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SECTION 23 05 00 

COMMON WORK RESULTS FOR HVAC 

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 is not meant to supersede or otherwise override any other specific HVAC section that may 

include similar information. Whenever conflicting information, requirements and or results are 

encountered, the specific specification, NOT this common work results section, should be adhered to. If 

any confusion remains, consult the engineer. 

B. This Section includes the following: (All may not apply. Refer to drawings) 

1. Piping materials and installation instructions common to most piping systems. 

2. Transition fittings. 

3. Dielectric fittings. 

4. Mechanical sleeve seals. 

5. Sleeves. 

6. Escutcheons. 

7. Grout. 

8. HVAC demolition. 

9. Equipment installation requirements common to equipment sections. 

10. Painting and finishing. 

11. Concrete bases. 

12. Supports and anchorages. 

1.3 DEFINITIONS 

A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe 

and duct chases, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, 

crawlspaces, and tunnels. 

B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces 

and mechanical equipment rooms. 

C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient temperatures 

and weather conditions.  Examples include rooftop locations. 

D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by building 

occupants.  Examples include above ceilings and chases. 

E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions and 

physical contact by building occupants but subject to outdoor ambient temperatures.  Examples include 

installations within unheated shelters. 

F. The following are industry abbreviations for plastic materials: 

1. CPVC:  Chlorinated polyvinyl chloride plastic. 



 

 

NCDOT Lumberton                                                230500 – 2       COMMON WORK RESULTS  

Equipment Shop FOR HVAC 

SCO#16-12916-01A 

 

2. PE:  Polyethylene plastic. 

3. PVC:  Polyvinyl chloride plastic. 

G. The following are industry abbreviations for rubber materials: 

1. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

2. NBR:  Acrylonitrile-butadiene rubber. 

1.4 SUBMITTALS 

A. Product Data:  For the following: 

1. Transition fittings. 

2. Dielectric fittings. 

3. Mechanical sleeve seals. 

4. Escutcheons. 

B. Welding certificates. 

1.5 QUALITY ASSURANCE 

A. Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural Welding 

Code--Steel." 

B. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel 

Code:  Section IX, "Welding and Brazing Qualifications." 

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping." 

2. Certify that each welder has passed AWS qualification tests for welding processes involved and 

that certification is current. 

C. Electrical Characteristics for HVAC Equipment:  Equipment of higher electrical characteristics may be 

furnished provided such proposed equipment is approved in writing and connecting electrical services, 

circuit breakers, and conduit sizes are appropriately modified.  If minimum energy ratings or efficiencies 

are specified, equipment shall comply with requirements. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, storage, and 

handling to prevent pipe end damage and to prevent entrance of dirt, debris, and moisture. 

B. Store plastic pipes protected from direct sunlight.  Support to prevent sagging and bending. 

1.7 COORDINATION 

A. Arrange for pipe spaces, chases, slots, and openings in building structure during progress of construction, 

to allow for HVAC installations. 

B. Coordinate installation of required supporting devices and set sleeves in poured-in-place concrete and 

other structural components as they are constructed. 

C. Coordinate requirements for access panels and doors for HVAC items requiring access that are 

concealed behind finished surfaces.  Access panels and doors are specified in Division 08 Section 

"Access Doors and Frames." 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where subparagraph titles below introduce lists, the following requirements apply 

for product selection: 

1. Manufacturers:  Subject to compliance with requirements, provide products by the manufacturers 

specified. 

2.2 PIPE, TUBE, AND FITTINGS 

A. Refer to individual Division 23 piping Sections for pipe, tube, and fitting materials and joining methods. 

B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings. 

2.3 JOINING MATERIALS 

A. Refer to individual Division 23 piping Sections for special joining materials not listed below. 

B. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents. 

1. ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch (3.2-mm) maximum thickness unless 

thickness or specific material is indicated. 

a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges. 

b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges. 

2. AWWA C110, rubber, flat face, 1/8 inch (3.2 mm) thick, unless otherwise indicated; and full-face or 

ring type, unless otherwise indicated. 

C. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated. 

D. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping system 

manufacturer, unless otherwise indicated. 

E. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to ASTM B 813. 

F. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty brazing, 

unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, unless otherwise 

indicated. 

G. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall thickness and 

chemical analysis of steel pipe being welded. 

H. Solvent Cements for Joining Plastic Piping: 

1. CPVC Piping:  ASTM F 493. 

2. PVC Piping:  ASTM D 2564.  Include primer according to ASTM F 656. 

I. Fiberglass Pipe Adhesive:  As furnished or recommended by pipe manufacturer. 

2.4 TRANSITION FITTINGS 

A. Plastic-to-Metal Transition Fittings:  CPVC and PVC one-piece fitting with manufacturer's Schedule 80 

equivalent dimensions; one end with threaded brass insert, and one solvent-cement-joint end. 

1. Manufacturers: 

a. Eslon Thermoplastics. 

B. Plastic-to-Metal Transition Adaptors:  One-piece fitting with manufacturer's SDR 11 equivalent 

dimensions; one end with threaded brass insert, and one solvent-cement-joint end. 

1. Manufacturers: 
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a. Thompson Plastics, Inc. 

C. Plastic-to-Metal Transition Unions:  MSS SP-107, CPVC and PVC four-part union.  Include brass end, 

solvent-cement-joint end, rubber O-ring, and union nut. 

1. Manufacturers: 

a. NIBCO INC. 

b. NIBCO, Inc.; Chemtrol Div. 

2.5 DIELECTRIC FITTINGS 

A. Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-joint, plain, or 

weld-neck end connections that match piping system materials. 

B. Insulating Material:  Suitable for system fluid, pressure, and temperature. 

C. Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig (1725-kPa) minimum working 

pressure at 180 deg F (82 deg C). 

1. Manufacturers: 

a. Capitol Manufacturing Co. 

b. Central Plastics Company. 

c. Eclipse, Inc. 

d. Epco Sales, Inc. 

e. Hart Industries, International, Inc. 

f. Watts Industries, Inc.; Water Products Div. 

g. Zurn Industries, Inc.; Wilkins Div. 

D. Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig (1035- or 2070-

kPa) minimum working pressure as required to suit system pressures. 

1. Manufacturers: 

a. Capitol Manufacturing Co. 

b. Central Plastics Company. 

c. Epco Sales, Inc. 

d. Watts Industries, Inc.; Water Products Div. 

E. Dielectric-Flange Kits:  Companion-flange assembly for field assembly.  Include flanges, full-face- or ring-

type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic washers, and steel 

backing washers. 

1. Manufacturers: 

a. Advance Products & Systems, Inc. 

b. Calpico, Inc. 

c. Central Plastics Company. 

d. Pipeline Seal and Insulator, Inc. 

2. Separate companion flanges and steel bolts and nuts shall have 150- or 300-psig (1035- or 2070-

kPa) minimum working pressure where required to suit system pressures. 

F. Dielectric Couplings:  Galvanized-steel coupling with inert and noncorrosive, thermoplastic lining; 

threaded ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg F (107 deg C). 
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1. Manufacturers: 

a. Calpico, Inc. 

b. Lochinvar Corp. 

G. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, 

threaded, or grooved ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg F 

(107 deg C). 

1. Manufacturers: 

a. Perfection Corp. 

b. Precision Plumbing Products, Inc. 

c. Sioux Chief Manufacturing Co., Inc. 

d. Victaulic Co. of America. 

2.6 MECHANICAL SLEEVE SEALS 

A. Description:  Modular sealing element unit, designed for field assembly, to fill annular space between pipe 

and sleeve. 

1. Manufacturers: 

a. Advance Products & Systems, Inc. 

b. Calpico, Inc. 

c. Metraflex Co. 

d. Pipeline Seal and Insulator, Inc. 

2. Sealing Elements:  EPDM interlocking links shaped to fit surface of pipe.  Include type and number 

required for pipe material and size of pipe. 

3. Pressure Plates:  Carbon steel or Stainless steel.  Include two for each sealing element. 

4. Connecting Bolts and Nuts:  Carbon steel with corrosion-resistant coating or Stainless steel of 

length required to secure pressure plates to sealing elements.  Include one for each sealing 

element. 

2.7 SLEEVES 

A. Galvanized-Steel Sheet:  0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded 

longitudinal joint. 

B. Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends. 

C. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends and 

integral waterstop, unless otherwise indicated. 

D. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  Include clamping 

ring and bolts and nuts for membrane flashing. 

1. Underdeck Clamp:  Clamping ring with set screws. 

E. Molded PVC:  Permanent, with nailing flange for attaching to wooden forms. 

F. PVC Pipe:  ASTM D 1785, Schedule 40. 

G. Molded PE:  Reusable, PE, tapered-cup shaped, and smooth-outer surface with nailing flange for 

attaching to wooden forms. 
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2.8 ESCUTCHEONS 

A. Description:  Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely fit around 

pipe, tube, and insulation of insulated piping and an OD that completely covers opening. 

B. One-Piece, Deep-Pattern Type:  Deep-drawn, box-shaped brass with polished chrome-plated finish. 

C. One-Piece, Cast-Brass Type:  With set screw. 

1. Finish:  Polished chrome-plated. 

D. Split-Casting, Cast-Brass Type:  With concealed hinge and set screw. 

1. Finish:  Polished chrome-plated. 

E. One-Piece, Stamped-Steel Type:  With set screw and chrome-plated finish. 

F. Split-Plate, Stamped-Steel Type:  With concealed hinge, set screw, and chrome-plated finish. 

G. One-Piece, Floor-Plate Type:  Cast-iron floor plate. 

H. Split-Casting, Floor-Plate Type:  Cast brass with concealed hinge and set screw. 

2.9 GROUT 

A. Description:  ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout. 

1. Characteristics:  Post-hardening, volume-adjusting, nonstaining, noncorrosive, nongaseous, and 

recommended for interior and exterior applications. 

2. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength. 

3. Packaging:  Premixed and factory packaged. 

PART 3 - EXECUTION 

3.1 PIPING SYSTEMS - COMMON REQUIREMENTS 

A. Install piping according to the following requirements and Division 23 Sections specifying piping systems. 

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  

Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump 

sizing, and other design considerations.  Install piping as indicated unless deviations to layout are 

approved on Coordination Drawings. 

C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and 

service areas. 

D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or 

parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise. 

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal. 

F. Install piping to permit valve servicing. 

G. Install piping at indicated slopes. 

H. Install piping free of sags and bends. 

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

J. Install piping to allow application of insulation. 

K. Select system components with pressure rating equal to or greater than system operating pressure. 

L. Install escutcheons for penetrations of walls, ceilings, and floors according to the following: 
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1. New Piping: 

a. Piping with Fitting or Sleeve Protruding from Wall:  One-piece, deep-pattern type. 

b. Chrome-Plated Piping:  One-piece, cast-brass type with polished chrome-plated finish. 

c. Insulated Piping:  One-piece, stamped-steel type with spring clips. 

d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, cast-brass type 

with polished chrome-plated finish. 

e. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, stamped-steel 

type. 

f. Bare Piping at Ceiling Penetrations in Finished Spaces:  One-piece, cast-brass type with 

polished chrome-plated finish. 

g. Bare Piping in Unfinished Service Spaces:  One-piece, cast-brass type with polished 

chrome-plated finish. 

h. Bare Piping in Equipment Rooms:  One-piece, cast-brass type. 

i. Bare Piping at Floor Penetrations in Equipment Rooms:  One-piece, floor-plate type. 

2. Existing Piping:  Use the following: 

a. Chrome-Plated Piping:  Split-casting, cast-brass type with chrome-plated finish. 

b. Insulated Piping:  Split-plate, stamped-steel type with concealed hinge and spring clips. 

c. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  Split-casting, cast-brass 

type with chrome-plated finish. 

d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  Split-plate, stamped-steel 

type with concealed hinge and spring clips. 

e. Bare Piping at Ceiling Penetrations in Finished Spaces:  Split-casting, cast-brass type with 

chrome-plated finish. 

f. Bare Piping at Ceiling Penetrations in Finished Spaces:  Split-plate, stamped-steel type with 

concealed hinge and set screw. 

g. Bare Piping in Unfinished Service Spaces:  Split-casting, cast-brass type with polished 

chrome-plated finish. 

h. Bare Piping in Equipment Rooms:  Split-casting, cast-brass type. 

i. Bare Piping at Floor Penetrations in Equipment Rooms:  Split-casting, floor-plate type. 

M. Sleeves are not required for core-drilled holes. 

N. Permanent sleeves are not required for holes formed by removable PE sleeves. 

O. Install sleeves for pipes passing through concrete and masonry walls and concrete floor and roof slabs. 

P. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and 

concrete floor and roof slabs. 

1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception:  Extend sleeves installed in floors of mechanical equipment areas or other wet 

areas 2 inches (50 mm) above finished floor level.  Extend cast-iron sleeve fittings below 

floor slab as required to secure clamping ring if ring is specified. 

2. Install sleeves in new walls and slabs as new walls and slabs are constructed. 

3. Install sleeves that are large enough to provide 1/4-inch (6.4-mm) annular clear space between 

sleeve and pipe or pipe insulation.  Use the following sleeve materials: 
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a. Steel Pipe Sleeves:  For pipes smaller than NPS 6 (DN 150). 

b. Steel Sheet Sleeves:  For pipes NPS 6 (DN 150) and larger, penetrating gypsum-board 

partitions. 

c. Stack Sleeve Fittings:  For pipes penetrating floors with membrane waterproofing.  Secure 

flashing between clamping flanges.  Install section of cast-iron soil pipe to extend sleeve to 2 

inches (50 mm) above finished floor level.  Refer to Division 07 Section "Sheet Metal 

Flashing and Trim" for flashing. 

1) Seal space outside of sleeve fittings with grout. 

4. Except for underground wall penetrations, seal annular space between sleeve and pipe or pipe 

insulation, using joint sealants appropriate for size, depth, and location of joint.  Refer to Division 07 

Section "Joint Sealants" for materials and installation. 

Q. Aboveground, Exterior-Wall Pipe Penetrations:  Seal penetrations using sleeves and mechanical sleeve 

seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for 

installing mechanical sleeve seals. 

1. Install steel pipe for sleeves smaller than 6 inches (150 mm) in diameter. 

2. Install cast-iron "wall pipes" for sleeves 6 inches (150 mm) and larger in diameter. 

3. Mechanical Sleeve Seal Installation:  Select type and number of sealing elements required for pipe 

material and size.  Position pipe in center of sleeve.  Assemble mechanical sleeve seals and install 

in annular space between pipe and sleeve.  Tighten bolts against pressure plates that cause 

sealing elements to expand and make watertight seal. 

R. Underground, Exterior-Wall Pipe Penetrations:  Install cast-iron "wall pipes" for sleeves.  Seal pipe 

penetrations using mechanical sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear 

space between pipe and sleeve for installing mechanical sleeve seals. 

1. Mechanical Sleeve Seal Installation:  Select type and number of sealing elements required for pipe 

material and size.  Position pipe in center of sleeve.  Assemble mechanical sleeve seals and install 

in annular space between pipe and sleeve.  Tighten bolts against pressure plates that cause 

sealing elements to expand and make watertight seal. 

S. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe 

penetrations.  Seal pipe penetrations with firestop materials.  Refer to Division 07 Section "Penetration 

Firestopping" for materials. 

T. Verify final equipment locations for roughing-in. 

U. Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements. 

3.2 PIPING JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and Division 23 Sections specifying piping 

systems. 

B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly. 

D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube end.  

Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder 

alloy complying with ASTM B 32. 

E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, using 

copper-phosphorus brazing filler metal complying with AWS A5.8. 
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F. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full 

and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe 

fittings and valves as follows: 

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is 

specified. 

2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  Do 

not use pipe sections that have cracked or open welds. 

G. Welded Joints:  Construct joints according to AWS D10.12, using qualified processes and welding 

operators according to Part 1 "Quality Assurance" Article. 

H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  

Install gasket concentrically positioned.  Use suitable lubricants on bolt threads. 

I. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces.  Join pipe and fittings according to 

the following: 

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent cements. 

2. CPVC Piping:  Join according to ASTM D 2846/D 2846M Appendix. 

3. PVC Pressure Piping:  Join schedule number ASTM D 1785, PVC pipe and PVC socket fittings 

according to ASTM D 2672.  Join other-than-schedule-number PVC pipe and socket fittings 

according to ASTM D 2855. 

4. PVC Nonpressure Piping:  Join according to ASTM D 2855. 

J. Plastic Pressure Piping Gasketed Joints:  Join according to ASTM D 3139. 

K. Plastic Nonpressure Piping Gasketed Joints:  Join according to ASTM D 3212. 

L. PE Piping Heat-Fusion Joints:  Clean and dry joining surfaces by wiping with clean cloth or paper towels.  

Join according to ASTM D 2657. 

1. Plain-End Pipe and Fittings:  Use butt fusion. 

2. Plain-End Pipe and Socket Fittings:  Use socket fusion. 

M. Fiberglass Bonded Joints:  Prepare pipe ends and fittings, apply adhesive, and join according to pipe 

manufacturer's written instructions. 

3.3 PIPING CONNECTIONS 

A. Make connections according to the following, unless otherwise indicated: 

1. Install unions, in piping NPS 2 (DN 50) and smaller, adjacent to each valve and at final connection 

to each piece of equipment. 

2. Install flanges, in piping NPS 2-1/2 (DN 65) and larger, adjacent to flanged valves and at final 

connection to each piece of equipment. 

3. Dry Piping Systems:  Install dielectric unions and flanges to connect piping materials of dissimilar 

metals. 

4. Wet Piping Systems:  Install dielectric coupling and nipple fittings to connect piping materials of 

dissimilar metals. 

3.4 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS 

A. Install equipment to allow maximum possible headroom unless specific mounting heights are not 

indicated. 

B. Install equipment level and plumb, parallel and perpendicular to other building systems and components 

in exposed interior spaces, unless otherwise indicated. 
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C. Install HVAC equipment to facilitate service, maintenance, and repair or replacement of components.  

Connect equipment for ease of disconnecting, with minimum interference to other installations.  Extend 

grease fittings to accessible locations. 

D. Install equipment to allow right of way for piping installed at required slope. 

3.5 PAINTING 

A. Painting of HVAC systems, equipment, and components is specified in Division 09 Sections "Interior 

Painting" and "Exterior Painting." 

B. Damage and Touchup:  Repair marred and damaged factory-painted finishes with materials and 

procedures to match original factory finish. 

3.6 CONCRETE BASES 

A. Concrete Bases:  Anchor equipment to concrete base according to equipment manufacturer's written 

instructions and according to seismic codes at Project. 

1. Construct concrete bases of dimensions indicated, but not less than 4 inches (100 mm) larger in 

both directions than supported unit. 

2. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install 

dowel rods on 18-inch (450-mm) centers around the full perimeter of the base. 

3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete base, and 

anchor into structural concrete floor. 

4. Place and secure anchorage devices.  Use supported equipment manufacturer's setting drawings, 

templates, diagrams, instructions, and directions furnished with items to be embedded. 

5. Install anchor bolts to elevations required for proper attachment to supported equipment. 

6. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 

7. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete and reinforcement as specified in 

Division 03 Section "Cast-in-Place Concrete." 

3.7 ERECTION OF METAL SUPPORTS AND ANCHORAGES 

A. Refer to Division 05 Section "Metal Fabrications" for structural steel. 

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to 

support and anchor HVAC materials and equipment. 

C. Field Welding:  Comply with AWS D1.1. 

3.8 GROUTING 

A. Mix and install grout for HVAC equipment base bearing surfaces, pump and other equipment base plates, 

and anchors. 

B. Clean surfaces that will come into contact with grout. 

C. Provide forms as required for placement of grout. 

D. Avoid air entrapment during placement of grout. 

E. Place grout, completely filling equipment bases. 

F. Place grout on concrete bases and provide smooth bearing surface for equipment. 

G. Place grout around anchors. 

H. Cure placed grout. 
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SECTION 23-05-13 

COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 
 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section includes general requirements for single-phase and polyphase, general-purpose, horizontal, 
small and medium, squirrel-cage induction motors for use on ac power systems up to 600 V and installed 
at equipment manufacturer's factory or shipped separately by equipment manufacturer for field 
installation. 

1.03 COORDINATION 

A. Coordinate features of motors, installed units, and accessory devices to be compatible with the following: 
1. Motor controllers. 
2. Torque, speed, and horsepower requirements of the load. 
3. Ratings and characteristics of supply circuit and required control sequence. 
4. Ambient and environmental conditions of installation location. 

 

PART 2 - PRODUCTS 

2.01 GENERAL MOTOR REQUIREMENTS 

A. Comply with requirements in this Section except when stricter requirements are specified in HVAC 
equipment schedules or Sections. 

B. Comply with NEMA MG 1 unless otherwise indicated. 

C. Comply with IEEE 841 for severe-duty motors. 

2.02 MOTOR CHARACTERISTICS 

A. Duty:  Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet (1000 m) or less, 
above sea level. 

B. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads at 
designated speeds, at installed altitude and environment, with indicated operating sequence, and without 
exceeding nameplate ratings or considering service factor. 

2.03 POLYPHASE MOTORS 

A. Description:  NEMA MG 1, Design B, medium induction motor. 

B. Efficiency:  Motors shall be premium efficiency. 

C. Service Factor:  1.15. 

D. Multispeed Motors:  Variable torque. 
1. For motors with 2:1 speed ratio, consequent pole, single winding. 
2. For motors with other than 2:1 speed ratio, separate winding for each speed. 

E. Multispeed Motors:  Separate winding for each speed. 

F. Rotor:  Random-wound, squirrel cage. 

G. Bearings:  Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading. 

H. Temperature Rise:  Match insulation rating. 

I. Insulation:  Class F. 
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J. Code Letter Designation: 
1. Motors 15 HP and Larger:  NEMA starting Code F or Code G. 
2. Motors Smaller than 15 HP:  Manufacturer's standard starting characteristic. 

K. Enclosure Material:  Cast iron for motor frame sizes 324T and larger; rolled steel for motor frame sizes 
smaller than 324T. 

2.04 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS 

A. Motors Used with Reduced-Voltage and Multispeed Controllers:  Match wiring connection requirements 
for controller with required motor leads.  Provide terminals in motor terminal box, suited to control method. 

B. Motors Used with Variable Frequency Controllers:  Ratings, characteristics, and features coordinated with 
and approved by controller manufacturer. 
1. Windings:  Copper magnet wire with moisture-resistant insulation varnish, designed and tested to 

resist transient spikes, high frequencies, and short time rise pulses produced by pulse-width 
modulated inverters. 

2. Energy- and Premium-Efficient Motors:  Class B temperature rise; Class F insulation. 
3. Inverter-Duty Motors:  Class F temperature rise; Class H insulation. 
4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected motors. 

C. Severe-Duty Motors:  Comply with IEEE 841, with 1.15 minimum service factor. 

2.05 SINGLE-PHASE MOTORS 

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and requirements of 
specific motor application: 
1. Permanent-split capacitor. 
2. Split phase. 
3. Capacitor start, inductor run. 
4. Capacitor start, capacitor run. 

B. Multispeed Motors:  Variable-torque, permanent-split-capacitor type. 

C. Bearings:  Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and thrust loading. 

D. Motors 1/20 HP and Smaller:  Shaded-pole type. 

E. Thermal Protection:  Internal protection to automatically open power supply circuit to motor when winding 
temperature exceeds a safe value calibrated to temperature rating of motor insulation.  Thermal-
protection device shall automatically reset when motor temperature returns to normal range. 
 
 

PART 3 - EXECUTION (Not Applicable) 
 
 

END OF SECTION 23 05 13 
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SECTION 23-05-48 

VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND EQUIPMENT 

 

PART 1 – GENERAL 

1.01 DESCRIPTION 

A. Provide seismic restraint in accordance with the requirements of this section in order to maintain the 
integrity of nonstructural components of the building so that they remain safe in case of seismic event.  

B. Work in this section includes furnishing and installing complete seismic restraint systems. Work in this 
section may also include the seismic restraint design to be submitted for review by the registered design 
professional. 

1.02 SCOPE 

A. The mechanical components and systems identified on the following shall be designed and constructed 
for seismic demands as specified.    

1.03  DEFINITIONS 

A. Non-structural building components are components or systems that are not part of the building’s 
structural system whether inside or outside, above or below grade. Non-structural components of 
buildings include: 
1. Mechanical Elements: Heating, ventilating, and air-conditioning systems; medical gas systems; 

piping systems; Duct systems; pneumatic systems; boiler equipment and components and etc. 

B. Professional Engineer - A professional engineer is one who is legally qualified to practice in the 
jurisdiction where the Project is located, who is experienced in providing engineering services of the kind 
indicated, and is registered with the state where the Project is located. 

C. Seismic Forces: Forces acting in any direction on a nonstructural component and related system due to 
the action of an earthquake as defined in the Building Codes currently in effect where the Project is 
located. 

D. Seismic Deformations: Drifts, deflections and seismic relative displacements determined in accordance 
with the applicable seismic requirements of the Building Codes currently in effect where the Project is 
located. 

E. Restraint/Bracing: Bracing or anchorage used to limit movement under seismic forces. Cables or rigid 
elements (strut, pipe, angles, etc) used to resist forces by uniaxial tension or compression. The term 
“bracing” may also be used to describe design to resist lateral forces through the use of wall or frame 
elements. 

F. Support: Elements used to support the weight (gravity load) of an item. Where the support is located at a 
seismic brace, the element may also resist tension/compression reactions from the restraint system. 

G. Anchorage: Connection to structure typically through the use of welding, bolts, screws, post-installed 
anchors or other fasteners selected to meet the Building Codes currently in effect where the Project is 
located. 

1.04 APPLICABLE PUBLICATIONS 

A. American Institute of Steel Construction (AISC): 
1. Load and Resistance Factor Design, Volume 1, Second Edition. 

B. American Society for Testing and Materials (ASTM): 
1. A36/A36M  Standard Specification for Carbon Structural Steel. 
2. A490 Standard Specification for Heat-Treated Steel Structural Bolts, 150 ksi Minimum Tensile 

Strength. 
3. A603 Standard Specification for Zinc-Coated Steel Structural Wire Rope 
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C. International Building Code (IBC) (Latest Edition) 

D. American Society of Civil Engineers ASCE/SEI 7 Minimum Design Loads for Buildings and Other 
Structures 

E. Sheet Metal and Air Conditioning Contractors National Association (SMACNA): Seismic Restraint Manual 
- Guidelines for Mechanical Systems 

F. American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE): Practical Guide to 
Seismic Restraint 

G. National Fire Protection Association (NFPA): Standard for the Installation of Sprinkler Systems, NFPA 13 

H. Federal Emergency Management Agency (FEMA): 
1. 414 Installing Seismic Restraints for Duct and Pipe  

I. Ceilings & Interior Systems Construction Association (CISCA) Guidelines for Seismic Restraint for Direct 
Hung Suspended Ceiling Assemblies, Seismic Zones 3 & 4. 

J. ANSI/ASHRAE Standard 171-2008 – Method of Testing Seismic Restraint Devices 

1.06  REGULATORY REQUIREMENTS 

A. Comply with the North Carolina Building Code (NCBC) latest adopted Edition by the jurisdiction where the 
Project is located and applicable local and/or statewide adopted amendments. 

1.07 PROJECT SEISMIC DESIGN CRITERIA 

A. Seismic Design Category – C 

B. Seismic Design Force – Calculation of seismic design force shall be based on the requirements of 
Chapter 13 of ASCE 7. See Architectural and Mechanical drawings for seismic design parameters.  

1.08 QUALITY CONTROL 

A.  Shop-Drawing Preparation: 
1. Seismic restraint shop drawings shall be prepared or their preparation shall be overseen by a 

professional engineer experienced in designing seismic restraints for nonstructural components as 
required by the authority having jurisdiction.  

B.  Seismic Calculations Preparation:  
1. Seismic restraint calculations shall be prepared and stamped by a registered professional engineer 

experienced in the area of seismic restraint for nonstructural components. Comply with the applicable 
code specified in Paragraph 1.6. 

1.09 SUBMITTALS 

A. Submit a coordinated set of equipment anchorage drawings prior to installation including: 
1. Description, layout, and location of items to be anchored or braced with anchorage or brace points 

noted and dimensioned. 
2. Details of anchorage or bracing at large scale with all members, parts brackets shown, together with 

all connections, bolts, welds etc. clearly identified and specified. 
3. Numerical value of design seismic brace loads. 
4. For expansion bolts, include design load and capacity if different from those specified. 

B.  Submit prior to installation, a coordinated set of bracing drawings for seismic protection of piping, with 
data identifying the various support-to-structure and seismic bracing structural connections, include: 
1. Single-line piping diagrams on a floor-by-floor basis. Show all suspended piping for a given floor on 

the same plain. 
2. Pipe contents. 
3. Location of all seismic bracing. 
4. Numerical value of applied seismic brace loads. 
5. Type of connection (Vertical support, vertical support with seismic brace etc.). 

http://www.ashrae.org/publications/detail/16396
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6. Seismic brace reaction type (tension or compression). Details illustrating all support and bracing 
components, methods of connections, and specific anchors to be used. 

7. Seal of registered engineer responsible for design 

C.  Submit prior to installation, bracing drawings for seismic protection of suspended ductwork and 
suspended electrical and communication cables, include: 
1. Details illustrating all support and bracing components, methods of connection, and specific anchors 

to be used. 
2. Numerical value of applied gravity and seismic loads and seismic loads acting on support and bracing 

components. 
3. Location and Size of bracing. 
4. Seal of registered engineer responsible for design. 

D.  Submit design calculations prepared and sealed by the professional engineer  
 

PART 2 – MATERIALS 

2.01 SEISMIC RESTRAINTS (SR): 

A. Specification SR-F: A restraint assembly for suspended equipment, piping or ductwork consisting of high 
strength pre-stretched galvanized steel cable. Cable must have UL® (Underwriters Laboratories) listed 
certified break strength, and shall be color-coded for easy field verification. Secure cable to structure and 
to braced component through bracket or stake eye specifically designed to exceed cable restraint rated 
capacity. Method for fastening cable to bracket must be certified and listed to meet the cable break 
strength by an independent agency.  Non-certified fastening methods such as clips are not acceptable.  
Cable must be manufactured to meet or exceed minimum materials and standard requirements per AISI 
Manual for structural applications of steel cables and ASTM A603. Cables shall be sized to resist project 
seismic loads. Cables shall be installed to prevent excessive seismic motion and so arranged that they do 
not engage during normal operation. 

B. Specification SR-H: A rod stiffener consisting of steel channel, angle, or tube and attachment clips 
capable of bracing vertical suspension rods to avoid potential buckling due to vertical compression forces.  
Braces shall be selected to be of sufficient strength to prevent support rod buckling.  Brace shall be 
attached to the vertical suspension rod by a series of attachment clips. Steel components shall be 
cleaned and painted with industrial enamel or E-coated to prevent corrosion. 

 

PART 3 – EXECUTION 

3.01 CONSTRUCTION, GENERAL: 

A.  For items identified herein furnish and install supports, braces, connections, hardware and anchoring 
devices to withstand code-required seismic forces and seismic deformations without shifting or 
overturning. For components with Ip = 1.5, in addition to providing code-required seismic forces and 
deformations, provide installations capable of providing post-earthquake functionality. 

B. Construct seismic restraints and anchorages that do not inhibit thermal expansion and contraction of 
distribution systems. Utilize ASME Standard B31 when utilizing common supports for both thermal and 
seismic loading. 

C. Maintain fire ratings of assemblies as specified elsewhere or on the drawings in addition to compliance 
with the criteria set forth below. 

3.02 MECHANICAL AND PLUMBING COMPONENTS 

A. Suspended mechanical equipment  
1. Design support and bracing to resist seismic design force in any direction. 
2. Provide flexible connection between equipment and interconnected piping. 
3. Brace equipment hung from spring mounts using cable or other bracing that will not transmit vibration 

to the structure. 
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4. Use a proprietary restraint systems with a certificate of compliance verified and listed by an 
accredited inspection body.  

5. Brace all independent equipment over 20 pounds. 

B. Piping  
1. Provide seismic bracing for piping as required by Section 1.02. 
2. Provide supports, braces and anchors to resist gravity and seismic design forces. 
3. Design piping and piping risers to accommodate interstory drift. 
4. Provide flexible connections between floor-mounted equipment and suspended piping; between 

unbraced piping and restrained suspended items; as required for thermal movement; at building 
separations and seismic joints; and wherever relative differential movements could damage pipe in an 
earthquake. 

5. Brace resiliently-supported pipe with cable bracing or alternate means designed to prevent 
transmission of vibrations and noise to structure. 

6. Brace every run (8’ or more in length) with two transverse and one longitudinal bracing locations. For 
pipes and connections constructed of ductile materials (copper, ductile iron, steel or aluminum and 
brazed, welded or screwed connections) provide transverse bracing at not more than 40 feet on 
center and longitudinal bracing at spacing not more than 80 feet on center. For pipes and their 
connections constructed of nonductile materials (cast iron, no-hub pipe and plastic or non-UL listed 
grooved coupling pipe), provide transverse bracing at not more than 20 feet on center and 
longitudinal bracing at spacing not more than 40 feet on center. Alternatively, explicitly design piping 
and connections to resist gravity and seismic forces and seismic deformations. 

7. Provide lateral restraint for risers at not more than 30 feet on center or as required for horizontal runs, 
whichever is less. 

8. Where piping is explicitly exempt from seismic bracing requirements, provide flexible connections 
between piping and connected equipment. 

9. Where piping is explicitly exempt from seismic bracing requirements, install piping such that swinging 
of the pipes will not cause damaging impact with adjacent components, finishes or structural framing. 
This will be considered satisfied if there is horizontal clear distance of at least 2/3 the hanger length 
between subject components. If swinging of exempted piping can cause damaging contact with 
adjacent components, finishes or structural framing, add swing restraints as required to eliminate 
contact. 

C. Ductwork  
1. Provide seismic bracing for ducts with cross sectional area greater than or equal to 6 square feet 

(independent of the duct contents) and for ducts containing hazardous materials. 
2. Provide supports, braces and anchors to resist gravity and seismic design forces. 
3. Design ducts and duct risers to accommodate interstory drift. 
4. Provide independent support for in-line devices weighing more than 20 pounds. Provide independent 

support and bracing for all in-line devices weighing more than 75 pounds. Unbraced duct attached to 
braced in-line equipment shall be provided with adequate flexibility to accommodate differential 
displacements.  Independently brace all in line equipment over 20 pounds attached to unbraced duct. 

5. Appurtenances such as dampers, louvers and diffusers shall be positively attached to the ductwork 
with mechanical fasteners. 

6. Duct supports shall be designed to resist not less than 150% of the weight of the duct. 

D. Fire suppression equipment and piping  
1. See requirements for suspended piping. 
2. See requirements for floor-mounted and wall-mounted equipment. 
3. Satisfy requirements of NFPA 13 and the force and displacement requirements of ASCE 7. All 

components shall be UL listed. 
4. Provide end of line restraint as required by NFPA 13. 

 

END OF SECTION 23 05 48 
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SECTION 23-05-93 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 
 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes: 
1. Balancing Air Systems: 

a. Constant-volume air systems. 
b. Variable-air-volume systems. 

2. Balancing Hydronic Piping Systems: 
a. Constant-flow hydronic systems. 
b. Variable-flow hydronic systems. 
c. Primary-secondary hydronic systems. 

1.03 DEFINITIONS 

A. AABC:  Associated Air Balance Council. 

B. NEBB:  National Environmental Balancing Bureau. 

C. TAB:  Testing, adjusting, and balancing. 

D. TABB:  Testing, Adjusting, and Balancing Bureau. 

E. TAB Specialist:  An entity engaged to perform TAB Work. 

1.04 SUBMITTALS 

A. LEED Submittal: 
1. Air-Balance Report for LEED Prerequisite EQ 1:  Documentation of work performed for 

ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing." 

B. Qualification Data:  Within 45 days of Contractor's Notice to Proceed, submit documentation that the TAB 
contractor and this Project's TAB team members meet the qualifications specified in "Quality Assurance" 
Article. 

C. Contract Documents Examination Report:  Within 45 days of Contractor's Notice to Proceed, submit the 
Contract Documents review report as specified in Part 3. 

D. Certified TAB reports. 

E. Sample report forms. 

F. Instrument calibration reports, to include the following: 
1. Instrument type and make. 
2. Serial number. 
3. Application. 
4. Dates of use. 
5. Dates of calibration. 

1.05 QUALITY ASSURANCE 

A. TAB Contractor Qualifications:  Engage a TAB entity certified by AABC or NEBB. 
1. TAB Field Supervisor:  Employee of the TAB contractor and certified by AABC or NEBB. 
2. TAB Technician:  Employee of the TAB contractor and who is certified by AABC or NEBB as a TAB 

technician. 
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B. TAB Conference:  Meet with Construction Manager and Commissioning Authority on approval of the TAB 
strategies and procedures plan to develop a mutual understanding of the details.  Require the 
participation of the TAB field supervisor and technicians.  Provide seven days' advance notice of 
scheduled meeting time and location. 
1. Agenda Items: 

a. The Contract Documents examination report. 
b. The TAB plan. 
c. Coordination and cooperation of trades and subcontractors. 
d. Coordination of documentation and communication flow. 

C. Certify TAB field data reports and perform the following: 
1. Review field data reports to validate accuracy of data and to prepare certified TAB reports. 
2. Certify that the TAB team complied with the approved TAB plan and the procedures specified and 

referenced in this Specification. 

D. TAB Report Forms:  Use standard TAB contractor's forms approved by Construction Manager and 
Commissioning Authority. 

E. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in ASHRAE 111, Section 5, 
"Instrumentation." 

1.06 PROJECT CONDITIONS 

A. Full Owner Occupancy:  Owner will occupy the site and existing building during entire TAB period.  
Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations. 

B. Partial Owner Occupancy:  Owner may occupy completed areas of building before Substantial 
Completion.  Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations. 

1.07 COORDINATION 

A. Notice:  Provide seven days' advance notice for each test.  Include scheduled test dates and times. 

B. Perform TAB after leakage and pressure tests on air and water distribution systems have been 
satisfactorily completed. 
 

PART 2 - PRODUCTS (Not Applicable) 
 
 

PART 3 - EXECUTION 

3.01 TAB SPECIALISTS 

A. Subject to compliance with requirements, engage one of the following: 
1. Palmetto 
2. TAB Services 
3. Medley and Assoc. 

3.02 EXAMINATION 

A. Examine the Contract Documents to become familiar with Project requirements and to discover conditions 
in systems' designs that may preclude proper TAB of systems and equipment. 

B. Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer wells, 
flow-control devices, balancing valves and fittings, and manual volume dampers.  Verify that locations of 
these balancing devices are accessible. 

C. Examine the approved submittals for HVAC systems and equipment. 

D. Examine design data including HVAC system descriptions, statements of design assumptions for 
environmental conditions and systems' output, and statements of philosophies and assumptions about 
HVAC system and equipment controls. 
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E. Examine ceiling plenums used for supply, return, or relief air to verify that they meet the leakage class of 
connected ducts as specified in Division 23 Section "Metal Ducts and /or Nonmetal Ducts" and are 
properly separated from adjacent areas.  Verify that penetrations in plenum walls are sealed and fire-
stopped if required. 

F. Examine equipment performance data including fan and pump curves. 
1. Relate performance data to Project conditions and requirements, including system effects that can 

create undesired or unpredicted conditions that cause reduced capacities in all or part of a system. 
2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when installed 

under conditions different from the conditions used to rate equipment performance.  To calculate 
system effects for air systems, use tables and charts found in AMCA 201, "Fans and Systems," or 
in SMACNA's "HVAC Systems - Duct Design."  Compare results with the design data and installed 
conditions. 

G. Examine system and equipment installations and verify that field quality-control testing, cleaning, and 
adjusting specified in individual Sections have been performed. 

H. Examine test reports specified in individual system and equipment Sections. 

I. Examine HVAC equipment and filters and verify that bearings are greased, belts are aligned and tight, 
and equipment with functioning controls is ready for operation. 

J. Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible and their 
controls are connected and functioning. 

K. Examine strainers.  Verify that startup screens are replaced by permanent screens with indicated 
perforations. 

L. Examine three-way valves for proper installation for their intended function of diverting or mixing fluid 
flows. 

M. Examine heat-transfer coils for correct piping connections and for clean and straight fins. 

N. Examine system pumps to ensure absence of entrained air in the suction piping. 

O. Examine operating safety interlocks and controls on HVAC equipment. 

P. Report deficiencies discovered before and during performance of TAB procedures.  Observe and record 
system reactions to changes in conditions.  Record default set points if different from indicated values. 

3.03 PREPARATION 

A. Prepare a TAB plan that includes strategies and step-by-step procedures. 

B. Complete system-readiness checks and prepare reports.  Verify the following: 
1. Permanent electrical-power wiring is complete. 
2. Hydronic systems are filled, clean, and free of air. 
3. Automatic temperature-control systems are operational. 
4. Equipment and duct access doors are securely closed. 
5. Balance, smoke, and fire dampers are open. 
6. Isolating and balancing valves are open and control valves are operational. 
7. Ceilings are installed in critical areas where air-pattern adjustments are required and access to 

balancing devices is provided. 
8. Windows and doors can be closed so indicated conditions for system operations can be met. 

3.04 GENERAL PROCEDURES FOR TESTING AND BALANCING 

A. Perform testing and balancing procedures on each system according to the procedures contained in 
NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" and in 
this Section. 
1. Comply with requirements in ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing." 

B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent 
necessary for TAB procedures. 
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1. After testing and balancing, patch probe holes in ducts with same material and thickness as used 
to construct ducts. 

2. After testing and balancing, install test ports and duct access doors that comply with requirements 
in Division 23 Section "Air Duct Accessories." 

3. Install and join new insulation that matches removed materials.  Restore insulation, coverings, 
vapor barrier, and finish according to Division 23 Section "HVAC Insulation." 

C. Mark equipment and balancing devices, including damper-control positions, valve position indicators, fan-
speed-control levers, and similar controls and devices, with paint or other suitable, permanent 
identification material to show final settings. 

D. Take and report testing and balancing measurements in inch-pound (IP) units. 

3.05 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and recommended 
testing procedures.  Crosscheck the summation of required outlet volumes with required fan volumes. 

B. For variable-air-volume systems, develop a plan to simulate diversity. 

C. Determine the best locations in main and branch ducts for accurate duct-airflow measurements. 

D. Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air dampers 
through the supply-fan discharge and mixing dampers. 

E. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

F. Verify that motor starters are equipped with properly sized thermal protection. 

G. Check dampers for proper position to achieve desired airflow path. 

H. Check for airflow blockages. 

I. Check condensate drains for proper connections and functioning. 

J. Check for proper sealing of air-handling-unit components. 

K. Verify that air duct system is sealed as specified in Division 23 Section "Metal Ducts." 

3.06 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS 

A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by fan 
manufacturer. 
1. Measure total airflow. 

a. Where sufficient space in ducts is unavailable for Pitot-tube traverse measurements, 
measure airflow at terminal outlets and inlets and calculate the total airflow. Document all 
cases of this exception on reports. 

2. Measure fan static pressures as follows to determine actual static pressure: 
a. Measure outlet static pressure as far downstream from the fan as practical and upstream 

from restrictions in ducts such as elbows and transitions. 
b. Measure static pressure directly at the fan outlet or through the flexible connection. 
c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as possible, 

upstream from the flexible connection, and downstream from duct restrictions. 
d. Measure inlet static pressure of double-inlet fans through the wall of the plenum that houses 

the fan. 
3. Measure static pressure across each component that makes up an air-handling unit, rooftop unit, 

and other air-handling and -treating equipment. 
a. Report the cleanliness status of filters and the time static pressures are measured. 

4. Measure static pressures entering and leaving other devices, such as sound traps, heat-recovery 
equipment, and air washers, under final balanced conditions. 

5. Review Record Documents to determine variations in design static pressures versus actual static 
pressures.  Calculate actual system-effect factors.  Recommend adjustments to accommodate 
actual conditions. 

6. Comply with requirements in Division 23 Sections for air-handling units for adjustment of fans, 
belts, and pulley sizes to achieve indicated air-handling-unit performance. 
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7. Do not make fan-speed adjustments that result in motor overload.  Consult equipment 
manufacturers about fan-speed safety factors.  Modulate dampers and measure fan-motor 
amperage to ensure that no overload will occur.  Measure amperage in full-cooling, full-heating, 
economizer, and any other operating mode to determine the maximum required brake horsepower. 

B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated airflows within 
specified tolerances. 
1. Measure airflow of submain and branch ducts. 

a. Where sufficient space in submain and branch ducts is unavailable for Pitot-tube traverse 
measurements, measure airflow at terminal outlets and inlets and calculate the total airflow 
for that zone. 

2. Measure static pressure at a point downstream from the balancing damper, and adjust volume 
dampers until the proper static pressure is achieved. 

3. Remeasure each submain and branch duct after all have been adjusted.  Continue to adjust 
submain and branch ducts to indicated airflows within specified tolerances. 

C. Measure air outlets and inlets without making adjustments. 
1. Measure terminal outlets using a direct-reading hood or outlet manufacturer's written instructions 

and calculating factors. 

D. Adjust air outlets and inlets for each space to indicated airflows within specified tolerances of indicated 
values.  Make adjustments using branch volume dampers rather than extractors and the dampers at air 
terminals. 
1. Adjust each outlet in same room or space to within specified tolerances of indicated quantities 

without generating noise levels above the limitations prescribed by the Contract Documents. 
2. Adjust patterns of adjustable outlets for proper distribution without drafts. 

