7. Add new control units to system. 
8. Modify and set up maintenance scheduling parameters. 
9. Develop, modify, delete or display full range of color graphic displays. 
10. Automatically archive select data even when running third party software. 
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11. Provide capability to sort and extract data from archived files and to generate custom 
reports. 

12. Support two printer operations. 
a. Alarm printer: Print alarms, operator acknowledgements, action messages, system 

alarms, operator sign-on and sign-off. 
b. Data printer: Print reports, page prints, and data base prints. 

13. Select daily, weekly or monthly as scheduled frequency to synchronize time and date in 
digital control units. Accommodate daylight savings time adjustments. 

14. Print selected control unit data base. 

B. Operator System Access: Via software password with minimum 30 access levels at work 
station and minimum 3 access levels at each control unit. 

C. Data Base Creation and Support: Changes shall utilize standard procedures. Control unit shall 
automatically check work station data base files upon connection and verify data base match. 
Minimum capability shall include: 
1. Add and delete points. 
2. Modify any point parameter. 
3. Change, add, or delete English language descriptors. 
4. Add, modify, or delete alarm limits. 
5. Add, modify, or delete points in start/stop programs, trend logs, etc. 
6. Create custom relationship between points. 
7. Create or modify DDC loops and parameters. 
8. Create or modify override parameters. 
9. Add, modify, and delete any applications program. 
10. Add, delete, develop, or modify dynamic color graphic displays. 

D. Dynamic Color Graphic Displays: 
1. Utilizes custom symbols or system supported library of symbols. 
2. Sixteen (16) colors. 
3. Sixty (60) outputs of real time, live dynamic data per graphic. 
4. Dynamic graphic data. 
5. 1,000 separate graphic pages. 
6. Modify graphic screen refresh rate between 1 and 60 seconds. 

E. Operator Station: 
1. Accept data from LAN as needed without scanning entire network for updated point data. 
2. Interrogate LAN for updated point data when requested. 
3. Allow operator command of devices. 
4. Allow operator to place specific control units in or out of service. 
5. Allow parameter editing of control units. 
6. Store duplicate data base for every control unit and allow down loading while system is on 

line. 
7. Control or modify specific programs. 
8. Develop, store and modify dynamic color graphics. 
9. Provide data archiving of assigned points and support overlay graphing of this data utilizing 

up to four (4) variables. 

F. Alarm Processing: 
1. Off normal condition: Cause alarm and appropriate message, including time, system, 

point descriptor, and alarm condition. Select alarm state/value and which alarms shall 
cause automatic dial-out. 

2. Critical alarm or change-of-state: Display message, stored on disk for review and sort, or 
print. 
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3. Print on line changeable message, up to 100 characters in length, for each alarm point 
specified. 

4. Display alarm reports on video. Display multiple alarms in order of occurrence. 
5. Define time delay for equipment start-up or shutdown. 
6. Allow unique routing of specific alarms. 
7. Operator specifies if alarm requires acknowledgement. 
8. Continue to indicate unacknowledged alarms after return to normal. 
9. Alarm notification: 

a. Automatic print. 
b. Display indicating alarm condition. 
c. Selectable audible alarm indication. 

G. Event Processing: Automatically initiate commands, user defined messages, take specific 
control actions or change control strategy and application programs resulting from event 
condition. Event condition may be value crossing operator defined limit, change-of-state, 
specified state, or alarm occurrence or return to normal. 

H. Automatic Restart: Automatically restart field equipment on restoration of power. Provide time 
delay between individual equipment restart and time of day start/stop. 

I. Messages: 
1. Automatically display or print user-defined message subsequent to occurrence of selected 

events. 
2. Compose, change, or delete any message. 
3. Display or log any message at any time. 
4. Assign any message to any event. 

J. Reports: 
1. Manually requested with time and date. 
2. Long term data archiving to hard disk. 
3. Automatic directives to download to transportable media such as floppy diskettes for 

storage. 
4. Data selection methods to include data base search and manipulation. 
5. Data extraction with mathematic almanipulation. 
6. Data reports shall allow development of XY curve plotting, tabular reports (both statistical 

and summary), and multi-point timed based plots with not less than four (4) variables 
displayed. 

7. Generating reports either normally at operator direction, or automatically under work 
station direction. 

8. Reports may either manually displayed or printed, or may be printed automatically on daily, 
weekly, monthly, yearly or scheduled basis. 

9. Include capability for statistical data manipulation and extraction. 
10. Provide capability to generate four types of reports: Statistical detail reports, summary 

reports, trend graphic plots, x-y graphic plots. 

K. Parameter Save/Restore: Store most current operating system, parameter changes, and 
modifications on disk or diskette. 

L. Data Collection: 
1. Automatically collect and store in disk files. 
2. Daily electrical energy consumption, peak demand, and time of peak demand for up to 

electrical meters over 2 year period. 
3. Daily consumption for up to 30 meters over a 2 year period. 
4. Daily billable electrical energy consumption and time for up to 1024 zones over a 10 year 

period. 
5. Provide archiving of stored data for use with system supplied custom reports. 
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M. Graphic Display: Support graphic development on work station with software features: 
1. Page linking. 
2. Generate, store, and retrieve library symbols. 
3. Single or double height characters. 
4. Sixty (60) dynamic points of data per graphic page. 
5. Pixel level resolution. 
6. Animated graphics for discrete points. 
7. Analog bar graphs. 
8. Display real time value of each input or output line diagram fashion. 

N. Maintenance Management: 
1. Run time monitoring, per point. 
2. Maintenance scheduling targets with automatic annunciation, scheduling and shutdown. 
3. Equipment safety targets. 
4. Display of maintenance material and estimated labor. 
5. Target point reset, per point. 

O. Advisories: 
1. Summary which contains status of points in locked out condition. 
2. Continuous operational or not operational report of interrogation of system hardware and 

programmable control units for failure. 
3. Report of power failure detection, time and date. 
4. Report of communication failure with operator device, field interface unit, point, 

programmable control unit. 

2.10 LOAD CONTROL PROGRAMS 

A. General: Support inch-pounds and SI (metric) units of measurement. 

B. Demand Limiting: 
1. Monitor total power consumption per power meter and shed associated loads 

automatically to reduce power consumption to an operator set maximum demand level. 
2. Input: Pulse count from incoming power meter connected to pulse accumulator in control 

unit. 
3. Forecast demand (kW): Predicted by sliding window method. 
4. Automatically shed loads throughout the demand interval selecting loads with 

independently adjustable on and off time of between one and 255 minutes. 
5. Demand Target: Minimum of 3 per demand meter; change targets based upon (1) time, 

(2) status of pre-selected points, or (3) temperature. 
6. Load: Assign load shed priority, minimum "ON" time and maximum "OFF" time. 
7. Limits: Include control band (upper and lower limits). 
8. Output advisory if loads are not available to satisfy required shed amount, advise shed 

requirements and requiring operator acknowledgement. 

C. Duty Cycling: 
1. Periodically stop and start loads, based on space temperature, and according to various 

On/Off patterns. 
2. Modify off portion of cycle based on operator specified comfort parameters. Maintain total 

cycle time by increasing on portion of cycle by same amount that off portion is reduced. 
3. Set and modify following parameters for each individual load. 

a. Minimum and maximum Off time. 
b. On/Off time in one minute increments. 
c. Time period from beginning of interval until load can be cycled. 
d. Manually override the DCC program and place a load in an On or Off state. 
e. Cooling Target Temperature and Differential. 
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f. Heating Target Temperature and Differential. 
g. Cycle off adjustment. 

D. Automatic Time Scheduling: 
1. Self-contained programs for automatic start/stop/scheduling of building loads. 
2. Support up to seven (7) normal day schedules, seven (7) "special day" schedules and two 

(2) temporary day schedules. 
3. Special days schedule shall support up to 30 unique date/duration combinations. 
4. Any number of loads assigned to any time program; each load can have individual time 

program. 
5. Each load assigned at least 16 control actions per day with 1 minute resolution. 
6. Time schedule operations may be: 

a. Start. 
b. Optimized Start. 
c. Stop. 
d. Optimized Stop. 
e. Cycle. 
f. Optimized Cycle. 

7. Minimum of 30 holiday periods up to 100 days in length may be specified for the year. 
8. Create temporary schedules. 
9. Broadcast temporary "special day" date and duration. 

E. Start/Stop Time Optimization: 
1. Perform optimized start/stop as function of outside conditions, inside conditions, or both. 
2. Adaptive and self-tuning, adjusting to changing conditions unattended. 
3. For each point under control, establish and modify: 

a. Occupancy period. 
b. Desired temperature at beginning of occupancy period. 
c. Desired temperature at end of occupancy period. 

F. Night Setback/Setup Program: Reduce heating space temperature setpoint or raise cooling 
space temperature setpoint during unoccupied hours; in conjunction with scheduled start/stop 
and optimum start/stop programs. 

G. Calculated Points: Define calculations and totalization computed from monitored points 
(analog/digital points), constants, or other calculated points. 
1. Employ arithmetic, algebraic, Boolean, and special function operations. 
2. Treat calculated values like any other analog value, use for any function that a "hard wired 

point" might be used. 

H. Event Initiated Programming: Event may be initiated by any data point, causing series of 
controls in a sequence. 
1. Define time interval between each control action between 0 to 3600 seconds. 
2. Output may be analog value. 
3. Provide for "skip" logic. 
4. Verify completion of one action before proceeding to next. If not verified, program shall be 

able to skip to next action. 

I. Direct Digital Control: Each control unit shall provide Direct Digital Control software so that the 
operator may customize control strategies and sequences of operation by defining the 
appropriate control loop algorithms and choosing the optimum loop parameters. 
1. Control loops: Defined using "modules" that are analogous to standard control devices. 
2. Output: Paired or individual digital outputs for pulse-width modulation, and analog outputs, 

as required. 
3. Firmware: 

a. PID with analog or pulse-width modulation output. 
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b. Floating control with pulse-width modulated outputs. 
c. Two-position control. 
d. Primary and secondary reset schedule selector. 
e. Hi/Lo signal selector. 
f. Single pole double throw relay. 
g. Single pole double throw time delay relay with delay before break, delay before make 

and interval time capabilities. 
4. Direct Digital Control loops: Downloaded upon creation or on operator request. On sensor 

failure, program shall execute user defined failsafe output. 
5. Display: Value or state of each of the lines which interconnect DDC modules. 

J. Fine Tuning Direct Digital Control PID or floating loops: 
1. Display information: 

a. Control loop being tuned 
b. Input (process) variable 
c. Output (control) variable 
d. Setpoint of loop 
e. Proportional band 
f. Integral (reset) Interval 
g. Derivative (rate) Interval 

2. Display format: Graphic, with automatic scaling; with input and output variable 
superimposed on graph of "time" vs"variable". 

K. Trend logging: 
1. Each control unit will store samples of control unit's data points. 
2. Update file continuously at discretely assignable intervals. 
3. Automatically initiate upload request and then store data on hard disk. 
4. Time synchronize sampling at operator specified times and intervals with sample 

resolution of one minute. 
5. Co-ordinate sampling with on/off state of specified point. 
6. Display trend samples on work station in graphic format. Automatically scale trend graph 

with minimum 60 samples of data in plot of time vs data. 

2.11 HVAC CONTROL PROGRAMS 

A. General: 
1. Support Inch-pounds and SI (metric) units of measurement. 
2. Identify each HVAC Control system. 

B. Optimal Run Time: 
1. Control start-up and shutdown times of HVAC equipment for both heating and cooling. 
2. Base on occupancy schedules, outside air temperature, seasonal requirements, and 

interior room mass temperature. 
3. Start-up systems by using outside air temperature, room mass temperatures, and adaptive 

model prediction for how long building takes to warm up or cool down under different 
conditions. 

4. Use outside air temperature to determine early shut down with ventilation override. 
5. Analyze multiple building mass sensors to determine seasonal mode and worse case 

condition for each day. 
6. Operator commands: 

a. Define term schedule 
b. Add/delete fan status point. 
c. Add/delete outside air temperature point. 
d. Add/delete mass temperature point. 
e. Define heating/cooling parameters. 
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f. Define mass sensor heating/cooling parameters. 
g. Lock/unlock program. 
h. Request optimal run time control summary. 
i. Request optimal run time mass temperature summary. 
j. Request HVAC point summary. 
k. Request HVAC saving profile summary. 

7. Control Summary: 
a. HVAC Control system begin/end status. 
b. Optimal run time lock/unlock control status. 
c. Heating/cooling mode status. 
d. Optimal run time schedule. 
e. Start/Stop times. 
f. Selected mass temperature point ID. 
g. Optimal run time system normal start times. 
h. Occupancy and vacancy times. 
i. Optimal run time system heating/cooling mode parameters. 

8. Mass temperature summary: 
a. Mass temperature point type and ID. 
b. Desired and current mass temperature values. 
c. Calculated warm-up/cool-down time for each mass temperature. 
d. Heating/cooling season limits. 
e. Break point temperature for cooling mode analysis. 

9. HVAC point summary: 
a. Control system identifier and status. 
b. Point ID and status. 
c. Outside air temperature point ID and status. 
d. Mass temperature point ID and point. 
e. Calculated optimal start and stop times. 
f. Period start. 

C. Supply Air Reset: 
1. Monitor heating and cooling loads in building spaces, terminal reheat systems, both hot 

deck and cold deck temperatures on dual duct and multizone systems, single zone unit 
discharge temperatures. 

2. Adjust discharge temperatures to most energy efficient levels satisfying measured load by: 
a. Raising cooling temperatures to highest possible value. 
b. Reducing heating temperatures to lowest possible level. 

3. Operator commands: 
a. Add/delete fan status point. 
b. Lock/unlock program. 
c. Request HVAC point summary. 
d. Add/Delete discharge controller point. 
e. Define discharge controller parameters. 
f. Add/delete air flow rate. 
g. Define space load and load parameters. 
h. Request space load summary. 

4. Control summary: 
a. HVAC control system status (begin/end). 
b. Supply air reset system status. 
c. Optimal run time system status. 
d. Heating and cooling loop. 
e. High/low limits. 
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f. Deadband. 
g. Response timer. 
h. Reset times. 

5. Space load summary: 
a. HVAC system status. 
b. Optimal run time status. 
c. Heating/cooling loop status. 
d. Space load point ID. 
e. Current space load point value. 
f. Control heat/cool limited. 
g. Gain factor. 
h. Calculated reset values. 
i. Fan status point ID and status. 
j. Control discharge temperature point ID and status. 
k. Space load point ID and status. 
l. Air flow rate point ID and status. 

D. Enthalpy Switchover: 
1. Calculate outside and return air enthalpy using measured temperature and relative 

humidity; determine energy expended and control outside and return air dampers. 
2. Operator commands: 

a. Add/delete fan status point. 
b. Add/delete outside air temperature point. 
c. Add/delete discharge controller point. 
d. Define discharge controller parameters. 
e. Add/delete return air temperature point. 
f. Add/delete outside air dew point/humidity point. 
g. Add/delete return air dew point/humidity point. 
h. Add/delete damper switch. 
i. Add/delete minimum outside air. 
j. Add/delete atmospheric pressure. 
k. Add/delete heating override switch. 
l. Add/delete evaporative cooling switch. 
m. Add/delete air flow rate. 
n. Define enthalpy deadband. 
o. Lock/unlock program. 
p. Request control summary. 
q. Request HVAC point summary. 

3. Control summary: 
a. HVAC control system begin/end status. 
b. Enthalpy switchover optimal system status. 
c. Optimal return time system status. 
d. Current outside air enthalpy. 
e. Calculated mixed air enthalpy. 
f. Calculated cooling cool enthalpy using outside air. 
g. Calculated cooling cool enthalpy using mixed air. 
h. Calculated enthalpy difference. 
i. Enthalpy switch over deadband. 
j. Status of damper mode switch. 

2.12 PROGRAMMING APPLICATIONFEATURES 

A. Trend Point: 
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1. Sample up to 150 points, real or computed, with each point capable of collecting 100 
samples at intervals specified in minutes, hours, days, or month. 

2. Output trend logs as line graphs or bar graphs. Output graphic on terminal, with each 
point for line and bar graphs designated with a unique pattern, vertical scale either actual 
values or percent of range, and horizontal scale time base. Print trend logs up to 12 
columns of one point/column. 

B. Alarm Messages: 
1. Allow definition of minimum of 100 messages, each having minimum length of 100 

characters for each individual message. 
2. Assign alarm messages to system messages including point's alarm condition, point's 

off-normal condition, totalized point's warning limit, hardware elements advisories. 
3. Output assigned alarm with "message requiring acknowledgement". 
4. Operator commands include define, modify, or delete; output summary listing current 

alarms and assignments; output summary defining assigned points. 

C. Weekly Scheduling: 
1. Automatically initiate equipment or system commands, based on preselected time 

schedule for points specified. 
2. Provide program times for each day of week, per point, with one minute resolution. 
3. Automatically generate alarm output for points not responding to command. 
4. Provide for holidays, minimum of 366 consecutive holidays. 
5. Operator commands: 

a. System logs and summaries. 
b. Start of stop point. 
c. Lock or unlock control or alarm input. 
d. Add, delete, or modify analog limits and differentials. 
e. Adjust point operation position. 
f. Change point operational mode. 
g. Open or close point. 
h. Enable/disable, lock/unlock, or execute interlock sequence or computation profile. 
i. Begin or end point totalization. 
j. Modify totalization values and limits. 
k. Access or secure point. 
l. Begin or end HVAC or load control system. 
m. Modify load parameter. 
n. Modify demand limiting and duty cycle targets. 

6. Output summary: Listing of programmed function points, associated program times, and 
respective day of week programmed points by software groups or time of day. 

D. Interlocking: 
1. Permit events to occur, based on changing condition of one or more associated master 

points. 
2. Binary contact, high/low limit of analog point or computed point shall be capable of being 

utilized as master. Same master may monitor or command multiple slaves. 
3. Operator commands: 

a. Define single master/multiple master interlock process. 
b. Define logic interlock process. 
c. Lock/unlock program. 
d. Enable/disable interlock process. 
e. Execute terminate interlock process. 
f. Request interlock type summary. 
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PART 3 EXECUTION 

3.1 EXAMINATION 

A. Verify existing conditions before starting work. 

B. Verify that conditioned power supply is available to the control units and to the operator work 
station. Verify that field end devices, wiring, and pneumatic tubing is installed prior to 
installation proceeding. 

3.2 INSTALLATION 

A. Install control units and other hardware in position on permanent walls where not subject to 
excessive vibration. 

B. Install software in control units and in operator work station. Implement all features of programs 
to specified requirements and appropriate to sequence of operation. Refer to Section 23 09 93. 

C. Provide with 120v AC, 15 amp dedicated emergency power circuit to each programmable 
control unit. 

D. 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. 

E. Ensure that all components necessary to execute the sequences of operation are coordinated 
and installed by all contractors. 

F. Contractor shall demolish and remove all existing control components, including but not limited 
to thermostats, pneumatic tabing, compressors, panels, and devices unless otherwise noted on 
the drawings. Demolition shall be coordinated on phased projects to maintain the existing 
system where needed until complete charge-over has been accomplished. 

3.3 MANUFACTURER'S FIELD SERVICES 

A. Start and commission systems. Allow sufficient time for start-up and commissioning prior to 
placing control systems in permanent operation. 

B. Provide service engineer to instruct Owner's representative in operation of systems plant and 
equipment for 2 day period. 

C. Provide basic operator training for 4 persons on data display, alarm and status descriptors, 
requesting data, execution of commands and request of logs. Include a minimum of 8 hours 
dedicated instructor time. Provide training on site. 

D. See sections 01 91 00, 01 91 10, 23 08 00, and 23 08 10 for additional requirements. 

3.4 DEMONSTRATION AND INSTRUCTIONS 

A. Demonstrate complete and operating system to Owner. 

B. See sections 01 91 00, 01 91 10, 23 08 00, and 23 08 10 for additional requirements. 

3.5 MAINTENANCE SERVICE 

A. Provide service and maintenance of energy management and control systems for one years 
from Date of Substantial Completion. 

B. Provide two complete inspections per year, one in each season, to inspect, calibrate, and adjust 
controls as required, and submit written reports. 

C. Provide complete service of systems, including call backs. Make minimum of 2 complete 
normal inspections of approximately 4 hours duration in addition to normal service calls to 
inspect, calibrate, and adjust controls, and submit written reports. 

3.6 SCHEDULES 

A. Input/Output Schedule: 
1. Point Description: 
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2. Digital Input: 
a. Demand Meter (kW): 
b. Auxiliary Contact: 
c. Switches: 

1) Switch Closing: 
2) Flow Switch: 
3) Optical: 

d. Current: 
e. Pressure: 

3. Digital Output: 
a. Control Relay: 
b. Solenoid: 
c. Contactor: 

4. Analog Input: 
a. Temperature: 
b. Relative Humidity: 
c. Pressure/Vacuum: 
d. Filter: 
e. Flow: 
f. Current: 
g. Liquid Level: 
h. Photocell: 

5. Analog Output: 
a. Pneumatic Transducer: 
b. 4-20 ma Module: 
c. 0-16 v DC: 

6. Alarm: 

B. Input/Output Schedule: 
1. Point Description: 
2. Inputs: 

a. Temperature: 
b. Relative Humidity: 
c. Pressure: 
d. Flow: 
e. Level: 
f. Position: 
g. Energy: 
h. Power: 

3. Outputs: 
a. Status: 
b. Alarm: 
c. Pneumatic Position: 
d. Electronic Position: 
e. Set Point Adjust: 
f. Start/Stop: 
g. Off/Low/High: 

4. Software Features: 
a. PID Control (DDC): 
b. High Limit: 
c. Low Limit: 
d. Run Time Totalization: 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC 23 09 23 - 23 

 

 

 
 
 

e. Consumption Totalization: 
f. Program Start/Stop: 
g. Load Shed: 
h. Duty Cycle: 
i. Enthalpy Switchover: 
j. Optimal Run Time: 
k. Supply Air Reset: 
l. O.A. Interlock: 
m. O.A. Temperature Reset: 
n. Free Cooling Mode: 
o. Warm-up Mode: 
p. Boiler Interlock: 
q. Chiller Sequencing: 
r. Energy Calculation: 

C. Alarm Schedule: 
1. High Limit: A1. 
2. Low Limit: A2. 
3. Run Time: A3. 
4. Maintenance: A4. 
5. Status: A5. 
6. Override: A6. 
7. Freeze: A7. 
8. Low Pressure: A8. 

END OF SECTION 
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SECTION 23 09 93 

SEQUENCE OF OPERATIONS FOR HVAC CONTROLS 
 

1.1 PART 1  GENERAL 

1.2 SECTION INCLUDES 

A. This section defines the manner and method by which controls function. Requirements for each 
type of control system operation are specified. Equipment, devices, and system components 
required for control systems are specified in other sections. 

B. Sequence of operation for: 
1. Water source Heat-Pump Units 
2. Energy Recovery Ventilators/Supply Air Units 
3. Electric Heaters 

1.3 RELATED SECTIONS 

A. Section 23 09 23 - Direct-Digital Control System for HVAC. 

B. Section 01 91 00 - Commissioning 

C. Section 01 91 10 - Functional Testing Procedures 

D. Section 28 31 00 - Fire Detection and Alarm. 

E. Section 23 08 00 - Mechanical Systems Commissioning 

F. Section 23 08 10 - Control Systems Commissioning 

G. Section 23 09 13 - Instrumentation and Control Devices for HVAC. 

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

1.4 SYSTEM DESCRIPTION 

A. This Section defines the manner and method by which controls function. Requirements for 
each type of control system operation are specified. Equipment, devices, and system 
components required for control systems are specified in other Sections. 

1.5 SUBMITTALS 

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

B. Sequence of Operation Documentation: Submit written sequence of operation for entire HVAC 
system and each piece of equipment. 
1. Preface: 1 or 2 paragraph overview narrative of the system describing its purpose, 

components and function. 
2. State each sequence in small segments and give each segment a unique number for 

referencing in Functional Test procedures; provide a complete description regardless of 
the completeness and clarity of the sequences specified in the contract documents. 

3. Include at least the following sequences: 
a. Start-up. 
b. Warm-up mode. 
c. Normal operating mode. 
d. Unoccupied mode. 
e. Shutdown. 
f. Capacity control sequences and equipment staging. 
g. Temperature and pressure control, such as setbacks, setups, resets, etc. 
h. Detailed sequences for all control strategies, such as economizer control, optimum 

start/stop, staging, optimization, demand limiting, etc. 
i. Effects of power or equipment failure with all standby component functions. 
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j. Sequences for all alarms and emergency shut downs. 
k. Seasonal operational differences and recommendations. 
l. Interactions and interlocks with other systems. 

4. Include initial and recommended values for all adjustable settings, setpoints and 
parameters that are typically set or adjusted by operating staff; and any other control 
settings or fixed values, delays, etc. that will be useful during testing and operating the 
equipment. 

5. For packaged controlled equipment, include manufacturer's furnished sequence of 
operation amplified as required to describe the relationship between the packaged controls 
and the control system, indicating which points are adjustable control points and which 
points are only monitored. 

6. Include schedules, if known. 

C. Control System Diagrams: Submit graphic schematic of the control system showing each 
control component and each component controlled, monitored, or enabled. 
1. Label with settings, adjustable range of control and limits. 
2. Include flow diagrams for each control system, graphically depicting control logic. 
3. Include the system and component layout of all equipment that the control system 

monitors, enables or controls, even if the equipment is primarily controlled by packaged or 
integral controls. 

4. Include draft copies of graphic displays indicating mechanical system components, control 
system components, and controlled function status and value. 

5. Include all monitoring, control and virtual points specified in elsewhere. 
6. Include a key to all abbreviations. 

D. Points List: Submit list of all control points indicating at least the following for each point. 
1. Name of controlled system. 
2. Point abbreviation. 
3. Point description; such as dry bulb temperature, airflow, etc. 
4. Display unit. 
5. Control point or setpoint (Yes / No); i.e. a point that controls equipment and can have its 

setpoint changed. 
6. Monitoring point (Yes / No); i.e. a point that does not control or contribute to the control of 

equipment but is used for operation, maintenance, or performance verification. 
7. Intermediate point (Yes / No); i.e. a point whose value is used to make a calculation which 

then controls equipment, such as space temperatures that are averaged to a virtual point 
to control reset. 

8. Calculated point (Yes / No); i.e. a “virtual” point generated from calculations of other point 
values. 

E. Project Record Documents: Record actual locations of components and setpoints of controls, 
including changes to sequences made after submission of shop drawings. 

1.6 QUALITY ASSURANCE 

A. Design system under direct supervision of a Professional Engineer experienced in design of this 
Work and licensed in the State in which the Project is located. 

PART 2 PRODUCTS - NOT USED 

PART 3 EXECUTION 

3.1 GENERAL SYSTEM DESIGN AND OPERATION STANDARDS 

A. The BAS shall control the mechanical systems within the site based upon a geothermal water 
source heat pump system with central energy recovery ventilators supplying outdoor air to the 
terminal units. 
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B. Each unit shall be controlled by an individual DDC Controller and all required sensors, control 

valves, and appurtenances required to complete the sequence of operation. Units shall include 
occupied/unoccupied control, night-setback, morning warm-up/cool-down, and enthalpy-based 
economizer functions. 

3.2 WATER-SOURCE HEAT-PUMP UNITS 

A. This section applies to both rooftop units (with integral ERV's) and indoor units. See energy 
recovery sequence for additional info. 

B. Each unit shall be controlled by an individual DDC Controller. The DDC Controller shall be 
wired to the unit fan and compressor relays, damper motors, condenser water valve, and the 
unit sensors 

C. Cooling Mode: 
1. During the programmed occupied mode, the supply fan shall run continuously with the 

outside air damper open.  For units controlled by a room sensor (with CO2 sensor), 
outside air damper shall open to its minimum outside air position, as necessary to maintian 
minimum CO2 levels as required by the code. On a rise in temperature above the 
programmed cooling setpoint, the compressor shall be energized. The condenser valve 
shall energize and open simultaneously with the compressor activation. On a fall in 
temperature the compressor(s) shall de-energize. 

D. Heating Mode: 
1. During the programmed occupied mode, the supply fan shall run continuously with the 

outside air damper open.  For units controlled by a room sensor (with CO2 sensor), 
outside air damper shall open to its minimum outside air positionOn a fall in temperature 
above the programmed heating setpoint, the compressor shall be energized along with the 
reversing valve. The condenser valve shall energize and open simultaneously with the 
compressor activation. On a fall in temperature the compressor(s) shall de-energize. 

E. Dehumidification mode: on a rise in space humidity levels as determined by space humidity 
sensors the following shall occur. 

Heat pump shall activate it's modulating water reheat coil when space cooling is not called for. 
On a continued rise in space humidity the BAS shall de-energize the ERV and close outside air 
dampers. On a decrease in space humidity level, the reverse shall occur. 

F. Unoccupied Mode: 
1. During the programmed un-occupied mode, the fan, compressor, reversing valve and 

condenser water valve shall be cycled / modulated to maintain the un-occupied setpoints. 
The outdoor air damper shall remain closed and associated ERV shall be de-energized. . 

G. If the discharge temperature fails to rise to a programmed minimum temperature during a call 
for heating; a low temperature alarm shall be activated at the Operator's Terminal. If the 
discharge temperature fails to fall to a programmed minimum temperature on a call for 
mechanical cooling, a high temperature alarm shall be activated at the Operator's Terminal. 

H. Each unit shall have a moisture sensor located in the auxiliary drain pan. If the moisture sensor 
detects water, an alarm shall be activated at the operator's terminal and the unit shall be 
shutdown. 

I. For units over 2000 CFM a duct smoke detector shall be provided by the electrical contractor 
and in stalled in the units supply and remain duct. Provide interlock wiring to shut down unit 
upon activation of either detector. 

J. The following items shall be displayed at the Operator's Terminal: 
1. Space temperature. 
2. Space temperature setpoint. 
3. Low Space temperature alarm 
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4. High Space temperature alarm 
5. Discharge temperature. 
6. Return air temperature. 
7. Outside air temperature, humidity and enthalpy. 
8. Fan operational status via current sensor. 
9. Commanded status of fan. 
10. Commanded status of compressor(s). 
11. Commanded status of reversing valve. 
12. Commanded status of condenser water valve. 
13. Commanded position of dampers. 
14. Diagram showing the layout of the unit with major components and dynamic temperatures 

shown where temperature sensors exist in the system. 
15. Duct smoke detector status. 
16. CO2 sensor. 
17. CO2 sensor set point. 

3.3 GEOTHERMAL SYSTEM - FOR REFERENCE ONLY 

A. Water Source Heat Pump Loop Pumps 
1. Whenever the water source heat pump system is enabled the lead water loop pump shall 

be enabled to run continuously. Pump may also be manually enabled and disabled from 
the operator's terminal. 

2. Variable frequency drive on the pump shall modulate, in response to the differential 
pressure sensor to maintain a constant differential pressure of 7-10 psig. The BAS shall 
provide a differential pressure sensor for this purpose near the last heat pump in the water 
circuit. The differential pressure setpoint shall be easily adjustable at the Operator's 
Terminal. 

3. A differential pressure switch shall be located across the common discharge and return of 
the water loop pumps for flow status monitoring and alarming. On a loss of flow, and after 
a twenty second delay, the lead pump shall be de-engergized, the lag pump shall be 
energized and a "lead loop water pump failure alarm" shall be displayed at the operator's 
terminal. 

4. If, after a twenty second delay, the lag pump fails to operate, as indicated by the differential 
pressure switch, "Water loop failure" shall be indicated at the operator's terminal. 

5. Pumps shall automatically alternate lead status weekly via the BAS. 

B. Water Pump System Loop Monitoring 
1. In addition to the interface points listed above, the following points shall be monitored by 

the BAS via sensors, which are provided by the BAS contractor. 
2. Loop Suppy Temperature. 
3. Loop Return Temperature. 
4. Pumping flow status. 
5. Pump differential pressure. 
6. Pump differential pressure setpoint. 
7. Pump VFD(s) and related percentage of capacity. 
8. Diagram showing the layout of the water loop, and building loop with major components 

and dynamic temperatures shown where temperature sensors exist in the system. 
9. Monditoring of makeup water and packaged glycol make up system. Activation of these 

sections shall be indicated at operators terminal. 
10. Monitoring of makeup water and packaged glycol make up system. Activation of these 

systems shall be indicated at operators 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

SEQUENCE OF OPERATIONS FOR HVAC CONTROLS 23 09 93 - 5 

 

 

 
 

 
3.4 ELECTRIC RESISTANCE RADIANT, CONVECTIVE HEATING UNI TS, AND CABINET HEATERS 

A. The electric-resistance radiant and convective heating units shall be controlled by a self 
contained, unit mounted controller with remote sensing element. 

B. The following points shall be displayed at the operator's terminal: 
1. Command Status by thermostat (ON/OFF) 
2. Operational Status by CT Sensor (ON/OFF) 

3.5 SUPPLY AIR UNITS AND ENERGY RECOVERY VENTILATORS (E RV) 

A. Unit Start-Up and Shut-Down 
1. The unit disconnect must be turned "on" and can remain "on" for the life of the unit, except 

for periodic service and maintenance. 
2. Place the DDC enable Hand-Off-Auto switch to the "AUTO" position. The DDC outputs will 

operate when the switch is in the "AUTO" position, subject to the unit Start/Stop enable 
signal. The "HAND" position of the HOA switch allows manual override of the of the unit 
Start/Stop enable signal. 

3. The unit will be shut-down when the DDC enable switch is in the "OFF" position. The unit 
will also be shut-down when the network Start/Stop signal indicates that the unit should be 
stopped while the DDC enable switch is in the "AUTO" position. 

B. Unit Operation 
1. Once the unit has been started, as described above, the following will occur: 

a. The outside air damper actuator will be opened. When the damper is approximately 
75% open an end-switch will close energizing a variable speed motor controller, which 
will start the supply fan motor. 

b. The exhaust air damper actuator will be opened. When the damper is approximately 
75% open, an end switch will close energizing a variable speed motor controller, 
which will start the exhaust fan motor. 

c. The enthalpy wheel heat exchanger will be enabled. 
2. Occupied Mode - The unit will operate as follows: 

a. Dehumidification Mode: (Wheel Leaving Dew Point > Supply Air Dew Point Set Point) 
1) The heat pump is enabled and staged in cooling mode to maintain the heat 

pump coil leaving air temperature at the Supply Air Dew Point set point. The 
water control valves are modulated to maintain the discharge pressure of each 
refrigerant circuit above the minimum refrigerant discharge pressure set point. 

2) The hot gas coil will be enabled and modulated (as required) to maintain the 
Return Air Temperature at set point. 

b. Cooling Mode: (Wheel Leaving Dew Point < Supply Air Dew Point Set Point, Wheel 
Leaving Temperature > Return Air Temperature Set Point +2 deg. F) 
1) The heat pump is enabled and staged in cooling mode to maintain the Return Air 

Temperature at set point.  The water control valves are modulated to maintain 
the discharge pressure of each refrigerant circuit above the minimum refrigerant 
discharge pressure set point. 

c. Heating Mode: (Wheel Leaving Dew Point < Supply Air Dew Point Set Point, Wheel 
Leaving Temperature < Return Air Temperature Set Point - 2 deg. F) 
1) The heat pump is enabled and staged in heating mode to maintain the Return Air 

Temperature at set point. The water control valves are modulated to their full 
open position. 

3. Unoccupied Mode - The enthalpy wheel and fans will stop, all the dampers will be closed 
and the heat pump will be disabled. 

4. Frost Control: 
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a. If the exhaust air RH rises above 90%, the heat wheel VFD will be modulated (as 
required) to maintain the exhaust air temperature at or above 35 deg. F. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Hydronic system requirements. 

SECTION 23 21 13 

HYDRONIC PIPING 

B. Condenser water piping, above grade. 

C. Pipe and pipe fittings for: 
1. Heating water piping system. 
2. Equipment drains and overflows. 

D. Pipe hangers and supports. 

E. Unions, flanges, mechanical couplings, and dielectric connections. 

F. Valves: 
1. Gate valves. 
2. Globe or angle valves. 
3. Ball valves. 
4. Plug valves. 
5. Butterfly valves. 
6. Check valves. 

G. Flow controls. 

1.2 RELATED REQUIREMENTS 

A. Section 09 90 00 - Painting and Coating. 

B. Section 22 05 16 - Expansion Fittings and Loops for Plumbing Piping. 

C. Section 23 05 16 - Expansion Fittings and Loops for HVAC Piping. 

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

E. Section 23 07 19 - HVAC Piping Insulation. 

F. Section 23 21 14 - Hydronic Specialties. 

G. Section 23 25 00 - HVAC Water Treatment: Pipe cleaning. 

1.3 REFERENCE STANDARDS 

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

B. ASME B16.3 - Malleable Iron Threaded Fittings: Classes 150 and 300; The American Society of 
Mechanical Engineers. 

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

D. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; The American Society of 
Mechanical Engineers (ANSIB16.18). 

E. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings. 

F. ASME B31.5 - Refrigeration Piping and Heat Transfer Components. 

G. ASME B31.9 - Building Services Piping (ANSI/ASME B31.9). 

H. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings; The 
American Society of Mechanical Engineers. 

I. ASME B31.5 - Refrigeration Piping and Heat Transfer Components; The American Society of 
Mechanical Engineers. 
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J. ASME B31.9 - Building Services Piping; The American Society of Mechanical Engineers 
(ANSI/ASME B31.9). 

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

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

M. ASTM B32 - Standard Specification for Solder Metal. 

N. ASTM B88 - Standard Specification for Seamless Copper Water Tube. 

O. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric). 

P. ASTM D1785 - Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe, 
Schedules 40, 80, and 120. 

Q. ASTM D2241 - Standard Specification for Poly (Vinyl Chloride) (PVC) Pressure-Rated Pipe 
(SDR Series). 

R. ASTM D2466 - Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 40. 

S. ASTM D2467 - Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe 
Fittings, Schedule 80. 

T. ASTM D2855 - Standard Practice for Making Solvent-Cemented Joints with Poly (Vinyl 
Chloride) (PVC) Pipe and Fittings. 

U. ASTM F1476 - Standard Specification for Performance of Gasketed Mechanical Couplings for 
Use in Piping Applications. 

V. AWS A5.8/A5.8M - Specification for Filler Metals for Brazing and Braze Welding. 

W. AWS A5.8/A5.8M - Specification for Filler Metals for Brazing and Braze Welding; American 
Welding Society. 

X. AWS D1.1/D1.1M - Structural Welding Code - Steel. 

Y. AWWA C606 - Grooved and Shouldered Joints (ANSI/AWWA C606). 

Z. 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.. 

1.4 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. Use unions, flanges, and couplings downstream of valves and at equipment or apparatus 
connections. Do not use direct welded or threaded connections to valves, equipment or other 
apparatus. 

C. Use non-conducting dielectric connections whenever jointing dissimilar metals. 

D. Provide pipe hangers and supports in accordance with ASME B31.9 unless indicated otherwise. 

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

F. Use globe or butterfly valves for throttling, bypass, or manual flow control services. 

G. Use 3/4 inch gate or ball valves with cap for drains at main shut-off valves, low points of piping, 
bases of vertical risers, and at equipment. Pipe to nearest floor drain. 
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1.5 SUBMITTALS 

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

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

C. Welders Certificate: Include welders certification of compliance with ASME (BPV IX). 

D. Manufacturer's Installation Instructions: Indicate hanging and support methods, joining 
procedures. 

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

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

1.6 QUALITY ASSURANCE 

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

B. Installer Qualifications: Company specializing in performing work of the type specified in this 
section, with minimum 3 years of experience. 

C. Welder Qualifications: Certify in accordance with ASME (BPV IX). 

1.7 REGULATORY REQUIREMENTS 

A. Conform to ASME B31.9 code for installation of piping system. 

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

C. Provide certificate of compliance from authority having jurisdiction, indicating approval of 
welders. 

1.8 DELIVERY, STORAGE, ANDHANDLING 

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. 

PART 2 PRODUCTS 

2.1 HYDRONIC SYSTEM REQUIREMENTS 

A. Comply with ASME B31.9 and applicable federal, state, and local regulations. 

B. Piping: Provide piping, fittings, hangers and supports as required, as indicated, and as follows: 
1. Where more than one piping system material is specified, provide joining fittings that are 

compatible with piping materials and ensure that the integrity of the system is not 
jeopardized. 

2. Use non-conducting dielectric connections whenever jointing dissimilar metals. 
3. Grooved mechanical joints are not permitted in any location. 

a. Accessible locations include those exposed on interior of building, in pipe chases, and 
in mechanical rooms, aboveground outdoors, and as approved by Architect. 

4. Provide pipe hangers and supports in accordance with ASME B31.9 or MSS SP-58 unless 
indicated otherwise. 

C. Pipe-to-Valve and Pipe-to-Equipment Connections: Use flanges or unions to allow 
disconnection of components for servicing; do not use direct welded, soldered, or threaded 
connections. 
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2.2 CONDENSER WATER PIPING, ABOVEGRADE 

A. Steel Pipe: ASTM A53/A53M, Schedule 40, black. 
1. Welded Joints: ASTM A234/A234M, wrought steel welding type fittings with finish matching 

piping; AWS D1.1 welded. 
2. Threaded Joints: ASME B16.3, malleable iron fittings with finish matching piping. 
3. Grooved Joints: AWWA C606 grooved pipe, fittings of same material, and mechanical 

couplings. 

B. Steel Pipe Sizes 12 Inch and Over: ASTM A53/A53M, 0.375 inch wall, black; using one of the 
following joint types: 
1. Welded Joints: ASTM A234/A234M, wrought steel welding type fittings; AWS D1.1 

welded. 
2. Threaded Joints: ASTM A536 ductile iron fittings. 
3. Grooved Joints: AWWA C606 grooved pipe, fittings of same material, and mechanical 

couplings. 

C. Copper Tube: ASTM B88 (ASTM B88M), Type K (A), drawn; using one of the following joint 
types: 
1. Solder Joints: ASME B16.18 cast brass/bronze or ASME B16.22 solder wrought copper 

fittings. 
a. Solder: ASTM B32 lead-free solder, HB alloy (95-5 tin-antimony) or tin and silver. 
b. Braze: AWS A5.8/A5.8M BCuP copper/silver alloy. 

2. Grooved Joints: AWWA C606 grooved tube, fittings of same material, and 
copper-tube-dimension mechanical couplings. 

3. Tee Connections: Mechanically extracted collars with notched and dimpled branch tube. 
4. Mechanical Press Sealed Fittings: Double pressed type complying with ASME B16.22, 

utilizing EPDM, non toxic synthetic rubber sealing elements. 
a. Manufacturers: 

1) Grinnell Mechanical Products, a Tyco International Company; Model  : 
www.grinnell.com. 

2) Shurjoint Piping Products, Inc., a Tyco Business; Model  : 
www.shurjoint.com. 

3) Viega LLC; Model  : www.viega.com. 