3.07 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS 

A. Compensating for Diversity:  When the total airflow of all terminal units is more than the indicated airflow 
of the fan, place a selected number of terminal units at a minimum set-point airflow with the remainder at 
maximum-airflow condition until the total airflow of the terminal units equals the indicated airflow of the 
fan.  Select the reduced-airflow terminal units so they are distributed evenly among the branch ducts. 

B. Pressure-Independent, Variable-Air-Volume Systems:  After the fan systems have been adjusted, adjust 
the variable-air-volume systems as follows: 
1. Set outdoor-air dampers at minimum, and set return- and exhaust-air dampers at a position that 

simulates full-cooling load. 
2. Select the terminal unit that is most critical to the supply-fan airflow and static pressure.  Measure 

static pressure.  Adjust system static pressure so the entering static pressure for the critical 
terminal unit is not less than the sum of the terminal-unit manufacturer's recommended minimum 
inlet static pressure plus the static pressure needed to overcome terminal-unit discharge system 
losses. 

3. Measure total system airflow.  Adjust to within indicated airflow. 
4. Set terminal units at maximum airflow and adjust controller or regulator to deliver the designed 

maximum airflow.  Use terminal-unit manufacturer's written instructions to make this adjustment.  
When total airflow is correct, balance the air outlets downstream from terminal units the same as 
described for constant-volume air systems. 

5. Set terminal units at minimum airflow and adjust controller or regulator to deliver the designed 
minimum airflow.  Check air outlets for a proportional reduction in airflow the same as described for 
constant-volume air systems. 
a. If air outlets are out of balance at minimum airflow, report the condition but leave outlets 

balanced for maximum airflow. 
6. Remeasure the return airflow to the fan while operating at maximum return airflow and minimum 

outdoor airflow. 
a. Adjust the fan and balance the return-air ducts and inlets the same as described for 

constant-volume air systems. 
7. Measure static pressure at the most critical terminal unit and adjust the static-pressure controller at 

the main supply-air sensing station to ensure that adequate static pressure is maintained at the 
most critical unit. 
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8. Record final fan-performance data. 

C. Pressure-Dependent, Variable-Air-Volume Systems without Diversity:  After the fan systems have been 
adjusted, adjust the variable-air-volume systems as follows: 
1. Balance variable-air-volume systems the same as described for constant-volume air systems. 
2. Set terminal units and supply fan at full-airflow condition. 
3. Adjust inlet dampers of each terminal unit to indicated airflow and verify operation of the static-

pressure controller.  When total airflow is correct, balance the air outlets downstream from terminal 
units the same as described for constant-volume air systems. 

4. Readjust fan airflow for final maximum readings. 
5. Measure operating static pressure at the sensor that controls the supply fan if one is installed, and 

verify operation of the static-pressure controller. 
6. Set supply fan at minimum airflow if minimum airflow is indicated.  Measure static pressure to verify 

that it is being maintained by the controller. 
7. Set terminal units at minimum airflow and adjust controller or regulator to deliver the designed 

minimum airflow.  Check air outlets for a proportional reduction in airflow the same as described for 
constant-volume air systems. 
a. If air outlets are out of balance at minimum airflow, report the condition but leave the outlets 

balanced for maximum airflow. 
8. Measure the return airflow to the fan while operating at maximum return airflow and minimum 

outdoor airflow. 
a. Adjust the fan and balance the return-air ducts and inlets the same as described for 

constant-volume air systems. 

D. Pressure-Dependent, Variable-Air-Volume Systems with Diversity:  After the fan systems have been 
adjusted, adjust the variable-air-volume systems as follows: 
1. Set system at maximum indicated airflow by setting the required number of terminal units at 

minimum airflow.  Select the reduced-airflow terminal units so they are distributed evenly among 
the branch ducts. 

2. Adjust supply fan to maximum indicated airflow with the variable-airflow controller set at maximum 
airflow. 

3. Set terminal units at full-airflow condition. 
4. Adjust terminal units starting at the supply-fan end of the system and continuing progressively to 

the end of the system.  Adjust inlet dampers of each terminal unit to indicated airflow.  When total 
airflow is correct, balance the air outlets downstream from terminal units the same as described for 
constant-volume air systems. 

5. Adjust terminal units for minimum airflow. 
6. Measure static pressure at the sensor. 
7. Measure the return airflow to the fan while operating at maximum return airflow and minimum 

outdoor airflow.  Adjust the fan and balance the return-air ducts and inlets the same as described 
for constant-volume air systems. 

3.08 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports with pertinent design data, and number in sequence starting at pump to end of 
system.  Check the sum of branch-circuit flows against the approved pump flow rate.  Correct variations 
that exceed plus or minus 5 percent. 

B. Prepare schematic diagrams of systems' "as-built" piping layouts. 

C. Prepare hydronic systems for testing and balancing according to the following, in addition to the general 
preparation procedures specified above: 
1. Open all manual valves for maximum flow. 
2. Check liquid level in expansion tank. 
3. Check makeup water-station pressure gage for adequate pressure for highest vent. 
4. Check flow-control valves for specified sequence of operation, and set at indicated flow. 
5. Set differential-pressure control valves at the specified differential pressure.  Do not set at fully 

closed position when pump is positive-displacement type unless several terminal valves are kept 
open. 

6. Set system controls so automatic valves are wide open to heat exchangers. 
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7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing device so motor 
nameplate rating is not exceeded. 

8. Check air vents for a forceful liquid flow exiting from vents when manually operated. 

3.09 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS 

A. Measure water flow at pumps.  Use the following procedures except for positive-displacement pumps: 
1. Verify impeller size by operating the pump with the discharge valve closed.  Read pressure 

differential across the pump.  Convert pressure to head and correct for differences in gage heights.  
Note the point on manufacturer's pump curve at zero flow and verify that the pump has the 
intended impeller size. 
a. If impeller sizes must be adjusted to achieve pump performance, obtain approval from 

Construction Manager and comply with requirements in Division 23 Section "Hydronic 
Pumps." 

2. Check system resistance.  With all valves open, read pressure differential across the pump and 
mark pump manufacturer's head-capacity curve.  Adjust pump discharge valve until indicated water 
flow is achieved. 
a. Monitor motor performance during procedures and do not operate motors in overload 

conditions. 
3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower for the system 

based on pump manufacturer's performance data.  Compare calculated brake horsepower with 
nameplate data on the pump motor.  Report conditions where actual amperage exceeds motor 
nameplate amperage. 

4. Report flow rates that are not within plus or minus 10 percent of design. 

B. Measure flow at all automatic flow control valves to verify that valves are functioning as designed. 

C. Measure flow at all pressure-independent characterized control valves, with valves in fully open position, 
to verify that valves are functioning as designed. 

D. Set calibrated balancing valves, if installed, at calculated presettings. 

E. Measure flow at all stations and adjust, where necessary, to obtain first balance. 
1. System components that have Cv rating or an accurately cataloged flow-pressure-drop relationship 

may be used as a flow-indicating device. 

F. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 percent 
greater than indicated flow. 

G. Adjust balancing stations to within specified tolerances of indicated flow rate as follows: 
1. Determine the balancing station with the highest percentage over indicated flow. 
2. Adjust each station in turn, beginning with the station with the highest percentage over indicated 

flow and proceeding to the station with the lowest percentage over indicated flow. 
3. Record settings and mark balancing devices. 

H. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump heads, 
and systems' pressures and temperatures including outdoor-air temperature. 

I. Measure the differential-pressure-control-valve settings existing at the conclusion of balancing. 

J. Check settings and operation of each safety valve.  Record settings. 

3.010 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS 

A. Balance systems with automatic two- and three-way control valves by setting systems at maximum flow 
through heat-exchange terminals and proceed as specified above for hydronic systems. 

3.011 PROCEDURES FOR PRIMARY-SECONDARY HYDRONIC SYSTEMS 

A. Balance the primary circuit flow first and then balance the secondary circuits. 

3.012 PROCEDURES FOR HEAT EXCHANGERS 

A. Measure water flow through all circuits. 

B. Adjust water flow to within specified tolerances. 
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C. Measure inlet and outlet water temperatures. 

D. Measure inlet steam pressure. 

E. Check settings and operation of safety and relief valves.  Record settings. 

3.013 PROCEDURES FOR MOTORS 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data: 
1. Manufacturer's name, model number, and serial number. 
2. Motor horsepower rating. 
3. Motor rpm. 
4. Efficiency rating. 
5. Nameplate and measured voltage, each phase. 
6. Nameplate and measured amperage, each phase. 
7. Starter thermal-protection-element rating. 

B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying from 
minimum to maximum.  Test the manual bypass of the controller to prove proper operation.  Record 
observations including name of controller manufacturer, model number, serial number, and nameplate 
data. 

3.014 PROCEDURES FOR CHILLERS 

A. Balance water flow through each evaporator and condenser to within specified tolerances of indicated 
flow with all pumps operating.  With only one chiller operating in a multiple chiller installation, do not 
exceed the flow for the maximum tube velocity recommended by the chiller manufacturer.  Measure and 
record the following data with each chiller operating at design conditions: 
1. Evaporator-water entering and leaving temperatures, pressure drop, and water flow. 
2. For water-cooled chillers, condenser-water entering and leaving temperatures, pressure drop, and 

water flow. 
3. Evaporator and condenser refrigerant temperatures and pressures, using instruments furnished by 

chiller manufacturer. 
4. Power factor if factory-installed instrumentation is furnished for measuring kilowatts. 
5. Kilowatt input if factory-installed instrumentation is furnished for measuring kilowatts. 
6. Capacity:  Calculate in tons of cooling. 
7. For air-cooled chillers, verify condenser-fan rotation and record fan and motor data including 

number of fans and entering- and leaving-air temperatures. 

3.015 PROCEDURES FOR COOLING TOWERS 

A. Shut off makeup water for the duration of the test, and verify that makeup and blowdown systems are fully 
operational after tests and before leaving the equipment.  Perform the following tests and record the 
results: 
1. Measure condenser-water flow to each cell of the cooling tower. 
2. Measure entering- and leaving-water temperatures. 
3. Measure wet- and dry-bulb temperatures of entering air. 
4. Measure wet- and dry-bulb temperatures of leaving air. 
5. Measure condenser-water flow rate recirculating through the cooling tower. 
6. Measure cooling-tower spray pump discharge pressure. 
7. Adjust water level and feed rate of makeup water system. 
8. Measure flow through bypass. 

3.016 PROCEDURES FOR CONDENSING UNITS 

A. Verify proper rotation of fans. 

B. Measure entering- and leaving-air temperatures. 

C. Record compressor data. 

3.017 PROCEDURES FOR BOILERS 

A. Hydronic Boilers:  Measure and record entering- and leaving-water temperatures and water flow. 
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B. Steam Boilers:  Measure and record entering-water temperature and flow and leaving-steam pressure, 
temperature, and flow. 

3.018 PROCEDURES FOR HEAT-TRANSFER COILS 

A. Measure, adjust, and record the following data for each water coil: 
1. Entering- and leaving-water temperature. 
2. Water flow rate. 
3. Water pressure drop. 
4. Dry-bulb temperature of entering and leaving air. 
5. Wet-bulb temperature of entering and leaving air for cooling coils. 
6. Airflow. 
7. Air pressure drop. 

B. Measure, adjust, and record the following data for each electric heating coil: 
1. Nameplate data. 
2. Airflow. 
3. Entering- and leaving-air temperature at full load. 
4. Voltage and amperage input of each phase at full load and at each incremental stage. 
5. Calculated kilowatt at full load. 
6. Fuse or circuit-breaker rating for overload protection. 

C. Measure, adjust, and record the following data for each steam coil: 
1. Dry-bulb temperature of entering and leaving air. 
2. Airflow. 
3. Air pressure drop. 
4. Inlet steam pressure. 

D. Measure, adjust, and record the following data for each refrigerant coil: 
1. Dry-bulb temperature of entering and leaving air. 
2. Wet-bulb temperature of entering and leaving air. 
3. Airflow. 
4. Air pressure drop. 
5. Refrigerant suction pressure and temperature. 

3.019 TOLERANCES 

A. Set HVAC system's air flow rates and water flow rates within the following tolerances: 
1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus or minus 10 percent. 
2. Air Outlets and Inlets:  Plus or minus 10 percent. 
3. Heating-Water Flow Rate:  Plus or minus 10 percent. 
4. Cooling-Water Flow Rate:  Plus or minus 10 percent. 

3.020 REPORTING 

A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as specified in 
"Examination" Article, prepare a report on the adequacy of design for systems' balancing devices.  
Recommend changes and additions to systems' balancing devices to facilitate proper performance 
measuring and balancing.  Recommend changes and additions to HVAC systems and general 
construction to allow access for performance measuring and balancing devices. 

3.021 FINAL REPORT 

A. General:  Prepare a certified written report; tabulate and divide the report into separate sections for tested 
systems and balanced systems. 
1. Include a certification sheet at the front of the report's binder, signed and sealed by the certified 

testing and balancing engineer. 
2. Include a list of instruments used for procedures, along with proof of calibration. 

B. Final Report Contents:  In addition to certified field-report data, include the following: 
1. Pump curves. 
2. Fan curves. 
3. Manufacturers' test data. 
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4. Field test reports prepared by system and equipment installers. 
5. Other information relative to equipment performance; do not include Shop Drawings and product 

data. 

C. General Report Data:  In addition to form titles and entries, include the following data: 
1. Title page. 
2. Name and address of the TAB contractor. 
3. Project name. 
4. Project location. 
5. Architect's name and address. 
6. Engineer's name and address. 
7. Contractor's name and address. 
8. Report date. 
9. Signature of TAB supervisor who certifies the report. 
10. Table of Contents with the total number of pages defined for each section of the report.  Number 

each page in the report. 
11. Summary of contents including the following: 

a. Indicated versus final performance. 
b. Notable characteristics of systems. 
c. Description of system operation sequence if it varies from the Contract Documents. 

12. Nomenclature sheets for each item of equipment. 
13. Data for terminal units, including manufacturer's name, type, size, and fittings. 
14. Notes to explain why certain final data in the body of reports vary from indicated values. 
15. Test conditions for fans and pump performance forms including the following: 

a. Settings for outdoor-, return-, and exhaust-air dampers. 
b. Conditions of filters. 
c. Cooling coil, wet- and dry-bulb conditions. 
d. Fan drive settings including settings and percentage of maximum pitch diameter. 
e. Inlet vane settings for variable-air-volume systems. 
f. Settings for supply-air, static-pressure controller. 
g. Other system operating conditions that affect performance. 

D. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present each 
system with single-line diagram and include the following: 
1. Quantities of outdoor, supply, return, and exhaust airflows. 
2. Water and steam flow rates. 
3. Duct, outlet, and inlet sizes. 
4. Pipe and valve sizes and locations. 
5. Terminal units. 
6. Balancing stations. 
7. Position of balancing devices. 

E. Air-Handling-Unit Test Reports:  For air-handling units with coils, include the following: 
1. Unit Data: 

a. Unit identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Unit arrangement and class. 
g. Discharge arrangement. 
h. Sheave make, size in inches (mm), and bore. 
i. Center-to-center dimensions of sheave, and amount of adjustments in inches (mm). 
j. Number, make, and size of belts. 
k. Number, type, and size of filters. 

2. Motor Data: 
a. Motor make, and frame type and size. 
b. Horsepower and rpm. 
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c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches (mm), and bore. 
f. Center-to-center dimensions of sheave, and amount of adjustments in inches (mm). 

3. Test Data (Indicated and Actual Values): 
a. Total air flow rate in cfm (L/s). 
b. Total system static pressure in inches wg (Pa). 
c. Fan rpm. 
d. Discharge static pressure in inches wg (Pa). 
e. Filter static-pressure differential in inches wg (Pa). 
f. Preheat-coil static-pressure differential in inches wg (Pa). 
g. Cooling-coil static-pressure differential in inches wg (Pa). 
h. Outdoor airflow in cfm (L/s). 
i. Return airflow in cfm (L/s). 
j. Outdoor-air damper position. 
k. Return-air damper position. 

F. Apparatus-Coil Test Reports: 

1. Coil Data: 
a. System identification. 
b. Location. 
c. Coil type. 
d. Number of rows. 
e. Fin spacing in fins per inch (mm) o.c. 
f. Make and model number. 
g. Face area in sq. ft. (sq. m). 
h. Tube size in NPS (DN). 
i. Tube and fin materials. 
j. Circuiting arrangement. 

2. Test Data (Indicated and Actual Values): 
a. Air flow rate in cfm (L/s). 
b. Average face velocity in fpm (m/s). 
c. Air pressure drop in inches wg (Pa). 
d. Outdoor-air, wet- and dry-bulb temperatures in deg F (deg C). 
e. Return-air, wet- and dry-bulb temperatures in deg F (deg C). 
f. Entering-air, wet- and dry-bulb temperatures in deg F (deg C). 
g. Leaving-air, wet- and dry-bulb temperatures in deg F (deg C). 
h. Water flow rate in gpm (L/s). 
i. Water pressure differential in feet of head or psig (kPa). 
j. Entering-water temperature in deg F (deg C). 
k. Leaving-water temperature in deg F (deg C). 
l. Refrigerant expansion valve and refrigerant types. 
m. Refrigerant suction pressure in psig (kPa). 
n. Refrigerant suction temperature in deg F (deg C). 
o. Inlet steam pressure in psig (kPa). 

G. Gas Heat Apparatus Test Reports:  In addition to manufacturer's factory startup equipment reports, 
include the following: 

1. Unit Data: 
a. System identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Fuel type in input data. 
g. Output capacity in Btu/h (kW). 
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h. Ignition type. 
i. Burner-control types. 
j. Motor horsepower and rpm. 
k. Motor volts, phase, and hertz. 
l. Motor full-load amperage and service factor. 
m. Sheave make, size in inches (mm), and bore. 
n. Center-to-center dimensions of sheave, and amount of adjustments in inches (mm). 

2. Test Data (Indicated and Actual Values): 
a. Total air flow rate in cfm (L/s). 
b. Entering-air temperature in deg F (deg C). 
c. Leaving-air temperature in deg F (deg C). 
d. Air temperature differential in deg F (deg C). 
e. Entering-air static pressure in inches wg (Pa). 
f. Leaving-air static pressure in inches wg (Pa). 
g. Air static-pressure differential in inches wg (Pa). 
h. Low-fire fuel input in Btu/h (kW). 
i. High-fire fuel input in Btu/h (kW). 
j. Manifold pressure in psig (kPa). 
k. High-temperature-limit setting in deg F (deg C). 
l. Operating set point in Btu/h (kW). 
m. Motor voltage at each connection. 
n. Motor amperage for each phase. 
o. Heating value of fuel in Btu/h (kW). 

H. Fan Test Reports:  For supply, return, and exhaust fans, include the following: 

1. Fan Data: 
a. System identification. 
b. Location. 
c. Make and type. 
d. Model number and size. 
e. Manufacturer's serial number. 
f. Arrangement and class. 
g. Sheave make, size in inches (mm), and bore. 
h. Center-to-center dimensions of sheave, and amount of adjustments in inches (mm). 

2. Motor Data: 
a. Motor make, and frame type and size. 
b. Horsepower and rpm. 
c. Volts, phase, and hertz. 
d. Full-load amperage and service factor. 
e. Sheave make, size in inches (mm), and bore. 
f. Center-to-center dimensions of sheave, and amount of adjustments in inches (mm). 
g. Number, make, and size of belts. 

3. Test Data (Indicated and Actual Values): 
a. Total airflow rate in cfm (L/s). 
b. Total system static pressure in inches wg (Pa). 
c. Fan rpm. 
d. Discharge static pressure in inches wg (Pa). 
e. Suction static pressure in inches wg (Pa). 

I. Round and Rectangular Duct Traverse Reports:  Include a diagram with a grid representing the duct 
cross-section and record the following: 

1. Report Data: 
a. System and air-handling-unit number. 
b. Location and zone. 
c. Traverse air temperature in deg F (deg C). 
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d. Duct static pressure in inches wg (Pa). 
e. Duct size in inches (mm). 
f. Duct area in sq. ft. (sq. m). 
g. Indicated air flow rate in cfm (L/s). 
h. Indicated velocity in fpm (m/s). 
i. Actual air flow rate in cfm (L/s). 
j. Actual average velocity in fpm (m/s). 
k. Barometric pressure in psig (Pa). 

J. Air-Terminal-Device Reports: 

1. Unit Data: 
a. System and air-handling unit identification. 
b. Location and zone. 
c. Apparatus used for test. 
d. Area served. 
e. Make. 
f. Number from system diagram. 
g. Type and model number. 
h. Size. 
i. Effective area in sq. ft. (sq. m). 

2. Test Data (Indicated and Actual Values): 
a. Air flow rate in cfm (L/s). 
b. Air velocity in fpm (m/s). 
c. Preliminary air flow rate as needed in cfm (L/s). 
d. Preliminary velocity as needed in fpm (m/s). 
e. Final air flow rate in cfm (L/s). 
f. Final velocity in fpm (m/s). 
g. Space temperature in deg F (deg C). 

K. Pump Test Reports:  Calculate impeller size by plotting the shutoff head on pump curves and include the 
following: 

1. Unit Data: 
a. Unit identification. 
b. Location. 
c. Service. 
d. Make and size. 
e. Model number and serial number. 
f. Water flow rate in gpm (L/s). 
g. Water pressure differential in feet of head or psig (kPa). 
h. Required net positive suction head in feet of head or psig (kPa). 
i. Pump rpm. 
j. Impeller diameter in inches (mm). 
k. Motor make and frame size. 
l. Motor horsepower and rpm. 
m. Voltage at each connection. 
n. Amperage for each phase. 
o. Full-load amperage and service factor. 
p. Seal type. 

2. Test Data (Indicated and Actual Values): 
a. Static head in feet of head or psig (kPa). 
b. Pump shutoff pressure in feet of head or psig (kPa). 
c. Actual impeller size in inches (mm). 
d. Full-open flow rate in gpm (L/s). 
e. Full-open pressure in feet of head or psig (kPa). 
f. Final discharge pressure in feet of head or psig (kPa). 
g. Final suction pressure in feet of head or psig (kPa). 
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h. Final total pressure in feet of head or psig (kPa). 
i. Final water flow rate in gpm (L/s). 
j. Voltage at each connection. 
k. Amperage for each phase. 

L. Instrument Calibration Reports: 
1. Report Data: 

a. Instrument type and make. 
b. Serial number. 
c. Application. 
d. Dates of use. 
e. Dates of calibration. 

3.022 INSPECTIONS 

A. Initial Inspection: 
1. After testing and balancing are complete, operate each system and randomly check measurements 

to verify that the system is operating according to the final test and balance readings documented 
in the final report. 

2. Check the following for each system: 
a. Measure airflow of at least 25 percent of air outlets. 
b. Measure water flow of at least 25 percent of terminals. 
c. Measure room temperature at each thermostat/temperature sensor.  Compare the reading to 

the set point. 
d. Verify that balancing devices are marked with final balance position. 
e. Note deviations from the Contract Documents in the final report. 

B. Final Inspection: 
1. After initial inspection is complete and documentation by random checks verifies that testing and 

balancing are complete and accurately documented in the final report, request that a final 
inspection be made by Construction Manager and Commissioning Authority. 

2. The TAB contractor's test and balance engineer shall conduct the inspection in the presence of 
Construction Manager and Commissioning Authority. 

3. Construction Manager and Commissioning Authority shall randomly select measurements, 
documented in the final report, to be rechecked.  Rechecking shall be limited to either 10 percent of 
the total measurements recorded or the extent of measurements that can be accomplished in a 
normal 8-hour business day. 

4. If rechecks yield measurements that differ from the measurements documented in the final report 
by more than the tolerances allowed, the measurements shall be noted as "FAILED." 

5. If the number of "FAILED" measurements is greater than 10 percent of the total measurements 
checked during the final inspection, the testing and balancing shall be considered incomplete and 
shall be rejected. 

C. TAB Work will be considered defective if it does not pass final inspections.  If TAB Work fails, proceed as 
follows: 
1. Recheck all measurements and make adjustments.  Revise the final report and balancing device 

settings to include all changes; resubmit the final report and request a second final inspection. 
2. If the second final inspection also fails, Owner may contract the services of another TAB contractor 

to complete TAB Work according to the Contract Documents and deduct the cost of the services 
from the original TAB contractor's final payment. 

D. Prepare test and inspection reports. 

3.023 ADDITIONAL TESTS 

A. Seasonal Periods:  If initial TAB procedures were not performed during near-peak summer and winter 
conditions, perform additional TAB during near-peak summer and winter conditions. 
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SECTION 23-07-13 

DUCT INSULATION 
 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section includes insulating the following duct services: 
1. Indoor, concealed supply and outdoor air. 
2. Indoor, exposed supply and outdoor air. 
3. Indoor, concealed return located in unconditioned space. 
4. Indoor, exposed return located in unconditioned space. 
5. Indoor, concealed exhaust between isolation damper and penetration of building exterior. 
6. Indoor, exposed exhaust between isolation damper and penetration of building exterior. 

B. Related Sections: 
1. Division 23 Section "HVAC Piping Insulation." 
2. Division 23 Section "Metal Ducts" for duct liners. 

1.03 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor permeance 
thickness, and jackets (both factory- and field-applied if any). 

B. LEED Submittals: 
1. Product Data for Credit EQ 4.1:  For adhesives and sealants, documentation including printed 

statement of VOC content and chemical components. 
2. Laboratory Test Reports for Credit EQ 4:  For adhesives and sealants, documentation indicating 

that product complies with the testing and product requirements of the California Department of 
Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various 
Sources Using Small-Scale Environmental Chambers," including 2004 Addenda. 

C. Qualification Data:  For qualified Installer. 

D. Material Test Reports:  From a qualified testing agency acceptable to authorities having jurisdiction 
indicating, interpreting, and certifying test results for compliance of insulation materials, sealers, 
attachments, cements, and jackets, with requirements indicated.  Include dates of tests and test methods 
employed. 

E. Field quality-control reports. 

1.04 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship program 
or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and 
Training. 

B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing identical 
products according to ASTM E 84, by a testing agency acceptable to authorities having jurisdiction.  
Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material 
containers, with appropriate markings of applicable testing agency. 
1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed index of 50 

or less. 
2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-developed index of 

150 or less. 
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1.05 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate ASTM 
standard designation, type and grade, and maximum use temperature. 

1.06 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Division 23 
Section "Hangers and Supports for HVAC Piping and Equipment." 

B. Coordinate clearance requirements with duct Installer for duct insulation application.  Before preparing 
ductwork Shop Drawings, establish and maintain clearance requirements for installation of insulation and 
field-applied jackets and finishes and for space required for maintenance. 

C. Coordinate installation and testing of heat tracing. 

1.07 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where required, after installing and 
testing heat tracing.  Insulation application may begin on segments that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in each area of 
construction. 
 

PART 2 - PRODUCTS 

2.01 INSULATION MATERIALS 

A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and Plenum Insulation 
Schedule," and "Aboveground, Outdoor Duct and Plenum Insulation Schedule" articles for where 
insulating materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 
ppm when tested according to ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to 
ASTM C 795. 

E. Mineral-Fiber Blanket Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with 
ASTM C 553, Type I or II, Type III with factory-applied FSK jacket.  Factory-applied jacket requirements 
are specified in "Factory-Applied Jackets" Article. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. CertainTeed Corp.; SoftTouch Duct Wrap. 
b. Johns Manville; Microlite. 
c. Knauf Insulation; Friendly Feel Duct Wrap. 
d. Manson Insulation Inc.; Alley Wrap. 
e. Owens Corning; SOFTR All-Service Duct Wrap. 

F. Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with 
ASTM C 612, Type IA or Type IB.  For duct and plenum applications, provide insulation with factory-
applied ASJ or with factory-applied FSK jacket.  Factory-applied jacket requirements are specified in 
"Factory-Applied Jackets" Article. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. CertainTeed Corp.; Commercial Board. 
b. Fibrex Insulations Inc.; FBX. 
c. Johns Manville; 800 Series Spin-Glas. 
d. Knauf Insulation; Insulation Board. 
e. Manson Insulation Inc.; AK Board. 
f. Owens Corning; Fiberglas 700 Series. 

G. Mineral-Fiber, Tank Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  Semirigid 
board material with factory-applied FSK jacket complying with ASTM C 1393, Type II or Type IIIA 
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Category 2, or with properties similar to ASTM C 612, Type IB.  Nominal density is 2.5 lb/cu. ft. (40 
kg/cu. m) or more.  Thermal conductivity (k-value) at 100 deg F (55 deg C) is 0.29 Btu x in./h x sq. ft. x 
deg F (0.042 W/m x K) or less.  Factory-applied jacket requirements are specified in "Factory-Applied 
Jackets" Article. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. CertainTeed Corp.; CrimpWrap. 
b. Johns Manville; MicroFlex. 
c. Knauf Insulation; Pipe and Tank Insulation. 
d. Manson Insulation Inc.; AK Flex. 
e. Owens Corning; Fiberglas Pipe and Tank Insulation. 

2.02 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation 
to itself and to surfaces to be insulated unless otherwise indicated. 

B. FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap 
seams and joints. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 
CP-82. 

b. Eagle Bridges - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-

50. 
d. Mon-Eco Industries, Inc.; 22-25. 

2. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when calculated 
according to 40 CFR 59, Subpart D (EPA Method 24). 

3. Use adhesive that complies with the testing and product requirements of the California Department 
of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various 
Sources Using Small-Scale Environmental Chambers," including 2004 Addenda. 

2.03 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-
19565C, Type II. 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 

B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below ambient services. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-
80/30-90. 

b. Vimasco Corporation; 749. 
2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm (0.009 metric perm) at 43-

mil (1.09-mm) dry film thickness. 
3. Service Temperature Range:  Minus 20 to plus 180 deg F (Minus 29 to plus 82 deg C). 
4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight. 
5. Color:  White. 

C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below ambient services. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 
CP-30. 

b. Eagle Bridges - Marathon Industries; 501. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-

35. 
d. Mon-Eco Industries, Inc.; 55-10. 

2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm (0.03 metric perm) at 35-mil (0.9-mm) dry film 
thickness. 

3. Service Temperature Range:  0 to 180 deg F (Minus 18 to plus 82 deg C). 
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4. Solids Content:  ASTM D 1644, 44 percent by volume and 62 percent by weight. 
5. Color:  White. 

D. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below ambient services. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 
Encacel. 

b. Eagle Bridges - Marathon Industries; 570. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 60-

95/60-96. 
2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm (0.033 metric perm) at 30-mil (0.8-mm) dry 

film thickness. 
3. Service Temperature Range:  Minus 50 to plus 220 deg F (Minus 46 to plus 104 deg C). 
4. Solids Content:  ASTM D 1644, 33 percent by volume and 46 percent by weight. 
5. Color:  White. 

2.04 LAGGING ADHESIVES 

A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with insulation 
materials, jackets, and substrates. 
1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
2. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 
CP-50 AHV2. 

b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-
36. 

c. Vimasco Corporation; 713 and 714. 
3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-resistant 

lagging cloths over duct insulation. 
4. Service Temperature Range:  0 to plus 180 deg F (Minus 18 to plus 82 deg C). 
5. Color:  White. 

2.05 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 
CP-76. 

b. Eagle Bridges - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 95-

44. 
d. Mon-Eco Industries, Inc.; 44-05. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F (Minus 40 to plus 121 deg C). 
5. Color:  Aluminum. 
6. For indoor applications, use sealants that have a VOC content of 420 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
7. Use sealants that comply with the testing and product requirements of the California Department of 

Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various 
Sources Using Small-Scale Environmental Chambers," including 2004 Addenda. 

2.06 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications.  When factory-
applied jackets are indicated, comply with the following: 
1. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; complying with 

ASTM C 1136, Type II. 
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2. FSP Jacket:  Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing; complying with 
ASTM C 1136, Type II. 

2.07 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated. 

B. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, Class 16354-C; 
thickness as scheduled; roll stock ready for shop or field cutting and forming.  Thickness is indicated in 
field-applied jacket schedules. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Johns Manville; Zeston. 
b. P.I.C. Plastics, Inc.; FG Series. 
c. Proto Corporation; LoSmoke. 
d. Speedline Corporation; SmokeSafe. 

2. Adhesive:  As recommended by jacket material manufacturer. 
3. Color:  white 

C. Metal Jacket: 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 
Metal Jacketing Systems. 

b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing. 
c. RPR Products, Inc.; Insul-Mate. 

2. Aluminum Jacket:  Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005, 
Temper H-14. 
a. Sheet and roll stock ready for shop or field sizing. 
b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier for Indoor Applications:  [1-mil- (0.025-mm-) thick, heat-bonded 

polyethylene and kraft paper] [3-mil- (0.075-mm-) thick, heat-bonded polyethylene and kraft 
paper] [2.5-mil- (0.063-mm-) thick polysurlyn]. 

d. Moisture Barrier for Outdoor Applications:  [3-mil- (0.075-mm-) thick, heat-bonded 
polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn]. 

2.08 TAPES 

A. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 
complying with ASTM C 1136. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. ABI, Ideal Tape Division; 491 AWF FSK. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827. 
c. Compac Corporation; 110 and 111. 
d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ. 

2. Width:  3 inches (75 mm). 
3. Thickness:  6.5 mils (0.16 mm). 
4. Adhesion:  90 ounces force/inch (1.0 N/mm) in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch (7.2 N/mm) in width. 
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 

B. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; suitable 
for indoor and outdoor applications. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. ABI, Ideal Tape Division; 370 White PVC tape. 
b. Compac Corporation; 130. 
c. Venture Tape; 1506 CW NS. 

2. Width:  2 inches (50 mm). 
3. Thickness:  6 mils (0.15 mm). 
4. Adhesion:  64 ounces force/inch (0.7 N/mm) in width. 
5. Elongation:  500 percent. 
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6. Tensile Strength:  18 lbf/inch (3.3 N/mm) in width. 

C. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive. 
1. Products:  Subject to compliance with requirements, provide one of the following: 

a. ABI, Ideal Tape Division; 488 AWF. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800. 
c. Compac Corporation; 120. 
d. Venture Tape; 3520 CW. 

2. Width:  2 inches (50 mm). 
3. Thickness:  3.7 mils (0.093 mm). 
4. Adhesion:  100 ounces force/inch (1.1 N/mm) in width. 
5. Elongation:  5 percent. 
6. Tensile Strength:  34 lbf/inch (6.2 N/mm) in width. 

2.09 SECUREMENTS 

A. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) wide, stainless steel or Monel. 

2.010 CORNER ANGLES 

A. PVC Corner Angles:  30 mils (0.8 mm) thick, minimum 1 by 1 inch (25 by 25 mm), PVC according to 
ASTM D 1784, Class 16354-C.  White or color-coded to match adjacent surface. 

B. Aluminum Corner Angles:  0.040 inch (1.0 mm) thick, minimum 1 by 1 inch (25 by 25 mm), aluminum 
according to ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005; Temper H-14. 
 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation tolerances and other 
conditions affecting performance of insulation application. 
1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely 
affect insulation application. 

3.03 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of 
voids throughout the length of ducts and fittings. 

B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for each item of 
duct system as specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service.  Install accessories 
that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Keep insulation materials dry during application and finishing. 

G. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive 
recommended by insulation material manufacturer. 

H. Install insulation with least number of joints practical. 

I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, 
anchors, and other projections with vapor-barrier mastic. 
1. Install insulation continuously through hangers and around anchor attachments. 
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2. For insulation application where vapor barriers are indicated, extend insulation on anchor legs from 
point of attachment to supported item to point of attachment to structure.  Taper and seal ends at 
attachment to structure with vapor-barrier mastic. 

3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to insulation 
inserts with adhesive or sealing compound recommended by insulation material manufacturer. 

J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry 
film thicknesses. 

K. Install insulation with factory-applied jackets as follows: 
1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same material as insulation jacket.  

Secure strips with adhesive and outward clinching staples along both edges of strip, spaced 4 
inches (100 mm) o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm).  Clean and dry surface to receive 
self-sealing lap.  Staple laps with outward clinching staples along edge at [2 inches (50 mm) o.c. 

a. For below ambient services, apply vapor-barrier mastic over staples. 
4. Cover joints and seams with tape, according to insulation material manufacturer's written 

instructions, to maintain vapor seal. 
5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at ends 

adjacent to duct flanges and fittings. 

L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness. 

M. Finish installation with systems at operating conditions.  Repair joint separations and cracking due to 
thermal movement. 

N. Repair damaged insulation facings by applying same facing material over damaged areas.  Extend 
patches at least 4 inches (100 mm) beyond damaged areas.  Adhere, staple, and seal patches similar to 
butt joints. 

3.04 PENETRATIONS 

A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation above roof surface and seal 

with joint sealant.  For applications requiring indoor and outdoor insulation, install insulation for 
outdoor applications tightly joined to indoor insulation ends.  Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches (50 mm) below top of roof 
flashing. 

4. Seal jacket to roof flashing with flashing sealant. 

B. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation continuously through 
wall penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation inside wall surface and seal 

with joint sealant.  For applications requiring indoor and outdoor insulation, install insulation for 
outdoor applications tightly joined to indoor insulation ends.  Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at least 2 inches 
(50 mm). 

4. Seal jacket to wall flashing with flashing sealant. 

C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  Install 
insulation continuously through walls and partitions. 

D. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Terminate insulation at fire damper 
sleeves for fire-rated wall and partition penetrations.  Externally insulate damper sleeves to match 
adjacent insulation and overlap duct insulation at least 2 inches (50 mm). 
1. Comply with requirements in Division 07 Section "Penetration Firestopping"firestopping and fire-

resistive joint sealers. 

E. Insulation Installation at Floor Penetrations: 
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1. Duct:  For penetrations through fire-rated assemblies, terminate insulation at fire damper sleeves 
and externally insulate damper sleeve beyond floor to match adjacent duct insulation.  Overlap 
damper sleeve and duct insulation at least 2 inches (50 mm). 

2. Seal penetrations through fire-rated assemblies.  Comply with requirements in Division 07 Section 
"Penetration Firestopping." 

3.05 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Blanket Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins. 
1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, for 100 

percent coverage of duct and plenum surfaces. 
2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transitions. 
3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-

discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows: 
a. On duct sides with dimensions 18 inches (450 mm) and smaller, place pins along 

longitudinal centerline of duct.  Space 3 inches (75 mm) maximum from insulation end joints, 
and 16 inches (400 mm) o.c. 

b. On duct sides with dimensions larger than 18 inches (450 mm), place pins 16 inches (400 
mm) o.c. each way, and 3 inches (75 mm) maximum from insulation joints.  Install additional 
pins to hold insulation tightly against surface at cross bracing. 

c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums. 
d. Do not overcompress insulation during installation. 
e. Impale insulation over pins and attach speed washers. 
f. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation 

surface.  Cover exposed pins and washers with tape matching insulation facing. 
4. For ducts and plenums with surface temperatures below ambient, install a continuous unbroken 

vapor barrier.  Create a facing lap for longitudinal seams and end joints with insulation by removing 
2 inches (50 mm) from one edge and one end of insulation segment.  Secure laps to adjacent 
insulation section with 1/2-inch (13-mm) outward-clinching staples, 1 inch (25 mm) o.c.  Install 
vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-barrier mastic, and 
sealant at joints, seams, and protrusions. 
a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-barrier seal. 
b. Install vapor stops for ductwork and plenums operating below 50 deg F (10 deg C) at 18-foot 

(5.5-m) intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped 
pattern over insulation face, along butt end of insulation, and over the surface.  Cover 
insulation face and surface to be insulated a width equal to two times the insulation 
thickness, but not less than 3 inches (75 mm). 

5. Overlap unfaced blankets a minimum of 2 inches (50 mm) on longitudinal seams and end joints.  At 
end joints, secure with steel bands spaced a maximum of 18 inches (450 mm) o.c. 

6. Install insulation on rectangular duct elbows and transitions with a full insulation section for each 
surface.  Install insulation on round and flat-oval duct elbows with individually mitered gores cut to 
fit the elbow. 

7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 6-inch- 
(150-mm-) wide strips of same material used to insulate duct.  Secure on alternating sides of 
stiffener, hanger, and flange with pins spaced 6 inches (150 mm) o.c. 

B. Board Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins. 
1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, for 100 

percent coverage of duct and plenum surfaces. 
2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transitions. 
3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-

discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows: 
a. On duct sides with dimensions 18 inches (450 mm) and smaller, place pins along 

longitudinal centerline of duct.  Space 3 inches (75 mm) maximum from insulation end joints, 
and 16 inches (400 mm) o.c. 

b. On duct sides with dimensions larger than 18 inches (450 mm), space pins 16 inches (400 
mm) o.c. each way, and 3 inches (75 mm) maximum from insulation joints.  Install additional 
pins to hold insulation tightly against surface at cross bracing. 

c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums. 
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d. Do not overcompress insulation during installation. 
e. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation 

surface.  Cover exposed pins and washers with tape matching insulation facing. 
4. For ducts and plenums with surface temperatures below ambient, install a continuous unbroken 

vapor barrier.  Create a facing lap for longitudinal seams and end joints with insulation by removing 
2 inches (50 mm) from one edge and one end of insulation segment.  Secure laps to adjacent 
insulation section with 1/2-inch (13-mm) outward-clinching staples, 1 inch (25 mm) o.c.  Install 
vapor barrier consisting of factory- or field-applied jacket, adhesive, vapor-barrier mastic, and 
sealant at joints, seams, and protrusions. 
a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-barrier seal. 
b. Install vapor stops for ductwork and plenums operating below 50 deg F (10 deg C) at 18-foot 

(5.5-m) intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped 
pattern over insulation face, along butt end of insulation, and over the surface.  Cover 
insulation face and surface to be insulated a width equal to two times the insulation 
thickness, but not less than 3 inches (75 mm). 

5. Install insulation on rectangular duct elbows and transitions with a full insulation section for each 
surface.  Groove and score insulation to fit as closely as possible to outside and inside radius of 
elbows.  Install insulation on round and flat-oval duct elbows with individually mitered gores cut to 
fit the elbow. 

6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 6-inch- 
(150-mm-) wide strips of same material used to insulate duct.  Secure on alternating sides of 
stiffener, hanger, and flange with pins spaced 6 inches (150 mm) o.c. 

3.06 FIELD-APPLIED JACKET INSTALLATION 

A. Where PVC jackets are indicated, install with 1-inch (25-mm) overlap at longitudinal seams and end 
joints; for horizontal applications, install with longitudinal seams along top and bottom of tanks and 
vessels.  Seal with manufacturer's recommended adhesive. 
1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the finish 

bead along seam and joint edge. 

B. Where metal jackets are indicated, install with 2-inch (50-mm) overlap at longitudinal seams and end 
joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof sealant 
recommended by insulation manufacturer.  Secure jacket with stainless-steel bands 12 inches (300 mm) 
o.c. and at end joints. 

3.07 DUCT INSULATION SCHEDULE, GENERAL 

A. Plenums and Ducts Requiring Insulation: 
1. Indoor, concealed supply and outdoor air. 
2. Indoor, concealed return located in unconditioned space. 
3. Indoor, exposed return located in unconditioned space. 
4. Indoor, concealed exhaust between isolation damper and penetration of building exterior. 
5. Indoor, exposed exhaust between isolation damper and penetration of building exterior. 

B. Items Not Insulated: 
1. Fibrous-glass ducts. 
2. Metal ducts with duct liner of sufficient thickness to comply with energy code and 

ASHRAE/IESNA 90.1. 
3. Factory-insulated flexible ducts. 
4. Factory-insulated plenums and casings. 
5. Flexible connectors. 
6. Vibration-control devices. 
7. Factory-insulated access panels and doors. 

3.08 INDOOR DUCT AND PLENUM INSULATION SCHEDULE 

A. Concealed, round supply-air duct insulation shall be the following: 
1. Mineral-Fiber Blanket:  2 inches (50 mm) thick and “Out of package R value” of 6.0 or greater. 

B. Concealed, round exhaust-air duct insulation shall be the following: 



 
NCDOT Lumberton                                                      230713 – 10       DUCT INSULATION 
Equipment Shop  
SCO#16-12916-01A  
 

1. Mineral-Fiber Blanket:  2 inches (50 mm) thick and “Out of package R value” of 6.0 or greater. 

C. Concealed, rectangular, supply-air duct insulation shall be the following: 
1. Mineral-Fiber Blanket:  2 inches (50 mm) thick and “Out of package R value” of 6.0 or greater. 

D. Concealed, outdoor-air plenum insulation shall be one of the following: 
1. Mineral-Fiber Blanket:  3 inches (50 mm) thick and “Out of package R value” of 9.0 or greater. 
2. Mineral-Fiber Board:  3 inches (50 mm) thick and “Out of package R value” of 9.0 or greater. 

E. Concealed, relief, exhaust-air plenum insulation shall be the following: 
1. Mineral-Fiber Blanket:  2 inches (50 mm) thick and “Out of package R value” of 6.0 or greater. 
2. Mineral-Fiber Board: 2 inches (50 mm) thick and “Out of package R value” of 6.0 or greater. 

F. Exposed, round supply-air duct insulation shall be one of the following: 
1. Mineral-Fiber Blanket:  2 inches (50 mm) thick and “Out of package R value” of 6.0 or greater. 
2. Mineral-Fiber Board:  2 inches (50 mm) thick and “Out of package R value” of 6.0 or greater. 

G. Exposed, rectangular, supply-air duct insulation shall be one of the following: 
1. Mineral-Fiber Blanket:  2 inches (50 mm) thick and “Out of package R value” of 6.0 or greater. 
2. Mineral-Fiber Board:  2 inches (50 mm) thick and “Out of package R value” of 6.0 or greater. 

H. Exposed, rectangular, outdoor-air duct insulation shall be one of the following: 
1. Mineral-Fiber Blanket:  3 inches (50 mm) thick and “Out of package R value” of 9.0 or greater. 
2. Mineral-Fiber Board:  3 inches (50 mm) thick and “Out of package R value” of 9.0 or greater. 

3.09 ABOVEGROUND, OUTDOOR DUCT AND PLENUM INSULATION SCHEDULE 

A. Insulation materials and thicknesses are identified below.  If more than one material is listed for a duct 
system, selection from materials listed is Contractor's option. 

B. Concealed, rectangular, outdoor-air duct insulation shall be the following: 
1. Mineral-Fiber Blanket:  3 inches (50 mm) thick and “Out of package R value” of 9.0 or greater. 
2. Mineral-Fiber Board:  3 inches (50 mm) thick and “Out of package R value” of 9.0 or greater. 

3.010 INDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-applied 
jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is Contractor's option. 

C. Ducts and Plenums, Concealed: 
1. None. 

D. Ducts, Exposed, 6 feet or higher, above finished floor: 
1. None. 

E. Ducts, Exposed, below 6 feet above finished floor: 
1. PVC:  30 mils (0.8 mm) thick. 
2. Aluminum, Corrugated:  0.020 inch (0.51 mm) thick. 

3.011 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-applied 
jacket over the factory-applied jacket. 

B. If more than one material is listed, selection from materials listed is Contractor's option. 

C. Ducts and Plenums, Concealed: 
1. None. 

 

 

 

END OF SECTION 23 07 13 
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SECTION 23-09-00 

INSTRUMENTATION AND CONTROL FOR HVAC 

 

PART 1 – GENERAL 

1.01 RELATED DOCUMENTS 

A. All work of this Division shall be coordinated and provided by the single Building Automation System 
(BAS) Contractor. 

B. The work of this Division shall be scheduled, coordinated, and interfaced with the associated work of 
other trades.   

C. The work of this Division shall be as required by these Specifications. 

D. If the BAS Contractor believes there are conflicts or missing information in the project documents, the 
Contractor shall promptly request clarification and instruction from the design team. 

1.02 DEFINITIONS 

A. Analog:  A continuously variable system or value not having discrete levels.  Typically exists within a 
defined range of limiting values. 

B. Binary:  A two-state system where an “ON” condition is represented by one discrete signal level and an 
“OFF” condition is represented by a second discrete signal level. 

C. Building Automation System (BAS):  The total integrated system of fully operational and functional 
elements, including equipment, software, programming, and associated materials, shall be provided by 
this Division BAS Contractor and to be interfaced to the associated work of other related trades. 

D. BAS Contractor:  The single Contractor to provide the work of this Division.  This Contractor shall be the 
primary manufacturer, installer, commissioner and ongoing service provider for the BAS work. 

E. Control Sequence:  A BAS pre-programmed arrangement of software algorithms, logical computation, 
target values and limits as required to attain the defined operational control objectives. 

F. Direct Digital Control:  The digital algorithms and pre-defined arrangements included in the BAS software 
to provide direct closed-loop control for the designated equipment and controlled variables.  Inclusive of 
Proportional, Derivative and Integral control algorithms together with target values, limits, logical 
functions, arithmetic functions, constant values, timing considerations and the like. 

G. BAS Network:  The total digital on-line real-time interconnected configuration of BAS digital processing 
units, workstations, panels, sub-panels, controllers, devices and associated elements individually known 
as network nodes.  May exist as one or more fully interfaced and integrated sub-networks, LAN, WAN or 
the like. 

H. Node: A digitally programmable entity existing on the BAS network. 

I. BAS Integration:  The complete functional and operational interconnection and interfacing of all BAS work 
elements and nodes in compliance with all applicable codes, standards and ordinances so as to provide 
a single coherent BAS as required by this Division. 

J. Green Building: A building certified under the provisions of the United States Green Building Council’s 
Leadership in Energy and Environmental Design program.  Appropriate levels are Certified, Silver, Gold, 
and Platinum. 

K. Provide: The term “Provide” and its derivatives when used in this Division shall mean to furnish, install in 
place, connect, calibrate, test, commission, warrant, document and supply the associated required 
services ready for operation. 

L. PC: Personal Computer from a recognized major manufacturer, performance as specified. 

M. Furnish: The term “Furnish” and its derivatives when used in this Division shall mean supply at the BAS 
Contractor’s cost to the designated third party trade contractor for installation. BAS Contractor shall 
connect furnished items to the BAS, calibrate, test, commission, warrant and document. 

N. Wiring: The term “Wiring” and its derivatives when used in this Division shall mean provide the BAS wiring 
and terminations. 
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O. Install: The term “Install” and its derivatives when used in this Division shall mean receive at the jobsite 
and mount. 

P. Protocol:  The term “protocol” and its derivatives when used in this Division shall mean a defined set of 
rules and standards governing the on-line exchange of data between BAS network nodes. 

Q. Software: The term “software” and its derivatives when used in this Division shall mean all of programmed 
digital processor software, preprogrammed firmware and project specific digital process programming 
and database entries and definitions as generally understood in the BAS industry for real-time, on-line, 
integrated BAS configurations. 

R. The use of words in the singular in these Division documents shall not be considered as limiting when 
other indications in these documents denote that more than one such item is being referenced. 

S. Headings, paragraph numbers, titles, shading, bolding, underscores, clouds and other symbolic 
interpretation aids included in the Division documents are for general information only and are to assist in 
the reading and interpretation of these Documents.   

T. The following abbreviations and acronyms may be used in describing the work of this Division: 

ADC - Analog to Digital Converter 

AI - Analog Input 

AN - Application Node 

ANSI - American National Standards Institute 

AO - Analog Output 

ASCII - American Standard Code for Information Interchange 

ASHRAE American Society of Heating, Refrigeration and Air Conditioning 
Engineers 

AWG - American Wire Gauge  

CPU - Central Processing Unit 

CRT - Cathode Ray Tube 

DAC - Digital to Analog Converter 

DDC - Direct Digital Control 

DI - Digital Input 

DO - Digital Output 

EEPROM - Electronically Erasable Programmable Read Only Memory 

EMI - Electromagnetic Interference 

FAS - Fire Alarm Detection and Annunciation  System 

GUI - Graphical User Interface 

HOA - Hand-Off-Auto  

ID - Identification 

IEEE - Institute of Electrical and Electronics Engineers 

I/O - Input/Output 

LAN - Local Area Network 

LCD - Liquid Crystal Display 

LED - Light Emitting Diode 

LEED     - Leadership in Energy and Environmental Design 
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MCC - Motor Control Center 

NC - Normally Closed  

NIC - Not In Contract 

NO - Normally Open 

OWS -  Operator Workstation  

OAT - Outdoor Air Temperature 

PC - Personal Computer 

RAM - Random Access Memory 

RF - Radio Frequency 

RFI - Radio Frequency Interference 

RH - Relative Humidity 

ROM - Read Only Memory 

RTD - Resistance Temperature Device 

SPDT - Single Pole Double Throw 

SPST - Single Pole Single Throw 

XVGA - Extended Video Graphics Adapter 

TBA - To Be Advised 

TCP/IP - Transmission Control Protocol/Internet Protocol 

TTD - Thermistor Temperature Device 

USGBC    - United States Green Building Council 

UPS - Uninterruptible Power Supply 

VAC - Volts, Alternating Current 

VAV - Variable Air Volume 

VDC - Volts, Direct Current 

WAN - Wide Area Network 

1.03 BAS DESCRIPTION 

A. The Building Automation System (BAS) shall be a complete system designed for use with the enterprise 
IT systems.  This functionality shall extend into the equipment rooms.  Devices residing on the 
automation network located in equipment rooms and similar shall be fully IT compatible devices that 
mount and communicate directly on the IT infrastructure in the facility.  Contractor shall be responsible for 
coordination with the owner’s IT staff to ensure that the BAS will perform in the owner’s environment 
without disruption to any of the other activities taking place on that LAN. 

B. All points of user interface shall be on standard PCs that do not require the purchase of any special 
software from the BAS manufacturer for use as a building operations terminal. The primary point of 
interface on these PCs will be a standard Web Browser.  

C. Where necessary and as dictated elsewhere in these Specifications, Servers shall be used for the 
purpose of providing a location for extensive archiving of system configuration data, and historical data 
such as trend data and operator transactions. All data stored will be through the use of a standard data 
base platform: Microsoft SQL Server Express or Microsoft SQL Server as dictated elsewhere in this 
specification. 

D. The work of the single BAS Contractor shall be as defined individually and collectively in all Sections of 
this Division specification together with the associated Point Sheets and Drawings and the associated 
interfacing work as referenced in the related documents. 



 

 

 
NCDOT Lumberton                                                    230900 – 4       INSTRUMENTATION AND CONTROL 
Equipment Shop FOR HVAC 
SCO#16-12916-01A  

E. The BAS work shall consist of the provision of all labor, materials, tools, equipment, software, software 
licenses, software configurations and database entries, interfaces, wiring, tubing, installation, labeling, 
engineering, calibration, documentation, samples, submittals, testing, commissioning, training services, 
permits and licenses, transportation, shipping, handling, administration, supervision, management, 
insurance, temporary protection, cleaning, cutting and patching, warranties, services, and items, even 
though these may not be specifically mentioned in these Division documents which are required for the 
complete, fully functional and commissioned BAS.  

F. Provide a complete, neat and workmanlike installation.  Use only manufacturer employees who are 
skilled, experienced, trained, and familiar with the specific equipment, software, standards and 
configurations to be provided for this Project. 

G. Manage and coordinate the BAS work in a timely manner in consideration of the Project schedules.  
Coordinate with the associated work of other trades so as to not impede or delay the work of associated 
trades. 

H. The BAS as provided shall incorporate, at minimum, the following integrated features, functions and 
services: 

1. Operator information, alarm management and control functions. 

2. Enterprise-level information and control access. 

3. Information management including monitoring, transmission, archiving, retrieval, and reporting 
functions. 

4. Diagnostic monitoring and reporting of BAS function. 

5. Offsite monitoring and management access 

6. Monitoring and Reporting for LEED Green Building Certification 

7. Energy management 

8. Standard applications for terminal HVAC systems  

9. Indoor Air Quality monitoring and control  

1.04 QUALITY ASSURANCE 

A. General 

1. The Building Automation System Contractor shall be the primary manufacturer-owned branch office 
that is regularly engaged in the engineering, programming, installation and service of total integrated 
Building Automation Systems.  

2. The BAS Contractor shall be a recognized national manufacturer, installer and service provider of 
BAS.   

3. The BAS Contractor shall have a branch facility within a 100-mile radius of the job site supplying 
complete maintenance and support services on a 24 hour, 7-day-a-week basis.   

4. As evidence and assurance of the contractor’s ability to support the Owner's system with service and 
parts, the contractor must have been in the BAS business for at least the last ten (10) years and 
have successfully completed total projects of at least 10 times the value of this contract in each of 
the preceding five years. 

5. The Building Automation System architecture shall consist of the products of a manufacturer 
regularly engaged in the production of Building Automation Systems, and shall be the manufacturer’s 
latest standard of design at the time of bid. 

6. The BAS contractor will ensure all BACnet points are exposed. 

7. All software licenses shall be turned over to the owner. 

8. Any software program tools for field devices shall be provided to the owner. 

B. Workplace Safety And Hazardous Materials 

1. Provide a safety program in compliance with the Contract Documents. 

2. The BAS Contractor shall have a corporately certified comprehensive Safety Certification Manual 
and a designated Safety Supervisor for the Project. 

3. The Contractor and its employees and subtrades comply with federal, state and local safety 
regulations. 

4. The Contractor shall ensure that all subcontractors and employees have written safety programs in 
place that covers their scope of work, and that their employees receive the training required by the 
OSHA have jurisdiction for at least each topic listed in the Safety Certification Manual. 
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5. Hazards created by the Contractor or its subcontractors shall be eliminated before any further work 
proceeds. 

6. Hazards observed but not created by the Contractor or its subcontractors shall be reported to either 
the General Contractor or the Owner within the same day.  The Contractor shall be required to avoid 
the hazard area until the hazard has been eliminated. 

7. The Contractor shall sign and date a safety certification form prior to any work being performed, 
stating that the Contractors’ company is in full compliance with the Project safety requirements. 

8. The Contractor’s safety program shall include written policy and arrangements for the handling, 
storage and management of all hazardous materials to be used in the work in compliance with the 
requirements of the AHJ at the Project site. 

9. The Contractor’s employees and subcontractor’s staff shall have received training as applicable in 
the use of hazardous materials and shall govern their actions accordingly. 

C. Quality Management Program 

1. Designate a competent and experienced employee to provide BAS Project Management. The 
designated Project Manger shall be empowered to make technical, scheduling and related decisions 
on behalf of the BAS Contractor.  At minimum, the Project Manager shall: 

a. Manage the scheduling of the work to ensure that adequate materials, labor and other 
resources are available as needed. 

b. Manage the financial aspects of the BAS Contract. 
c. Coordinate as necessary with other trades. 
d. Be responsible for the work and actions of the BAS workforce on site. 

1.05 REFERENCES 

A. All work shall conform to the following Codes and Standards, as applicable: 

1. National Fire Protection Association (NFPA) Standards. 

2. National Electric Code (NEC) and applicable local Electric Code. 

3. Underwriters Laboratories (UL) listing and labels. 

4. UL 864 UUKL Smoke Control 

5. UL 268 Smoke Detectors. 

6. UL 916 Energy Management 

7. NFPA 70 - National Electrical Code. 

8. NFPA 90A - Standard For The Installation Of Air Conditioning And Ventilating Systems. 

9. NFPA 92A and 92B Smoke Purge/Control Equipment. 

10. Factory Mutual (FM). 

11. American National Standards Institute (ANSI). 

12. National Electric Manufacturer’s Association (NEMA). 

13. American Society of Mechanical Engineers (ASME). 

14. American Society of Heating, Refrigerating and Air Conditioning Engineers (ASHRAE): 
a. Standard 62.1-2007 Standard for Indoor Air Quality 
b. Standard 90.1-2007 Energy Standard for Buildings  

15. Air Movement and Control Association (AMCA). 

16. Institute of Electrical and Electronic Engineers (IEEE). 

17. US-Environmental Protection Agency Energy Star Equipment Certification 

18. American Standard Code for Information Interchange (ASCII) 

19. Electronics Industries Association (EIA). 

20. Occupational Safety and Health Administration (OSHA). 

21. American Society for Testing and Materials (ASTM). 

22. Federal Communications Commission (FCC) including Part 15, Radio Frequency Devices. 

23. Americans Disability Act (ADA) 

24. ANSI/EIA 909.1-A-1999 (LonWorks) 

25. ANSI/ASHRAE Standard 195-2004 (BACnet)  

B. In the case of conflicts or discrepancies, the more stringent regulation shall apply. 

C. All work shall meet the approval of the Authorities Having Jurisdiction at the project site. 

1.06 SUBMITTALS   
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A. Shop Drawings, Product Data, and Samples 

1. The BAS contractor shall submit a list of all shop drawings with submittals dates within 30 days of 
contract award. 

2. Submittals shall be in defined packages.  Each package shall be complete and shall only reference 
itself and previously submitted packages.   The packages shall be as approved by the Architect and 
Engineer for Contract compliance. 

3. Allow 15 working days for the review of each package by the Architect and Engineer in the 
scheduling of the total BAS work. 

4. Equipment and systems requiring approval of local authorities must comply with such regulations 
and be approved.  Filing shall be at the expense of the BAS Contractor where filing is necessary.  
Provide a copy of all related correspondence and permits to the Owner. 

5. Prepare an index of all submittals and shop drawings for the installation.  Index shall include a shop 
drawing identification number, Contract Documents reference and item description.   

6. The BAS Contractor shall correct any errors or omissions noted in the first review.   

7. At a minimum, submit the following:  
a. BAS network architecture diagrams including all nodes and interconnections. 
b. Systems schematics, sequences and flow diagrams. 
c. Points schedule for each point in the BAS, including: Point Type, Object Name, 

Expanded ID, Display Units, Controller type, and Address. 
d. Samples of Graphic Display screen types and associated menus. 
e. Detailed Bill of Material list for each system or application, identifying quantities, part 

numbers, descriptions, and optional features. 
f.         Control Damper Schedule including a separate line for each damper provided under 

this section and a column for each of the damper attributes, including: Code Number, 
Fail Position, Damper Type, Damper Operator, Duct Size, Damper Size, Mounting, 
and Actuator Type. 

g. Control Valve Schedules including a separate line for each valve provided under this 
section and a column for each of the valve attributes: Code Number, Configuration, 
Fail Position, Pipe Size, Valve Size, Body Configuration, Close off Pressure, Capacity, 
Valve CV, Design Pressure, and Actuator Type. 

h. Room Schedule including a separate line for each VAV box and/or terminal unit 
indicating location and address  

i.         All information required for USGBC LEED Green Buildings Certification pre-evaluation 
including applications and equipment impact on individual attainment of points.  
Where a specific device may assist in qualification for LEED points indicate and 
summarize contribution. 

j.         Details of all BAS interfaces and connections to the work of other trades. 
k. Product data sheets or marked catalog pages including part number, photo and 

description for all products including software. 

1.07 RECORD DOCUMENTATION 

A. Operation and Maintenance Manuals 

1. Six (6) copies of the Operation and Maintenance Manuals shall be provided to the Owner's 
Representative upon completion of the project.  The entire Operation and Maintenance Manual shall 
be furnished on Compact Disc media, and include the following for the BAS provided: 

a. Table of contents.  
b. As-built system record drawings.  Computer Aided Drawings (CAD) record drawings 

shall represent the as-built condition of the system and incorporate all information 
supplied with the approved submittal. 

c. Manufacturers product data sheets or catalog pages for all products including 
software. 

d. System Operator’s manuals including all information required to maintain LEED Green 
Building certification.  

e. Archive copy of all site-specific databases and sequences. 
f.         BAS network diagrams. 
g. Interfaces to all third-party products and work by other trades. 
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2. The Operation and Maintenance Manual CD shall be self-contained, and include all necessary 
software required to access the product data sheets.  A logically organized table of contents shall 
provide dynamic links to view and print all product data sheets.  Viewer software shall provide the 
ability to display, zoom, and search all documents.  

B. On-Line documentation:  After completion of all tests and adjustments the contractor shall provide a copy 
of all as-built information and product data to be installed on a customer designated computer workstation 
or server  

1.08 WARRANTY  

A. Standard Material and Labor Warranty: 

1. Provide a one-year labor and three-year material warranty on the BAS. 

2. If within twelve (12) months from the date of acceptance of product, upon written notice from the 
owner, it is found to be defective in operation, workmanship or materials, it shall be replaced, 
repaired or adjusted at the option of the BAS Contractor at the cost of the BAS Contractor. 

3. Maintain an adequate supply of materials within 100 miles of the Project site such that replacement 
of key parts and labor support, including programming. Warranty work shall be done during BAS 
Contractor’s normal business hours.  
 

PART 2 – PRODUCTS 

2.01  General Description 

A. The Building Automation System (BAS) shall use an open architecture and fully support a multi-vendor 
environment.  To accomplish this effectively, the BAS shall support open communication protocol 
standards and integrate a wide variety of third-party devices and applications.  The system shall be 
designed for use on the Internet, or intranets using off the shelf, industry standard technology compatible 
with other owner provided networks. 

B. The Building Automation System shall consist of the following: 
1. Standalone Network Automation Engine(s) 
2. Field Equipment Controller(s)  

3. Input/Output Module(s) 
4. Local Display Device(s) 
5. Portable Operator's Terminal(s) 

6. Distributed User Interface(s) 

7. Network processing, data storage and communications equipment  

8. Other components required for a complete and working BAS 

C. The system shall be modular in nature, and shall permit expansion of both capacity and functionality through 
the addition of sensors, actuators, controllers and operator devices, while re-using existing controls 
equipment. 

D. System architectural design shall eliminate dependence upon any single device for alarm reporting and 
control execution.   

1. The failure of any single component or network connection shall not interrupt the execution of control 
strategies at other operational devices. 

2. The System shall maintain all settings and overrides through a system reboot. 

E. System architectural design shall eliminate dependence upon any single device for alarm reporting and 
control execution.   

F. Acceptable Manufacturers 

1. Johnson Controls, Metasys (Johnson Controls Branch Office only)  

2. Automated Logic, Harris Sales 

3. Siemens Building Systems, Talon (Control Management) 

4. Trane 

5. Honeywell 
6. American Automatrix 
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2.02 BAS ARCHITECTURE  

A. Automation Network 

1. The automation network shall be based on a PC industry standard of Ethernet TCP/IP.  Where used, 
LAN controller cards shall be standard “off the shelf” products available through normal PC vendor 
channels.  

2. The BAS shall network multiple user interface clients, automation engines, system controllers and 
application-specific controllers. Provide application and data server(s) as required for systems 
operation. 

3. The automation network shall be capable of operating at a communication speed of 100 Mbps, with 
full peer-to-peer network communication.  

4. Network Automation Engines (NAE) shall reside on the automation network. 

5. The automation network will be compatible with other enterprise-wide networks. Where indicated, the 
automation network shall be connected to the enterprise network and share resources with it by way 
of standard networking devices and practices.   

B. Control Network 

1. Network Automation Engines (NAE) shall provide supervisory control over the control network and 
shall support the following (2) communication protocols: 

a. BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-135, Clause 9 

 The NAE shall be BACnet Testing Labs (BTL) certified and carry the BTL Label. 

 The NAE shall be tested and certified as a BACnet Building Controller (B-BC). 
b. LonWorks enabled devices using the Free Topology Transceiver (FTT-10a). 

2. Control networks shall provide either “Peer-to-Peer,” Master-Slave, or Supervised Token Passing 
communications, and shall operate at a minimum communication speed of 9600 baud. 

3. DDC Controllers shall reside on the control network. 

4. Control network communication protocol shall be BACnet Standard MS/TP Bus Protocol ASHRAE 
SSPC-135. 

5. A BACnet Protocol Implementation Conformance Statement (PICS) shall be provided for each 
controller device (master or slave) that will communicate on the BACnet MS/TP Bus.   

2.03 USER INTERFACE  

A. Dedicated Web Based User Interface 

1. Where indicated on plans the BAS Contractor shall provide and install a personal computer for 
command entry, information management, network alarm management, and database management 
functions. All real-time control functions, including scheduling, history collection and alarming, shall 
be resident in the BAS Network Automation Engines to facilitate greater fault tolerance and reliability. 

2. Dedicated User Interface Architecture – The architecture of the computer shall be implemented to 
conform to industry standards, so that it can accommodate applications provided by the BAS 
Contractor and by other third party applications suppliers, including but not limited to Microsoft Office 
Applications. Specifically it must be implemented to conform to the following interface standards. 

a. Microsoft Internet Explorer for user interface functions 
b. Microsoft Office Professional for creation, modification and maintenance of reports, 

sequences other necessary building management functions 
c. Microsoft Outlook or other e-mail program for supplemental alarm functionality and 

communication of system events, and reports 
d. Required network operating system for exchange of data and network functions such 

as printing of reports, trends and specific system summaries 

3. PC Hardware – The personal computer(s) shall be configured as follows: 
a. The computer shall be Energy Star qualified 
b. Memory – 1 GB Minimum 
c. CPU– Intel Core Duo 2.  2.93 Hz Clock Minimum Speed ,  
d. Hard Drive – 80 GB free hard drive space (40GB minimum) 
e. Hard drive backup system – CD/RW, DVD/RW or network backup software provided 

by IT department 
f.         CD ROM Drive – 32X performance 
g. Ports – (2) Serial and (1) parallel, (2) USB ports 
h. Keyboard – 101 Keyboard and 2 Button Mouse 
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i.         CRT configuration – 1-2 CRTs as follows: 

 Each Display – 17” Flat Panel Monitor 1280 x 1024 resolution minimum, unit shall 
be Energy Star qualified   

 16 bit or higher color resolution  

 Display card with multiple monitor support 
j.         LAN communications – Ethernet communications board; 3Comm or equal 

4. Operating System Software 
a. Windows 7 
b. Where user interface is not provided via browser, provide complete operator 

workstation software package, including any hardware or software keys. Include the 
original installation disks and licenses for all included software, device drivers, and 
peripherals. 

c. Provide software registration cards to the Owner for all included software. 

B. Distributed Web Based User Interface  

1. All features and functions of the dedicated user interface previously defined in this document shall be 
available on any computer connected directly or via a wide area or virtual private network 
(WAN/VPN) to the automation network and conforming to the following specifications. 

2. The software shall run on the Microsoft Internet Explorer (6.0 or higher) browser supporting the 
following functions: 

a. Configuration 

b. Commissioning 

c. Data Archiving 

d. Monitoring 

e. Commanding 

f.         System Diagnostics 

3. Minimum hardware requirements: 
a. 512 MB RAM  

b. 2.0 GHz Clock Speed Pentium 4 Microprocessor 

c. 100.0 GB Hard Drive. 

d. 1 Keyboard with 83 keys (minimum). 

e. SVGA 1024x768 resolution display with 64K colors and 16 bit color depth 

f.         Mouse or other pointing device 

C. User Interface Application Components 

1. Operator Interface 
a. An integrated browser based client application shall be used as the user operator 

interface program.  
b. The System shall employ an event-driven rather than a device polling methodology to 

dynamically capture and present new data to the user. 
c. All Inputs, Outputs, Setpoints, and all other parameters as defined within Part 3, 

shown on the design drawings, or required as part of the system software, shall be 
displayed for operator viewing and modification from the operator interface software. 

d. The user interface software shall provide help menus and instructions for each 
operation and/or application.   

e. The system shall support customization of the UI configuration and a home page 
display for each operator.   

f.         The system shall support user preferences in the following screen presentations: 

 Alarm 

 Trend  

 Display 

 Applications 
g. All controller software operating parameters shall be displayed for the operator to 

view/modify from the user interface. These include: setpoints, alarm limits, time 
delays, PID tuning constants, run-times, point statistics, schedules, and so forth. 

h. The Operator Interface shall incorporate comprehensive support for functions 
including, but not necessarily limited to, the following: 
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 User access for selective information retrieval and control command execution 

 Monitoring and reporting 

 Alarm, non-normal, and return to normal condition annunciation 

 Selective operator override and other control actions 

 Information archiving, manipulation, formatting, display and reporting 

 BAS internal performance supervision and diagnostics 

 On-line access to user HELP menus 

 On-line access to current BAS as-built records and documentation 

 Means for the controlled re-programming, re-configuration of BAS operation and 
for the manipulation of BAS database information in compliance with the 
prevailing codes, approvals and regulations for individual BAS applications   

i.         The system shall support a list of application programs configured by the users that 
are called up by the following means:   

 The Tools Menu  

 Hyperlinks within the graphics displays  

 Key sequences 
j.         The operation of the control system shall be independent of the user interface, which 

shall be used for operator communications only. Systems that rely on an operator 
workstation to provide supervisory control over controller execution of the sequences 
of operations or system communications shall not be acceptable. 

2. Navigation Trees 
a. The system will have the capability to display multiple navigation trees that will aid the 

operator in navigating throughout all systems and points connected.  At minimum 
provide a tree that identifies all systems on the networks. 

b. Provide the ability for the operator to add custom trees.  The operator will be able to 
define any logical grouping of systems or points and arrange them on the tree in any 
order.  It shall be possible to nest groups within other groups.  Provide at minimum 5 
levels of nesting. 

c. The navigation trees shall be “dockable” to other displays in the user interface such as 
graphics.  This means that the trees will appear as part of the display, but can be 
detached and then minimized to the Windows task bar or closed altogether.  A simple 
keystroke will reattach the navigation to the primary display of the user interface. 

3. Alarms 
a. Alarms shall be routed directly from Network Automation Engines to PCs and servers.  

It shall be possible for specific alarms from specific points to be routed to specific PCs 
and servers.  The alarm management portion of the user interface shall, at the 
minimum, provide the following functions: 

 Log date and time of alarm occurrence. 

 Generate a “Pop-Up” window, with audible alarm, informing a user that an alarm 
has been received. 

 Allow a user, with the appropriate security level, to acknowledge, temporarily 
silence, or discard an alarm. 

 Provide an audit trail on hard drive for alarms by recording user acknowledgment, 
deletion, or disabling of an alarm. The audit trail shall include the name of the 
user, the alarm, the action taken on the alarm, and a time/date stamp. 

 Provide the ability to direct alarms to an e-mail address or alphanumeric pager.  
This must be provided in addition to the pop up window described above.  
Systems that use e-mail and pagers as the exclusive means of annunciating 
alarms are not acceptable. 

 Any attribute of any object in the system may be designated to report an alarm.  
b. The BAS shall annunciate diagnostic alarms indicating system failures and non-

normal operating conditions. 
c. The BAS shall allow a minimum of 4 categories of alarm sounds customizable through 

user defined wav.files. 
d. The BAS shall annunciate application alarms at minimum, as required by Part 3. 

4. Reports and Summaries 
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a. Reports and Summaries shall be generated and directed to the user interface 
displays, with subsequent assignment to printers, or disk. As a minimum, the system 
shall provide the following reports: 

 All points in the BAS 

 All points in each BAS application 

 All points in a specific controller 

 All points in a user-defined group of points 

 All points currently in alarm 

 All points locked out  

 All BAS schedules 

 All user defined and adjustable variables, schedules, interlocks and the like. 
b. Summaries and Reports shall be accessible via standard UI functions and not 

dependent upon custom programming or user defined HTML pages. 
c. Selection of a single menu item, tool bar item, or tool bar button shall print any 

displayed report or summary on the system printer for use as a building management 
and diagnostics tool.  

d. The system shall allow for the creation of custom reports and queries via a standard 
web services XML interface and commercial off-the-shelf software such as Microsoft 
Access, Microsoft Excel, or Crystal Reports.  

e. Reports required for LEED Green Building Certification will be provided as part of this 
contract 

5. Schedules 
a. A graphical display for time-of-day scheduling and override scheduling of building 

operations shall be provided. At a minimum, the following functions shall be provided: 

 Weekly schedules 

 Exception Schedules 

 Monthly calendars 
b. Weekly schedules shall be provided for each group of equipment with a specific time 

use schedule.  
c. It shall be possible to define one or more exception schedules for each schedule 

including references to calendars 
d. Monthly calendars shall be provided that allow for simplified scheduling of holidays 

and special days for a minimum of five years in advance. Holidays and special days 
shall be user-selected with the pointing device or keyboard, and shall automatically 
reschedule equipment operation as previously defined on the exception schedules. 

e. Changes to schedules made from the User Interface shall directly modify the Network 
Automation Engine schedule database.  

f.         Schedules and Calendars shall comply with ASHRAE SP135/2006 BACnet Standard. 
g.  Schedules shall be optimized for energy efficiency in conjunction with LEED Green 

Building certification strategy. 
h. Selection of a single menu item or tool bar button shall print any displayed schedule 

on the system printer for use as a building management and diagnostics tool. 

6. Password 
a. Multiple-level password access protection shall be provided to allow the user/manager 

to user interface control, display, and database manipulation capabilities deemed 
appropriate for each user, based on an assigned password. 

b. Each user shall have the following: a user name (accept 24 characters minimum), a 
password (accept 12 characters minimum), and access levels. 

c. The system shall allow each user to change his or her password at will. 
d. When entering or editing passwords, the system shall not echo the actual characters 

for display on the monitor. 
e. A minimum of five levels of access shall be supported individually or in any 

combination as follows: 

 Level 1 = View Data 

 Level 2 = Command  

 Level 3 = Operator Overrides 
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 Level 4 = Database Modification 

 Level 5 = Database Configuration 

 Level 6 = All privileges, including Password Add/Modify 
f.          A minimum of 100 unique passwords shall be supported. 
g. Operators shall be able to perform only those commands available for their respective 

passwords. Display of menu selections shall be limited to only those items defined for 
the access level of the password used to log-on. 

h. Operators will be trained in LEED Green Building energy management and 
sustainability concepts prior to receiving access to Operator Override or Database 
Modification levels.  

i.         The system shall automatically generate a report of log-on/log-off and system activity 
for each user. Any action that results in a change in the operation or configuration of 
the control system shall be recorded, including: modification of point values, 
schedules or history collection parameters, and all changes to the alarm management 
system, including the acknowledgment and deletion of alarms. 

7. Screen Manager  
a. The User Interface shall be provided with screen management capabilities that allow 

the user to activate, close, and simultaneously manipulate a minimum of 4 active 
display windows plus a network or user defined navigation tree. 

8. Dynamic Color Graphics 
a. The graphics application program shall be supplied as an integral part of the User 

Interface. Browser or Workstation applications that rely only upon HTML pages shall 
not be acceptable. 

b. The graphics applications shall include a create/edit function and a runtime function. 
The system architecture shall support an unlimited number of graphics documents 
(graphic definition files) to be generated and executed. 
The graphics shall be able to display and provide animation based on real-time data 
that is acquired, derived, or entered.  

c. Graphics runtime functions – A maximum of 16 graphic applications shall be able to 
execute at any one time on a user interface or workstation with 4 visible to the user. 
Each graphic application shall be capable of the following functions: 

 All graphics shall be fully scalable  

 The graphics shall support a maintained aspect ratio. 

 Multiple fonts shall be supported. 

 Unique background shall be assignable on a per graphic basis.  

 The color of all animations and values on displays shall indicate if the status of the 
object attribute. 

d. Operation from graphics – It shall be possible to change values (setpoints) and states 
in system controlled equipment by using drop-down windows accessible via the 
pointing device  

e. Graphic editing tool – A graphic editing tool shall be provided that allows for the 
creation and editing of graphic files. The graphic editor shall be capable of 
performing/defining all animations, and defining all runtime binding. 

 The graphic editing tool shall in general provide for the creation and positioning of 
point objects by dragging from tool bars or drop-downs and positioning where 
required. 

 In addition, the graphic editing tool shall be able to add additional content to any 
graphic by importing backgrounds in the SVG, BMP or JPG file formats. 

f.         Aliasing – Many graphic displays representing part of a building and various building 
components are exact duplicates, with the exception that the various variables are 
bound to different field values. Consequently, it shall be possible to bind the value of a 
graphic display to aliases, as opposed to the physical field tags.  

9. Historical trending and data collection 
a. Each Automation Engine shall store trend and point history data for all analog and 

digital inputs and outputs, as follows: 
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 Any point, physical or calculated, may be designated for trending. Three methods 
of collection shall be allowed: 
Defined time interval 
Upon a change of value 

 Each Automation Engine shall have the capability to store multiple samples for 
each physical point and software variable based upon available memory, 
including an individual sample time/date stamp. Points may be assigned to 
multiple history trends with different collection parameters. 

 Trend data required for LEED Green Building certification will be configured in 
conjunction with applicable plans for energy reduction. 

b. Trend and change of value data shall be stored within the engine and uploaded to a 
dedicated trend database or exported in a selectable data format via a provided data 
export utility. Uploads to a dedicated database shall occur based upon one of the 
following: user-defined interval, manual command, or when the trend buffers are full. 
Exports shall be as requested by the user or on a time scheduled basis. 

10. Trend data viewing and analysis 
a. Provide a trend viewing utility that shall have access to all database points. 
b. It shall be possible to retrieve any historical database point for use in displays and 

reports by specifying the point name and associated trend name. 
c. The trend viewing utility shall have the capability to define trend study displays to 

include multiple trends 
d. Displays shall be able to be single or stacked graphs with on-line selectable display 

characteristics, such as ranging, color, and plot style. 
e. Display magnitude and units shall both be selectable by the operator at any time 

without reconfiguring the processing or collection of data. This is a zoom capability. 
f.         Display magnitude shall automatically be scaled to show full graphic resolution of the 

data being displayed.  
g. Trend studies shall be capable of calculating and displaying calculated variables 

including highest value, lowest value and time based accumulation.   
h. The Display shall support the user’s ability to change colors, sample sizes, and types 

of markers.  

11. Database Management 
a. Where a separate SQL database is utilized for information storage the System shall 

provide a Database Manager that separates the database monitoring and managing 
functions by supporting two separate windows.   

b. Database secure access shall be accomplished using standard SQL authentication 
including the ability to access data for use outside of the Building Automation 
application. 

c. The database managing function shall include summarized information on trend, 
alarm, event, and audit for the following database management actions: 

 Backup 

 Purge 

 Restore   
d. The Database Manager shall support four tabs: 

 Statistics – shall display Database Server information and Trend, Alarm (Event), 
and Audit information on the Metasys Databases. 

 Maintenance – shall provide an easy method of purging records from the Metasys 
Server trend, alarm (event), and audit databases by supporting separate 
screens for creating a backup prior to purging, selecting the database, and 
allowing for the retention of a selected number of day’s data. 

 Backup – Shall provide the means to create a database backup file and select a 
storage location. 

 Restore – shall provide a restricted means of restoring a database by requiring the 
user to log into an Expert Mode in order to view the Restore screen. 
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e. The Status Bar shall appear at the bottom of all Metasys Database Manager Tabs and 
shall provide information on the current database activity.  The following icons shall be 
provided: 

 Ready 

 Purging Record from a database 

 Action Failed 

 Refreshing Statistics 

 Restoring database 

 Shrinking a database 

 Backing up a database 

 Resetting internet information Services 

 Starting the Metasys Device Manager 

 Shutting down the Metasys Device Manager 

 Action successful 
f.         The Database Manager monitoring functions shall be accessed through the 

Monitoring Settings window and shall continuously read database information once 
the user has logged in. 

g.  The System shall provide user notification via taskbar icons and e-mail messages 
when a database value has exceeded a warning or alarm limit.  

h. The Monitoring Settings window shall have the following sections: 

 General – Shall allow the user to set and review scan intervals and start times. 

 Email – Shall allow the user to create and review e-mail and phone text messages 
to be delivered when a Warning or Alarm is generated. 

 Warning – shall allow the user to define the Warning limit parameters, set the 
Reminder Frequency, and link the e-mail message. 

 Alarm – shall allow the user to define the Alarm limit parameters, set the Reminder 
Frequency, and link the e-mail message. 

 Database login – Shall protect the system from unauthorized database 
manipulation by creating a Read Access and a Write Access for each of the 
Trend, Alarm (Event) and Audit databases as well as an Expert Mode required 
to restore a database. 

i.         The Monitoring Settings Taskbar shall provide the following informational icons: 

 Normal – Indicates by color and size that all databases are within their limits. 

 Warning - Indicates by color and size that one or more databases have exceeded 
their Warning limit. 

 Alarm - Indicates by color and size that one or more databases have exceeded 
their Alarm limit. 

j.         The System shall provide user notification via Taskbar icons and e-mail messages 
when a database value has exceeded a warning or alarm limit.  

12. Demand Limiting and Load Rolling 
a. The System shall provide a Demand Limiting and Load Rolling program for the 

purpose of limiting peak energy usage and reducing overall energy consumption. 
b. The system shall be configured to support LEED Green Building certification plans. 
c. The System shall support both Sliding Window and Fixed Window methods of 

predicting demand. 
d. The System shall support three levels of sensitivity in the Sliding Window demand 

calculations for fine tuning the system.   

 Low Setting – Sheds loads later and over the shortest amount of time.  Maximizes 
the time the equipment is on. 

 Medium Setting – Sheds loads earlier over a longer amount of time than the Low 
Setting.  Increases the time the equipment is on and decreases the probability 
of exceeding the Tariff Target over the Low Setting. 

 High Setting – Sheds loads earlier over a longer amount of time than the Medium 
Setting.  Minimizes the probability of exceeding the Tariff Target. 

e. The System shall have both a Shed Mode and a Monitor Only Mode of operation.   

 When the Shed Mode is engaged, the System shall actively control the Demand.   



 

 

 
NCDOT Lumberton                                                    230900 – 15       INSTRUMENTATION AND CONTROL 
Equipment Shop FOR HVAC 
SCO#16-12916-01A  

 When the Monitor Mode is engaged, the System will simulate the shedding action 
but will not take any action. 

f.         The Demand Limiting program shall monitor the energy consumption rate and 
compare it to a user defined Tariff Target.  The system shall maintain consumption 
below the target by selectively shedding loads based upon a user defined strategy. 

g. The Demand Limiting program shall be capable of supporting a minimum of 10 
separate Load Priorities.  Each load shall be user assigned to a Load Priority. 

h.  The Demand Limiting program shall be capable of supporting a minimum of 12 
separate Tariff Targets defining the maximum allowed average power during the 
current interval.  

i.         The System shall support a Maximum Shed Time for each load as determined by the 
user.  The system shall restore the load before the Maximum Shed time has expired. 

j.         The System shall support a Minimum Shed Time for each load as determined by the 
user.  The system shall not restore the load sooner than the Minimum Shed Time has 
expired. 

k. The System shall support a Minimum Release Time for each load as determined by 
the user.  The System shall not shed the load until it has been off for the Minimum 
Release time. 

l.         The System shall support three user defined options if the meter goes unreliable.  

 Shedding – The currently shed loads will be released as their Maximum shed 
Times expire. 

 Maintain the Current Shed Rate – The System will use the Demand Limiting shed 
rate that was present when the meter went unreliable. 

 Use Unreliable Meter Shed Rate – the system will control to a user defined 
Unreliable Shed Rate target. 

m. The Load Rolling program shall sum the loads currently shed and compare it to a user 
defined Load Rolling Target.  The system shall maintain consumption below the target 
by selectively shedding loads based upon a user defined Load Priority. 

n. The Load Rolling program shall be capable of supporting a minimum of 10 separate 
Load Priorities.  Each load shall be user assigned to a Load Priority. 

o. The Load Rolling program shall be capable of supporting a minimum of 12 separate 
Tariff Targets defining the amount of power by which the demand must be reduced.   

p. The System shall provide the user with a Load Tab that displays all of the Demand 
Limiting and Load Rolling parameters for any selected load. 

q. The System shall provide the user with a Load Summary that displays all of the loads 
associated with the Demand Limiting and Load Rolling programs.  Status Icons for 
each load shall indicate: 

 Load is Offline  

 Load is Disabled  

 Load is Shed 

 Load is Locked 

 Load is in Comfort Override 
r.        The Load Summary shall include a Load Summary Runtime view listing the following 

load conditions: 

 Load Priority 

 Shed Strategy 

 Load Rating 

 Present Value 

 Ineligibility Status 

 Active Timer 

 Time Remaining 

 Last Shed Time 

D. Ready Access Portal User Interface 

1. BAS Contractor shall provide and install all computer hardware and software required for the 
purpose of configuration and consolidation of information and programs required for the delivery of a 
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Task Focused, Web Based Portal to the BAS.  This Ready Access Portal shall provide a natural, 
complementary extension to the site management user interface previously described.  

2. Ready Access Portal Architecture – The architecture of the system shall be implemented to conform 
to industry standards, so that it can accommodate the required applications provided by the BAS 
Contractor as well as communicate information too and from the Metasys system Site Director.  

3. User Interface Application Components 
a. The ready access portal shall provide an intuitive user interface to key Metasys 

functions and tasks via web browser.   
b. Plug-ins or special software shall not be required for access to alarm, summary, 

schedule and trend data. 
c. The information shall be accessible on both personal computer and handheld device 

platforms as follows: 

 Personal computers – Internet Explorer Version 7.0 recommended  

 Handheld devices – Internet Explorer for Window Mobile Version 5.0 or 6.0 
recommended.  UI is optimized for devices with a 240 x 320 pixel screen size 
(QVGA).  Other devices may display the UI but full functionality is not 
guaranteed. 

4. Operator Interface 
a. Password access shall be as described previously for management portal UI   
b. Once logged in, the System shall display a pre-selected screen tailored to the task 

requirements of the individual user. 
c. The User Interface shall utilize an intuitive navigation and display method designed for 

operators who access the system for casual information and control or on an 
infrequent basis.  It shall feature three basic components. 

 Radio buttons for selection of the type of information to be displayed including 
Alerts, Summary, Schedules and Diagnostics 

 Navigation tree for selection of the specific data to be displayed on screen for the 
selected type.  The navigation tree may be hidden and expanded by the 
operator to optimize the display of information  

 A display window that provides the selected information by type in a pre-configured 
tabular format 

d. The user interface software shall provide help menus and instructions for each 
operation and/or application.   

e. The system shall provide support for up to 100 concurrent users from an unlimited 
universe individuals with defined password access to the system 

f.         The system shall provide Secure Sockets Level (SSL) support.  This allows the ready 
access portal to communicate across a network in a way designed to prevent 
eavesdropping, tampering, and message forgery. It  provides endpoint authentication 
and communications privacy over the network using cryptography 

g. The system shall have the capability to display multiple navigation trees that 
correspond to the user views configured in the management portal UI. 

h. The alert summary of the remote access portal shall, at the minimum, provide the 
following information 

 Alert (Alarm) type 

 Date and time of alert occurrence 

 Priority (color coded to level) 

 Item name. 