2.3 EQUIPMENT DRAINS AND OVERFLOWS 

A. Copper Tube: ASTM B88 (ASTM B88M), Type K (A), drawn; using one of the following joint 
types: 
1. Solder Joints: ASME B16.18 cast brass/bronze or ASME B16.22 solder wrought copper 

fittings; ASTM B32 lead-free solder, HB alloy (95-5 tin-antimony) or tin and silver. 
2. Joints: Solder, lead free, ASTM B 32, HB alloy (95-5 tin-antimony), or tin andsilver. 

B. PVC Pipe: ASTM D1785, Schedule 40, or ASTM D2241, SDR 21 or 26. 
1. Fittings:  ASTM D2466 or D2467, PVC. 
2. Joints: Solvent welded in accordance with ASTM D2855. 

2.4 PIPE HANGERS ANDSUPPORTS 

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. 

B. Conform to ASME B31.9. 

C. Hangers for Pipe Sizes 1/2 to 1-1/2 Inch: Malleable iron, adjustable swivel, split ring. 

D. Hangers for Cold Pipe Sizes 2 Inches and Over: Carbon steel, adjustable, clevis. 

E. Hangers for Hot Pipe Sizes 2 to 4 Inches: Carbon steel, adjustable, clevis. 
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F. Hangers for Hot Pipe Sizes 6 Inches and Over: Adjustable steel yoke, cast iron roll, double 
hanger. 

G. Multiple or Trapeze Hangers: Steel channels with welded spacers and hanger rods. 

H. Multiple or Trapeze Hangers for Hot Pipe Sizes 6 Inches and Over: Steel channels with welded 
spacers and hanger rods, cast iron roll. 

I. Wall Support for Pipe Sizes to 3 Inches: Cast iron hook. 

J. Wall Support for Pipe Sizes 4 Inches and Over: Welded steel bracket and wrought steel clamp. 

K. Wall Support for Hot Pipe Sizes 6 Inches and Over: Welded steel bracket and wrought steel 
clamp with adjustable steel yoke and cast iron roll. 

L. Vertical Support:  Steel riser clamp. 

M. Floor Support for Cold Pipe: Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, and 
concrete pier or steel support. 

N. Floor Support for Hot Pipe Sizes to 4 Inches: Cast iron adjustable pipe saddle, lock nut, nipple, 
floor flange, and concrete pier or steel support. 

O. Floor Support for Hot Pipe Sizes 6 Inches and Over: Adjustable cast iron roll and stand, steel 
screws, and concrete pier or steel support. 

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

Q. Hanger Rods: Mild steel threaded both ends, threaded one end, or continuous threaded. 

R. Inserts: Malleable iron case of galvanized steel shell and expander plug for threaded 
connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms; size 
inserts to suit threaded hanger rods. 

2.5 UNIONS, FLANGES, MECHANICAL COUPLINGS, AND DIELECTR IC CONNECTIONS 

A. Unions for Pipe 2 Inches and Under: 
1. Ferrous Piping: 150 psig malleable iron, threaded. 
2. Copper Pipe: Bronze, soldered joints. 

B. Flanges for Pipe Over 2 Inches: 
1. Ferrous Piping: 150 psig forged steel, slip-on. 
2. Copper Piping: Bronze. 
3. Gaskets:  1/16 inch thick preformed neoprene. 

C. Grooved and Shouldered Pipe End Couplings: ONLY ALLOWED FOR DIRECT 
REPLACEMENT OF FAILED FITTINGS UNDER UNIT PRICING. 
1. Dimensions and Testing: In accordance with AWWA C606. 
2. Mechanical Couplings: Comply with ASTM F1476. 
3. Housing Clamps: Malleable iron galvanized to engage and lock, designed to permit some 

angular deflection, contraction, and expansion. 
4. Gasket Material: EPDM suitable for operating temperature range from -30 degrees F to 

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

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

2.6 GATE VALVES 

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

B. Up To and Including 2 Inches: 
1. Bronze body, bronze trim, screwed bonnet, non-rising stem, lockshield stem, inside screw 

with backseating stem, solid wedge disc, alloy seat rings, solder or threaded ends. 

C. Over 2 Inches: 
1. Iron body, bronze trim, bolted bonnet, rising stem, handwheel, outside screw and yoke, 

solid wedge disc with bronze seat rings, flanged ends. 

2.7 GLOBE OR ANGLE VALVES 

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

B. Up To and Including 2 Inches: 
1. Bronze body, bronze trim, screwed bonnet, rising stem and handwheel, inside screw with 

backseating stem, renewable composition disc and bronze seat, solder or threaded ends. 

C. Over 2 Inches: 
1. Iron body, bronze trim, bolted bonnet, rising stem, handwheel, outside screw and yoke, 

rotating plug-type disc with renewable seat ring and disc, flanged ends. 

2.8 BALL VALVES 

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

B. Up To and Including 2 Inches: 
1. Bronze one piece body, chrome plated brass ball, teflon seats and stuffing box ring, lever 

handle with balancing stops, solder ends with union. 

C. Over 2 Inches: 
1. Cast steel body, chrome plated steel ball, teflon seat and stuffing box seals, lever handle, 

flanged. 

2.9 PLUG VALVES 

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

B. Up To and Including 2 Inches: 
1. Bronze body, bronze tapered plug, 40 percent port opening, non-lubricated, teflon packing, 

threaded ends. 
2. Operator: One plug valve wrench for every ten plug valves minimum of one. 

C. Over 2 Inches: 
1. Cast iron body and plug, 40 percent port opening, pressure lubricated, teflon packing, 

flanged ends. 
2. Operator: Each plug valve with a wrench with set screw. 
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2.10 BUTTERFLY VALVES 

A. Manufacturers: 
1. Hammond Valve: www.hammondvalve.com. 
2. Crane Co.: www.cranevalve.com. 
3. Milwaukee Valve Company: www.milwaukeevalve.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Body: Cast or ductile iron with resilient replaceable EPDM seat, wafer, lug, grooved, or     
ends, extended neck. 

C. Disc: Construct of aluminum bronze, chrome plated ductile iron, stainless steel, ductile iron with 
EPDM enscapsulation, Buna-N enscapsulation, or  . 

D. Body: Cast or ductile iron with resilient replaceable EPDM seat, wafer or lug ends, extended 
neck. 

E. Disc:  Aluminum bronze. 

F. Operator: Infinite position lever handle with memory stop. 

2.11 SWING CHECK VALVES 

A. Manufacturers: 
1. Hammond Valve: www.hammondvalve.com. 
2. Nibco, Inc: www.nibco.com. 
3. Milwaukee Valve Company: www.milwaukeevalve.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Up To and Including 2 Inches: 
1. Bronze body, bronze trim, bronze rotating swing disc, with composition disc, solder or 

threaded ends. 

C. Over 2 Inches: 
1. Iron body, bronze or  trim, stainless steel, bronze, bronze faced rotating, or 

  swing disc, renewable disc and seat, flanged, grooved, or     
ends. 

2. Iron body, bronze trim, bronze or bronze faced rotating swing disc, renewable disc and 
seat, flanged ends. 

2.12 SPRING LOADED CHECK VALVES 

A. Manufacturers: 
1. Hammond Valve: www.hammondvalve.com. 
2. Crane Co.: www.cranevalve.com. 
3. Milwaukee Valve Company: www.milwaukeevalve.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Iron body, bronze trim, split plate, hinged with stainless steel spring, resilient seal bonded to 
body, wafer or threaded lug ends. 

2.13 FLOW CONTROLS 

A. Manufacturers: 
1. Tour and Anderson: www.touranderson.com. 
2. ITT Bell & Gossett: www.bellgossett.com. 
3. Griswold Controls: www.griswoldcontrols.com. 
4. Taco, Inc.: www.taco-hvac.com. 
5. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Construction: Class 125, Brass or bronze body with union on inlet and outlet, temperature and 
pressure test plug on inlet and outlet, blowdown/backflush drain. 
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C. Calibration: Control flow within 5 percent of selected rating, over operating pressure range of 10 
times minimum pressure required for control, maximum minimum pressure 3.5 psi. 

D. Calibration: Control flow within 5 percent of selected rating, over operating pressure range of 10 
times minimum pressure required for control, maximum minimum pressure 3.5 psi psi. 

PART 3 EXECUTION 

3.1 PREPARATION 

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

B. Prepare pipe for grooved mechanical joints as required by coupling manufacturer. 

C. Remove scale and dirt on inside and outside before assembly. 

D. Prepare piping connections to equipment using jointing system specified. 

E. Keep open ends of pipe free from scale and dirt. Protect open ends with temporary plugs or 
caps. 

F. After completion, fill, clean, and treat systems. Refer to Section 23 25 00 for additional 
requirements. 

3.2 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

B. Install heating water, glycol, chilled water, condenser water, and engine exhaust piping to ASME 
B31.9 requirements. Install chilled water piping to ASME B31.5 requirements. 

C. Route piping in orderly manner, parallel to building structure, and maintain gradient. 

D. Install piping to conserve building space and to avoid interfere with use of space. 

E. Group piping whenever practical at common elevations. 

F. Sleeve pipe passing through partitions, walls and floors. 

G. Slope piping and arrange to drain at low points. 

H. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected 
equipment.  Refer to Section 22 05 16. 

I. 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. 
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. 

J. Pipe Hangers and Supports: 
1. Install in accordance with ASME B31.9. 
2. Install hangers to provide minimum 1/2 inch space between finished covering and adjacent 

work. 
3. Place hangers within 12 inches of each horizontal elbow. 
4. Use hangers with 1-1/2 inch minimum vertical adjustment. Design hangers for pipe 

movement without disengagement of supported pipe. 
5. Support vertical piping at every floor. Support riser piping independently of connected 

horizontal piping. 
6. Where several pipes can be installed in parallel and at same elevation, provide multiple or 

trapeze hangers. 
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7. Provide copper plated hangers and supports for copper piping. 
8. Prime coat exposed steel hangers and supports. Refer to Section 09 90 00. Hangers and 

supports located in crawl spaces, pipe shafts, and suspended ceiling spaces are not 
considered exposed. 

K. Provide clearance in hangers and from structure and other equipment for installation of 
insulation and access to valves and fittings. Refer to Section 23 07 19. 

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

M. Where pipe support members are welded to structural building framing, scrape, brush clean, 
and apply one coat of zinc rich primer to welds. 

N. Prepare unfinished pipe, fittings, supports, and accessories, ready for finish painting. Refer to 
Section 09 90 00. 

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

3.3 SCHEDULES 

A. Hanger Spacing for Copper Tubing. 
1. 1/2 inch and 3/4 inch: Maximum span, 5 feet; minimum rod size, 1/4 inch. 
2. 1 inch: Maximum span, 6 feet; minimum rod size, 1/4 inch. 
3. 1-1/2 inch and 2 inch: Maximum span, 8 feet; minimum rod size, 3/8 inch. 
4. 2-1/2 inch: Maximum span, 9 feet; minimum rod size, 3/8 inch. 
5. 3 inch: Maximum span, 10 feet; minimum rod size, 3/8 inch. 
6. 4 inch: Maximum span, 12 feet; minimum rod size, 1/2 inch. 
7. 6 inch: Maximum span, 14 feet; minimum rod size, 1/2 inch. 
8. 8 inch: Maximum span, 16 feet; minimum rod size, 5/8 inch. 
9. 10 inch: Maximum span, 18 feet; minimum rod size, 3/4 inch. 
10. 12 inch: Maximum span, 19 feet; minimum rod size, 7/8 inch. 

B. Hanger Spacing for Steel Piping. 
1. 1/2 inch, 3/4 inch, and 1 inch: Maximum span, 7 feet; minimum rod size, 1/4 inch. 
2. 1-1/4 inches: Maximum span, 8 feet; minimum rod size, 3/8 inch. 
3. 1-1/2 inches: Maximum span, 9 feet; minimum rod size, 3/8 inch. 
4. 2 inches: Maximum span, 10 feet; minimum rod size, 3/8 inch. 
5. 2-1/2 inches: Maximum span, 11 feet; minimum rod size, 3/8 inch. 
6. 3 inches: Maximum span, 12 feet; minimum rod size, 3/8 inch. 
7. 4 inches: Maximum span, 14 feet; minimum rod size, 1/2 inch. 
8. 6 inches: Maximum span, 17 feet; minimum rod size, 1/2 inch. 
9. 8 inches: Maximum span, 19 feet; minimum rod size, 5/8 inch. 
10. 10 inches:  Maximum span, 20 feet; minimum rod size, 3/4inch. 
11. 12 inches: Maximum span, 23 feet; minimum rod size, 7/8 inch. 
12. 14 inches: Maximum span, 25 feet; minimum rod size, 1 inch. 
13. 16 inches: Maximum span, 27 feet; minimum rod size, 1 inch. 
14. 18 inches: Maximum span, 28 feet; minimum rod size, 1-1/4 inch. 
15. 20 inches: Maximum span, 30 feet; minimum rod size, 1-1/4 inch. 

C. Hanger Spacing for Plastic Piping. 
1. 1/2 inch: Maximum span, 42 inches; minimum rod size, 1/4 inch. 
2. 3/4 inch: Maximum span, 45 inches; minimum rod size, 1/4 inch. 
3. 1 inch: Maximum span, 51 inches; minimum rod size, 1/4 inch. 
4. 1-1/4 inches: Maximum span, 57 inches; minimum rod size, 3/8 inch. 
5. 1-1/2 inches: Maximum span, 63 inches; minimum rod size, 3/8 inch. 
6. 2 inches: Maximum span, 69 inches; minimum rod size, 3/8 inch. 
7. 3 inches: Maximum span, 7 feet; minimum rod size, 3/8 inch. 
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8. 4 inches: Maximum span, 8 feet; minimum rod size, 1/2 inch. 
9. 6 inches: Maximum span, 10 feet; minimum rod size, 1/2 inch. 
10. 8 inches: Maximum span, 11 feet; minimum rod size, 5/8 inch. 
11. 10 inches: Maximum span, 13 feet; minimum rod size, 3/4 inch. 
12. 12 inches: Maximum span, 14 feet; minimum rod size, 7/8 inch. 
13. 14 inches: Maximum span, 15 feet; minimum rod size, 1 inch. 
14. 16 inches: Maximum span, 16 feet; minimum rod size, 1 inch. 
15. 18 inches: Maximum span, 18 feet; minimum rod size, 1-1/4 inch. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Air vents. 

B. Strainers. 

C. Suction diffusers. 

SECTION 23 21 14 

HYDRONIC SPECIALTIES 

D. Combination pump discharge valves. 

E. Combination flow controls. 

F. Pump suction fittings. 

G. Combination fittings. 

H. Flow indicators and controls. 

I. Relief valves. 

1.2 RELATED REQUIREMENTS 

A. Section 23 21 13 - Hydronic Piping. 

B. Section 23 25 00 - HVAC Water Treatment: Pipe Cleaning. 

1.3 SUBMITTALS 

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

B. Product Data: Provide product data for manufactured products and assemblies required for this 
project. Include component sizes, rough-in requirements, service sizes, and finishes. Include 
product description, model and dimensions. 

C. Certificates: Inspection certificates for pressure vessels from authority having jurisdiction. 

D. Manufacturer's Installation Instructions: Indicate hanging and support methods, joining 
procedures. 

E. Project Record Documents: Record actual locations of flow controls. 

F. Maintenance Data: Include installation instructions, assembly views, lubrication instructions, 
and replacement parts list. 

1.4 QUALITY ASSURANCE 

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

1.5 DELIVERY, STORAGE, ANDHANDLING 

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

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

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

PART 2 PRODUCTS 

2.1 AIR VENTS 

A. Manufacturers: 
1. Armstrong International, Inc: www.armstronginternational.com. 
2. ITT Bell & Gossett: www.bellgossett.com. 
3. Taco, Inc: www.taco-hvac.com. 
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4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Manual Type: Short vertical sections of 2 inch diameter pipe to form air chamber, with 1/8 inch 
brass needle valve at top of chamber. 

C. Float Type: 
1. Brass or semi-steel body, copper, polypropylene, or solid non-metallic float, stainless steel 

valve and valve seat; suitable for system operating temperature and pressure; with 
isolating valve. 

2. Cast iron body and cover, float, bronze pilot valve mechanism suitable for system 
operating temperature and pressure; with isolating valve. 

D. Washer Type: 
1. Brass with hygroscopic fiber discs, vent ports, adjustable cap for manual shut-off, and 

integral spring loaded ballcheck valve. 

2.2 STRAINERS 

A. Manufacturers: 
1. Armstrong International, Inc.: www.armstronginternational.com. 
2. Green Country Filtration: greencountryfiltration.com. 
3. WEAMCO: www.weamco.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Size 2 inch and Under: 
1. Screwed brass or iron body for 175 psi working pressure, Y pattern with 1/32 inch stainless 

steel perforated screen. 

C. Size 2-1/2 inch to 4 inch: 
1. Flanged iron body for 175 psi working pressure, Y pattern with 3/64 inch stainless steel 

perforated screen. 

D. Size 5 inch and Larger: 
1. Flanged iron body for 175 psi working pressure, basket pattern with 1/8 inch stainless steel 

perforated screen. 

2.3 SUCTION DIFFUSERS 

A. Manufacturers: 
1. ITT Bell & Gossett: www.bellgossett.com. 
2. Anvil International, Inc.: www.anvilintl.com. 
3. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Fitting: Angle pattern, cast-iron body, threaded for 2 inch and smaller, flanged for 2-1/2 inch 
and larger, rated for 175 psi working pressure, with inlet vanes, cylinder strainer with 3/16 inch 
diameter openings, disposable 5/32 inch mesh strainer to fit over cylinder strainer, 20 mesh 
start up screen, and permanent magnet located in flow stream and removable for cleaning. 

C. Fitting: Angle pattern, cast-iron body, threaded for 2 inch and smaller, flanged for 2-1/2 inch 
and larger, rated for 175 psi working pressure, with inlet vanes, cylinder strainer with 3/16 inch 
diameter openings, disposable fine mesh strainer to fit over cylinder strainer, and permanent 
magnet located in flow stream and removable for cleaning. 

D. Accessories: Adjustable foot support, blowdown tapping in bottom, gage tapping in side. 

2.4 COMBINATION PUMP DISCHARGE VALVES 

A. Manufacturers: 
1. Crane Co.: www.cranevalve.com. 
2. Taco, Inc.: www.taco-hvac.com. 
3. Substitutions: See Section 01 60 00 - Product Requirements. 
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B. Valves: Straight or angle pattern, flanged cast-iron valve body with bolt-on bonnet for 175 psi 
operating pressure, non-slam check valve with spring-loaded bronze disc and seat, stainless 
steel stem, and calibrated adjustment permitting flow regulation. 

2.5 COMBINATION FLOW CONTROLS 

A. Manufacturers: 
1. Amtrol Inc.: www.amtrol.com. 
2. ITT Bell & Gossett: www.bellgossett.com. 
3. Cla-Val Co: www.cla-val.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Construction: Brass or bronze body with union on inlet and outlet, temperature and pressure 
test plug on inlet and outlet with blowdown/backflush drain. 

C. Calibration: Control flow within 5 percent of selected rating, over operating pressure range of 10 
times minimum pressure required for control, maximum minimum pressure 3.5 psi. 

D. Control Mechanism: Stainless steel or nickel plated brass piston or regulator cup, operating 
against stainless steel helical or wave formed spring. 

E. Accessories: In-line strainer on inlet and ball valve on outlet. 

2.6 RELIEF VALVES 

A. Manufacturers: 
1. Armstrong International, Inc: www.armstronginternational.com. 
2. ITT Bell & Gossett: www.bellgossett.com. 
3. Conbraco Industries, Inc: www.conbraco.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Bronze body, teflon seat, stainless steel stem and springs, automatic, direct pressure actuated, 
capacities ASME certified and labelled. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install specialties in accordance with manufacturer's instructions. 

B. Where large air quantities can accumulate, provide enlarged air collection standpipes. 

C. Provide manual air vents at system high points and as indicated. 

D. For automatic air vents in ceiling spaces or other concealed locations, provide vent tubing to 
nearest drain. 

E. Provide pump suction fitting on suction side of base mounted centrifugal pumps. Remove 
temporary strainers after cleaning systems. 

F. Provide combination pump discharge valve on discharge side of base mounted centrifugal 
pumps. 

G. Support pump fittings with floor mounted pipe and flange supports. 

H. Provide relief valves on pressure tanks, low pressure side of reducing valves, heat exchangers, 
and expansion tanks. 

I. Select system relief valve capacity so that it is greater than make-up pressure reducing valve 
capacity. Select equipment relief valve capacity to exceed rating of connected equipment. 

J. Pipe relief valve outlet to nearest floor drain. 

K. Where one line vents several relief valves, make cross sectional area equal to sum of individual 
vent areas. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Cleaning of piping systems. 

B. Chemical treatment. 

1.2 RELATED REQUIREMENTS 

SECTION 23 25 00 

HVAC WATER TREATMENT 

A. Section 23 21 13 - Hydronic Piping. 

B. Section 23 21 14 - Hydronic Specialties. 

C. Section 23 09 13 - Instrumentation and Control Devices for HVAC. 

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

1.3 SUBMITTALS 

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

B. Product Data: Provide chemical treatment materials, chemicals, and equipment including 
electrical characteristics andconnection requirements. 

C. Shop Drawings: Indicate system schematic, equipment locations, and controls schematics, 
electrical characteristics andconnection requirements. 

D. Manufacturer's Installation Instructions: Indicate placement of equipment in systems, piping 
configuration, and connection requirements. 

E. Manufacturer's Field Reports: Indicate start-up of treatment systems when completed and 
operating properly. Indicate analysis of system water after cleaning and after treatment. 

F. Certificate: Submit certificate of compliance from authority having jurisdiction indicating 
approval of chemicals and their proposed disposal. 

G. Project Record Documents: Record actual locations of equipment and piping, including 
sampling points and location of chemical injectors. 

H. Operation and Maintenance Data: Include data on chemical feed pumps, agitators, and other 
equipment including spare parts lists, procedures, and treatment programs. Include step by 
step instructions on test procedures including target concentrations. 

1.4 QUALITY ASSURANCE 

A. Manufacturer Qualifications: Company specializing in manufacturing the type of products 
specified in this section, with minimum ten years of documented experience. Company shall 
have local representatives with water analysis laboratories and full time service personnel. 

B. Installer Qualifications: Company specializing in performing the type of work specified in this 
section, with minimum five years of documented experience and approved by manufacturer. 

1.5 REGULATORY REQUIREMENTS 

A. Conform to applicable code for addition of non-potable chemicals to building mechanical 
systems and to public sewage systems. 

B. Products Requiring Electrical Connection: Listed and classified by UL as suitable for the 
purpose specified and indicated. 

1.6 MAINTENANCE SERVICE 

A. Furnish service and maintenance of treatment systems for one year from Date of Substantial 
Completion. 
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B. Provide monthly technical service visits to perform field inspections and make water analysis on 
site. Detail findings in writing on proper practices, chemical treating requirements, and 
corrective actions needed. Submit two copies of field service report after each visit. 

C. Provide laboratory and technical assistance services during this maintenance period. 

D. Include four hour training course for operating personnel, instructing them on installation, care, 
maintenance, testing, and operation of water treatment systems. Arrange course at start up of 
systems. 

E. Provide on site inspections of equipment during scheduled or emergency shutdown to properly 
evaluate success of water treatment program, and make recommendations in writing based 
upon these inspections. 

1.7 MAINTENANCE MATERIALS 

A. See Section 01 60 00 - Product Requirements, for additional provisions. 

B. Supply sufficient chemicals for treatment and testing during warranty period. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. AmSolv/Division of Amrep, Inc: www.amsolv.com. 

B. GE Water Technologies: www.gewater.com. 

C. Nalco Company: www.nalco.com. 

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

2.2 MATERIALS 

A. System Cleaner: 
1. Manufacturers: 

a. AmSolv/Division of Amrep, Inc: www.amsolv.com. 
b. GE Water Technologies: www.gewater.com. 
c. Nalco Company: www.nalco.com. 
d. Substitutions: See Section 01 60 00 - Product Requirements. 

2. Liquid alkaline compound with emulsifying agents and detergents to remove grease and 
petroleum products. 

3. Biocide chlorine release agents such as sodium hypochlorite or calcium hypochlorite or 
microbiocides such as quarternary ammonia compounds, tributyl tin oxide, methylene bis 
(thiocyanate). 

B. Closed System Treatment (Water): 
1. Manufacturers: 

a. AmSolv/Division of Amrep, Inc: www.amsolv.com. 
b. GE Water Technologies: www.gewater.com. 
c. Nalco Company: www.nalco.com. 
d. Substitutions: See Section 01 60 00 - Product Requirements. 

2. Sequestering agent to reduce deposits and adjust pH; polyphosphate. 
3. Corrosion inhibitors; boron-nitrite, sodium nitrite and borax, sodium totyltriazole, low 

molecular weight polymers, phosphonates, sodium molybdate, or sulphites. 
4. Conductivity enhancers; phosphates or phosphonates. 

PART 3 EXECUTION 

3.1 PREPARATION 

A. Systems shall be operational, filled, started, and vented prior to cleaning. Use water meter to 
record capacity in each system. 
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B. Place terminal control valves in open position during cleaning. 

C. Verify that electric power is available and of the correct characteristics. 

3.2 CLEANING SEQUENCE 

A. Concentration: 
1. As recommended by manufacturer. 
2. Fill steam boilers only with cleaner and water. 

B. Hot Water Heating Systems: 
1. Apply heat while circulating, slowly raising temperature to 160 degrees F and maintain for 

12 hours minimum. 
2. Remove heat and circulate to 100 degrees F or less; drain systems as quickly as possible 

and refill with clean water. 
3. Circulate for 6 hours at design temperatures, then drain. 
4. Refill with clean water and repeat until system cleaner is removed. 

C. Use neutralizer agents on recommendation of system cleaner supplier and approval of 
Contruction Manager, Architect or Engineer of Record. 

D. Flush open systems and glycol filled closed systems with clean water for one hour minimum. 
Drain completely and refill. 

E. Remove, clean, and replace strainer screens. 

F. Inspect, remove sludge, and flush low points with clean water after cleaning process is 
completed. Include disassembly of components as required. 

3.3 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

3.4 CLOSED SYSTEM TREATMENT 

A. Use existing chemical treatment system. 

B. Introduce closed system treatment through bypass feeder when required or indicated by test. 

C. Provide 3/4 inch water coupon rack around circulating pumps with space for 12 test specimens. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Metal ductwork. 

B. Nonmetal ductwork. 

C. Casing and plenums. 

D. Kitchen hood ductwork. 

E. Duct cleaning. 

1.2 RELATED REQUIREMENTS 

SECTION 23 31 00 

HVAC DUCTS AND CASINGS 

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

B. Section 09 90 00 - Painting and Coating: Weld priming, weather resistant, paint or coating. 

C. Section 11 40 00 - Foodservice Equipment: Supply of kitchen range hoods for placement by 
this Section. 

D. Section 23 07 13 - Duct Insulation: External insulation and duct liner. 

E. Section 23 33 00 - Air Duct Accessories. 

F. Section 23 36 00 - Air Terminal Units. 

G. Section 23 37 00 - Air Outlets and Inlets. 

H. Section 23 05 93 - Testing, Adjusting, and Balancing for HVAC. 

1.3 REFERENCE STANDARDS 

A. ASTM A36/A36M - Standard Specification for Carbon Structural Steel. 

B. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or 
Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process. 

C. ASTM A666 - Standard Specification for Annealed or Cold-Worked Austenitic Stainless Steel 
Sheet, Strip, Plate, and Flat Bar. 

D. ASTM A1008/A1008M - Standard Specification for Steel, Sheet, Cold-Rolled, Carbon, 
Structural, High-Strength, Low Alloy, and High-Strength Low-Alloy with Improved Formability, 
Solution Hardened, and Bake Hardenable 

E. ASTM A1011/A1011M - Standard Specification for Steel, Sheet and Strip, Hot-Rolled, Carbon, 
Structural, High-Strength Low Alloy, High-Strength Low-Alloy With Improved Formability, and 
Ultra-High Strength 

F. ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate. 

G. ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate 
[Metric]. 

H. ASTM C14 - Standard Specification for Nonreinforced Concrete Sewer, Storm Drain, and 
Culvert Pipe. 

I. ASTM C14M - Standard Specification for Nonreinforced Concrete Sewer, Storm Drain, and 
Culvert Pipe [Metric]. 

J. ASTM C443 - Standard Specification for Joints for Concrete Pipe and Manholes, Using Rubber 
Gaskets. 

K. ASTM C443M - Standard Specification for Joints for Concrete Pipe and Manholes, Using 
Rubber Gaskets (Metric). 
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L. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; National 
Fire Protection Association. 

M. NFPA 90B - Standard for the Installation of Warm Air Heating and Air Conditioning Systems; 
National Fire Protection Association. 

N. NFPA 96 - Standard for Ventilation Control and Fire Protection of Commercial Cooking 
Operations; National Fire Protection Association. 

O. SMACNA (LEAK) - HVAC Air Duct Leakage Test Manual; Sheet Metal and Air Conditioning 
Contractors' National Association. 

P. SMACNA (DCS) - HVAC Duct Construction Standards. 

Q. SMACNA (FGD) - Fibrous Glass Duct Construction Standards; Sheet Metal and Air 
Conditioning Contractors' National Association. 

R. UL 181 - Standard for Factory-Made Air Ducts and Air Connectors; Underwriters Laboratories 
Inc. 

1.4 PERFORMANCE REQUIREMENTS 

A. No variation of duct configuration or sizes permitted except by written permission. Size round 
ducts installed in place of rectangular ducts in accordance with ASHRAE table of equivalent 
rectangular and round ducts. 

1.5 SUBMITTALS 

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

B. Product Data: Provide data for duct materials and duct connections. 

C. Shop Drawings: Indicate duct fittings, particulars such as gages, sizes, welds, and configuration 
prior to start of work for all systems. 

D. Test Reports: Indicate pressure tests performed. Include date, section tested, test pressure, 
and leakage rate, following SMACNA (LEAK) - HVAC Air Duct Leakage Test Manual. 

E. Manufacturer's Certificate: Certify that installation of glass fiber ductwork meet or exceed 
recommended fabrication and installation requirements. 

F. Project Record Documents: Record actual locations of ducts and duct fittings. Record changes 
in fitting location and type. Show additional fittings used. 

1.6 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. Installer Qualifications: Company specializing in performing the type of work specified in this 
section, with minimum five years of documented experience. 

1.7 REGULATORY REQUIREMENTS 

A. Construct ductwork to NFPA 90A, NFPA 90B, and NFPA 96 standards. 

1.8 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. 
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PART 2 PRODUCTS 

2.1 DUCT ASSEMBLIES 

2.2 MATERIALS 

A. Galvanized Steel for Ducts: Hot-dipped galvanized steel sheet, ASTM A653/A653M FS Type B, 
with G90/Z275 coating. 

B. Aluminum for Ducts: ASTM B209 (ASTM B209M); aluminum sheet, alloy 3003-H14. Aluminum 
Connectors and Bar Stock: Alloy 6061-T651 or of equivalent strength. 

C. Insulated Flexible Ducts: 
1. Two ply vinyl film supported by helically wound spring steel wire; fiberglass insulation; 

polyethylene vapor barrier film. 
a. Pressure Rating: 10 inches WG positive and 1.0 inches WG negative. 
b. Maximum Velocity:  4000 fpm. 
c. Temperature Range: -10 degrees F to 160 degrees F. 

D. All Concealed Ducts: Galvanized steel, unless otherwise indicated. 

E. Low Pressure Supply (Heating Systems): 1/2 inch w.g. pressure class, galvanized steel. 

F. Low Pressure Supply (System with Cooling Coils): 1/2 inch w.g. pressure class, galvanized 
steel. 

G. Return and Relief: 1/2 inch w.g. pressure class, galvanized steel. 

H. General Exhaust: 1/2 inch w.g. pressure class, galvanized steel. 

I. Joint Sealers and Sealants: Non-hardening, water resistant, mildew and mold resistant. 
1. 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. 

2. VOC Content: Not more than 250 g/L, excluding water. 

J. Outside Air Intake: 1/2 inch w.g. pressure class, galvanized steel. 

K. Hanger Rod: ASTM A 36/A 36M; steel; threaded both ends, threaded one end, or continuously 
threaded. 

2.3 METAL DUCTWORK FABRICATION 

A. Fabricate and support in accordance with SMACNA HVAC Duct Construction Standards, 
International Energy Conservation Code 2012 sealing requirements, and as indicated. 

B. Provide duct material, gages, reinforcing, and sealing for operating pressures indicated. 

C. 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 turning 
vanes. . 

D. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible; 
maximum 30 degrees divergence upstream of equipment and 45 degrees convergence 
downstream. 

E. Fabricate continuously welded round and oval duct fittings in accordance with SMACNA HVAC 
Duct Construction Standards. 

F. Fabricate continuously welded round and oval duct fittings two gages heavier than duct gages 
indicated in SMACNA Standard. Joints shall be minimum 4 inch cemented slip joint, brazed or 
electric welded. Prime coat welded joints. 

G. Provide standard 45 degree lateral wye takeoffs unless otherwise indicated where 90 degree 
conical tee connections may be used. 
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H. 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. 

2.4 CASINGS 

A. Fabricate casings in accordance with SMACNA HVAC Duct Construction Standards and 
construct for operating pressures indicated. 

B. Mount floor mounted casings on 4 inch high concrete curbs. At floor, rivet panels on 8 inch 
centers to angles. Where floors are acoustically insulated, provide liner of 18 gage galvanized 
expanded metal mesh supported at 12 inch centers, turned up 12 inches at sides with sheet 
metal shields. 

C. Mount floor mounted casings on 4 inch high concrete curbs. At floor, rivet panels on 8 inch 
centers to angles. Where floors are acoustically insulated, provide liner of 18 gage galvanized 
expanded metal mesh supported at 12 inch centers, turned up 12 inches at sides with sheet 
metal shields. 

D. 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. 
1. Provide clear wire glass observation ports, minimum 6 X 6 inch size. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install, support, and seal ducts in accordance with SMACNA HVAC Duct Construction 
Standards. 

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. Use crimp joints with or without bead for joining round duct sizes 8 inch and smaller with crimp 
in direction of air flow. 

I. Use double nuts and lock washers on threaded rod supports. 

J. Tape joints of PVC coated metal ductwork with PVC tape. 

K. Connect terminal units to supply ducts with one foot maximum length of flexible duct. Do not 
use flexible duct to change direction. 

L. Connect diffusers or light troffer boots to low pressure ducts with 5 feet maximum length of 
flexible duct held in place with strap or clamp. 

M. Connect flexible ducts to metal ducts with adhesive plus sheet metal screws. 

N. Set plenum doors 6 to 12 inches above floor. Arrange door swings so that fan static pressure 
holds door in closed position. 
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O. Use stainless steel for ductwork exposed to view and stainless steel or carbon steel for ducts 
where concealed. 

P. During construction provide temporary closures of metal or taped polyethylene on open 
ductwork to prevent construction dust from entering ductwork system. 

Q. At exterior wall louvers, seal duct to louver frame and install blank-out panels as required. 

3.2 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. 

3.3 SCHEDULES 

A. Ductwork Material: 
1. Low Pressure Supply (Heating Systems): Steel, Aluminum 
2. Low Pressure Supply (System with Cooling Coils): Steel, Aluminum 
3. Return and Relief:  Steel, Aluminum. 
4. General Exhaust:  Steel, Aluminum. 
5. Outside Air Intake:  Steel, Aluminum. 
6. Exposed round ductwork in all areas: Double-walled spiral, unless otherwise noted on 

drawings. 

B. Ductwork Pressure Class: 
1. Supply (Heating Systems):  1 inch 
2. Supply (System with Cooling Coils): 2 inch. 
3. Return and Relief:  1 inch. 
4. General Exhaust:  1 inch. 
5. Outside Air Intake:  1 inch. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

SECTION 23 33 00 

AIR DUCT ACCESSORIES 

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. 

1.2 RELATED REQUIREMENTS 

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

B. Section 23 31 00 - HVAC Ducts and Casings. 

C. Section 23 36 00 - Air Terminal Units: Pressure regulating damper assemblies. 

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

E. Section 01 91 00 - Commissioning 

F. Section 01 91 10 - Functional Testing Procedures 

G. Section 23 08 00 - Mechanical Systems Commissioning 

H. Section 23 08 10 - Control Systems Commissioning 

1.3 REFERENCE STANDARDS 

A. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; National 
Fire Protection Association. 

B. NFPA 92 - Standard for Smoke-Control Systems. 

C. NFPA 92A - Standard for Smoke-Control Systems Utilizing Barriers and Pressure Differences. 

D. SMACNA (DCS) - HVAC Duct Construction Standards. 

E. UL 33 - Heat Responsive Links for Fire-Protection Service; Underwriters Laboratories Inc. 

F. UL 555 - Standard for Fire Dampers; Underwriters Laboratories Inc. 

G. UL 555S - Standard for Leakage Rated Dampers for Use in Smoke Control Systems; 
Underwriters Laboratories Inc. 

1.4 SUBMITTALS 

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

B. Product Data: Provide for shop fabricated assemblies including volume control dampers, duct 
access doors, duct test holes, and hardware used. Include electrical characteristics and 
connection requirements. 

C. Shop Drawings: Indicate for shop fabricated assemblies including volume control dampers, 
duct access doors, and duct test holes. 
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D. Manufacturer's Installation Instructions: Provide instructions for fire dampers and combination 
fire and smoke dampers. 

1.5 PROJECT RECORD DOCUMENTS 

A. Record actual locations of access doors and test holes. 

1.6 QUALITY ASSURANCE 

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

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

1.7 DELIVERY, STORAGE, ANDHANDLING 

A. Protect dampers from damage to operating linkages and blades. 

1.8 EXTRAMATERIALS 

A. See Section 01 60 00 - Product Requirements, for additional provisions. 

B. Provide two of each size and type of fusible link. 

PART 2 PRODUCTS 

2.1 AIR TURNING DEVICES/EXTRACTORS 

A. Manufacturers: 
1. Krueger: www.krueger-hvac.com. 
2. Ruskin Company: www.ruskin.com. 
3. Titus: www.titus-hvac.com. 
4. 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. 

2.2 BACKDRAFT DAMPERS - METAL 

2.3 BACKDRAFT DAMPERS 

A. Manufacturers: 
1. Louvers & Dampers, Inc.: www.louvers-dampers.com. 
2. Nailor Industries Inc.: www.nailor.com. 
3. Ruskin Company: www.ruskin.com. 
4. Greenheck Fan Corporation: www.greenheck.com. 
5. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Gravity Backdraft Dampers, Size 18 x 18 inches or Smaller, Furnished with Air Moving 
Equipment: Air moving equipment manufacturer's standard construction. 

2.4 COMBINATION FIRE AND SMOKE DAMPERS 

A. Manufacturers: 
1. Louvers & Dampers, Inc.: www.louvers-dampers.com. 
2. Nailor Industries Inc.: www.nailor.com. 
3. Ruskin Company: www.ruskin.com. 
4. Greenheck Fan Corporation: www.greenheck.com. 
5. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Fabricate in accordance with NFPA 90A, UL 555, UL 555S, and as indicated. 

C. Provide factory sleeve and collar for each damper. 

D. Multiple Blade Dampers: Fabricate with 16 gage galvanized steel frame and blades, 
oil-impregnated bronze or stainless steel sleeve bearings and plated steel axles, stainless steel 
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jamb seals, 1/8 x 1/2 inch plated steel concealed linkage, stainless steel closure spring, blade 
stops, and lock, and 1/2 inch actuator shaft. 

E. 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. 

F. Normally Closed Smoke Responsive Fire Dampers: Curtain type, opening by gravity upon 
actuation of electro thermal link, flexible stainless steel blade edge seals to provide constant 
sealing pressure. 

G. Normally Open Smoke Responsive Fire Dampers: Curtain type, closing upon actuation of 
electro thermal link, flexible stainless steel blade edge seals to provide constant sealing 
pressure, stainless steel springs with locking devices to ensure positive closure for units 
mounted horizontally. 

H. Electro Thermal Link: Fusible link melting at 165 degrees F; 24 volts, UL listed and labeled. 

2.5 DUCT ACCESS DOORS 

A. Manufacturers: 
1. Nailor Industries Inc.: www.nailor.com. 
2. Ruskin Company: www.ruskin.com. 
3. SEMCO Incorporated: www.semcoinc.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Fabricate in accordance with SMACNA HVAC Duct Construction Standards and as indicated. 

C. Fabrication: Rigid and close-fitting of galvanized steel with sealing gaskets and quick fastening 
locking devices. For insulated ducts, install minimum 1 inch thick insulation with sheet metal 
cover. 
1. Less Than 12 inches Square:  Secure with sash locks. 
2. Up to 18 inches Square: Provide two hinges and two sash locks. 
3. Up to 24 x 48 inches: Three hinges and two compression latches with outside and inside 

handles. 
4. Larger Sizes: Provide an additional hinge. 

D. Access doors with sheet metal screw fasteners are not acceptable. 

2.6 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. 

B. Permanent Test Holes: Factory fabricated, air tight flanged fittings with screw cap. Provide 
extended neck fittings to clear insulation. 

2.7 FIRE DAMPERS 

A. Manufacturers: 
1. Louvers & Dampers, Inc.: www.louvers-dampers.com. 
2. Nailor Industries Inc.: www.nailor.com. 
3. Ruskin Company: www.ruskin.com. 
4. Greenheck Fan Corporation: www.greenheck.com. 
5. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Fabricate in accordance with NFPA 90A and UL 555, and as indicated. 

C. Ceiling Dampers: Galvanized steel, 22 gage frame and 16 gage flap, two layers 0.125 inch 
ceramic fiber on top side and one layer on bottom side for round flaps, with locking clip. 

D. Horizontal Dampers: Galvanized steel, 22 gage frame, stainless steel closure spring, and 
lightweight, heat retardant non-asbestos fabric blanket. 
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E. Curtain Type Dampers: Galvanized steel with interlocking blades. Provide stainless steel 
closure springs and latches for horizontal installations or closure under air flow conditions. 
Configure with blades out of air stream except for 1.0 inch pressure class ducts up to 12 inches 
in height. 

F. Multiple Blade Dampers: 16 gage galvanized steel frame and blades, oil-impregnated bronze or 
stainless steel sleeve bearings and plated steel axles, 1/8 x 1/2 inch plated steel concealed 
linkage, stainless steel closure spring, blade stops, and lock. 

G. Fusible Links: UL 33, separate at 160 degrees F with adjustable link straps for combination 
fire/balancing dampers. 

2.8 FLEXIBLE DUCT CONNECTIONS 

A. Fabricate in accordance with SMACNA HVAC Duct Construction Standards 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. 
a. Net Fabric Width: Approximately 6 inches wide. 

2. Metal: 3 inches wide, 24 gage thick galvanized steel. 

C. Leaded Vinyl Sheet: Minimum 0.55 inch thick, 0.87 lbs per sq ft, 10 dB attenuation in 10 to 
10,000 Hz range. 

2.9 SMOKE DAMPERS 

A. Manufacturers: 
1. Louvers & Dampers, Inc.: www.louvers-dampers.com. 
2. Nailor Industries Inc.: www.nailor.com. 
3. Ruskin Company: www.ruskin.com. 
4. Greenheck Fan Corporation: www.greenheck.com. 
5. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Fabricate in accordance with NFPA 90A and UL 555S, and as indicated. 

C. Dampers: UL Class 1 multiple blade type fire damper, normally closed automatically operated 
by electric actuator. 

D. Electro Thermal Link: Fusible link melting at 165 degrees F; 120 volts, single phase, 60 Hz; UL 
listed and labeled. 

2.10 VOLUME CONTROL DAMPERS 

A. Manufacturers: 
1. Louvers & Dampers, Inc.: www.louvers-dampers.com. 
2. Nailor Industries Inc.: www.nailor.com. 
3. Ruskin Company: www.ruskin.com. 
4. Greenheck Fan Corporation: www.greenheck.com. 
5. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Fabricate in accordance with SMACNA HVAC Duct Construction Standards and as indicated. 

C. Splitter Dampers: 
1. Material: Same gage as duct to 24 inches size in either direction, and two gages heavier 

for sizes over 24 inches. 
2. Blade: Fabricate of double thickness sheet metal to streamline shape, secured with 

continuous hinge or rod. 
3. Operator: Minimum 1/4 inch diameter rod in self aligning, universal joint action, flanged 

bushing with set screw. 

D. Single Blade Dampers: Fabricate for duct sizes up to 6 x 30 inch. 
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E. Multi-Blade Damper: Fabricate of opposed blade pattern with maximum blade sizes 8 x 72 
inch. Assemble center and edge crimped blades in prime coated or galvanized channel frame 
with suitable hardware. 

F. End Bearings: Except in round ducts 12 inches and smaller, provide end bearings. On multiple 
blade dampers, provide oil-impregnated nylon or sintered bronze bearings. 

G. 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. 

PART 3 EXECUTION 

3.1 PREPARATION 

A. Verify that electric power is available and of the correct characteristics. 

3.2 INSTALLATION 

A. Install accessories in accordance with manufacturer's instructions, NFPA 90A, and follow 
SMACNA HVAC Duct Construction Standards. 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 size for hand access, 18 x 18 inch size for shoulder access, and as 
indicated. Provide 4 x 4 inch 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 92. 
1. Smoke dampers shall be integrated into the "smoke purge control system". Dampers in 

the return ductwork shall be overridden to the open position when the smoke purge is 
activated. 

G. Demonstrate re-setting of fire dampers to Owner's representative. 

H. At fans and motorized equipment associated with ducts, provide flexible duct connections 
immediately adjacent to the equipment. 

I. At equipment supported by vibration isolators, provide flexible duct connections immediately 
adjacent to the equipment; see Section 22 05 48. 

J. For fans developing static pressures of 5.0 inches and over, cover flexible connections with 
leaded vinyl sheet, held in place with metal straps. 

K. 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. 

L. Use splitter dampers only where indicated. 

M. 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. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Diffusers. 

B. Registers/grilles. 

1.2 RELATED REQUIREMENTS 

SECTION 23 37 00 

AIR OUTLETS AND INLETS 

A. Section 09 90 00 - Painting and Coating: Painting of ducts visible behind outlets and inlets. 

B. Section 01 91 00 - Commissioning 

C. Section 01 91 10 - Functional Testing Procedures 

D. Section 23 08 00 - Mechanical Systems Commissioning 

E. Section 23 08 10 - Control Systems Commissioning 

1.3 REFERENCE STANDARDS 

A. AMCA 500-L - Laboratory Methods of Testing Louvers for Rating; Air Movement and Control 
Association International, Inc. 

B. ARI 890 - Standard for Air Diffusers and Air Diffuser Assemblies; Air-Conditioning and 
Refrigeration Institute. 

C. ASHRAE Std 70 - Method of Testing the Performance of Air Outlets and Inlets; American 
Society of Heating, Refrigerating and Air Conditioning Engineers, Inc. 

D. SMACNA (DCS) - HVAC Duct Construction Standards. 

1.4 SUBMITTALS 

A. See Section 01 30 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. Samples: Submit one of each required air outlet and inlet type. 

D. Project Record Documents: Record actual locations of air outlets and inlets. 

1.5 QUALITY ASSURANCE 

A. Test and rate air outlet and inlet performance in accordance with ASHRAE Std 70. 

B. Test and rate louver performance in accordance with AMCA 500-L. 

1.6 QUALITY ASSURANCE 

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

1.7 MOCK-UP 

A. Provide mock-up of typical exterior or exterior ceiling module with supply and return air outlets. 

B. Locate where directed. 

C. Mock-up may remain as part of the Work. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Carnes Company HVAC: www.carnes.com. 

B. Krueger: www.krueger-hvac.com. 
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C. Price Industries: www.price-hvac.com. 

D. Titus: www.titus-hvac.com. 

E. Tuttle and Bailey: www.tuttleandbailey.com. 

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

2.2 RECTANGULAR CEILING DIFFUSERS 

A. Type: Square, stamped, multi-core diffuser to discharge air in 360 degree, one way, two way, 
three way or four way pattern as shown on drawings and with sectorizing baffles where 
indicated. 

B. Frame: Surface mount or inverted T-bar as indicated on drawings. In plaster ceilings, provide 
plaster frame and ceiling frame. 

C. Fabrication: Aluminum with baked enamel off-white finish. 

D. Accessories: Radial opposed blade damper and multi-louvered equalizing grid with damper 
adjustable from diffuser face. 

2.3 PERFORATED FACE CEILING DIFFUSERS 

A. Type: Perforated face with fully adjustable pattern and removable face. 

B. Frame: Surface mount or Inverted T-bar as indicated on drawings. In plaster ceilings, provide 
plaster frame and ceiling frame. 

C. Fabrication: Steel with steel or aluminum frame and baked enamel off-white finish. 

D. Accessories: Radial opposed blade damper and multi-louvered equalizing grid with damper 
adjustable from diffuser face. 

2.4 CEILING SUPPLY REGISTERS/GRILLES 

A. Type: Streamlined and individually adjustable curved blades to discharge air along face of 
grille, two-way deflection. 

B. Frame: 1 inch margin with countersunk screw mounting and gasket. 

C. Fabrication: Aluminum extrusions with factory off-white enamel or prime coat finish as indicated 
on drawings or selected by architect. 

D. Damper: Integral, gang-operated, opposed blade type with removable key operator, operable 
from face. 

2.5 CEILING EXHAUST AND RETURN REGISTERS/GRILLES 

A. Type: Streamlined blades, 3/4 inch minimum depth, 3/4 inch maximum spacing, with blades set 
at 45 degrees, horizontal face. 

B. Frame:  1 inch margin with countersunk screw mounting. 

C. Fabrication: Aluminum extrusions, with factory off-white enamel, baked enamel, or prime 
coated finish as indicated on drawings or selected by architect. 

D. Damper: Integral, gang-operated, opposed blade type with removable key operator, operable 
from face where not individually connected to exhaust fans. 

E. Gymnasiums: Provide front pivoted or welded in place blades, securely fastened to be 
immobile. 

2.6 CEILING GRID CORE EXHAUST AND RETURN REGISTERS/GRIL LES 

A. Type: Fixed grilles of 1/2 x 1/2 x 1/2 inch louvers. 

B. Fabrication: Acrylic plastic with off-white finish. 

C. Frame: Channel lay-in frame for suspended grid ceilings. 
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D. Damper: Integral, gang-operated, opposed blade type with removable key operator, operable 
from face. 

2.7 WALL SUPPLY REGISTERS/GRILLES 

A. Type: Streamlined and individually adjustable blades, 3/4 inch minimum depth, 3/4 inch 
maximum spacing with spring or other device to set blades, horizontal face, double deflection. 

B. Frame: 1 inch margin with countersunk screw mounting and gasket. 

C. Fabrication: Aluminum extrusions, with factory off-white enamel, baked enamel, prime coat or 
clear lacquer finish as indicated on drawings or selected by architect. 

D. Damper: Integral, gang-operated opposed blade type with removable key operator, operable 
from face. 

E. Gymnasiums: Provide front pivoted or welded in place blades, securely fastened to be 
immobile. 

2.8 WALL EXHAUST AND RETURN REGISTERS/GRILLES 

A. Type: Streamlined blades, 3/4 inch minimum depth, 3/4 inch maximum spacing, with spring or 
other device to set blades, horizontal face. 

B. Frame:  1 inch margin with countersunk screw mounting. 

C. Fabrication: Aluminum extrusions, with factory off-white enamel, baked enamel, prime coated 
or clear lacquer finish as indicated on drawings or selected by architect. 

D. Damper: Integral, gang-operated, opposed blade type with removable key operator, operable 
from face. 

E. Gymnasiums: Provide front pivoted or welded in place blades, securely fastened to be 
immobile. 

2.9 WALL GRID CORE EXHAUST AND RETURN REGISTERS/GRILLES  

A. Type: Fixed grilles of 1/2 x 1/2 x 1/2 inch louvers. 

B. Fabrication: Aluminum with factory clear lacquer, off-white enamel or baked enamel finish as 
indicated on drawings or selected by architect. 

C. Frame:  1 inch margin with countersunk screw mounting. 

D. Damper: Integral, gang-operated, opposed blade type with removable key operator, operable 
from face. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions. 

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. Refer to Section 09 90 00. 

3.2 AIR OUTLET AND INLET SCHEDULE 

A. See Drawings 

END OF SECTION 
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PART 1  GENERAL 

SECTION 23 72 23 

PACKAGED AIR-TO-AIR ENERGY RECOVERY UNITS 

1.1 SECTION INCLUDES 

A. Energy recovery units. 

1.2 RELATED SECTIONS 

1.3 REFERENCE STANDARDS 

1.4 SUBMITTALS 

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

B. Product Data: Manufacturer's installation instruction, product data, and engineering 
calculations. 

C. Shop Drawings: Show design and assembly of energy recovery unit and installation and 
connection details. 

D. Samples:  Submit sample showing custom paint colors. 

E. Manufacturer's Qualification Statement. 

F. Closeout Submittals: Submit manufacturer's operation and maintenance instructions. 

1.5 QUALITY ASSURANCE 

A. Manufacturer Qualifications: 
1. Firm regularly engaged in manufacturing energy recovery units. 
2. Products in satisfactory use in similar service for not less than five years. 
3. Manufactured and assembled in the United States of America. 
4. Wiring internal to the unit shall be wired to a numbered terminal strip for simplified 

identification and ease of trouble shooting. Units shall be ETL listed and labeled, classified 
in accordance with UL1995/CAN/CSA/ No. 236-M90. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Store in manufacturer's unopened packaging. 

1.7 WARRANTY 

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

B. The manufacturer warrants that the products (other than services and labor) shall be free from 
defects in workmanship and materials for the lesser of (i) fifteen (15) months from the date of 
shipment of the product by manufacturer; or (ii) twelve (12) months from the date that such 
product becomes operational (collectively, the "Warranty"). 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Energy Recovery Ventilators: 
1. Munters: www.munters.com 
2. Innovent: www.innoventair.com 
3. Xetex: www.xetexinc.com 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

2.2 FACTORY START-UP 

A. Start-up to be provided by a factory-trained, certified technician. 

B. The manufacture shall warrant its Start-up labor services for a period of ninety (90) days from 
date of substantial completion of start-up by a factory-trained, certified technician who visits the 
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site after all other equipment has been installed and tested, and after all wiring, ducting and 
other installation items are complete by the customer's representative. 

C. The factory technician will review the installation of the dehumidification system, will assist with 
any problems that occur when system is first started, will verify proper operation and adjust the 
unit to perform according to the specifications detailed in the Technical Data Sheet contained in 
the Operating and Maintenance Manual. The Technician will also provide on-site training to the 
customers' personnel during start-up activities. 

2.3 ENERGY RECOVERY UNITS 

A. Energy Recovery Units: Enthalpy wheel type; prefabricated packaged system designed by 
manufacturer. 
1. Access: Hinged access panels. Pressure taps provided. 
2. Lifting holes at the unit base. 
3. Permanent name plate listing manufacturer mounted inside door near electrical panel. 

2.4 CASING 

A. Base frame: The base of the package shall include lugs for rigging that accommodate 
maximum deflection rate of 1/200. Perimeter structures shall be minimum 12 gauge hot dipped 
galvanized. Cross members shall be provided appropriately for support of internal components 
and structures. All perimeter and cross members shall be joined with heavy corrosion resistant 
carriage bolts or solid welded in place. Welded frames must include sand blast surface 
preparation and epoxy paint process to prevent corrosion. 

B. Curb mounted units shall include self-flashing rails that allow the perimeter channel to over-lap 
the curb and form a natural weather seal. Equipment that requires separate flashing between 
the curb and the base of the unit shall be unacceptable. 

C. Cabinet: Walls and roof shall be produced utilizing foam core panel system. Extruded 6063-T5 
aluminum corners at the top and bottom of wall panels shall encapsulate panel ends providing 
support and seal. The following characteristics are required: 
1. No through metal design, including all six planes and corners. Box construction shall be 

documented completely condensate free based on zero air movement and interior 
temperature 50 degrees cooler than ambient dew point. Use of a gasket material such as 
cork, tape or silicon to create the thermal break shall not be permitted. There shall be no 
thermal breach of this thermal gap with panel fasteners. 

2. Box construction shall include documentation that air leakage rate does not exceed 1.0% 
at 10" w.c. internal static pressure. 

3. Minimum 2.36" thick walls, floor and roof with 2.5 pound per cubic foot rigid foam insulation 
providing R-16insulating characteristics. 

4. Unit casing shall also meet the following criteria based on ASTM E84-90 (Standard Test 
Method for Surface Burning of Building Materials) 
a. Flame Spread = 0 
b. Smoke Index = 10 

5. Exterior plenum walls shall be provided with corrosion resistant 22-gauge mill finish 
Galvalume Plus and interior walls shall be provided with corrosion resistant 22-gauge mill 
finish Galvalume Plus. Manufacturers that do not have proper tooling and experience with 
forming Galvalume Plus shall provide paint system in compliance with ASTM 17 2000-hour 
salt fog resistance test. 

6. Outdoor mounted units shall include: 
a. 0.045 mil thermoplastic polyolefin water proofing membrane system effectively 

applied to the roof. System shall cover and seal all roof joints, preventing water 
infiltration for the life of the equipment. 

b. Intake and exhaust hoods shall be provided. Opening shall be covered with an 
aluminum bird screen which is separate from the hood. The intake hood shall have a 
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maximum 500 feet per minute face velocity through the free area. Hood material shall 
match that of the outer casing, and may be shipped loose for field installation and/or 
assembly by the Contractor. 

D. Access doors: Hinged access doors shall be provided for ALL fans, filters, drain pans, heat 
exchangers, actuators and sensors. Bolt on panels are not allowed for any common access 
plenums. 
1. Access doors shall have a minimum of two gaskets for sealing. Door frame shall include 

limit to prevent over compression. 
2. Door frames shall be thermally broken. 
3. Doors shall have same construction, thickness, and insulating properties as the plenum 

walls. 
4. A minimum of two adjustable glass reinforced nylon door hinges shall be furnished with 

each hinged door. Hinges shall have the ability to be adjusted in three planes to ensure a 
tight fit. 

5. A minimum of two glass reinforced nylon door latches shall be furnished for each hinged 
door. Each door handle shall be provided with large tapered cam for ease of operation and 
superior gasket compression. 

6. Each hinged door shall include a locking mechanism that requires the use of a tool to open 
for safety and security purposes prior to unit startup. 

7. Doors shall have adhesive-backed stickers applied to their exterior surfaces which indicate 
the compartment contents and any safety/hazards within the enclosure. 

8. All exterior doors shall be equipped with rain gutters. 

E. Floors: The floor shall have the same construction, thickness, and insulating properties as the 
plenum walls. The entire floor construction method must be factory water tested and certified 
leak proof. Drains shall be provided to route condensate formed from the heat recovery or 
dehumidification process to exterior accessible side or bottom 1-1/2 inch NPT drain connections 
(see the Drawings for drain locations). Drains shall be flush with the unit floor so as not to create 
a trip hazard. 

2.5 ELECTRICAL 

A. An integral electrical control panel shall be provided that has hinged access doors and an 
approved locking device. All power wiring shall be brought to a common terminal strip and only 
a single point electrical connection is required. Plenum rated wire shall be used. For units with 
integral condensing units, all required safeties including compressor internal motor temperature 
protection, motor thermal overloads, and cutouts for high and low refrigerant pressure shall be 
included. 

B. A fused control power transformer shall be furnished. All components shall be fully wired and 
tested prior to shipment and all major electrical components shall be UL listed. Electrical system 
shall be ETL listed and labeled, in accordance with UL1995. A main disconnect switch shall be 
factory mounted with rotary handle extending through the unit electrical enclosure. All wiring 
shall be connected to a numbered terminal strip for easy troubleshooting. Any conduit used 
shall not be run across or come into contact with the floor. 

2.6 TEMPERATURE AND HUMIDITY CONTROLS 

A. An electronic programmable microprocessor-based controller shall be factory furnished, wired, 
and programmed to control the energy recovery unit. 
1. A color touchscreen display is provided for ease of reading of Inputs, Outputs, Set Points 

and other control points. Display shall include link buttons to all points, a numeric pop-up 
keypad (as appropriate) for settings, and an alarm indicator light with alarm history. All set 
points shall be easily adjusted by the operator. 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

PACKAGED AIR-TO-AIR ENERGY RECOVERY UNITS 23 72 23 - 4 

 

 

 
 
 

2. All required temperature sensors and humidity transducers shall be provided as indicated 
in the control sequence. Space humidity transducer and temperature sensor (if applicable) 
shall be field mounted and wired by the controls contractor. 

3. Unit controls shall be compatible with the BAS via a BACnet MSTP protocol connection as 
required by the owner. Unit manufacturer shall provide complete controls sequence with 
points list in the submittal package. Field mounted unit controls shall be unacceptable as 
they prevent full factory testing and may compromise substantially the unit operation. 

2.7 EXHAUST AIRSTREAM FILTERS 

A. Filters must be provided standard on all air entering sides of air-to-air heat exchangers. 
Maximum face velocity shall be 500 feet per minute. 

B. The following filters shall be provided: 2" deep MERV8. 

C. Provide final filter change immediately prior to occupancy and provide spare set of filters. 

2.8 SUPPLY AIRSTREAM FILTERS 

A. Filters must be provided standard on all air entering sides of air-to-air heat exchangers. 
Maximum face velocity shall be 500 feet per minute. 

B. The following filters shall be provided: 2" deep MERV8. 

C. Provide final filter change immediately prior to occupancy and provide spare set of filters. 

2.9 ENTHALPY WHEEL HEAT EXCHANGER 

A. Wheel matrix: The rotary air-to-air heat exchanger shall be manufactured by the unit 
manufacturer. Rotor shall be constructed of rotating honeycomb matrix consisting of a highly 
selective desiccant, permanently bonded to aluminum. The desiccant material shall be a 
molecular sieve with pore diameter of 3A to minimize the carryover of undesirable gases. The 
corrugated media provides individual flutes to channel the airflow and the thus minimize cross 
contamination and ensure rated performance under all differential pressure conditions. The 
desiccant coating shall provide corrosion resistance against attack from office, laboratory, 
hospital, pharmaceutical chemicals, etc., and protection in coastal and marine environments. 

B. Wheel casing: The wheel frames shall consist of evenly spaced galvanized steel spokes, 
galvanized steel outer band, and a rigid center hub. The wheel construction shall allow for wheel 
alignment. The wheel seals shall be brush type and shall be easily adjustable. Brush seals shall 
be included to separate fresh air from exhaust air across entire surface of air entering side, air 
leaving side and outer band (all four planes). Additionally, the entire circumference of the rotor 
shall include brush seal to minimize air bypass. Cassettes shall be fabricated of heavy-duty, 
reinforced 16-gauge galvanized steel. Bearings shall be outboard-flanged ball bearing with 
concentric locking collars. Bearings shall be permanently sealed and lubricated for zero 
maintenance and long life. Drive system shall consist of a heavy-duty AC motor driving a 
self-adjusting, easily replaceable multi-link belt. Heat exchangers shall be tested in accordance 
with ASHRAE Standard 84-1991 and ARI Standard 1060. 

C. Wheel must be arranged within the heat recovery system so as to minimize differential pressure 
while keeping the exhaust side negative in comparison to fresh air side. See drawings for 
required fan arrangement. 

D. VFD is included with with all wheels. 

2.10 DIRECT EXPANSION COIL 

A. Direct expansion-cooling coil shall be sized to provide cooling and moisture removal of the 
capacity indicated on the equipment schedule. Coil shall be furnished with interlaced refrigerant 
circuits so that the entire coil face area is active when the unit is in operation. 

B. Coil shall consist of 5/8"O.D. copper tubes mechanically bonded to configured aluminum plate 
fins with a16-gauge galvanized steel casing. Coil face velocity shall not exceed 500 feet per 
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minute. Minimum clearance between coil and up/downstream device shall be 12" free to 
facilitate cleaning. Coils shall be secured to their respective supports with stainless steel 
hardware. Coils shall be leak tested at the factory to insure pressure integrity. The coils shall be 
rated at 250 PSIG. Coil shall be rated in accordance with ARI standards. 

C. Coils shall have an integral stainless steel drain pan. Drain pan shall be recessed into the foam 
core floor panel system. Condensate shall be routed bottom or side as required for job site 
requirements. Entire coil assembly, including safe-offs shall be inside of the recessed drain pan. 
Drain pans that sit on top of unit floor shall not be acceptable due to water management issues. 

D. All coils over 42 inches in length shall incorporate a tube support at the center of the fin length; 
coils over 96 inches in fin length shall incorporate additional tube supports. Coils shall be sealed 
around the perimeter (between the coil flanges and the unit casing channels) with silicone or 
polyurethane sealant to eliminate air bypass and prevent moisture carryover. 

2.11 WATER SOURCE HEAT PUMP SECTION 

A. The heat recovery / dehumidification unit shall be complete with an integral water source heat 
pump. The water source heat pump shall be factory piped, charged and wired. Compressors, 
coaxial heat exchangers, water piping and reversing valves shall be located within a separate 
vestibule with sufficient hinged doors to allow access and removal of major components and 
sub-assemblies. Compressors and coaxial heat exchangers mounted inside of air plenums 
shall be unacceptable due to compromised access, setup, and maintenance. 

B. Each circuit shall be fully factory run tested prior to shipment. Run test must include water 
hookup and record of operating pressures. Quality check list shall be available upon request. All 
water shall be removed from coaxial heat exchangers and water side piping prior to shipment. 

C. Heat pump staging, time delays and head pressure control must be provided, installed and 
maintained by the unit manufacturer via microprocessor based controls. In addition, safeties 
including water pressure transducer, suction and discharge pressure transducers, high head 
pressure switch and air flow switches shall be supplied by the unit manufacturer. These critical 
functions and safeties cannot be excluded under any circumstances. 

D. Compressors shall be direct drive, hermetic, scroll type with centrifugal gear type oil pump 
providing positive lubrication to moving parts. Motor shall be suction gas-cooled and shall have 
a voltage utilization range of plus or minus 10 percent unit nameplate voltage. Internal 
temperature and current sensitive motor overloads shall be included for maximum protection. 
Compressors shall have vibration isolation to minimize vibration transmission and noise. Lead 
compressor shall be digital scroll type capable of modulation from 10% to 100% output. 

E. Each refrigerant circuit shall have independent externally compensated and balanced ported 
thermal expansion valve, solenoid valve, service pressure ports, refrigerant line filter drier, 
refrigerant charge compensating receiver, suction line accumulator, slide-type reversing valve, 
and reverse flow check valves. Minimum discharge head pressure is maintained in cooling 
mode with2-waymodulating water control valve, factory provided, mounted and wired. 

F. The condensers shall be coaxial type with acoppercoil material, smooth bore, solid wall tube 
construction with convoluted inner tube for increased heat transfer surface area per unit length 
and improved heat transfer. The entire assembly shall be manifolded with nominal water 
headers with distributor on the refrigerant inlet and outlet refrigerant manifold. The condenser 
must be capable of rejecting 100% of heat required for cooling at the scheduled water flow and 
pressure drop. Coaxial heat exchanger shall be UL and CSA approved. Unit shall have single 
point water connections. 

2.12 EXHAUST FAN 

A. The exhaust air fan shall be AMCA certified, Class I or II, heavy duty, centrifugal plenum type 
with non-overloading wheel. Fan shall be spring isolated with flexible duct connections to isolate 
the fan from the cabinet housing. All fans shall be arrangement 4 direct drive type. 
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B. Fan performance shall be based on tests and procedures performed in accordance with AMCA 

Publication 211 and Publication 311 and comply with the requirements of the AMCA Certified 
Ratings Program. Fans shall bear the AMCA seal. Fans with forward curved wheels shall be 
unacceptable. 

C. Fan Accessories: 
1. Fan shall be mounted on seismic type 1" deflection spring isolators. 
2. Variable fan speed controller (variable frequency drive). 

D. Motor electrical connections are to be factory prewired to the unit control panel. Motor shall be 
mounted on adjustable base. Premium efficiency ODP type fan motors shall be furnished. 

E. The fan variable frequency drive without bypass shall be mounted in the unit return air plenum. 
VFD display is mounted in the unit electrical panel. 

2.13 SUPPLY FAN 

A. The supply air fan shall be AMCA certified, Class I or II, heavy duty, centrifugal plenum type with 
non-overloading wheel. Fan shall be spring isolated with flexible duct connections to isolate the 
fan from the cabinet housing. All fans shall be arrangement 4 direct drive type. 

B. Fan performance shall be based on tests and procedures performed in accordance with AMCA 
Publication 211 and Publication 311 and comply with the requirements of the AMCA Certified 
Ratings Program. Fans shall bear the AMCA seal. Fans with forward curved wheels shall be 
unacceptable. 

C. Fan Accessories: 
1. Fan shall be mounted on seismic type 1" deflection spring isolators. 
2. Variable fan speed controller (variable frequency drive). 

D. Motor electrical connections are to be factory prewired to the unit control panel. Motor shall be 
mounted on adjustable base. Premium efficiency ODP type fan motors shall be furnished. 

E. The fan variable frequency drive without bypass shall be mounted in the unit return air plenum. 
VFD display is mounted in the unit electrical panel. 

2.14 HOT GAS REHEAT COIL 

A. Coil shall consist of 3/8" O.D.coppertubes mechanically bonded to configured aluminum plate 
fins with a16-gauge galvanized steelcasing with performance certified by ARI standards. All 
coils shall be fully tested for leaks. Coil and all required refrigerant specialties including a 3-way 
valve and a check valve. Coil to be sized for the schedule temperature rise. 

B. Hot gas reheat valve shall be modulating type. 

2.15 OUTSIDE AIRSTREAM DAMPER 

A. Dampers shall have a maximum leakage of 6 cfm/ sq. ft. @ 4 in. wg and 3 cfm/sq. ft. @ 1 in. 
wg. Damper shall meet or exceed the IECC (International Energy Conservation Code) 
requirements for damper leakage ratings when integral to the building envelope. Dampers shall 
have a maximum differential pressure rating of 5 in. wg. 

B. Frame shall be 4-piece construction with 1.5" (minimum) integral overlapping gusset 
reinforcements in each corner to assure square corners and provide maximum resistance to 
racking. Damper blades shall be constructed of 16-gauge galvanized steel strengthened by 
three longitudinal 1" deep Vee grooves running the entire length of each blade. Each blade shall 
be symmetrical relative to its axle pivot point, presenting identical performance characteristics 
with air flowing in either direction through the damper. Provide symmetrical blades of varying 
size as required to completely fill the damper opening. Each blade stop (at top and bottom of 
damper frame) shall occupy no more than 0.5" of the damper opening area to allow for 
maximum free area and to minimize pressure loss across the damper. Blade seals shall be TPE 
standard mechanically fastened to each blade. Jambs are flexible stainless steel compression 
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type. Linkage is concealed in jamb, plated steel material. Axles are minimum 0.5" dia. plated 
steel. Axle bearings shall be synthetic (acetal) sleeve rotating in polished extruded holes in the 
damper frame. 

C. The damper shall be provided with an electric 2-position actuator. 

2.16 EXHAUST AIRSTREAM DAMPER 

A. Dampers shall have a maximum leakage of 6 cfm/ sq. ft. @ 4 in. wg and 3 cfm/sq. ft. @ 1 in. 
wg. Damper shall meet or exceed the IECC (International Energy Conservation Code) 
requirements for damper leakage ratings when integral to the building envelope. Dampers shall 
have a maximum differential pressure rating of 5 in. wg. 

B. Frame shall be 4-piece construction with 1.5" (minimum) integral overlapping gusset 
reinforcements in each corner to assure square corners and provide maximum resistance to 
racking. Damper blades shall be constructed of16-gauge galvanized steel strengthened by three 
longitudinal 1" deep Vee grooves running the entire length of each blade. Each blade shall be 
symmetrical relative to its axle pivot point, presenting identical performance characteristics with 
air flowing in either direction through the damper. Provide symmetrical blades of varying size as 
required to completely fill the damper opening. Each blade stop (at top and bottom of damper 
frame) shall occupy no more than 0.5" of the damper opening area to allow for maximum free 
area and to minimize pressure loss across the damper. Blade seals shall be TPE standard 
mechanically fastened to each blade. Jambs are flexible stainless steel compression type. 
Linkage is concealed in jamb, plated steel material. Axles are minimum 0.5" dia. plated steel. 
Axle bearings shall be synthetic (acetal) sleeve rotating in polished extruded holes in the 
damper frame. 

C. The damper shall be provided with an electric 2-position actuator. 

2.17 ROOF CURBS 

A. Curbs: Provide full perimeter, 14" high roof curb fabricated from 10 gage aluminized steel. 
Provide structural reinforcement as required to carry equipment weight. 

2.18 SERVICE ACCESSORIES 

A. Internal Service Lights: Provide vapor tight light with protective cage and minimum 40 watt bulb. 

B. Electrical Receptacle: 
1. Provide duplex, ground fault interrupter type receptacle. 
2. Provide re-settable circuit breaker in control panel. 

C. Electrical Components: Factory wired for single point power connection. 
1. Protect all integral wires and connections. 
2. Electrical Components:  UL Listed. 

PART 3 EXECUTION 

3.1 EXAMINATION 

A. Verify that structure is ready for installation of unit, that openings in deck for ductwork, if 
required, are correctly sized and located, and that mechanical and electrical utilities supplying 
unit are of correct capacities and are accessible. 

3.2 INSTALLATION 

A. Provide openings for suitable ductwork connection. 

3.3 CLEANING 

A. Clean filters, air plenums, interior and exposed-to-view surfaces prior to Substantial Completion. 

END OF SECTION 
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PART 1 GENERAL 

SECTION 23 81 31 

GROUND-LOOP WATER SOURCE HEAT PUMP UNITS 

1.1 RELATED REQUIREMENTS 

A. Section 01 30 00 - Administrative Requirements: Submittal procedures, project meetings, 
progress schedules and documentation, reports, coordination. 

B. Section 01 60 00 - Product Requirements: Fundamental product requirements, substitutions 
and product options, delivery, storage, and handling. 

C. Section 01 70 00 - Execution and Closeout Requirements: Examination, preparation, and 
general installation procedures; preinstallation meetings; cutting and patching; cleaning and 
protection; starting of systems; demonstration and instruction; closeout procedures except 
payment procedures; requirements for alterations work. 

D. Section 01 78 00 - Closeout Submittals: Project record documents, operation and maintenance 
(O&M) data, warranties and bonds. 

E. Section 01 79 00 - Demonstration and Training: Detailed requirements. 

1.2 REFERENCE STANDARDS 

A. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials. 

B. FM (AG) - FM Approval Guide; Factory Mutual Research Corporation. 

C. ITS (DIR) - Directory of Listed Products; Intertek Testing Services NA, Inc. 

D. NEMA MG 1 - Motors and Generators; National Electrical Manufacturers Association. 

E. NFPA 70 - National Electrical Code; National Fire Protection Association. 

F. SSPC-Paint 15 - Steel Joist Shop Primer/Metal Building Primer; Society for Protective Coatings. 

G. UL (DIR) - Online Certifications Directory; Underwriters Laboratories Inc. 

1.3 SUBMITTALS 

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

B. Product Data: Include rated capacities; shipping, installed, and operating weights; dimensions; 
required clearances; methods for assembling components; furnished specialties; accessories; 
and installation and startup instructions for each model indicated. 

C. Wiring Diagrams: Detail wiring for power, signal, and control systems and differentiate between 
manufacturer-installed and field-installed wiring. 

D. Field Test Reports: Indicate and interpret test results for compliance with performance 
requirements. 

E. Maintenance Data: For each condensing unit to include in the maintenance manual: 
1. Include a parts list for each condensing unit, control, and accessory; troubleshooting 

maintenance guide; and servicing and preventative maintenance procedures and 
schedule. 

F. Warranty Documentation: Submit manufacturer warranty and ensure that forms have been 
completed in Owner's name and registered with manufacturer. 

1.4 QUALITY ASSURANCE 

A. Listing and labeling: Provide electrically operated equipment specified in this Section that is 
listed and labeled. 
1. The Terms "Listed" and "Labeled": As defined in NFPA 70, Article 100. 

B. ARI 13256 - Water-Source Heat Pump Equipment 
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C. ANSI/UL 559 - Standard for Heat Pumps. 

D. CSA C22.2 No. 186.1 Central Forced Air Unitary Heat Pumps with or without Electrical 
Resistance Heat. 

E. ARI 260 Sound rating of ducted air moving and conditioning equipment. 

1.5 COORDINATION 

A. Coordinate size and location of steel support as required for hanging unit. 

1.6 WARRANTY 

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

B. General Warranty: The special warranty specified in this Article shall not deprive the Owner of 
other rights the Owner may have under other provisions of the Contract Documents and shall 
be in addition to, and run concurrent with, other warranties made by the Contractor under 
requirements of the Contract Documents. 

C. Special Warranty: A written warranty, executed by Contractor and signed by manufacturer, 
agreeing to replace components that fail in materials and workmanship within the specified 
warranty period, provided manufacturer's written instructions for installation, operation, and 
maintenance have been followed. 

D. Warranty Period: Manufacturer's standard, but not less than 1 year from date of Substantial 
Completion. 

1.7 STARTUP: 

A. A factory-authorized service representative shall provide startup service on all units. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide water-source heat pump units 
by one of the following: 
1. Daikin: www.daikin.com. 
2. Trane: www.trane.com. 
3. McQuay: www.daikinapplied.com. 

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

2.2 GENERAL 

A. Units shall be supplied completely factory assembled, piped, internally wired, fully charged with 
R-410A, horizontal unit and capable of operating over an entering water temperature range from 
45°F to 120°F on standard range models, and 30° to 120°F on extended range models. All 
equipment must be rated and certified in accordance with AHRI/ISO 13256-1 and must be 
tested, investigated, and determined to comply with the requirements of the standards for 
Heating and Cooling Equipment UL-1995 for the US and CAN/CSA-C22.2 NO. 236 for Canada. 
Each unit shall be ETL, ETLC and CE Listed. Each unit shall be run tested at the factory. The 
installing contractor shall be responsible for furnishing and installing Water Source Heat Pumps 
as indicated on the plans and per installation instructions. 

B. Geothermal Range - All extended range units shall have an insulated water-to-refrigerant HX. 
An additional refrigerant temperature sensor shall disable compressor operation at 6.5°F, or at a 
temperature common to low temp operation and not one common to boiler/tower operation, 
28°F. Extended range units shall have an insulated refrigerant-to-water heat exchanger and 
insulated water and refrigerant tubing; all designed to help prevent sweating. 

C. Casing and cabinet - The cabinet shall be fabricated from heavy gauge G-60 galvanized sheet 
metal with interior surfaces lined with 1/2-inch thick, 1.5 lb., coated fiberglass insulation. The 
insulation shall have a flame spread of less than 25 and a smoke developed classification of 
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less than 50 per ASTM E-84 and UL 723. All fiberglass shall be coated and have exposed 
edges tucked under flanges to prevent the introduction of glass fibers into the air stream. All 
insulation must meet NFPA 90A requirements. 

D. Filter Rack and Filters - Unit shall have a 1" throwaway filter and a 1" factory-installed 
combination filter rack/return air duct collar. The filters shall be removable from either side of the 
unit. 

E. Refrigerant Circuit - Units shall have a R-410A sealed refrigerant circuit, which includes a rotary, 
reciprocating or scroll compressor, thermostatic expansion valve, an aluminum lanced-fin and 
rifled copper tube refrigerant-to-air heat exchanger, reversing valve, coaxial, tube-in-tube, 
refrigerant-to-water heat exchanger. The coaxial coil shall be made of a copper inner tube and a 
steel outer tube and shall be deeply fluted to enhance heat transfer and minimize fouling and 
scaling. The coaxial coil shall be made have a working pressure of 400 psig on the waterside of 
the unit and 600 psig on the refrigerant side for all R-410A units. The compressor shall have 
thermal overload protection. 

F. Compressor - The hermetic compressor shall be mounted on compressor manufacturer 
furnished rubber grommets. The compressor shall be mounted on compressor manufacturer 
furnished rubber grommets on a mass plate under the compressor. The mass plate shall have 
a dual material assembly. The top is heavy gauge galvanized steel. The bottom is a visoelastic 
isolation material. The isolation material is 1/8" thick, 1 lb./sq. ft. with a barrier layer to improve 
the sound transmission loss. The assembly reduces absorbs compressor vibration that can be 
transmitted to the cabinet. 

G. Compressor Safety - Safety controls shall include a minimum of 3 safety devices; high 
refrigerant pressure switch, low refrigerant pressure switch and a low refrigerant suction 
temperature sensor. The low refrigerant suction temperature sensor shall provide freeze 
protection for the water coil and the air coil. Refrigerant gauge access fittings shall be factory 
installed on high and low pressure refrigerant lines to facilitate field service. Activation of any 
safety device shall prevent the compressor from operating via a microprocessor lockout circuit. 
The lockout circuit shall be reset at the thermostat or at the unit disconnect switch. 

H. Drain Pan - The condensate pan shall be constructed of high density polyethylene (HDPE) 
plastic to prevent corrosion and sweating. The bottom of the drain pan shall be sloped on two 
planes to provide complete drainage of water from the pan to meet IAQ requirements. The 
water source heat pump unit as standard shall be supplied with electronic condensate overflow 
protection. A mechanical float switch will not be accepted. 

I. Fan and Motor Assembly - Unit shall have a direct drive centrifugal fan motor assembly. The fan 
housing shall have a removable orifice ring to facilitate fan motor and fan wheel removal without 
removing the fan housing. The fan motor shall be multi-speed, permanently lubricated, PSC 
type isolated from the fan housing with vibration grommets and internal thermal overload 
protection. The fan and motor assembly must be capable of overcoming the external static 
pressures as shown on the schedule. 

J. Electrical - A control box shall be located within the unit and shall contain controls for 
compressor, reversing valve and fan motor operation and shall have either, a 50VA or (optional) 
75VA transformer and a terminal block for low voltage field wiring connections. Unit shall be 
name-plated to accept time delay fuses or HACR circuit breaker for branch over-current 
protection of the power source. Unit control system shall provide heating or cooling as required 
by the set points of the wall thermostat. The unit control scheme shall provide for fan operation 
simultaneous with compressor operation (fan interlock) regardless of the thermostat type. The 
unit shall be capable of providing an output signal to an LED on the thermostat or to a central 
monitoring panel to indicate a “fault” condition from the activation of any one of the safety 
switches. 
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K. Control System - Unit shall have a microprocessor-based control system. The unit control logic 
shall provide heating and cooling operation as required by the wall thermostat set point. The 
control system shall provide the following for stand-alone operation: 
1. The use of standard non-programmable or programmable wall thermostats. 
2. Fan operation simultaneous with the compressor (fan interlock) regardless of thermostat 

logic. 
3. Time delay compressor operation. 
4. Delayed de-energizing of the reversing valve for quiet reversing valve operation. 
5. Compressor short cycle protection of a minimum of three minutes before restart is 

possible. 
6. Random unit start-up after coming off on unoccupied mode. 
7. Single grounded wire connection for activation of the unoccupied or unit shutdown modes. 
8. Night setback temperature setpoint input signal from the wall thermostat. 
9. Override signal from wall thermostat to override unoccupied mode for 2 hours. 
10. Brownout protection to suspend unit operation if the supply voltage drops below 80% of 

normal. 
11. Condensate overflow protection to suspend cooling operation in an event of a full drain 

pan. 
12. Suspended compressor operation upon activation of the refrigerant safety devices. 
13. Cooling operation activated for 60 seconds upon activation of the low suction temperature 

sensor - defrost cycle. 
14. Method of defeating compressor, reversing valve and fan time delays for fast service 

diagnostics. 
15. Remote reset - Provides means to remotely reset automatic lock-outs generated by 

high/low pressure faults and/or low temperature faults. 
16. Fault retry clears faults the first two times they occur within a 24-hour period and triggers 

automatic lock-out on 3rd fault. 

L. Unit shall have LED annunciators to aid in diagnosing unit operation by indicating the water 
source heat pump operating mode and alarm conditions. If there are no current alarm 
conditions, a green LED on the annunciator board will indicate normal unit operating mode. If an 
alarm condition exists, the unit controller will send the fault condition to the LED annunciator, 
which will assist in troubleshooting the unit. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install equipment in strict accordance with manufacturer's instructions and to as to be 
compatible with intent of the respective system performance requirements. 

B. No field provided apparatus, electrical or mechanical, shall be fastened to the heat pump 
cabinet with screws, without the prior written approval by the manufacturer’s representative. 

C. A discrete grounding conductor shall be provided, sized in accordance with the National 
Electrical Code, for each heat pump unit. The use of conduit or water piping for grounding 
purposes shall not be allowed. 

D. Piping, electrical conduits, lighting fixtures, etc. shall not be located under any ceiling suspended 
unit, so as to interfere with unit removal for service or replacement. 

E. Piping and electrical connections shall be located to eliminate any interference with removal and 
replacement of the filter. 

F. Contractor shall clean each unit of construction dust and debris, and: 
1. shall supply to the owner one complete set of spare filters for each unit on the project. 

G. Heat pump units shall not be used as “construction heaters” at any time during any phase of 
construction. Very low temperatures, harmful vapors, gypsum dust from dry wall finishing, may 
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all damage the unit and affect its efficiency and useful service life. Failure to properly protect 
the unit from construction dirt and debris and from condensation forming within the unit may 
cause electronic component failure, and void the manufacturer’s warranty. 