 Item value (if applicable) 

 Message 

 Any attribute of any object in the system may be designated to report an alarm  
i.         A standard summary on the remote access portal shall, at the minimum, provide the 

following information 

 Point type graphic icon 

 Item name 

 Item value 

 Item status 
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 Access to the Change Value window (if applicable) for the purpose of setting, 
holding or releasing an item value 

j.         The schedule detail summary of the remote access portal shall, at the minimum, 
provide the following information 

 Scheduled occurrences including time and value 

 Scheduled overrides including start time, end time and value 

 A list of all scheduled items including name and attribute, value, status and priority 

 Access to the Add Temporary Override window for the purpose of adding a 
temporary override to the schedule 

k. The diagnostic (trend) summary of the remote access portal as viewed on a personal 
computing device shall provide the following information. 

 Item name 

 Item status 

 Trend name 

 Trend status 

 Full path name 

 Access to trend detail summary including trended value, time and date arranged in 
a user selectable format of 1 hour, 12 hours, 24 hours, 48 hours or 72 hours 

2.04 NETWORK AUTOMATION ENGINES (NAE) 

A. Network Automation Engine  

1. The Network Automation Engine (NAE) shall be a fully user-programmable, supervisory controller.  
The NAE shall monitor the network of distributed application-specific controllers, provide global 
strategy and direction, and communicate on a peer-to-peer basis with other Network Automation 
Engines. 

2. Automation network – The NAE shall reside on the automation network and shall support a subnet of 
system controllers. 

3. User Interface – Each NAE shall have the ability to deliver a web based User Interface (UI) as 
previously described. All computers connected physically or virtually to the automation network shall 
have access to the web based UI.   

a. The web based UI software shall be imbedded in the NAE.  Systems that require a 
local copy of the system database on the user’s personal computer are not 
acceptable. 

b. The NAE shall support up a minimum of four (4) concurrent users. 
c. The web based user shall have the capability to access all system data through one 

NAE.   
d. Remote users connected to the network through an Internet Service Provider (ISP) or 

telephone dial up shall also have total system access through one NAE.  
e. Systems that require the user to address more than one NAE to access all system 

information are not acceptable. 
f.         The NAE shall have the capability of generating web based UI graphics.  The 

graphics capability shall be imbedded in the NAE.   
g. Systems that support UI Graphics from a central database or require the graphics to 

reside on the user’s personal computer are not acceptable. 
h. The web based UI shall support the following functions using a standard version of 

Microsoft Internet Explorer: 

 Configuration 

 Commissioning 

 Data Archiving 

 Monitoring 

 Commanding 

 System Diagnostics 
i.         Systems that require workstation software or modified web browsers are not 

acceptable. 
j.         The NAE shall allow temporary use of portable devices without interrupting the normal 

operation of permanently connected modems. 
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4. Processor – The NAE shall be microprocessor-based with a minimum word size of 32 bits. The NAE 
shall be a multi-tasking, multi-user, and real-time digital control processor. Standard operating 
systems shall be employed. NAE size and capability shall be sufficient to fully meet the requirements 
of this Specification. 

5. Memory – Each NAE shall have sufficient memory to support its own operating system, databases, 
and control programs, and to provide supervisory control for all control level devices.   

6. Hardware Real Time Clock – The NAE shall include an integrated, hardware-based, real-time clock. 

7. The NAE shall include troubleshooting LED indicators to identify the following conditions: 
a. Power - On/Off 
b. Ethernet Traffic – Ethernet Traffic/No Ethernet Traffic 
c. Ethernet Connection Speed – 10 Mbps/100 Mbps 
d. FC Bus A – Normal Communications/No Field Communications 
e. FC Bus B – Normal Communications/No Field Communications 
f.         Peer Communication – Data Traffic between NAE Devices 
g. Run – NAE Running/NAE in Startup/NAE Shutting Down/Software Not Running 
h. Bat Fault – Battery Defective, Data Protection Battery Not Installed 
i.         24 VAC – 24 VAC Present/Loss Of 24VAC 
j.         Fault – General Fault 
k. Modem RX – NAE Modem Receiving Data 
l. Modem TX – NAE Modem Transmitting Data 

8. Communications Ports – The NAE shall provide the following ports for operation of operator 
Input/Output (I/O) devices, such as industry-standard computers, modems, and portable operator’s 
terminals. 

a. Two (2) USB port 
b. Two (2) URS-232 serial data communication port 
c. Two (2) RS-485 port 
d. One (1) Ethernet port  

9. Diagnostics – The NAE shall continuously perform self-diagnostics, communication diagnosis, and 
diagnosis of all panel components. The Network Automation Engine shall provide both local and 
remote annunciation of any detected component failures, low battery conditions, or repeated failures 
to establish communication. 

10. Power Failure – In the event of the loss of normal power, The NAE shall continue to operate for a 
user adjustable period of up to 10 minutes after which there shall be an orderly shutdown of all 
programs to prevent the loss of database or operating system software.  

a. During a loss of normal power, the control sequences shall go to the normal system 
shutdown conditions.  All critical configuration data shall be saved into Flash memory. 

b. Upon restoration of normal power and after a minimum off-time delay, the controller 
shall automatically resume full operation without manual intervention through a normal 
soft-start sequence. 

11. Certification – The NAE shall be listed by Underwriters Laboratories (UL). 

12. Controller network – The NAE shall support the following communication protocols on the controller 
network: 

a. The NAE shall support BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-135, 
Clause 9 on the controller network. 

 The NAE shall be BACnet Testing Labs (BTL) certified and carry the BTL Label. 

 The NAE shall be tested and certified as a BACnet Building Controller (B-BC). 

 A BACnet Protocol Implementation Conformance Statement shall be provided for 
the NAE.   

 The Conformance Statements shall be submitted 10 days prior to bidding. 

 The NAE shall support a minimum of 100 control devices.  
b. The NAE shall support LonWorks enabled devices using the Free Topology 

Transceiver FTT10. 

 All LonWorks controls devices shall be LonMark certified. 

 The NAE shall support a minimum of 255 LonWorks enabled control devices.   

2.05 DDC SYSTEM CONTROLLERS 
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A. Field Equipment Controller  

1. The Field Equipment Controller (FEC) shall be a fully user-programmable, digital controller that 
communicates via BACnet MS/TP protocol. 

a. The FEC shall support BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-135, 
Clause 9 on the controller network. 

 The FEC shall be BACnet Testing Labs (BTL) certified and carry the BTL Label. 

 The FEC shall be tested and certified as a BACnet Application Specific Controller 
(B-ASC). 

 A BACnet Protocol Implementation Conformance Statement shall be provided for 
the FEC.   

 The Conformance Statement shall be submitted 10 days prior to bidding. 

2. The FEC shall employ a finite state control engine to eliminate unnecessary conflicts between control 
functions at crossover points in their operational sequences.  Suppliers using non-state based DDC 
shall provide separate control strategy diagrams for all controlled functions in their submittals. 

3. Controllers shall be factory programmed with a continuous adaptive tuning algorithm that senses 
changes in the physical environment and continually adjusts loop tuning parameters appropriately. 
 Controllers that require manual tuning of loops or perform automatic tuning on command only shall 
not be acceptable. 

4. The FEC shall be assembled in a plenum-rated plastic housing with flammability rated to UL94-5VB. 

5.  The FEC shall include a removable base to allow pre-wiring without the controller. 

6. The FEC shall include troubleshooting LED indicators to identify the following conditions: 
a. Power On 
b. Power Off 
c. Download or Startup in progress, not ready for normal operation 
d. No Faults 
e. Device Fault 
f.         Field Controller Bus - Normal Data Transmission 
g. Field Controller Bus - No Data Transmission 
h. Field Controller Bus - No Communication 
i.         Sensor-Actuator Bus - Normal Data Transmission 
j.         Sensor-Actuator Bus - No Data Transmission 
k. Sensor-Actuator Bus - No Communication 

7. The FEC shall accommodate the direct wiring of analog and binary I/O field points. 

8. The FEC shall support the following types of inputs and outputs:   
a. Universal Inputs - shall be configured to monitor any of the following: 

 Analog Input, Voltage Mode 

 Analog Input, Current Mode 

 Analog Input, Resistive Mode 

 Binary Input, Dry Contact Maintained Mode 

 Binary Input, Pulse Counter Mode 
b. Binary Inputs - shall be configured to monitor either of the following: 

 Dry Contact Maintained Mode 

 Pulse Counter Mode  
c. Analog Outputs - shall be configured to output either of the following 

 Analog Output, Voltage Mode 

 Analog Output, current Mode 
d. Binary Outputs - shall output the following: 

 24 VAC Triac 
e. Configurable Outputs - shall be capable of the following:  

 Analog Output, Voltage Mode 

 Binary Output Mode 

9. The FEC shall have the ability to reside on a Field Controller Bus (FC Bus). 
a. The FC Bus shall be a Master-Slave/Token-Passing (MS/TP) Bus supporting BACnet 

Standard protocol SSPC-135, Clause 9. 
b. The FC Bus shall support communications between the FECs and the NAE. 
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c. The FC Bus shall also support Input/Output Module (IOM) communications with the 
FEC and with the NAE. 

d. The FC Bus shall support a minimum of 100 IOMs and FECs in any combination. 
e. The FC Bus shall operate at a maximum distance of 15,000 Ft. between the FEC and 

the furthest connected device. 

10. The FEC shall have the ability to monitor and control a network of sensors and actuators over a 
Sensor-Actuator Bus (SA Bus). 

a. The SA Bus shall be a Master-Slave/Token-Passing (MS/TP) Bus supporting BACnet 
Standard Protocol SSPC-135, Clause 9. 

b. The SA Bus shall support a minimum of 10 devices per trunk. 
c. The SA Bus shall operate at a maximum distance of 1,200 Ft. between the FEC and 

the furthest connected device. 

11. The FEC shall have the capability to execute complex control sequences involving direct wired I/O 
points as well as input and output devices communicating over the FC Bus or the SA Bus.  

12. The FEC shall support, but not be limited to, the following: 
a. Hot water, chilled water/central plant applications 
b. Built-up air handling units for special applications 

13. Terminal units 

a. Special programs as required for systems control 

2.06 FIELD DEVICES 

A. Input/Output Module  

1. The Input/Output Module (IOM) provides additional inputs and outputs for use in the FEC. 

2. The IOM shall communicate with the FEC over the FC Bus or the SA Bus. 

3. The IOM shall support BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-135, Clause 9 on the 
controller network. 

a. The IOM shall be BACnet Testing Labs (BTL) certified and carry the BTL Label. 
b.  The IOM shall be tested and certified as a BACnet Application Specific Controller (B-

ASC). 
c. A BACnet Protocol Implementation Conformance Statement shall be provided for the 

FEC. 
d. The Conformance Statement shall be submitted 10 days prior to bidding. 

4. The IOM shall be assembled in a plenum-rated plastic housing with flammability rated to UL94-5VB. 

5. The IOM shall have a minimum of 4 points to a maximum of 17 points. 

6. The IOM shall support the following types of inputs and outputs:   
a. Universal Inputs - shall be configured to monitor any of the following: 

 Analog Input, Voltage Mode 

 Analog Input, Current Mode 

 Analog Input, Resistive Mode 

 Binary Input, Dry Contact Maintained Mode 

 Binary Input, Pulse Counter Mode 
b. Binary Inputs - shall be configured to monitor either of the following: 

 Dry Contact Maintained Mode 

 Pulse Counter Mode  
c. Analog Outputs - shall be configured to output either of the following 

 Analog Output, Voltage Mode 

 Analog Output, current Mode 
d. Binary Outputs - shall output the following: 

 24 VAC Triac 
e. Configurable Outputs - shall be capable of the following:  

 Analog Output, Voltage Mode 

 Binary Output Mode 

7. The IOM shall include troubleshooting LED indicators to identify the following conditions: 
a. Power On 
b. Power Off 
c. Download or Startup in progress, not ready for normal operation 



 

 

 
NCDOT Lumberton                                                    230900 – 21       INSTRUMENTATION AND CONTROL 
Equipment Shop FOR HVAC 
SCO#16-12916-01A  

d. No Faults 
e. Device Fault 
f. Normal Data Transmission 
g. No Data Transmission 
h. No Communication 

B. Networked Thermostat (Fan Coils, Unit Heaters) 

1. The networked thermostat shall be capable of controlling two- or four-pipe fan coils, cabinet unit 
heaters or other similar equipment. 

2. The TEC shall communicate over the Field Controller Bus using BACnet Standard MS/TP Bus 
Protocol ASHRAE SSPC-135, Clause 9. 

3. The TEC shall be BACnet Testing Labs (BTL) certified and carry the BTL Label. 
a. The TEC shall be tested and certified as a BACnet Application Specific Controller (B-

ASC). 
b. A BACnet Protocol Implementation Conformance Statement shall be provided for the 

TEC. 
c. The Conformance Statement shall be submitted 10 days prior to bidding. 

4. The Networked Thermostat shall support remote read/write and parameter adjustment from the web 
based User Interfaceable through a Network Automation Engine.  

5. The Networked Thermostat shall include an intuitive User Interface providing plain text messages. 
a. Two line, 8 character backlit display 
b. LED indicators for Fan, Heat, and Cool status 
c. Five (5) User Interface Keys 

 Mode 

 Fan 

 Override 

 Degrees C/F 

 Up/Down 
d. The display shall continuously scroll through the following parameters: 

 Room Temperature 

 System Mode 

 Schedule Status – Occupied/Unoccupied/Override 

 Applicable Alarms  

6. The Networked Thermostat shall provide the flexibility to support any one of the following inputs: 
a. Integral Indoor Air Temperature Sensor 
b. Duct Mount Air Temperature Sensor 
c. Remote Indoor Air Temperature Sensor with Occupancy Override and LED Indicator 
d. Two configurable binary inputs    

7. The Networked Thermostat shall provide the flexibility to support any one of the following outputs: 
a. Three Speed Fan Control 
b. Two On/Off 
c. Two Floating 
d. Two Proportional (0 to 10V)  

8. The Networked Thermostat shall provide a minimum of six (6) levels of keypad lockout.  

9. The Networked Thermostat shall provide the flexibility to adjust the following parameters: 
a. Adjustable Temporary Occupancy from 0 to 24 hours 
b. Adjustable heating/cooling deadband from 2º F to 5º F  
c. Adjustable heating/cooling cycles per hour from 4 to 8 

10. The Networked Thermostat shall employ nonvolatile electrically erasable programmable read-only 
memory (EEPROM) for all adjustable parameters. 

C. VAV Modular Assembly  

1. The VAV Modular Assembly shall provide both standalone and networked direct digital control of 
pressure-independent, variable air volume terminal units.  It shall address both single and dual duct 
applications. 

2. The VMA shall be BACnet Testing Labs (BTL) certified and carry the BTL Label. 
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a. The VMA shall be tested and certified as a BACnet Application Specific Controller (B-
ASC). 

b. A BACnet Protocol Implementation Conformance Statement shall be provided for the 
VMA. 

c. The Conformance Statement shall be submitted 10 days prior to bidding. 

3. The VAV Modular Assembly shall communicate over the FC Bus using BACnet Standard protocol 
SSPC-135, Clause 9. 

4. The VAV Modular Assembly shall have internal electrical isolation for AC power, DC inputs, and 
MS/TP communications.  An externally mounted isolation transformer shall not be acceptable. 

5. The VAV Modular Assembly shall be a configurable digital controller with integral differential 
pressure transducer and damper actuator. All components shall be connected and mounted as a 
single assembly that can be removed as one piece. 

6. The VAV Modular Assembly shall be assembled in a plenum-rated plastic housing with flammability 
rated to UL94-5VB. 

7. The integral damper actuator shall be a fast response stepper motor capable of stroking 90 degrees 
in 30 seconds for quick damper positioning to speed commissioning and troubleshooting tasks.  

8. The controller shall determine airflow by dynamic pressure measurement using an integral dead-
ended differential pressure transducer. The transducer shall be maintenance-free and shall not 
require air filters. 

9. Each controller shall have the ability to automatically calibrate the flow sensor to eliminate pressure 
transducer offset error due to ambient temperature / humidity effects. 

10. The controller shall utilize a proportional plus integration (PI) algorithm for the space temperature 
control loops. 

11. Each controller shall continuously, adaptively tune the control algorithms to improve control and 
controller reliability through reduced actuator duty cycle. In addition, this tuning reduces 
commissioning costs, and eliminates the maintenance costs of manually re-tuning loops to 
compensate for seasonal or other load changes. 

12. The controller shall provide the ability to download and upload VMA configuration files, both locally 
and via the communications network. Controllers shall be able to be loaded individually or as a group 
using a zone schedule generated spreadsheet of controller parameters. 

13. Control setpoint changes initiated over the network shall be written to VMA non-volatile memory to 
prevent loss of setpoint changes and to provide consistent operation in the event of communication 
failure. 

14. The controller firmware shall be flash-upgradeable remotely via the communications bus to minimize 
costs of feature enhancements. 

15. The controller shall provide fail-soft operation if the airflow signal becomes unreliable, by 
automatically reverting to a pressure-dependent control mode. 

16. The controller shall interface with balancer tools that allow automatic recalculation of box flow pickup 
gain (“K” factor), and the ability to directly command the airflow control loop to the box minimum and 
maximum airflow setpoints. 

17. Controller performance shall be self-documenting via on-board diagnostics. These diagnostics shall 
consist of control loop performance measurements executing at each control loop’s sample interval, 
which may be used to continuously monitor and document system performance. The VMA shall 
calculate exponentially weighted moving averages (EWMA) for each of the following. These metrics 
shall be available to the end user for efficient management of the VAV terminals. 

 Absolute temperature loop error 

 Signed temperature loop error 

 Absolute airflow loop error 

 Signed airflow loop error 

 Average damper actuator duty cycle 

18. The controller shall detect system error conditions to assist in managing the VAV zones. The error 
conditions shall consist of: 

 Unreliable space temperature sensor 

 Unreliable differential pressure sensor 

 Starved box 

 Actuator stall 
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 Insufficient cooling 

 Insufficient heating 
The controller shall provide a flow test function to view damper position vs. flow in a 
graphical format.  The information would alert the user to check damper position.  The VMA 
would also provide a method to calculate actuator duty cycle as an indicator of damper 
actuator runtime. 

19. The controller shall provide a compliant interface for ASHRAE Standard 62-1989 (indoor air quality), 
and shall be capable of resetting the box minimum airflow Based on the percent of outdoor air in the 
primary air stream. 

20. The controller shall comply with ASHRAE Standard 90.1 (energy efficiency) by preventing 
simultaneous heating and cooling, and where the control strategy requires reset of airflow while in 
reheat, by modulating the box reheat device fully open prior to increasing the airflow in the heating 
sequence. 

21. Inputs: 
a. Analog inputs with user defined ranges shall monitor the following analog signals, 

without the addition of equipment outside the terminal controller cabinet: 

 0-10 VDC Sensors 

 1000ohm RTDs 

 NTC Thermistors 
b. Binary inputs shall monitor dry contact closures. Input shall provide filtering to 

eliminate false signals resulting from input “bouncing.” 
c. For noise immunity, the inputs shall be internally isolated from power, 

communications, and output circuits. 
d. Provide side loop application for humidity control. 

22. Outputs 
a. Analog outputs shall provide the following control outputs: 

 0-10 VDC 
b. Binary outputs shall provide a SPST Triac output rated for 500mA at 24 VAC. 
c. For noise immunity, the outputs shall be internally isolated from power, 

communications, and other output circuits. 

23. Application Configuration 
a. The VAV Modular Assembly shall be configured with a software tool that provides a 

simple Question/Answer format for developing applications and downloading. 

24. Sensor Support 
a. The VAV Modular Assembly shall communicate over the Sensor-Actuator Bus (SA 

Bus) with a Network Sensor. 
b. The VMA shall support an LCD display room sensor. 
c. The VMA shall also support standard room sensors as defined by analog input 

requirements. 
d. The VMA shall support humidity sensors defined by the AI side loop. 

D. Network Sensors (Temp, Humidity, Zone, DAT) 

1. The Network Sensors (NS) shall have the ability to monitor the following variables as required by the 
systems sequence of operations: 

a. Zone Temperature 
b. Zone Humidity 
c. Zone Setpoint  
d. Discharge Air Temperature 

2. The NS shall transmit the information back to the controller on the Sensor-Actuator Bus (SA Bus) 
using BACnet Standard protocol SSPC-135, Clause 9. 

3. The NS shall be BACnet Testing Labs (BTL) certified and carry the BTL Label. 
a. The NS shall be tested and certified as a BACnet Smart Sensors (B-SS). 
b. A BACnet Protocol Implementation Conformance Statement shall be provided for the 

NS. 
c. The Conformance Statement shall be submitted 10 days prior to bidding. 

4. The Network Zone Sensors shall include the following items: 
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a. A backlit Liquid Crystal Display (LCD) to indicate the Temperature, Humidity and 
Setpoint 

b. An LED to indicate the status of the Override feature 
c. A button to toggle the temperature display between Fahrenheit and Celsius 
d. A button to initiate a timed override command 
e. Available in either surface mount or wall mount 
f.         Available with either screw terminals or phone jack   

5. The Network Discharge Air Sensors shall include the following:  
a. 4 inch or 8 inch duct insertion probe   
b. 10 foot pigtail lead  
c. Dip Switches for programmable address selection  
d. Ability to provide an averaging temperature from multiple locations 
e. Ability to provide a selectable temperature from multiple locations  

2.07 SYSTEM TOOLS 

A. System Configuration Tool (SCT) 

1. The Configuration Tool shall be a software package enabling a computer platform to be used as a 
stand-alone engineering configuration tool for a Network Automation Engine (NAE) or a Network 
Integration Engine (NIE). 

2. The configuration tool shall provide an archive database for the configuration and application data. 

3. The configuration tool shall have the same look-and-feel at the User Interface (UI) regardless of 
whether the configuration is being done online or offline. 

4. The configuration tool shall include the following features: 
a. Basic system navigation tree for connected networks 
b. Integration of Metasys N1, LonWorks, and BACnet enabled devices 
c. Customized user navigation trees 
d. Point naming operating parameter setting 
e. Graphic diagram configuration 
f.         Alarm and event message routing 
g. Graphical logic connector tool for custom programming 
h. Downloading, uploading, and archiving databases 

5. The configuration tool shall have the capability to automatically discover field devices on connected 
buses and networks.  Automatic discovery shall be available for the following field devices: 

a. BACnet Devices 
b. LonWorks devices 

6. The configuration tool shall be capable of programming the Field Equipment Controllers. 
a. The configuration tool shall provide the capability to configure, simulate, and 

commission the Field Equipment Controllers. 
b. The configuration tool shall allow the FECs to be run in Simulation Mode to verify the 

applications. 
c. The configuration tool shall contain a library of standard applications to be used for 

configuration. 

7. The configuration tool shall be capable of programming the field devices. 
a. The configuration tool shall provide the capability to configure, simulate, and 

commission the field devices. 
b. The configuration tool shall allow the field devices to be run in Simulation Mode to 

verify the applications. 
c. The configuration tool shall contain a library of standard applications to be used for 

configuration 

8. A wireless access point shall allow a wireless enabled portable PC to make a temporary Ethernet 
connection to the automation network. 

a. The wireless connection shall allow the PC to access configuration tool through the 
web browser using the User Interface (UI). 

b. The wireless use of configuration tool shall be the same as a wired connection in 
every respect. 
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c. The wireless connection shall use the Bluetooth Wireless Technology. 
 
 

PART 3 –EXECUTION 

3.01 INSTALLATION PRACTICES 

A. BAS Wiring 

1. All conduit, wiring, accessories and wiring connections required for the installation of the Building 
Management System, as herein specified, shall be provided by the BAS Contractor unless 
specifically shown on the Electrical Drawings under Division 16 Electrical.  All wiring shall comply 
with the requirements of applicable portions of Division 16 and all local and national electric codes, 
unless specified otherwise in this section. 

2. All BAS wiring materials and installation methods shall comply with BAS manufacturer 
recommendations. 

3. The sizing, type and provision of cable, conduit, cable trays, and raceways shall be the design 
responsibility of the BAS Contractor.  If complications arise, however, due to the incorrect selection 
of cable, cable trays, raceways and/or conduit by the BAS Contractor, the Contractor shall be 
responsible for all costs incurred in replacing the selected components. 

4. Class 2 Wiring 
a. All Class 2 (24VAC or less) wiring shall be installed in conduit unless otherwise 

specified. 
b. Conduit is not required for Class 2 wiring in concealed accessible locations. Class 2 

wiring not installed in conduit shall be supported every 5’ from the building structure 
utilizing metal hangers designed for this application.  Wiring shall be installed parallel 
to the building structural lines.  All wiring shall be installed in accordance with local 
code requirements.  

5. Class 2 signal wiring and 24VAC power can be run in the same conduit.  Power wiring 120VAC and 
greater cannot share the same conduit with Class 2 signal wiring. 

6. Provide for complete grounding of all applicable signal and communications cables, panels and 
equipment so as to ensure system integrity of operation.  Ground cabling and conduit at the panel 
terminations.  Avoid grounding loops. 

B. BAS Line Voltage Power Source 

1. 120-volt AC circuits used for the Building Management System shall be taken from panel boards and 
circuit breakers provided by Division 16. 

2. Circuits used for the BAS shall be dedicated to the BAS and shall not be used for any other 
purposes. 

3. DDC terminal unit controllers may use AC power from motor power circuits. 

C. BAS Raceway 

1. All wiring shall be installed in conduit or raceway except as noted elsewhere in this specification. 
Minimum control wiring conduit size 1/2”. 

2. All conduits and raceways shall be installed level, plumb, at right angles to the building lines and 
shall follow the contours of the surface to which they are attached. 

3. Flexible Metal Conduit shall be used for vibration isolation and shall be limited to 3 feet in length 
when terminating to vibrating equipment.  Flexible Metal Conduit may be used within partition walls.  
Flexible Metal Conduit shall be UL listed. 

D. Penetrations 

1. Provide fire stopping for all penetrations used by dedicated BAS conduits and raceways.   

2. All openings in fire proofed or fire stopped components shall be closed by using approved fire 
resistive sealant.  

3. All wiring passing through penetrations, including walls shall be in conduit or enclosed raceway. 

4. Penetrations of floor slabs shall be by core drilling. All penetrations shall be plumb, true, and square.   

E. BAS Identification Standards 

1. Node Identification.  All nodes shall be identified by a permanent label fastened to the enclosure.  
Labels shall be suitable for the node location. 
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2. Cable types specified in Item A shall be color coded for easy identification and 
troubleshooting.   

F. BAS Panel Installation 

1. The BAS panels and cabinets shall be located as indicated at an elevation of not less than 2 feet 
from the bottom edge of the panel to the finished floor.  Each cabinet shall be anchored per the 
manufacturer’s recommendations. 

2. The BAS contractor shall be responsible for coordinating panel locations with other trades and 
electrical and mechanical contractors. 

G. Input Devices 

1. All Input devices shall be installed per the manufacturer recommendation 

2. Locate components of the BAS in accessible local control panels wherever possible. 

H. HVAC Input Devices – Genera1 

1. All Input devices shall be installed per the manufacturer recommendation 

2. Locate components of the BAS in accessible local control panels wherever possible. 

3. The mechanical contractor shall install all in-line devices such as temperature wells, pressure taps, 
airflow stations, etc.   

4. Input Flow Measuring Devices shall be installed in strict compliance with ASME guidelines affecting 
non-standard approach conditions. 

5. Outside Air Sensors 
a. Sensors shall be mounted on the North wall to minimize solar radiant heat impact or 

located in a continuous intake flow adequate to monitor outside air conditions 
accurately. 

b. Sensors shall be installed with a rain proof, perforated cover. 

6. Water Differential Pressure Sensors   
a. Differential pressure transmitters used for flow measurement shall be sized to the 

flow-sensing device. 
b.  Differential pressure transmitters shall be supplied with tee fittings and shut-off valves 

in the high and low sensing pick-up lines. 
c. The transmitters shall be installed in an accessible location wherever possible. 

7. Medium to High Differential Water Pressure Applications (Over 21” w.c.):  
a. Air bleed units, bypass valves and compression fittings shall be provided. 

8. Building Differential Air Pressure Applications (-1” to +1” w.c.):  
a. Transmitters exterior sensing tip shall be installed with a shielded static air probe to 

reduce pressure fluctuations caused by wind.   
b. The interior tip shall be inconspicuous and located as shown on the drawings. 

9. Duct Temperature Sensors:  
a. Duct mount sensors shall mount in an electrical box through a hole in the duct and be 

positioned so as to be easily accessible for repair or replacement.   
b. The sensors shall be insertion type and constructed as a complete assembly including 

lock nut and mounting plate.   
c. For ductwork greater in any dimension than 48 inches or where air temperature 

stratification exists such as a mixed air plenum, utilize an averaging sensor.  
d. The sensor shall be mounted to suitable supports using factory approved element 

holders.   

10. Space Sensors:  
a. Shall be mounted per ADA requirements.   
b. Provide lockable tamper-proof covers in public areas and/or where indicated on the 

plans. 

11. Low Temperature Limit Switches:  
a. Install on the discharge side of the first water or steam coil in the air stream. 
b. Mount element horizontally across duct in a serpentine pattern insuring each square 

foot of coil is protected by 1 foot of sensor.   
c. For large duct areas where the sensing element does not provide full coverage of the 

air stream, provide additional switches as required to provide full protection of the air 
stream. 
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12. Air Differential Pressure Status Switches:  
a. Install with static pressure tips, tubing, fittings, and air filter. 

13. Water Differential Pressure Status Switches:  
a. Install with shut off valves for isolation. 

14. Air Flow Monitoring Devices 
a. Provide Ebtron Gold Meters per manufacturer’s recomendationrecommendation 

I. HVAC Output Devices 

1. All output devices shall be installed per the manufacturers recommendation.  The mechanical 
contractor shall install all in-line devices such as control valves, dampers, airflow stations, pressure 
wells, etc. 

2. Actuators:  All control actuators shall be sized capable of closing against the maximum system shut-
off pressure.  The actuator shall modulate in a smooth fashion through the entire stroke.  . 

3. Control Dampers: Shall be opposed blade for modulating control of airflow.  Parallel blade dampers 
shall be installed for two position applications. 

4. Control Valves: Shall be sized for proper flow control with equal percentage valve plugs.  The 
maximum pressure drop for water applications shall be 5 PSI.  The maximum pressure drop for 
steam applications shall be 7 PSI.  

5. Electronic Signal Isolation Transducers: Whenever an analog output signal from the Building 
Management System is to be connected to an external control system as an input (such as a chiller 
control panel), or is to receive as an input a signal from a remote system, provide a signal isolation 
transducer.  Signal isolation transducer shall provide ground plane isolation between systems.  
Signals shall provide optical isolation between systems 

3.02 TRAINING  

A. The BAS contractor shall provide the following training services: 

1. Two days of on-site orientation by a system technician who is fully knowledgeable of the specific 
installation details of the project.  This orientation shall, at a minimum, consist of a review of the 
project as-built drawings, the BAS software layout and naming conventions, and a walk through of 
the facility to identify panel and device locations. 

3.03 COMMISSIONING REQUIREMENTS 

A. Fully commission all aspects of the Building Management System work. 

B. Acceptance Check Sheet 

1. Prepare a check sheet that includes all points for all functions of the BAS as indicated on the point 
list included in this specification. 

2. Submit the check sheet to the Engineer for approval  

3. The Engineer will use the check sheet as the basis for acceptance with the BAS Contractor. 

C. VAV box performance verification and documentation: 

1. The BAS Contractor shall test each VAV box for operation and correct flow.  At each step, after a 
settling time, box air flows and damper positions will be sampled.  Following the tests, a pass/fail 
report indicating results shall be produced.  Possible results are Pass, No change in flow between 
full open and full close, Reverse operation or Maximum flow not achieved.  The report shall be 
submitted as documentation of the installation.   

2. The BAS Contractor shall issue a report based on a sampling of the VAV calculated loop 
performance metrics.  The report shall indicate performance criteria, include the count of conforming 
and non-conforming boxes, list the non-conforming boxes along with their performance data, and 
shall also include graphical representations of performance.   

D. Promptly rectify all listed deficiencies and submit to the Engineer that this has been done. 
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SECTION 23-31-13 

METAL DUCTS 
 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes: 
1. Single-wall rectangular ducts and fittings. 
2. Single-wall round and flat-oval ducts and fittings. 
3. Double-wall round ducts and fittings. 
4. Sheet metal materials. 
5. Duct liner. 
6. Sealants and gaskets. 
7. Hangers and supports. 

B. Related Sections: 
1. Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, and 

balancing requirements for metal ducts. 
2. Division 23 Section "Nonmetal Ducts" for fibrous-glass ducts, thermoset fiber-reinforced plastic 

ducts, thermoplastic ducts, PVC ducts, and concrete ducts. 
3. Division 23 Section "HVAC Casings" for factory- and field-fabricated casings for mechanical 

equipment. 
4. Division 23 Section "Air Duct Accessories" for dampers, sound-control devices, duct-mounting 

access doors and panels, turning vanes, and flexible ducts. 

1.03 PERFORMANCE REQUIREMENTS 

A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam and joint 
construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible" and performance requirements and design criteria indicated 
in "Duct Schedule" Article. 

B. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in ASHRAE 
62.1-2004. 

1.04 SUBMITTALS 

A. Product Data:  For each type of the following products: 
1. Liners and adhesives. 
2. Sealants and gaskets. 
3. Seismic-restraint devices. 

B. Welding certificates. 

C. Field quality-control reports. 

1.05 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel according to the following: 
1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 
2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum supports. 
3. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding. 

B. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 5 - "Systems and 
Equipment" and Section 7 - "Construction and System Start-Up." 
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PART 2 - PRODUCTS 

2.01 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS 

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible" based on indicated static-pressure class unless otherwise indicated. 

B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 1-4, "Transverse (Girth) Joints," for static-pressure class, 
applicable sealing requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 1-5, "Longitudinal Seams - Rectangular Ducts," for static-pressure 
class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction:  Select types and 
fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 2, 
"Fittings and Other Construction," for static-pressure class, applicable sealing requirements, materials 
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible." 

2.02 SINGLE-WALL ROUND  

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on indicated static-pressure class 
unless otherwise indicated. 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

a. Lindab Inc. 
b. McGill AirFlow LLC. 
c. SEMCO Incorporated. 
d. Sheet Metal Connectors, Inc. 
e. Spiral Manufacturing Co., Inc. 
f. Hamilton Sheet Metal, Inc. 

B. Flat-Oval Ducts:  Indicated dimensions are the duct width (major dimension) and diameter of the round 
sides connecting the flat portions of the duct (minor dimension). 

C. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 3-2, "Transverse Joints - Round Duct," for static-pressure class, 
applicable sealing requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
1. Transverse Joints in Ducts Larger Than 60 Inches (1524 mm) in Diameter:  Flanged. 

D. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 3-1, "Seams - Round Duct and Fittings," for static-pressure class, 
applicable sealing requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
1. Fabricate round ducts larger than 90 inches (2286 mm) in diameter with butt-welded longitudinal 

seams. 

2. Fabricate flat-oval ducts larger than 72 inches (1830 mm) in width (major dimension) with butt-
welded longitudinal seams. 

E. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 3-4, "90 Degree Tees and Laterals," and Figure 3-5, "Conical 
Tees," for static-pressure class, applicable sealing requirements, materials involved, duct-support 
intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 



 
NCDOT Lumberton                                                233113 – 3       METAL DUCTS 
Equipment Shop   
SCO#16-12916-01A  
 
 

2.03 SHEET METAL MATERIALS 

A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless 
otherwise indicated.  Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, 
discolorations, and other imperfections. 

B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 
1. Galvanized Coating Designation:  G60 (Z180) G90 (Z275). 
2. Finishes for Surfaces Exposed to View:  Mill phosphatized. 

C. PVC-Coated, Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 
1. Galvanized Coating Designation:  G60 (Z180) G90 (Z275). 
2. Minimum Thickness for Factory-Applied PVC Coating:  4 mils (0.10 mm) thick on sheet metal 

surface of ducts and fittings exposed to corrosive conditions, and minimum 1 mil (0.025 mm) thick 
on opposite surface]. 

3. Coating Materials:  Acceptable to authorities having jurisdiction for use on ducts listed and labeled 
by an NRTL for compliance with UL 181, Class 1. 

D. Carbon-Steel Sheets:  Comply with ASTM A 1008/A 1008M, with oiled, matte finish for exposed ducts. 

E. Stainless-Steel Sheets:  Comply with ASTM A 480/A 480M, Type 304 or 316, as indicated in the "Duct 
Schedule" Article; cold rolled, annealed, sheet.  Exposed surface finish shall be No. 2B, No. 2D, No. 3, or 
No. 4 as indicated in the "Duct Schedule" Article. 

F. Aluminum Sheets:  Comply with ASTM B 209 (ASTM B 209M) Alloy 3003, H14 temper; with mill finish for 
concealed ducts, and standard, one-side bright finish for duct surfaces exposed to view. 

G. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and 
galvanized. 
1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum ducts, isolate 

the different metals with butyl rubber, neoprene, or EPDM gasket materials. 

H. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 inches (900 mm) or less; 
3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm). 

2.04 DUCT LINER 

A. Flexible Elastomeric Duct Liner:  Preformed, cellular, closed-cell, sheet materials complying with 
ASTM C 534, Type II, Grade 1; and with NFPA 90A or NFPA 90B. 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

a. Aeroflex USA Inc. 
b. Armacell LLC. 
c. Rubatex International, LLC 

2. Surface-Burning Characteristics:  Maximum flame-spread index of 25 and maximum smoke-
developed index of 50 when tested according to UL 723; certified by an NRTL. 

3. Liner Adhesive:  As recommended by insulation manufacturer and complying with NFPA 90A or 
NFPA 90B. 
a. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

B. Natural-Fiber Duct Liner:  85 percent cotton, 10 percent borate, and 5 percent polybinding fibers, treated 
with a microbial growth inhibitor and complying with NFPA 90A or NFPA 90B. 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the 

following:Bonded Logic, Inc. 
a. Reflectix Inc. 

2. Maximum Thermal Conductivity:  0.24 Btu x in./h x sq. ft. x deg F (0.034 W/m x K) at 75 deg F (24 
deg C) mean temperature when tested according to ASTM C 518. 

3. Surface-Burning Characteristics:  Maximum flame-spread index of 25 and maximum smoke-
developed index of 50 when tested according to ASTM E 84; certified by an NRTL. 
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4. Liner Adhesive:  As recommended by insulation manufacturer and complying with NFPA 90A or 
NFPA 90B. 
a. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when 

calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

C. Shop Application of Duct Liner:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Figure 2-19, "Flexible Duct Liner Installation." 
1. Adhere a single layer of indicated thickness of duct liner with at least 90 percent adhesive coverage 

at liner contact surface area.  Attaining indicated thickness with multiple layers of duct liner is 
prohibited. 

2. Apply adhesive to transverse edges of liner facing upstream that do not receive metal nosing. 
3. Butt transverse joints without gaps, and coat joint with adhesive. 
4. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-edge 

overlapping. 
5. Do not apply liner in rectangular ducts with longitudinal joints, except at corners of ducts, unless 

duct size and dimensions of standard liner make longitudinal joints necessary. 
6. Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 fpm (12.7 m/s). 
7. Secure liner with mechanical fasteners 4 inches (100 mm) from corners and at intervals not 

exceeding 12 inches (300 mm) transversely; at 3 inches (75 mm) from transverse joints and at 
intervals not exceeding 18 inches (450 mm) longitudinally. 

8. Secure transversely oriented liner edges facing the airstream with metal nosings that have either 
channel or "Z" profiles or are integrally formed from duct wall.  Fabricate edge facings at the 
following locations: 
a. Fan discharges. 
b. Intervals of lined duct preceding unlined duct. 
c. Upstream edges of transverse joints in ducts where air velocities are higher than 2500 fpm 

(12.7 m/s) or where indicated. 
9. Secure insulation between perforated sheet metal inner duct of same thickness as specified for 

outer shell.  Use mechanical fasteners that maintain inner duct at uniform distance from outer shell 
without compressing insulation. 
a. Sheet Metal Inner Duct Perforations:  3/32-inch (2.4-mm) diameter, with an overall open 

area of 23 percent. 

10. Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers, turning vane 
assemblies, or other devices.  Fabricated buildouts (metal hat sections) or other buildout means 
are optional; when used, secure buildouts to duct walls with bolts, screws, rivets, or welds. 

2.05 SEALANT AND GASKETS 

A. General Sealant and Gasket Requirements:  Surface-burning characteristics for sealants and gaskets 
shall be a maximum flame-spread index of 25 and a maximum smoke-developed index of 50 when tested 
according to UL 723; certified by an NRTL. 

B. Two-Part Tape Sealing System: 
1. Tape:  Woven cotton fiber impregnated with mineral gypsum and modified acrylic/silicone activator 

to react exothermically with tape to form hard, durable, airtight seal. 
2. Tape Width:  4 inches (102 mm). 
3. Sealant:  Modified styrene acrylic. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. Maximum Static-Pressure Class:  10-inch wg (2500 Pa), positive and negative. 
7. Service:  Indoor and outdoor. 
8. Service Temperature:  Minus 40 to plus 200 deg F (Minus 40 to plus 93 deg C). 
9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless steel, or 

aluminum. 
10. For indoor applications, use sealant that has a VOC content of 250 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 

C. Water-Based Joint and Seam Sealant: 
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1. Application Method:  Brush on. 
2. Solids Content:  Minimum 65 percent. 
3. Shore A Hardness:  Minimum 20. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. VOC:  Maximum 75 g/L (less water). 
7. Maximum Static-Pressure Class:  10-inch wg (2500 Pa), positive and negative. 
8. Service:  Indoor or outdoor. 
9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless steel, or 

aluminum sheets. 

D. Solvent-Based Joint and Seam Sealant: 
1. Application Method:  Brush on. 
2. Base:  Synthetic rubber resin. 
3. Solvent:  Toluene and heptane. 
4. Solids Content:  Minimum 60 percent. 
5. Shore A Hardness:  Minimum 60. 
6. Water resistant. 
7. Mold and mildew resistant. 
8. For indoor applications, use sealant that has a VOC content of 250 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 
9. VOC:  Maximum 395 g/L. 
10. Maximum Static-Pressure Class:  10-inch wg (2500 Pa), positive or negative. 
11. Service:  Indoor or outdoor. 
12. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless steel, or 

aluminum sheets. 

E. Flanged Joint Sealant:  Comply with ASTM C 920. 
1. General:  Single-component, acid-curing, silicone, elastomeric. 
2. Type:  S. 
3. Grade:  NS. 
4. Class:  25. 
5. Use:  O. 
6. For indoor applications, use sealant that has a VOC content of 250 g/L or less when calculated 

according to 40 CFR 59, Subpart D (EPA Method 24). 

F. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer. 

G. Round Duct Joint O-Ring Seals: 
1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg (0.14 L/s per sq. m at 

250 Pa) and shall be rated for 10-inch wg (2500-Pa) static-pressure class, positive or negative. 
2. EPDM O-ring to seal in concave bead in coupling or fitting spigot. 
3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings and fitting 

spigots. 

2.06 HANGERS AND SUPPORTS 

A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts. 

B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or galvanized rods with 
threads painted with zinc-chromate primer after installation. 

C. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Table 4-1 (Table 4-1M), "Rectangular Duct Hangers Minimum Size," and Table 4-2, "Minimum 
Hanger Sizes for Round Duct." 

D. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with ASTM A 603. 

E. Steel Cables for Stainless-Steel Ducts:  Stainless steel complying with ASTM A 492. 
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F. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, swivel, and bolts 
designed for duct hanger service; with an automatic-locking and clamping device. 

G. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct 
materials. 

H. Trapeze and Riser Supports: 
1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates. 
2. Supports for Stainless-Steel Ducts:  Stainless-steel shapes and plates. 
3. Supports for Aluminum Ducts:  Aluminum or galvanized steel coated with zinc chromate. 

PART 3 - EXECUTION 

3.01 DUCT INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct system.  
Indicated duct locations, configurations, and arrangements were used to size ducts and calculate friction 
loss for air-handling equipment sizing and for other design considerations.  Install duct systems as 
indicated unless deviations to layout are approved on Shop Drawings and Coordination Drawings. 

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" unless 
otherwise indicated. 

C. Install round and flat-oval ducts in maximum practical lengths. 

D. Install ducts with fewest possible joints. 

E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch 
connections. 

F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and perpendicular to 
building lines. 

G. Install ducts close to walls, overhead construction, columns, and other structural and permanent 
enclosure elements of building. 

H. Install ducts with a clearance of 1 inch (25 mm), plus allowance for insulation thickness. 

I. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and enclosures. 

J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to view, 
cover the opening between the partition and duct or duct insulation with sheet metal flanges of same 
metal thickness as the duct.  Overlap openings on four sides by at least 1-1/2 inches (38 mm). 

K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.  Comply 
with requirements in Division 23 Section "Air Duct Accessories" for fire and smoke dampers. 

L. Protect duct interiors from moisture, construction debris and dust, and other foreign materials.  Comply 
with SMACNA's "Duct Cleanliness for New Construction Guidelines." 

3.02 INSTALLATION OF EXPOSED DUCTWORK 

A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged. 

B. Trim duct sealants flush with metal.  Create a smooth and uniform exposed bead.  Do not use two-part 
tape sealing system. 

C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter.  When welding 
stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, and treat the 
welds to remove discoloration caused by welding. 

D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings, hangers 
and supports, duct accessories, and air outlets. 

E. Repair or replace damaged sections and finished work that does not comply with these requirements. 
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3.03 ADDITIONAL INSTALLATION REQUIREMENTS FOR COMMERCIAL EXHAUST HOOD  AND 
EXHAUST DUCT 

A. Install commercial hood exhaust ducts without dips and traps that may hold grease, and sloped a 
minimum of 2 percent to drain grease back to the hood. 