H. Coordinate installation with work as part of "Control Systems" Section. 

I. Manufacturer’s Field Service - Engage the services of factory authorized service technician 
representative to provide equipment Start Up to verify installation for proper operation and 
compliance with manufacturer's recommendations, and to assist the contractor in making 
adjustments, and to assist in field testing as follows: 
1. Inspect for visible damage to casing, coils and internal parts. 
2. Inspect for visible traces of refrigerant leaks (oil, etc.) and then leak check. 
3. Inspect all electrical connections and torque to manufacturer’s recommendations, both 

power and control.  Verifycorrectness. 
4. Verify that filters are provided as specified and are installed properly. 
5. Verify that proper clearances for both operation and servicing have been provided. 
6. Verify that the unit has been cleaned of all construction dust and debris. 
7. Verify proper fan rotation and v-belt drive alignment and tension where applicable. 
8. Start unit according to the manufacturer’s written instructions. 
9. Observe initial unit operation to verify suitability for continuous operation for a period of 

time of sufficient duration to permit system air balancing. 

J. CLOSEOUT ACTIVITIES 
1. See Section 01 78 00 - Closeout Submittals, for closeout submittals. 
2. See Section 01 79 00 - Demonstration and Training, for additional requirements. 
3. Demonstrate proper operation of equipment to Owner's designated representative. 
4. Demonstration: Demonstrate operation of system to Owner's personnel. 

a. Use operation and maintenance data as reference during demonstration. 
b. Conduct walking tour of project. 
c. Briefly describe function, operation, and maintenance of each component. 

5. Training: Train Owner's personnel on operation and maintenance of system. 
a. Use operation and maintenance manual as training reference, supplemented with 

additional training materials as required. 
b. Provide minimum of two hours of training. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Electrical demolition. 

SECTION 26 05 01 

MINOR ELECTRICAL DEMOLITION 

1.2 RELATED REQUIREMENTS 

A. Section 01 70 00 - Execution and Closeout Requirements: Additional requirements for 
alterations work. 

1.3 SUBMITTALS 

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

PART 2 PRODUCTS 

2.1 MATERIALS AND EQUIPMENT 

A. Materials and equipment for patching and extending work: As specified in individual sections. 

PART 3 EXECUTION 

3.1 EXAMINATION 

A. Verify field measurements and circuiting arrangements are as shown on Drawings. 

B. Verify that abandoned wiring and equipment serve only abandoned facilities. 

C. Demolition drawings are based on casual field observation and existing record documents. 

D. Report discrepancies to Owner before disturbing existing installation. 

E. Report discrepancies to Architect before disturbing existing installation. 

F. Beginning of demolition means installer accepts existing conditions. 

3.2 PREPARATION 

A. Disconnect electrical systems in walls, floors, and ceilings to be removed. 

B. Coordinate utility service outages with utility company. 

C. Provide temporary wiring and connections to maintain existing systems in service during 
construction. When work must be performed on energized equipment or circuits, use personnel 
experienced in such operations. 

D. Existing Electrical Service: Maintain existing system in service until new system is complete 
and ready for service. Disable system only to make switchovers and connections. Minimize 
outage duration. 
1. Obtain permission from Owner at least 24 hours before partially or completely disabling 

system. 
2. Make temporary connections to maintain service in areas adjacent to work area. 

E. Existing Fire Alarm System: Maintain existing system in service until new system is accepted. 
Disable system only to make switchovers and connections. Minimize outage duration. 
1. Notify Owner before partially or completely disabling system. 
2. Notify local fire service. 
3. Make notifications at least 24 hours in advance. 
4. Make temporary connections to maintain service in areas adjacent to work area. 

F. Existing Telephone System: Maintain existing system in service until new system is complete 
and ready for service. Disable system only to make switchovers and connections. Minimize 
outage duration. 
1. Notify Owner at least 24 hours before partially or completely disabling system. 
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2. Notify telephone utility company at least 24 hours before partially or completely disabling 
system. 

3. Make temporary connections to maintain service in areas adjacent to work area. 

3.3 DEMOLITION AND EXTENSION OF EXISTING ELECTRICAL WOR K 

A. Remove, relocate, and extend existing installations to accommodate new construction. 

B. Remove abandoned wiring to source of supply. 

C. Remove exposed abandoned conduit, including abandoned conduit above accessible ceiling 
finishes. Cut conduit flush with walls and floors, and patch surfaces. 

D. Disconnect abandoned outlets and remove devices. Remove abandoned outlets if conduit 
servicing them is abandoned and removed. Provide blank cover for abandoned outlets that are 
not removed. 

E. Disconnect and remove abandoned panelboards and distribution equipment. 

F. Disconnect and remove electrical devices and equipment serving utilization equipment that has 
been removed. 

G. Disconnect and remove abandoned luminaires. Remove brackets, stems, hangers, and other 
accessories. 

H. Repair adjacent construction and finishes damaged during demolition and extension work. 

I. Maintain access to existing electrical installations that remain active. Modify installation or 
provide access panel as appropriate. 

3.4 CLEANING AND REPAIR 

A. Clean and repair existing materials and equipment that remain or that are to be reused. 

B. Panelboards: Clean exposed surfaces and check tightness of electrical connections. Replace 
damaged circuit breakers and provide closure plates for vacant positions. Provide typed circuit 
directory showing revised circuiting arrangement. 

C. Luminaires: Remove existing luminaires for cleaning. Use mild detergent to clean all exterior 
and interior surfaces; rinse with clean water and wipe dry. Replace lamps, ballasts and broken 
electrical parts. 

END OF SECTION 
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SECTION 26 05 19 

LV ELEC. POWER CONDUCTORS AND CABLES (600V&LESS) 

PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Single conductor building wire. 

B. Service entrance cable. 

C. Metal-clad cable. 

D. Wire and cable for 600 volts and less. 

E. Wiring connectors. 

F. Electrical tape. 

G. Wire pulling lubricant. 

1.2 RELATED REQUIREMENTS 

A. Section 07 84 00 - Firestopping. 

B. Section 26 05 01 - Minor Electrical Demolition: Disconnection, removal, and/or extension of 
existing electrical conductors and cables. 

C. Section 26 05 26 - Grounding and Bonding for Electrical Systems: Additional requirements for 
grounding conductors and grounding connectors. 

D. Section 26 05 53 - Identification for Electrical Systems: Identification products and 
requirements. 

E. Section 28 31 00 - Fire Detection and Alarm: Fire alarm system conductors and cables. 

F. Section 31 23 16 - Excavation. 

G. Section 31 23 16.13 - Trenching: Excavating, bedding, and backfilling. 

H. Section 31 23 23 - Fill: Bedding and backfilling. 

1.3 REFERENCE STANDARDS 

A. ASTM B3 - Standard Specification for Soft or Annealed Copper Wire. 

B. ASTM B33 - Standard Specification for Tin-Coated Soft or Annealed Copper Wire for Electrical 
Purposes. 

C. ASTM B787/B787M - Standard Specification for 19 Wire Combination Unilay-Stranded Copper 
Conductors for Subsequent Insulation. 

D. ASTM D3005 - Standard Specification for Low-Temperature Resistant Vinyl Chloride Plastic 
Pressure-Sensitive Electrical InsulatingTape. 

E. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association. 

F. NECA 120 - Standard for Installing Armored Cable (AC) and Metal-Clad Cable (MC); National 
Electrical Contractors Association. 

G. NEMA WC 70 - Power Cables Rated 2000 Volts or Less for the Distribution of Electrical Energy; 
National Electrical Manufacturers Association (ANSI/NEMA WC 70/ICEA S-95-658). 

H. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association. 

I. NFPA 70 - National Electrical Code; National Fire Protection Association. 

J. UL 44 - Thermoset-Insulated Wires and Cables. 

K. UL 83 - Thermoplastic-Insulated Wires and Cables. 
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L. UL 486A-486B - Wire Connectors. 

M. UL 486C - Splicing Wire Connectors. 

N. UL 486D - Sealed Wire Connector Systems. 

O. UL 510 - Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape. 

P. UL 1569 - Metal-Clad Cables. 

1.4 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 the installation of direct burial cable with other trades to avoid conflicts with 
piping or other potential conflicts. 

3. Coordinate with electrical equipment installed under other sections to provide terminations 
suitable for use with the conductors to be installed. 

4. Notify Architect and Engineer of any conflicts with or deviations from the contract 
documents. Obtain direction before proceeding with work. 

1.5 SUBMITTALS 

A. See Section 01 30 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. Product Data:  Provide for each cable assemblytype. 

D. Samples of Actual Product Delivered: Submit one 18 inch length of cable assembly from each 
reel. 
1. Select each length to include complete set of manufacturer markings. 
2. Attach tag indicating cable size and application information. 

E. Test Reports: Indicate procedures and values obtained. 

F. Design Data: Indicate voltage drop and ampacity calculations for aluminum conductors 
substituted for copper conductors. Include proposed modifications to raceways, boxes, wiring 
gutters, enclosures, etc. to accommodate substituted conductors. 

G. Manufacturer's Installation Instructions: Indicate application conditions and limitations of use 
stipulated by product testing agency. Include instructions for storage, handling, protection, 
examination, preparation, and installation of product. 

H. Project Record Documents: Record actual locations of components and circuits. 

1.6 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. 

1.7 DELIVERY, STORAGE, ANDHANDLING 

A. Receive, inspect, handle, and store conductors and cables in accordance with manufacturer's 
instructions. 
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1.8 FIELD CONDITIONS 

A. Do not install or otherwise handle thermoplastic-insulated conductors at temperatures lower 
than 14 degrees F, unless otherwise permitted by manufacturer's instructions. When installation 
below this temperature is unavoidable, notify Architect and obtain direction before proceeding 
with work. 

PART 2 PRODUCTS 

2.1 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. 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. 

b. Where concealed in hollow stud walls, above accessible ceilings, and under raised 
floors for branch circuits up to 20 A. 

2. In addition to other applicable restrictions, may not be used: 
a. Unless approved by Owner. 
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. 
f. For isolated ground circuits, unless provided with an additional isolated/insulated 

grounding conductor. 

D. Concealed Dry Interior Locations: Use only building wire in raceway or metal clad cable type 
THHN/THHW. 

E. Exposed Dry Interior Locations: Use only building wire in raceway type THHN/THHW. 

F. Above Accessible Ceilings: Use only building wire in raceway or metal clad cable typeTHHN. 

G. Wet or Damp Interior Locations: Use only building wire in raceway type THW. 

H. Exterior Locations: Use only building wire in raceway type THHW. 

I. Use solid conductor for feeders and branch circuits 10 AWG and smaller. 

J. Use solid conductors for control circuits. 

K. Use conductor not smaller than 12 AWG for power and lighting circuits. 

L. Use conductor not smaller than 16 AWG for control circuits. 

M. Use 10 AWG conductors for 20 ampere, 120 volt branch circuits longer than 75 feet. 

N. Use 10 AWG conductors for 20 ampere, 277 volt branch circuits longer than 200 feet. 

2.2 CONDUCTOR AND CABLE MANUFACTURERS 

A. Cerro Wire LLC: www.cerrowire.com. 

B. Southwire Company: www.southwire.com. 

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

2.3 CONDUCTOR AND CABLE GENERAL REQUIREMENTS 

A. Provide products that comply with requirements of NFPA 70. 
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B. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the 
purpose indicated. 

C. Provide new conductors and cables manufactured not more than one year prior to installation. 

D. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring, 
connectors, etc. as required for a complete operating system. 

E. Comply with NEMA WC 70. 

F. Thermoplastic-Insulated Conductors and Cables: Listed and labeled as complying with UL 83. 

G. Thermoset-Insulated Conductors and Cables: Listed and labeled as complying with UL 44. 

H. Conductors for Grounding and Bonding: Also comply with Section 26 05 26. 

I. Conductor Material: 
1. Provide copper conductors only. Aluminum conductors are not acceptable for this project. 

Conductor sizes indicated are based on copper. 
2. Copper Conductors: Soft drawn annealed, 98 percent conductivity, uncoated copper 

conductors complying with ASTM B3, ASTM B8, or ASTM B787/B 787M unless otherwise 
indicated. 

3. Tinned Copper Conductors: Comply with ASTM B33. 

J. Minimum Conductor Size: 
1. Branch Circuits:  12 AWG. 

a. Exceptions: 
1) 20 A, 120 V circuits longer than 75 feet: 10 AWG, for voltage drop. 
2) 20 A, 120 V circuits longer than 150 feet: 8 AWG, for voltage drop. 
3) 20 A, 277 V circuits longer than 150 feet: 10 AWG, for voltage drop. 

2. Control Circuits:  14 AWG. 

K. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable 
minimum size requirements specified. 

L. Conductor Color Coding: 
1. Color code conductors as indicated unless otherwise required by the authority having 

jurisdiction. Maintain consistent color coding throughout project. 
2. Color Coding Method: Integrally colored insulation. 
3. Color Code: 

a. 480Y/277 V, 3 Phase, 4 Wire System: 
1) Phase A: Brown. 
2) Phase B: Orange. 
3) Phase C: Yellow. 
4) Neutral/Grounded: Gray. 

b. 208Y/120 V, 3 Phase, 4 Wire System: 
1) Phase A: Black. 
2) Phase B: Red. 
3) Phase C: Blue. 
4) Neutral/Grounded: White. 

c. Equipment Ground, All Systems: Green. 
d. Isolated Ground, All Systems: Green with yellow stripe. 
e. For control circuits, comply with manufacturer's recommended color code. 

2.4 SINGLE CONDUCTOR BUILDING WIRE 

A. Manufacturers: 
1. Copper Building Wire: 

a. Cerro Wire LLC: www.cerrowire.com. 
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b. Encore Wire Corporation: www.encorewire.com. 
c. Southwire Company: www.southwire.com. 
d. Substitutions: See Section 01 60 00 - Product Requirements. 

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 or THHN/THWN-2, except as indicated below. 

F. Conductor: Copper. 
1. For Sizes Smaller Than 4 AWG: Copper. 
2. For Sizes 4 AWG and Larger: Copper. 

G. Insulation Voltage Rating: 600 volts. 

H. Insulation: NFPA 70, Type THHW/THWN/THHN/THW. 

I. Insulation: Thermoplastic material rated 75/90 degrees C. 

2.5 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. 

D. Insulation Voltage Rating: 600 V. 

E. Insulation:  Type THHN, THHN/THWN, or THHN/THWN-2. 

F. Provide dedicated neutral conductor for each phase conductor where indicated or required. 

G. Grounding: Full-size integral equipment grounding conductor. 
1. Provide additional isolated/insulated grounding conductor where indicated or required. 

H. Armor:  Steel, interlocked tape. 

I. Provide PVC jacket applied over cable armor where indicated or required for environment of 
installed location. 

J. Insulation Temperature Rating: 75/90 degrees C. 

2.6 METAL CLAD CABLE 

A. Description:  NFPA 70, Type MC. 

B. Conductor: Copper. 
1. For Sizes Smaller Than 4 AWG: Copper. 
2. For Sizes 4 AWG and Larger: Copper. 

C. Insulation Voltage Rating: 600 volts. 
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D. Insulation Temperature Rating: 90 degrees C. 

E. Insulation Material: Thermoplastic. 

F. Armor Material: Steel. 

G. Armor Design:  Interlocked metal tape. 

H. Jacket: PVC. 

2.7 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 10 AWG: Use twist-on insulated spring connectors. 
2. Copper Conductors 8 AWG and larger: Use Polaris IPL series connectors. 

D. Wiring Connectors for Terminations: 
1. Provide terminal lugs for connecting conductors to equipment furnished with terminations 

designed for terminal lugs. 
2. Copper Conductors Size 8 AWG and Larger: Use mechanical connectors where 

connectors are required. 
3. Stranded Conductors Size 10 AWG and Smaller: Use crimped terminals for connections 

to terminal screws. 
4. Conductors for Control Circuits: Use crimped terminals for all connections. 

E. Do not use push-in wire connectors as a substitute for twist-on insulated spring connectors. 

F. Twist-on Insulated Spring Connectors: Rated 600 V, 221 degrees F for standard applications 
and 302 degrees F for high temperature applications; pre-filled with sealant and listed as 
complying with UL 486D for damp and wet locations. 
1. Manufacturers: 

a. 3M: www.3m.com. 
b. Ideal Industries, Inc.: www.idealindustries.com. 
c. NSI Industries LLC: www.nsiindustries.com. 
d. Substitutions: See Section 01 60 00 - Product Requirements. 

G. Mechanical Connectors: Provide bolted type or set-screw type. 
1. Manufacturers: 

a. Burndy: www.burndy.com. 
b. Ilsco: www.ilsco.com. 
c. Thomas & Betts Corporation: www.tnb.com. 
d. Substitutions: See Section 01 60 00 - Product Requirements. 

H. Crimped Terminals: Nylon-insulated, with insulation grip and terminal configuration suitable for 
connection to be made. 
1. Manufacturers: 

a. Burndy: www.burndy.com. 
b. Ilsco: www.ilsco.com. 
c. Thomas & Betts Corporation: www.tnb.com. 

2.8 WIRING ACCESSORIES 

A. Electrical Tape: 
1. Manufacturers: 

a. 3M: www.3m.com. 
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b. Plymouth Rubber Europa: www.plymouthrubber.com. 
c. Substitutions: See Section 01 60 00 - Product Requirements. 

2. Vinyl Color Coding Electrical Tape: Integrally colored to match color code indicated; listed 
as complying with UL 510; minimum thickness of 7 mil; resistant to abrasion, corrosion, 
and sunlight; suitable for continuous temperature environment up to 221 degrees F. 

3. Vinyl Insulating Electrical Tape: Complying with ASTM D3005 and listed as complying with 
UL 510; minimum thickness of 8.5 mil; resistant to abrasion, corrosion, and sunlight; 
conformable for application down to 0 degrees F and suitable for continuous temperature 
environment up to 221 degrees F. 
a. Product: 3M- Scoth Vinyl Electrcial Tape Super 88. 
b. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Wire Pulling Lubricant: Listed; suitable for use with the conductors or cables to be installed and 
suitable for use at the installation temperature. 
1. Manufacturers: 

a. 3M: www.3m.com. 
b. American Polywater Corporation: www.polywater.com. 
c. Ideal Industries, Inc.: www.idealindustries.com. 
d. Substitutions: See Section 01 60 00 - Product Requirements. 

C. Split Bolt Connectors: Description: Connector suitable for copper to copper connection tested 
and listed to UL 486A requirements. Black burn type-H or equal. 
1. Product: Thomas R Betts or equal 
2. Substitutions: See Section 01 60 00 - Product Requirements. 
3. Product: Thomas R Betts or equal 

D. Spring Wire Connectors: Description: Flame retardant thermoplastic shell with plated steel 
square wire spring gated for 105 degrees C, 600 volts, Thomas and Betts fixed spring wire 
connectors or equal. 
1. Product: Ideal or equal 

PART 3 EXECUTION 

3.1 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. 

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. 

3.2 PREPARATION 

A. Clean raceways thoroughly to remove foreign materials before installing conductors and cables. 

3.3 INSTALLATION 

A. Circuiting Requirements: 
1. Unless dimensioned, circuit routing indicated is diagrammatic. 
2. When circuit destination is indicated and routing is not shown, determine exact routing 

required. 
3. Arrange circuiting to minimize splices. 

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. 
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D. Install metal-clad cable (Type MC) in accordance with NECA 120. 

E. 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. 

F. Paralleled Conductors: Install conductors of the same length and terminate in the same 
manner. 

G. 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. 

H. 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. 

I. Install conductors with a minimum of 12 inches of slack at each outlet. 

J. Neatly train and bundle conductors inside boxes, wireways, panelboards and other equipment 
enclosures. 

K. 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. Mechanical Connectors: Secure connections according to manufacturer's recommended 

torque settings. 

L. 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. 

M. Insulate ends of spare conductors using vinyl insulating electrical tape. 

N. Install firestopping to preserve fire resistance rating of partitions and other elements, using 
materials and methods specified in Section 07 84 00. 

O. 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. 

P. Install wire and cable securely, in a neat and workmanlike manner, as specified in NECA 1. 

Q. 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. 
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3. Include wire and cable of lengths required to install connected devices within 10 ft of 
location shown. 

R. Use wiring methods indicated. 

S. Pull all conductors into raceway at same time. 

T. Use suitable wire pulling lubricant for building wire 4 AWG and larger. 

U. Protect exposed cable from damage. 

V. 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. 

W. Use suitable cable fittings and connectors. 

X. Neatly train and lace wiring inside boxes, equipment, and panelboards. 

Y. Clean conductor surfaces before installing lugs and connectors. 

Z. Make splices, taps, and terminations to carry full ampacity of conductors with no perceptible 
temperature rise. 

AA. Use suitable reducing connectors or mechanical connector adaptors for connecting aluminum 
conductors to copper conductors. 

AB. 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. 

AC. Use solderless pressure connectors with insulating covers for copper conductor splices and 
taps, 8 AWG and smaller. 

AD. Use insulated spring wire connectors with plastic caps for copper conductor splices and taps, 10 
AWG and smaller. 

AE. 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. 

3.4 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. 
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PART 1 GENERAL 

SECTION 26 05 26 

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

1.1 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. Grounding and bonding components. 

G. Provide all components necessary to complete the grounding system(s) consisting of: 
1. Existing metal underground water pipe. 
2. Metal frame of the building. 
3. Existing metal underground gas piping system. 
4. Metal underground gas piping system. 

1.2 RELATED REQUIREMENTS 

A. Section 26 05 19 - LV Elec. Power Conductors and Cables (600V&Less): Additional 
requirements for conductors for grounding and bonding, including conductor color coding. 

B. Section 26 05 53 - Identification for Electrical Systems: Identification products and 
requirements. 

1.3 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association. 

B. NEMA GR 1 - Grounding Rod Electrodes and Grounding Rod Electrode Couplings; National 
Electrical Manufacturers Association. 

C. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association. 

D. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association. 

E. NFPA 70 - National Electrical Code; National Fire Protection Association. 

F. UL 467 - Grounding and Bonding Equipment. 

1.4 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 Architect 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. 

1.5 PERFORMANCE REQUIREMENTS 

A. Grounding System Resistance:  5 ohms. 
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1.6 SUBMITTALS 

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

B. Product Data: Provide manufacturer's standard catalog pages and data sheets for grounding 
and bonding system components. 

C. Product Data: Provide for grounding electrodes and connections. 

D. Test Reports: Indicate overall resistance to ground and resistance of each electrode. 

E. Manufacturer's Instructions: Indicate application conditions and limitations of use stipulated by 
product testing agency. Include instructions for storage, handling, protection, examination, 
preparation, and installation of product. 

F. Field quality control test reports. 

G. Project Record Documents: Record actual locations of components and grounding electrodes. 

1.7 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. 

1.8 DELIVERY, STORAGE, ANDHANDLING 

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions. 

PART 2 PRODUCTS 

2.1 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. 

D. 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 
at an accessible location not more than 5 feet 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. Ground Ring: 
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a. Provide a ground ring encircling the building or structure consisting of bare copper 
conductor not less than 2 AWG in direct contact with earth, installed at a depth of not 
less than 30 inches. 

b. Provide connection from ground ring conductor to: 
1) Perimeter columns of metal building frame. 
2) Ground rod electrodes located as indicated. 

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 from each other and any other ground 

electrode. 

E. 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. 

F. Isolated Ground System: 
1. Where isolated ground receptacles or other isolated ground connections are indicated, 

provide separate isolated/insulated equipment grounding conductors. 
2. Connect isolated/insulated equipment grounding conductors only to separate 

isolated/insulated equipment ground busses. 
3. Connect the isolated/insulated equipment grounding conductors to the solidly bonded 

equipment ground bus only at the service disconnect or separately derived system 
disconnect. Do not make any other connections between isolated ground system and 
normal equipment ground system on the load side of this connection. 

2.2 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: 
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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 for underground, 

concealedand other inaccessible connections. 
3. Unless otherwise indicated, use mechanical connectors, compression connectors, or 

exothermic welded connections for accessible connections. 
a. Exceptions: 

1) Use exothermic welded connections for connections to metal building frame. 
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 diameter by 10 feet length, unless otherwise indicated. 
4. 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. 

2.3 MANUFACTURERS 

A. Cooper Power Systems: www.cooperpower.com. 

B. Framatome Connectors International: www.fciconnect.com. 

C. Lightning Master Corporation: www.lightningmaster.com. 

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

2.4 CONNECTORS AND ACCESSORIES 

A. Mechanical Connectors: Bronze. 
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1. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Wire:  Stranded copper. 

C. Grounding Electrode Conductor: Size to meet NFPA 70 requirements. 

PART 3 EXECUTION 

3.1 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. 

3.2 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. 
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. 

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. Provide bonding to meet requirements described in Quality Assurance. 

G. Equipment Grounding Conductor:  Provide separate, insulated conductor within each feeder 
and branch circuit raceway. Terminate each end on suitable lug, bus, or bushing. Each of 
branch circuits and feeder circuits shall have dedicated equipment grounding conductor, sharing 
this conductor with other grounding conductors is not permitted. 

3.3 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. 
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PART 1 GENERAL 

SECTION 26 05 29 

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

1.1 SECTION INCLUDES 

A. Support and attachment components for equipment, conduit, cable, boxes, and other electrical 
work. 

1.2 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 36 - Cable Trays for Electrical Systems: Additional support and attachment 
requirements for cable tray. 

D. Section 26 05 37 - Boxes: Additional support and attachment requirements for boxes. 

E. Section 26 51 00 - Interior Lighting: Additional support and attachment requirements for interior 
luminaires. 

F. Section 26 56 00 - Exterior Lighting: Additional support and attachment requirements for 
exterior luminaires. 

1.3 REFERENCE STANDARDS 

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

B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel 
Hardware. 

C. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel. 

D. MFMA-4 - Metal Framing Standards Publication; Metal Framing Manufacturers Association. 

E. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association. 

F. NFPA 70 - National Electrical Code; National Fire Protection Association. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 
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 Architect 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. 

1.5 SUBMITTALS 

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

E. Manufacturer's Instructions: Indicate application conditions and limitations of use stipulated by 
product testing agency. Include instructions for storage, handling, protection, examination, 
preparation, and installation of product. 

1.6 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. 

D. Product Listing Organization Qualifications: An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

PART 2 PRODUCTS 

2.1 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. 

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 1.5. 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. Steel Components: Use corrosion resistant materials suitable for the environment where 
installed. 
a. Zinc-Plated Steel: Electroplated in accordance with ASTM B633. 
b. Galvanized Steel: Hot-dip galvanized after fabrication in accordance with ASTM 

A123/A123M or ASTMA153/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 Eaton Corporation: www.cooperindustries.com. 
b. Erico International Corporation: www.erico.com. 
c. Thomas & Betts Corporation: www.tnb.com. 
d. Substitutions: See Section 01 60 00 - Product Requirements. 

C. Outlet Box Supports: Hangers, brackets, etc. suitable for the boxes to be supported. 
1. Manufacturers: 
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a. Cooper Crouse-Hinds, a division of Eaton Corporation: 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 galvanized steel. 
b. Outdoor and Damp or Wet Indoor Locations: Use galvanized steel. 

3. Minimum Channel Thickness: Steel sheet, 12 gage, 0.1046 inch. 
4. Minimum Channel Dimensions: 1-5/8 inch width by 13/16 inch height. 
5. Manufacturers: 

a. Cooper B-Line, a division of Eaton Corporation: www.cooperindustries.com. 
b. Thomas & Betts Corporation: www.tnb.com. 
c. Unistrut, a brand of Atkore International Inc: www.unistrut.com. 
d. Substitutions: See Section 01 60 00 - Product Requirements. 

E. Hanger Rods: Threaded zinc-plated steel unless otherwise indicated. 
1. Minimum Size, Unless Otherwise Indicated or Required: 

a. Equipment Supports:  1/2 inch diameter. 
b. Busway Supports:  1/2 inch diameter. 
c. Single Conduit up to 1 inch (27mm) trade size: 1/4 inch diameter. 
d. Single Conduit larger than 1 inch (27mm) trade size: 3/8 inch diameter. 
e. Trapeze Support for Multiple Conduits: 3/8 inch diameter. 
f. Outlet Boxes:  1/4 inch diameter. 
g. Luminaires:  1/4 inch 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. Manufacturer: Same as manufacturer of metal channel (strut) framing system. 

2.2 MANUFACTURERS 

A. Thomas & Betts Corporation: www.tnb.com. 

B. Threaded Rod Company: www.threadedrod.com. 

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

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 26 05 29 - 4 

 

 

 
 
 
2.3 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. 

C. Anchors and Fasteners: 
1. Do not use powder-actuated anchors. 
2. Obtain permission from Architect before using powder-actuated anchors. 
3. Concrete Structural Elements:  Use precast inserts. 
4. Steel Structural Elements:  Use beam clamps. 
5. Concrete Surfaces: Use self-drilling anchors or expansion anchors. 
6. Hollow Masonry, Plaster, and Gypsum Board Partitions: Use hollow wallfasteners. 
7. Solid Masonry Walls:  Use expansion anchors. 
8. Sheet Metal:  Use sheet metal screws. 
9. Wood Elements:  Use wood screws. 

D. Formed Steel Channel: 
1. Product:   manufactured by [B-Line. 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

PART 3 EXECUTION 

3.1 EXAMINATION 

A. Verify that field measurements are as shown on the drawings. 

B. Verify that mounting surfaces are ready to receive support and attachment components. 

C. Verify that conditions are satisfactory for installation prior to starting work. 

3.2 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. Provide independent support from building structure. Do not provide support from piping, 
ductwork, or other systems. 

D. Unless specifically indicated or approved by Architect, do not provide support from suspended 
ceiling support system or ceiling grid. 

E. Unless specifically indicated or approved by Architect, do not provide support from roof deck. 

F. Do not penetrate or otherwise notch or cut structural members without approval of Structural 
Engineer. 

G. 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. 

H. Conduit Support and Attachment: Also comply with Section 26 05 34. 

I. Cable Tray Support and Attachment: Also comply with Section 26 05 36. 
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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. 

P. Identify independent electrical component support wires above accessible ceilings (only where 
specifically indicated or permitted) with color distinguishable from ceiling support wires in 
accordance with NFPA 70. 

3.3 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. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

SECTION 26 05 34 

CONDUIT 

A. Galvanized steel rigid metal conduit (RMC). 

B. Flexible metal conduit (FMC). 

C. Liquidtight flexible metal conduit (LFMC). 

D. Electrical metallic tubing (EMT). 

E. Rigid polyvinyl chloride (PVC) conduit. 

F. Conduit fittings. 

G. Accessories. 

H. Conduit, fittings and conduitbodies. 

1.2 RELATED REQUIREMENTS 

A. Section 03 30 00 - Cast-in-Place Concrete: Concrete encasement of conduits. 

B. Section 07 84 00 - Firestopping. 

C. Section 26 05 19 - LV Elec. Power Conductors and Cables (600V&Less): Metal clad cable 
(Type MC) and armored cable (Type AC), including uses permitted. 

D. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 
1. Includes additional requirements for fittings for grounding and bonding. 

E. Section 26 05 29 - Hangers and Supports for Electrical Systems. 

F. Section 26 05 53 - Identification for Electrical Systems. 

G. Section 26 05 37 - Boxes. 

H. Section 26 05 53 - Identification for Electrical Systems: Identification products and 
requirements. 

I. Section 26 21 00 - Low-Voltage Electrical Service Entrance: Additional requirements for 
electrical service conduits. 

J. Section 26 27 01 - Electrical Service Entrance: Additional requirements for electrical service 
conduits. 

K. Section 27 10 05 - Structured Cabling for Voice and Data - Inside-Plant: Additional 
requirements for communications systems conduits. 

1.3 REFERENCE STANDARDS 

A. ANSI C80.1 - American National Standard for Electrical Rigid Steel Conduit (ERSC). 

B. ANSI C80.3 - American National Standard for Steel Electrical Metallic Tubing (EMT). 

C. ANSI C80.5 - American National Standard for Electrical Rigid Aluminum Conduit (ERAC). 

D. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association. 

E. NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT); National Electrical 
Contractors Association. 

F. NECA 111 - Standard for Installing Nonmetallic Raceways (RNC, ENT, LFNC); National 
Electrical Contractors Association. 

G. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic 
Tubing, and Cable; National Electrical Manufacturers Association (ANSI/NEMA FB 1). 
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H. UL 1 - Flexible Metal Conduit. 

I. UL 6 - Electrical Rigid Metal Conduit-Steel. 

J. UL 360 - Liquid-Tight Flexible Steel Conduit. 

K. UL 514B - Conduit, Tubing, and Cable Fittings. 

L. UL 651 - Schedule 40 and 80 Rigid PVC Conduit and Fittings. 

M. UL 797 - Electrical Metallic Tubing-Steel. 

1.4 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. 
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 Architect 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. 

1.5 SUBMITTALS 

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

B. Product Data: Provide manufacturer's standard catalog pages and data sheets for conduits and 
fittings. 

C. Shop Drawings: 
1. Indicate proposed arrangement for conduits to be installed within structural concrete slabs, 

where permitted. 
2. Include proposed locations of roof penetrations and proposed methods for sealing. 

D. Project Record Documents: Record actual routing for conduits installed underground, conduits 
embedded within concrete slabs, and conduits 2 inch (53 mm) trade size and larger. 

E. Product Data: Provide for metallic conduit and flexible metal conduit. 

F. Samples of Materials Actually Delivered to Site: 
1. Two pieces each of conduit, 2 feet long. 

G. Project Record Documents: Accurately record actual routing of conduits larger than 2 inches. 

1.6 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. Product Listing Organization Qualifications: An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

D. Products: Listed and classified by Underwriters Laboratories Inc. as suitable for purpose 
specified and shown. 
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1.7 DELIVERY, STORAGE, ANDHANDLING 

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. 

D. Protect PVC conduit from sunlight. 

PART 2 PRODUCTS 

2.1 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. 
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. 

D. Embedded Within Concrete: 
1. Within Slab on Grade (within structural slabs only where approved by Structural Engineer): 

Use galvanized steel rigid metal conduit, intermediate metal conduit (IMC), PVC-coated 
galvanized steel rigid metal conduit, or rigid PVC conduit. 

2. Where rigid polyvinyl (PVC) conduit is provided, transition to galvanized steel rigid metal 
conduit where emerging from concrete. 

E. Concealed Within Masonry Walls: Use galvanized steel rigid metal conduit. 

F. Concealed Within Hollow Stud Walls: Use electrical metallic tubing (EMT). 

G. Concealed Above Accessible Ceilings: Use electrical metallic tubing (EMT). 

H. Interior, Damp or Wet Locations: Use galvanized steel rigid metal conduit. 

I. Interrior Mechanical room or boiler room: Use galvanised steel rigid metal conduit. 

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 10 feet, except within electrical and communication rooms or 
closets. 

b. Where exposed below 20 feet in warehouse areas. 

K. Exposed, Exterior: Use galvanized steel rigid metal conduit. 

L. Concealed, Exterior, Not Embedded in Concrete or in Contact With Earth: Use galvanized steel 
rigid metal conduit. 
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M. Connections to Luminaires Above Accessible Ceilings: Use flexible metal conduit. 
1. Maximum Length:  6 feet. 

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: 6 feet unless otherwise indicated. 
4. Vibrating equipment includes, but is not limited to: 

a. Transformers. 
b. Motors. 
c. Pumps, HVAC equipment . 

2.2 CONDUIT REQUIREMENTS 

A. Existing Work: Where existing conduits are indicated to be reused, they may be reused only 
where they comply with specified requirements, are free from corrosion, and integrity is verified 
by pulling a mandrel through them. 

B. Electrical Service Conduits: Also comply with Section 26 27 01. 

C. Communications Systems Conduits: Also comply with Section 27 10 05. 

D. Fittings for Grounding and Bonding: Also comply with Section 26 05 26. 

E. Provide all conduit, fittings, supports, and accessories required for a complete raceway system. 

F. 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. 

G. Minimum Conduit Size, Unless Otherwise Indicated: 
1. Branch Circuits:  3/4 inch (21 mm) tradesize. 
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. 

H. Where conduit size is not indicated, size to comply with NFPA 70 but not less than applicable 
minimum size requirements specified. 

2.3 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 or malleable iron. 
4. Connectors and Couplings: Use threaded type fittings only. Threadless set screw and 

compression (gland) type fittings are not permitted. 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

CONDUIT 26 05 34 - 5 

 

 

 
 
 
2.4 METAL CONDUIT 

A. Manufacturers: 
1. Allied Tube & Conduit: www.alliedtube.com. 
2. Beck Manufacturing, Inc.: www.beckmfg.com. 
3. Wheatland Tube Company: www.wheatland.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Rigid Steel Conduit: ANSI C80.1. 

C. Fittings and Conduit Bodies: NEMA FB 1; material to match conduit. 

2.5 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 or malleable iron. 

D. Description:  Interlocked steel construction. 

E. Fittings:  NEMA FB 1. 

2.6 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC) 

A. Manufacturers: 
1. AFC Cable Systems, Inc.; Model  : www.afcweb.com. 
2. Electri-Flex Company; Model  : www.electriflex.com. 
3. International Metal Hose; Model  : 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 or malleable iron. 
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2.7 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. 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) or set-screw type. 

a. Do not use indenter type connectors and couplings. 
5. Damp or Wet Locations (where permitted): Use fittings listed for use in wet locations. 
6. Embedded Within Concrete (where permitted): Use fittings listed as concrete-tight. 

Fittings that require taping to be concrete-tight are acceptable. 

2.8 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.   . 
5. 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. 

2.9 ACCESSORIES 

A. Corrosion Protection Tape: PVC-based, minimum thickness of 20 mil. 

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. 
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PART 3 EXECUTION 

3.1 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. Verify routing and termination locations of conduit prior to rough-in. 

E. Conduit routing is shown on drawings in approximate locations unless dimensioned. Route as 
required to complete wiring system. 

3.2 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 rigid polyvinyl chloride (PVC) conduit in accordance with NECA 111. 

E. 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 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 maycollect. 
12. Maintain minimum clearance of 6 inches between conduits and piping for other systems. 
13. Maintain minimum clearance of 12 inches 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. 

F. Conduit Support: 
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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. 
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. 

G. 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. Provide insulating bushings or insulated throats at all conduit terminations to protect 

conductors. 
7. Secure joints and connections to provide maximum mechanical strength and electrical 

continuity. 

H. 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. Where conduits penetrate waterproof membrane, seal as required to maintain integrity of 

membrane. 
7. 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. 

8. Install firestopping to preserve fire resistance rating of partitions and other elements, using 
materials and methods specified in Section 07 84 00. 

I. Embedment Within Structural Concrete Slabs (only where approved by Structural Engineer): 
1. Secure conduits to prevent floating or movement during pouring of concrete. 
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J. 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 bysettlement or frost. 

K. 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. 

L. 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 at each end. 

M. Provide grounding and bonding in accordance with Section 26 05 26. 

3.3 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. Correct deficiencies and replace damaged or defective conduits. 

3.4 CLEANING 

A. Clean interior of conduits to remove moisture and foreign matter. 

3.5 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. 

3.6 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. 

B. Route conduit through roof openings for piping and ductwork wherever possible. Where 
separate roofing penetration is required, coordinate location and installation method with roofing 
installation specified in Section roofing section. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

SECTION 26 05 37 

BOXES 

A. Outlet and device boxes up to 100 cubic inches, including those used as junction and pull 
boxes. 

B. Cabinets and enclosures, including junction and pull boxes larger than 100 cubic inches. 

C. Wall and ceiling outlet boxes. 

D. Floor boxes. 

E. Pull and junction boxes. 

1.2 RELATED REQUIREMENTS 

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

B. Section 07 84 00 - Firestopping. 

C. Section 08 31 00 - Access Doors and Panels: Panels for maintaining access to concealed 
boxes. 

D. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

E. Section 26 05 29 - Hangers and Supports for Electrical Systems. 

F. Section 26 05 34 - Conduit: 
1. Conduit bodies and other fittings. 

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 27 10 05 - Structured Cabling for Voice and Data - Inside-Plant: Additional 
requirements for communications systems outlet boxes. 

J. Section 26 27 16 - Electrical Cabinets and Enclosures. 

K. Section 26 27 26 - Wiring Devices: Wall plates in finished areas, floor box service fittings, 
fire-rated poke-through fittings, and access floor boxes. 

1.3 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association. 

B. NECA 130 - Standard for Installing and Maintaining Wiring Devices; National Electrical 
Contractors Association. 

C. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic 
Tubing, and Cable; National Electrical Manufacturers Association (ANSI/NEMA FB 1). 

D. NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports; National 
Electrical Manufacturers Association (ANSI/NEMA OS 1). 

E. NEMA OS 2 - Nonmetallic Outlet Boxes, Device Boxes, Covers and Box Supports; National 
Electrical Manufacturers Association (ANSI/NEMA OS 2). 

F. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); National Electrical 
Manufacturers Association. 

G. NFPA 70 - National Electrical Code; National Fire Protection Association. 

H. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations. 
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I. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations. 

J. UL 508A - Industrial Control Panels. 

K. UL 514A - Metallic Outlet Boxes. 

L. UL 514C - Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers. 

1.4 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 Architect of any conflicts with or deviations from the contract documents. Obtain 

direction before proceeding with work. 

1.5 SUBMITTALS 

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

B. Product Data: Provide manufacturer's standard catalog pages and data sheets for cabinets and 
enclosures, boxes for hazardous (classified) locations, floor boxes, and underground handhole 
enclosures. 

C. Manufacturer's Installation Instructions: Indicate application conditions and limitations of use 
stipulated by product testing agency. Include instructions for storage, handling, protection, 
examination, preparation, and installation of product. 

D. Project Record Documents: Record actual locations for outlet and device boxes, pull boxes, 
cabinets and enclosures, floor boxes, and underground handhole enclosures. 

E. Maintenance Materials: Furnish the following for Owner's use in maintenance of project. 
1. See Section 01 60 00 - Product Requirements, for additional provisions. 
2. Keys for Lockable Enclosures:  Two of each different key. 

F. Project Record Documents: Record actual locations and mounting heights of outlet, pull, and 
junction boxes on project record documents. 

1.6 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. Product Listing Organization Qualifications: An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

1.7 DELIVERY, STORAGE, ANDHANDLING 

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions. 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

BOXES 26 05 37 - 3 

 

 

 
 
 
PART 2 PRODUCTS 

2.1 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, 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 nonmetallic boxes where exposed rigid PVC conduit is used. 
4. Use suitable concrete type boxes where flush-mounted in concrete. 
5. Use suitable masonry type boxes where flush-mounted in masonry walls. 
6. Use raised covers suitable for the type of wall construction and device configuration where 

required. 
7. Use shallow boxes where required by the type of wall construction. 
8. Do not use "through-wall" boxes designed for access from both sides of wall. 
9. Sheet-Steel Boxes: Comply with NEMA OS 1, and list and label as complying with UL 

514A. 
10. Cast Metal Boxes: Comply with NEMA FB 1, and list and label as complying with UL 

514A; furnish with threaded hubs. 
11. Nonmetallic Boxes: Comply with NEMA OS 2, and list and label as complying with UL 

514C. 
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: Comply with Section 27 10 05. 

15. Wall Plates: Comply with Section 26 27 26. 
16. Manufacturers: 

a. Cooper Crouse-Hinds, a division of Eaton Corporation: www.cooperindustries.com. 
b. Hubbell Incorporated; Bell Products;  : www.hubbell-rtb.com. 
c. Hubbell Incorporated; RACO Products;  : www.hubbell-rtb.com. 
d. O-Z/Gedney, a brand of Emerson Industrial Automation: 

www.emersonindustrial.com. 
e. Thomas & Betts Corporation: www.tnb.com. 
f. Substitutions: See Section 01 60 00 - Product Requirements. 

C. Cabinets and Enclosures, Including Junction and Pull Boxes Larger Than 100 cubic inches: 
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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: 
3. Junction and Pull Boxes Larger Than 100 cubic inches: 

a. Provide screw-cover or hinged-cover enclosures unless otherwise indicated. 
b. Boxes 6 square feet and Larger: Provide sectionalized screw-cover or hinged-cover 

enclosures. 
4. Cabinets and Hinged-Cover Enclosures, Other Than Junction and Pull Boxes: 

a. Provide lockable hinged covers, all locks keyed alike unless otherwise indicated. 
b. Back Panels:  Painted steel, removable. 
c. Terminal Blocks: Provide voltage/current ratings and terminal quantity suitable for 

purpose indicated, with 25 percent spare terminal capacity. 
5. Finish for Painted Steel Enclosures: Manufacturer's standard grey unless otherwise 

indicated. 
6. Manufacturers: 

a. Cooper B-Line, a division of Eaton Corporation: 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. 

2.2 MANUFACTURERS 

A. Appleton Electric: www.appletonelec.com. 

B. Steel City 

C. Substitutions: Reco, Inc. See Section 01 60 00 - Product Requirements. 

2.3 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 male fixture studs where required. 
2. Concrete Ceiling Boxes: Concrete type. 

B. Nonmetallic Outlet Boxes:  NEMA OS 2. 

C. Cast Boxes: NEMA FB 1, Type FD, aluminum. Provide gasketed cover by box manufacturer. 
Provide threaded hubs. 

D. Wall Plates for Finished Areas: As specified in Section 26 27 26. 

2.4 FLOOR BOXES 

A. Floor Boxes: NEMA OS 1, fully adjustable, _4 inches deep. 

B. Material:  Cast metal. 

C. Shape: Rectangular. 

D. Service Fittings: As specified in Section 26 27 26. 

2.5 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; Cast Aluminum. 
2. Cover: Furnish with ground flange, neoprene gasket, and stainless steel cover screws. 

D. In-Ground Cast Metal Box: NEMA 250, Type 6, outside flanged, recessed cover box for flush 
mounting: 
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1. Material: Galvanized cast iron; Cast Aluminum. 
2. Cover: Nonskid cover with neoprene gasket and stainless steel cover screws. 
3. Cover Legend: "ELECTRIC". 

PART 3 EXECUTION 

3.1 EXAMINATION 

3.02 

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. 

3.3 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. Provide separate boxes for emergency power and normal power systems. 

E. Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems. 

F. Flush-mount boxes in finished areas unless specifically indicated to be surface-mounted. 

G. Unless otherwise indicated, boxes may be surface-mounted where exposed conduits are 
indicated or permitted. 

H. 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. 

I. 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 
systems. 

3. Installation Above Suspended Ceilings: Do not provide support from ceiling grid or ceiling 
support system. 

J. Install boxes plumb and level. 

K. 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 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 at the 
edge of the box. 
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L. Floor-Mounted Cabinets: Mount on properly sized 4 inch high concrete pad constructed in 
accordance with Section 03 30 00. 

M. Install boxes as required to preserve insulation integrity. 

N. Metallic Floor Boxes: Install box level at the proper elevation to be flush with finished floor. 

O. Underground Boxes/Enclosures: 
1. Install enclosure on gravel base, minimum 6 inches deep. 
2. Flush-mount enclosures located in concrete or paved areas. 
3. Mount enclosures located in landscaped areas with top at 1 inch above finished grade. 
4. Provide cast-in-place concrete collar constructed in accordance with Section 03 30 00, 

minimum 10 inches wide by 12 inches deep, around enclosures that are not located in 
concrete areas. 

5. Install additional bracing inside enclosures in accordance with manufacturer's instructions 
to minimize box sidewall deflections during backfilling. Backfill with cover bolted in place. 

P. Install permanent barrier between ganged wiring devices when voltage between adjacent 
devices exceeds 300 V. 

Q. Install firestopping to preserve fire resistance rating of partitions and other elements, using 
materials and methods specified in Section 07 84 00. 

R. Close unused box openings. 

S. Install blank wall plates on junction boxes and on outlet boxes with no devices or equipment 
installed or designated for future use. 

T. Provide grounding and bonding in accordance with Section 26 05 26. 

U. Identify boxes in accordance with Section 26 05 53. 

V. Install boxes securely, in a neat and workmanlike manner, as specified in NECA 1. 

W. Install in locations as shown on Drawings, and as required for splices, taps, wire pulling, 
equipment connections, and as required by NFPA 70. 

X. Coordinate installation of outlet boxes for equipment connected under Section 26 27 17. 

Y. Set wall mounted boxes at elevations to accommodate mounting heights indicated. 

Z. Electrical boxes are shown on Drawings in approximate locations unless dimensioned. 
1. Adjust box locations up to 10 feet if required to accommodate intended purpose. 

AA. Orient boxes to accommodate wiring devices oriented as specified in Section 26 27 26. 

AB. Maintain headroom and present neat mechanical appearance. 

AC. Install pull boxes and junction boxes above accessible ceilings and in unfinished areas only. 

AD. Inaccessible Ceiling Areas: Install outlet and junction boxes no more than 6 inches from ceiling 
access panel or from removable recessed luminaire. 

AE. Install boxes to preserve fire resistance rating of partitions and other elements, using materials 
and methods specified in Section 07 84 00. 

AF. Coordinate mounting heights and locations of outlets mounted above counters, benches, and 
backsplashes. 

AG. Locate outlet boxes to allow luminaires positioned as shown on reflected ceiling plan. 

AH. Align adjacent wall mounted outlet boxes for switches, thermostats, and similar devices. 

AI.   Use flush mounting outlet box in finished areas. 

AJ. Locate flush mounting box in masonry wall to require cutting of masonry unit corner only. 
Coordinate masonry cutting to achieve neat opening. 
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AK. Do not install flush mounting box back-to-back in walls; provide minimum 6 inches separation. 
Provide minimum 24 inches separation in acoustic rated walls. 

AL. Secure flush mounting box to interior wall and partition studs. Accurately position to allow for 
surface finish thickness. 

AM. Use stamped steel bridges to fasten flush mounting outlet box between studs. 

AN. Install flush mounting box without damaging wall insulation or reducing its effectiveness. 

AO. Use adjustable steel channel fasteners for hung ceiling outlet box. 

AP. Do not fasten boxes to ceiling support wires. 

AQ. Support boxes independently of conduit, except cast box that is connected to two rigid metal 
conduits both supported within 12 inches of box. 

AR. Use gang box where more than one device is mounted together. Do not use sectional box. 

AS. Use gang box with plaster ring for single device outlets. 

AT. Use cast outlet box in exterior locations exposed to the weather and wet locations. 

AU. Use cast floor boxes for installations in slab on grade; formed steel boxes are acceptable for 
other installations. 

AV.  Set floor boxes level. 

AW. Large Pull Boxes: Use hinged enclosure in interior dry locations, surface-mounted cast metal 
box in other locations. 

3.4 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. 

3.5 CLEANING 

A. Clean interior of boxes to remove dirt, debris, plaster and other foreign material. 

3.6 PROTECTION 

A. Immediately after installation, protect boxes from entry of moisture and foreign material until 
ready for installation of conductors. 

END OF SECTION 
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PART 1 GENERAL 

SECTION 26 05 53 

IDENTIFICATION FOR ELECTRICAL SYSTEMS 

1.1 SECTION INCLUDES 

A. Electrical identification requirements. 

B. Identification nameplates and labels. 

C. Wire and cable markers. 

D. Voltage markers. 

E. Warning signs and labels. 

F. Field-painted identification of conduit. 

1.2 RELATED REQUIREMENTS 

A. Section 09 91 13 - Exterior Painting. 

B. Section 09 90 00 - Painting and Coating. 

C. Section 26 05 19 - LV Elec. Power Conductors and Cables (600V&Less): Color coding for 
power conductors and cables 600 V and less; vinyl color coding electrical tape. 

D. Section 26 27 26 - Wiring Devices - Lutron: Device and wallplate finishes; factory pre-marked 
wallplates. 

E. Section 27 10 05 - Structured Cabling for Voice and Data - Inside-Plant: Identification for 
communications cabling and devices. 

1.3 REFERENCE STANDARDS 

A. ANSI Z535.2 - American National Standard for Environmental and Facility Safety Signs. 

B. ANSI Z535.4 - American National Standard for Product Safety Signs and Labels. 

C. NFPA 70 - National Electrical Code; National Fire Protection Association. 

D. UL 969 - Marking and Labeling Systems. 

1.4 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. 

1.5 SUBMITTALS 

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

B. Product Data: Provide manufacturer's standard catalog pages and data sheets for each 
product. 

C. Shop Drawings: Provide schedule of items to be identified indicating proposed designations, 
materials, legends, and formats. 

D. Product Data: Provide catalog data for nameplates, labels, and markers. 

E. Manufacturer's Instructions: Indicate application conditions and limitations of use stipulated by 
product testing agency. Include instructions for storage, handling, protection, examination, 
preparation and installation of product. 
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1.6 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

1.7 FIELD CONDITIONS 

A. Do not install adhesive products when ambient temperature is lower than recommended by 
manufacturer. 

1.8 EXTRAMATERIALS 

A. See Section 01 60 00 - Product Requirements for additional requirements. 

PART 2 PRODUCTS 

2.1 IDENTIFICATION REQUIREMENTS 

A. Existing Work: Unless specifically excluded, identify existing elements to remain that are not 
already identified in accordance with specified requirements. 

B. Identification for Equipment: 
1. Use identification nameplate to identify each piece of electrical distribution and control 

equipment and associated sections, compartments, and components. 
a. Switchgear: 

1) Identify power source and circuit number. Include location when not within sight 
of equipment. 

2) Use identification nameplate to identify load(s) served for each branch device. 
Do not identify spares and spaces. 

b. Switchboards: 
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) Use identification nameplate to identify load(s) served for each branch device. 

Do not identify spares and spaces. 
c. 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) Use typewritten circuit directory to identify load(s) served for panelboards with a 

door. Identify spares and spaces using pencil. 
5) For power panelboards without a door, use identification nameplate to identify 

load(s) served for each branch device. Do not identify spares and spaces. 
d. 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. 

e. Electricity Meters: 
1) Identify load(s) metered. 

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. Emergency System Equipment: 
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a. Use identification nameplate or voltage marker to identify emergency system 
equipment in accordance with NFPA 70. 

b. Use identification nameplate at each piece of service equipment to identify type and 
location of on-site emergencypower sources. 

4. Use voltage marker to identify highest voltage present for each piece of electrical 
equipment. 

5. Use identification nameplate to identify equipment utilizing series ratings, where permitted, 
in accordance with NFPA 70. 

6. Use identification nameplate to identify switchboards and panelboards utilizing a high leg 
delta system in accordance with NFPA 70. 

7. Use identification nameplate to identify disconnect location for equipment with remote 
disconnecting means. 

8. Use identification label or handwritten text using indelible marker on inside of door at each 
fused switch to identify required NEMA fuse class and size. 

9. Use identification label or handwritten text using indelible marker on inside of door at each 
motor controller to identify nameplate horsepower, full load amperes, code letter, service 
factor, voltage, and phase of motor(s) controlled. 

10. 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. 

11. Use warning signs to identify electrical hazards for entrances to all buildings, vaults, 
rooms, or enclosures containing exposed live parts or exposed conductors operating at 
over 600 V nominal with the word message "DANGER; HIGH VOLTAGE; KEEP OUT". 

12. Use warning labels to identify electrical hazards for equipment, compartments, and 
enclosures containing exposed live parts or exposed conductors operating at over 600 V 
nominal with the word message "DANGER; HIGH VOLTAGE; KEEP OUT". 

13. Use warning labels, identification nameplates, or identification labels to identify electrical 
hazards for equipment where multiple power sources are present with the word message 
"DANGER; Hazardous voltage; Multiple power sources may be present; Disconnect all 
electric power including remote disconnects before servicing" or approved equivalent. 

C. Identification for Conductors and Cables: 
1. Color Coding for Power Conductors 600 V and Less: Comply with Section 26 05 19. 
2. Identification for Communications Conductors and Cables: Comply with Section 27 10 05. 
3. Use identification nameplate or identification label to identify color code for ungrounded 

and grounded power conductors inside door or enclosure at each piece of feeder or 
branch-circuit distribution equipment when premises has feeders or branch circuits served 
bymore than one nominal voltage system. 

4. 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. 

D. Identification for Raceways: 
1. Use voltage markers to identify highest voltage present for accessible conduits at 

maximum intervals of 20 feet. 
2. Use voltage markers or color-coded bands to identify systems other than normal power 

system for accessible conduits at maximum intervals of 20 feet. 
a. Color-Coded Bands: Use field-painting or vinyl color coding electrical tape to mark 

bands 3 inches wide. 
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1) Color Code: 
2) Field-Painting: Comply with Section 09 91 23 and 09 91 13. 
3) Vinyl Color Coding Electrical Tape: Comply with Section 26 05 19. 

3. Use identification labels, handwritten text using indelible marker, 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. 

4. Use underground warning tape to identify underground raceways. 
5. Use voltage markers to identify highest voltage present for wireways at maximum intervals 

of 20 feet. 

E. Identification for Boxes: 
1. Use voltage markers to identify highest voltage present. 
2. Use voltage markers or color coded boxes to identify systems other than normal power 

system. 
a. Color-Coded Boxes: Field-painted in accordance with Section 09 91 23 and 09 91 13 

per the same color code used for raceways. 

F. Identification for Devices: 
1. Identification for Communications Devices: Comply with Section 27 10 05. 
2. Wiring Device and Wallplate Finishes: Comply with Section 26 27 26. 
3. Use identification label to identify fire alarm system devices. 

a. For devices concealed above suspended ceilings, provide additional identification on 
ceiling tile below device location. 

4. Use identification label or engraved wallplate to identify serving branch circuit for all 
receptacles. 
a. For receptacles in public areas or in areas as directed by Architect, provide 

identification on inside surface of wallplate. 
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. 

G. Identification for Luminaires: 
1. Use permanent red dot on luminaire frame to identify luminaires connected to emergency 

power system. 

2.2 MANUFACTURERS 

A. Brady Corporation: www.bradycorp.com. 

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

C. HellermannTyton: www.hellermanntyton.com. 

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

2.3 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. 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

IDENTIFICATION FOR ELECTRICAL SYSTEMS 26 05 53 - 5 

 

 

 
 
 

3. Plastic Nameplates: Two-layer or three-layer laminated acrylic or electrically 
non-conductive phenolic with beveled edges; minimum thickness of 1/16 inch; engraved 
text. 

4. Stainless Steel Nameplates: Minimum thickness of 1/32 inch; engraved or laser-etched 
text. 

5. Aluminum Nameplates: Anodized; minimum thickness of 1/32 inch; engraved or 
laser-etched text. 

6. Mounting Holes for Mechanical Fasteners: Two, centered on sides for sizes up to 1 inch 
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. 

2. Materials: Use self-adhesive laminated plastic labels; UV, chemical, water, heat, and 
abrasion resistant. 

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 by 2.5 inches. 
2. Legend: 

a. System designation where applicable: 
1) Emergency Power System: Identify with text "EMERGENCY". 
2) 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. 
b. Equipment Designation:  1/2 inch. 

5. Color: 
a. Normal Power System:  White text on black background. 

D. Nameplates: Engraved three-layer laminated plastic, black letters on white background. 

E. Locations: 
1. Each electrical distribution and control equipment enclosure. 
2. Communication cabinets. 
3. Disconnect switches, and starters. 

F. Letter Size: 
1. Use 1/8 inch letters for identifying individual equipment and loads. 
2. Use 1/4 inch letters for identifying grouped equipment and loads. 

2.4 WIRE AND CABLE MARKERS 

A. Manufacturers: 
1. Brady Corporation: www.bradyid.com. 
2. HellermannTyton: www.hellermanntyton.com. 
3. Panduit Corp: www.panduit.com. 
4. Panduit Corp. 
5. Substitutions: See Section 01 60 00 - Product Requirements. 
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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. 

F. Minimum Text Height:  1/8 inch. 

G. Color: Black text on white background unless otherwise indicated. 

H. Description: split sleeve type wire markers. 

I. Locations: Each conductor at panelboard gutters, pull boxes, outlet boxes, and junction boxes 
each load connection. 

J. Legend: 
1. Power and Lighting Circuits: Branch circuit or feeder number indicated on drawings. 
2. Control Circuits: Control wire number indicated on shop drawings. 

2.5 VOLTAGE MARKERS 

A. Manufacturers: Panduit Corp 
1. Brady Corporation: www.bradyid.com. 
2. Brimar Industries, Inc: www.brimar.com. 
3. Seton Identification Products: www.seton.com. 
4. Panduit Corp. 
5. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Markers for Conduits: Use factory pre-printed self-adhesive vinyl, self-adhesive vinyl cloth, or 
vinyl snap-around type markers. 

C. Markers for Boxes and Equipment Enclosures: Use factory pre-printed self-adhesive vinyl or 
self-adhesive vinyl cloth type markers. 

D. Minimum Size: 
1. Markers for Equipment:  1 1/8 by 4 1/2 inches. 
2. Markers for Conduits: As recommended by manufacturer for conduit size to be identified. 
3. Markers for Pull Boxes: 1 1/8 by 4 1/2 inches. 
4. Markers for Junction Boxes:  1/2 by 2 1/4 inches. 

E. Legend: 
1. Markers for Voltage Identification: Highest voltage present. 
2. Markers for System Identification: 

a. Emergency Power System: Text "EMERGENCY". 
b. Other Systems:  Type of service. 

F. Color: Black text on orange background unless otherwise indicated. 

G. Location: Furnish markers for each conduit longer than 6 feet. 

H. Spacing:  20 feet on center. 

I. Color: 
1. 480 Volt System: Brown. 
2. 208 Volt System: Yellow. 
3. Fire Alarm System: Red. 

J. Legend: 
1. 480 Volt System: brown. 
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2. 208 Volt System: yellow. 
3. Fire Alarm System: red. 

2.6 WARNING SIGNS ANDLABELS 

A. Manufacturers: 
1. Brimar Industries, Inc: www.brimar.com. 
2. Clarion Safety Systems, LLC: www.clarionsafety.com. 
3. Seton Identification Products: www.seton.com. 
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: 
2. Minimum Size: 7 by 10 inches 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 unless otherwise indicated. 

PART 3 EXECUTION 

3.1 PREPARATION 

A. Clean surfaces to receive adhesive products according to manufacturer's instructions. 

B. Degrease and clean surfaces to receive nameplates and labels. 

3.2 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 properlysealed. 

F. Secure rigid signs using stainless steel screws. 

G. Mark all handwritten text, where permitted, to be neat and legible. 
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3.3 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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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Occupancy sensors. 

B. Time switches. 

C. In-wall interval timers. 

D. Outdoor photo controls. 

E. Daylighting controls. 

1.2 RELATED REQUIREMENTS 

SECTION 26 09 23 

LIGHTING CONTROL DEVICES 

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 09 19 - Enclosed Contactors: Lighting contactors. 

E. Section 26 09 43 - Network Lighting Controls - Lutron. 

F. Section 26 27 26 - Wiring Devices: Devices for manual control of lighting, including wall 
switches, wall dimmers, fan speed controllers, and wall plates. 

G. Section 26 51 00 - Interior Lighting. 

H. Section 26 56 00 - Exterior Lighting. 

I. Section 01 91 00 - Commissioning 

J. Section 01 91 10 - Functional Testing Procedures 

K. Section 23 08 10 - Control Systems Commissioning 

1.3 REFERENCE STANDARDS 

A. ANSI C136.10 - American National Standard for Roadway and Area Lighting Equipment - 
Locking-Type Photocontrol Devices and Mating Receptacles - Physical and Electrical 
Interchangeability and Testing. 

B. NECA 1 - Standard for Good Workmanship in Electrical Construction. 

C. NECA 130 - Standard for Installing and Maintaining Wiring Devices; National Electrical 
Contractors Association. 

D. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum). 

E. NFPA 70 - National Electrical Code; National Fire Protection Association. 

F. UL 773A - Nonindustrial Photoelectric Switches for Lighting Control. 

G. UL 916 - Energy Management Equipment. 

H. UL 917 - Clock-Operated Switches. 

I. UL 1472 - Solid-State Dimming Controls. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 
1. Coordinate the placement of lighting control devices with millwork, furniture, equipment, 

etc. installed under other sections or by others. 
2. Coordinate the placement of wall switch occupancy sensors with actual installed door 

swings. 
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3. 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. 

4. Coordinate the placement of photo sensors for daylighting controls with windows, skylights, 
and luminaires to achieve optimum operation.  Coordinate placement with ductwork, 
piping, equipment, or other potential obstructions to light level measurement installed 
under other sections or byothers. 

5. Notify Architect of any conflicts or deviations from the contract documents to obtain 
direction prior to proceeding withwork. 

B. Sequencing: 
1. Do not install lighting control devices until final surface finishes and painting are complete. 

1.5 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. 

C. Shop Drawings: 
1. Occupancy Sensors: Provide lighting plan indicating location, model number, and 

orientation of each occupancy sensor and associated system component. 
2. Daylighting Controls: Provide lighting plan indicating location, model number, and 

orientation of each photo sensor and associated system component. 

D. Field Quality Control Reports. 

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 detailed information on device programming and 
setup. 

G. Project Record Documents: Record actual installed locations and settings for lighting control 
devices. 

1.6 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. 

1.7 DELIVERY, STORAGE, ANDPROTECTION 

A. Store products in a clean, dry space in original manufacturer's packaging in accordance with 
manufacturer's written instructions until ready for installation. 

1.8 FIELD CONDITIONS 

A. Maintain field conditions within manufacturer's required service conditions during and after 
installation. 

1.9 WARRANTY 

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

B. Provide five year manufacturer warranty for all occupancy sensors. 

C. Provide two year manufacturer warranty for all daylighting controls. 
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PART 2 PRODUCTS 

2.1 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. 

2.2 OCCUPANCY SENSORS 

A. Manufacturers: 
1. Hubbell Building Automation, Inc: www.hubbellautomation.com 
2. Lutron Electronics Company, Inc: www.lutron.com. 
3. Sensor Switch Inc: www.sensorswitch.com. 
4. WattStopper: www.wattstopper.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 

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. Provide LED to visually indicate motion detection with separate color LEDs for each sensor 
type in dual technology units. 

4. 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. 

5. Turn-Off Delay: Field adjustable, with time delay settings up to 30 minutes. 
6. Sensitivity:  Field adjustable. 
7. Adaptive Technology: Field selectable; capable of self-adjusting sensitivity and time delay 

according to conditions. 
8. Compatibility (Non-Dimming Sensors): 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. 

9. Load Rating for Line Voltage Occupancy Sensors: As required to control the load 
indicated on the drawings. 

C. Wall Switch Occupancy Sensors: 
1. All Wall Switch Occupancy Sensors: 

a. Description: Occupancy sensors designed for installation in standard wall box at 
standard wall switch mounting height with a field of view of 180 degrees, integrated 
manual control capability, and no leakage current to load in off mode. 

b. Operation: Field selectable to operate either as occupancy sensor (automatic on/off) 
or as vacancy sensor (manual-on/automatic off). 
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c. Manual-Off Override Control: When used to turn off load while in automatic-on mode, 
unit to revert back to automatic mode after no occupant presence is detected during 
the delayed-off time interval. 

2. Passive Infrared/Ultrasonic Dual Technology Wall Switch Occupancy Sensors: Capable of 
detecting motion within an area of 900 square feet. 
a. Products: 

1) Hubbell Building Automation. 
2) Watt Stopper. 
3) Sensor switch. 
4) Substitutions: See Section 01 60 00 - Product Requirements. 

D. Wall Dimmer Occupancy Sensors: 
1. General Requirements: 

a. Description: Occupancy sensors designed for installation in standard wall box at 
standard wall switch mounting height with a field of view of 180 degrees, integrated 
dimming control capability, and no leakage current to load in off mode. 

b. Manual-Off Override Control Capability: When used to turn off load while in 
automatic-on mode, unit to revert back to automatic mode after no occupant presence 
is detected during the delayed-off time interval. 

c. Dimmer: Solid-state with continuous full-range even control following square law 
dimming curve, integral radio frequency interference filtering, power failure preset 
memory, air gap switch accessible without removing wall plate, and listed as 
complying with UL 1472; type and rating suitable for load controlled. 

d. Provide field adjustable dimming preset for occupied state. 

E. 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. Provide field selectable setting for disabling LED motion detector visual indicator. 
d. Occupancy sensor to be field selectable as either manual-on/automatic-off or 

automatic on/off. 
e. Finish:  White unless otherwise indicated. 

2. Passive Infrared/Ultrasonic Dual Technology Ceiling Mounted Occupancy Sensors: 
a. Standard Range Sensors: Capable of detecting motion within an area of 450 square 

feet at a mounting height of 9 feet, with a field of view of 360 degrees. 
1) Products: 

(a) Hubbell Building Automation. 
(b) Sensor Switch. 
(c) Watt Stopper. 
(d) Substitutions: See Section 01 60 00 - Product Requirements. 

F. 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: As required to control the load indicated on the drawings. 
5. Load Rating: 

a. Incandescent Load:  Not less than 15 A. 
b. Fluorescent Load:  Not less than 20 A. 
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c. Motor Load:  Not less than 1 HP. 

2.3 TIME SWITCHES 

A. Manufacturers: 
1. Intermatic, Inc: www.intermatic.com. 
2. Paragon, a brand of Invensys Controls: www.invensyscontrols.com. 
3. Tork, a division of NSI Industries LLC: www.tork.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 
5. Source Limitations: Furnish products produced by a single manufacturer and obtained 

from a single supplier. 

B. Digital Electronic Time Switches: 
1. Description: Factory-assembled solid state programmable controller with LCD display, 

listed and labeled as complying with UL 916 or UL 917. 
2. Program Capability: 

a. Astronomic Time Switches:  Single channel, capable of different schedule for each 
day of the week with additional holiday schedule available to override normal schedule 
for selected days and field-configurable astronomic feature to automatically adjust for 
seasonal changes in sunrise and sunset times. 

3. Schedule Capacity: Not less than 16 programmable on/off operations. 
4. Provide automatic daylight savings time and leap year compensation. 
5. Provide power outage backup to retain programming and maintain clock. 
6. Manual override: Capable of overriding current schedule both permanently and 

temporarily until next scheduled event. 
7. Provide remote photocell input with light level adjustment. 
8. Input Supply Voltage: As indicated on the drawings. 
9. Output Switch Contact Ratings: 

a. Resistive Load: Not less than 30 A at 120-277 V ac. 
b. Tungsten Load: Not less than 5 A at 120 V ac. 
c. Inductive Load: Not less than 30 A at 120-277 V ac. 
d. Ballast Load: Not less than 20 A at 120 V ac or 6 A at 277 V ac. 
e. Motor Load: Not less than 1 HP at 120 V ac or 2 HP at 240 V ac. 

10. Provide lockable enclosure; environmental type per NEMA 250 as specified for the 
following installation locations: 
a. Indoor clean, dry locations: Type 1. 

C. Electromechanical Time Switches: 
1. Description: Factory-assembled controller with motor-operated timing dial mechanism and 

adjustable trippers for setting on/off operations, listed and labeled as complying with UL 
917. 

2. Program Capability: 
a. 24-Hour Time Switches: With same schedule for each day of the week and 

skip-a-day feature to omit selected days. 
3. Schedule Capacity: 

a. 24-Hour Time Switches: Accommodating not less than 12 pairs of selected on/off 
operations per day. 

4. Manual override: Capable of overriding current schedule both permanently and 
temporarily until next scheduled event. 

5. Input Supply Voltage: As indicated on the drawings. 
6. Output Switch Configuration: As required to control the load indicated on the drawings. 
7. Output Switch Contact Ratings: As required to control the load indicated on the drawings. 
8. Provide lockable enclosure; environmental type per NEMA 250 as specified for the 

following installation locations: 
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2.4 IN-WALL INTERVAL TIMERS 

A. Manufacturers: 
1. Intermatic, Inc: www.intermatic.com. 
2. Paragon, a brand of Invensys Controls: www.invensyscontrols.com. 
3. Tork, a division of NSI Industries LLC: www.tork.com. 
4.   . 
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. Digital Electronic In-Wall Interval Timers: 
1. Description: Factory-assembled solid state programmable controller with LCD display, 

suitable for mounting in standard wall box, and listed and labeled as complying with UL 
916 or UL 917. 

2. Program Capability: Designed to turn load off at end of preset time interval. 
3. Time Interval: Field selectable range of presets available up to 12 hours. 
4. Provide field selectable audible and visual indication to warn that end of interval operation 

is about to turn off load. 
5. Provide power outage backup to retain programming and maintain clock. 
6. Manual override: Capable of both turning load off and resetting timer to original preset 

time interval. 
7. Switch Configuration: Suitable for use in either SPST or 3-way application. 
8. Contact Ratings: 

a. Resistive Load: Not less than 20 A at 120-277 V ac. 
b. Tungsten Load: Not less than 15 A at 120 V ac. 
c. Ballast Load: Not less than 16 A at 120-277 V ac. 
d. Motor Load: Not less than 1 HP at 120 V ac or 2 HP at 240 V ac. 

C. Spring Wound In-Wall Interval Timers: 
1. Description: Factory-assembled controller with mechanical spring wound timing 

mechanism requiring no electricity to operate; suitable for mounting in standard wall box; 
rotary control operator with matching wall plate factory marked with time interval units; 
listed and labeled as complying with UL 916 or UL 917. 

2. Program Capability: Designed to turn load off at end of preset time interval. 
3. Time Interval: User selectable from zero up to 15 minutes. 
4. Manual override: Provide hold feature to disable timer for constant on operation. 
5. Switch Configuration: SPST. 
6. Contact Ratings: As required to control the load indicated on the drawings. 
7. Contact Ratings: 

a. Resistive Load: Not less than 20 A at 120 V ac or 10 A at 277 V ac. 
b. Inductive Load: Not less than 20 A at 120 V ac or 10 A at 277 V ac. 
c. Tungsten Load: Not less than 7 A at 120 V ac. 
d. Motor Load: Not less than 1 HP at 120 V ac or 2 HP at 250 V ac. 
e.   . 

2.5 OUTDOOR PHOTO CONTROLS 

A. Manufacturers: 
1. Intermatic, Inc: www.intermatic.com. 
2. Paragon, a brand of Invensys Controls: www.invensyscontrols.com. 
3. Tork, a division of NSI Industries LLC: www.tork.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Stem-Mounted Outdoor Photo Controls: 
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1. Description: Direct-wired photo control unit with threaded conduit mounting stem and 
field-adjustable swivel base, listed and labeled as complying with UL 773A. 

2. Housing: Weatherproof, impact resistant polycarbonate. 
3. Photo Sensor:  Cadmium sulfide. 
4. Provide external sliding shield for field adjustment of light level activation. 
5. Light Level Activation: 1 to 5 footcandles turn-on and 3 to 1 turn-off to turn-on ratio with 

delayed turn-off. 
6. Voltage: As required to control the load indicated on the drawings. 
7. Failure Mode: Fails to the on position. 
8. Load Rating: As required to control the load indicated on the drawings. 
9. Provide accessory wall-mounting bracket where indicated or as required to complete 

installation. 

2.6 DAYLIGHTING CONTROLS 

A. Manufacturers: 
1. Hubbell Building Automation, Inc: www.hubbellautomation.com 
2. Sensor Switch Inc: www.sensorswitch.com. 
3. WattStopper: www.wattstopper.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 
5. Source Limitations: Furnish products produced by a single manufacturer and obtained 

from a single supplier. 

B. System Description: Control system consisting of photo sensors and compatible control 
modules and power packs, contactors, or relays as required for automatic control of load 
indicated according to available natural light; capable of integrating with occupancy sensors and 
manual override controls. 

C. Daylighting Control Photo Sensors: Low voltage class 2 photo sensor units with output signal 
proportional to the measured light level and provision for zero or offset based signal. 
1. Sensor Type: Filtered silicon photo diode. 
2. Sensor Range: 

a. Indoor Photo Sensors: 5 to 100 footcandles. 
3. Finish:  White unless otherwise indicated. 
4. Where wired sensors are indicated, wireless sensors are acceptable provided that all 

components and wiring modifications necessary for proper operation are included. 
5. Wireless Daylighting Control Photo Sensors: 

a. RF Range: 30 feet through typical construction materials. 
b. Electromagnetic Interference/Radio Frequency Interference (EMI/RFI) Limits: Comply 

with FCC requirements of CFR, Title 47, Part 15, for Class B application. 
c. Power: Battery-operated with minimum ten-year battery life. 

D. Daylighting Control Switching Modules for Low Voltage Sensors: Low voltage class 2 control 
unit compatible with specified photo sensors, for switching of compatible power packs, 
contactors, or relays in response to changes in measured light levels according to selected 
settings. 
1. Operation: Unless otherwise indicated, load to be turned on when light level is below 

selected low set point and load to be turned off when light level is above selected high set 
point, with a no switching dead band between set points to prevent unwanted cycling. 

2. Input Delay: To prevent unwanted cycling due to intermittent light level fluctuations. 
3. Control Capability: 

a. Multi-Zone Switching Modules: Capable of controlling up to three separately 
programmable channels. 

E. Daylighting Control Switching Modules for Wireless Sensors: 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

LIGHTING CONTROL DEVICES 26 09 23 - 8 

 

 

 
 
 

1. Description: Plenum rated, self-contained relay compatible with specified wireless photo 
sensors for switching of line voltage loads in response to changes in measured light levels 
according to selected settings. 

2. Operation: Unless otherwise indicated, load to be turned on when light level is below 
selected low set point and load to be turned off when light level is above selected high set 
point, with a no switching dead band between set points to prevent unwanted cycling. 

3. Input Delay: To prevent unwanted cycling due to intermittent light level fluctuations. 
4. Control Capability: Capable of controlling one programmable channel. 
5. Input Supply Voltage: Dual rated for 120/277 V ac. 
6. Load Rating: 

a. General Purpose Load: Not less than 16 A. 
b. Motor Load: Not less than 1/2 HP (120V) and 1.5 HP (277V). 

F. Daylighting Control Dimming Modules for Low Voltage Sensors: Low voltage class 2 control 
unit compatible with specified photo sensors and with specified dimming ballasts, for both 
continuous dimming of compatible dimming ballasts and switching of compatible power packs, 
contactors, or relays in response to changes in measured light levels according to selected 
settings. 
1. Operation: Unless otherwise indicated, specified load to be continuously brightened as not 

enough daylight becomes available and continuously dimmed as enough daylight becomes 
available. 

2. Load to be turned off when available daylight is sufficient to fully dim the load, after the 
selected time delay. 

3. Control Capability: Capable of controlling up to three separately programmable channels, 
with up to 50 ballasts per channel. 

4. Dimming and Fade Rates:  Adjustable from 5 to 60 seconds. 
5. Cut-Off Delay:  Selectable and adjustable from 0 to 20 minutes. 

G. Power Packs for Low Voltage Daylighting Control Modules: 
1. Description: Plenum rated, self-contained low voltage class 2 transformer and relay 

compatible with specified low voltage daylighting control modules for switching of line 
voltage loads. 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. 

2. Input Supply Voltage: Dual rated for 120/277 V ac. 
3. Load Ratings: As required to control the load indicated on the drawings. 

H. Accessories: 
1. Where indicated, provide compatible accessory wall switches for manual override control. 
2. Where indicated, provide compatible accessory wireless controls for manual override 

control. 
a. Products: 

1) Hubbell Biuilding Automaiton. 
2) Sensor Switch. 
3) Substitutions: See Section 01 60 00 - Product Requirements. 

PART 3 EXECUTION 

3.1 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 openings for outlet boxes are neatly cut and will be completely covered by devices or 
wall plates. 
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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. 

3.2 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. 

3.3 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. 
1. Mounting Heights: Unless otherwise indicated, as follows: 

a. Wall Switch Occupancy Sensors: 48 inches above finished floor. 
b. In-Wall Time Switches: 48 inches above finished floor. 
c. In-Wall Interval Timers: 48 inches above finished floor. 

2. Orient outlet boxes for vertical installation of lighting control devices unless otherwise 
indicated. 

3. Locate wall switch occupancy sensors on strike side of door with edge of wall plate 3 
inches from edge of door frame. Where locations are indicated otherwise, notify Architect 
to obtain direction prior to proceeding with work. 

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. Where required and not furnished with lighting control device, provide wall plate in accordance 
with Section 26 27 26. 

G. Where applicable, install lighting control devices and associated wall plates to fit completely 
flush to mounting surface 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. 

H. Identify lighting control devices in accordance with Section 26 05 53. 

I. Occupancy Sensor Locations: 
1. Location Adjustments: Do not make adjustments to locations without obtaining approval 

from the Architect. 
2. Locate ultrasonic and dual technology passive infrared/ultrasonic occupancy sensors a 

minimum of 4 feet from air supply ducts or other sources of heavy air flow and as per 
manufacturer's recommendations, in order to minimize false triggers. 

J. Outdoor Photo Control Locations: 
1. Where possible, locate outdoor photo controls with photo sensor facing north. If north 

facing photo sensor is not possible, install with photo sensor facing east, west, or down. 
2. Locate outdoor photo controls so that photo sensors do not face artificial light sources, 

including light sources controlled by the photo control itself. 
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K. Install outdoor photo controls so that connections are weatherproof. Do not install photo controls 
with conduit stem facing up in order to prevent infiltration of water into the photo control. 

L. Daylighting Control Photo Sensor Locations: 
1. Location Adjustments: Do not make adjustments to locations without obtaining approval 

from the Architect. 
2. Unless otherwise indicated, locate photo sensors for closed loop systems to accurately 

measure the light level controlled at the designated task location, while minimizing the 
measured amount of direct light from natural or artificial sources such as windows or 
pendant luminaires. 

3. Unless otherwise indicated, locate photo sensors for open loop systems to accurately 
measure the level of daylight coming into the space, while minimizing the measured 
amount of lighting from artificial sources. 

M. 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 prematurelydue to improper lamp burn-in. 

N. Unless otherwise indicated, install power packs for lighting control devices above accessible 
ceiling or above access panel in inaccessible ceiling near the sensor location. 

3.4 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. Record test 
results in written report to be included with submittals. 

D. Test time switches to verifyproper operation. 

E. Test outdoor photo controls to verify proper operation, including time delays where applicable. 

F. Test daylighting controls to verify proper operation, including light level measurements and time 
delays where applicable. Record test results in written report to be included with submittals. 

G. Correct wiring deficiencies and replace damaged or defective lighting control devices. 

3.5 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 Architect. 

C. Where indicated or as directed by Architect, install factory masking material or adjust integral 
blinders on passive infrared (PIR) and dual technology occupancy sensor lenses to block 
undesired motion detection. 

D. Adjust time switch settings to achieve desired operation schedule as indicated or as directed by 
Architect. Record settings in written report to be included with submittals. 

E. Adjust external sliding shields on outdoor photo controls under optimum lighting conditions to 
achieve desired turn-on and turn-off activation as indicated or as directed by Architect. 

F. Adjust daylighting controls under optimum lighting conditions after all room finishes, furniture, 
and window treatments have been installed to achieve desired operation as indicated or as 
directed by Architect. Record settings in written report to be included with submittals. Readjust 
controls calibrated prior to installation of final room finishes, furniture, and window treatments 
that do not function properly as determined by Architect. 
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3.6 CLEANING 

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match 
original factory finish. 

3.7 COMMISSIONING 

A. See Section 01 91 13 for commissioning requirements. 

3.8 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 proper operation of lighting control devices to Architect, and 
correct deficiencies or make adjustments as directed. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Power distribution panelboards. 

SECTION 26 24 16 

PANELBOARDS 

B. Lighting and appliance panelboards. 

C. Overcurrent protective devices for panelboards. 

1.2 RELATED REQUIREMENTS 

A. Section 03 30 00 - Cast-in-Place Concrete: Concrete equipment pads. 

B. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

C. Section 26 05 29 - Hangers and Supports for Electrical Systems. 

D. Section 26 05 53 - Identification for Electrical Systems: Identification products and 
requirements. 

E. Section 26 28 13 - Fuses: Fuses for fusible switches and spare fuse cabinets. 

1.3 REFERENCE STANDARDS 

A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; Federal 
Specification. 

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association. 

C. NECA 407 - Standard for Installing and Maintaining Panelboards; National Electrical 
Contractors Association. 

D. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum). 

E. NEMA ICS 2 - Industrial Control and Systems: Controllers, Contactors, and Overload Relays, 
Rated Not More Than 2000 Volts AC or 750 Volts DC; National Electrical Manufacturers 
Association. 

F. NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts 
Maximum); National Electrical Manufacturers Association. 

G. NEMA PB 1 - Panelboards; National Electrical Manufacturers Association. 

H. NEMA PB 1.1 - General Instructions for Proper Installation, Operation and Maintenance of 
Panelboards Rated 600 Volts or Less; National Electrical Manufacturers Association. 

I. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association. 

J. NFPA 70 - National Electrical Code; National Fire Protection Association. 

K. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations. 

L. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations. 

M. UL 67 - Panelboards. 

N. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker 
Enclosures. 

O. UL 869A - Reference Standard for Service Equipment. 

P. UL 943 - Ground-Fault Circuit-Interrupters. 

1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 
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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 Architect of any conflicts with or deviations from the contract documents. Obtain 
direction before proceeding with work. 

1.5 SUBMITTALS 

A. See Section 01 30 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. 
1. Include characteristic trip curves for each type and rating of overcurrent protective device 

upon request. 

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. Clearly indicate whether proposed short circuit current ratings are fully rated or, where 

acceptable, series rated systems. 

D. Manufacturer's Installation Instructions: Indicate application conditions and limitations of use 
stipulated by product testing agency. Include instructions for storage, handling, protection, 
examination, preparation, and installation of product. 

E. Project Record Documents: Record actual installed locations of panelboards and actual 
installed circuiting arrangements. 

F. Maintenance Data: Include information on replacement parts and recommended maintenance 
procedures and intervals. 

G. Maintenance Materials: Furnish the following for Owner'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. 
3. See Section 26 28 13 for requirements for spare fuses and spare fuse cabinets. 

1.6 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. 

1.7 DELIVERY, STORAGE, ANDHANDLING 

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. 
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1.8 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 and 104 degrees F. 