B. Do not penetrate fire-rated assemblies except as allowed by applicable building codes and authorities 
having jurisdiction. 

3.04 DUCT SEALING 

A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct Schedule" Article 
according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

B. Seal ducts to the following seal classes according to SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible": 
1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
2. Outdoor, Supply-Air Ducts:  Seal Class A. 
3. Outdoor, Exhaust Ducts:  Seal Class C. 
4. Outdoor, Return-Air Ducts:  Seal Class C. 
5. Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg (500 Pa) and Lower:  Seal 

Class B. 
6. Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg (500 Pa):  

Seal Class A. 
7. Unconditioned Space, Exhaust Ducts:  Seal Class C. 
8. Unconditioned Space, Return-Air Ducts:  Seal Class B. 
9. Conditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg (500 Pa) and Lower:  Seal 

Class C. 
10. Conditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg (500 Pa):  Seal 

Class B. 
11. Conditioned Space, Exhaust Ducts:  Seal Class B. 
12. Conditioned Space, Return-Air Ducts:  Seal Class C. 

3.05 HANGER AND SUPPORT INSTALLATION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 4, "Hangers 
and Supports." 

B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel fasteners 
appropriate for construction materials to which hangers are being attached. 
1. Where practical, install concrete inserts before placing concrete. 
2. Install powder-actuated concrete fasteners after concrete is placed and completely cured. 
3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for slabs 

more than 4 inches (100 mm) thick. 
4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for slabs 

less than 4 inches (100 mm) thick. 
5. Do not use powder-actuated concrete fasteners for seismic restraints. 

C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Table 4-1 (Table 4-1M), "Rectangular Duct Hangers Minimum Size," and Table 4-2, "Minimum Hanger 
Sizes for Round Duct," for maximum hanger spacing; install hangers and supports within 24 inches (610 
mm) of each elbow and within 48 inches (1200 mm) of each branch intersection. 

D. Hangers Exposed to View:  Threaded rod and angle or channel supports. 

E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, bolts, 
sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16 feet (5 m). 

F. Install upper attachments to structures.  Select and size upper attachments with pull-out, tension, and 
shear capacities appropriate for supported loads and building materials where used. 
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3.06 CONNECTIONS 

A. Make connections to equipment with flexible connectors complying with Division 23 Section "Air Duct 
Accessories." 

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch, outlet and 
inlet, and terminal unit connections. 

3.07 PAINTING 

A. Paint interior of metal ducts that are visible through registers and grilles and that do not have duct liner.  
Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer.  Paint materials and 
application requirements are specified in Division 09 painting Sections. 

3.08 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 
1. Disassemble, reassemble, and seal segments of systems to accommodate leakage testing and for 

compliance with test requirements. 
2. Test for leaks before applying external insulation. 
3. Test the following systems: 

a. Supply 
b. Return 
c. Exhaust  

4. Conduct tests at static pressures equal to maximum design pressure of system or section being 
tested.  If static-pressure classes are not indicated, test system at maximum system design 
pressure.  Do not pressurize systems above maximum design operating pressure. 

5. Give seven days' advance notice for testing. 

B. Duct System Cleanliness Tests: 
1. Visually inspect duct system to ensure that no visible contaminants are present. 
2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness according to 

"Vacuum Test" in NADCA ACR, "Assessment, Cleaning and Restoration of HVAC Systems." 
a. Acceptable Cleanliness Level:  Net weight of debris collected on the filter media shall not 

exceed 0.75 mg/100 sq. cm. 

C. Duct system will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.09 DUCT CLEANING 

A. Clean new duct system(s) before testing, adjusting, and balancing. 

B. Use service openings for entry and inspection. 
1. Create new openings and install access panels appropriate for duct static-pressure class if required 

for cleaning access.  Provide insulated panels for insulated or lined duct.  Patch insulation and liner 
as recommended by duct liner manufacturer.  Comply with Division 23 Section "Air Duct 
Accessories" for access panels and doors. 

2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection. 
3. Remove and reinstall ceiling to gain access during the cleaning process. 

C. Particulate Collection and Odor Control: 
1. When venting vacuuming system inside the building, use HEPA filtration with 99.97 percent 

collection efficiency for 0.3-micron-size (or larger) particles. 
2. When venting vacuuming system to outdoors, use filter to collect debris removed from HVAC 

system, and locate exhaust downwind and away from air intakes and other points of entry into 
building. 

D. Clean the following components by removing surface contaminants and deposits: 
1. Air outlets and inlets (registers, grilles, and diffusers). 
2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply and return 

plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive assemblies. 
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3. Air-handling unit internal surfaces and components including mixing box, coil section, air wash 
systems, spray eliminators, condensate drain pans, humidifiers and dehumidifiers, filters and filter 
sections, and condensate collectors and drains. 

4. Coils and related components. 
5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and mechanical 

equipment rooms. 
6. Supply-air ducts, dampers, actuators, and turning vanes. 
7. Dedicated exhaust and ventilation components and makeup air systems. 

E. Mechanical Cleaning Methodology: 
1. Clean metal duct systems using mechanical cleaning methods that extract contaminants from 

within duct systems and remove contaminants from building. 
2. Use vacuum-collection devices that are operated continuously during cleaning.  Connect vacuum 

device to downstream end of duct sections so areas being cleaned are under negative pressure. 
3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces without damaging 

integrity of metal ducts, duct liner, or duct accessories. 
4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner to get wet.  

Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated or that has friable 
material, mold, or fungus growth. 

5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain pan operational.  Rinse 
coils with clean water to remove latent residues and cleaning materials; comb and straighten fins. 

6. Provide drainage and cleanup for wash-down procedures. 
7. Antimicrobial Agents and Coatings:  Apply EPA-registered antimicrobial agents if fungus is present.  

Apply antimicrobial agents according to manufacturer's written instructions after removal of surface 
deposits and debris. 

3.010 START UP 

A. Air Balance:  Comply with requirements in Division 23 Section "Testing, Adjusting, and Balancing for 
HVAC." 

3.011 DUCT SCHEDULE 

A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows: 

B. Elbow Configuration: 
1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible," Figure 2-2, "Rectangular Elbows." 
a. Velocity 1000 fpm (5 m/s) or Lower: 

1) Radius Type RE 1 with minimum 0.5 radius-to-diameter ratio. 
2) Mitered Type RE 4 without vanes. 

b. Velocity 1000 to 1500 fpm (5 to 7.6 m/s): 
1) Radius Type RE 1 with minimum 1.0 radius-to-diameter ratio. 
2) Radius Type RE 3 with minimum 0.5 radius-to-diameter ratio and two vanes. 
3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible," Figure 2-3, "Vanes and Vane Runners," and Figure 
2-4, "Vane Support in Elbows." 

c. Velocity 1500 fpm (7.6 m/s) or Higher: 
1) Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio. 
2) Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes. 
3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible," Figure 2-3, "Vanes and Vane Runners," and Figure 
2-4, "Vane Support in Elbows." 

2. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Figure 2-2, "Rectangular Elbows." 
a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio. 
b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes. 
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c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 2-3, "Vanes and Vane Runners," and Figure 2-4, 
"Vane Support in Elbows." 

3. Round Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Figure 3-3, "Round Duct Elbows." 
a. Minimum Radius-to-Diameter Ratio and Elbow Segments:  Comply with SMACNA's "HVAC 

Duct Construction Standards - Metal and Flexible," Table 3-1, "Mitered Elbows."  Elbows 
with less than 90-degree change of direction have proportionately fewer segments. 
1) Velocity 1000 fpm (5 m/s) or Lower:  0.5 radius-to-diameter ratio and three segments 

for 90-degree elbow. 
2) Velocity 1000 to 1500 fpm (5 to 7.6 m/s):  1.0 radius-to-diameter ratio and four 

segments for 90-degree elbow. 
3) Velocity 1500 fpm (7.6 m/s) or Higher:  1.5 radius-to-diameter ratio and five segments 

for 90-degree elbow. 
4) Radius-to Diameter Ratio:  1.5. 

 

 

 

 

 

END OF SECTION 23 31 13 
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SECTION 23-34-23 

HVAC POWER VENTILATORS 
 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes: 
1. In-line centrifugal fans. 
2. Propeller fans. 

1.03 PERFORMANCE REQUIREMENTS 

A. Project Altitude:  Base fan-performance ratings on actual Project site elevations. 

B. Operating Limits:  Classify according to AMCA 99. 

1.04 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, operating characteristics, and 
furnished specialties and accessories.  Also include the following: 
1. Certified fan performance curves with system operating conditions indicated. 
2. Certified fan sound-power ratings. 
3. Motor ratings and electrical characteristics, plus motor and electrical accessories. 
4. Material thickness and finishes, including color charts. 
5. Dampers, including housings, linkages, and operators. 
6. Roof curbs. 
7. Fan speed controllers. 

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work. 
1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method 

of field assembly, components, and location and size of each field connection. 
2. Wiring Diagrams:  For power, signal, and control wiring. 

C. Field quality-control reports. 

D. Operation and Maintenance Data:  For power ventilators to include in emergency, operation, and 
maintenance manuals. 

1.05 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

B. AMCA Compliance:  Fans shall have AMCA-Certified performance ratings and shall bear the AMCA-
Certified Ratings Seal. 

C. UL Standards:  Power ventilators shall comply with UL 705.  Power ventilators for use for restaurant 
kitchen exhaust shall also comply with UL 762. 

1.06 COORDINATION 

A. Coordinate size and location of structural-steel support members. 

B. Coordinate sizes and locations of concrete bases with actual equipment provided. 

C. Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with actual 
equipment provided. 
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1.07 EXTRA MATERIALS 

A. Furnish extra materials that match products installed and that are packaged with protective covering for 
storage and identified with labels describing contents. 
1. Belts:  Two set(s) for each belt-driven unit. 

 

PART 2 - PRODUCTS 

2.01 IN-LINE CENTRIFUGAL FANS 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on 
Drawings or comparable product by one of the following: 
1. Twin City Fan Companies, Ltd. 
2. Greenheck 
3. Loren Cook Company. 
4. New York Blower Company (The). 
5. Soler and Palau.  
6. Penn Barry 
7. American Coolair (ILG) 

B. Housing:  Split, spun aluminum with aluminum straightening vanes, inlet and outlet flanges, and support 
bracket adaptable to floor, side wall, or ceiling mounting. 

C. Belt-Driven Units:  Motor mounted on adjustable base, with adjustable sheaves, enclosure around belts 
within fan housing, and lubricating tubes from fan bearings extended to outside of fan housing. 

D. Fan Wheels:  Aluminum, airfoil blades welded to aluminum hub. 

E. Accessories: 
1. Variable-Speed Controller:  Solid-state control to reduce speed from 100 to less than 50 percent. 
2. Volume-Control Damper:  Manually operated with quadrant lock, located in fan outlet. 
3. Companion Flanges:  For inlet and outlet duct connections. 
4. Fan Guards:  1/2- by 1-inch (13- by 25-mm) mesh of galvanized steel in removable frame.  Provide 

guard for inlet or outlet for units not connected to ductwork. 
5. Motor and Drive Cover (Belt Guard):  Epoxy-coated steel. 

2.02 PROPELLER FANS 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on 
Drawings or comparable product by one of the following: 
1. Twin City Fan Companies, Ltd. 
2. Greenheck 
3. Loren Cook Company. 
4. New York Blower Company (The). 
5. Soler and Palau.  
6. American Coolair (ILG) 

B. Housing:  Galvanized-steel sheet with flanged edges and integral orifice ring with baked-enamel finish 
coat applied after assembly. 

C. Steel Fan Wheels:  Formed-steel blades riveted to heavy-gage steel spider bolted to cast-iron hub. 

D. Fan Drive: 
1. Resiliently mounted to housing. 
2. Statically and dynamically balanced. 
3. Selected for continuous operation at maximum rated fan speed and motor horsepower, with final 

alignment and belt adjustment made after installation. 
4. Extend grease fitting to accessible location outside of unit. 
5. Service Factor Based on Fan Motor Size:  1.4. 
6. Fan Shaft:  Turned, ground, and polished steel; keyed to wheel hub. 
7. Shaft Bearings:  Permanently lubricated, permanently sealed, self-aligning ball bearings. 

a. Ball-Bearing Rating Life:  ABMA 9, L10 of 100,000 hours. 
8. Pulleys:  Cast iron with split, tapered bushing; dynamically balanced at factory. 
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9. Motor Pulleys:  Adjustable pitch for use with motors through 5 hp; fixed pitch for use with larger 
motors.  Select pulley so pitch adjustment is at the middle of adjustment range at fan design 
conditions. 

10. Belts:  Oil resistant, nonsparking, and nonstatic; matched sets for multiple belt drives. 
11. Belt Guards:  Fabricate of steel for motors mounted on outside of fan cabinet. 

E. Accessories: 
1. Gravity Shutters:  Aluminum blades in aluminum frame; interlocked blades with nylon bearings. 
2. Motor-Side Back Guard:  Galvanized steel, complying with OSHA specifications, removable for 

maintenance. 
3. Disconnect Switch:  Nonfusible type, with thermal-overload protection mounted inside fan housing, 

factory wired through an internal aluminum conduit. 

2.03 MOTORS 

A. Comply with NEMA designation, temperature rating, service factor, enclosure type, and efficiency 
requirements for motors specified in Division 23 Section "Common Motor Requirements for HVAC 
Equipment." 
1. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven load will not 

require motor to operate in service factor range above 1.0. 
2. Controllers, Electrical Devices, and Wiring:  Comply with requirements for electrical devices and 

connections specified in Division 26 Sections. 

B. Enclosure Type:  Totally enclosed, fan cooled. 

2.04 SOURCE QUALITY CONTROL 

A. Certify sound-power level ratings according to AMCA 301, "Methods for Calculating Fan Sound Ratings 
from Laboratory Test Data." Factory test fans according to AMCA 300, "Reverberant Room Method for 
Sound Testing of Fans."  Label fans with the AMCA-Certified Ratings Seal. 

B. Certify fan performance ratings, including flow rate, pressure, power, air density, speed of rotation, and 
efficiency by factory tests according to AMCA 210, "Laboratory Methods of Testing Fans for Aerodynamic 
Performance Rating."  Label fans with the AMCA-Certified Ratings Seal. 
 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Install power ventilators level and plumb. 

B. Support suspended units from structure using threaded steel rods and spring hangers with vertical-
limit stops having a static deflection of 1 inch (25 mm).  Vibration-control devices are specified in 
Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment." 

C. Install units with clearances for service and maintenance. 

D. Label units according to requirements specified in Division 23 Section "Identification for HVAC Piping and 
Equipment." 

3.02 CONNECTIONS 

A. Duct installation and connection requirements are specified in other Division 23 Sections.  Drawings 
indicate general arrangement of ducts and duct accessories.  Make final duct connections with flexible 
connectors.  Flexible connectors are specified in Division 23 Section "Air Duct Accessories." 

B. Install ducts adjacent to power ventilators to allow service and maintenance. 

C. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems." 

D. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables." 

3.03 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 
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1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 
components, assemblies, and equipment installations, including connections, and to assist in 
testing. 

B. Tests and Inspections: 
1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that connections to ducts and 

electrical components are complete.  Verify that proper thermal-overload protection is installed in 
motors, starters, and disconnect switches. 

3. Verify that cleaning and adjusting are complete. 
4. Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan wheel free 

rotation and smooth bearing operation.  Reconnect fan drive system, align and adjust belts, and 
install belt guards. 

5. Adjust belt tension. 
6. Adjust damper linkages for proper damper operation. 
7. Verify lubrication for bearings and other moving parts. 
8. Verify that manual and automatic volume control and fire and smoke dampers in connected 

ductwork systems are in fully open position. 
9. Disable automatic temperature-control operators, energize motor and adjust fan to indicated rpm, 

and measure and record motor voltage and amperage. 
10. Shut unit down and reconnect automatic temperature-control operators. 
11. Remove and replace malfunctioning units and retest as specified above. 

C. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment. 

D. Prepare test and inspection reports. 

3.04 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

B. Adjust belt tension. 

C. Comply with requirements in Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for testing, 
adjusting, and balancing procedures. 

D. Replace fan and motor pulleys as required to achieve design airflow. 

E. Lubricate bearings. 

 

 

END OF SECTION 23 34 23 
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SECTION 23-37-13 

DIFFUSERS, REGISTERS, AND GRILLES 
 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes: 
1. Rectangular and square ceiling diffusers. 
2. Linear bar diffusers. 
3. Adjustable Bar Registers 

B. Related Sections: 
1. Division 08 Section "Louvers and Vents" for fixed and adjustable louvers and wall vents, whether or 

not they are connected to ducts. 
2. Division 23 Section "Air Duct Accessories" for fire and smoke dampers and volume-control 

dampers not integral to diffusers, registers, and grilles. 

1.03 SUBMITTALS 

A. Product Data:  For each type of product indicated, include the following: 
1. Data Sheet:  Indicate materials of construction, finish, and mounting details; and performance data 

including throw and drop, static-pressure drop, and noise ratings. 
2. Diffuser, Register, and Grille Schedule:  Indicate drawing designation, room location, quantity, 

model number, size, and accessories furnished. 

B. Samples for Initial Selection:  For diffusers, registers, and grilles with factory-applied color finishes. 

C. Samples for Verification:  For diffusers, registers, and grilles, in manufacturer's standard sizes to verify 
color selected. 

D. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which the following items are shown 
and coordinated with each other, using input from Installers of the items involved: 
1. Ceiling suspension assembly members. 
2. Method of attaching hangers to building structure. 
3. Size and location of initial access modules for acoustical tile. 
4. Ceiling-mounted items including lighting fixtures, diffusers, grilles, speakers, sprinklers, access 

panels, and special moldings. 
5. Duct access panels. 

E. Source quality-control reports. 
 

PART 2 - PRODUCTS 

2.01 CEILING DIFFUSERS 

A. Rectangular and Square Ceiling Diffusers : 
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 

a. Carnes. 
b. Hart & Cooley Inc. 
c. Krueger. 
d. METALAIRE, Inc. 
e. Nailor Industries Inc. 
f. Price Industries. 
g. Titus. 
h. Tuttle & Bailey. 
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2. Devices shall be specifically designed for variable-air-volume flows. 
3. Material:  Steel or Aluminum. 
4. Finish:  Baked enamel, white. 
5. Face Size:  24 by 24 inches (600 by 600 mm) and 12 by 12 inches (300 by 300 mm) or as specified 

on drawing schedules. 
6. Face Style:  Four cone or Plaque. 
7. Mounting:  Coordinate with architectural ceiling type. 
8. Dampers:  As specified on drawing schedules. 

2.02 CEILING LINEAR SLOT OUTLETS 

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

a. Carnes. 
b. Hart & Cooley Inc. 
c. Krueger. 
d. METALAIRE, Inc. 
e. Nailor Industries Inc. 
f. Price Industries. 
g. Titus. 
h. Tuttle & Bailey. 

2. Devices shall be specifically designed for variable-air-volume flows. 
3. Material:  Steel or Aluminum. 
4. Finish:  Baked enamel, color selected by Architect. 
5. Frame:  As specified on the drawing schedules. 
6. Mounting Frame:  Coordinate with architectural ceiling type. 
7. Mounting:  Coordinate with architectural ceiling type. 
8. Damper Type:  Adjustable opposed-blade assembly. 

2.03 GRILLES 

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

a. Carnes. 
b. Hart & Cooley Inc. 
c. Krueger. 
d. METALAIRE, Inc. 
e. Nailor Industries Inc. 
f. Price Industries. 
g. Titus. 
h. Tuttle & Bailey. 

2. Material:  Steel or Aluminum. 
3. Finish:  Baked enamel, color selected by Architect. 
4. Face Blade Arrangement: As specified on the drawing schedules. 
5. Rear-Blade Arrangement:  As specified on the drawing schedules  
6. Frame:  As specified on the drawing schedules. 
7. Mounting Frame:  Coordinate with architectural ceiling type 
8. Mounting:  Coordinate with architectural ceiling type. 
9. Damper Type:  Adjustable opposed blade 

2.04 SOURCE QUALITY CONTROL 

A. Verification of Performance:  Rate diffusers, registers, and grilles according to ASHRAE 70, "Method of 
Testing for Rating the Performance of Air Outlets and Inlets." 
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PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine areas where diffusers, registers, and grilles are to be installed for compliance with requirements 
for installation tolerances and other conditions affecting performance of equipment. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 INSTALLATION 

A. Install diffusers, registers, and grilles level and plumb. 

B. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, fittings, and 
accessories.  Air outlet and inlet locations have been indicated to achieve design requirements for air 
volume, noise criteria, airflow pattern, throw, and pressure drop.  Make final locations where indicated, as 
much as practical.  For units installed in lay-in ceiling panels, locate units in the center of panel.  Where 
architectural features or other items conflict with installation, notify Architect for a determination of final 
location. 

C. Install diffusers, registers, and grilles with airtight connections to ducts and to allow service and 
maintenance of dampers, air extractors, and fire dampers. 

3.03 ADJUSTING 

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, before 
starting air balancing. 
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SECTION 23-54-00 

CONDENSING FURNACES AND DIRECT-EXPANSION COOLING COIL 

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. Gas-fired, condensing furnaces and accessories complete with controls. 

2. Air filters. 

3. Refrigeration components. 

1.3 ACTION SUBMITTALS 

A. Product Data:  Include rated capacities, operating characteristics, furnished specialties, and 
accessories for each of the following: 

1. Gas-fired, condensing furnaces and accessories complete with controls. 

2. Thermostat. 

3. Refrigeration components. 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, 
required clearances, method of field assembly, components, and location and size of each field 
connection. 

1. Wiring Diagrams:  Power, signal, and control wiring. 

1.4 INFORMATIONAL SUBMITTALS 

A. Warranty:  Special warranty specified in this Section. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For each furnace to include in emergency, operation, and 
maintenance manuals for each of the following: 

1. Furnace and accessories complete with controls. 

2. Air filter. 

3. Refrigeration components. 

1.6 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials described below that match products installed and that are packaged 
with protective covering for storage and identified with labels describing contents. 

1. Disposable Air Filters:  Furnish two complete sets. 

2. Fan Belts:  Furnish one set(s) for each furnace fan. 

1.7 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

B. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and 
Equipment" and Section 7 - "Construction and Startup." 

C. ASHRAE/IESNA 90.1 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, Section 6 
- "Heating, Ventilating, and Air-Conditioning." 

D. Comply with NFPA 70. 
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1.8 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 
reinforcement, and formwork requirements are specified with concrete. 

1.9 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 
replace the following components of furnaces that fail in materials or workmanship within 
specified warranty period: 

1. Warranty Period, Commencing on Date of Substantial Completion: 

a. Furnace Heat Exchanger:  10 years. 

b. Integrated Ignition and Blower Control Circuit Board: Five years. 

c. Draft-Inducer Motor: Five years. 

d. Refrigeration Compressors: 10 years. 

e. Evaporator and Condenser Coils:  Five years. 

PART 2 - PRODUCTS 

2.1 GAS-FIRED FURNACES, CONDENSING 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 
indicated on Drawings or a comparable product by one of the following: 

1. Lennox 

2. American Standard Companies, Inc. 

3. Carrier Corporation; Div. of United Technologies Corp. 

4. Trane. 

5. York International Corp.; a division of Unitary Products Group. 

B. General Requirements for Gas-Fired, Condensing Furnaces:  Factory assembled, piped, wired, 
and tested; complying with ANSI Z21.47/CSA 2.3, "Gas-Fired Central Furnaces," and with 
NFPA 54. 

C. System shall be capable of system operation with programmable switchover temperature from 
gas furnace heat to direct-expansion cooling. 

D. Cabinet:  Steel or Galvanized steel. 

1. Cabinet interior around heat exchanger shall be factory-installed insulation. 

2. Lift-out panels shall expose burners and all other items requiring access for maintenance. 

3. Factory paint external cabinets in manufacturer's standard color. 

4. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 
requirements in ASHRAE 62.1. 

E. Fan:  Centrifugal, factory balanced, resilient mounted, direct drive. 

1. Fan Motors:  Comply with requirements in Section 230513 "Common Motor 
Requirements for HVAC Equipment." 

2. Special Motor Features:  Single speed, Premium (TM) efficiency, as defined in 
Section 230513 "Common Motor Requirements for HVAC Equipment," and with internal 
thermal protection and permanent lubrication. 

3. Special Motor Features:  Multitapped, multispeed with internal thermal protection and 
permanent lubrication. 

4. Special Motor Features:  Electronically controlled motor (ECM) controlled by integrated 
furnace/blower control. 

F. Type of Gas:  Natural Gas. 

G. Heat Exchanger: 

http://www.specagent.com/LookUp/?ulid=3548&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813571&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821749&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456813583&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821767&mf=04&src=wd
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1. Primary:  Aluminized or Stainless steel. 

2. Secondary:  Stainless steel. 

H. Burner: 

1. Gas Valve:  100 percent safety two-stage or fully modulating main gas valve, main 
shutoff valve, pressure regulator, safety pilot with electronic flame sensor, limit control, 
transformer, and combination ignition/fan timer control board. 

2. Ignition:  Electric pilot ignition, with hot-surface igniter or electric spark ignition. 

I. Gas-Burner Safety Controls: 

1. Electronic Flame Sensor:  Prevents gas valve from opening until pilot flame is proven; 
stops gas flow on ignition failure. 

2. Flame Rollout Switch:  Installed on burner box; prevents burner operation. 

3. Limit Control:  Fixed stop at maximum permissible setting; de-energizes burner on 
excessive bonnet temperature; automatic reset. 

J. Combustion-Air Inducer:  Centrifugal fan with thermally protected motor and sleeve bearings 
prepurges heat exchanger and vents combustion products; pressure switch prevents furnace 
operation if combustion-air inlet or flue outlet is blocked. 

K. Furnace Controls:  Solid-state board integrates ignition, heat, cooling, and fan speeds; 
adjustable fan-on and fan-off timing; terminals for connection to accessories [; diagnostic light 
with viewport]. 

L. Accessories: 

1. Combination Combustion-Air Intake and Vent:  PVC plastic fitting to combine 
combustion-air inlet and vent through [outside wall] [roof]. 

2. CPVC Plastic Vent Materials. 

a. CPVC Plastic Pipe:  Schedule 40, complying with ASTM F 441/F 441M. 

b. CPVC Plastic Fittings:  Schedule 40, complying with ASTM F 438, socket type. 

c. CPVC Solvent Cement:  ASTM F 493. 

1) CPVC solvent cement shall have a VOC content of 490 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2) Adhesive primer shall have a VOC content of 550 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3) Solvent cement and adhesive primer shall comply with the testing and 
product requirements of the California Department of Health Services' 
"Standard Practice for the Testing of Volatile Organic Emissions from 
Various Sources Using Small-Scale Environmental Chambers." 

3. PVC Plastic Vent Materials: 

a. PVC Plastic Pipe:  Schedule 40, complying with ASTM D 1785. 

b. PVC Plastic Fittings:  Schedule 40,  complying with ASTM D 2466, socket type. 

c. PVC Solvent Cement:  ASTM D 2564. 

1) PVC solvent cement shall have a VOC content of 510 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2) Adhesive primer shall have a VOC content of 550 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3) Solvent cement and adhesive primer shall comply with the testing and 
product requirements of the California Department of Health Services' 
"Standard Practice for the Testing of Volatile Organic Emissions from 
Various Sources Using Small-Scale Environmental Chambers." 
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2.2 THERMOSTATS 

A. Controls shall comply with requirements in ASHRAE/IESNA 90.1, "Controls." 

B. Solid-State Thermostat:  Wall-mounting, programmable, microprocessor-based unit with 
automatic switching from heating to cooling, preferential rate control, seven-day 
programmability with minimum of four temperature presets per day, vacation mode, and battery 
backup protection against power failure for program settings. 

C. Thermostat shall be capable of system operation with programmable switchover temperature 
from gas furnace heat to direct-expansion cooling. 

D. Control Wiring:  Unshielded twisted-pair cabling. 

1. No. 24 AWG, 100 ohm, four pair. 

2.3 AIR FILTERS 

A. Disposable Filters:  1-inch- (25-mm-)  thick fiberglass media with ASHRAE 52.2 MERV rating of 
6 or higher, in sheet metal frame. 

2.4 REFRIGERATION COMPONENTS 

A. General Refrigeration Component Requirements: 

1. Refrigeration compressor, coils, and specialties shall be designed to operate with CFC-
free refrigerants. 

2. Energy Efficiency:  Equal to or greater than prescribed by ASHRAE/IESNA 90.1, "Energy 
Standard for Buildings except Low-Rise Residential Buildings." 

B. Refrigerant Coil:  Copper tubes mechanically expanded into aluminum fins.  Comply with 
ARI 210/240, "Unitary Air-Conditioning and Air-Source Heat Pump Equipment." Match size with 
furnace.  Include condensate drain pan with accessible drain outlet[ complying with 
ASHRAE 62.1]. 

1. Refrigerant Coil Enclosure:  Steel, matching furnace and evaporator coil, with access 
panel and flanges for integral mounting at or on furnace cabinet and galvanized sheet 
metal drain pan coated with black asphaltic base paint. 

C. Refrigerant Line Kits:  Annealed-copper suction and liquid lines factory cleaned, dried, 
pressurized with nitrogen, sealed, and with suction line insulated.  Provide in standard lengths 
for installation without joints, except at equipment connections. 

1. Flexible Elastomeric:  Closed-cell, sponge- or expanded-rubber materials.  Comply with 
ASTM C 534, Type I, 1 inch (25 mm) thick. 

D. Refrigerant Piping:  Comply with requirements in Section 232300 "Refrigerant Piping." 

E. Air-Cooled, Compressor-Condenser Unit: 

1. Casing:  Steel, finished with baked enamel, with removable panels for access to controls, 
weep holes for water drainage, and mounting holes in base.  Provide brass service 
valves, fittings, and gage ports on exterior of casing. 

2. Compressor:  Hermetically sealed [reciprocating] [scroll] [reciprocating or scroll] type. 

a. Crankcase heater. 

b. [Restrained vibration] [Vibration] isolation mounts for compressor. 

c. Compressor motor shall have thermal- and current-sensitive overload devices, 
start capacitor, relay, and contactor. 

d. Two-speed compressor motors shall have manual-reset high-pressure switch and 
automatic-reset low-pressure switch. 

e. Refrigerant Charge:  R-410A 

f. Refrigerant:  R-410A. 

3. Refrigerant Coil:  Copper tube, with mechanically bonded aluminum fins, complying with 
ARI 210/240, and with liquid subcooler. 
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4. Fan:  Aluminum-propeller type, directly connected to motor. 

5. Motor:  Permanently lubricated, with integral thermal-overload protection. 

6. Mounting Base:  Polyethylene. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions, with Installer present, for compliance with requirements for 
installation tolerances and other conditions affecting performance of the Work. 

B. Examine factory-installed insulation before furnace installation.  Reject units that are wet, 
moisture damaged, or mold damaged. 

C. Examine roughing-in for gas and refrigerant piping systems to verify actual locations of piping 
connections before equipment installation. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install gas-fired furnaces and associated fuel and vent features and systems according to 
NFPA 54. 

B. Controls:  Install thermostats and at mounting height of 60 inches (1500 mm) above floor. Verify 
mounting location and height with architectural drawings. 

C. Wiring Method:  Install control wiring in accessible ceiling spaces and in gypsum board 
partitions where unenclosed wiring method may be used.  Conceal control wiring except in 
unfinished spaces. 

D. Install ground-mounted, compressor-condenser components on 4-inch- (100-mm-) thick, 
reinforced concrete base; 4 inches (100 mm) larger on each side than unit.  Concrete, 
reinforcement, and formwork are specified in [Section 033000 "Cast-in-Place Concrete."] 
[Section 033053 "Miscellaneous Cast-in-Place Concrete."] Coordinate anchor installation with 
concrete base.  

1. Anchor furnace to substrate to resist code-required seismic acceleration. 

3.3 CONNECTIONS 

A. Gas piping installation requirements are specified in Section 221126 "Facility Liquefied-
Petroleum Gas Piping." Drawings indicate general arrangement of piping, fittings, and 
specialties.  Connect gas piping with union or flange and appliance connector valve. 

B. Install piping adjacent to equipment to allow service and maintenance. 

C. Vent and Outside-Air Connection, Condensing, Gas-Fired Furnaces:  Connect plastic piping 
vent material to furnace connections and extend outdoors.  Terminate vent outdoors with a cap 
and in an arrangement that will protect against entry of birds, insects, and dirt. 

1. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe. 

2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 

3. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces.  Join pipe and 
fittings according to the following: 

a. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and 
solvent cements. 

b. CPVC Piping:  Join according to ASTM D 2846/D 2846M Appendix. 

c. PVC Pressure Piping:  Join schedule number ASTM D 1785, PVC pipe and PVC 
socket fittings according to ASTM D 2672.  Join other-than-schedule-number PVC 
pipe and socket fittings according to ASTM D 2855. 

d. Requirements for Low-Emitting Materials: 
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1) CPVC solvent cement shall have a VOC content of 490 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

2) PVC solvent cement shall have a VOC content of 510 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3) Adhesive primer shall have a VOC content of 550 g/L or less when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

4) Solvent cement and adhesive primer shall comply with the testing and 
product requirements of the California Department of Health Services' 
"Standard Practice for the Testing of Volatile Organic Emissions from 
Various Sources Using Small-Scale Environmental Chambers." 

4. Slope pipe vent back to furnace or to outside terminal. 

D. Connect ducts to furnace with flexible connector.   

E. Connect refrigerant tubing kits to refrigerant coil in furnace and to air-cooled, compressor-
condenser unit. 

1. Flared Joints:  Use ASME B16.26 fitting and flared ends, following procedures in CDA's 
"Copper Tube Handbook." 

2. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to 
tube end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," 
using lead-free solder alloy complying with ASTM B 32. 

3. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and 
Tube" Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8. 

3.4 FIELD QUALITY CONTROL 

A. Perform the following field tests and inspections and prepare test reports: 

1. Perform electrical test and visual and mechanical inspection. 

2. Leak Test:  After installation, charge systems with refrigerant and oil and test for leaks.  
Repair leaks, replace lost refrigerant and oil, and retest until no leaks exist. 

3. Operational Test:  After electrical circuitry has been energized, start units to confirm 
proper operation, product capability, and compliance with requirements. 

4. Verify that fan wheel is rotating in the correct direction and is not vibrating or binding. 

5. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls 
and equipment. 

B. Verify that vibration isolation and flexible connections properly dampen vibration transmission to 
structure. 

3.5 STARTUP SERVICE 

A. Complete installation and startup checks according to manufacturer's written instructions and 
perform the following: 

1. Inspect for physical damage to unit casings. 

2. Verify that access doors move freely and are weathertight. 

3. Clean units and inspect for construction debris. 

4. Verify that all bolts and screws are tight. 

5. Adjust vibration isolation and flexible connections. 

6. Verify that controls are connected and operational. 

B. Adjust fan belts to proper alignment and tension. 

C. Start unit according to manufacturer's written instructions and complete manufacturer's 
operational checklist. 

D. Measure and record airflows. 
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E. Verify proper operation of capacity control device. 

F. After startup and performance test, lubricate bearings[ and adjust belt tension]. 

3.6 ADJUSTING 

A. Adjust initial temperature and humidity set points. 

B. Set controls, burner, and other adjustments for optimum heating performance and efficiency.  
Adjust heat-distribution features, including shutters, dampers, and relays, to provide optimum 
heating performance and system efficiency. 

3.7 CLEANING 

A. After completing installation, clean furnaces internally according to manufacturer's written 
instructions. 

B. Install new filters in each furnace within 14 days after Substantial Completion. 

3.8 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain condensing units.  Refer to Section 017900 "Demonstration and 
Training." 

END OF SECTION 
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SECTION 23-55-23 

GAS-FIRED RADIANT HEATERS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. This Section includes gas-fired, high-intensity infrared radiant heaters. 

1.03 SUBMITTALS 

A. Product Data:  For each type of gas-fired radiant heater indicated.  Include rated capacities, operating 
characteristics, and accessories. 

B. Shop Drawings:  For gas-fired radiant heaters.  Include plans, elevations, sections, details, and 
attachments to other work. 

1. Prepared by or under the supervision of a qualified professional engineer detailing fabrication and 
assembly of gas-fired radiant heaters, as well as procedures and diagrams. 

2. Design Calculations:  Calculate requirements for selecting vibration isolators[ and seismic 
restraints] and for designing vibration isolation bases. 

3. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method 
of field assembly, components, and location and size of each field connection. 

4. Wiring Diagrams:  Power, signal, and control wiring. 

C. Coordination Drawings:  Plans, elevations, and other details, drawn to scale, on which the following items 
are shown and coordinated with each other, based on input from installers of the items involved: 

1. Structural members to which equipment will be attached. 
2. Items penetrating roof and the following: 

a. Vent and gas piping rough-ins and connections. 

D. Manufacturer Seismic Qualification Certification:  Submit certification that gas-fired radiant heaters, 
accessories, and components will withstand seismic forces defined in Division 23 Section "Vibration and 
Seismic Controls for HVAC Piping and Equipment." Include the following: 

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled 
components or on calculation. 

a. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified." 

b. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified and the unit will be fully 
operational after the seismic event." 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and 
describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based and their 
installation requirements. 

E. Field quality-control test reports. 

F. Operation and Maintenance Data:  For gas-fired radiant heaters to include in emergency, operation, and 
maintenance manuals. 

G. Warranty:  Special warranty specified in this Section. 

1.04 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended 
use. 
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1.05 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace 
components of gas-fired radiant heater that fails in materials or workmanship within specified warranty 
period. 

1. Warranty Period:  10 years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.01 HIGH-INTENSITY INFRARED HEATERS 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on 
Drawings or a comparable product by one of the following: 

1. Schwank Inc. 
2. Space Ray 
3. Superior Radiant 

B. Description:  Factory assembled, piped, and wired, and complying with ANSI Z83.19A/CSA 2.35A, "Gas-
Fired, High-Intensity Infrared Heaters." 

C. Fuel Type:  Design burner for natural gas having characteristics same as those of gas available at Project 
site. 

D. Burner:  Aluminized-steel plenum chamber with stainless-steel retainers and direct spark ignition. 

E. Emitter:  Ceramic combustion surface. 

F. Reflector:  Polished aluminum. 

G. Accessories: 

1. Parabolic reflector. 
2. Wire grid for increased efficiency. 
3. Protective screen. 
4. Heat-deflector shield. 
5. Stainless-steel flexible connector with manual valve. 
6. Hanger chain with "S" hooks. 
7. Preassembled chain suspension kit. 

2.02 CONTROLS 

A. Thermostat:  modulating, wall-mounting type with 50 to 90 deg F operating range and fan on switch. 

1. Control Transformer:  Integrally mounted. 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Install and connect gas-fired radiant heaters and associated fuel and vent features and systems 
according to NFPA 54, applicable local codes and regulations, and manufacturer's written installation 
instructions. 

B. Suspended Units:  Suspend from substrate using chain hanger kits and building attachments. 

1. Spring hangers and seismic restraints are specified in Division 23 Section "Hangers and Supports 
for HVAC Piping and Equipment. 

C. Maintain manufacturers' recommended clearances to combustibles. 

3.02 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general 
arrangement of piping, fittings, and specialties. 

B. Install piping adjacent to gas-fired radiant heaters to allow service and maintenance. 

C. Gas Piping:  Comply with Division 22 Section Facility Natural-Gas Piping ."  Connect gas piping to gas 
train inlet; provide union with enough clearance for burner removal and service. 
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D. Electrical Connections:  Comply with applicable requirements in Division 26 Sections. 

1. Install electrical devices furnished with heaters but not specified to be factory mounted. 

3.03 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and 
adjust components, assemblies, and equipment installations, including connections.  Report results in 
writing. 

B. Tests and Inspections: 

1. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 
equipment. 

2. Verify bearing lubrication. 
3. Verify proper motor rotation. 
4. Test Reports:  Prepare a written report to record the following: 

a. Test procedures used. 
b. Test results that comply with requirements. 
c. Test results that do not comply with requirements and corrective action taken to achieve 

compliance with requirements. 

C. Remove and replace malfunctioning units and retest as specified above. 

3.04 ADJUSTING 

A. Adjust initial temperature set points. 

B. Adjust burner and other unit components for optimum heating performance and efficiency. 

3.05 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, 
operate, and maintain gas-fired radiant heaters.  Refer to Division 01 Section "Demonstration and 
Training." 

END OF SECTION 23-55-23 
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SECTION 23-81-26 

SPLIT-SYSTEM AIR-CONDITIONERS 
 

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 split-system air-conditioning and heat-pump units consisting of separate evaporator-fan 
and compressor-condenser components. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, operating characteristics, and 
furnished specialties and accessories.  Include performance data in terms of capacities, outlet velocities, 
static pressures, sound power characteristics, motor requirements, and electrical characteristics. 

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work. 
1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method 

of field assembly, components, and location and size of each field connection. 
2. Wiring Diagrams:  For power, signal, and control wiring. 

C. Samples for Initial Selection:  For units with factory-applied color finishes. 

D. Field quality-control reports. 

E. Operation and Maintenance Data:  For split-system air-conditioning units to include in emergency, 
operation, and maintenance manuals. 

F. Warranty:  Sample of special warranty. 

1.4 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

B. ASHRAE Compliance: 
1. Fabricate and label refrigeration system to comply with ASHRAE 15, "Safety Standard for 

Refrigeration Systems." 
2. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2007,  Section 4 - "Outdoor Air 

Quality," Section 5 - "Systems and Equipment," Section 6 - " Procedures," and Section 7 - 
"Construction and System Start-Up." 

C. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2007. 

1.5 COORDINATION 

A. Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast anchor-bolt 
inserts into bases.  Concrete, reinforcement, and formwork are specified in Division 03 Section "Cast-in-
Place Concrete." 

B. Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with actual 
equipment provided. 

1.6 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace 
components of split-system air-conditioning units that fail in materials or workmanship within specified 
warranty period. 
1. Warranty Period: 

a. For Compressor: 7 year(s) from date of Substantial Completion. 
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b. For Parts: 5 year(s) from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on 
Drawings or comparable product by one of the following: 
1. Lennox International Inc. 
2. LG. 
3. Diakin 
4. Mitsubishi Electric & Electronics USA, Inc.; HVAC Advanced Products Division. 
5. SANYO North America Corporation; SANYO Fisher Company. 

2.2 INDOOR UNITS  

A. Wall-Mounted, Evaporator-Fan Components: 
1. Cabinet:  Enameled steel with removable panels on front and ends in color selected by Architect, 

and discharge drain pans with drain connection. 
2. Refrigerant Coil:  Copper tube, with mechanically bonded aluminum fins and thermal-expansion 

valve.  Comply with ARI 210/240. 
3. Fan:  Direct drive, centrifugal. 
4. Fan Motors: 

a. Comply with NEMA designation, temperature rating, service factor, enclosure type, and 
efficiency requirements specified in Division 23 Section "Common Motor Requirements for 
HVAC Equipment." 

b. Multitapped, multispeed with internal thermal protection and permanent lubrication. 
c. Enclosure Type:  Totally enclosed, fan cooled. 
d. NEMA Premium (TM) efficient motors as defined in NEMA MG 1. 
e. Controllers, Electrical Devices, and Wiring:  Comply with requirements for electrical devices 

and connections specified in Division 26 Sections. 
5. Power: Electrical power for the indoor unit shall be supplied from the outdoor unit. 
6. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in 

ASHRAE 62.1-2007. 
7. Condensate Drain Pans: 

a. Provide a sloped condensate drain pan under each coil.  
b. Drain Connection:  Located at lowest point of pan and sized to prevent overflow.  Terminate 

with threaded nipple on both ends of pan. 
c. Provide a condensate pump for each drain pan.  
d. Provide drain pan with a level float switch which will de-energize unit upon condensate 

reaching a preset level. (Emergency Drain Pan Substitute) 
8. Air Filtration Section: 

a. General Requirements for Air Filtration Section: 
1) Comply with NFPA 90A. 
2) Minimum Arrestance:  According to ASHRAE 52.1 and MERV according to 

ASHRAE 52.2. 
3) Filter-Holding Frames:  Arranged for flat or angular orientation, with access doors on 

both sides of unit.  Filters shall be removable from one side or lifted out from access 
plenum. 

b. Disposable Panel Filters: 
1) Merv according to ASHRAE 52.2:  5. 

2.3 OUTDOOR UNITS  

A. Air-Cooled, Compressor-Condenser Components: 
1. Casing:  Zinc coated Steel, finished with an electrostatically applied, thermally bonded, acrylic or 

polyester power coating for corrosion protection. Provide with removable panels for access to 
controls, weep holes for water drainage, and mounting holes in base.  Provide brass service 
valves, fittings, and gage ports on exterior of casing. 

2. Casing shall be Hurricane resistant and able to withstand 155MPH wind speeds. 
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3. Compressor:  Hermetically sealed with crankcase heater and mounted on vibration isolation 
device.  Compressor motor shall have thermal- and current-sensitive overload devices, start 
capacitor, relay, and contactor. 
a. Compressor Type:  Scroll. 
b. Two-speed compressor motor with manual-reset high-pressure switch and automatic-reset 

low-pressure switch. 
c. Refrigerant Charge:  R-410A. 
d. Refrigerant Coil:  Copper tube, with mechanically bonded aluminum fins and liquid 

subcooler.  Comply with ARI 210/240. 
4. Heat-Pump Components:  Reversing valve and low-temperature-air cutoff thermostat. 
5. Fan:  Aluminum-propeller type, directly connected to motor. 
6. Motor:  Permanently lubricated, with integral thermal-overload protection. 
7. Low Ambient Kit:  Permits operation down to 0 deg F . 