1.9 MAINTENANCE MATERIALS 

A. See Section 01 60 00 - Product Requirements, for additional provisions. 

B. Furnish two of each panelboard key. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Eaton Corporation; Cutler-Hammer Products: www.eaton.com. 

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. 

2.2 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. Ambient Temperature: 

a. Panelboards Containing Circuit Breakers: Between 23 degrees F and 104 degrees F. 

C. Short Circuit Current Rating: 
1. Provide panelboards with listed short circuit current rating not less than the available fault 

current at the installed location 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 

feeder or branch circuit requiring a neutral connection. 
2. Provide solidly bonded equipment ground bus in each panelboard, with a suitable lug for 

each feeder and branch circuit equipment grounding conductor. 
3. Provide separate isolated/insulated ground bus where indicated or where isolated 

grounding conductors are provided. 

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. 

2. Boxes: Galvanized steel unless otherwise indicated. 
a. Provide wiring gutters sized to accommodate the conductors to be installed. 
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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. 
5. Metal frame for type written directory 
6. 

J. Future Provisions: Prepare all unused spaces for future installation of devices including 
bussing, connectors, mounting hardware and all other required provisions. 

2.3 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. Products: 
1. SQ D . 
2. General Electric. 
3. Eaton Cutler Hammer. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

C. Conductor Terminations: 
1. Main and Neutral Lug Material: Copper, suitable for terminating copper conductors only. 
2. Main and Neutral Lug Type: Mechanical. 

D. Bussing: 
1. Phase and Neutral Bus Material: Copper. 
2. Ground Bus Material: Copper. 

E. Circuit Breakers: 
1. Provide bolt-on type or plug-in type secured with locking mechanical restraints. 

F. Enclosures: 
1. Provide surface-mounted enclosures unless otherwise indicated. 
2. Fronts: Provide door-in-door trim with hinged cover for access to load terminals and wiring 

gutters, and separate lockable hinged door with concealed hinges for access to 
overcurrent protective device handles without exposing live parts. 

3. Provide metal circuit directory holder mounted on inside of door. 

G. Manufacturers: 
1. SQ.D or Equal. 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

H. Description: NEMA PB 1, circuit breaker type. 

I. Service Conditions: 
1. Altitude:  1000 feet. 
2. Temperature:  55 degrees F. 

J. Panelboard Bus: Copper, ratings as indicated. Provide copper ground bus in each panelboard. 

K. Minimum integrated short circuit rating: As indicated. 
1. 240 Volt Panelboards: 14,000 amperes rms symmetrical. 
2. 480 Volt Panelboards: 21,000 amperes rms symmetrical. 
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L. 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. 

M. Molded Case Circuit Breakers with Current Limiters: With replaceable current limiting elements, 
in addition to integral thermal and instantaneous magnetic trip in each pole; UL listed. 

N. Circuit Breaker Accessories: Trip units and auxiliary switches as indicated. 

O. Enclosure: NEMA PB 1, Type 1, 5 34" deep, 20" wide, cabinet box. With continued hinge and 
lock. 

P. Cabinet Front: Surface type, fastened with hinged door with flush lock, finished in 
manufacturer's standard gray enamel. 

2.4 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. Products: 
1. SQD. 
2. Eaton Cutler Hammer. 
3. Substitutions: See Section 01 60 00 - Product Requirements. 

C. Conductor Terminations: 
1. Main and Neutral Lug Material: Copper, suitable for terminating copper conductors only. 
2. Main and Neutral Lug Type: Mechanical. 

D. Bussing: 
1. Phase Bus Connections: Arranged for sequential phasing of overcurrent protective 

devices. 
2. Phase and Neutral Bus Material: Copper. 
3. Ground Bus Material: Copper. 

E. Circuit Breakers: Thermal magnetic bolt-on type unless otherwise indicated. 

F. Enclosures: 
1. Provide surface-mounted or flush-mounted enclosures as indicated. 
2. Fronts: Provide door-in-door trim with hinged cover for access to load terminals and wiring 

gutters, and separate lockable hinged door with concealed hinges for access to 
overcurrent protective device handles without exposing live parts. 

3. Provide metal circuit directory holder mounted on inside of door. 

G. Manufacturers: 
1. SQ.D or Equal. 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

H. Description: NEMA PB1, circuit breaker type, lighting and appliance branch circuit panelboard. 

I. Panelboard Bus: Copper, ratings as indicated. Provide copper ground bus in each panelboard; 
provide insulated ground bus where scheduled. 

J. Minimum Integrated Short Circuit Rating: As indicated. 
1. 240 Volt Panelboards: 14,000 amperes rms symmetrical. 
2. 480 Volt Panelboards: 21,000 amperes rms symmetrical. 

K. Molded Case Circuit Breakers: Thermal magnetic trip circuit breakers, bolt-on type, with 
common trip handle for all poles; UL listed. 
1. Type SWD for lighting circuits. 
2. Type HACR for air conditioning equipment circuits. 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

PANELBOARDS 26 24 16 - 6 

 

 

 
 
 

3. Class A ground fault interrupter circuit breakers where scheduled. 
4. Do not use tandem circuit breakers, or miniature circuit breakers. 

L. Enclosure:  NEMA PB 1, Type 1. 

M. Cabinet Box: 6 inches deep, 20 inches wide for 240 volt and less panelboards, 20 inches wide 
for 480 volt panelboards. 

N. 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. 

2.5 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) 14000 rms symmetrical amperes at 240 VAC or 208 VAC. 
2) 21000 rms symmetrical amperes at 480 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. Lug Material: Copper, suitable for terminating copper conductors only. 

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 interchangeable trip units where indicated. 

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. 

6. Multi-Pole Circuit Breakers: Furnish with common trip for all poles. 
7. Provide the following circuit breaker types where indicated: 

a. Ground Fault Circuit Interrupter (GFCI) Circuit Breakers: Listed as complying with UL 
943, class A for protection of personnel. 

8. Provide listed switching duty rated circuit breakers with SWD marking for all branch circuits 
serving fluorescent lighting. 

9. Provide listed high intensity discharge lighting rated circuit breakers with HID marking for 
all branch circuits serving HID lighting. 

10. Do not use tandem circuit breakers. 
11. Do not use handle ties in lieu of multi-pole circuit breakers. 
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2.6 SOURCE QUALITY CONTROL 

A. Factory test panelboards according to NEMA PB 1. 

PART 3 EXECUTION 

3.1 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. 

3.2 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 above the floor or working platform. 

H. Mount floor-mounted power distribution panelboards on properly sized 3 inch high concrete pad 
constructed in accordance with Section 03 30 00. 

I. Provide minimum of six spare 1 inch trade size conduits out of each flush-mounted panelboard 
stubbed into accessible space above ceiling and below floor. 

J. Provide grounding and bonding in accordance with Section 26 05 26. 
1. Terminate branch circuit equipment grounding conductors on solidly bonded equipment 

ground bus only. Do not terminate on isolated/insulated ground bus. 
2. Terminate branch circuit isolated grounding conductors on isolated/insulated ground bus 

only. Do not terminate on solidly bonded equipment ground bus. 

K. Install all field-installed branch devices, components, and accessories. 

L. Install panelboards in accordance with NEMA PB 1.1 and NECA 1. 

M. Install panelboards plumb. Install recessed panelboards flush with wall finishes, where installed 
surface mounted secure or anchor panelboard to brick or cinder block wall. 

N. Height: 6 feet to top of panelboard; install panelboards taller than 6 feet with bottom no more 
than 4 inches 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: 
1. Emergency and night lighting circuits. 
2. Fire detection and alarm circuits. 
3. Communications equipment circuits. 
4. Intrusion detection and access control system circuits. 
5. Video surveillance system circuits. 
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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 typed or neatly handwritten circuit directory for each branch circuit panelboard. Revise 
directory to reflect circuiting changes required to balance phase loads. 

T. Provide identification nameplate for each panelboard in accordance with Section 26 05 53. 

U. Provide arc flash warning labels in accordance with NFPA 70. 

V. Provide spare conduits out of each recessed panelboard to an accessible location above 
ceiling. Identify each as SPARE. 
1. Minimum spare conduits:  5 empty 1 inch. 

W. Ground and bond panelboard enclosure according to Section 26 05 26. 

X. Do not provide multiwire branch circuits. 

3.3 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 and circuit breakers larger than 400 amperes. Tests listed as 
optional are not required. 

E. Test GFCI circuit breakers to verify proper operation. 

F. Correct deficiencies and replace damaged or defective panelboards or associated components. 

G. Perform inspections and tests listed in NETA STD ATS, Section 7.5 for switches, Section 7.6 for 
circuit breakers. 

3.4 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. 

3.5 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 NOT FOR C
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

SECTION 26 27 17 

EQUIPMENT WIRING 

A. Electrical connections to equipment. 

1.2 RELATED REQUIREMENTS 

A. Section 26 05 34 - Conduit. 

B. Section 26 05 19 - LV Elec. Power Conductors and Cables (600V&Less) (600 V and Less). 

C. Section 26 05 37 - Boxes. 

D. Section 26 27 26 - Wiring Devices. 

1.3 REFERENCE STANDARDS 

A. NEMA WD 1 - General Color Requirements for Wiring Devices; National Electrical 
Manufacturers Association. 

B. NEMA WD 6 - Wiring Devices - Dimensional Requirements; National Electrical Manufacturers 
Association. 

C. NFPA 70 - National Electrical Code; National Fire Protection Association. 

1.4 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. 

1.5 SUBMITTALS 

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

B. Product Data: Provide wiring device manufacturer’s catalog information showing dimensions, 
configurations, and construction. 

C. Manufacturer's Instructions: Indicate application conditions and limitations of use stipulated by 
product testing agency. Include instructions for storage, handling, protection, examination, 
preparation, and installation of product. 

1.6 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. 

1.7 COORDINATION 

A. Obtain and review shop drawings, product data, manufacturer's wiring diagrams, and 
manufacturer's instructions for equipment furnished under other sections. 

B. Determine connection locations and requirements. 

C. Sequence rough-in of electrical connections to coordinate with installation of equipment. 

D. Sequence electrical connections to coordinate with start-up of equipment. 
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PART 2 PRODUCTS 

2.1 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. 
4. Product: 
5. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Disconnect Switches: As specified in Section 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. 

2.2 EQUIPMENT CONNECTIONS 

PART 3 EXECUTION 

3.1 EXAMINATION 

A. Verify that equipment is ready for electrical connection, wiring, and energization. 

3.2 ELECTRICAL CONNECTIONS 

A. Make electrical connections in accordance with equipment manufacturer's instructions. 

B. Make conduit connections to equipment using flexible conduit. Use liquid tight 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 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Wall switches. 

B. Wall dimmers. 

C. Receptacles. 

D. Wall plates. 

E. Floor box service fittings. 

1.2 RELATED REQUIREMENTS 

SECTION 26 27 26 

WIRING DEVICES 

A. Section 26 05 26 - Grounding and Bonding for Electrical Systems. 

B. Section 26 05 35 - Surface Raceways: Surface raceway systems, including multi 
outlet assemblies. 

C. Section 26 05 37 - Boxes. 

D. Section 26 05 53 - Identification for Electrical Systems: Identification products and 
requirements. 

E. Section 26 09 23 - Lighting Control Devices: Devices for automatic control of lighting, including 
occupancy sensors, in-wall time switches, and in-wall interval timers. 

F. Section 26 27 17 - Equipment Wiring: Cords and plugs for equipment. 

1.3 REFERENCE STANDARDS 

A. FS W-C-596 - Connector, Electrical, Power, General Specification for; Federal Specification. 

B. FS W-S-896 - Switches, Toggle (Toggle and Lock), Flush-mounted (General Specification); 
Federal Specification. 

C. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association. 

D. NEMA WD 1 - General Color Requirements for Wiring Devices; National Electrical 
Manufacturers Association. 

E. NEMA WD 6 - Wiring Device -- Dimensional Specifications; National Electrical Manufacturers 
Association. 

F. NFPA 70 - National Electrical Code; National Fire Protection Association. 

G. UL 20 - General-Use Snap Switches. 

H. UL 498 - Attachment Plugs and Receptacles. 

I. UL 514D - Cover Plates for Flush-Mounted Wiring Devices. 

J. UL 943 - Ground-Fault Circuit-Interrupters. 

K. UL 1472 - Solid-State Dimming Controls. 

1.4 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. 
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4. Coordinate the installation and preparation of uneven surfaces, such as split face block, to 
provide suitable surface for installation of wiring devices. 

5. Coordinate the core drilling of holes for poke-through assemblies with the work covered 
under other sections. 

6. Notify Architect of any conflicts or deviations from the contract documents to obtain 
direction prior to proceeding with work. 

B. Sequencing: 

1.5 SUBMITTALS 

A. See Section 01 30 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. Manufacturer's Installation Instructions: Indicate application conditions and limitations of use 
stipulated by product testing agency. Include instructions for storage, handling, protection, 
examination, preparation, and installation of product. 

D. Operation and Maintenance Data: 
1. Wall Dimmers: Include information on operation and setting of presets. 
2. GFCI Receptacles: Include information on status indicators. 

E. Project Record Documents: Record actual installed locations of wiring devices. 

1.6 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. Products: Listed, classified, and labeled as suitable for the purpose intended. 

E. Product Listing Organization Qualifications: An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

1.7 DELIVERY, STORAGE, ANDPROTECTION 

A. Store in a clean, dry space in original manufacturer's packaging until ready for installation. 

1.8 EXTRAMATERIALS 

A. See Section 01 60 00 - Product Requirements, for additional provisions. 

B. Furnish two of each style, size, and finish wall plate. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Hubbell Incorporated; : www.hubbell-wiring.com. 

B. Leviton Manufacturing Company, Inc; : www.leviton.com. 

C. Lutron Electronics Company, Inc: www.lutron.com. 

D. Pass & Seymour, a brand of Legrand North America, Inc; : www.legrand.us 

E. Cooper Wiring Devices: www.cooperwiringdevices.com. 

F. Leviton Manufacturing, Inc: www.leviton.com. 

G. Substitutions: See Section 01 60 00 - Product Requirements. 
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H. Source Limitations: Where possible, for each type of wiring device furnish products produced 
by a single manufacturer and obtained from a single supplier. 

2.2 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 of sinks. 

E. Provide GFCI protection for receptacles installed in kitchens. 

F. Provide GFCI protection for receptacles serving electric drinking fountains. 

G. Unless noted otherwise, do not use combination switch/receptacle devices. 

H. For flush floor service fittings, use carpet flanges for installations in carpeted floors. 

2.3 ALL WIRING DEVICES 

A. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the 
purpose specified and indicated. 

B. Finishes: 

2.4 WALL SWITCHES 

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. 

B. All Wall Switches: AC only, quiet operating, general-use snap switches with silver alloy 
contacts, complying with NEMA WD 1 and NEMA WD 6, and listed as complying with UL 20 
and where applicable, FS W-S-896; types as indicated on the drawings. 
1. Wiring Provisions: Terminal screws for side wiring and screw actuated binding clamp for 

back wiring with separate ground terminal screw. 

C. Standard Wall Switches: Commercial specification grade, 20 A, 120/277 V with standard toggle 
type switch actuator and maintained contacts; single pole single throw, double pole single throw, 
three way, or four way as indicated on the drawings. 

D. Wall Switches: Heavy Duty, AC only general-use snap switch, complying with NEMA WD 6 and 
WD 1. 
1. Body and Handle: White plastic with toggle handle. 
2. Ratings: 

a. Voltage:  120 - 277 volts, AC. 
b. Current:  20 amperes. 

3. Ratings: Match branch circuit and load characteristics. 

E. Switch Types: Single pole, double pole, 3-way, and 4-way. 

2.5 WALL DIMMERS 

A. Manufacturers: 
1. Leviton Manufacturing Company, Inc;  : www.leviton.com. 
2. Lutron Electronics Company, Inc; Maestro Series: www.lutron.com. 
3. Pass & Seymour, a brand of Legrand North America, Inc;  : www.legrand.us 
4. Substitutions: See Section 01 60 00 - Product Requirements. 
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B. All Wall Dimmers: Solid-state with continuous full-range even control following square law 
dimming curve, integral radio frequency interference filtering, power failure preset memory, air 
gap switch accessible without removing wall plate, complying with NEMA WD 1 and NEMA WD 
6, and listed as complying with UL 1472; types and ratings suitable for load controlled as 
indicated on the drawings. 

C. Control: Slide control type with separate on/off switch. 

2.6 RECEPTACLES 

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. 

B. All Receptacles: Self-grounding, complying with NEMA WD 1 and NEMA WD 6, and listed as 
complying with UL 498, and where applicable, FS W-C-596; types as indicated on the drawings. 
1. Wiring Provisions: Terminal screws for side wiring or screw actuated binding clamp for 

back wiring with separate ground terminal screw. 
2. NEMA configurations specified are according to NEMA WD 6. 

C. 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 GFCI Receptacles: Industrial specification grade, duplex, 20A, 125V, 

NEMA 5-20R, listed and labeled as weather resistant type complying with UL 498 
Supplement SE suitable for installation in damp or wet locations. 
a. Products: 

1) Hubbelll Wiring Devices  . 
2) Pass & Seymore  . 
3) Leviton  . 
4) Substitutions: See Section 01 60 00 - Product Requirements. 

D. Receptacles: Heavy duty, complying with NEMA WD 6 and WD 1. 
1. Device Body:  Black plastic. 
2. Configuration: NEMA WD 6, type as specified and indicated. 

E. Convenience Receptacles:  Type 5 - 20. 

F. Single Convenience Receptacles. 

G. Duplex Convenience Receptacles. 

H. GFCI Receptacles: Convenience receptacle with integral ground fault circuit interrupter to meet 
regulatory requirements. 

2.7 TELEPHONE JACKS 

A. Product: AMP manufacturing 

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

2.8 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. 

B. All Wall Plates:  Comply with UL 514D. 
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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. Stainless Steel Wall Plates: Brushed satin finish, Type 302 stainless steel. 

D. Weatherproof Covers for Damp Locations: Gasketed, cast aluminum, with self-closing hinged 
cover and corrosion-resistant screws; listed as suitable for use in wet locations with cover 
closed. 

E. Weatherproof Covers for Wet Locations: Gasketed, cast aluminum, with hinged lockable cover 
and corrosion-resistant screws; listed as suitable for use in wet locations while in use with 
attachment plugs connected and identified as extra-duty type. 

F. Decorative Cover Plates:  stainless steel. 

G. Jumbo Cover Plates:  stainless steel. 

H. Weatherproof Cover Plates: Gasketed cast metal with hinged cover. 

2.9 FLOOR BOX SERVICE FITTINGS 

A. Manufacturers: 
1. Hubbell Incorporated; : www.hubbell-wiring.com. 
2. Thomas & Betts Corporation; : www.tnb.com. 
3. Wiremold, a brand of Legrand North America, Inc; : www.legrand.us 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Description: Service fittings compatible with floor boxes provided under Section 26 05 37 with 
all components, adapters, and trims required for complete installation. 

C. Flush Floor Service Fittings: 
1. Dual Service Flush Combination Outlets: 

a. Cover: Rectangular. 
b. Configuration: 

1) Power: One standard convenience duplex receptacle(s) with duplex flap 
opening(s). 

2) Communications:  . 
2. Accessories: 

a. Carpet Flanges: Finish to match covers; configuration as required to accommodate 
specified covers. 

PART 3 EXECUTION 

3.1 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 openings in access floor are in proper locations. 

H. Verify that conditions are satisfactory for installation prior to starting work. 
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3.2 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. 

3.3 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. 

C. Coordinate locations of outlet boxes provided under Section 26 05 37 as required for installation 
of wiring devices provided under this section. 

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 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. Install securely, in a neat and workmanlike manner, as specified in NECA 1. 

J. Install wiring devices plumb and level with mounting yoke held rigidly in place. 

K. Install wall switches with OFF position down. 

L. Do not share neutral conductor on branch circuits utilizing wall dimmers. 

M. Install vertically mounted receptacles with grounding pole on top and horizontally mounted 
receptacles with grounding pole on left. 

N. 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. 

O. Install blank wall plates on junction boxes and on outlet boxes with no wiring devices installed or 
designated for future use. 

P. Install receptacles with grounding pole on top. 

Q. Connect wiring device grounding terminal to outlet box with bonding jumper. 

R. Install decorative plates on switch, receptacle, and blank outlets in finished areas. 

S. Connect wiring devices by wrapping conductor around screw terminal. 

T. Use jumbo size plates for outlets installed in masonry walls. 

U. Install galvanized steel plates on outlet boxes and junction boxes in unfinished areas, above 
accessible ceilings, and on surface mounted outlets. 

3.4 INTERFACE WITH OTHER PRODUCTS 

A. Coordinate locations of outlet boxes provided under Section 26 05 37 to obtain mounting 
heights. 
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B. Install wall switch 48 inches above finished floor. 

C. Install convenience receptacle 18 inches above finished floor. 

D. Install convenience receptacle 6 inches above backsplash of counter. 

E. Install telephone jack 18 inches above finished floor. 

F. Install telephone jack for side-reach wall telephone to position top of telephone at 54 inches 
above finished floor. 

G. Install telephone jack for forward-reach wall telephone to position top of telephone at 48 inches 
above finished floor. 

H. Coordinate installation of access floor boxes with access floor system provided under Section 
09 69 00. 

I. Coordinate the installation of wiring devices with underfloor duct service fittings provided under 
Section 26 05 40. 

3.5 FIELD QUALITY CONTROL 

A. Perform field inspection, testing, adjusting, and balancing 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. Verify that each receptacle device is energized. 

F. Test each receptacle to verify operation and proper polarity. 

G. Test each GFCI receptacle for proper tripping operation according to manufacturer's 
instructions. 

H. Correct wiring deficiencies and replace damaged or defective wiring devices. 

I. Verify that each telephone jack is properly connected and circuit is operational. 

3.6 ADJUSTING 

A. Adjust devices and wall plates to be flush and level. 

B. Adjust presets for wall dimmers according to manufacturer's instructions as directed by 
Architect. 

3.7 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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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Fuses. 

1.2 REFERENCE STANDARDS 

SECTION 26 28 13 

FUSES 

A. NEMA FU 1 - Low Voltage Cartridge Fuses; National Electrical Manufacturers Association. 

B. NFPA 70 - National Electrical Code; National Fire Protection Association. 

C. UL 248-1 - Low-Voltage Fuses - Part 1: General Requirements. 

1.3 SUBMITTALS 

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

B. Product Data: Provide manufacturer's standard data sheets including voltage and current 
ratings, interrupting ratings, time-current curves, and current limitation curves. 

1.4 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 of Project. 

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

1.5 MAINTENANCE MATERIALS 

A. See Section 01 60 00 - Product Requirements, for additional provisions. 

B. Furnish two fuse pullers. 

C. Furnish three of each size and type fuse installed. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Cooper Bussmann, a division of Cooper Industries: www.cooperindustries.com. 

B. Mersen (formerly Ferraz Shawmut): ferrazshawmut.mersen.com. 

C. Littelfuse, Inc: www.littelfuse.com. 

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

2.2 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. Power Load Feeder Switches: Class RK1 (time delay). 
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H. Motor Load Feeder Switches: Class RK1 (time delay). 

I. Other Feeder Switches: Class RK1 (time delay). 

J. General Purpose Branch Circuits: Class RK1 (time delay). 

K. Motor Branch Circuits:  Class L time delay. 

L. Lighting Branch Circuits:  Class G. 

2.3 CLASS RK1 (TIME DELAY) FUSES 

A. Manufacturers: 
1. Bussman Corp. 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Construction: Current limiting, dual-element fuse, 10 seconds minimum at 500% rated amps, 
with copper fuse element. 

2.4 CLASS G FUSES 

PART 3 EXECUTION 

3.1 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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PART 1 GENERAL 

1.1 SECTION INCLUDES 

SECTION 26 28 17 

ENCLOSED CIRCUIT BREAKERS 

A. Enclosed circuit breakers. 

1.2 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. 

1.3 REFERENCE STANDARDS 

A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; Federal 
Specification. 

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association. 

C. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum). 

D. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association. 

E. NFPA 70 - National Electrical Code; National Fire Protection Association. 

F. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations. 

G. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations. 

H. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker 
Enclosures. 

1.4 SUBMITTALS 

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

B. Product Data: Provide manufacturer's standard catalog pages and data sheets for circuit 
breakers, enclosures, and other installed components and accessories. 

C. Manufacturer's Installation Instructions: Indicate application conditions and limitations of use 
stipulated by product testing agency. Include instructions for storage, handling, protection, 
examination, preparation, installation, and starting of product. 

1.5 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

B. Maintain one copy of each document on site. 

C. Manufacturer Qualifications: Company specializing in manufacturing the products specified in 
this section with minimum three years documented experience. 

1.6 EXTRAMATERIALS 

A. See Section 01 60 00 - Product Requirements, for additional provisions. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Eaton Corporation; Cutler-Hammer Products: www.eaton.com. 

B. General Electric Company: www.geindustrial.com. 

C. Schneider Electric; Square D Products: www.schneider-electric.us. 
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D. Substitutions: See Section 01 60 00 - Product Requirements. 

2.2 ENCLOSED CIRCUIT BREAKERS 

A. Description: Units consisting of molded case circuit breakers individually mounted in 
enclosures. 

B. Provide products listed and labeled by Underwriters Laboratories Inc. as suitable for the 
purpose indicated. 

C. Unless otherwise indicated, provide products suitable for continuous operation under the 
following service conditions: 
1. Altitude:  Less than 6,600 feet. 
2. Ambient Temperature: Between 23 degrees F and 104 degrees F. 

D. Short Circuit Current Rating: 
1. Provide enclosed circuit breakers with listed short circuit current rating not less than the 

available fault current at the installed location 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. 

E. Conductor Terminations: Suitable for use with the conductors to be installed. 

F. Provide solidly bonded equipment ground bus in each enclosed circuit breaker, with a suitable 
lug for terminating each equipment grounding conductor. 

G. 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: 

H. Provide externally operable handle with means for locking in the OFF position. 

2.3 MOLDED CASE CIRCUIT BREAKERS 

A. 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. 

B. Interrupting Capacity: 
1. Provide circuit breakers with interrupting capacity as required to provide the short circuit 

current rating indicated, but not less than: 
2. Fully Rated Systems: Provide circuit breakers with interrupting capacity not less than the 

short circuit current rating indicated. 
3. 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. 

C. Conductor Terminations: 
1. Lug Material: Aluminum, suitable for terminating aluminum or copper conductors. 

D. Multi-Pole Circuit Breakers: Furnish with common trip for all poles. 

E. Molded Case Circuit Breakers: UL listed for the following service conditions: 
1. Temperature:  95 degrees F. 
2. Altitude:  1000 feet. 

2.4 TRIP UNITS 

A. Field-Adjustable Trip Circuit Breakers: Provide circuit breakers with frame sizes 200 amperes 
and larger with mechanism for adjusting long time continuous current, short time pickup current 
setting for automatic operation.  Range of Adjustment:  amperes. 

B. Field-Changeable Ampere Rating Circuit Breaker: Provide circuit breakers with frame sizes 200 
amperes and larger with changeable trip units. 
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C. Current Limiting Circuit Breaker: Provide circuit breaker as indicated with 
automatically-resetting current limiting elements in each pole. Let-through Current and Energy: 
Less than permitted for same size Class RK-5 fuse. 

D. Solid-State Circuit Breaker: Provide circuit breaker as scheduled with electronic sensing, timing 
and tripping circuits for adjustable current settings; ground fault trip with zero sequence type 
ground fault sensor; instantaneous trip. 

2.5 CURRENT LIMITERS 

A. Current Limiters: Designed for application with molded case circuit breaker. 

B. Coordinate limiter size with trip rating of circuit breaker to prevent nuisance tripping and to 
achieve interrupting current rating specified for circuit breaker. 

C. Provide interlocks to trip circuit breaker and to prevent closing circuit breaker when limiter 
compartment cover is removed or when one or more limiter is not in place or has operated. 

2.6 ACCESSORIES 

A. Enclosures: 
1. Fabricate enclosures from steel. 
2. Finish: Manufacturer's standard enamel finish, gray color. 

B. Provide accessories as scheduled. 

C. Handle Lock: Include provisions for padlocking. 

D. Provide mechanical trip device. 

E. Provide grounding lug in each enclosure. 

F. Provide products suitable for use as service entrance equipment where so applied. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install enclosed circuit breakers where indicated, in accordance with manufacturer's 
instructions. 

B. Install enclosed circuit breakers 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. 

D. Provide required supports in accordance with Section 26 05 29. 

E. Install enclosed circuit breakers plumb. 

F. Except where indicated to be mounted adjacent to the equipment they supply, mount enclosed 
circuit breakers such that the highest position of the operating handle does not exceed 79 
inches above the floor or working platform. 

G. Provide grounding and bonding in accordance with Section 26 05 26. 

H. Height: 5 feet to operating handle. 

I. Provide identification nameplates for each enclosed circuit breaker in accordance with Section 
26 05 53. 

J. Provide arc flash warning labels in accordance with NFPA 70. 

3.2 FIELD QUALITY CONTROL 

A. Perform inspection, testing, and adjusting in accordance with Section 01 40 00. 

B. Inspect and test in accordance with manufacturer's instructions and NETA STD ATS, except 
Section 4. 
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C. Perform inspections and tests listed in NETA STD ATS, Section 7.6.1.1 for circuit breakers 
used for service entrance and for circuit breakers larger than 400 amperes. Tests listed as 
optional are not required. 

D. Correct deficiencies and replace damaged or defective enclosed circuit breakers. 

E. Perform field inspection and testing in accordance with Section 01 40 00. 

F. Inspect and test each circuit breaker. 

G. Inspect each circuit breaker visually. 

H. Perform several mechanical ON-OFF operations on each circuit breaker. 

I. Verify circuit continuity on each pole in closed position. 

J. Determine that circuit breaker will trip on overcurrent condition, with tripping time to NEMA AB 1 
requirements. 

K. Include description of testing and results in test report. 

3.3 ADJUSTING 

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended 
torque settings. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Fusible switches. 

B. Nonfusible switches. 

1.2 RELATED REQUIREMENTS 

SECTION 26 28 18 

ENCLOSED SWITCHES 

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. 

1.3 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association. 

B. NEMA FU 1 - Low Voltage Cartridge Fuses; National Electrical Manufacturers Association. 

C. NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts 
Maximum); National Electrical Manufacturers Association. 

D. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association. 

E. NFPA 70 - National Electrical Code; National Fire Protection Association. 

1.4 SUBMITTALS 

A. See Section 01 30 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. Project Record Documents: Record actual locations of enclosed switches. 

1.5 QUALITY ASSURANCE 

A. Conform to requirements of NFPA 70. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Eaton Corporation; Cutler-Hammer Products; Model : www.eaton.com. 

B. General Electric Company; Model : www.geindustrial.com. 

C. Schneider Electric; Square D Products; Model : www.schneider-electric.us. 

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

2.2 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 Rfuses. 

B. Nonfusible Switch Assemblies: NEMA KS 1, Type HD enclosed load interrupter knife switch. 
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1. Externally operable handle interlocked to prevent opening front cover with switch in ON 
position. 

2. Handle lockable in OFF position. 

C. Enclosures:  NEMA KS 1. 
1. Interior Dry Locations:  Type 1. 
2. Exterior Locations:  Type 3R. 

PART 3 EXECUTION 

3.1 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. 

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 
above the floor or working platform. 

G. Provide grounding and bonding in accordance with Section 26 05 26. 

H. Provide identification nameplate for each enclosed switch in accordance with Section 26 05 53. 

I. Provide arc flash warning labels in accordance with NFPA 70. 

J. Install fuses in fusible disconnect switches. 

K. Apply adhesive tag on inside door of each fused switch indicating NEMA fuse class and size 
installed. 

3.2 FIELD QUALITY CONTROL 

A. Perform field 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 7.5.1.1. 

D. Correct deficiencies and replace damaged or defective enclosed safety switches or associated 
components. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Manual motor controllers. 

B. Magnetic motor controllers. 

SECTION 26 29 13 

ENCLOSED CONTROLLERS 

C. Combination magnetic motor controllers and disconnects. 

1.2 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. 

C. Section 26 28 13 - Fuses. 

1.3 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association. 

B. NEMA ICS 2 - Industrial Control and Systems: Controllers, Contactors, and Overload Relays, 
Rated Not More Than 2000 Volts AC or 750 Volts DC; National Electrical Manufacturers 
Association. 

C. NEMA ICS 5 - Industrial Control and Systems: Control Circuit and Pilot Devices; National 
Electrical Manufacturers Association. 

D. NEMA ICS 6 - Industrial Control and Systems: Enclosures; National Electrical Manufacturers 
Association. 

E. NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts 
Maximum); National Electrical Manufacturers Association. 

F. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association. 

G. NFPA 70 - National Electrical Code; National Fire Protection Association. 

1.4 SUBMITTALS 

A. See Section 01 30 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. Test Reports: Indicate field test and inspection procedures and test results. 

D. Manufacturer's Instructions: Indicate application conditions and limitations of use stipulated by 
testing agency. Include instructions for storage, handling, protection, examination, preparation, 
and installation of product. 

E. Maintenance Data: Replacement parts list for controllers. 

1.5 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 of Project. 
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C. Products: Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose 
specified and indicated. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Eaton Corporation; Cutler-Hammer Product: www.eaton.com. 

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. 

2.2 MANUAL CONTROLLERS 

A. Manual Motor Controllers: NEMA ICS 2, AC general-purpose, Class A, manually operated, 
full-voltage controller with overload element, red pilot light, NO auxiliary contact, and push 
button operator. 

B. Fractional Horsepower Manual Controllers: NEMA ICS 2, AC general-purpose, Class A, 
manually operated, full-voltage controller for fractional horsepower induction motors, with 
thermal overload unit, red pilot light, and key operator. 

2.3 AUTOMATIC CONTROLLERS 

A. Magnetic Motor Controllers: NEMA ICS 2, AC general-purpose Class A magnetic controller for 
induction motors rated in horse power. 

B. Coil Operating Voltage: 120 volts, 60 Hertz. 

C. Overload Relays: NEMA ICS 2; bimetal. 

D. Enclosures:  NEMA ICS 6, Type 1. 

2.4 ACCESSORIES 

A. Auxiliary Contacts: NEMA ICS 2, 2 normally open contacts in addition to seal-in contact. 

B. Cover Mounted Pilot Devices: NEMA ICS 5, standard duty oil tight  type. 

C. Pilot Device Contacts: NEMA ICS 5, Form Z, rated A150. 

D. Pushbuttons:  Unguarded type. 

E. Indicating Lights:  , LED type. 

F. Selector Switches:  Rotary type. 

G. Relays:  NEMA ICS 2,  . 

H. Control Power Transformers: 120 volt secondary, contractor to determine VA minimum, in each 
motor starter. Provide fused primary, secondary, and bond unfused leg of secondary to 
enclosure. 

2.5 DISCONNECTS 

A. Combination Controllers: Combine motor controllers with disconnects in common enclosure. 
Obtain IEC Class 2 coordinated component protection. 

B. Fusible Switch Assemblies: NEMA KS 1, enclosed knife switch with externally operable handle. 
Fuse clips:  Designed to accommodate Class R fuses. 

PART 3 EXECUTION 

3.1 INSTALLATION 

A. Install enclosed controllers where indicated, in accordance with manufacturer's instructions. 

B. Provide supports in accordance with Section 26 05 29. 

C. Provide fuses for fusible switches; refer to Section 26 28 13 for product requirements. 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

ENCLOSED CONTROLLERS 26 29 13 - 3 

 

 

 
 
 

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. 

3.2 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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PART 1 GENERAL 

1.1 SECTION INCLUDES 

SECTION 26 43 00 

SURGE PROTECTIVE DEVICES 

A. Surge protective devices for service entrance locations. 

B. Surge protective devices for distribution locations. 

1.2 RELATED REQUIREMENTS 

A. Section 26 05 26 - Grounding and Bonding. 

B. Section 26 27 26 - Wiring Devices: Receptacles with integral surge protection. 

C. Section 26 24 13 - Switchboards. 

D. Section 26 24 16 - Panelboards. 

E. Section 27 10 05 - Structured Cabling for Voice and Data: Protectors for communications 
service entrance. 

1.3 ABBREVIATIONS ANDACRONYMS 

A. EMI/RFI: Electromagnetic Interference/Radio Frequency Interference. 

B. SPD:  Surge Protective Device. 

1.4 REFERENCE STANDARDS 

A. NECA 1 - Standard for Good Workmanship in Electrical Construction. 

B. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum). 

C. NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution 
Equipment and Systems; International Electrical Testing Association. 

D. NFPA 70 - National Electrical Code. 

E. UL 1449 - Standard for Surge Protective Devices. 

1.5 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: Coordinate size and location of overcurrent device compatible with the actual 
surge protective device and location to be installed. Notify Architect of any conflicts or deviations 
from the contract documents to obtain direction prior to ordering equipment. 

1.6 SUBMITTALS 

A. See Section 01 30 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. 
1. SPDs with EMI/RFI filter: Include noise attenuation performance. 

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 (for Type 2 SPDs). 
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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 Owner's name and registered with manufacturer. 

H. Project Record Documents: Record actual connections and locations of surge protective 
devices. 

1.7 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. 

1.8 DELIVERY, STORAGE, ANDPROTECTION 

A. Store in a clean, dry space in accordance with manufacturer's written instructions. 

1.9 FIELD CONDITIONS 

A. Maintain field conditions within manufacturer's required service conditions during and after 
installation. 

1.10 WARRANTY 

A. See Section 01 78 00 - Closeout Submittals, 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. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Basis of Design: Schneider Electric; Square D Brand Surgelogic Products as indicated under 
product article(s) below; www.surgelogic.com. 

B. Surge Protective Devices (SPD) as manufactured by Siemens Industry, Inc. are a permitted 
substitution with the inclusion of a Surge Counter and an External Operable Disconnect. 

C. Surge Protective Devices (SPD) as manufactured by Advanced Protection Technologies, Inc. 
are a permitted substitution with inclusion of an externally operable switch / breaker. 

D. 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. 

E. Source Limitations: Furnish surge protective devices produced by a single manufacturer and 
obtained from a single supplier. 

2.2 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. 
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C. UL 1449 Voltage Protection Ratings (VPRs): 
1. Equivalent to basis of design. 

D. UL 1449 Maximum Continuous Operating Voltage (MCOV): Not less than 115% of nominal 
system voltage. 

E. Enclosure Environment Type per NEMA 250: Unless otherwise indicated, as specified for the 
following installation locations: 
1. Indoor clean, dry locations: Type 1. 

F. Mounting for Field-installed, Externally Mounted SPDs: Unless otherwise indicated, as specified 
for the following locations: 

G. Equipment Containing Factory-installed, Internally Mounted SPDs: Listed and labeled as a 
complete assembly including SPD. 
1. Switchboards: See Section 26 24 13. 

2.3 SURGE PROTECTIVE DEVICES FOR SERVICE ENTRANCE LOCAT IONS 

A. Unless otherwise indicated, provide field-installed, externally mounted or factory-installed, 
internally mounted SPDs. 

B. List and label as complying with 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 or non-modular protection circuits. 

D. Surge Current Rating: Not less than 120 kA per mode/240 kA per phase. 

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 available fault current at the 
installed location as indicated on the drawings. 

H. 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. 

I. Basis of Design: Schneider Electric; Square D Brand Surgelogic Products; 
www.surgelogic.com. 
1. Field-installed, Externally Mounted Surge Protective Devices: 

a. EMA Series: Replaceable modules; 200 kA SCCR; individually fused MOVs, thermal 
fusing; dry contacts; EMI/RFI filtering; surge counter; duty cycle tested for 20,000 
impulses; 10 year warranty. 

2. Factory-installed, Internally Mounted Surge Protective Devices: 
a. IMA Series: Replaceable modules; 200 kA SCCR; individually fused MOVs, thermal 

fusing; dry contacts; EMI/RFI filtering; surge counter; duty cycle tested for 20,000 
impulses; 10 year warranty. 

2.4 SURGE PROTECTIVEDEVICES FOR DISTRIBUTION LOCATIONS 

A. Unless otherwise indicated, provide field-installed, externally mounted or factory-installed, 
internally mounted SPDs. 

B. List and label as complying with UL 1449, Type 1 or Type 2. 

C. Provide SPDs utilizing field-replaceable modular or non-modular protection circuits. 

D. Surge Current Rating: Not less than 80 kA per mode/160 kA per phase. 
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E. UL 1449 Nominal Discharge Current (I-n):  20 kA. 

F. UL 1449 Short Circuit Current Rating (SCCR): Not less than the available fault current at the 
installed location as indicated on the drawings. 

G. Diagnostics: 
1. Protection Status Monitoring: Provide indicator lights to report the protection status for 

each phase. 
2. Alarm Notification: Provide indicator light and audible alarm to report alarm condition. 

Provide button to manually silence audible alarm. 

H. Provide surge rated integral disconnect switch for SPDs not connected to a dedicated circuit 
breaker or fused switch or not direct bus connected. 

I. Basis of Design: Schneider Electric; Square D Brand Surgelogic Products; 
www.surgelogic.com. 
1. Field-installed, Externally Mounted Surge Protective Devices: 

a. EMA Series: Replaceable modules; 200 kA SCCR; individually fused MOVs, thermal 
fusing; dry contacts; EMI/RFI filtering; surge counter; duty cycle tested for 20,000 
impulses; 10 year warranty. 
1) Furnished with integral switch option where indicated. 

2. Factory-installed, Internally Mounted Surge Protective Devices: 
a. IMA Series: Replaceable modules; 200 kA SCCR; individually fused MOVs, thermal 

fusing; dry contacts; EMI/RFI filtering; surge counter; duty cycle tested for 20,000 
impulses; 10 year warranty. 

PART 3 EXECUTION 

3.1 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 that electrical equipment is ready to accept connection of the SPD and that installed 
overcurrent device is consistent with requirements of the drawings and manufacturer's 
instructions. 

D. 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. 

E. Verify that conditions are satisfactory for installation prior to starting work. 

3.2 INSTALLATION 

A. Perform work in a neat and workmanlike manner in accordance with NECA 1. 

B. Install SPD in accordance with manufacturer's instructions. 

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's 
instructions and NFPA 70. 

D. Provide conductors with minimum ampacity as indicated on the drawings, as required by NFPA 
70, and not less than manufacturer's recommended minimum conductor size. 

E. Install conductors between SPD and equipment terminations as short and straight as possible, 
not exceeding manufacturer's recommended maximum conductor length. Breaker locations 
may be reasonably be rearranged in order to provide leads as short and straight as possible. 
Twist conductors together to reduce inductance. 
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F. 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. 

3.3 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. 

3.4 CLEANING 

A. Repair scratched or marred exterior surfaces to match original factory finish. 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Interior luminaires. 

B. Emergency lighting units. 

C. Exit signs. 

D. Ballasts and drivers. 

E. Lamps. 

F. Luminaire accessories. 

1.2 RELATED REQUIREMENTS 

A. Section 26 05 37 - Boxes. 

SECTION 26 51 00 

INTERIOR LIGHTING 

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. 