2.4 ACCESSORIES 

A. Control equipment and sequence of operation are specified in Division 23 Sections "Instrumentation and 
Control for HVAC" and "Sequence of Operations for HVAC Controls." 

B. Thermostat:  Wireless infrared functioning to remotely control compressor and evaporator fan, with the 
following features: 
1. Compressor time delay. 
2. 24-hour time control of system stop and start. 
3. Liquid-crystal display indicating temperature, set-point temperature, time setting, operating mode, 

and fan speed. 
4. Fan-speed selection including auto setting. 

C. Automatic-reset timer to prevent rapid cycling of compressor. 

D. Refrigerant Line Kits:  Soft-annealed copper suction and liquid lines factory cleaned, dried, pressurized, 
and sealed; factory-insulated suction line with flared fittings at both ends. 

E. Drain Hose:  For condensate. 

2.5 CAPACITIES AND CHARACTERISTICS 

A. Cooling Capacity: 
1. Refer to drawing schedules 

B. Heating Capacity: 
1. Refer to drawing schedules 

C. Auxiliary Heating Capacity: 
1. Refer to drawing schedules 

 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Install units level and plumb. 

B. Install evaporator-fan components using manufacturer's standard mounting devices securely fastened to 
building structure. 

C. Install ground-mounted, compressor-condenser components on 4-inch- (100-mm-) thick, reinforced 
concrete base that is 4 inches (100 mm) larger, on each side, than unit.  Concrete, reinforcement, and 
formwork are specified in Division 03 Section "Cast-in-Place Concrete." Coordinate anchor installation 
with concrete base. 

D. Install ground-mounted, compressor-condenser components on polyethylene mounting base. 

E. Install seismic restraints if required. 
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F. Install and connect precharged refrigerant tubing to component's quick-connect fittings.  Install tubing to 
allow access to unit. 

3.2 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general 
arrangement of piping, fittings, and specialties. 

B. Where piping is installed adjacent to unit, allow space for service and maintenance of unit. 

3.3 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and 
adjust components, assemblies, and equipment installations, including connections. 

B. Perform tests and inspections. 
1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 

components, assemblies, and equipment installations, including connections, and to assist in 
testing. 

C. Tests and Inspections: 
1. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest until no 

leaks exist. 
2. Operational Test:  After electrical circuitry has been energized, start units to confirm proper motor 

rotation and unit operation. 
3. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 

equipment. 

D. Remove and replace malfunctioning units and retest as specified above. 

E. Prepare test and inspection reports. 

3.4 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 
1. Complete installation and startup checks according to manufacturer's written instructions. 

 

 

END OF SECTION 23 81 26 
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SECTION 260500  
COMMON WORK RESULTS FOR ELECTRICAL 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes: 

1. Electrical equipment coordination and installation. 
2. Sleeves for raceways and cables. 
3. Sleeve seals. 
4. Grout. 
5. Common electrical installation requirements. 

1.03 DEFINITIONS 

A. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

B. NBR:  Acrylonitrile-butadiene rubber. 

1.04 SUBMITTALS 

A. Product Data:  For sleeve seals. 

B. Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit Administration’s 
(FTA) Buy-America Requirements found in 49 CFR Part 661. 

1.05 COORDINATION 

A. Coordinate arrangement, mounting, and support of electrical equipment: 

1. To allow maximum possible headroom unless specific mounting heights that reduce headroom are 
indicated. 

2. To provide for ease of disconnecting the equipment with minimum interference to other 
installations. 

3. To allow right of way for piping and conduit installed at required slope. 
4. So connecting raceways, cables, wireways, cable trays, and busways will be clear of obstructions 

and of the working and access space of other equipment. 

B. Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete, masonry 
walls, and other structural components as they are constructed. 
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C. Coordinate location of access panels and doors for electrical items that are behind finished surfaces or 
otherwise concealed. 

D. Coordinate sleeve selection and application with selection and application of firestopping. 

E. All work shall be tested and inspected.  Coordinate testing dates and requirements with the architect and 
engineer.  All tests and inspections shall be scheduled in advance.  The State Electrical Inspector is the 
Authority Having Jurisdiction for electrical inspections. It is the responsibility of the electrical contractor to 
notify the Office of the State Electrical Inspector to schedule required inspections including rough-in, 
above ceiling and final inspections. 

F. Division of Work:  Refer to detail on the drawings for division of work:   

1. All individual motor starters and drives for mechanical equipment shall be furnished and installed 
under Mechanical Division. 

2. Under Electrical Division, power wiring shall be provided up to a termination point consisting of a 
junction box, trough starter, VFD, or disconnect switch. Under Division 26, line side terminations 
shall be provided.   

3. Wiring from the termination point to the mechanical equipment, including final connections, shall be 
provided under Mechanical Division. 

4. Duct smoke detectors shall be furnished and wired by fire alarm contractor, installed by Mechanical 
contractor. Fire alarm AHU shut down circuits shall be wired from the fire alarm control panel to a 
terminations point, adjacent to the AHU control, under the fire alarm contractor.  AHU control wiring 
from the termination point to the equipment shall be under Mechanical  Contractor.  Refer to all 
drawings for locations of duct type smoke detectors, and provide coordination with mechanical 
contractor.  All code required duct type smoke detectors shall be provided. Provide remote alarm 
light, test and reset switch for each detector. 

5. Equipment less than 110 volts, and associated with Mechanical equipment, shall be furnished, 
installed, and wired under Mechanical Division. 

6. All wiring required for controls and instrumentation not indicated on the drawings shall be furnished 
and installed under Mechanical Division. 

7. Provide smoke detectors for elevator recall function.  Provide smoke and heat detector adjacent to 
each sprinkler head in elevator closet.  Provide shunt trip function on elevator power overcurrent 
protective device connected to fire alarm system for power shut down prior to water discharge. 

8. Roof mounted exhaust fans with built in disconnects provided under Mechanical Division, or door 
provided with built in outlet shall be wired under Division 26 to the line side of the disconnect switch 
or the outlet.  A disconnect switch shall be provided Under Division 26 if the fan is not provided with 
a built in disconnect switch.  In this case, wiring from the switch to the fan shall be under 
Mechanical Division. 

9. The sequence of control for all equipment shall be as indicated on Mechanical Division drawings 
and specifications. 

10. All sprinkler flow and tamper switches shall be furnished and installed under Mechanical Division, 
fire protection, and wired under fire alarm division. 

11. Disconnects for the elevators and elevator cars shall be provided and installed Under Division 26.  

G. Provide 1/4” and 1/8” scaled coordination drawings.  Coordination drawings shall indicate  all electrical 
devices, systems and equipment, including telecommunications, lighting, power, fire alarm, low voltage 
signaling and communications devices and systems, and shall be coordinated with other trades, including 
HVAC, Plumbing, Piping, Fire Protection, Audio Video, Structural, and other building elements.   
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PART 2 - PRODUCTS 

2.01 SLEEVES FOR RACEWAYS AND CABLES 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends. 

B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain 
ends and integral waterstop, unless otherwise indicated. 

C. Sleeves for Rectangular Openings:  Galvanized sheet steel. 

1. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no side 
more than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm). 

b. For sleeve cross-section rectangle perimeter equal to, or more than, 50 inches (1270 mm) 
and 1 or more sides equal to, or more than, 16 inches (400 mm), thickness shall be 0.138 
inch (3.5 mm). 

2.02 SLEEVE SEALS 

A. Description:  Modular sealing device, designed for field assembly, to fill annular space between sleeve 
and raceway or cable. 

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

a. Advance Products & Systems, Inc. 
b. Calpico, Inc. 
c. Metraflex Co. 
d. Pipeline Seal and Insulator, Inc. 

2. Sealing Elements:  EPDM interlocking links shaped to fit surface of cable or conduit.  Include type 
and number required for material and size of raceway or cable. 

3. Pressure Plates:  Stainless steel.  Include two for each sealing element. 
4. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to sealing 

elements.  Include one for each sealing element. 

2.03 GROUT 

A. Nonmetallic, Shrinkage-Resistant Grout:  ASTM C 1107, factory-packaged, nonmetallic aggregate grout, 
noncorrosive, nonstaining, mixed with water to consistency suitable for application and a 30-minute 
working time. 

PART 3 - EXECUTION 

3.01 COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION 

A. Comply with NECA 1. 

B. Comply with NFPA 70E. 
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C. Comply with the Energy Independence and Security Act, effective date January 1, 2009. 

D. Comply with the latest edition of the National Electrical Code, all state code requirements, and State 
Electrical Inspector and State Fire Alarm Inspector. 

E. Testing:  Provide testing for the following systems: 

1. All current carrying conductors shall be tested as installed, and before connections are made, for 
insulation resistance and accidental grounds.  This shall be done with a 500 volt megger.  The 
procedures listed below shall b followed: 

a. Minimum readings shall be one million or more ohms for #6 AWG wire and smaller, 250,000 
ohms for #4 AWG wire or larger, between conductors and between conductor and the 
grounding conductor. 

b. After all fixtures, devices and equipment are installed and all connections completed to each 
panel, the contractor shall disconnect the neutral feeder conductor from the neutral bar and 
take a megger reading between the neutral bar and the grounded enclosure.  If this reading 
is less than 250,000 ohms, the contractor shall disconnect the branch circuit neutral wires 
from this neutral bar.  The contractor shall test each conductor separately to the panel and 
until the low readings are found.  The contractor shall then correct troubles, reconnect and 
retest until at least 250,000 ohms from the neutral bar to the grounded panelboard is 
achieved with only the neutral feeder disconnected. 

c. At final inspection, the contractor shall furnish a megger and show the engineer of record 
that the panelboards comply with the above requirements.  The contractor shall furnish a 
hook on type ammeter and voltmeter to take current and voltage readings as directed. 

d. Ground system testing shall include testing by a ground resistance tester.  Where systems 
show resistance to ground is over 25 ohms, appropriate action shall be taken to reduce the 
resistance to 25 ohms or less, by driving additional ground rods.  Compliance shall be 
demonstrated by additional testing. 

2. Circuit Breaker tests: Testing shall be performed on service circuit breakers and distribution 
breakers on site.  Testing shall be performed by a qualified factory technician at the job site.  All 
readings shall be tabulated and included in the owner’s manuals. 

a. Phase tripping tolerance. 
b. Trip time per phase in seconds. 
c. Instantaneous trip amperes per phase. 
d. Insulation resistance in megohms at 100 volts phase to phase and line to load. 

3. Ground Fault Protection System tests: 

a. The ground fault protection on circuit breakers shall be performance tested in the field and 
properly calibrated and set in accordance with the coordination study. 

4. Documentation: 

a. All tests specified shall be completely documented indication time of day, date, temperature 
and all pertinent test information. 

b. All required documentation of readings indicated above shall be submitted to the engineer of 
record and the owner, prior to, and as one of the prerequisites for final acceptance of the 
project. 

F. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit for wall-
mounting items. 
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G. Headroom Maintenance:  If mounting heights or other location criteria are not indicated, arrange and 
install components and equipment to provide maximum possible headroom consistent with these 
requirements. 

H. Equipment:  Install to facilitate service, maintenance, and repair or replacement of components of both 
electrical equipment and other nearby installations.  Connect in such a way as to facilitate future 
disconnecting with minimum interference with other items in the vicinity. 

I. Right of Way:  Give to piping systems installed at a required slope. 

3.02 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways penetrate 
concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies. 

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed openings 
are used.  Install sleeves during erection of slabs and walls. 

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

D. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies unless 
openings compatible with firestop system used are fabricated during construction of floor or wall. 

E. Cut sleeves to length for mounting flush with both surfaces of walls. 

F. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 

G. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway or 
cable, unless indicated otherwise. 

H. Seal space outside of sleeves with grout for penetrations of concrete and masonry 

1. Promptly pack grout solidly between sleeve and wall so no voids remain.  Tool exposed surfaces 
smooth; protect grout while curing. 

I. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve and 
raceway or cable, using joint sealant appropriate for size, depth, and location of joint.  

J. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at 
raceway and cable penetrations.  Install sleeves and seal raceway and cable penetration sleeves with 
firestop materials.   

K. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible boot-type 
flashing units applied in coordination with roofing work. 

L. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using cast-iron pipe sleeves and mechanical 
sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and 
sleeve for installing mechanical sleeve seals. 

M. Underground, Exterior-Wall Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow for 1-inch 
(25-mm) annular clear space between raceway or cable and sleeve for installing mechanical sleeve 
seals. 
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3.03 SLEEVE-SEAL INSTALLATION 

A. Install to seal exterior wall penetrations. 

B. Use type and number of sealing elements recommended by manufacturer for raceway or cable material 
and size.  Position raceway or cable in center of sleeve.  Assemble mechanical sleeve seals and install in 
annular space between raceway or cable and sleeve.  Tighten bolts against pressure plates that cause 
sealing elements to expand and make watertight seal. 

3.04 FIRESTOPPING 

A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical installations to 
restore original fire-resistance rating of assembly.   

END OF SECTION 260500 
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SECTION 260519  
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. This Section includes the following: 

1. Building wires and cables rated 600 V and less. 
2. Connectors, splices, and terminations rated 600 V and less. 
3. Sleeves and sleeve seals for cables. 

1.03 DEFINITIONS 

A. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

B. NBR:  Acrylonitrile-butadiene rubber. 

1.04 SUBMITTALS 

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

B. Qualification Data:  For testing agency. 

C. Field quality-control test reports. 

D. NOTE: Manufacturer must provide qualifying letter to qualify for ensure compliance with the Federal 
Transit Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

1.05 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the 
testing indicated, that is a member company of the InterNational Electrical Testing Association or is a 
nationally recognized testing laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is 
acceptable to authorities having jurisdiction. 

1. Testing Agency's Field Supervisor:  Person currently certified by the International Electrical Testing 
Association or the National Institute for Certification in Engineering Technologies to supervise on-
site testing specified in Part 3. 
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B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended 
use. 

C. Comply with NFPA 70. 

1.06 COORDINATION 

A. Set sleeves in cast-in-place concrete, masonry walls, and other structural components as they are 
constructed. 

PART 2 - PRODUCTS 

2.01 CONDUCTORS AND CABLES 

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

1. Alcan Products Corporation; Alcan Cable Division. 
2. American Insulated Wire Corp.; a Leviton Company. 
3. General Cable Corporation. 
4. Senator Wire & Cable Company. 
5. Southwire Company. 

B. Copper Conductors:  Comply with NEMA WC 70. 

C. Conductor Insulation:  Comply with NEMA WC 70 for Types THHN-THWN. 

2.02 CONNECTORS AND SPLICES 

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

1. AFC Cable Systems, Inc. 
2. Hubbell Power Systems, Inc. 
3. O-Z/Gedney; EGS Electrical Group LLC. 
4. 3M; Electrical Products Division. 
5. Tyco Electronics Corp. 

B. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, and class 
for application and service indicated. 

1. Joints in solid conductors shall be spliced using Ideal or equivalent by 3M and T&B, wirenuts or 
connectors in junction boxes, outlet boxes, and lighting fixtures.   

2. Sta-kon or other permanent type crimp connectors will not be permitted for branch circuit 
connections.   

3. Joints in stranded conductors shall be splice by an approved mechanical connector and gum 
rubber tape or friction tape.   

4. Solderless mechanical connectors for splices and taps, provided with UL approved insulating 
covers, may be used instead of mechanical connectors plus tape.  

5. Conductors in all cases shall be continuous from outlet to outlet and no splicing shall be made 
except with outlet or junction boxes troughs and gutters. 
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PART 3 - EXECUTION 

3.01 CONDUCTOR MATERIAL APPLICATIONS 

A. Feeders:  Copper.  Solid for No. 10 AWG and smaller; Class B stranded for No. 8 AWG and larger. 

B. Branch Circuits:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

3.02 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING 
METHODS 

A. Service Entrance:  Type THHN-THWN or XHHW, single conductors in raceway 

B. Exposed Feeders:  Type THHN-THWN or XHHW, single conductors in raceway 

C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-THWN or XHHW, or 
XHHW, single conductors in raceway. 

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-THWN or 
XHHW, single conductors in raceway. 

E. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-THWN or XHHW, single conductors in 
raceway. 

F. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN-THWN or XHHW, single 
conductors in raceway. 

G. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-THWN or 
XHHW, single conductors in raceway. 

H. Cord Drops and Portable Appliance Connections:  Type SO, hard service cord with stainless-steel, wire-
mesh, strain relief device at terminations to suit application. 

I. Class 1 Control Circuits:  Type THHN-THWN, in raceway. 

J. Voltage Drop: 

1. Conductors for branch circuits shall be sized for voltage drop not exceeding 3% at the farthest 
outlet of power, heating, and lighting loads, or any combination of such loads. The maximum total 
voltage drop on both feeders and branch circuits to the farthest outlet shall not exceed 5%. 

2. Where the conductor length from the panelboard to the first outlet on a 277 volt circuit exceeds 125 
feet, the branch circuit conductor from the panelboard to the first outlet shall not be smaller than 
#10 AWG. 

3. Where the conductor length from the panelboard to the first outlet on a 120 volt circuit exceeds 50 
feet, the branch circuit conductor from the panelboard to the first outlet shall not be smaller than 
#10 AWG. 

3.03 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated. 

B. Provide individual neutral for each circuit feeding electronic equipment. 
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C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not 
deteriorate conductor or insulation.  Do not exceed manufacturer's recommended maximum pulling 
tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not 
damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow 
surface contours where possible. 

F. Support cables according to Division 26 Section "Hangers and Supports for Electrical Systems." 

G. Identify and color-code conductors and cables according to Division 26 Section "Identification for 
Electrical Systems." 

3.04 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening 
values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B. 

B. Make splices and taps that are compatible with conductor material and that possess equivalent or better 
mechanical strength and insulation ratings than unspliced conductors. 

1. Use oxide inhibitor in each splice and tap conductor for aluminum conductors. 

C. Wiring at Outlets:  Install conductor at each outlet, with at least 12 inches (300 mm) of slack. 

3.05 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Coordinate sleeve selection and application with selection and application of firestopping specified in 
Division 07 Section "Penetration Firestopping." 

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed openings 
are used.  Install sleeves during erection of slabs and walls. 

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

D. Rectangular Sleeve Minimum Metal Thickness: 

1. For sleeve rectangle perimeter less than 50 inches (1270 mm) and no side greater than 16 inches 
(400 mm), thickness shall be 0.052 inch (1.3 mm). 

2. For sleeve rectangle perimeter equal to, or greater than, 50 inches (1270 mm) and 1 or more sides 
equal to, or greater than, 16 inches (400 mm), thickness shall be 0.138 inch (3.5 mm). 

E. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies unless 
openings compatible with firestop system used are fabricated during construction of floor or wall. 

F. Cut sleeves to length for mounting flush with both wall surfaces. 

G. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 

H. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and cable unless 
sleeve seal is to be installed or unless seismic criteria require different clearance. 
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I. Seal space outside of sleeves with grout for penetrations of concrete and masonry and with approved 
joint compound for gypsum board assemblies. 

J. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve and cable, 
using joint sealant appropriate for size, depth, and location of joint according to Division 07 Section "Joint 
Sealants." 

K. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at 
cable penetrations.  Install sleeves and seal with firestop materials according to Division 07 Section 
"Penetration Firestopping." 

L. Roof-Penetration Sleeves:  Seal penetration of individual cables with flexible boot-type flashing units 
applied in coordination with roofing work. 

M. Aboveground Exterior-Wall Penetrations:  Seal penetrations using sleeves and mechanical sleeve seals.  
Size sleeves to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing 
mechanical sleeve seals. 

N. Underground Exterior-Wall Penetrations:  Install cast-iron "wall pipes" for sleeves.  Size sleeves to allow 
for 1-inch (25-mm) annular clear space between cable and sleeve for installing mechanical sleeve seals. 

3.06 SLEEVE-SEAL INSTALLATION 

A. Install to seal underground exterior-wall penetrations. 

B. Use type and number of sealing elements recommended by manufacturer for cable material and size.  
Position cable in center of sleeve.  Assemble mechanical sleeve seals and install in annular space 
between cable and sleeve.  Tighten bolts against pressure plates that cause sealing elements to expand 
and make watertight seal. 

3.07 FIRESTOPPING 

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-
resistance rating of assembly according to Division 07 Section "Penetration Firestopping." 

3.08 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections and prepare test 
reports. 

B. Perform tests and inspections and prepare test reports. 

C. Tests and Inspections: 

1. After installing conductors and cables and before electrical circuitry has been energized, 
test service entrance and feeder conductors, and conductors feeding the following critical 
equipment and services for compliance with requirements. 

a. Lighting controls 
b. Feeders and service entrance conductors 
c. Panelboards 
d. Photovoltaic panels and inverters 
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e. Green monitoring system 
f. UPS system 

2. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance 
Testing Specification.  Certify compliance with test parameters. 

3. Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform an infrared scan of each splice in cables and conductors No. 3 AWG and 
larger.  Remove box and equipment covers so splices are accessible to portable scanner. 

a. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each splice 11 
months after date of Substantial Completion. 

b. Instrument:  Use an infrared scanning device designed to measure temperature or to detect 
significant deviations from normal values.  Provide calibration record for device. 

c. Record of Infrared Scanning:  Prepare a certified report that identifies splices checked and 
that describes scanning results.  Include notation of deficiencies detected, remedial action 
taken, and observations after remedial action. 

D. Test Reports:  Prepare a written report to record the following: 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Test results that do not comply with requirements and corrective action taken to achieve 

compliance with requirements. 

E. Remove and replace malfunctioning units and retest as specified above. 

END OF SECTION 260519 
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SECTION 260526  
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes:  Grounding systems and equipment. 

B. Section includes grounding systems and equipment, plus the following special applications: 

1. Underground distribution grounding. 
2. Ground bonding common with lightning protection system. 

1.03 SUBMITTALS 

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

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

C. Informational Submittals:  Plans showing dimensioned as-built locations of grounding features specified in 
"Field Quality Control" Article, including the following: 

1. Test wells. 
2. Ground rods. 
3. Ground rings. 
4. Grounding arrangements and connections for separately derived systems. 
5. Grounding for sensitive electronic equipment. 

D. Qualification Data:  For qualified testing agency and testing agency's field supervisor. 

E. Field quality-control reports. 

F. Operation and Maintenance Data:  For grounding to include in emergency, operation, and maintenance 
manuals. In addition to items specified in Division 01 Section "Operation and Maintenance Data," include 
the following: 

1. Instructions for periodic testing and inspection of grounding features at test wells and grounding 
connections for separately derived systems, based on NETA MTS or NFPA 70B. 

a. Tests shall determine if ground-resistance or impedance values remain within specified 
maximums, and instructions shall recommend corrective action if values do not. 

b. Include recommended testing intervals. 
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1.04 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site testing. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

C. Comply with UL 467 for grounding and bonding materials and equipment. 

PART 2 - PRODUCTS 

2.01 CONDUCTORS 

A. Insulated Conductors:  Copper or tinned-copper wire or cable insulated for 600 V unless otherwise 
required by applicable Code or authorities having jurisdiction. 

B. Bare Copper Conductors: 

1. Solid Conductors:  ASTM B 3. 
2. Tinned Conductors:  ASTM B 33. 
3. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor. 
4. Bonding Jumper:  Copper tape, braided conductors terminated with copper ferrules; 1-5/8 inches 

(41 mm) wide and 1/16 inch (1.6 mm) thick. 
5. Tinned Bonding Jumper:  Tinned-copper tape, braided conductors terminated with copper ferrules; 

1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick. 

C. Grounding Bus:  Predrilled rectangular bars of annealed copper, 1/4 by 4 inches (6.3 by 100 mm) in cross 
section, by length indicated on the drawings, with 9/32-inch (7.14-mm) holes spaced 1-1/8 inches (28 
mm) apart.  Stand-off insulators for mounting shall comply with UL 891 for use in switchboards, 600 V.  
Lexan or PVC, impulse tested at 5000 V. 

2.02 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in which used 
and for specific types, sizes, and combinations of conductors and other items connected. 

B. Bolted Connectors for Conductors and Pipes:  Copper or copper alloy, pressure type with at least two 
bolts. 

1. Pipe Connectors:  Clamp type, sized for pipe. 

C. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for materials 
being joined and installation conditions. 

D. Bus-bar Connectors:  Mechanical type, cast silicon bronze, solderless compression or exothermic-type 
wire terminals, and long-barrel, two-bolt connection to ground bus bar. 
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2.03 GROUNDING ELECTRODES 

A. Ground Rods:  Copper-clad; 3/4 inch by 10 feet (19 mm by 3 m) in diameter. 

PART 3 - EXECUTION 

3.01 APPLICATIONS 

A. Conductors:  Install solid conductor for No. 8 AWG and smaller, and stranded conductors for No. 6 AWG 
and larger unless otherwise indicated. 

B. Underground Grounding Conductors:  Install bare copper conductor, No. 2/0 AWG minimum. 

1. Bury at least 24 inches (600 mm) below grade. 
2. Duct-Bank Grounding Conductor:  Bury 12 inches (300 mm) above duct bank when indicated as 

part of duct-bank installation. 

C. Grounding Bus:  Install in electrical and telephone equipment rooms, in rooms housing service 
equipment, and elsewhere as indicated. 

1. Install bus on insulated spacers 2 inches (50 mm) minimum from wall, 6 inches (150 mm) above 
finished floor unless otherwise indicated. 

2. Where indicated on both sides of doorways, route bus up to top of door frame, across top of 
doorway, and down to specified height above floor; connect to horizontal bus. 

D. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations:  Bolted connectors. 
2. Underground Connections:  Welded connectors except at test wells and as otherwise indicated. 
3. Connections to Ground Rods at Test Wells:  Bolted connectors. 
4. Connections to Structural Steel:  Welded connectors. 

3.02 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS 

A. Comply with IEEE C2 grounding requirements. 

B. Grounding Manholes and Handholes:  Install a driven ground rod through manhole or handhole floor, 
close to wall, and set rod depth so 4 inches (100 mm) will extend above finished floor.  If necessary, 
install ground rod before manhole is placed and provide No. 1/0 AWG bare, tinned-copper conductor from 
ground rod into manhole through a waterproof sleeve in manhole wall.  Protect ground rods passing 
through concrete floor with a double wrapping of pressure-sensitive insulating tape or heat-shrunk 
insulating sleeve from 2 inches (50 mm) above to 6 inches (150 mm) below concrete.  Seal floor opening 
with waterproof, nonshrink grout. 

C. Grounding Connections to Manhole Components:  Bond exposed-metal parts such as inserts, cable 
racks, pulling irons, ladders, and cable shields within each manhole or handhole, to ground rod or 
grounding conductor.  Make connections with No. 4 AWG minimum, stranded, hard-drawn copper 
bonding conductor.  Train conductors level or plumb around corners and fasten to manhole walls.  
Connect to cable armor and cable shields according to written instructions by manufacturer of splicing 
and termination kits. 
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D. Pad-Mounted Transformers and Switches:  Install two ground rods and ground ring around the pad.  
Ground pad-mounted equipment and noncurrent-carrying metal items associated with substations by 
connecting them to underground cable and grounding electrodes.  Install tinned-copper conductor not 
less than No. 2 AWG for ground ring and for taps to equipment grounding terminals.  Bury ground ring not 
less than 6 inches (150 mm) from the foundation. 

3.03 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

B. Air-Duct Equipment Circuits:  Install insulated equipment grounding conductor to duct-mounted electrical 
devices operating at 120 V and more, including air cleaners, heaters, dampers, humidifiers, and other 
duct electrical equipment.  Bond conductor to each unit and to air duct and connected metallic piping. 

C. Water Heater, Heat-Tracing, and Antifrost Heating Cables:  Install a separate insulated equipment 
grounding conductor to each electric water heater and heat-tracing cable.  Bond conductor to heater 
units, piping, connected equipment, and components. 

D. Signal and Communication Equipment:  In addition to grounding and bonding required by NFPA 70, 
provide a separate grounding system complying with requirements in TIA/ATIS J-STD-607-A. 

1. For telephone, alarm, voice and data, and other communication equipment, provide No. 4 AWG 
minimum insulated grounding conductor in raceway from grounding electrode system to each 
service location, terminal cabinet, wiring closet, and central equipment location. 

2. Service and Central Equipment Locations and Wiring Closets:  Terminate grounding conductor on 
a 1/4-by-4-by-12-inch (6.3-by-100-by-300-mm) grounding bus. 

3. Terminal Cabinets:  Terminate grounding conductor on cabinet grounding terminal. 

E. Metal Poles Supporting Outdoor Lighting Fixtures:  Install grounding electrode and a separate insulated 
equipment grounding conductor in addition to grounding conductor installed with branch-circuit 
conductors. 

3.04 INSTALLATION 

A. Grounding Conductors:  Route along shortest and straightest paths possible unless otherwise indicated 
or required by Code.  Avoid obstructing access or placing conductors where they may be subjected to 
strain, impact, or damage. 

B. Ground Bonding Common with Lightning Protection System:  Comply with NFPA 780 and UL 96 when 
interconnecting with lightning protection system.  Bond electrical power system ground directly to lightning 
protection system grounding conductor at closest point to electrical service grounding electrode.  Use 
bonding conductor sized same as system grounding electrode conductor, and install in conduit. 

C. Provide three means for main service grounding:  to the metallic cold water pipe, per NEC, to the steel 
frame of the building if the building is effectively grounded, and to at least three ground rods.  All 
grounding connections shall be accessible. 

D. Ground Rods:  Drive rods until tops are 2 inches (50 mm) below finished floor or final grade unless 
otherwise indicated. 

1. Interconnect ground rods with grounding electrode conductor below grade and as otherwise 
indicated.  Make connections without exposing steel or damaging coating if any. 
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2. For grounding electrode system, install at least three rods spaced at least one-rod length from each 
other and located at least the same distance from other grounding electrodes, and connect to the 
service grounding electrode conductor. 

E. Test Wells:  Ground rod driven through drilled hole in bottom of handhole.  Handholes are specified in 
Division 26 Section "Underground Ducts and Raceways for Electrical Systems," and shall be at least 12 
inches (300 mm) deep, with cover. 

1. Test Wells:  Install at least one test well for each service unless otherwise indicated.  Install at the 
ground rod electrically closest to service entrance.  Set top of test well flush with finished grade or 
floor. 

F. Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance except 
where routed through short lengths of conduit. 

1. Bonding to Structure:  Bond straps directly to basic structure, taking care not to penetrate any 
adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install bonding so 
vibration is not transmitted to rigidly mounted equipment. 

3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection is 
required, use a bolted clamp. 

G. Grounding and Bonding for Piping: 

1. Metal Water Service Pipe:  Install insulated copper grounding conductors, in conduit, from 
building's main service equipment, or grounding bus, to main metal water service entrances to 
building.  Connect grounding conductors to main metal water service pipes; use a bolted clamp 
connector or bolt a lug-type connector to a pipe flange by using one of the lug bolts of the flange.  
Where a dielectric main water fitting is installed, connect grounding conductor on street side of 
fitting.  Bond metal grounding conductor conduit or sleeve to conductor at each end. 

2. Water Meter Piping:  Use braided-type bonding jumpers to electrically bypass water meters.  
Connect to pipe with a bolted connector. 

3. Bond each aboveground portion of gas piping system downstream from equipment shutoff valve. 

H. Bonding Interior Metal Ducts:  Bond metal air ducts to equipment grounding conductors of associated 
fans, blowers, electric heaters, and air cleaners.  Install bonding jumper to bond across flexible duct 
connections to achieve continuity. 

I. Grounding for Steel Building Structure:  Install a driven ground rod at base of each corner column and at 
intermediate exterior columns at distances not more than 60 feet (18 m) apart. 

J. Ground Ring:  Install a grounding conductor, electrically connected to each building structure ground rod 
and to each steel column extending around the perimeter of building. 

1. Install tinned-copper conductor not less than No. 2/0 AWG for ground ring and for taps to building 
steel. 

2. Bury ground ring not less than 24 inches (600 mm) from building's foundation. 

K. Ufer Ground (Concrete-Encased Grounding Electrode):  Fabricate according to NFPA 70; use a minimum 
of 20 feet (6 m) of bare copper conductor not smaller than No. 4 AWG. 

1. If concrete foundation is less than 20 feet (6 m) long, coil excess conductor within base of 
foundation. 
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2. Bond grounding conductor to reinforcing steel in at least four locations and to anchor bolts.  Extend 
grounding conductor below grade and connect to building's grounding grid or to grounding 
electrode external to concrete. 

3.05 LABELING 

A. Comply with requirements in Division 26 Section "Identification for Electrical Systems" Article for 
instruction signs.  The label or its text shall be green. 

B. Install labels at the telecommunications bonding conductor and grounding equalizer and at the grounding 
electrode conductor where exposed. 

1. Label Text:  "If this connector or cable is loose or if it must be removed for any reason, notify the 
facility manager." 

3.06 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and 
adjust components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 
components, assemblies, and equipment installations, including connections, and to assist in 
testing. 

D. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been energized, test 
for compliance with requirements. 

2. Inspect physical and mechanical condition.  Verify tightness of accessible, bolted, electrical 
connections with a calibrated torque wrench according to manufacturer's written instructions. 

3. Test completed grounding system at each location where a maximum ground-resistance level is 
specified, at service disconnect enclosure grounding terminal, at ground test wells, and at 
individual ground rods.  Make tests at ground rods before any conductors are connected. 

a. Measure ground resistance no fewer than two full days after last trace of precipitation and 
without soil being moistened by any means other than natural drainage or seepage and 
without chemical treatment or other artificial means of reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 

4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod assembly, and 
other grounding electrodes.  Identify each by letter in alphabetical order, and key to the record of 
tests and observations.  Include the number of rods driven and their depth at each location, and 
include observations of weather and other phenomena that may affect test results.  Describe 
measures taken to improve test results. 

E. Grounding system will be considered defective if it does not pass tests and inspections. 

F. Prepare test and inspection reports. 
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G. Report measured ground resistances that exceed the following values: 

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less:  10 ohms. 
2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA:  5 ohms. 
3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA:  3 ohms. 
4. Power Distribution Units or Panelboards Serving Electronic Equipment:  3 ohm(s). 

H. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify Architect promptly 
and include recommendations to reduce ground resistance. 

END OF SECTION 260526 
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SECTION 260529  
HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. This Section includes the following: 

1. Hangers and supports for electrical equipment and systems. 
2. Construction requirements for concrete bases. 

B. Related Sections include the following: 

1. Division 26 Section "Vibration And Seismic Controls For Electrical Systems" for products and 
installation requirements necessary for compliance with seismic criteria. 

1.03 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. IMC:  Intermediate metal conduit. 

C. RMC:  Rigid metal conduit. 

1.04 PERFORMANCE REQUIREMENTS 

A. Delegated Design:  Design supports for multiple raceways, including comprehensive engineering analysis 
by a qualified professional engineer, using performance requirements and design criteria indicated. 

B. Design supports for multiple raceways capable of supporting combined weight of supported systems and 
its contents. 

C. Design equipment supports capable of supporting combined operating weight of supported equipment 
and connected systems and components. 

D. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads calculated or 
imposed for this Project, with a minimum structural safety factor of five times the applied force. 

1.05 SUBMITTALS 

A. Product Data:  For the following: 
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1. Steel slotted support systems. 
2. Nonmetallic slotted support systems. 

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

C. Shop Drawings: Show fabrication and installation details and include calculations for the following: 

1. Trapeze hangers.  Include Product Data for components. 
2. Steel slotted channel systems.  Include Product Data for components. 
3. Nonmetallic slotted channel systems.  Include Product Data for components. 
4. Equipment supports. 

D. Welding certificates. 

1.06 QUALITY ASSURANCE 

A. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - 
Steel." 

B. Comply with NFPA 70. 

1.07 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 
reinforcement, and formwork requirements are specified in Division 03. 

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items are 
specified in Division 07 Section "Roof Accessories." 

PART 2 - PRODUCTS 

2.01 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS 

A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field assembly. 

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

a. Allied Tube & Conduit. 
b. Cooper B-Line, Inc.; a division of Cooper Industries. 
c. ERICO International Corporation. 
d. GS Metals Corp. 
e. Thomas & Betts Corporation. 
f. Unistrut; Tyco International, Ltd. 
g. Wesanco, Inc. 

2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-4. 
3. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or polyester coating applied 

according to MFMA-4. 
4. Painted Coatings:  Manufacturer's standard painted coating applied according to MFMA-4. 
5. Channel Dimensions:  Selected for applicable load criteria. 
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B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101. 

C. Conduit and Cable Support Devices:  Steel hangers, clamps, and associated fittings, designed for types 
and sizes of raceway or cable to be supported. Conduits installed on the interior of exterior building walls 
shall be spaced off the wall surface a minimum of ¼ inch using clamp backs or uni-strut. 

D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of threaded body and 
insulating wedging plug or plugs for non-armored electrical conductors or cables in riser conduits.  Plugs 
shall have number, size, and shape of conductor gripping pieces as required to suit individual conductors 
or cables supported.   

E. Structural Steel for Fabricated Supports and Restraints:  ASTM A 36/A 36M, steel plates, shapes, and 
bars; black and galvanized. 

F. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or their supports 
to building surfaces include the following: 

1. Mechanical-Expansion Anchors:  Insert-wedge-type, stainless steel, for use in hardened portland 
cement concrete with tension, shear, and pullout capacities appropriate for supported loads and 
building materials in which used. 

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

1) Cooper B-Line, Inc.; a division of Cooper Industries. 
2) Empire Tool and Manufacturing Co., Inc. 
3) Hilti Inc. 
4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc. 
5) MKT Fastening, LLC. 

2. Concrete Inserts:  Steel or malleable-iron, slotted support system units similar to MSS Type 18; 
complying with MFMA-4 or MSS SP-58. 

3. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for attached 
structural element. 

4. Through Bolts:  Structural type, hex head, and high strength.  Comply with ASTM A 325. 
5. Toggle Bolts:  All-steel springhead type. 
6. Hanger Rods:  Threaded steel. 

2.02 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES 

A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions of 
supported equipment. 

B. Materials:  Comply with requirements in Division 05 Section "Metal Fabrications" for steel shapes and 
plates. 

PART 3 - EXECUTION 

3.01 APPLICATION 

A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical equipment and 
systems except if requirements in this Section are stricter. 
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B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for EMT, IMC, 
and RMC as scheduled in NECA 1, where its Table 1 lists maximum spacings less than stated in 
NFPA 70.  Minimum rod size shall be 1/4 inch (6 mm) in diameter. 

C. Multiple Raceways:  Install trapeze-type supports fabricated with steel slotted support system, sized so 
capacity can be increased by at least 25 percent in future without exceeding specified design load limits. 

1. Secure raceways and cables to these supports with two-bolt conduit clamps or single-bolt conduit 
clamps using spring friction action for retention in support channel. 

D. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-1/2-inch (38-
mm) and smaller raceways serving branch circuits and communication systems above suspended 
ceilings and for fastening raceways to trapeze supports. 

3.02 SUPPORT INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this Article. 

B. Strength of Support Assemblies:  Where not indicated, select sizes of components so strength will be 
adequate to carry present and future static loads within specified loading limits.  Minimum static design 
load used for strength determination shall be weight of supported components plus 200 lb (90 kg). 

C. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and fasten electrical 
items and their supports to building structural elements by the following methods unless otherwise 
indicated by code: 

1. To Wood:  Fasten with lag screws or through bolts. 
2. To New Concrete:  Bolt to concrete inserts. 
3. To Masonry:  Approved toggle-type bolts on hollow masonry units; metal expansion shields and 

machine screws or standard pre-set inserts, on solid masonry units. 
4. To Steel:  Welded threaded studs complying with AWS D1.1/D1.1M, with lock washers and nuts. 
5. To Light Steel:  Sheet metal screws or bolts. 
6. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount cabinets, 

panelboards, disconnect switches, control enclosures, pull and junction boxes, transformers, and 
other devices on slotted-channel racks attached to substrate by means that meet seismic-restraint 
strength and anchorage requirements. 

D. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing bars. 

3.03 INSTALLATION OF FABRICATED METAL SUPPORTS 

A. Comply with installation requirements in Division 05 Section "Metal Fabrications" for site-fabricated metal 
supports. 

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to 
support and anchor electrical materials and equipment. 

C. Field Welding:  Comply with AWS D1.1/D1.1M. 
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3.04 CONCRETE BASES 

A. Construct concrete bases of dimensions indicated but not less than 4 inches (100 mm) larger in both 
directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from edge of the 
base. 

B. Use 3000-psi (20.7-MPa) 28-day compressive-strength concrete.  Concrete materials, reinforcement, and 
placement requirements are specified in Division 03 Section "Cast-in-Place Concrete. 

C. Anchor equipment to concrete base. 

1. Place and secure anchorage devices.  Use supported equipment manufacturer's setting drawings, 
templates, diagrams, instructions, and directions furnished with items to be embedded. 

2. Install anchor bolts to elevations required for proper attachment to supported equipment. 
3. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 

3.05 PAINTING 

A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately after 
erecting hangers and supports.  Use same materials as used for shop painting.  Comply with SSPC-PA 1 
requirements for touching up field-painted surfaces. 

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils (0.05 mm). 

B. Touchup:  Comply with requirements in Division 09 painting Sections for cleaning and touchup painting of 
field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal. 

C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair 
paint to comply with ASTM A 780. 
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END OF SECTION 260529 



 
NCDOT Lumberton                      260533 – 1       RACEWAY AND BOXES FOR  
Equipment Shop  ELECTRICAL SYSTEMS 
SCO#16-12916-01A  
 

 

SECTION 260533  
RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring. 

B. Related Sections include the following: 

1. Division 26 Section "Underground Ducts and Raceways for Electrical Systems" for exterior 
ductbanks, manholes, and underground utility construction. 

1.03 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. EPDM:  Ethylene-propylene-diene terpolymer rubber. 

C. FMC:  Flexible metal conduit. 

D. IMC:  Intermediate metal conduit. 

E. RGS: Rigid Steel conduit. 

F. LFMC:  Liquidtight flexible metal conduit. 

G. NBR:  Acrylonitrile-butadiene rubber. 

H. RNC:  Rigid nonmetallic conduit. 

1.04 SUBMITTALS 

A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, and 
cabinets. 

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

C. Shop Drawings:  For the following raceway components.  Include plans, elevations, sections, details, and 
attachments to other work. 

1. Custom enclosures and cabinets. 
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2. For handholes and boxes for underground wiring, including the following: 

a. Duct entry provisions, including locations and duct sizes. 
b. Frame and cover design. 
c. Grounding details. 
d. Dimensioned locations of cable rack inserts, and pulling-in and lifting irons. 
e. Joint details. 

D. Coordination Drawings:  Conduit routing plans, drawn to scale, on which the following items are shown 
and coordinated with each other, based on input from installers of the items involved: 

1. Structural members in the paths of conduit groups with common supports. 
2. HVAC and plumbing items and architectural features in the paths of conduit groups with common 

supports. 

E. Manufacturer Seismic Qualification Certification:  Submit certification that enclosures and cabinets and 
their mounting provisions, including those for internal components, will withstand seismic forces defined in 
Division 26 Section "Vibration and Seismic Controls for Electrical Systems." Include the following: 

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled 
components or on calculation. 

F. Qualification Data:  For professional engineer and testing agency. 

G. Source quality-control test reports. 

1.05 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended 
use. 

B. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.01 METAL CONDUIT AND TUBING 

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

1. Allied Tube & Conduit; a Tyco International Ltd. Co. 
2. Anamet Electrical, Inc.; Anaconda Metal Hose. 
3. Maverick Tube Corporation. 
4. O-Z Gedney; a unit of General Signal. 
5. Wheatland Tube Company. 

B. Rigid Steel Conduit:  ANSI C80.1. 

C. IMC:  ANSI C80.6. 

D. PVC-Coated Steel Conduit:  PVC-coated RGS or IMC 
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1. Comply with NEMA RN 1. 
2. Coating Thickness:  0.040 inch (1 mm), minimum. 

E. EMT:  ANSI C80.3. 

F. FMC:  Zinc-coated steel. 

G. LFMC:  Flexible steel conduit with PVC jacket. 

H. Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:  NEMA FB 1; 
listed for type and size raceway with which used, and for application and environment in which installed. 

1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886. 
2. Fittings for EMT:   Steel plated hexagonal compression type.  No pot metal, set screw or indented 

type couplings shall be utilized. 
3. Coating for Fittings for PVC-Coated Conduit:  Minimum thickness, 0.040 inch (1 mm), with 

overlapping sleeves protecting threaded joints. 

I. Joint Compound for Rigid Steel Conduit or IMC:  Listed for use in cable connector assemblies, and 
compounded for use to lubricate and protect threaded raceway joints from corrosion and enhance their 
conductivity. 

2.02 NONMETALLIC CONDUIT AND TUBING 

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

1. Anamet Electrical, Inc.; Anaconda Metal Hose. 
2. Arnco Corporation. 
3. CANTEX Inc. 
4. CertainTeed Corp.; Pipe & Plastics Group. 
5. Condux International, Inc. 
6. ElecSYS, Inc. 
7. Lamson & Sessions; Carlon Electrical Products. 
8. RACO; a Hubbell Company. 
9. Thomas & Betts Corporation. 