1.3 REFERENCE STANDARDS 

A. ANSI C78.379 - American National Standard for Electric Lamps -- Reflector Lamps -- 
Classification of Beam Patterns. 

B. ANSI C82.1 - American National Standard for Lamp Ballast - Line Frequency Fluorescent Lamp 
Ballast. 

C. ANSI C82.4 - American National Standard for Ballasts for High-Intensity-Discharge and Low 
Pressure Sodium Lamps (Multiple-Supply Type). 

D. ANSI C82.11 - American National Standard for Lamp Ballasts - High Frequency Fluorescent 
Lamp Ballasts - Supplements. 

E. IEEE C62.41.2 - Recommended Practice on Characterization of Surges in Low-Voltage (1000 V 
and less) AC Power Circuits. 

F. IES LM-79 - Approved Method: Electrical and Photometric Measurements of Solid-State 
Lighting Products; Illuminating Engineering Society. 

G. IES LM-80 - Approved Method: Measuring Luminous Flux and Color Maintenance of LED 
Packages, Arrays, and Modules; Illuminating Engineering Society. 

H. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association. 

I. NECA/IESNA 500 - Standard for Installing Indoor Commercial Lighting Systems; National 
Electrical Contractors Association. 

J. NECA/IESNA 502 - Standard for Installing Industrial Lighting Systems; National Electrical 
Contractors Association. 

K. NEMA LE 4 - Recessed Luminaires, Ceiling Compatibility; National Electrical Manufacturers 
Association. 
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L. NEMA WD 6 - Wiring Devices - Dimensional Requirements; National Electrical Manufacturers 
Association. 

M. NFPA 70 - National Electrical Code; National Fire Protection Association. 

N. NFPA 101 - Life Safety Code; National Fire Protection Association. 

O. UL 924 - Emergency Lighting and Power Equipment. 

P. UL 935 - Fluorescent-Lamp Ballasts. 

Q. UL 1598 - Luminaires. 

R. UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products. 

1.4 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. Coordinate the placement of exit signs with furniture, equipment, signage or other potential 
obstructions to visibility installed under other sections or by others. 

4. Notify Architect of any conflicts or deviations from the contract documents to obtain 
direction prior to proceeding with work. 

1.5 SUBMITTALS 

A. See Section 01 30 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. 
2. Provide photometric calculations where luminaires are proposed for substitution 

C. Shop Drawings: Indicate dimensions and components for each luminaire that is not a standard 
product of the manufacturer. 

D. 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. LED Luminaires: 

a. Include estimated useful life, calculated based on IES LM-80 test data. 

E. Field Quality Control Reports. 

F. Manufacturer's Installation Instructions: Indicate application conditions and limitations of use 
stipulated by product testing agency. Include instructions for storage, handling, protection, 
examination, preparation, and installation of product. 

G. Operation and Maintenance Data: Instructions for each product including information on 
replacement parts. 

H. Project Record Documents: Record actual connections and locations of luminaires and any 
associated remote components. 

1.6 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. 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. 

E. Product Listing Organization Qualifications: An organization recognized by OSHA as a 
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having 
jurisdiction. 

1.7 DELIVERY, STORAGE, ANDPROTECTION 

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. 

1.8 FIELD CONDITIONS 

A. Maintain field conditions within manufacturer's required service conditions during and after 
installation. 

1.9 WARRANTY 

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

B. Provide two year manufacturer warranty for all linear fluorescent ballasts. 

1.10 EXTRAMATERIALS 

A. See Section 01 60 00 - Product Requirements, for additional provisions. 

B. Furnish two of each plastic lens type. 

C. Furnish one replacement lamps for each lamp type. 

D. Furnish two of each ballast type. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS - LUMINAIRES 

A. Acuity Brands, Inc; : www.acuitybrands.com. 

B. Hubbell Lighting, Inc; : www.hubbelllighting.com. 

C. Philps Lighting: www.usa.philips.com 

D. Columbia Lighting. 

E. Fine Lite  : www. finelite.com 

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

2.2 LUMINAIRES 

A. Manufacturers: 
1. Acuity Brands, Inc; : www.acuitybrands.com. 
2. Cooper Lighting, a division of Cooper Industries; : www.cooperindustries.com. 
3. Hubbell Lighting, Inc; : www.hubbelllighting.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Provide products that comply with requirements of NFPA 70. 

C. Provide products that are listed and labeled as complying with UL 1598, where applicable. 

D. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the 
purpose specified and indicated. 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center 
Classroom Addition & Renovations 
Magnolia, Delaware 

State Project No. SRS-16-00-MECCcons 
BMG Project No. 2016076.00 

August 10, 2016 

INTERIOR LIGHTING 26 51 00 - 4 

 

 

 
 
 

E. Unless otherwise indicated, provide complete luminaires including lamp(s) and all sockets, 
ballasts, reflectors, lenses, housings and other components required to position, energize and 
protect the lamp and distribute the light. 

F. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring, 
connectors, hardware, supports, trims, accessories, etc. as necessary for a complete operating 
system. 

G. Provide products suitable to withstand normal handling, installation, and service without any 
damage, distortion, corrosion, fading, discoloring, etc. 

H. Recessed Luminaires: 
1. Ceiling Compatibility: Comply with NEMA LE 4. 
2. Luminaires Recessed in Insulated Ceilings: Listed and labeled as IC-rated, suitable for 

direct contact with insulation and combustible materials. 
3. Luminaires Recessed in Sloped Ceilings: Provide suitable sloped ceiling adapters. 

I. LED Luminaires: 
1. Components: UL 8750 recognized or listed as applicable. 
2. Tested in accordance with IES LM-79 and IES LM-80. 
3. LED Estimated Useful Life: Minimum of 100,000 hours at 90 percent lumen maintenance, 

calculated based on IES LM-80 test data. 

J. LED Luminaire Components: UL 8750 recognized or listed as applicable. 

K. Track Lighting Systems: Provide track compatible with specified track heads, with all 
connectors, power feed fittings, dead ends, hangers and canopies as necessary to complete 
installation. 

L. Luminaires Mounted in Continuous Rows: Provide quantity of units required for length 
indicated, with all accessories required for joining and aligning. 

2.3 EMERGENCY LIGHTING UNITS 

A. Manufacturers: 
1. Acuity Brands, Inc; : www.acuitybrands.com. 
2. Cooper Lighting, a division of Cooper Industries; : www.cooperindustries.com. 
3. Hubbell Lighting, Inc; : www.hubbelllighting.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Description: Emergency lighting units complying with NFPA 101 and all applicable state 
and local codes, and listed and labeled as complying with UL 924. Emergency and Exit 
light combination unit with (2) unit mounted lamps and LED exit light with battery backup. 
This combination unit shall have spare capacity to power remote emergency lamp heads. 

C. Operation: Upon interruption of normal power source or brownout condition exceeding 20 
percent voltage drop from nominal, solid-state control automatically switches connected lamps 
to integral battery power for minimum of 90 minutes of rated emergency illumination, and 
automatically recharges battery upon restoration of normal power source. 

D. Battery: 
1. Sealed maintenance-free nickel cadmium unless otherwise indicated. 
2. 
3. Size battery to supply all connected lamps, including emergency remote heads where 

indicated. 

E. Diagnostics: Provide power status indicator light and accessible integral test switch to manually 
activate emergency operation. 

F. Provide low-voltage disconnect to prevent battery damage from deep discharge. 
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G. Self-Diagnostics: Provide units that self-monitor functionality and automatically perform testing 
required by NFPA 101 where indicated; provide indicator light(s) to report test and diagnostic 
status. 

H. Accessories: 
1. Provide compatible accessory mounting brackets where indicated or required to complete 

installation. 
2. Provide compatible accessory high impact polycarbonate vandal shields where indicated. 
3. Provide compatible accessory wire guards where indicated. 
4. Where indicated, provide emergency remote heads that are compatible with the 

emergency lighting unit they are connected to and suitable for the installed location. 

2.4 LUMINAIRES 

A. Furnish products as indicated in Schedule attached to this section. 

B. Substitutions: See Section 01 60 00 - Product Requirements. 
1. Input Voltage:  120 or 277 volts. 

2.5 EXIT SIGNS 

A. Manufacturers - Powered and Self-Luminous Signs: 
1. Acuity Brands, Inc; : www.acuitybrands.com. 
2. Cooper Lighting, a division of Cooper Industries; : www.cooperindustries.com. 
3. Hubbell Lighting, Inc; : www.hubbelllighting.com. 
4. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Description: Exit signs and similar signs for special purpose applications such as area of 
refuge/rescue assistance. 

C. All Exit Signs: Internally illuminated with LEDs unless otherwise indicated; complying with NFPA 
101 and all applicable state and local codes, and listed and labeled as complying with UL 924. 
1. Number of Faces: Single or double as indicated or as required for the installed location. 
2. Directional Arrows: As indicated or as required for the installed location. 

D. Self-Powered Exit Signs: 
1. Operation: Upon interruption of normal power source or brownout condition exceeding 20 

percent voltage drop from nominal, solid-state control automatically switches connected 
lamps to integral battery power for minimum of 90 minutes of rated emergency 
illumination, and automatically recharges battery upon restoration of normal power source. 

2. Battery: Sealed maintenance-free nickel cadmium unless otherwise indicated. 
3. Diagnostics: Provide power status indicator light and accessible integral test switch to 

manually activate emergency operation. 
4. Provide low-voltage disconnect to prevent battery damage from deep discharge. 
5. Self-Diagnostics: Provide units that self-monitor functionality and automatically perform 

testing required by NFPA 101 where indicated; provide indicator light(s) to report test and 
diagnostic status. 

E. Accessories: 
1. Provide compatible accessory high impact polycarbonate vandal shields where indicated. 
2. Provide compatible accessory wire guards where indicated. 

F. Manufacturers: As indicated on lighting fixture schedule. 
1. Substitutions: See Section 01 60 00 - Product Requirements. 

G. Exit Signs:  Exit sign fixture . 
1. Housing: Plastic. 
2. Face: Translucent glass face with red letters on white background. 
3. Face:   Thermoplastic stencil face with red letters. 
4. Directional Arrows: Universal type for field adjustment. 
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5. Mounting:  Universal, for field selection. 
6. Battery: 12 volt, nickel-cadmium type, with 1.5 hour capacity. 
7. Battery Charger: Dual-rate type, with sufficient capacity to recharge discharged battery to 

full charge within twelve hours. 
8. Lamps:  Manufacturer's standard. 
9. Input Voltage:  120/277 volts. 

2.6 BALLASTS AND DRIVERS 

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 containing no polychlorinated biphenyls (PCBs). 
2. Minimum Efficiency/Efficacy: Provide ballasts complying with all current applicable federal 

and state ballast efficiency/efficacy standards. 

C. Fluorescent Ballasts: 
1. All Fluorescent Ballasts: Unless otherwise indicated, provide high frequency electronic 

ballasts complying with ANSI C82.11 and listed and labeled as complying with UL 935. 
a. Input Voltage: Suitable for operation at voltage of connected source, with variation 

tolerance of plus or minus 10 percent. 
b. Total Harmonic Distortion: Not greater than 10 percent. 
c. Power Factor:  Not less than 0.95. 
d. Thermal Protection: Listed and labeled as UL Class P, with automatic reset for 

integral thermal protectors. 
e. Sound Rating: Class A, suitable for average ambient noise level of 20 to 24 decibels. 
f. Lamp Compatibility: Specifically designed for use with the specified lamp, with no 

visible flicker. 
g. Lamp Operating Frequency: Greater than 20 kHz, except as specified below. 

1) Do not operate lamp(s) within the frequencies from 30 kHz through 40 kHz in 
order to avoid interference with infrared devices. 

h. Lamp Current Crest Factor: Not greater than 1.7. 
i. Provide automatic restart capability to restart replaced lamp(s) without requiring 

resetting of power. 
j. Provide end of lamp life automatic shut down circuitry for T5 and smaller diameter 

lamp ballasts. 
k. Surge Tolerance: Capable of withstanding characteristic surges according to IEEE 

C62.41.2, location category A. 
l. Electromagnetic Interference/Radio Frequency Interference (EMI/RFI) Limits: Comply 

with FCC requirements of CFR, Title 47, Part 18, for Class A, non-consumer 
application. 

m. Provide high efficiency T8 lamp ballasts certified as NEMA premium where indicated. 
n. Ballast Marking: Include wiring diagrams with lamp connections. 

2. Non-Dimming Fluorescent Ballasts: 
a. Lamp Starting Method: 

1) T8 Lamp Ballasts: Programmed start unless otherwise indicated. 
2) T5 Lamp Ballasts: Programmed start unless otherwise indicated. 
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3) Compact Fluorescent Lamp Ballasts: Programmed start unless otherwise 
indicated. 

b. Lamp Starting Temperature: Capable of starting standard lamp(s) at a minimum of 0 
degrees F, and energy saving lamp(s) at a minimum of 60 degrees F unless 
otherwise indicated. 

D. Dimmable LED Drivers: 
1. Dimming Range: Continuous dimming from 100 percent to five percent relative light 

output unless dimming capability to lower level is indicated, without flicker. 
2. Control Compatibility: Fully compatible with the dimming controls to be installed. 

a. Daylighting Controls: See Section 26 09 23. 

2.7 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. Philips Lighting Co of NA: www.lighting.philips.com. 
5. Substitutions: See Section 01 60 00 - Product Requirements. 

B. All Lamps: 
1. Unless explicitly excluded, provide new, compatible, operable lamps in each luminaire. 
2. Verify compatibility of specified lamps with luminaires to be installed. Where lamps are not 

specified, provide lamps per luminaire manufacturer's recommendations. 
3. Minimum Efficiency: Provide lamps complying with all current applicable federal and state 

lamp efficiency standards. 
4. 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 Architect to be inconsistent in perceived color temperature. 

C. Compact Fluorescent Lamps: Wattage and bulb type as indicated, with base type as required 
for luminaire. 
1. Low Mercury Content: Provide lamps that pass the EPA Toxicity Characteristic Leaching 

Procedure (TCLP) test for characteristic hazardous waste. 
2. Correlated Color Temperature (CCT): 3,500 K unless otherwise indicated. 
3. Color Rendering Index (CRI): Not less than 80. 
4. Average Rated Life: Not less than 10,000 hours for an operating cycle of three hours per 

start. 

D. Linear Fluorescent Lamps: Wattage and bulb type as indicated, with base type as required for 
luminaire. 
1. Low Mercury Content: Provide lamps that pass the EPA Toxicity Characteristic Leaching 

Procedure (TCLP) test for characteristic hazardous waste. 
2. T8 Linear Fluorescent Lamps: 

a. Correlated Color Temperature (CCT): 3,500 K unless otherwise indicated. 
b. Color Rendering Index (CRI): Not less than 80. 
c. Average Rated Life: Not less than 20,000 hours for an operating cycle of three hours 

per start. 
3. T5 Linear Fluorescent Lamps: 

a. Correlated Color Temperature (CCT): 3,500 K unless otherwise indicated. 
b. Color Rendering Index (CRI): Not less than 80. 
c. Average Rated Life: Not less than 20,000 hours for an operating cycle of three hours 

per start. 

E. Lamp Types:  As specified for each luminaire. 
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F. Fluorescent Lamps: 
1. Product: Phillips Lighting - Type T5 or T8. 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

G. High Intensity Discharge (HID) Lamps: 
1. Product: Match Lighting Fixture Type 
2. Substitutions: See Section 01 60 00 - Product Requirements. 

2.8 ACCESSORIES 

A. Stems for Suspended Luminaires: Steel tubing, minimum 1/2" size, factory finished to match 
luminaire or field-painted as directed. 

B. Threaded Rods for Suspended Luminaires: Zinc-plated steel, minimum 1/4" size, field-painted 
as directed. 

C. Provide accessory plaster frames for luminaires recessed in plaster ceilings. 

D. Tube Guards for Linear Fluorescent Lamps: Provide clear virgin polycarbonate sleeves with 
endcaps where indicated. 

E. Product: As indicated in lighting fixture schedule. 
1. Substitutions: See Section 01 60 00 - Product Requirements. 

PART 3 EXECUTION 

3.1 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. 

3.2 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. 

3.3 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), 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 pendant-mounted luminaires to building structure. 
4. Secure lay-in luminaires to ceiling support channels using listed safety clips at four 

corners. 
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5. 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. 

6. 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. Install using the suspension method indicated, with support lengths and accessories as 

required for specified mounting height. 
2. 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 and exit signs using pendants supported from swivel hangers. 
Provide pendant length required to suspend luminaire at indicated height. 

K. Support luminaires independent of ceiling framing. 

L. Locate recessed ceiling luminaires as indicated on reflected ceiling plan. 

M. Install surface mounted luminaires and exit signs plumb and adjust to align with building lines 
and with each other. Secure to prevent movement. 

N. Exposed Grid Ceilings: Support surface mounted luminaires in grid ceiling directly from building 
structure. 

O. Exposed Grid Ceilings: Provide auxiliary members spanning ceiling grid members to support 
surface mounted luminaires. 

P. Exposed Grid Ceilings: Fasten surface mounted luminaires to ceiling grid members using bolts, 
screws, rivets, or suitable clips. 

Q. Install recessed luminaires to permit removal from below. 

R. Install recessed luminaires using accessories and firestopping materials to meet regulatory 
requirements for fire rating. 

S. Install clips to secure recessed grid-supported luminaires in place. 

T. Install wall mounted luminaires, emergency lighting units, and exit signs at height as scheduled. 

U. Install accessories furnished with each luminaire. 

V. Make wiring connections to branch circuit using building wire with insulation suitable for 
temperature conditions within luminaire. 

W. Bond products and metal accessories to branch circuit equipment grounding conductor. 

X. Install specified lamps in each emergency lighting unit, exit sign, and luminaire. 

Y. Air Handling Luminaires: Interface with air handling accessories furnished and installed under 
Section 23 36 00. 

Z. Emergency Lighting Units: 
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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. 

AA.  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. 

AB. Install lamps in each luminaire. 

AC. 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. 

3.4 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, testing, and adjusting 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, emergency lighting units, and fluorescent emergency power supply 
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 Architect. 

3.5 ADJUSTING 

A. Aim and position adjustable luminaires to achieve desired illumination as indicated or as 
directed by Architect. Secure locking fittings in place. 

B. Aim and position adjustable emergency lighting unit lamps to achieve optimum illumination of 
egress path as required or as directed by Architect or authority having jurisdiction. 

C. Exit Signs with Field-Selectable Directional Arrows: Set as indicated or as required to properly 
designate egress path as directed by Architect or authority having jurisdiction. 

D. Aim and adjust luminaires as indicated. 

E. Position exit sign directional arrows as indicated. 

3.6 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 photometric control surfaces as recommended by manufacturer. 

E. Clean finishes and touch up damage. 

3.7 CLOSEOUT ACTIVITIES 

A. See Section 01 78 00 - Closeout Submittals, for closeout submittals. 

B. Just prior to Substantial Completion, replace all lamps that have failed. 

3.8 PROTECTION 

A. Protect installed luminaires from subsequent construction operations. 
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3.9 PROTECTION 

A. Relamp luminaires that have failed lamps at Substantial Completion. 

3.10 SCHEDULE - SEE DRAWINGS 

END OF SECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

A. Exterior luminaires. 

B. Ballasts. 

C. Lamps. 

D. Poles and accessories. 

E. Luminaire accessories. 

1.2 RELATED REQUIREMENTS 

SECTION 26 56 00 

EXTERIOR LIGHTING 

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 50 13 - Luminaire Schedule. 

1.3 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 

B. ANSI O5.1 - American National Standard for Wood Poles -- Specifications and Dimensions. 

C. IESNA LM-63 - ANSI Approved Standard File Format for Electronic Transfer of Photometric 
Data and Related Information. 

D. IESNA LM-64 - Photometric Measurements of Parking Areas. 

E. NECA 1 - Standard for Good Workmanship in Electrical Construction; National Electrical 
Contractors Association. 

F. NECA/IESNA 501 - Recommended Practice for Installing Exterior Lighting Systems. 

G. NFPA 70 - National Electrical Code; National Fire Protection Association. 

H. UL 1598 - Luminaires. 

I. UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products. 

1.4 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 Architect of any conflicts or deviations from the contract documents to obtain 
direction prior to proceeding with work. 

1.5 SUBMITTALS 

A. See Section 01 30 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. 
2. Provide photometric calculations where luminaires are proposed for substitution . 

C. Product Data: Provide manufacturer's standard catalog pages and data sheets including 
detailed information on luminaire construction, dimensions, ratings, finishes, mounting 
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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. Manufacturer's Installation Instructions: Indicate application conditions and limitations of use 
stipulated by product testing agency. Include instructions for storage, handling, protection, 
examination, preparation, installation, and starting of product. 

F. Operation and Maintenance Data: Instructions for each product including information on 
replacement parts. 

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

H. Project Record Documents: Record actual connections and locations of pole foundations, 
luminaires, and any pull or junction boxes. 

1.6 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. 

1.7 DELIVERY, STORAGE, ANDHANDLING 

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. 

C. Receive, handle, and store wood poles in accordance with ANSI O5.1. 

PART 2 PRODUCTS 

2.1 MANUFACTURERS 

A. Acuity Brands, Inc; : www.acuitybrands.com. 

B. Hubbell Lighting, Inc; : www.hubbelllighting.com. 

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

2.2 LUMINAIRE TYPES 

A. Furnish products as indicated in luminaire schedule included on the Drawings. 

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

2.3 LUMINAIRES 

A. Manufacturers: 
1. Acuity Brands, Inc; : www.acuitybrands.com. 
2. Hubbell Lighting, Inc; : www.hubbelllighting.com. 
3. Substitutions: See Section 01 60 00 - Product Requirements. 

B. Provide products that comply with requirements of NFPA 70. 
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C. Provide products that are listed and labeled as complying with UL 1598, where applicable. 

D. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the 
purpose specified and indicated. 

E. Unless otherwise indicated, provide complete luminaires including lamp(s) and all sockets, 
ballasts, reflectors, lenses, housings and other components required to position, energize and 
protect the lamp and distribute the light. 

F. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring, 
connectors, hardware, poles, foundations, supports, trims, accessories, etc. as necessary for a 
complete operating system. 

G. Provide products suitable to withstand normal handling, installation, and service without any 
damage, distortion, corrosion, fading, discoloring, etc. 

H. Provide luminaires listed and labeled as suitable for wet locations unless otherwise indicated. 

I. LED Luminaire Components: UL 8750 recognized or listed as applicable. 

J. Exposed Hardware:  Stainless steel. 

2.4 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. 

B. All Ballasts: 
1. Provide ballasts containing no polychlorinated biphenyls (PCBs). 
2. Minimum Efficiency/Efficacy: Provide ballasts complying with all current applicable federal 

and state ballast efficiency/efficacy standards. 

2.5 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. 

B. All Lamps: 
1. Unless explicitly excluded, provide new, compatible, operable lamps in each luminaire. 
2. Verify compatibility of specified lamps with luminaires to be installed. Where lamps are not 

specified, provide lamps per luminaire manufacturer's recommendations. 
3. Minimum Efficiency: Provide lamps complying with all current applicable federal and state 

lamp efficiency standards. 
4. 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 Architect to be inconsistent in perceived color temperature. 

2.6 POLES 

A. Manufacturers: 
1. Acuity Brands, Inc; : www.acuitybrands.com. 
2. Hubbell Lighting, Inc; : www.hubbelllighting.com. 
3. Substitutions: See Section 01 60 00 - Product Requirements. 

B. All Poles: 
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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. 
1) Design Wind Speed: 100 miles per hour, with gust factor of 1.3. 

3. Material: Steel, unless otherwise indicated. 
4. Shape: Square straight, unless otherwise indicated. 
5. Finish: Match luminaire finish, unless otherwise indicated. 
6. Unless otherwise indicated, provide with the following features/accessories: 

a. Top cap. 
b. Handhole. 
c. Anchor bolts with leveling nuts or leveling shims. 
d. Anchor base cover. 
e. Pole-top tenon, size as required for installed luminaire or bracket. 

C. Metal Poles: Provide ground lug, accessible from handhole or transformer base. 

2.7 ACCESSORIES 

PART 3 EXECUTION 

3.1 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. 

3.2 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. 

3.3 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). 

D. Install luminaires plumb and square and aligned with building lines and with adjacent luminaires. 

E. Install accessories furnished with each luminaire. 

F. Bond products and metal accessories to branch circuit equipment grounding conductor. 

G. Install lamps in each luminaire. 

3.4 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. 
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D. Correct wiring deficiencies and repair or replace damaged or defective products. Repair or 
replace excessively noisy ballasts as determined by Architect. 

3.5 ADJUSTING 

A. Aim and position adjustable luminaires to achieve desired illumination as indicated or as 
directed by Architect. Secure locking fittings in place. 

3.6 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. 

3.7 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. 

3.8 PROTECTION 

A. Protect installed luminaires from subsequent construction operations. 

END OF SECTION 
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SECTION 27 10 05 

STRUCTURED CABLING FOR VOICE AND DATA - INSIDE-PLAN T 

PART 2 PRODUCTS 

1.1 SYSTEM DESIGN 

A. Provide a complete permanent system of cabling and pathways for voice and data 
communications, including cables, conduits and wireways, pull wires, support structures, 
enclosures and cabinets, and outlets. 
1. Provide fixed cables and pathways that comply with NFPA 70 and TIA-607 and are UL 

listed or third party independent testing laboratory certified. 
2. Provide connection devices that are rated for operation under conditions of 32 to 140 

degrees F at relative humidity of 0 to 95 percent, noncondensing. 
3. In this project, the term plenum is defined as return air spaces above ceilings, inside ducts, 

under raised floors, and other air-handling spaces. 

B. Main Distribution Frame (MDF): Centrally located support structure for terminating horizontal 
cables that extend to telecommunications outlets, functioning as point of presence to external 
service provider. 
1. Locate main distribution frame as indicated on the drawings. 

C. Cabling to Outlets: Specified horizontal cabling, wired in star topology to distribution 
frame located at center hub of star; also referred to as "links". 

1.2 IDENTIFICATION PRODUCTS 

A. Comply with TIA-606. 

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. 

B. Tree Protection Zone:  Area surrounding individual trees or groups of trees to be protected during 

construction, and defined by the drip line of individual trees or the perimeter drip line of groups of trees, 

unless otherwise indicated. 

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 

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. 
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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. 

D. Contact DNREC, Division of Watershed Stewardship 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. 
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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 TREE PROTECTION 

A. Erect and maintain temporary fencing around tree protection zones before starting site clearing.  Remove 

fence when construction is complete. 

1. Do not store construction materials, debris, or excavated material within fenced area. 

2. Do not permit vehicles, equipment, or foot traffic within fenced area. 

3. Maintain fenced area free of weeds and trash. 

B. Do not excavate within tree protection zones, unless otherwise indicated. 

C. Repair or replace trees and vegetation indicated to remain that are damaged by construction operations, in 

a manner approved by Architect. 

1. Employ an arborist, licensed in jurisdiction where Project is located, to submit details of proposed 

repairs and to repair damage to trees and shrubs. 

2. Replace trees that cannot be repaired and restored to full-growth status, as determined by 

Architect. 

3.4 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 Manager 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. 

3.5 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. 
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B. Fill depressions caused by clearing and grubbing operations with satisfactory soil material unless further 

excavation or earthwork is indicated. 

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. 

3.6 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. 

3.7 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. 

3.8 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. 

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. 
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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) 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. 
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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.   

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. 
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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. 

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. 
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 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 aggregate. 

 

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. 
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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. 

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. 
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2.7 FLOWABLE FILL 

 

A. Stabilized flowable fly ash mixture with a maximum slump of 8" and a minimum unconfined 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. 

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. 
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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): 

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 
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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. 

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. 
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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. 

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. 
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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 

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 
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3.10 DISPOSAL OF EXCESS AND WASTE MATERIALS 

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:  Construction Manager 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: 
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1. Assign qualified personnel to be on site at all times when operations are scheduled. 

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 312319 - DEWATERING 

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 construction dewatering. 

B. Related Sections include the following: 

1. Division 01 Section "Temporary Construction Utilities, Facilities and Controls" for temporary 

utilities and support facilities. 

2. Division 31 Section "Earth Moving" for excavating, backfilling, site grading and for site utilities. 

3. Division 31 Section "Excavation Support and Protection." 

1.3 PERFORMANCE REQUIREMENTS 

A. Dewatering Performance: furnish, install, test, operate, monitor, and maintain dewatering system of 

sufficient scope, size, and capacity to control ground-water flow into excavations and permit construction 

to proceed on dry, stable subgrades. 

1. Maintain dewatering operations to ensure erosion control, stability of excavations and constructed 

slopes, that excavation does not flood, and that damage to subgrades and permanent structures is 

prevented. 

2. Prevent surface water from entering excavations by grading, dikes, well pointing or other means. 

3. Accomplish dewatering without damaging existing buildings adjacent to excavation. 

4. Remove dewatering system if no longer needed. 

1.4 QUALITY ASSURANCE 

A. Regulatory Requirements:  Comply with water disposal requirements of authorities having jurisdiction. 

B. Preinstallation Conference:  Conduct conference at Project site to comply with requirements in 

Division 01 Section "Project Management and Coordination." 

1.5 PROJECT CONDITIONS 

A. Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others unless 

permitted in writing by Construction Manager and then only after arranging to provide temporary utility 

services according to requirements indicated. 

B. Project-Site Information:  A geotechnical report has been prepared for this Project and is available for 

information only.  The opinions expressed in this report are those of geotechnical engineer and represent 

interpretations of subsoil conditions, tests, and results of analyses conducted by geotechnical engineer.  

Owner will not be responsible for interpretations or conclusions drawn from this data. 

1. Make additional test borings and conduct other exploratory operations necessary for dewatering. 

2. The geotechnical report is included elsewhere in the Project Manual. 
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C. Survey adjacent structures and improvements, employing a qualified professional engineer or land 

surveyor, establishing exact elevations at fixed points to act as benchmarks.  Clearly identify benchmarks 

and record existing elevations. 

1. During dewatering, regularly resurvey benchmarks , maintaining an accurate log of surveyed 

elevations for comparison with original elevations.  Promptly notify Architect if changes in 

elevations occur or if cracks, sags, or other damage is evident in adjacent construction. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Obtain property permits from DNREC prior to dewatering activity.   

B. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by settlement, 

lateral movement, undermining, washout, and other hazards created by dewatering operations. 

1. Prevent surface water and subsurface or ground water from entering excavations, from ponding on 

prepared subgrades, and from flooding site and surrounding area. 

2. Protect subgrades and foundation soils from softening and damage by rain or water accumulation. 

C. Install dewatering system to ensure minimum interference with roads, streets, walks, and other adjacent 

occupied and used facilities. 

1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities without 

permission from Owner and authorities having jurisdiction.  Provide alternate routes around closed 

or obstructed traffic ways if required by authorities having jurisdiction. 

3.2 INSTALLATION 

A. Install dewatering system utilizing wells, well points, or similar methods complete with pump equipment, 

standby power and pumps, filter material gradation, valves, appurtenances, water disposal, and surface-

water controls. 

B. Before excavating below ground-water level, place system into operation to lower water to specified 

levels.  Operate system continuously until drains, sewers, and structures have been constructed and fill 

materials have been placed, or until dewatering is no longer required. 

C. Provide an adequate system to lower and control ground water to permit excavation, construction of 

structures, and placement of fill materials on dry subgrades.  Install sufficient dewatering equipment to 

drain water-bearing strata above and below bottom of foundations, drains, sewers, and other excavations. 

1. Do not permit open-sump pumping that leads to loss of fines, soil piping, subgrade softening, and 

slope instability. 

D. Reduce hydrostatic head in water-bearing strata below subgrade elevations of foundations, drains, sewers, 

and other excavations. 

1. Maintain piezometric water level below surface of excavation. 
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E. Dispose of water removed by dewatering in a manner that avoids endangering public health, property, 

and portions of work under construction or completed.  Dispose of water in a manner that avoids 

inconvenience to others.  Provide sumps, sedimentation tanks, and other flow-control devices as required 

by authorities having jurisdiction. 

F. Provide standby equipment on-site, installed and available for immediate operation, to maintain 

dewatering on continuous basis if any part of system becomes inadequate or fails.  If dewatering 

requirements are not satisfied due to inadequacy or failure of dewatering system, restore damaged 

structures and foundation soils at no additional expense to Owner. 

1. Remove dewatering system from Project site on completion of dewatering. 

G. Damages:  Promptly repair damages to adjacent facilities caused by dewatering operations. 

3.3 OBSERVATION WELLS 

A. Provide, take measurements, and maintain at least the minimum number of observation wells or 

piezometers indicated and additional observation wells as may be required by authorities having 

jurisdiction. 

B. Observe and record daily elevation of ground water and piezometric water levels in observation wells. 

C. Repair or replace, within 24 hours, observation wells that become inactive, damaged, or destroyed.  

Suspend construction activities in areas where observation wells are not functioning properly until 

reliable observations can be made.  Add or remove water from observation-well risers to demonstrate that 

observation wells are functioning properly. 

1. Fill observation wells, remove piezometers, and fill holes when dewatering is completed. 

END OF SECTION 312319 
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SECTION 313116 - TERMITE CONTROL 

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. Soil treatment with termiticide. 

B. Related Sections include the following: 

1. Division 06 Section "Rough Carpentry" for wood preservative treatment by pressure process. 

2. Division 07 Section "Sheet Metal Flashing and Trim" for custom-fabricated metal termite shields. 

1.3 PERFORMANCE REQUIREMENTS 

A. Service Life of Soil Treatment:  Soil treatment by use of a termiticide that is effective for not less than 10 

years against infestation of subterranean termites. 

1.4 SUBMITTALS 

A. Product Data:  For termiticide borate and metal mesh barrier system. 

1. Include the EPA-Registered Label for termiticide and borate products. 

B. Product Certificates:  For termite control products, signed by product manufacturer. 

C. Qualification Data:  For Installer of termite control products. 

D. Soil Treatment Application Report:  After application of termiticide is completed, submit report for 

Owner's record information, including the following: 

1. Date and time of application. 

2. Moisture content of soil before application. 

3. Brand name and manufacturer of termiticide. 

4. Quantity of undiluted termiticide used. 

5. Dilutions, methods, volumes, and rates of application used. 

6. Areas of application. 

7. Water source for application. 

8. Areas of application. 

E. Warranty:  Special warranty specified in this Section. 

 

 

NOT FOR C
ONSTRUCTIO

N



J. Ralph McIlvaine Early Childhood Center  State Project No. SRS-16-00-MECCcons 

Classroom Addition & Renovations  BMG Project No. 2016076.00 

Magnolia, Delaware  August 10, 2016 

 

TERMITE CONTROL 

 

313116 - 2 

 

313116 - 2 

1.5 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 bait-station system manufacturer to install manufacturer's 

products. 

B. Regulatory Requirements:  Formulate and apply termiticides according to the EPA-Registered Label. 

C. Source Limitations:  Obtain termite control products from a single manufacturer for each product. 

D. Preinstallation Conference:  Conduct conference at Project site to comply with requirements in 

Division 01 Section "Project Management and Coordination" to schedule application of termiticide 

products. 

1.6 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. 

1.7 COORDINATION 

A. Coordinate soil treatment application with excavating, filling, grading, and concreting operations.  Treat 

soil under footings, grade beams, and ground-supported slabs before construction. 

B. Apply borate treatment after framing, sheathing, and exterior weather protection is completed but before 

electrical and mechanical systems are installed. 

1.8 WARRANTY 

A. 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. 

1.9 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, and terms for agreement period; 

and terms for future renewal options. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that 

may be incorporated into the Work include, but are not limited to, the following: 

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

1. Termiticides: 

a. Aventis Environmental Science USA LP; Termidor. 

b. Bayer Corporation; Premise 75. 

c. Dow AgroSciences LLC; Dursban TC Equity. 

d. FMC Corporation, Agricultural Products Group; Talstar Prevail FT Torpedo. 

e. Syngenta; Demon TC. 

2.2 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. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Applicator present, for compliance with requirements 

for moisture content of soil, interfaces with earthwork, slab and foundation work, landscaping, and other 

conditions affecting performance of termite control. 

1. Proceed with application only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. General:  Comply with the most stringent requirements of authorities having jurisdiction and with 

manufacturer's written instructions for preparation before beginning application of termite control 

treatment.  Remove all extraneous sources of wood cellulose and other edible materials such as wood 

debris, tree stumps and roots, stakes, formwork, and construction waste wood from soil within and around 

foundations. 

B. 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. 
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3.3 APPLICATION, GENERAL 

A. General:  Comply with the most stringent requirements of authorities having jurisdiction and with 

manufacturer's EPA-Registered Label for products. 

3.4 APPLYING SOIL TREATMENT 

A. 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. 

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, and around interior column footers, piers, and chimney bases; also along the entire 

outside perimeter, from grade to bottom of footing.  Avoid soil washout around footings. 

3. Crawlspaces:  Soil under and adjacent to foundations as previously indicated.  Treat adjacent areas 

including around entrance platform, porches, and equipment bases.  Apply overall treatment only 

where attached concrete platform and porches are on fill or ground. 

4. Masonry:  Treat voids. 

5. Penetrations:  At expansion joints, control joints, and areas where slabs will be penetrated. 

B. Avoid disturbance of treated soil after application.  Keep off treated areas until completely dry. 

C. 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. 

D. Post warning signs in areas of application. 

E. Reapply soil treatment solution to areas disturbed by subsequent excavation, grading, landscaping, or 

other construction activities following application. 

1. Service Frequency:  Inspect monitoring stations no fewer than once every three months. 

END OF SECTION 313116 
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SECTION 315000 - EXCAVATION SUPPORT AND PROTECTION 

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 temporary excavation support and protection systems. 

B. Related Sections include the following: 

1. Division 01 Section "Temporary Construction Utilities, Facilities and Controls" for temporary 

utilities and support facilities. 

2. Division 31 Section "Earth Moving" for excavating and backfilling and for existing utilities. 

3. Division 31 Section "Dewatering" for dewatering excavations. 

1.3 PERFORMANCE REQUIREMENTS 

A. Design, 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. Contractor is solely responsible for maintenance of excavations and worker safety.  Architect, 

Owner and Construction Manager bear no liability for excavation support and protection systems. 

2. Provide professional engineering services needed to assume engineering responsibility where 

required, including preparation of Shop Drawings and a comprehensive engineering analysis by a 

qualified professional engineer. 

3. Prevent surface water from entering excavations by grading, dikes, or other means. 

4. Install excavation support and protection systems without damaging existing buildings, 

pavements, and other improvements adjacent to excavation. 

1.4 SUBMITTALS 

A. Shop Drawings for Information:  Prepared by or under the supervision of a qualified professional 

engineer for excavation support and protection systems. 

1. Include Shop Drawings signed and sealed by the qualified professional engineer responsible for 

their preparation. 

B. Qualification Data:  For Installer and professional engineer. 

C. Photographs or videotape, sufficiently detailed, of existing conditions of adjoining construction and site 

improvements that might be misconstrued as damage caused by the absence of, the installation of, or the 

performance of excavation support and protection systems. 

1.5 PROJECT CONDITIONS 

A. Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others unless 

permitted in writing by Architect and then only after arranging to provide temporary utility services 

according to requirements indicated. 
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B. Project-Site Information:  A geotechnical report has been prepared for this Project and is available for 

information only.  The opinions expressed in this report are those of geotechnical engineer and represent 

interpretations of subsoil conditions, tests, and results of analyses conducted by geotechnical engineer.  

Owner will not be responsible for interpretations or conclusions drawn from this data. 

1. Make additional test borings and conduct other exploratory operations necessary for excavation 

support and protection. 

2. The geotechnical report is included elsewhere in the Project Manual. 

C. Survey adjacent structures and improvements, employing a qualified professional engineer or land 

surveyor; 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. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Protect structures, utilities, sidewalks, pavements, and other facilities from damage caused by settlement, 

lateral movement, undermining, washout, and other hazards that could develop during excavation support 

and protection system operations. 

1. Shore, support, and protect utilities encountered. 

B. Install excavation support and protection systems to ensure minimum interference with roads, streets, 

walks, and other adjacent occupied and used facilities. 

1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities without 

permission from Owner and authorities having jurisdiction.  Provide alternate routes around closed 

or obstructed traffic ways if required by authorities having jurisdiction. 

C. Locate excavation support and protection systems clear of permanent construction so that forming and 

finishing of concrete surfaces is not impeded. 

D. Monitor excavation support and protection systems daily during excavation progress and for as long as 

excavation remains open.  Promptly correct bulges, breakage, or other evidence of movement to ensure 

that excavation support and protection systems remain stable. 

E. Promptly repair damages to adjacent facilities caused by installing excavation support and protection 

systems. 
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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. Repair or replace, as approved by Architect, adjacent work damaged or displaced by removing 

excavation support and protection systems. 

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. 

D. Qualification Data:  For manufacturer. 

E. Material Test Reports:  For each paving material. 
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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. 

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. 
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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. 

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. 
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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 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. 
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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. 

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 
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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. 

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. 
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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. 

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:  Construction Manager 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. 
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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. 

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: 

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: 
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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 

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: 
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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. 

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. 
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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. 

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. 
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A. Type II - Portland Cement: Shall be used from May 1 through October 1 and when the air temperature in 

the shade and away from artificial heat is above 70°F, or as directed by the Architect. 

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. 

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. 
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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. 

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. 
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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. 

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 
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2. Maximum Water-Cementitious Materials Ratio at Point of Placement:  0.50. 

3. Slump Limit:  2-5, plus or minus 1 inch. 

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. 

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." 
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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. 

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. 
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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. 

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. 
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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. 

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.  
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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. 

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. 
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3.11 FIELD QUALITY CONTROL 

A. Testing Agency:  Construction Manager 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. 

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. 
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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. 

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 321373 - CONCRETE PAVING JOINT SEALANTS 

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. Expansion and contraction joints within cement concrete pavement. 

B. Related Sections include the following: 

1. Division 07 Section "Concrete Joint Sealants" for sealing nontraffic and traffic joints in locations 

not specified in this Section. 

2. Division 32 Section "Concrete Paving" for constructing joints in concrete pavement. 

1.3 SUBMITTALS 

A. Product Data:  For each joint-sealant product indicated. 

B. Product Certificates:  For each type of joint sealant and accessory, signed by product manufacturer. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications:  An employer of workers trained and approved by manufacturer. 

B. Source Limitations:  Obtain each type of joint sealant through one source from a single manufacturer. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver materials to Project site in original unopened containers or bundles with labels indicating 

manufacturer, product name and designation, color, expiration date, pot life, curing time, and mixing 

instructions for multicomponent materials. 

B. Store and handle materials to comply with manufacturer's written instructions to prevent their 

deterioration or damage due to moisture, high or low temperatures, contaminants, or other causes. 

1.6 PROJECT CONDITIONS 

A. Do not proceed with installation of joint sealants under the following conditions: 

1. When ambient and substrate temperature conditions are outside limits permitted by joint-sealant 

manufacturer or are below 40 deg F . 

2. When joint substrates are wet or covered with frost. 

3. Where joint widths are less than those allowed by joint-sealant manufacturer for applications 

indicated. 

4. Where contaminants capable of interfering with adhesion have not yet been removed from joint 

substrates. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Products:  Subject to compliance with requirements, provide one of the products listed in other Part 2 

articles. 

2.2 MATERIALS, GENERAL 

A. Compatibility:  Provide joint sealants, backing materials, and other related materials that are compatible 

with one another and with joint substrates under conditions of service and application, as demonstrated by 

joint-sealant manufacturer based on testing and field experience. 

2.3 COLD-APPLIED JOINT SEALANTS 

A. Type NS Silicone Sealant for Concrete:  Single-component, low-modulus, neutral-curing, nonsag silicone 

sealant complying with ASTM D 5893 for Type NS. 

1. Products: 

a. Crafco Inc.; RoadSaver Silicone. 

b. Dow Corning Corporation; 888. 

2.4 JOINT-SEALANT BACKER MATERIALS 

A. General:  Provide joint-sealant backer materials that are nonstaining; are compatible with joint substrates, 

sealants, primers, and other joint fillers; and are approved for applications indicated by joint-sealant 

manufacturer based on field experience and laboratory testing. 

B. Round Backer Rods for Cold-Applied Sealants:  ASTM D 5249, Type 3, of diameter and density required 

to control sealant depth and prevent bottom-side adhesion of sealant. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine joints indicated to receive joint sealants, with Installer present, for compliance with 

requirements for joint configuration, installation tolerances, and other conditions affecting joint-sealant 

performance. 

1. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Surface Cleaning of Joints:  Clean out joints immediately before installing joint sealants to comply with 

joint-sealant manufacturer's written instructions. 

3.3 INSTALLATION OF JOINT SEALANTS 

A. General:  Comply with joint-sealant manufacturer's written installation instructions for products and 

applications indicated, unless more stringent requirements apply. 
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B. Sealant Installation Standard:  Comply with recommendations in ASTM C 1193 for use of joint sealants 

as applicable to materials, applications, and conditions indicated. 

C. Install backer materials of type indicated to support sealants during application and at position required to 

produce cross-sectional shapes and depths of installed sealants relative to joint widths that allow optimum 

sealant movement capability. 

1. Do not leave gaps between ends of backer materials. 

2. Do not stretch, twist, puncture, or tear backer materials. 

3. Remove absorbent backer materials that have become wet before sealant application and replace 

them with dry materials. 

D. Install sealants using proven techniques that comply with the following and at the same time backings are 

installed: 

1. Place sealants so they directly contact and fully wet joint substrates. 

2. Completely fill recesses provided for each joint configuration. 

3. Produce uniform, cross-sectional shapes and depths relative to joint widths that allow optimum 

sealant movement capability. 

E. Tooling of Nonsag Sealants:  Immediately after sealant application and before skinning or curing begins, 

tool sealants according to requirements specified below to form smooth, uniform beads of configuration 

indicated; to eliminate air pockets; and to ensure contact and adhesion of sealant with sides of joint. 

1. Remove excess sealants from surfaces adjacent to joint. 

2. Use tooling agents that are approved in writing by joint-sealant manufacturer and that do not 

discolor sealants or adjacent surfaces. 

F. Provide joint configuration to comply with joint-sealant manufacturer's written instructions, unless 

otherwise indicated. 

G. Provide recessed joint configuration for silicone sealants of recess depth and at locations indicated. 

3.4 CLEANING 

A. Clean off excess sealants or sealant smears adjacent to joints as the Work progresses by methods and with 

cleaning materials approved by manufacturers of joint sealants and of products in which joints occur. 

3.5 PROTECTION 

A. Protect joint sealants during and after curing period from contact with contaminating substances and from 

damage resulting from construction operations or other causes so sealants are without deterioration or 

damage at time of Substantial Completion.  If, despite such protection, damage or deterioration occurs, 

cut out and remove damaged or deteriorated joint sealants immediately and replace with joint sealant so 

installations with repaired areas are indistinguishable from the original work. 

END OF SECTION 321373 
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SECTION 321723 - PAVEMENT MARKINGS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

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

1.2 SUMMARY 

A. Section includes painted markings applied to asphalt pavement. 

B. Related Requirements: 

1. Section 099113 "Exterior Painting" for painting exterior concrete surfaces other than 

pavement. 

2. Section 099123 "Interior Painting" for painting interior concrete surfaces other than 

pavement. 

1.3 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1. Review methods and procedures related to marking pavement including, but not limited 

to, the following: 

a. Pavement aging period before application of pavement markings. 

b. Review requirements for protecting pavement markings, including restriction of 

traffic during installation period. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include technical data and tested physical and performance properties. 

B. Shop Drawings: For pavement markings. 

1. Indicate pavement markings, colors, lane separations, defined parking spaces, and 

dimensions to adjacent work. 

2. Indicate, with international symbol of accessibility, spaces allocated for people with 

disabilities. 
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1.5 QUALITY ASSURANCE 

A. Regulatory Requirements: Comply with materials, workmanship, and other applicable 

requirements of Division 700 of the Delaware Department of Transportation Specifications for 

Road and Bridge Construction for pavement-marking work. 

1. Measurement and payment provisions and safety program submittals included in standard 

specifications do not apply to this Section. 

1.6 FIELD CONDITIONS 

A. Environmental Limitations: Proceed with pavement marking only on clean, dry surfaces and at 

a minimum ambient or surface temperature of 55 deg. F for water-based materials, and not 

exceeding 95 deg. F. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, available manufacturers offering 

products that may be incorporated into the Work include, but are not limited to the following: 

1. Aexcel Inc. 

2. Colorado Paint Company; a subsidiary of Swarco Industries Inc. 

3. Conco Paints. 

4. Diamond Vogel Paints. 

5. Dow Chemical Company (The). 

6. Dunn-Edwards Corporation. 

7. Ennis-Flint. 

8. General Paint. 

9. McCormick Paints. 

10. PPG Architectural Coatings. 

11. Rodda Paint Co. 

12. Rust-Oleum Corporation; a subsidiary of RPM International, Inc. 

13. Scott Paint. 

14. Sherwin-Williams Company (The). 

15. Transpo Industries, Inc. 

2.2 PAVEMENT-MARKING PAINT 

A. Pavement-Marking Paint: Latex, waterborne emulsion, lead and chromate free, ready mixed, 

complying with FS TT-P-1952, Type II, with drying time of less than 45 minutes. 

1. Color: White, Yellow, Blue. 

B. Glass Beads: AASHTO M 247, Type 1 made of 100 percent recycled glass. 
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1. Roundness: Minimum 80 percent true spheres by weight. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that pavement is dry and in suitable condition to begin pavement marking according to 

manufacturer's written instructions. 

B. Proceed with pavement marking only after unsatisfactory conditions have been corrected. 

3.2 PAVEMENT MARKING 

A. Do not apply pavement-marking paint until layout, colors, and placement have been verified 

with Architect. 

B. Allow paving to age for a minimum of 30 days before starting pavement marking. 

C. Sweep and clean surface to eliminate loose material and dust. 

D. 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. Apply graphic symbols and lettering with paint-resistant, die-cut stencils, firmly secured 

to pavement. Mask an extended area beyond edges of each stencil to prevent paint 

application beyond the stencil. Apply paint so that it cannot run beneath the stencil. 

2. Broadcast glass beads uniformly into wet markings at a rate of 5 lb/gal. 

3.3 PROTECTING AND CLEANING 

A. Protect pavement markings from damage and wear during remainder of construction period. 

B. Clean spillage and soiling from adjacent construction using cleaning agents and procedures 

recommended by manufacturer of affected construction. 

END OF SECTION 321723 NOT FOR C
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SECTION 321726 - TACTILE WARNING SURFACING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

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

1.2 SUMMARY 

A. Section Includes: 

1. Cast-in-place detectable warning tiles. 

2. Surface-applied detectable warning tiles. 

3. Detectable warning mats. 

4. Detectable warning unit pavers. 

B. Related Requirements: 

1. Section 321313 "Concrete Paving" for concrete walkways serving as substrates for tactile 

warning surfacing. 

2. Section 321400 "Unit Paving" for unit paving installations incorporating detectable 

warning unit pavers specified in this Section. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Samples for Initial Selection: For each type of exposed finish requiring color selection. 

C. Samples for Verification: For each type of tactile warning surface, in manufacturer's standard 

sizes unless otherwise indicated, showing edge condition, truncated-dome pattern, texture, 

color, and cross section; with fasteners and anchors. 

1.4 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For tactile warning surfacing, to include in maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Mockups: Build mockups to verify selections made under Sample submittals, to demonstrate 

aesthetic effects, and to set quality standards for materials and execution. 
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1. Subject to compliance with requirements, approved mockups may become part of the 

completed Work if undisturbed at time of Substantial Completion. 

1.6 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1.7 PROJECT CONDITIONS 

A. Cold-Weather Protection: Do not use frozen materials or materials mixed or coated with ice or 

frost. Do not build on frozen subgrade or setting beds. Remove and replace unit paver work 

damaged by frost or freezing. 

B. Weather Limitations for Adhesive Application: 

1. Apply adhesive only when ambient temperature is above 50 deg. F and when temperature 

has not been below 35 deg. F for 12 hours immediately before application. Do not apply 

when substrate is wet or contains excess moisture. 

C. Weather Limitations for Mortar and Grout: 

1. Cold-Weather Requirements: Comply with cold-weather construction requirements 

contained in ACI 530.1/ASCE 6/TMS 602. 

2. Hot-Weather Requirements: Comply with hot-weather construction requirements 

contained in ACI 530.1/ASCE 6/TMS 602. Provide artificial shade and windbreaks, and 

use cooled materials as required. Do not apply mortar to substrates with temperatures of 

100 deg. F and higher. 

a. When ambient temperature exceeds 100 deg. F, or when wind velocity exceeds 8 

mph and ambient temperature exceeds 90 deg. F, set unit pavers within 1 minute of 

spreading setting-bed mortar. 

1.8 WARRANTY 

A. Special Warranty: Manufacturer agrees to repair or replace components of tactile warning 

surfaces that fail in materials or workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 

a. Deterioration of finishes beyond normal weathering and wear. 

b. Separation or delamination of materials and components. 

2. Warranty Period: Five years from date of Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 TACTILE WARNING SURFACING, GENERAL 

A. Accessibility Requirements: Comply with applicable provisions in the U.S. Architectural & 

Transportation Barriers Compliance Board's ADA-ABA Accessibility Guidelines for Buildings 

and Facilities and ICC A117.1 for tactile warning surfaces. 

1. For tactile warning surfaces composed of multiple units, provide units that when installed 

provide consistent side-to-side and end-to-end dome spacing that complies with 

requirements. 

B. Source Limitations: Obtain each type of tactile warning surfacing, joint material, setting 

material from single source with resources to provide materials and products of consistent 

quality in appearance and physical properties. 

2.2 DETECTABLE WARNING UNIT PAVERS 

A. Detectable Warning Concrete Unit Pavers: Solid paving units, made from normal-weight 

concrete with a compressive strength of not less than 5000 psi , water absorption of not more 

than 5 percent according to ASTM C 140, and no breakage and not more than 1 percent mass 

loss when tested for freeze-thaw resistance according to ASTM C 67, with accessible detectable 

warning truncated domes on exposed surface of units. 

 

1. Shapes and Sizes: 

a. Thickness: 2 inches at field of tile. 

b. Face Size: Nominal 24 by 24 inches. 

2. Dome Spacing and Configuration: Manufacturer's standard compliant spacing, in 

manufacturer's standard pattern. 

3. Color: Brick Red. 

B. Setting Bed: Comply with requirements in Section 321400 "Unit Paving." 

C. Aggregate Setting Bed: 

1. Graded Aggregate for Base: Sound, crushed stone or gravel complying with 

ASTM D 448 for Size No. 8. 

2. Sand for Leveling Course: Sound, sharp, washed, natural sand or crushed stone 

complying with gradation requirements in ASTM C 33/C 33M for fine aggregate. 

3. Sand for Joints: Fine, sharp, washed, natural sand or crushed stone with 100 percent 

passing No. 16 sieve and no more than 10 percent passing No. 200 sieve. 

D. Mortar Setting Bed: 

1. Portland Cement: ASTM C 150/C 150M, Type I or Type II. 
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2. Sand: ASTM C 33/C 33M. 

3. Latex Additive: Manufacturer's standard water emulsion, serving as replacement for part 

or all of gaging water, of type specifically recommended by latex-additive manufacturer 

for use with field-mixed portland cement and aggregate mortar bed, and not containing a 

retarder. 

4. Thinset Mortar: Latex-modified portland cement mortar complying with ANSI A118.4. 

5. Water: Potable. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that pavement is in suitable condition to begin installation according to manufacturer's 

written instructions. Verify that installation of tactile warning surfacing will comply with 

accessibility requirements upon completion. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION OF TACTILE WARNING SURFACING 

A. General: Prepare substrate and install tactile warning surfacing according to manufacturer's 

written instructions unless otherwise indicated. 

B. Place tactile warning surfacing units in dimensions and orientation indicated. Comply with 

location requirements of AASHTO MP 12. 

3.3 INSTALLATION OF DETECTABLE WARNING UNIT PAVERS 

A. Unit Paver Installation, General: 

1. Setting-Bed and Unit Paver Installation: Comply with installation requirements in 

Section 321400 "Unit Paving." 

2. Mix unit pavers from several pallets or cubes, as they are placed, to produce uniform 

blend of colors and textures. 

3. Cut unit pavers with motor-driven masonry saw equipment to provide pattern indicated 

and to fit adjoining work neatly. Use full units without cutting where possible. 

4. Tolerances: Do not exceed 1/4 inch in 10 feet from level, or indicated slope, for finished 

surface of paving. 

B. Mortar Setting-Bed Applications: 

1. Saturate concrete subbase with clean water several hours before placing setting bed. 

Remove surface water about one hour before placing setting bed. 

2. Apply mortar-bed bond coat over surface of concrete subbase about 15 minutes before 

placing mortar bed. Limit area of bond coat to avoid its drying out before placing setting 

bed. Do not exceed 1/16-inch thickness for bond coat. 
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3. Apply mortar bed over bond coat; spread and screed mortar bed to uniform thickness at 

subgrade elevations required for accurate setting of pavers to finished grades indicated. 

4. Mix and place only that amount of mortar bed that can be covered with pavers before 

initial set. Before placing pavers, cut back, bevel edge, and remove and discard setting-

bed material that has reached initial set. 

5. Place pavers before initial set of cement occurs. Immediately before placing pavers on 

mortar bed, apply uniform 1/16-inch thick bond coat to mortar bed or to back of each 

paver with a flat trowel. 

6. Tamp or beat pavers with a wooden block or rubber mallet to obtain full contact with 

setting bed and to bring finished surfaces within indicated tolerances. Set each paver in a 

single operation before initial set of mortar; do not return to areas already set or disturb 

pavers for purposes of realigning finished surfaces or adjusting joints. 

7. Spaced Joint Widths: Provide 3/8-inch nominal joint width with variations not exceeding 

plus or minus 1/16 inch. 

8. Grouted Joints: Grout paver joints complying with ANSI A108.10. Grout joints as soon 

as possible after initial set of setting bed. 

a. Force grout into joints, taking care not to smear grout on adjoining surfaces. 

b. Tool exposed joints slightly concave when thumbprint hard. 

c. Cure grout by maintaining in a damp condition for seven days unless otherwise 

recommended by grout or liquid-latex manufacturer. 

9. Remove excess grout from exposed paver surfaces; wash and scrub clean. 

10. Protect installation from traffic until grout has set. 

3.4 CLEANING AND PROTECTION 

A. Remove and replace tactile warning surfacing that is broken or damaged or does not comply 

with requirements in this Section. Remove in complete sections from joint to joint unless 

otherwise approved by Architect. Replace using tactile warning surfacing installation methods 

acceptable to Architect. 

B. Protect tactile warning surfacing from damage and maintain free of stains, discoloration, dirt, 

and other foreign material. 

END OF SECTION 321726 
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SECTION 329200 – TURF AND GRASSES 

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.  Execute the work of this Specification in 

accordance with applicable portions of; 

1. Division 1 – General Requirements 

1.2 SUMMARY 

A. Section Includes: 

1. Seeding. 

2. Hydroseeding. 

3. Sodding. 

4. Plugging. 

5. Sprigging. 

6. Meadow grasses and wildflowers. 

7. Turf renovation. 

8. Erosion-control material(s). 

9. Grass paving. 

B. Related Sections: 

1. Division 31 Section "Site Clearing" for topsoil stripping and stockpiling. 

2. Division 31 Section "Earth Moving" for excavation, filling and backfilling, and rough grading. 

3. Division 32 Section "Planting Irrigation " for turf irrigation. 

4. Division 32 Section "Plants" for border edgings. 

5. Division 33 Section "Subdrainage" for subsurface drainage. 

1.3 DEFINITIONS 

A. Duff Layer:  The surface layer of native topsoil that is composed of mostly decayed leaves, twigs, and 

detritus. 

B. Finish Grade:  Elevation of finished surface of planting soil. 

C. Manufactured Topsoil:  Soil produced off-site by homogeneously blending mineral soils or sand with 

stabilized organic soil amendments to produce topsoil or planting soil. 

D. Pesticide:  A substance or mixture intended for preventing, destroying, repelling, or mitigating a pest.  

This includes insecticides, miticides, herbicides, fungicides, rodenticides, and molluscicides.  It also 

includes substances or mixtures intended for use as a plant regulator, defoliant, or desiccant. 

E. Pests:  Living organisms that occur where they are not desired or that cause damage to plants, animals, or 

people.  These include insects, mites, grubs, mollusks (snails and slugs), rodents (gophers, moles, and 

mice), unwanted plants (weeds), fungi, bacteria, and viruses. 
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F. Planting Soil:  Standardized topsoil; existing, native surface topsoil; existing, in-place surface soil; 

imported topsoil; or manufactured topsoil that is modified with soil amendments and perhaps fertilizers to 

produce a soil mixture best for plant growth. 

G. Subgrade:  Surface or elevation of subsoil remaining after excavation is complete, or top surface of a fill 

or backfill before planting soil is placed. 

H. Subsoil:  All soil beneath the topsoil layer of the soil profile, and typified by the lack of organic matter 

and soil organisms. 

I. Surface Soil:  Soil that is present at the top layer of the existing soil profile at the Project site.  In 

undisturbed areas, the surface soil is typically topsoil, but in disturbed areas such as urban environments, 

the surface soil can be subsoil. 

1.4 ACTION SUBMITTALS 

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

1. Pesticides and Herbicides:  Include product label and manufacturer's application instructions 

specific to this Project. 

1.5 INFORMATIONAL SUBMITTALS 

A. Certification of Grass Seed:  From seed vendor for each grass-seed monostand or mixture stating the 

botanical and common name, percentage by weight of each species and variety, and percentage of purity, 

germination, and weed seed.  Include the year of production and date of packaging. 

1. Certification of each seed mixture for turfgrass.  Include identification of source and name and 

telephone number of supplier. 

B. Qualification Data:  For qualified landscape Installer. 

C. Product Certificates:  For soil amendments and fertilizers, from manufacturer. 

D. Material Test Reports:  For existing in-place surface soil and imported topsoil. 

E. Maintenance Instructions:  Recommended procedures to be established by Owner for maintenance of turf 

during a calendar year.  Submit before expiration of required initial maintenance periods. 

1.6 QUALITY ASSURANCE 

A. Installer Qualifications:  A qualified landscape Installer whose work has resulted in successful turf 

establishment. 

1. Professional Membership:  Installer shall be a member in good standing of either the Professional 

Landcare Network or the American Nursery and Landscape Association. 

2. Experience:  Three years' experience in turf installation in addition to requirements in Division 01 

Section "Quality Requirements." 

3. Installer's Field Supervision:  Require Installer to maintain an experienced full-time supervisor on 

Project site when work is in progress. 
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4. Personnel Certifications:  Installer's field supervisor shall have certification in one of the following 

categories from the Professional Landcare Network: 

a. Certified Landscape Technician - Exterior, with specialty area(s), designated CLT-Exterior. 

b. Certified Turfgrass Professional, designated CTP. 

c. Certified Turfgrass Professional of Cool Season Lawns, designated CTP-CSL. 

5. Maintenance Proximity:  Not more than two hours' normal travel time from Installer's place of 

business to Project site. 

6. 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. Testing methods and written recommendations shall comply with USDA's Handbook No. 60. 

2. The soil-testing laboratory shall oversee soil sampling, with depth, location, and number of 

samples to be taken per instructions from Architect.  A minimum of three representative samples 

shall be taken from varied locations for each soil to be used or amended for planting purposes. 

3. Report suitability of tested soil for turf growth. 

a. Based on the test results, state recommendations for soil treatments and soil amendments to 

be incorporated.  State recommendations in weight per 1000 sq. ft. or volume per cu. yd. 

for nitrogen, phosphorus, and potash nutrients and soil amendments to be added to produce 

satisfactory planting soil suitable for healthy, viable plants. 

b. Report presence of problem salts, minerals, or heavy metals, including aluminum, arsenic, 

barium, cadmium, chromium, cobalt, lead, lithium, and vanadium.  If such problem 

materials are present, provide additional recommendations for corrective action. 

D. Pre-installation Conference:  To Be Announced 

1.7 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. 

B. Sod:  (NOT USED). 

C. Bulk Materials: 

1. Do not dump or store bulk materials near structures, utilities, walkways and pavements, or on 

existing turf areas or plants. 

2. Provide erosion-control measures to prevent erosion or displacement of bulk materials, discharge 

of soil-bearing water runoff, and airborne dust reaching adjacent properties, water conveyance 

systems, or walkways. 

3. Accompany each delivery of bulk fertilizers and soil amendments with appropriate certificates. 
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1.8 PROJECT CONDITIONS 

A. Planting Restrictions:  Plant during one of the following periods.  Coordinate planting periods with initial 

maintenance periods to provide required maintenance. 

1. Spring Planting:  March 15 – June 15 

2. Fall Planting:  September 15 – November 15 

B. Weather Limitations:  Proceed with planting only when existing and forecasted weather conditions permit 

planting to be performed when beneficial and optimum results may be obtained.  Apply products during 

favorable weather conditions according to manufacturer's written instructions. 

1.9 MAINTENANCE SERVICE 

A. Initial Turf Maintenance Service:  Provide full maintenance by skilled employees of landscape Installer.  

Maintain as required in Part 3.  Begin maintenance immediately after each area is planted and continue 

until acceptable turf is established but for not less than the following periods: 

1. Seeded Turf:  90 days from date of installation. 

a. 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. 

2. Sodded Turf: (NOT USED) 

3. Plugged Turf:  (NOT USED). 

4. Sprigged Turf: (NOT USED) 

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: (As noted on Plans L-103 for Parking Area 

Bio-retention and L-104 for Wetland Construction) 

C. Seed Species: (For Fine Lawn Areas)  Seed of grass species as follows, with not less than 95 percent 

germination, not less than 85 percent pure seed, and not more than 0.5 percent weed seed: 

1. Full Sun:  Bermudagrass (Cynodon dactylon). 

2. Full Sun:  Kentucky bluegrass (Poa pratensis), a minimum of three cultivars. 

3. Sun and Partial Shade:  Proportioned by weight as follows: 

a. 50 percent Kentucky bluegrass (Poa pratensis). 

b. 30 percent chewings red fescue (Festuca rubra variety). 

c. 10 percent perennial ryegrass (Lolium perenne). 

d. 10 percent redtop (Agrostis alba). 

4. Shade:  Proportioned by weight as follows: 
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a. 50 percent chewings red fescue (Festuca rubra variety). 

b. 35 percent rough bluegrass (Poa trivialis). 

c. 15 percent redtop (Agrostis alba). 

D. Grass Seed Mix:  Proprietary seed mix as follows: 

1. Products:  Subject to compliance with requirements, As Specified by Ernst Conservation Seeds. 

2.2 TURFGRASS SOD 

A. Turfgrass Sod: (NOT USED) 

B. Turfgrass Species: (NOT USED). 

C. Turfgrass Species:  (NOT USED) 

2.3 PLUGS (NOT USED) 

2.4 SPRIGS (NOT USED) 

2.5 MEADOW GRASSES AND WILDFLOWERS (NOT USED) 

2.6 INORGANIC SOIL AMENDMENTS 

A. Lime:  ASTM C 602, agricultural liming material containing a minimum of 85 percent calcium carbonate 

, ground so that not less 90% passes a 10 mesh sieve and not less than 30% passes a 100 mesh sieve.  Apply 

at the rate adequate to bring pH range up to 6.0 to 6.5. 

B. Sulfur:  Granular, biodegradable, containing a minimum of 90 percent sulfur, and with a minimum of 99 

percent passing through No. 6 sieve and a maximum of 10 percent passing through No. 40 sieve. 

C. Iron Sulfate:  Granulated ferrous sulfate containing a minimum of 20 percent iron and 10 percent sulfur. 

D. Aluminum Sulfate:  Commercial grade, unadulterated. 

E. Perlite:  Horticultural perlite, soil amendment grade. 

F. Agricultural Gypsum:  Minimum 90 percent calcium sulfate, finely ground with 90 percent passing 

through No. 50 sieve. 

G. Sand:  Clean, washed, natural or manufactured, and free of toxic materials. 

H. Diatomaceous Earth:  Calcined, 90 percent silica, with approximately 140 percent water absorption 

capacity by weight. 

I. Zeolites:  Mineral clinoptilolite with at least 60 percent water absorption by weight. 
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2.7 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 ½ inch sieve; soluble salt content of 4 to 8 

decisiemens/m; not exceeding 0.5 percent inert contaminants and free of substances toxic to plantings; 

and as follows: 

1. Organic Matter Content: 50 to 60 percent of dry weight. 

2. Feedstock: (NOT USED). 

B. Sphagnum Peat:  Partially decomposed sphagnum peat moss, finely divided or of granular texture, with a 

pH range of 3.4 to 4.8. 

C. Muck Peat:  Partially decomposed moss peat, native peat, or reed-sedge peat, finely divided or of granular 

texture, with a pH range of 6 to 7.5, and having a water-absorbing capacity of 1100 to 2000 percent. 

D. Wood Derivatives: (Not Used). 

E. Manure:  (Not Used). 

2.8 FERTILIZERS 

A. Bonemeal:  Commercial, raw or steamed, finely ground; a minimum of  4 percent nitrogen and  20 

percent phosphoric acid. 

B. Superphosphate:  Commercial, phosphate mixture, soluble; a minimum of 20 percent available 

phosphoric acid. 

C. Commercial Fertilizer:  Commercial-grade complete fertilizer of neutral character, consisting of fast- and 

slow-release nitrogen, 50 percent derived from natural organic sources of urea formaldehyde, 

phosphorous, and potassium. 

D. Slow-Release Fertilizer:  Granular or pelleted fertilizer consisting of 50 percent water-insoluble nitrogen, 

phosphorus, and potassium in the following composition: 

1. Composition:  20 percent nitrogen, 10 percent phosphorous, and 10 percent potassium, by weight. 

2. Composition:  Nitrogen, phosphorous, and potassium in amounts recommended in soil reports 

from a qualified soil-testing laboratory. 

 3. For lawns, provide fertilizer with not less than 4% phosphoric acid and not less than 2% potassium 

and the percentage of nitrogen required to provide not less than 1 lb. of actual nitrogen per 1000 sq. 

ft. of lawn area. Provide nitrogen in a form that will be available to the lawn during the initial period 

of growth. 

2.9 PLANTING SOILS 

 

 A. TOPSOIL 

 

  Topsoil shall be from off-site sources.  It shall be without admixture of subsoil or slag and shall be 

free of stones, lumps, plants or their roots, sticks and extraneous matter, and shall not be moved, 

placed or used while in a frozen or muddy condition. 
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  Topsoil from off-site sources shall have an acidity range of pH 5.0 to 7.0 and shall contain not less 

than 5% organic matter as determined by the "Walkley-Black Method" (Colorimetric version). 

Sufficient limestone shall be added to topsoil used to bring it to a range of pH 6.0 to pH 6.5. 

 

  Soil sample tests will be ordered by the Landscape Architect and shall be made by a state or 

commercial laboratory using methods approved by the Associates of Official Agricultural chemists or 

the State Agricultural Experiment Station. 

 

  Such analysis will be paid for by the Contractor.  Moving and placing of topsoil may be made after 

approval of the analysis by the Landscape Architect. 

 

 If approved, natural topsoil not having the hydrogen-ion value specified above may be amended by 

the contractor, at his own expense, to bring it within the specified limits.  Topsoil shall meet the 

following mechanical analysis: 

 

         Passing %   Retained % 

  

    

  1" Screen         100%      0% 

    1/2" Screen     97-100%   0-3% 

    No. 100 Mesh Sieve   60-40%   40-60% 

 

 There shall be a minimum of 4" of topsoil (after settlement) in all plant beds, pit plantings, ground 

cover areas, and lawns or as called for on the drawings whichever is greater. 

 

B.    LIGHT WEIGHT ON-STRUCTURE PLANTING SOIL (NOT USED) 

2.10 MULCHES 

A. Straw Mulch:  Provide air-dry, clean, mildew- and seed-free, salt hay or threshed straw of wheat, rye, 

oats, or barley. 

B. Sphagnum Peat Mulch:  Partially decomposed sphagnum peat moss, finely divided or of granular texture, 

and with a pH range of 3.4 to 4.8. 

C. Muck Peat Mulch:  Partially decomposed moss peat, native peat, or reed-sedge peat, finely divided or of 

granular texture, with a pH range of 6 to 7.5, and having a water-absorbing capacity of 1100 to 2000 

percent. 

D. Compost Mulch:  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 2-5 

decisiemens/m; not exceeding 0.5 percent inert contaminants and free of substances toxic to plantings; 

and as follows: 

1. Organic Matter Content  50-60 percent of dry weight. 

2. Feedstock: (NOT USED). 

E. Fiber Mulch:  Biodegradable, dyed-wood, cellulose-fiber mulch; nontoxic and free of plant-growth or 

germination inhibitors; with a maximum moisture content of 15 percent and a pH range of 4.5 to 6.5. 

F. Nonasphaltic Tackifier:  Colloidal tackifier recommended by fiber-mulch manufacturer for slurry 

application; nontoxic and free of plant-growth or germination inhibitors. 
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G. Asphalt Emulsion:  ASTM D 977, Grade SS-1; nontoxic and free of plant-growth or germination 

inhibitors. 

2.11 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. 

B. Pre-Emergent Herbicide (Selective and Non-Selective):  Effective for controlling the germination or 

growth of weeds within planted areas at the soil level directly below the mulch layer. 

C. Post-Emergent Herbicide (Selective and Non-Selective):  Effective for controlling weed growth that has 

already germinated. 

2.12 EROSION-CONTROL MATERIALS 

A. Erosion-Control Blankets:  Biodegradable wood excelsior, straw, or coconut-fiber mat enclosed in a 

photodegradable plastic mesh.  Include manufacturer's recommended steel wire staples. 

B. Erosion-Control Fiber Mesh:  Biodegradable burlap or spun-coir mesh, a minimum of 0.92 lb/sq. yd. with 

50 to 65 percent open area.  Include manufacturer's recommended steel wire staples, 

C. Erosion-Control Mats:  Cellular, non-biodegradable slope-stabilization mats designed to isolate and 

contain small areas of soil over steeply sloped surface,.  Include manufacturer's recommended anchorage 

system for slope conditions. 

2.13 GRASS-PAVING MATERIALS (NOT USED) 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas to be planted for compliance with requirements and other conditions affecting 

performance. 

1. Verify that no foreign or deleterious material or liquid such as paint, paint washout, concrete 

slurry, concrete layers or chunks, cement, plaster, oils, gasoline, diesel fuel, paint thinner, 

turpentine, tar, roofing compound, or acid has been deposited in soil within a planting area. 

2. Do not mix or place soils and soil amendments in frozen, wet, or muddy conditions. 

3. Suspend soil spreading, grading, and tilling operations during periods of excessive soil moisture 

until the moisture content reaches acceptable levels to attain the required results. 

4. Uniformly moisten excessively dry soil that is not workable and which is too dusty. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

C. If contamination by foreign or deleterious material or liquid is present in soil within a planting area, 

remove the soil and contamination as directed by Architect and replace with new planting soil. 
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3.2 PREPARATION 

A. Protect structures, utilities, sidewalks, pavements, and other facilities, trees, shrubs, and plantings from 

damage caused by planting operations. 

1. Protect adjacent and adjoining areas from hydroseeding and hydromulching overspray. 

2. Protect grade stakes set by others until directed to remove them. 

B. Install 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. 

3.3 TURF AREA PREPARATION 

A. Limit turf subgrade preparation to areas to be planted. 

B. Newly Graded Subgrades:  Loosen subgrade to a minimum depth of 6 inches.  Remove stones larger than 

1 inch in any dimension and sticks, roots, rubbish, and other extraneous matter and legally dispose of 

them off Owner's property. 

 

1. Thoroughly blend planting soil off-site before spreading. 

a. Delay mixing fertilizer with planting soil if planting will not proceed within a few days. 

b. Mix lime with dry soil before mixing fertilizer. 

2. Spread planting soil to a depth of 6 inches but not less than required to meet finish grades after 

light rolling and natural settlement.  Do not spread if planting soil or subgrade is frozen, muddy, or 

excessively wet. 

a. Spread approximately 1/2 the thickness of planting soil over loosened subgrade.  Mix 

thoroughly into top 4 inches of subgrade.  Spread remainder of planting soil. 

b. Reduce elevation of planting soil to allow for soil thickness of sod. 

C. Unchanged Subgrades:  If turf is to be planted in areas unaltered or undisturbed by excavating, grading, 

or surface-soil stripping operations, prepare surface soil as follows: 

1. Remove existing grass, vegetation, and turf.  Do not mix into surface soil. 

2. Loosen surface soil to a depth of at least  6 inches.  Apply soil amendments and fertilizers 

according to planting soil mix proportions and mix thoroughly into top 4 inches of soil.  Till soil to 

a homogeneous mixture of fine texture. 

3. Remove stones larger than 1 inch in any dimension and sticks, roots, trash, and other extraneous 

matter. 

4. Legally dispose of waste material, including grass, vegetation, and turf, off Owner's property. 

D. Finish Grading:  Grade planting areas to a smooth, uniform surface plane with loose, uniformly fine 

texture.  Grade to within plus or minus 1/2 inch of finish elevation.  Roll and rake, remove ridges, and fill 

depressions to meet finish grades.  Limit finish grading to areas that can be planted in the immediate 

future. 

E. Moisten prepared area before planting if soil is dry.  Water thoroughly and allow surface to dry before 

planting.  Do not create muddy soil. 
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F. Before planting, obtain Architect's acceptance of finish grading; restore planting areas if eroded or 

otherwise disturbed after finish grading. 

3.4 PREPARATION FOR EROSION-CONTROL MATERIALS 

A. Prepare area as specified in "Turf Area Preparation" Article. 

B. For erosion-control mats, install planting soil in two lifts, with second lift equal to thickness of erosion-

control mats.  Install erosion-control mat and fasten as recommended by material manufacturer. 

C. Fill cells of erosion-control mat with planting soil and compact before planting. 

D. For erosion-control blanket or mesh, install from top of slope, working downward, and as recommended 

by material manufacturer for site conditions.  Fasten as recommended by material manufacturer. 

E. Moisten prepared area before planting if surface is dry.  Water thoroughly and allow surface to dry before 

planting.  Do not create muddy soil. 

3.5 PREPARATION FOR GRASS-PAVING MATERIALS (NOT USED)  

3.6 SEEDING 

A. Sow seed with spreader or seeding machine.  Do not broadcast or drop seed when wind velocity exceeds 

5 mph. Evenly distribute seed by sowing equal quantities in two directions at right angles to each other. 

1. Do not use wet seed or seed that is moldy or otherwise damaged. 

2. Do not seed against existing trees.  Limit extent of seed to outside edge of planting saucer. 

B. Sow seed at a total rate of as noted on plans. 

C. Rake seed lightly into top 1/8 inch of soil, roll lightly, and water with fine spray. 

D. Protect seeded areas with slopes exceeding 1:4 with erosion-control blankets and 1:6 with erosion-control 

fiber mesh installed and stapled according to manufacturer's written instructions. 

E. Protect seeded areas with erosion-control mats where shown on Drawings; install and anchor according to 

manufacturer's written instructions. 

F. Protect seeded areas with slopes not exceeding 1:6 by spreading straw mulch.  Spread uniformly at a 

minimum rate of 2 tons/acre to form a continuous blanket 1-1/2 inches in loose thickness over seeded 

areas.  Spread by hand, blower, or other suitable equipment. 

1. Anchor straw mulch by crimping into soil with suitable mechanical equipment. 

2. Bond straw mulch by spraying with asphalt emulsion at a rate of 10 to 13 gal./1000 sq. ft. Take 

precautions to prevent damage or staining of structures or other plantings adjacent to mulched 

areas.  Immediately clean damaged or stained areas. 

G. Protect seeded areas from hot, dry weather or drying winds by applying peat mulch within 24 hours after 

completing seeding operations.  Soak areas, scatter mulch uniformly to a thickness of 3/16 inch, and roll 

surface smooth. 
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3.7 HYDROSEEDING 

A. Hydroseeding:  Mix specified seed, fertilizer, and fiber mulch in water, using equipment specifically 

designed for hydroseed application.  Continue mixing until uniformly blended into homogeneous slurry 

suitable for hydraulic application. 

1. Mix slurry with [fiber-mulch manufacturer's recommended tackifier. 

2. Apply slurry uniformly to all areas to be seeded in a one-step process.  Apply slurry at a rate so 

that mulch component is deposited at not less than [1500-lb/acre  dry weight, and seed component 

is deposited at not less than the specified seed-sowing rate. 

3. Apply slurry uniformly to all areas to be seeded in a two-step process.  Apply first slurry coat at a 

rate so that mulch component is deposited at not less than 500-lb/acre dry weight, and seed 

component is deposited at not less than the specified seed-sowing rate.  Apply slurry cover coat of 

fiber mulch (hydromulching) at a rate of 1000 lb/acre.  

3.8 SODDING (Not Used) 

3.9 PLUGGING (Not Used) 

3.10 SPRIGGING (Not Used) 

3.11 TURF RENOVATION 

A. Renovate existing turf. 

B. Renovate existing turf damaged by Contractor's operations, such as storage of materials or equipment and 

movement of vehicles. 

1. Reestablish turf where settlement or washouts occur or where minor regrading is required. 

2. Install new planting soil as required. 

C. Remove sod and vegetation from diseased or unsatisfactory turf areas; do not bury in soil. 

D. Remove topsoil containing foreign materials such as oil drippings, fuel spills, stones, gravel, and other 

construction materials resulting from Contractor's operations, and replace with new planting soil. 

E. Mow, dethatch, core aerate, and rake existing turf. 

F. Remove weeds before seeding.  Where weeds are extensive, apply selective herbicides as required.  Do 

not use pre-emergence herbicides. 

G. Remove waste and foreign materials, including weeds, soil cores, grass, vegetation, and turf, and legally 

dispose of them off Owner's property. 

H. Till stripped, bare, and compacted areas thoroughly to a soil depth of 6 inches  

I. Apply soil amendments and initial fertilizers required for establishing new turf and mix thoroughly into 

top 4 inches of existing soil.  Install new planting soil to fill low spots and meet finish grades. 

J. Apply seed and protect with straw mulch as required for new turf. 
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K. Water newly planted areas and keep moist until new turf is established. 

3.12 TURF MAINTENANCE 

A. Maintain and establish turf by watering, fertilizing, weeding, mowing, trimming, replanting, and 

performing other operations as required to establish healthy, viable turf.  Roll, regrade, and replant bare 

or eroded areas and remulch to produce a uniformly smooth turf.  Provide materials and installation the 

same as those used in the original installation. 

1. Fill in as necessary soil subsidence that may occur because of settling or other processes.  Replace 

materials and turf damaged or lost in areas of subsidence. 

2. In areas where mulch has been disturbed by wind or maintenance operations, add new mulch and 

anchor as required to prevent displacement. 

3. Apply treatments as required to keep turf and soil free of pests and pathogens or disease.  Use 

integrated pest management practices whenever possible to minimize the use of pesticides and 

reduce hazards. 

B. Watering:  Install and maintain temporary piping, hoses, and turf-watering equipment to convey water 

from sources and to keep turf uniformly moist to a depth of 4 inches. 

1. Schedule watering to prevent wilting, puddling, erosion, and displacement of seed or mulch.  Lay 

out temporary watering system to avoid walking over muddy or newly planted areas. 

2. Water turf with fine spray at a minimum rate of 1 inch per week unless rainfall precipitation is 

adequate. 

C. Mow turf as soon as top growth is tall enough to cut.  Repeat mowing to maintain specified height 

without cutting more than 1/3 of grass height.  Remove no more than 1/3 of grass-leaf growth in initial or 

subsequent mowings.  Do not delay mowing until grass blades bend over and become matted.  Do not 

mow when grass is wet.  Schedule initial and subsequent mowings to maintain the following grass height: 

D. Turf Post fertilization:  Apply fertilizer after initial mowing and when grass is dry. 

1. Use fertilizer that will provide actual nitrogen of at least 1 lb/1000 sq. ft. to turf area. 

3.13 SATISFACTORY TURF 

A. Turf installations shall meet the following criteria as determined by Architect: 

1. Satisfactory Seeded Turf:  At end of maintenance period, a healthy, uniform, close stand of grass 

has been established, free of weeds and surface irregularities, with coverage exceeding 90 percent 

over and bare spots not exceeding 5 by 5 inches . 

2. Satisfactory Sodded Turf:  (NOT USED). 

3. Satisfactory Plugged Turf:  (NOT USED). 

4. Satisfactory Sprigged Turf: (NOT USED). 

B. Use specified materials to reestablish turf that does not comply with requirements and continue 

maintenance until turf is satisfactory. 
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3.14 PESTICIDE APPLICATION 

A. Apply pesticides and other chemical products and biological control agents in accordance with 

requirements of authorities having jurisdiction and manufacturer's written recommendations.  Coordinate 

applications with Owner's operations and others in proximity to the Work.  Notify Owner before each 

application is performed. 

B. Post-Emergent Herbicides (Selective and Non-Selective):  Apply only as necessary to treat already-

germinated weeds and in accordance with manufacturer's written recommendations. 

3.15 CLEANUP AND PROTECTION 

A. Promptly remove soil and debris created by turf work from paved areas.  Clean wheels of vehicles before 

leaving site to avoid tracking soil onto roads, walks, or other paved areas. 

B. Erect temporary fencing or barricades and warning signs as required to protect newly planted areas from 

traffic.  Maintain fencing and barricades throughout initial maintenance period and remove after plantings 

are established. 

C. Remove nondegradable erosion-control measures after grass establishment period. 

 

END OF SECTION 329200 
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