B. RNC:  NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated. 

C. Fittings for RNC:  NEMA TC 3; match to conduit or tubing type and material. 

2.03 OPTICAL FIBER/COMMUNICATIONS CABLE RACEWAY AND FITTINGS 

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

1. Arnco Corporation. 
2. Endot Industries Inc. 
3. IPEX Inc. 
4. Lamson & Sessions; Carlon Electrical Products. 

B. Description:  Comply with UL 2024; flexible type, approved for plenum and riser installation. 
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2.04 METAL WIREWAYS 

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

1. Cooper B-Line, Inc. 
2. Hoffman. 
3. Square D; Schneider Electric. 

B. Description:  Sheet metal sized and shaped as indicated, NEMA 250, Type 1 or 3R as indicated.  

C. Fittings and Accessories:  Include couplings, offsets, elbows, expansion joints, adapters, hold-down 
straps, end caps, and other fittings to match and mate with wireways as required for complete system. 

D. Wireway Covers:  Hinged type. 

E. Finish:  Manufacturer's standard enamel finish. 

2.05 SURFACE RACEWAYS 

A. Surface Metal Raceways:  Galvanized steel with snap-on covers.  Manufacturer's standard enamel finish 
in color selected by Architect. 

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

a. Thomas & Betts Corporation. 
b. Walker Systems, Inc.; Wiremold Company (The). 
c. Wiremold Company (The); Electrical Sales Division. 

2.06 BOXES, ENCLOSURES, AND CABINETS 

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

1. Cooper Crouse-Hinds; Div. of Cooper Industries, Inc. 
2. EGS/Appleton Electric. 
3. Erickson Electrical Equipment Company. 
4. Hoffman. 
5. Hubbell Incorporated; Killark Electric Manufacturing Co. Division. 
6. O-Z/Gedney; a unit of General Signal. 
7. RACO; a Hubbell Company. 
8. Robroy Industries, Inc.; Enclosure Division. 
9. Scott Fetzer Co.; Adalet Division. 
10. Spring City Electrical Manufacturing Company. 
11. Thomas & Betts Corporation. 
12. Walker Systems, Inc.; Wiremold Company (The). 
13. Woodhead, Daniel Company; Woodhead Industries, Inc. Subsidiary. 

B. Sheet Metal Outlet and Device Boxes:  NEMA OS 1. 

C. Cast-Metal Outlet and Device Boxes:  NEMA FB 1, ferrous alloy, Type FD, with gasketed cover. 

D. Metal Floor Boxes:  Cast metal, fully adjustable, rectangular. 

E. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1. 
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F. Cast-Metal Access, Pull, and Junction Boxes:  NEMA FB 1, cast aluminum, with gasketed cover. 

G. Hinged-Cover Enclosures:  NEMA 250, Type 1, with continuous-hinge cover with flush latch, unless 
otherwise indicated. 

1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel. 

H. Cabinets: 

1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable front, 
finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 
5. Accessory feet where required for freestanding equipment. 

2.07 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING 

A. Description:  Comply with SCTE 77. 

1. Color of Frame and Cover:  Gray. 
2. Configuration:  Units shall be designed for flush burial and have open bottom, unless otherwise 

indicated. 
3. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural load 

rating consistent with enclosure. 
4. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50. 
5. Cover Legend:  Molded lettering, "ELECTRIC.", "TELEPHONE." 
6. Conduit Entrance Provisions:  Conduit-terminating fittings shall mate with entering ducts for secure, 

fixed installation in enclosure wall. 
7. Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long) and larger shall have 

inserts for cable racks and pulling-in irons installed before concrete is poured. 

B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover:  Molded of sand and aggregate, 
bound together with polymer resin, and reinforced with steel or fiberglass or a combination of the two. 

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

a. Armorcast Products Company. 
b. Carson Industries LLC. 
c. CDR Systems Corporation. 
d. NewBasis. 

2.08 SLEEVES FOR RACEWAYS 

A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends. 

B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain 
ends and integral waterstop, unless otherwise indicated. 

C. Sleeves for Rectangular Openings:  Galvanized sheet steel with minimum 0.052- or 0.138-inch (1.3- or 
3.5-mm) thickness as indicated and of length to suit application. 
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D. Coordinate sleeve selection and application with selection and application of firestopping specified in 
Division 07 Section "Penetration Firestopping." 

2.09 SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES 

A. Handhole and Pull-Box Prototype Test:  Test prototypes of handholes and boxes for compliance with 
SCTE 77.  Strength tests shall be for specified tier ratings of products supplied. 

1. Tests of materials shall be performed by a independent testing agency. 
2. Strength tests of complete boxes and covers shall be by either an independent testing agency or 

manufacturer.  A qualified registered professional engineer shall certify tests by manufacturer. 
3. Testing machine pressure gages shall have current calibration certification complying with 

ISO 9000 and ISO 10012, and traceable to NIST standards. 

PART 3 - EXECUTION 

3.01 RACEWAY APPLICATION 

A. Outdoors:  Apply raceway products as specified below, unless otherwise indicated: 

1. Exposed Conduit:  RGS or IMC. 
2. Concealed Conduit, Aboveground:  Rigid steel conduit or IMC. 
3. Underground Conduit:  RNC, Type EPC-40 PVC, direct buried. 
4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric 

Solenoid, or Motor-Driven Equipment):  LFMC. 
5. Boxes and Enclosures, Aboveground:  NEMA 250, Type 4. 
6. Application of Handholes and Boxes for Underground Wiring: 

a. Handholes and Pull Boxes in Driveway, Parking Lot, and Off-Roadway Locations, Subject to 
Occasional, Nondeliberate Loading by Heavy Vehicles:  Polymer concrete, SCTE 77, Tier 15 
structural load rating. 

b. Handholes and Pull Boxes in Sidewalk and Similar Applications with a Safety Factor for 
Nondeliberate Loading by Vehicles:  Polymer-concrete units SCTE 77, Tier 8 structural load 
rating. 

B. Comply with the following indoor applications, unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage:  EMT. 
2. Exposed, Not Subject to Severe Physical Damage:  EMT. 
3. Exposed and Subject to Severe Physical Damage:  Rigid steel conduit or IMC.  Includes raceways 

in the following locations: 

a. Loading dock. 
b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units. 
c. Mechanical rooms. 

4. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric 

Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet locations. 
6. Damp or Wet Locations:  RGC or IMC. 
7. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4, stainless steel in 

damp or wet locations. 



 
NCDOT Lumberton                      260533 – 7       RACEWAY AND BOXES FOR  
Equipment Shop  ELECTRICAL SYSTEMS 
SCO#16-12916-01A  
 

 

C. Minimum Raceway Size:  3/4-inch (21-mm) trade size. 

D. Raceway Fittings:  Compatible with raceways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings, unless otherwise 
indicated. 

2. PVC Externally Coated, Rigid Steel Conduits:  Use only fittings listed for use with that material.  
Patch and seal all joints, nicks, and scrapes in PVC coating after installing conduits and fittings.  
Use sealant recommended by fitting manufacturer. 

E. Install nonferrous conduit or tubing for circuits operating above 60 Hz.  Where aluminum raceways are 
installed for such circuits and pass through concrete, install in nonmetallic sleeve. 

F. Do not install aluminum conduits in contact with concrete. 

3.02 INSTALLATION 

A. Comply with NECA 1 for installation requirements applicable to products specified in Part 2 except where 
requirements on Drawings or in this Article are stricter. 

B. Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-water pipes.  
Install horizontal raceway runs above water and steam piping. 

C. Complete raceway installation before starting conductor installation. 

D. Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical Systems." 

E. Arrange stub-ups so curved portions of bends are not visible above the finished slab. 

F. Install no more than the equivalent of three 90-degree bends in any conduit run except for 
communications conduits, for which fewer bends are allowed. 

G. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise indicated. 

H. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply listed 
compound to threads of raceway and fittings before making up joints.  Follow compound manufacturer's 
written instructions. 

I. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings to protect 
conductors, including conductors smaller than No. 4 AWG. 

J. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not less than 
200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm) of slack at each end of pull wire. 

K. No raceways may be installed in slabs. 

L. Raceways for Optical Fiber and Communications Cable:  Install raceways, metallic and nonmetallic, rigid 
and flexible, as follows: 

1. 3/4-Inch (19-mm) Trade Size and Smaller:  Install raceways in maximum lengths of 50 feet (15 m). 
2. 1-Inch (25-mm) Trade Size and Larger:  Install raceways in maximum lengths of 75 feet (23 m). 
3. Install with a maximum of two 90-degree bends or equivalent for each length of raceway unless 

Drawings show stricter requirements.  Separate lengths with pull or junction boxes or terminations 
at distribution frames or cabinets where necessary to comply with these requirements. 
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M. Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with listed 
sealing compound.  For concealed raceways, install each fitting in a flush steel box with a blank cover 
plate having a finish similar to that of adjacent plates or surfaces.  Install raceway sealing fittings at the 
following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces. 
2. Where otherwise required by NFPA 70. 

N. Flexible Conduit Connections:  Use maximum of 72 inches (1830 mm) of flexible conduit for recessed and 
semirecessed lighting fixtures, equipment subject to vibration, noise transmission, or movement; and for 
transformers and motors. 

1. Use LFMC in damp or wet locations subject to severe physical damage. 
2. Use LFMC in damp or wet locations not subject to severe physical damage. 

O. Recessed Boxes in Masonry Walls:  Saw-cut opening for box in center of cell of masonry block, and 
install box flush with surface of wall. 

P. Set metal floor boxes level and flush with finished floor surface. 

Q. Set nonmetallic floor boxes level.  Trim after installation to fit flush with finished floor surface. 

3.03 INSTALLATION OF UNDERGROUND CONDUIT 

A. Direct-Buried Conduit: 

1. Excavate trench bottom to provide firm and uniform support for conduit.  Prepare trench bottom as 
for pipe less than 6 inches (150 mm) in nominal diameter. 

2. Install 6 inches of clean backfill.  
3. After installing conduit, backfill and compact.  Start at tie-in point, and work toward end of conduit 

run, leaving conduit at end of run free to move with expansion and contraction as temperature 
changes during this process.  Firmly hand tamp backfill around conduit to provide maximum 
supporting strength.  After placing controlled backfill to within 12 inches (300 mm) of finished grade, 
make final conduit connection at end of run and complete backfilling with normal compaction. 

4. Install manufactured duct elbows for stub-ups at poles and equipment and at building entrances 
through the floor, unless otherwise indicated.  Encase elbows for stub-up ducts throughout the 
length of the elbow. 

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at building 
entrances through the floor. 

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling 
with 3 inches (75 mm) of concrete. 

b. For stub-ups at equipment mounted on outdoor concrete bases, extend steel conduit 
horizontally a minimum of 60 inches (1500 mm) from edge of equipment pad or foundation.  
Install insulated grounding bushings on terminations at equipment. 

6. Warning Planks:  Bury warning planks approximately 12 inches (300 mm) above direct-buried 
conduits, placing them 24 inches (600 mm) o.c.  Align planks along the width and along the 
centerline of conduit. 
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3.04 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES 

A. Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting 
conduits to minimize bends and deflections required for proper entrances. 

B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch 
(12.5-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent undisturbed earth. 

C. Elevation:  In paved areas, set so cover surface will be flush with finished grade.  Set covers of other 
enclosures 1 inch (25 mm) above finished grade. 

D. Install handholes and boxes with bottom below the frost line. 

E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as 
required for installation and support of cables and conductors and as indicated.  Select arm lengths to be 
long enough to provide spare space for future cables, but short enough to preserve adequate working 
clearances in the enclosure. 

F. Field-cut openings for conduits according to enclosure manufacturer's written instructions.  Cut wall of 
enclosure with a tool designed for material to be cut.  Size holes for terminating fittings to be used, and 
seal around penetrations after fittings are installed. 

3.05 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS 

A. Coordinate sleeve selection and application with selection and application of firestopping specified in 
Division 07 Section "Penetration Firestopping." 

B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed openings 
are used.  Install sleeves during erection of slabs and walls. 

C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

D. Rectangular Sleeve Minimum Metal Thickness: 

1. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and no side greater 
than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm). 

2. For sleeve cross-section rectangle perimeter equal to, or greater than, 50 inches (1270 mm) and 1 
or more sides equal to, or greater than, 16 inches (400 mm), thickness shall be 0.138 inch (3.5 
mm). 

E. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies unless 
openings compatible with firestop system used are fabricated during construction of floor or wall. 

F. Cut sleeves to length for mounting flush with both surfaces of walls. 

G. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level. 

H. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and raceway unless 
sleeve seal is to be installed or unless seismic criteria require different clearance. 

I. Seal space outside of sleeves with grout for penetrations of concrete and masonry and with approved 
joint compound for gypsum board assemblies. 
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J. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve and 
raceway, using joint sealant appropriate for size, depth, and location of joint.  Refer to Division 07 Section 
"Joint Sealants" for materials and installation. 

K. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at 
raceway penetrations.  Install sleeves and seal with firestop materials.  Comply with Division 07 Section 
"Penetration Firestopping." 

L. Roof-Penetration Sleeves:  Seal penetration of individual raceways with flexible, boot-type flashing units 
applied in coordination with roofing work. 

M. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using sleeves and mechanical sleeve seals.  
Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing 
mechanical sleeve seals. 

N. Underground, Exterior-Wall Penetrations:  Install cast-iron "wall pipes" for sleeves.  Size sleeves to allow 
for 1-inch (25-mm) annular clear space between raceway and sleeve for installing mechanical sleeve 
seals. 

3.06 PROTECTION 

A. Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are without 
damage or deterioration at time of Substantial Completion. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer. 
2. Repair damage to PVC or paint finishes with matching touchup coating recommended by 

manufacturer. 

END OF SECTION 260533 
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SECTION 260536 - CABLE TRAYS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. This Section includes aluminum cable trays and accessories. 

1.03 SUBMITTALS 

A. Product Data:  Include data indicating dimensions and finishes for each type of cable tray indicated. 

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

C. Shop Drawings:  For each type of cable tray. 

1. Show fabrication and installation details of cable tray, including plans, elevations, and sections of 
components and attachments to other construction elements.  Designate components and 
accessories, including clamps, brackets, hanger rods, splice-plate connectors, expansion-joint 
assemblies, straight lengths, and fittings. 

2. Seismic-Restraint Details:  Signed and sealed by a qualified professional engineer, licensed in the 
state where Project is located, who is responsible for their preparation. 
a. Design Calculations:  Calculate requirements for selecting seismic restraints. 

b. Detail fabrication, including anchorages and attachments to structure and to supported cable 
trays. 

D. Coordination Drawings:  Floor plans and sections, drawn to scale.  Include scaled cable tray layout and 
relationships between components and adjacent structural, electrical, and mechanical elements.  Show 
the following: 

1. Vertical and horizontal offsets and transitions. 
2. Clearances for access above and to side of cable trays. 
3. Vertical elevation of cable trays above the floor or bottom of ceiling structure. 

E. Field quality-control reports. 

F. Operation and Maintenance Data:  For cable trays to include in emergency, operation, and maintenance 
manuals. 

1.04 QUALITY ASSURANCE 

A. Source Limitations:  Obtain cable tray components through one source from a single manufacturer. 
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B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended 
use. 

C. Comply with NFPA 70. 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Store indoors to prevent water or other foreign materials from staining or adhering to cable tray.  Unpack 
and dry wet materials before storage. 

PART 2 - PRODUCTS 

2.01 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. Chalfant Manufacturing Company. 
2. Cooper B-Line, Inc. 
3. Cope, T. J., Inc.; a subsidiary of Allied Tube & Conduit. 
4. GS Metals Corp.; GLOBETRAY Products. 
5. MONO-SYSTEMS, Inc. 
6. PW Industries. 

2.02 MATERIALS AND FINISHES 

A. Cable Trays, Fittings, and Accessories:  Aluminum, complying with NEMA VE 1, Aluminum Association's 
Alloy 6063-T6 for rails, rungs, and cable trays, and Alloy 5052-H32 or Alloy 6061-T6 for fabricated parts; 
with Type 316 stainless-steel splice-plate fasteners, bolts, and screws 

B. Sizes and Configurations:  Refer to Drawings for specific requirements for types, materials, sizes, and 
configurations.  No Basket Style cable tray shall be permitted. 

2.03 CABLE TRAY ACCESSORIES 

A. Fittings:  Tees, crosses, risers, elbows, and other fittings as indicated, of same materials and finishes as 
cable tray. 

B. Barrier Strips:  Same materials and finishes as cable tray. 

C. Cable tray supports and connectors, including bonding jumpers, as recommended by cable tray 
manufacturer. 
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2.04 WARNING SIGNS 

A. Lettering:  1-1/2-inch- (40-mm-) high, black letters on yellow background with legend "WARNING!  NOT 
TO BE USED AS WALKWAY, LADDER, OR SUPPORT FOR LADDERS OR PERSONNEL." 

B. Materials and fastening are specified in Division 26 Section "Identification for Electrical Systems." 

2.05 SOURCE QUALITY CONTROL 

A. Perform design and production tests according to NEMA VE 1. 

PART 3 - EXECUTION 

3.01 CABLE TRAY INSTALLATION 

A. Comply with recommendations in NEMA VE 2.  Install as a complete system, including all necessary 
fasteners, hold-down clips, splice-plate support systems, barrier strips, hinged horizontal and vertical 
splice plates, elbows, reducers, tees, and crosses. 

B. Remove burrs and sharp edges from cable trays. 

C. Fasten cable tray supports to building structure and install seismic restraints. 

1. Design each fastener and support to carry load indicated by seismic requirements. 
2. Place supports so that spans do not exceed maximum spans on schedules. 
3. Construct supports from channel members, threaded rods, and other appurtenances furnished by 

cable tray manufacturer.  Arrange supports in trapeze or wall-bracket form as required by 
application. 

4. Support bus assembly to prevent twisting from eccentric loading. 
5. Locate and install supports according to NEMA VE 1. 

D. Make connections to equipment with flanged fittings fastened to cable tray and to equipment.  Support 
cable tray independent of fittings.  Do not carry weight of cable tray on equipment enclosure. 

E. Install expansion connectors where cable tray crosses building expansion joint and in cable tray runs that 
exceed dimensions recommended in NEMA VE 1.  Space connectors and set gaps according to 
applicable standard. 

F. Make changes in direction and elevation using standard fittings. 

G. Make cable tray connections using standard fittings. 

H. Seal penetrations through fire and smoke barriers according to Division 07 Section "Penetration 
Firestopping." 

I. Sleeves for Future Cables:  Install capped sleeves for future cables through firestop-sealed cable tray 
penetrations of fire and smoke barriers. 

J. Workspace:  Install cable trays with enough space to permit access for installing cables. 

K. Install barriers to separate cables of different systems, such as power, communications, and data 
processing; or of different insulation levels, such as 600, 5000, and 15 000 V. 
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L. After installation of cable trays is completed, install warning signs in visible locations on or near cable 
trays. 

3.02 CABLE INSTALLATION 

A. Install cables only when cable tray installation has been completed and inspected. 

B. Fasten cables on horizontal runs with cable clamps or cable ties as recommended by NEMA VE 2.  
Tighten clamps only enough to secure the cable, without indenting the cable jacket.  Install cable ties with 
a tool that includes an automatic pressure-limiting device. 

C. On vertical runs, fasten cables to tray every 18 inches (457 mm).  Install intermediate supports when 
cable weight exceeds the load-carrying capacity of the tray rungs. 

D. In existing construction, remove inactive or dead cables from cable tray. 

E. Install covers after installation of cable is completed. 

3.03 CONNECTIONS 

A. Ground cable trays according to manufacturer's written instructions. 

B. Install an insulated equipment grounding conductor with cable tray, in addition to those required by 
NFPA 70. 

3.04 FIELD QUALITY CONTROL 

A. After installing cable trays and after electrical circuitry has been energized, survey for compliance with 
requirements.  Perform the following field quality-control survey: 

1. Visually inspect cable insulation for damage.  Correct sharp corners, protuberances in cable tray, 
vibration, and thermal expansion and contraction conditions, which may cause or have caused 
damage. 

2. Verify that the number, size, and voltage of cables in cable tray do not exceed that permitted by 
NFPA 70.  Verify that communication or data-processing circuits are separated from power circuits 
by barriers. 

3. Verify that there is no intrusion of such items as pipe, hangers, or other equipment that could 
damage cables. 

4. Remove deposits of dust, industrial process materials, trash of any description, and any blockage 
of tray ventilation. 

5. Visually inspect each cable tray joint and each ground connection for mechanical continuity.  Check 
bolted connections between sections for corrosion.  Clean and retorque in suspect areas. 

6. Check for missing or damaged bolts, bolt heads, or nuts.  When found, replace with specified 
hardware. 

7. Perform visual and mechanical checks for adequacy of cable tray grounding; verify that all takeoff 
raceways are bonded to cable tray. 

B. Report results in writing. 
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3.05 PROTECTION 

A. Protect installed cable trays. 

1. Install temporary protection for cables in open trays to protect exposed cables from falling objects 
or debris during construction.  Temporary protection for cables and cable tray can be constructed 
of wood or metal materials until the risk of damage is over. 

END OF SECTION 260536 
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SECTION 260543  
UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes: 

1. Conduit, ducts, and duct accessories for direct-buried and concrete-encased duct banks, and in 
single duct runs. 

2. Handholes and pull boxes. 

1.03 DEFINITION 

A. RNC:  Rigid nonmetallic conduit. 

1.04 SUBMITTALS 

A. Product Data:  For the following: 

1. Duct-bank materials, including separators and miscellaneous components. 
2. Ducts and conduits and their accessories, including elbows, end bells, bends, fittings, and solvent 

cement. 
3. Accessories for manholes, handholes, pull boxes. 
4. Warning tape. 
5. Warning Planks. 

B. Shop Drawings for Factory-Fabricated Handholes and Pull Boxes Other Than Precast Concrete:  Include 
dimensioned plans, sections, and elevations, and fabrication and installation details, including the 
following: 

1. Duct entry provisions, including locations and duct sizes. 
2. Cover design. 
3. Grounding details. 
4. Dimensioned locations of cable rack inserts, and pulling-in and lifting irons. 

C. Duct-Bank Coordination Drawings:  Show duct profiles and coordination with other utilities and 
underground structures. 

1. Include plans and sections, drawn to scale, and show bends and locations of expansion fittings. 
2. Drawings shall be signed and sealed by a qualified professional engineer. 
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D. Product Certificates:  For concrete and steel used in precast concrete manholes, pull boxes and 
handholes, comply with ASTM C 858. 

E. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

F. Qualification Data:  For qualified professional engineer and testing agency. 

G. Source quality-control reports. 

H. Field quality-control reports. 

1.05 QUALITY ASSURANCE 

A. Comply with IEEE C2. 

B. Comply with NFPA 70. 

1.06 DELIVERY, STORAGE, AND HANDLING 

A. Deliver ducts to Project site with ends capped.  Store nonmetallic ducts with supports to prevent bending, 
warping, and deforming. 

B. Store precast concrete and other factory-fabricated underground utility structures at Project site as 
recommended by manufacturer to prevent physical damage.  Arrange so identification markings are 
visible. 

C. Lift and support precast concrete units only at designated lifting or supporting points. 

1.07 PROJECT CONDITIONS 

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

1. Notify Architect no fewer than five days in advance of proposed interruption of electrical service. 
2. Do not proceed with interruption of electrical service without Architect's written permission. 

1.08 COORDINATION 

A. Coordinate layout and installation of ducts, manholes, handholes, and pull boxes with final arrangement 
of other utilities, site grading, and surface features as determined in the field. 

B. Coordinate elevations of ducts and duct-bank entrances into manholes, handholes, and pull boxes with 
final locations and profiles of ducts and duct banks as determined by coordination with other utilities, 
underground obstructions, and surface features.  Revise locations and elevations from those indicated as 
required to suit field conditions and to ensure that duct runs drain to manholes and handholes, and as 
approved by Architect. 
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1.09 EXTRA MATERIALS 

A. Furnish extra materials that match products installed and that are packaged with protective covering for 
storage and identified with labels describing contents. 

PART 2 - PRODUCTS 

2.01 CONDUIT 

A. Rigid Steel Conduit:  Galvanized.  Comply with ANSI C80.1. 

B. RNC:  NEMA TC 2, Type EPC-40-PVC, UL 651, with matching fittings by same manufacturer as the 
conduit, complying with NEMA TC 3 and UL 514B. 

2.02 NONMETALLIC DUCTS AND DUCT ACCESSORIES 

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

1. AFC Cable Systems. 
2. ARNCO Corporation. 
3. Beck Manufacturing. 
4. Cantex, Inc. 
5. CertainTeed Corp. 
6. Condux International, Inc. 
7. DCX-CHOL Enterprises, Inc.; ELECSYS Division. 
8. Electri-Flex Company. 
9. IPEX Inc. 
10. Lamson & Sessions; Carlon Electrical Products. 
11. Manhattan Wire Products; a Belden company. 

B. Underground Plastic Utilities Duct:  NEMA TC 6 & 8, Type DB-60-PVC, ASTM F 512, with matching 
fittings by the same manufacturer as the duct, complying with NEMA TC 9. 

C. Duct Accessories: 

1. Duct Separators:  Factory-fabricated rigid PVC interlocking spacers, sized for type and sizes of 
ducts with which used, and retained to provide minimum duct spacings indicated while supporting 
ducts during concreting or backfilling. 

2. Warning Tape:  Underground-line warning tape specified in Division 26 Section "Identification for 
Electrical Systems." 

2.03 HANDHOLES AND PULL BOXES OTHER THAN PRECAST CONCRETE 

A. Description:  Comply with SCTE 77. 

1. Color:  Gray. 

2. Configuration:  Units shall be designed for flush burial and have open bottom unless otherwise 
indicated. 
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3. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural load 
rating consistent with enclosure. 

4. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50. 
5. Cover Legend:  Molded lettering, 

a. "ELECTRIC" or "TELEPHONE" As indicated for each service. 
b. Tier level number, indicating that the unit complies with the structural load test for that tier 

according to SCTE 77. 

6. Direct-Buried Wiring Entrance Provisions:  Knockouts equipped with insulated bushings or end-bell 
fittings, retained to suit box material, sized for wiring indicated, and arranged for secure, fixed 
installation in enclosure wall. 

7. Duct Entrance Provisions:  Duct-terminating fittings shall mate with entering ducts for secure, fixed 
installation in enclosure wall. 

8. Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long) and larger shall have 
factory-installed inserts for cable racks and pulling-in irons. 

B. Polymer Concrete Handholes and Pull Boxes with Polymer Concrete Cover:  Molded of sand and 
aggregate, bound together with a polymer resin, and reinforced with steel or fiberglass or a combination 
of the two.  Handholes and pull boxes shall comply with the requirements of SCTE 7 Tier loading 
according to application. 

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

a. Armorcast Products Company. 
b. Carson Industries LLC. 
c. CDR Systems Corporation. 
d. NewBasis. 

2.04 SOURCE QUALITY CONTROL 

A. Nonconcrete Handhole and Pull Box Prototype Test:  Test prototypes of manholes and pull boxes for 
compliance with SCTE 77.  Strength tests shall be for specified Tier ratings of products supplied. 

1. Testing Agency:  Engage a qualified testing agency to evaluate nonconcrete handholes and pull 
boxes. 

2. Testing machine pressure gages shall have current calibration certification complying with 
ISO 9000 and ISO 10012, and traceable to NIST standards. 

PART 3 - EXECUTION 

3.01 CORROSION PROTECTION 

A. Aluminum shall not be installed in contact with earth or concrete. 

3.02 UNDERGROUND DUCT APPLICATION 

A. Ducts for Electrical Feeders 600 V and Less:  RNC, NEMA Type EPC-40-PVC, in concrete-encased duct 
bank unless otherwise indicated. 
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B. Ducts for Electrical Branch Circuits:  RNC, NEMA Type EPC-40-PVC, in direct-buried duct bank unless 
otherwise indicated. 

C. Underground Ducts for Telephone, Communications, or Data Utility Service Cables:  RNC, NEMA Type 
EPC-40-PVC, in concrete-encased duct bank unless otherwise indicated. 

D. Underground Ducts for Telephone, Communications, or Data Circuits:  RNC, NEMA Type EB-20-PVC, in 
concrete-encased duct bank unless otherwise indicated. 

E. Underground Ducts Crossing Paved Paths and Roadways:  RNC, NEMA Type EPC-40-PVC, encased in 
reinforced concrete. 

3.03 UNDERGROUND ENCLOSURE APPLICATION 

A. Handholes and Pull Boxes for 600 V and Less, Including Telephone, Communications, and Data Wiring: 

1. Units in Roadways and Other Deliberate Traffic Paths:  Precast concrete.  AASHTO HB 17, H-10 
structural load rating. 

2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, Nondeliberate 
Loading by Heavy Vehicles:  Polymer concrete, SCTE 77, Tier 15 or Tier 22 structural load rating. 

3. Units in Sidewalk and Similar Applications with a Safety Factor for Nondeliberate Loading by 
Vehicles:  Polymer concrete units, SCTE 77, Tier 8 structural load rating. 

4. Units Subject to Light-Duty Pedestrian Traffic Only:  Fiberglass-reinforced polyester resin, 
structurally tested according to SCTE 77 with 3000-lbf (13 345-N) "Light-Duty" vertical loading. 

3.04 EARTHWORK 

A. Excavation and Backfill:  Do not use heavy-duty, hydraulic-operated, compaction equipment. 

B. Restore surface features at areas disturbed by excavation and reestablish original grades unless 
otherwise indicated.  Replace removed sod immediately after backfilling is completed. 

C. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work.  Restore vegetation 
and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and mulching.  Comply 
with Division 32 Sections "Turf and Grasses" and "Plants." 

D. Cut and patch existing pavement in the path of underground ducts and utility structures, patch, repair 
neatly to architects approval.  

3.05 DUCT INSTALLATION 

A. Slope:  Pitch ducts a minimum slope of 1:300 down toward manholes and handholes and away from 
buildings and equipment.  Slope ducts from a high point in runs between two manholes to drain in both 
directions. 

B. Curves and Bends:  Use 5-degree angle couplings for small changes in direction.  Use manufactured long 
sweep bends with a minimum radius of 48 inches (1220 mm), both horizontally and vertically, at other 
locations unless otherwise indicated. 

C. Joints:  Use solvent-cemented joints in ducts and fittings and make watertight according to manufacturer's 
written instructions.  Stagger couplings so those of adjacent ducts do not lie in same plane. 
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D. Duct Entrances to Manholes and Concrete and Polymer Concrete Handholes:  Use end bells, spaced 
approximately 10 inches (250 mm) o.c. for 5-inch (125-mm) ducts, and vary proportionately for other duct 
sizes. 

1. Begin change from regular spacing to end-bell spacing 10 ft. (3 m) from the end bell without 
reducing duct line slope and without forming a trap in the line. 

2. Direct-Buried Duct Banks:  Install an expansion and deflection fitting in each conduit in the area of 
disturbed earth adjacent to manhole or handhole. 

3. Grout end bells into structure walls from both sides to provide watertight entrances. 

E. Building Wall Penetrations:  Make a transition from underground duct to rigid steel conduit at least 10 ft. 
(3 m) outside the building wall without reducing duct line slope away from the building and without forming 
a trap in the line.  Use fittings manufactured for duct-to-conduit transition.  Install conduit penetrations of 
building walls as specified in Division 26 Section "Common Work Results for Electrical." 

F. Sealing:  Provide temporary closure at terminations of ducts that have cables pulled.  Seal spare ducts at 
terminations.  Use sealing compound and plugs to withstand at least 15-psig (1.03-MPa) hydrostatic 
pressure. 

G. Pulling Cord:  Install 100-lbf- (445-N-) test nylon cord in ducts, including spares. 

H. Concrete-Encased Ducts:  Support ducts on duct separators. 

1. Separator Installation:  Space separators close enough to prevent sagging and deforming of ducts, 
with not less than 4 spacers per 20 ft. (6 m) of duct.  Secure separators to earth and to ducts to 
prevent floating during concreting.  Stagger separators approximately 6 inches (150 mm) between 
tiers.  Tie entire assembly together using fabric straps; do not use tie wires or reinforcing steel that 
may form conductive or magnetic loops around ducts or duct groups. 

2. Concreting Sequence:  Pour each run of envelope between manholes or other terminations in one 
continuous operation. 

a. Start at one end and finish at the other, allowing for expansion and contraction of ducts as 
their temperature changes during and after the pour.  Use expansion fittings installed 
according to manufacturer's written recommendations, or use other specific measures to 
prevent expansion-contraction damage. 

b. If more than one pour is necessary, terminate each pour in a vertical plane and install 3/4-
inch (19-mm) reinforcing rod dowels extending 18 inches (450 mm) into concrete on both 
sides of joint near corners of envelope. 

3. Pouring Concrete:  Spade concrete carefully during pours to prevent voids under and between 
conduits and at exterior surface of envelope.  Do not allow a heavy mass of concrete to fall directly 
onto ducts.  Use a plank to direct concrete down sides of bank assembly to trench bottom.  Allow 
concrete to flow to center of bank and rise up in middle, uniformly filling all open spaces.  Do not 
use power-driven agitating equipment unless specifically designed for duct-bank application. 

4. Reinforcement:  Reinforce concrete-encased duct banks where they cross disturbed earth and 
where indicated.  Arrange reinforcing rods and ties without forming conductive or magnetic loops 
around ducts or duct groups. 

5. Forms:  Use walls of trench to form side walls of duct bank where soil is self-supporting and 
concrete envelope can be poured without soil inclusions; otherwise, use forms. 

6. Minimum Space between Ducts:  3 inches (75 mm) between ducts and exterior envelope wall, 2 
inches (50 mm) between ducts for like services, and 4 inches (100 mm) between power and signal 
ducts. 
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7. Depth:  Install top of duct bank at least 24 inches (600 mm) below finished grade in areas not 
subject to deliberate traffic, and at least 30 inches (750 mm) below finished grade in deliberate 
traffic paths for vehicles unless otherwise indicated. 

8. Stub-Ups:  Use manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at 
building entrances through the floor. 

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling 
with 3 inches (75 mm) of concrete. 

b. Stub-Ups to Equipment:  For equipment mounted on outdoor concrete bases, extend steel 
conduit horizontally a minimum of 60 inches (1500 mm) from edge of base.  Install insulated 
grounding bushings on terminations at equipment. 

9. Warning Tape:  Bury warning tape approximately 12 inches (300 mm) above all concrete-encased 
ducts and duct banks.  Align tape parallel to and within 3 inches (75 mm) of the centerline of duct 
bank.  Provide an additional warning tape for each 12-inch (300-mm) increment of duct-bank width 
over a nominal 18 inches (450 mm).  Space additional tapes 12 inches (300 mm) apart, 
horizontally. 

I. Direct-Buried Duct Banks: 

1. Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor 
temperature. 

2. Space separators close enough to prevent sagging and deforming of ducts, with not less than 4 
spacers per 20 ft. (6 m) of duct.  Secure separators to earth and to ducts to prevent displacement 
during backfill and yet permit linear duct movement due to expansion and contraction as 
temperature changes.  Stagger spacers approximately 6 inches (150 mm) between tiers. 

3. Excavate trench bottom to provide firm and uniform support for duct bank.  Prepare trench bottoms 
for pipes less than 6 inches (150 mm) in nominal diameter. 

4. Install 6 “ of clean backfill. 
5. After installing first tier of ducts, backfill and compact.  Start at tie-in point and work toward end of 

duct run, leaving ducts at end of run free to move with expansion and contraction as temperature 
changes during this process.  Repeat procedure after placing each tier.  After placing last tier, 
hand-place backfill to 4 inches (100 mm) over ducts and hand tamp.  Firmly tamp backfill around 
ducts to provide maximum supporting strength.  Use hand tamper only.  After placing controlled 
backfill over final tier, make final duct connections at end of run and complete backfilling with 
normal compaction. 

6. Install ducts with a minimum of 3 inches (75 mm) between ducts for like services and 6 inches (150 
mm) between power and signal ducts. 

7. Depth:  Install top of duct bank at least 36 inches (900 mm) below finished grade unless otherwise 
indicated. 

8. Set elevation of bottom of duct bank below the frost line. 

9. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at building 
entrances through the floor. 

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling 
with 3 inches (75 mm) of concrete. 

b. For equipment mounted on outdoor concrete bases, extend steel conduit horizontally a 
minimum of 60 inches (1500 mm) from edge of equipment pad or foundation.  Install 
insulated grounding bushings on terminations at equipment. 
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10. Warning Planks:  Bury warning planks approximately 12 inches (300 mm) above direct-buried 
ducts and duct banks, placing them 24 inches (600 mm) o.c.  Align planks along the width and 
along the centerline of duct bank.  Provide an additional plank for each 12-inch (300-mm) 
increment of duct-bank width over a nominal 18 inches (450 mm).  Space additional planks 12 
inches (300 mm) apart, horizontally. 

3.06 INSTALLATION OF HANDHOLES AND PULL BOXES OTHER THAN PRECAST CONCRETE 

A. Install handholes and pull boxes level and plumb and with orientation and depth coordinated with 
connecting ducts to minimize bends and deflections required for proper entrances.  Use pull box 
extension if required to match depths of ducts, and seal joint between box and extension as 
recommended by the manufacturer. 

B. Unless otherwise indicated, support units on a level 6-inch- (15-cm-) thick bed of crushed stone or gravel, 
graded from 1/2-inch (12.7-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as 
adjacent undisturbed earth. 

C. Elevation:  Set so cover surface will be flush with finished grade. 

D. Install handholes and pull boxes with bottom below the frost line, below grade. 

E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as 
required for installation and support of cables and conductors and as indicated.  Retain arm lengths to be 
long enough to provide spare space for future cables, but short enough to preserve adequate working 
clearances in the enclosure. 

F. Field-cut openings for ducts and conduits according to enclosure manufacturer's written instructions.  Cut 
wall of enclosure with a tool designed for material to be cut.  Size holes for terminating fittings to be used, 
and seal around penetrations after fittings are installed. 

G. For enclosures installed in asphalt paving and subject to occasional, nondeliberate, heavy-vehicle 
loading, form and pour a concrete ring encircling, and in contact with, enclosure and with top surface 
screeded to top of box cover frame.  Bottom of ring shall rest on compacted earth. 

1. Concrete:  3000 psi (20 kPa), 28-day strength, complying with Division 03 Section "Cast-in-Place 
Concrete," with a troweled finish. 

2. Dimensions:  10 inches wide by 12 inches deep (250 mm wide by 300 mm deep). 

3.07 GROUNDING 

A. Ground underground ducts according to Division 26 Section "Grounding and Bonding for Electrical 
Systems." 

3.08 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Demonstrate capability and compliance with requirements on completion of installation of 
underground ducts and utility structures. 
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2. Pull aluminum or wood test mandrel through duct to prove joint integrity and test for out-of-round 
duct.  Provide mandrel equal to 80 percent fill of duct.  If obstructions are indicated, remove 
obstructions and retest. 

B. Correct deficiencies and retest as specified above to demonstrate compliance. 

C. Prepare test and inspection reports. 

3.09 CLEANING 

A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of ducts.  Follow 
with rubber duct swab for final cleaning and to assist in spreading lubricant throughout ducts. 

 

 

 

 

 

 

 

 

 

 

 

END OF SECTION 260543 
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SECTION 260548 
 VIBRATION AND SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. This Section includes the following: 

1. Isolation pads. 
2. Spring isolators. 
3. Restrained spring isolators. 
4. Channel support systems. 
5. Restraint cables. 
6. Hanger rod stiffeners. 
7. Anchorage bushings and washers. 

B. Related Sections include the following: 

1. Division 26 Section "Hangers And Supports For Electrical Systems" for commonly used electrical 
supports and installation requirements. 

1.03 DEFINITIONS 

A. The IBC:  International Building Code. 

B. ICC-ES:  ICC-Evaluation Service. 

C. OSHPD:  Office of Statewide Health Planning and Development for the State of California. 

1.04 PERFORMANCE REQUIREMENTS 

A. Seismic-Restraint Loading: 

1. Site Class as Defined in the IBC:  C and D. 
2. Assigned Seismic Use Group or Building Category as Defined in the IBC: II. 

a. Component Importance Factor:  [1.0] [1.5]. 
b. Component Response Modification Factor:  [1.5] [2.5] [3.5] [5.0]. 
c. Component Amplification Factor:  [1.0] [2.5]. 

3. Design Spectral Response Acceleration at Short Periods (0.2 Second): . 
4. Design Spectral Response Acceleration at 1.0-Second Period:  . 



 
NCDOT Lumberton  260548 – 2       VIBRATION AND SEISMIC 
Equipment Shop   CONTROLS FOR ELECTRICAL 
SCO#16-12916-01A   SYSTEMS 
 

 

1.05 SUBMITTALS 

A. Product Data:  For the following: 

1. Include rated load, rated deflection, and overload capacity for each vibration isolation device. 
2. Illustrate and indicate style, material, strength, fastening provision, and finish for each type and size 

of seismic-restraint component used. 

a. Tabulate types and sizes of seismic restraints, complete with report numbers and rated 
strength in tension and shear as evaluated by an agency acceptable to authorities having 
jurisdiction. 

b. Annotate to indicate application of each product submitted and compliance with 
requirements. 

3. Restrained-Isolation Devices:  Include ratings for horizontal, vertical, and combined loads. 

B. Delegated-Design Submittal:  For [vibration isolation and ]seismic-restraint details indicated to comply 
with performance requirements and design criteria, including analysis data signed and sealed by the 
qualified professional engineer responsible for their preparation. 

1. Design Calculations:  Calculate static and dynamic loading due to equipment weight and operation, 
seismic forces required to select vibration isolators and seismic restraints. 

a. Coordinate design calculations with wind-load calculations required for equipment mounted 
outdoors.  Comply with requirements in other Division 26 Sections for equipment mounted 
outdoors. 

2. Indicate materials and dimensions and identify hardware, including attachment and anchorage 
devices. 

3. Field-fabricated supports. 
4. Seismic-Restraint Details: 

a. Design Analysis:  To support selection and arrangement of seismic restraints.  Include 
calculations of combined tensile and shear loads. 

b. Details:  Indicate fabrication and arrangement.  Detail attachments of restraints to the 
restrained items and to the structure.  Show attachment locations, methods, and spacings.  
Identify components, list their strengths, and indicate directions and values of forces 
transmitted to the structure during seismic events.[  Indicate association with vibration 
isolation devices.] 

C. Coordination Drawings:  Show coordination of seismic bracing for electrical components with other 
systems and equipment in the vicinity, including other supports and seismic restraints. 

D. Welding certificates. 

E. Qualification Data:  For testing agency. 

F. Field quality-control test reports. 

G. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 
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1.06 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the 
testing indicated, that is a nationally recognized testing laboratory (NRTL) as defined by OSHA in 
29 CFR 1910.7, and that is acceptable to authorities having jurisdiction. 

B. Comply with seismic-restraint requirements in the IBC unless requirements in this Section are more 
stringent. 

C. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - 
Steel." 

D. Seismic-restraint devices shall have horizontal and vertical load testing and analysis and shall bear 
anchorage preapproval OPA number from OSHPD, preapproval by ICC-ES, or preapproval by another 
agency acceptable to authorities having jurisdiction, showing maximum seismic-restraint ratings.  Ratings 
based on independent testing are preferred to ratings based on calculations.  If preapproved ratings are 
not available, submittals based on independent testing are preferred.  Calculations (including combining 
shear and tensile loads) to support seismic-restraint designs must be signed and sealed by a qualified 
professional engineer. 

E. Comply with NFPA 70. 

PART 2 - PRODUCTS 

2.01 VIBRATION ISOLATORS 

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

1. Ace Mountings Co., Inc. 
2. Amber/Booth Company, Inc. 
3. California Dynamics Corporation. 
4. Isolation Technology, Inc. 
5. Kinetics Noise Control. 
6. Mason Industries. 
7. Vibration Eliminator Co., Inc. 
8. Vibration Isolation. 
9. Vibration Mountings & Controls, Inc. 

B. Pads:  Arrange in single or multiple layers of sufficient stiffness for uniform loading over pad area, molded 
with a nonslip pattern and galvanized-steel baseplates, and factory cut to sizes that match requirements 
of supported equipment. 

1. Resilient Material:  Oil- and water-resistant neoprene. 

2.02 SEISMIC-RESTRAINT DEVICES 

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

1. Amber/Booth Company, Inc. 
2. California Dynamics Corporation. 
3. Cooper B-Line, Inc.; a division of Cooper Industries. 
4. Hilti Inc. 
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5. Loos & Co.; Seismic Earthquake Division. 
6. Mason Industries. 
7. TOLCO Incorporated; a brand of NIBCO INC. 
8. Unistrut; Tyco International, Ltd. 

B. General Requirements for Restraint Components:  Rated strengths, features, and application 
requirements shall be as defined in reports by OSHPD. 

1. Structural Safety Factor:  Allowable strength in tension, shear, and pullout force of components 
shall be at least four times the maximum seismic forces to which they will be subjected. 

C. Channel Support System:  MFMA-3, shop- or field-fabricated support assembly made of slotted steel 
channels with accessories for attachment to braced component at one end and to building structure at the 
other end and other matching components and with corrosion-resistant coating; and rated in tension, 
compression, and torsion forces. 

D. Hanger Rod Stiffener:  Steel tube or steel slotted-support-system sleeve with internally bolted 
connections to hanger rod.  Do not weld stiffeners to rods. 

E. Bushings for Floor-Mounted Equipment Anchor:  Neoprene bushings designed for rigid equipment 
mountings, and matched to type and size of anchors and studs. 

F. Bushing Assemblies for Wall-Mounted Equipment Anchorage:  Assemblies of neoprene elements and 
steel sleeves designed for rigid equipment mountings, and matched to type and size of attachment 
devices. 

G. Resilient Isolation Washers and Bushings:  One-piece, molded, oil- and water-resistant neoprene, with a 
flat washer face. 

H. Mechanical Anchor:  Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for interior 
applications and stainless steel for exterior applications.  Select anchors with strength required for anchor 
and as tested according to ASTM E 488.  Minimum length of eight times diameter. 

I. Adhesive Anchor:  Drilled-in and capsule anchor system containing polyvinyl or urethane methacrylate-
based resin and accelerator, or injected polymer or hybrid mortar adhesive.  Provide anchor bolts and 
hardware with zinc-coated steel for interior applications and stainless steel for exterior applications.  
Select anchor bolts with strength required for anchor and as tested according to ASTM E 488. 

2.03 FACTORY FINISHES 

A. Finish:  Manufacturer's standard prime-coat finish ready for field painting. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine areas and equipment to receive vibration isolation and seismic-control devices for compliance 
with requirements for installation tolerances and other conditions affecting performance. 

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before 
installation. 
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C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 APPLICATIONS 

A. Multiple Raceways or Cables:  Secure raceways and cables to trapeze member with clamps approved for 
application by an agency acceptable to authorities having jurisdiction. 

B. Hanger Rod Stiffeners:  Install hanger rod stiffeners where indicated or scheduled on Drawings to receive 
them and where required to prevent buckling of hanger rods due to seismic forces. 

C. Strength of Support and Seismic-Restraint Assemblies:  Where not indicated, select sizes of components 
so strength will be adequate to carry present and future static and seismic loads within specified loading 
limits. 

3.03 SEISMIC-RESTRAINT DEVICE INSTALLATION 

A. Equipment and Hanger Restraints: 

1. Install resilient, bolt-isolation washers on equipment anchor bolts where clearance between anchor 
and adjacent surface exceeds 0.125 inch (3.2 mm). 

2. Install seismic-restraint devices using methods approved by an agency acceptable to authorities 
having jurisdiction providing required submittals for component. 

B. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide resilient 
media where equipment or equipment-mounting channels are attached to wall. 

C. Attachment to Structure:  If specific attachment is not indicated, anchor bracing to structure at flanges of 
beams, at upper truss chords of bar joists, or at concrete members. 

D. Drilled-in Anchors: 

1. Identify position of reinforcing steel and other embedded items prior to drilling holes for anchors.  
Do not damage existing reinforcing or embedded items during coring or drilling.  Notify the 
structural engineer if reinforcing steel or other embedded items are encountered during drilling.  
Locate and avoid prestressed tendons, electrical and telecommunications conduit, and gas lines. 

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved full design 
strength. 

3. Wedge Anchors:  Protect threads from damage during anchor installation.  Heavy-duty sleeve 
anchors shall be installed with sleeve fully engaged in the structural element to which anchor is to 
be fastened. 

4. Adhesive Anchors:  Clean holes to remove loose material and drilling dust prior to installation of 
adhesive.  Place adhesive in holes proceeding from the bottom of the hole and progressing toward 
the surface in such a manner as to avoid introduction of air pockets in the adhesive. 

5. Set anchors to manufacturer's recommended torque, using a torque wrench. 
6. Install zinc-coated steel anchors for interior and stainless-steel anchors for exterior applications. 

3.04 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION 

A. Install flexible connections in runs of raceways, cables, wireways, cable trays, and busways where they 
cross seismic joints, where adjacent sections or branches are supported by different structural elements, 
and where they terminate with connection to equipment that is anchored to a different structural element 
from the one supporting them as they approach equipment. 
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3.05 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections and prepare test 
reports. 

B. Perform tests and inspections. 

C. Tests and Inspections: 

1. Provide evidence of recent calibration of test equipment by a testing agency acceptable to 
authorities having jurisdiction. 

2. Schedule test with Owner, through Architect, before connecting anchorage device to restrained 
component (unless postconnection testing has been approved), and with at least seven days' 
advance notice. 

3. Obtain Architect's approval before transmitting test loads to structure.  Provide temporary load-
spreading members. 

4. Test at least four of each type and size of installed anchors and fasteners selected by Architect. 
5. Test to 90 percent of rated proof load of device. 
6. Measure isolator restraint clearance. 
7. Measure isolator deflection. 
8. Verify snubber minimum clearances. 
9. If a device fails test, modify all installations of same type and retest until satisfactory results are 

achieved. 

D. Remove and replace malfunctioning units and retest as specified above. 

E. Prepare test and inspection reports. 

3.06 ADJUSTING 

A. Adjust isolators after isolated equipment is at operating weight. 

B. Adjust restraints to permit free movement of equipment within normal mode of operation. 

END OF SECTION 260548 



 
NCDOT Lumberton                 260553 – 1       IDENTIFICATION FOR 
Equipment Shop  ELECTRICAL SYSTEMS 
SCO#16-12916-01A  
 

 

SECTION 260553  
IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes: 

1. Identification for raceways. 
2. Identification of power and control cables. 
3. Identification for conductors. 
4. Underground-line warning tape. 
5. Warning labels and signs. 
6. Instruction signs. 
7. Equipment identification labels. 
8. Miscellaneous identification products. 

1.03 SUBMITTALS 

A. Product Data:  For each electrical identification product indicated. 

B. Samples:  For each type of label and sign to illustrate size, colors, lettering style, mounting provisions, 
and graphic features of identification products. 

C. Identification Schedule:  An index of nomenclature of electrical equipment and system components used 
in identification signs and labels. 

D. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

1.04 QUALITY ASSURANCE 

A. Comply with ANSI A13.1[ and IEEE C2]. 

B. Comply with NFPA 70. 

C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 

D. Comply with ANSI Z535.4 for safety signs and labels. 

E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label 
printers, shall comply with UL 969. 
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1.05 COORDINATION 

A. Coordinate identification names, abbreviations, colors, and other features with requirements in other 
Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, 
and the Operation and Maintenance Manual; and with those required by codes, standards, and 
29 CFR 1910.145.  Use consistent designations throughout Project. 

B. Coordinate installation of identifying devices with completion of covering and painting of surfaces where 
devices are to be applied. 

C. Coordinate installation of identifying devices with location of access panels and doors. 

D. Install identifying devices before installing acoustical ceilings and similar concealment. 

PART 2 - PRODUCTS 

2.01 POWER RACEWAY IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for 
each raceway size. 

B. Colors for Raceways Carrying Circuits at 600 V or Less: 

1. Black letters on an orange field. 
2. Legend:  Indicate voltage and system or service type. 

C. Colors for Raceways Carrying Circuits at More Than 600 V: 

1. Black letters on an orange field. 
2. Legend:  "DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch- (75-mm-) high letters on 

20-inch (500-mm) centers. 

D. Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less:  Preprinted, flexible label 
laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape 
for securing ends of legend label. 

E. Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, flexible, 
preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies 
and to stay in place by gripping action. 

F. Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, 
flexible, solid-colored acrylic sleeve, 2 inches (50 mm) long, with diameter sized to suit diameter of 
raceway or cable it identifies and to stay in place by gripping action. 

G. Tape and Stencil for Raceways Carrying Circuits More Than 600 V:  4-inch- (100-mm-) wide black stripes 
on 10-inch (250-mm) centers diagonally over orange background that extends full length of raceway or 
duct and is 12 inches (300 mm) wide.  Stop stripes at legends. 

H. Metal Tags:  Brass or aluminum, 2 by 2 by 0.05 inch (50 by 50 by 1.3 mm), with stamped legend, 
punched for use with self-locking cable tie fastener. 
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2.02 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS 

A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for 
each raceway and cable size. 

B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-
resistant coating and matching wraparound adhesive tape for securing ends of legend label. 

C. Metal Tags:  Brass or aluminum, 2 by 2 by 0.05 inch (50 by 50 by 1.3 mm), with stamped legend, 
punched for use with self-locking cable tie fastener. 

D. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter 
sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action. 

E. Snap-Around, Color-Coding Bands:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches (50 
mm) long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by 
gripping action. 

2.03 CONDUCTOR IDENTIFICATION MATERIALS 

A. Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils (0.08 mm) thick by 1 
to 2 inches (25 to 50 mm) wide. 

B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-
resistant coating and matching wraparound adhesive tape for securing ends of legend label. 

C. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter 
sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action. 

D. Snap-Around, Color-Coding Bands:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches (50 
mm) long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by 
gripping action. 

E. Marker Tapes:  Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend 
machine printed by thermal transfer or equivalent process. 

2.04 FLOOR MARKING TAPE 

A. 2-inch- (50-mm-) wide, 5-mil (0.125-mm) pressure-sensitive vinyl tape, with black and white stripes and 
clear vinyl overlay. 

2.05 UNDERGROUND-LINE WARNING TAPE 

A. Tape: 

1. Recommended by manufacturer for the method of installation and suitable to identify and locate 
underground electrical and communications utility lines. 

2. Printing on tape shall be permanent and shall not be damaged by burial operations. 
3. Tape material and ink shall be chemically inert, and not subject to degrading when exposed to 

acids, alkalis, and other destructive substances commonly found in soils. 

B. Color and Printing: 
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1. Comply with ANSI Z535.1 through ANSI Z535.5. 
2. Inscriptions for Red-Colored Tapes:  ELECTRIC LINE, HIGH VOLTAGE, <Insert inscription>. 
3. Inscriptions for Orange-Colored Tapes:  TELEPHONE CABLE, CATV CABLE, 

COMMUNICATIONS CABLE, OPTICAL FIBER CABLE. 

4. Pigmented polyolefin, bright-colored, continuous-printed on one side with the inscription of the 
utility, compounded for direct-burial service. 

5. Thickness:  4 mils (0.1 mm). 
6. Weight:  18.5 lb/1000 sq. ft. (9.0 kg/100 sq. m). 
7. 3-Inch (75-mm) Tensile According to ASTM D 882:  300 lbf (133.4 N), and 12,500 psi (17.2 MPa). 

2.06 WARNING LABELS AND SIGNS 

A. Comply with NFPA 70 and 29 CFR 1910.145. 

B. Laminated, engraved, phenolic minimum 1/16 inch (1.6 mm) thick for signs up to 20 sq. inches (129 sq. 
cm) and 1/8 inch (3.2 mm) thick for larger sizes. 

C. Warning Signs: 

1. Preprinted signs, punched or drilled for self tapping stainless steel screws with protected screw 
ends or rivets. 

2. ½ inch high letters, with colors, legend, and size required for application. 

D. Warning label and sign shall include, but are not limited to, the following legends: 

1. Multiple Power Source Warning:  "DANGER - ELECTRICAL SHOCK HAZARD - EQUIPMENT 
HAS MULTIPLE POWER SOURCES." 

2. Workspace Clearance Warning:  "WARNING - OSHA REGULATION - AREA IN FRONT OF 
ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES." 

2.07 INSTRUCTION SIGNS 

A. Engraved, laminated phenolic, minimum 1/16 inch (1.6 mm) thick for signs up to 20 sq. inches (129 sq. 
cm) and 1/8 inch (3.2 mm) thick for larger sizes. 

1. Engraved legend with black letters on white face. 
2. Punched or drilled for self tapping stainless steel screws with protected screw ends or rivets. 
3. Framed with mitered acrylic molding and arranged for attachment at applicable equipment. 

2.08 EQUIPMENT IDENTIFICATION LABELS 

A. Engraved, Phenolic Label:  Punched or drilled for self tapping stainless steel screws, with protected screw 
end, or with rivets.  Minimum letter height shall be 1/2 inch.  The following nameplate identification 
schedule shall be used: 

1. Blue surface with white core for 120/208 volt equipment 
2. Black surface with white core for 277/480 volt equipment 
3. Bright red surface with white core for all equipment related to the fire alarm system 
4. Dark red (burgundy) surface with white core for all equipment related to security 
5. Green surface with white core for all equipment related to “emergency” systems 
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6. Orange surface with white core for all equipment related to telephone systems 
7. Brown surface with white core for all equipment related to data systems 
8. White surface with black core for all equipment related to paging systems 
9. Purple surface with white core for all equipment related to TV systems 

2.09 CABLE TIES 

A. General-Purpose Cable Ties:  Fungus inert, self extinguishing, one piece, self locking, Type 6/6 nylon. 

1. Minimum Width:  3/16 inch (5 mm). 
2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638:  12,000 psi (82.7 MPa). 
3. Temperature Range:  Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 
4. Color:  Black except where used for color-coding. 

B. UV-Stabilized Cable Ties:  Fungus inert, designed for continuous exposure to exterior sunlight, self 
extinguishing, one piece, self locking, Type 6/6 nylon. 

1. Minimum Width:  3/16 inch (5 mm). 
2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638:  12,000 psi (82.7 MPa). 
3. Temperature Range:  Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 
4. Color:  Black. 

C. Plenum-Rated Cable Ties:  Self extinguishing, UV stabilized, one piece, self locking. 

1. Minimum Width:  3/16 inch (5 mm). 
2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638:  7000 psi (48.2 MPa). 
3. UL 94 Flame Rating:  94V-0. 
4. Temperature Range:  Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C). 
5. Color:  Black. 

2.010 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint:  Comply with requirements in Division 09 painting Sections for paint materials and application 
requirements.  Select paint system applicable for surface material and location (exterior or interior). 

B. Fasteners for Labels and Signs:  Self-tapping, stainless-steel screws or stainless-steel machine screws 
with nuts and flat and lock washers. 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Verify identity of each item before installing identification products. 

B. All empty conduit runs and conduit with conductors for future use shall be identified for use and shall 
indicate where they terminate.  Identification shall be by tags with string or wire attached to conduit or 
outlet. 

C. All outlet boxes, junction boxes, and pull boxes shall have their covers and exterior visible surfaces 
painted with colors to match the surface color scheme outlined above.  This includes covers on boxes 
above lift out and other types of accessible ceilings. 
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D. Location:  Install identification materials and devices at locations for most convenient viewing without 
interference with operation and maintenance of equipment. 

E. Apply identification devices to surfaces that require finish after completing finish work. 

F. Clean surfaces before application of labels, using materials and methods recommended by manufacturer 
of identification device. 

G. System Identification Color-Coding Bands for Raceways and Cables:  Each color-coding band shall 
completely encircle cable or conduit.  Place adjacent bands of two-color markings in contact, side by side.  
Locate bands at changes in direction, at penetrations of walls and floors, at 50-foot (15-m) maximum 
intervals in straight runs, and at 25-foot (7.6-m) maximum intervals in congested areas. 

H. Aluminum Wraparound Marker Labels and Metal Tags:  Secure tight to surface of conductor or cable at a 
location with high visibility and accessibility. 

I. Cable Ties:  For attaching tags.  Use general-purpose type, except as listed below: 

1. Outdoors:  UV-stabilized nylon. 
2. In Spaces Handling Environmental Air:  Plenum rated. 

J. Underground-Line Warning Tape:  During backfilling of trenches install continuous underground-line 
warning tape directly above line at 6 to 8 inches (150 to 200 mm) below finished grade.  Use multiple 
tapes where width of multiple lines installed in a common trench or concrete envelope exceeds 16 inches 
(400 mm) overall. 

K. Painted Identification:  Comply with requirements in Division 09 painting Sections for surface preparation 
and paint application. 

3.02 IDENTIFICATION SCHEDULE 

A. Concealed Raceways, Duct Banks, More Than 600 V, within Buildings:  Tape and stencil 4-inch- (100-
mm-) wide black stripes on 10-inch (250-mm) centers over orange background that extends full length of 
raceway or duct and is 12 inches (300 mm) wide.  Stencil legend "DANGER CONCEALED HIGH 
VOLTAGE WIRING" with 3-inch- (75-mm-) high black letters on 20-inch (500-mm) centers.  Stop stripes 
at legends.  Apply to the following finished surfaces: 

1. Floor surface directly above conduits running beneath and within 12 inches (300 mm) of a floor that 
is in contact with earth or is framed above unexcavated space. 

2. Wall surfaces directly external to raceways concealed within wall. 
3. Accessible surfaces of concrete envelope around raceways in vertical shafts, exposed in the 

building, or concealed above suspended ceilings. 

B. Accessible Raceways, 600 V or Less, for Service, Feeder, and Branch Circuits More Than 30 A, and 
120 V to ground:  Identify with self-adhesive vinyl label or self-adhesive vinyl tape applied in bands.  
Install labels at 10-foot (3-m) maximum intervals. 

C. Accessible Raceways and Cables within Buildings:  Identify the covers of each junction and pull box of 
the following systems with self-adhesive vinyl labels with the wiring system legend and system voltage.  
System legends shall be as follows: 

1. Emergency Power. 
2. DC Voltage. 
3. Power. 



 
NCDOT Lumberton                 260553 – 7       IDENTIFICATION FOR 
Equipment Shop  ELECTRICAL SYSTEMS 
SCO#16-12916-01A  
 

 

4. UPS. 

D. Power-Circuit Conductor Identification, 600 V or Less:  For conductors in vaults, pull and junction boxes, 
manholes, and handholes, use color-coding conductor tape to identify the phase. 

1. Color-Coding for Phase and Voltage Level Identification, 600 V or Less:  Use colors listed below for 
ungrounded service, feeder and branch-circuit conductors. 

a. Color shall be factory applied. 
b. Colors for 208/120-V Circuits: 

1) Phase A:  Black. 
2) Phase B:  Red. 
3) Phase C:  Blue. 

c. Colors for 480/277-V Circuits: 

1) Phase A:  Brown. 
2) Phase B:  Orange. 
3) Phase C:  Yellow. 

d. Field-Applied, Color-Coding Conductor Tape:  Apply in half-lapped turns for a minimum 
distance of 6 inches (150 mm) from terminal points and in boxes where splices or taps are 
made.  Apply last two turns of tape with no tension to prevent possible unwinding.  Locate 
bands to avoid obscuring factory cable markings. 

E. Install instructional sign including thecolor-code for grounded and ungrounded conductors using 
adhesive-film-type labels. 

F. Conductors to Be Extended in the Future:  Attach write-on tags to conductors and list source. 

G. Auxiliary Electrical Systems Conductor Identification:  Identify field-installed alarm, control, and signal 
connections. 

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull points.  
Identify by system and circuit designation. 

2. Use system of marker tape designations that is uniform and consistent with system used by 
manufacturer for factory-installed connections. 

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the Operation 
and Maintenance Manual. 

H. Locations of Underground Lines:  Identify with underground-line warning tape for power, lighting, 
communication, and control wiring and optical fiber cable. 

1. Limit use of underground-line warning tape to direct-buried cables. 
2. Install underground-line warning tape for both direct-buried cables and cables in raceway. 

I. Workspace Indication:  Install floor marking tape to show working clearances in the direction of access to 
live parts.  Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless otherwise 
indicated.  Do not install at flush-mounted panelboards and similar equipment in finished spaces. 

J. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: 

1. Comply with 29 CFR 1910.145. 
2. Identify system voltage with black letters on an orange background. 
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3. Apply to exterior of door, cover, or other access. 
4. For equipment with multiple power or control sources, apply to door or cover of equipment 

including, but not limited to, the following: 

a. Power transfer switches. 
b. Inverters. 
c. Combiner switches. 
d. Controls with external control power connections. 

K. Operating Instruction Signs:  Install instruction signs to facilitate proper operation and maintenance of 
electrical systems and items to which they connect.  Install instruction signs with approved legend where 
instructions are needed for system or equipment operation. 

L. Equipment Identification Labels:  On each unit of equipment, install unique designation label that is 
consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual.  Apply labels to 
disconnect switches and protection equipment, central or master units, control panels, control stations, 
terminal cabinets, and racks of each system.  Systems include power, lighting, control, communication, 
signal, monitoring, and alarm systems unless equipment is provided with its own identification. 

1. Labeling Instructions: 

a. Indoor Equipment:  Unless otherwise indicated, provide a single line of text with 1/2-inch- 
(13-mm-) high letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are 
required, use labels 2 inches (50 mm) high. 

b. Outdoor Equipment: Labels 4 inches (100 mm) high. 
c. Elevated Components:  Increase sizes of labels and letters to those appropriate for viewing 

from the floor. 
d. Fasten labels with appropriate stainless steel fasteners that do not change the NEMA or 

NRTL rating of the enclosure. 

2. Equipment to Be Labeled: 

a. Panelboards:  Typewritten directory of circuits in the location provided by panelboard 
manufacturer.  Panelboard label shall be engraved phenolic. 

b. Enclosures and electrical cabinets. 
c. Access doors and panels for concealed electrical items. 
d. Switchboards. 
e. Transformers:  Label that includes tag designation shown on Drawings for the transformer, 

feeder, and panelboards or equipment supplied by the secondary. 
f. Emergency system boxes and enclosures. 
g. Enclosed switches. 
h. Enclosed circuit breakers. 
i. Enclosed controllers. 
j. Variable-speed controllers. 
k. Push-button stations. 
l. Power transfer equipment. 
m. Contactors. 
n. Remote-controlled switches, dimmer modules, and control devices. 
o. Inverter units. 
p. Power-generating units. 
q. Monitoring and control equipment. 
r. UPS equipment. 

END OF SECTION 260553 
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SECTION 260573  
OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. This Section includes computer-based, fault-current and overcurrent protective device coordination 
studies.  Protective devices shall be set based on results of the protective device coordination study. 

1. Coordination of series-rated devices is permitted where indicated on Drawings. 

1.03 SUBMITTALS 

A. Product Data:  For computer software program to be used for studies. 

B. Product Certificates:  For coordination-study and fault-current-study computer software programs, 
certifying compliance with IEEE 399. 

C. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

D. Qualification Data:  For coordination-study specialist. 

E. Other Action Submittals:  The following submittals shall be made after the approval process for system 
protective devices has been completed.  Submittals may be in digital form. 

1. Coordination-study input data, including completed computer program input data sheets. 
2. Study and Equipment Evaluation Reports. 
3. Coordination-Study Report. 

1.04 QUALITY ASSURANCE 

A. Studies shall use computer programs that are distributed nationally and are in wide use.  Software 
algorithms shall comply with requirements of standards and guides specified in this Section.  Manual 
calculations are not acceptable. 

B. Coordination-Study Specialist Qualifications:  An entity experienced in the application of computer 
software used for studies, having performed successful studies of similar magnitude on electrical 
distribution systems using similar devices. 

1. Professional engineer, licensed in the state where Project is located, shall be responsible for the 
study.  All elements of the study shall be performed under the direct supervision and control of 
engineer. 
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C. Comply with IEEE 242 for short-circuit currents and coordination time intervals. 

D. Comply with IEEE 399 for general study procedures. 

PART 2 - PRODUCTS 

2.01 COMPUTER SOFTWARE DEVELOPERS 

A. Computer Software Developers: Subject to compliance with requirements, provide products by one of the 
following: 

1. CGI CYME. 
2. EDSA Micro Corporation. 
3. ESA Inc. 
4. Operation Technology, Inc. 
5. SKM Systems Analysis, Inc. 

2.02 COMPUTER SOFTWARE PROGRAM REQUIREMENTS 

A. Comply with IEEE 399. 

B. Analytical features of fault-current-study computer software program shall include "mandatory," "very 
desirable," and "desirable" features as listed in IEEE 399. 

C. Computer software program shall be capable of plotting and diagramming time-current-characteristic 
curves as part of its output.  Computer software program shall report device settings and ratings of all 
overcurrent protective devices and shall demonstrate selective coordination by computer-generated, time-
current coordination plots. 

1. Optional Features: 

a. Arcing faults. 
b. Simultaneous faults. 
c. Explicit negative sequence. 
d. Mutual coupling in zero sequence. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine Project overcurrent protective device submittals for compliance with electrical distribution system 
coordination requirements and other conditions affecting performance.  Devices to be coordinated are 
indicated on Drawings. 

1. Proceed with coordination study only after relevant equipment submittals have been assembled.  
Overcurrent protective devices that have not been submitted and approved prior to coordination 
study may not be used in study. 
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3.02 POWER SYSTEM DATA 

A. Gather and tabulate the following input data to support coordination study: 

1. Product Data for overcurrent protective devices specified in other Division 26 Sections and involved 
in overcurrent protective device coordination studies.  Use equipment designation tags that are 
consistent with electrical distribution system diagrams, overcurrent protective device submittals, 
input and output data, and recommended device settings. 

2. Impedance of utility service entrance. 
3. Electrical Distribution System Diagram:  In hard-copy and electronic-copy formats, showing the 

following: 

a. Circuit-breaker and fuse-current ratings and types. 
b. Relays and associated power and current transformer ratings and ratios. 
c. Transformer kilovolt amperes, primary and secondary voltages, connection type, impedance, 

and X/R ratios. 
d. Generator kilovolt amperes, size, voltage, and source impedance. 
e. Cables:  Indicate conduit material, sizes of conductors, conductor material, insulation, and 

length. 
f. Busway ampacity and impedance. 
g. Motor horsepower and code letter designation according to NEMA MG 1. 

4. Data sheets to supplement electrical distribution system diagram, cross-referenced with tag 
numbers on diagram, showing the following: 

a. Special load considerations, including starting inrush currents and frequent starting and 
stopping. 

b. Transformer characteristics, including primary protective device, magnetic inrush current, 
and overload capability. 

c. Motor full-load current, locked rotor current, service factor, starting time, type of start, and 
thermal-damage curve. 

d. Generator thermal-damage curve. 
e. Ratings, types, and settings of utility company's overcurrent protective devices. 
f. Special overcurrent protective device settings or types stipulated by utility company. 
g. Time-current-characteristic curves of devices indicated to be coordinated. 
h. Manufacturer, frame size, interrupting rating in amperes rms symmetrical, ampere or current 

sensor rating, long-time adjustment range, short-time adjustment range, and instantaneous 
adjustment range for circuit breakers. 

i. Manufacturer and type, ampere-tap adjustment range, time-delay adjustment range, 
instantaneous attachment adjustment range, and current transformer ratio for overcurrent 
relays. 

j. Panelboards, switchboards, motor-control center ampacity, and interrupting rating in 
amperes rms symmetrical. 

3.03 FAULT-CURRENT STUDY 

A. Calculate the maximum available short-circuit current in amperes rms symmetrical at circuit-breaker 
positions of the electrical power distribution system.  The calculation shall be for a current immediately 
after initiation and for a three-phase bolted short circuit at each of the following: 

1. switchboard bus. 
2. Distribution panelboard down to the 10,000 AIC level. 
3. Branch circuit panelboard down to the 10,000 AIC level. 
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B. Study electrical distribution system from normal and alternate power sources throughout electrical 
distribution system for Project.  Include studies of system-switching configurations and alternate 
operations that could result in maximum fault conditions. 

C. Calculate momentary and interrupting duties on the basis of maximum available fault current. 

D. Calculations to verify interrupting ratings of overcurrent protective devices shall comply with 
IEEE recommendations. 

E. Study Report: 

1. Show calculated X/R ratios and equipment interrupting rating (1/2-cycle) fault currents on electrical 
distribution system diagram. 

F. Equipment Evaluation Report: 

1. For 600-V overcurrent protective devices, ensure that interrupting ratings are equal to or higher 
than calculated 1/2-cycle symmetrical fault current. 

2. For devices and equipment rated for asymmetrical fault current, apply multiplication factors listed in 
the standards to 1/2-cycle symmetrical fault current. 

3. Verify adequacy of phase conductors at maximum three-phase bolted fault currents; verify 
adequacy of equipment grounding conductors and grounding electrode conductors at maximum 
ground-fault currents.  Ensure that short-circuit withstand ratings are equal to or higher than 
calculated 1/2-cycle symmetrical fault current. 

3.04 COORDINATION STUDY 

A. Perform coordination study using approved computer software program.  Prepare a written report using 
results of fault-current study.  Comply with IEEE 399. 

1. Calculate the maximum and minimum 1/2-cycle short-circuit currents. 

2. Calculate the maximum and minimum interrupting duty (5 cycles to 2 seconds) short-circuit 
currents. 

3. Calculate the maximum and minimum ground-fault currents. 

B. Comply with IEEE recommendations for fault currents and time intervals. 

C. Transformer Primary Overcurrent Protective Devices: 

1. Device shall not operate in response to the following: 

a. Inrush current when first energized. 
b. Self-cooled, full-load current or forced-air-cooled, full-load current, whichever is specified for 

that transformer. 
c. Permissible transformer overloads according to IEEE C57.96 if required by unusual loading 

or emergency conditions. 

2. Device settings shall protect transformers according to IEEE C57.12.00, for fault currents. 

D. Motors served by voltages more than 600 V shall be protected according to IEEE 620. 

E. Conductor Protection:  Protect cables against damage from fault currents according to ICEA P-32-382, 
ICEA P-45-482, and conductor melting curves in IEEE 242.  Demonstrate that equipment withstands the 
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maximum short-circuit current for a time equivalent to the tripping time of the primary relay protection or 
total clearing time of the fuse.  To determine temperatures that damage insulation, use curves from cable 
manufacturers or from listed standards indicating conductor size and short-circuit current. 

F. Coordination-Study Report:  Prepare a written report indicating the following results of coordination study: 

1. Tabular Format of Settings Selected for Overcurrent Protective Devices: 

a. Device tag. 
b. Relay-current transformer ratios; and tap, time-dial, and instantaneous-pickup values. 
c. Circuit-breaker sensor rating; and long-time, short-time, and instantaneous settings. 
d. Fuse-current rating and type. 
e. Ground-fault relay-pickup and time-delay settings. 

2. Coordination Curves:  Prepared to determine settings of overcurrent protective devices to achieve 
selective coordination.  Graphically illustrate that adequate time separation exists between devices 
installed in series, including power utility company's upstream devices.  Prepare separate sets of 
curves for the switching schemes and for emergency periods where the power source is local 
generation.  Show the following information: 

a. Device tag. 
b. Voltage and current ratio for curves. 
c. Three-phase and single-phase damage points for each transformer. 
d. No damage, melting, and clearing curves for fuses. 
e. Cable damage curves. 
f. Transformer inrush points. 
g. Maximum fault-current cutoff point. 

G. Completed data sheets for setting of overcurrent protective devices. 
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END OF SECTION 260573 
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SECTION 260923  
LIGHTING CONTROL DEVICES 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. This Section includes the following lighting control devices: 

1. Time switches. 
2. Outdoor and indoor photoelectric switches. 
3. Indoor occupancy sensors. 
4. Indoor Daylighting sensors. 
5. Outdoor motion sensors. 
6. Lighting contactors. 
7. Emergency shunt relays. 

1.03 DEFINITIONS 

A. LED:  Light-emitting diode. 

B. PIR:  Passive infrared. 

1.04 SUBMITTALS 

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

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

C. Shop Drawings:  Show installation details for occupancy and light-level sensors. 

1. Interconnection diagrams showing field-installed wiring. 

D. Field quality-control test reports. 

E. Operation and Maintenance Data:  For each type of product to include in emergency, operation, and 
maintenance manuals. 
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1.05 QUALITY ASSURANCE 

A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended 
use. 

1.06 COORDINATION 

A. Coordinate layout and installation of ceiling-mounted devices with other construction that penetrates 
ceilings or is supported by them, including light fixtures, HVAC equipment, smoke detectors, fire-
suppression system, and partition assemblies. 

PART 2 - PRODUCTS 

2.01 TIME SWITCHES 

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

1. Watt Stopper (The). 
2. Lutron. 
3. General Electric. 

B. Electronic Time Switches:  Electronic, solid-state programmable units with alphanumeric display; 
complying with UL 917. 

1. Programs:  4 channels; each channel shall be individually programmable with 40 on-off operations 
per week, plus 4 seasonal schedules that modify the basic program, and an annual holiday 
schedule that overrides the weekly operation on holidays. 

2. Circuitry:  Allow connection of a photoelectric relay as substitute for on-off function of a program. 
3. Astronomic Time:  all channels. 
4. Battery Backup:  For schedules and time clock. 

2.02 OUTDOOR PHOTOELECTRIC SWITCHES 

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

1. Area Lighting Research, Inc.; Tyco Electronics. 
2. Grasslin Controls Corporation; a GE Industrial Systems Company. 
3. Intermatic, Inc. 
4. Paragon Electric Co.; Invensys Climate Controls. 
5. Watt Stopper (The). 
6. Lutron 

B. Description:  Solid state, with SPST dry contacts rated for 1800-VA tungsten or 1000-VA inductive, to 
operate connected relay, contactor coils, or microprocessor input; complying with UL 773A. 

1. Light-Level Monitoring Range:  1.5 to 10 fc (16.14 to 108 lx), with an adjustment for turn-on and 
turn-off levels within that range, and a directional lens in front of photocell to prevent fixed light 
sources from causing turn-off. 

2. Time Delay:  15-second minimum, to prevent false operation. 
3. Surge Protection:  Metal-oxide varistor, complying with IEEE C62.41.1, IEEE C62.41.2, and 

IEEE 62.45 for Category A1 locations. 
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4. Mounting:  Twist lock complying with IEEE C136.10, with base-and-stem mounting or stem-and-
swivel mounting accessories as required to direct sensor to the north sky exposure. 

2.03 INDOOR PHOTOELECTRIC SWITCHES 

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

1. Allen-Bradley/Rockwell Automation. 
2. Area Lighting Research, Inc.; Tyco Electronics. 
3. Intermatic, Inc. 
4. Paragon Electric Co.; Invensys Climate Controls. 
5. TORK. 
6. Watt Stopper (The). 
7. Lutron. 

B. Ceiling-Mounted Photoelectric Switch:  Solid-state, light-level sensor unit, with separate relay unit, to 
detect changes in lighting levels that are perceived by the eye.  Cadmium sulfide photoresistors are not 
acceptable. 

1. Sensor Output:  Contacts rated to operate the associated relay, complying with UL 773A.  Sensor 
shall be powered from the relay unit. 

2. Relay Unit:  Dry contacts rated for 20-A ballast load at 120- and 277-V ac, for 13-A tungsten at 
120-V ac, and for 1 hp at 120-V ac.  Power supply to sensor shall be 24-V dc, 150-mA, Class 2 
power source as defined by NFPA 70. 

3. Light-Level Monitoring Range:  10 to 200 fc (108 to 2152 lx), with an adjustment for turn-on and 
turn-off levels within that range. 

4. Time Delay:  Adjustable from 5 to 300 seconds to prevent cycling, with deadband adjustment. 
5. Indicator:  Two LEDs to indicate the beginning of on-off cycles. 

C. Skylight Photoelectric Sensors:  Solid-state, light-level sensor; housed in a threaded, plastic fitting for 
mounting under skylight, facing up at skylight; with separate relay unit, to detect changes in lighting levels 
that are perceived by the eye.  Cadmium sulfide photoresistors are not acceptable. 

1. Sensor Output:  Contacts rated to operate the associated relay, complying with UL 773A.  Sensor 
shall be powered from the relay unit. 

2. Relay Unit:  Dry contacts rated for 20-A ballast load at 120- and 277-V ac, for 13-A tungsten at 
120-V ac, and for 1 hp at 120-V ac.  Power supply to sensor shall be 24-V dc, 150-mA, Class 2 
power source as defined by NFPA 70. 

3. Light-Level Monitoring Range:  1000 to 10,000 fc (10 800 to 108 000 lx), with an adjustment for 
turn-on and turn-off levels within that range. 

4. Time Delay:  Adjustable from 5 to 300 seconds to prevent cycling, with deadband adjustment. 
5. Indicator:  Two LEDs to indicate the beginning of on-off cycles. 

2.04 INDOOR OCCUPANCY SENSORS 

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

1. TORK. 
2. Watt Stopper (The). 
3. Lutron 

B. General Description:  Wall- or ceiling-mounting, solid-state units with a separate relay unit. 
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1. Operation:  Unless otherwise indicated, turn lights on when covered area is occupied and off when 
unoccupied; with a time delay for turning lights off, adjustable over a minimum range of 1 to 15 
minutes. 

2. Sensor Output:  Contacts rated to operate the connected relay, complying with UL 773A.  Sensor 
shall be powered from the relay unit. 

3. Relay Unit:  Dry contacts rated for 20-A ballast load at 120- and 277-V ac, for 13-A tungsten at 
120-V ac, and for 1 hp at 120-V ac.  Power supply to sensor shall be 24-V dc, 150-mA, Class 2 
power source as defined by NFPA 70. 

4. Mounting: 

a. Sensor:  Suitable for mounting in any position on a standard outlet box. 
b. Relay:  Externally mounted through a 1/2-inch (13-mm) knockout in a standard electrical 

enclosure. 
c. Time-Delay and Sensitivity Adjustments:  Recessed and concealed behind hinged door. 

5. Indicator:  LED, to show when motion is being detected during testing and normal operation of the 
sensor. 

6. Bypass Switch:  Override the on function in case of sensor failure. 
7. Automatic Light-Level Sensor:  Adjustable from 2 to 200 fc (21.5 to 2152 lx); keep lighting off when 

selected lighting level is present. 

C. Dual-Technology Type:  Ceiling mounting; detect occupancy by using a combination of PIR and ultrasonic 
detection methods in area of coverage.  Particular technology or combination of technologies that controls 
on-off functions shall be selectable in the field by operating controls on unit. 

1. Sensitivity Adjustment:  Separate for each sensing technology. 
2. Detector Sensitivity:  Detect occurrences of 6-inch- (150-mm-) minimum movement of any portion 

of a human body that presents a target of not less than 36 sq. in. (232 sq. cm), and detect a person 
of average size and weight moving not less than 12 inches (305 mm) in either a horizontal or a 
vertical manner at an approximate speed of 12 inches/s (305 mm/s). 

3. Detection Coverage (Standard Room):  Detect occupancy anywhere within a circular area of 1000 
sq. ft. (93 sq. m) when mounted on a 96-inch- (2440-mm-) high ceiling. 

2.05 OUTDOOR MOTION SENSORS (PIR) 

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

1. Paragon Electric Co.; Invensys Climate Controls. 
2. TORK. 
3. Watt Stopper (The). 
4. Lutron 

B. Performance Requirements:  Suitable for operation in ambient temperatures ranging from minus 40 to 
plus 130 deg F (minus 40 to plus 54 deg C), rated as raintight according to UL 773A. 

1. Operation:  Turn lights on when sensing infrared energy changes between background and moving 
body in area of coverage; with a time delay for turning lights off, adjustable over a minimum range 
of 1 to 15 minutes. 

2. Mounting: 

a. Sensor:  Suitable for mounting in any position on a standard outdoor junction box. 
b. Relay:  Internally mounted in a standard weatherproof electrical enclosure. 
c. Time-Delay and Sensitivity Adjustments:  Recessed and concealed behind hinged door. 

3. Bypass Switch:  Override the on function in case of sensor failure. 
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4. Automatic Light-Level Sensor:  Adjustable from 1 to 20 fc (11 to 215 lx); keep lighting off during 
daylight hours. 

C. Detector Sensitivity:  Detect occurrences of 6-inch- (150-mm-) minimum movement of any portion of a 
human body that presents a target of not less than 36 sq. in. (232 sq. cm). 

D. Detection Coverage:  Up to 35 feet (11 m), with a field of view of 180 degrees. 

E. Lighting Fixture Mounted Sensor:  Suitable for switching 300 W of tungsten load at 120- or 277-V ac. 

F. Individually Mounted Sensor:  Contacts rated to operate the connected relay, complying with UL 773A.  
Sensor shall be powered from the relay unit. 

1. Relay Unit:  Dry contacts rated for 20-A ballast load at 120- and 277-V ac, for 13-A tungsten at 
120-V ac, and for 1 hp at 120-V ac.  Power supply to sensor shall be 24-V dc, 150-mA, Class 2 
power source as defined by NFPA 70. 

2. Indicator:  LED, to show when motion is being detected during testing and normal operation of the 
sensor. 

2.06 LIGHTING CONTACTORS 

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

1. Allen-Bradley/Rockwell Automation. 
2. ASCO Power Technologies, LP; a division of Emerson Electric Co. 
3. Eaton Electrical Inc.; Cutler-Hammer Products. 
4. Scheider/Square D. 
5. GE Industrial Systems; Total Lighting Control. 

B. Description:  Electrically operated and mechanically held, combination type with  nonfused disconnect, 
complying with NEMA ICS 2 and UL 508. 

1. Current Rating for Switching:  Listing or rating consistent with type of load served, including 
tungsten filament, inductive, and high-inrush ballast (ballast with 15 percent or less total harmonic 
distortion of normal load current). 

2. Fault Current Withstand Rating:  Equal to or exceeding the available fault current at the point of 
installation. 

3. Enclosure:  Comply with NEMA 250. 
4. Provide with control and pilot devices including red “power on” pilot light, amber “On Building 

Automation Control” pilot light, and white “Manual Operation” pilot light. , matching the NEMA type 
specified for the enclosure. 

C. BAS Interface:  Provide hardware interface to enable the BAS to monitor and control lighting contactors. 

1. Monitoring:  On-off status and manual operation mode. 
2. Control:  On-off operation, and manual operation mode.  Mount selector switch to front of 

enclosure. 

2.07 CONDUCTORS AND CABLES 

A. Power Wiring to Supply Side of Remote-Control Power Sources:  Not smaller than No. 12 AWG.  Comply 
with requirements in Division 26 Section "Low-Voltage Electrical Power Conductors and Cables." 
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PART 3 - EXECUTION 

3.01 SENSOR INSTALLATION 

A. Install and aim sensors in locations to achieve not less than 90 percent coverage of areas indicated.  Do 
not exceed coverage limits specified in manufacturer's written instructions. 

3.02 CONTACTOR INSTALLATION 

A. Mount electrically held lighting contactors with elastomeric isolator pads, to eliminate structure-borne 
vibration, unless contactors are installed in an enclosure with factory-installed vibration isolators. 

3.03 WIRING INSTALLATION 

A. Wiring Method:  Comply with Division 26 Section "Low-Voltage Electrical Power Conductors and Cables." 
Minimum conduit size shall be 1/2 inch (13 mm). 

B. All wiring shall be installed in conduit.   

C. Wiring within Enclosures:  Comply with NECA 1.  Separate power-limited and nonpower-limited 
conductors according to conductor manufacturer's written instructions. 

D. Size conductors according to lighting control device manufacturer's written instructions, unless otherwise 
indicated. 

E. Splices, Taps, and Terminations:  Make connections only on numbered terminal strips in junction, pull, 
and outlet boxes; terminal cabinets; and equipment enclosures. 

3.04 IDENTIFICATION 

A. Identify components and power and control wiring according to Division 26 Section "Identification for 
Electrical Systems." 

1. Identify controlled circuits in lighting contactors. 
2. Identify circuits or luminaries controlled by photoelectric and occupancy sensors at each sensor. 

B. Label time switches and contactors with a unique designation. 

3.05 FIELD QUALITY CONTROL 

A. Perform the following field tests and inspections and prepare test reports: 

1. After installing time switches and sensors, and after electrical circuitry has been energized, adjust 
and test for compliance with requirements. 

2. Operational Test:  Verify operation of each lighting control device, and adjust time delays. 

B. Lighting control devices that fail tests and inspections are defective work. 
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3.06 ADJUSTING 

A. Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, provide 
on-site assistance in adjusting sensors to suit occupied conditions.  Provide up to two visits to Project 
during other-than-normal occupancy hours for this purpose. 

3.07 DEMONSTRATION 

A. Coordinate demonstration of products specified in this Section with owner’s staff at least 7 days in 
advance. 

B. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, 
operate, and maintain lighting control devices.  Refer to Division 01 Section "Demonstration and 
Training." 
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END OF SECTION 260923 
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SECTION 262200 - LOW-VOLTAGE TRANSFORMERS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. This Section includes the following types of dry-type transformers rated 600 V and less, with capacities up 
to 1000 kVA: 

1. Distribution transformers. 

1.03 SUBMITTALS 

A. Product Data:  Include rated nameplate data, capacities, weights, dimensions, minimum clearances, 
installed devices and features, and performance for each type and size of transformer indicated. 

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

C. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each field connection. 

1. Wiring Diagrams:  Power, signal, and control wiring. 

D. Manufacturer Seismic Qualification Certification:  Submit certification that transformers, accessories, and 
components will withstand seismic forces defined in Division 26 Section "Vibration and Seismic Controls 
for Electrical Systems." Include the following: 

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled 
components or on calculation. 

a. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified." 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and 
describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based and their 
installation requirements. 

E. Qualification Data:  For testing agency. 

F. Source quality-control test reports. 

G. Field quality-control test reports. 
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H. Operation and Maintenance Data:  For transformers to include in emergency, operation, and maintenance 
manuals. 

1.04 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the 
testing indicated, that is a member company of the InterNational Electrical Testing Association or is a 
nationally recognized testing laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is 
acceptable to authorities having jurisdiction. 

1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational Electrical Testing 
Association or the National Institute for Certification in Engineering Technologies to supervise on-
site testing specified in Part 3. 

B. Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the 
testing indicated, that is a nationally recognized testing laboratory (NRTL) as defined by OSHA in 
29 CFR 1910.7. 

C. Source Limitations:  Obtain each transformer type through one source from a single manufacturer. 

D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended 
use. 

E. Comply with IEEE C57.12.91, "Test Code for Dry-Type Distribution and Power Transformers." 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. Temporary Heating:  Apply temporary heat according to manufacturer's written instructions within the 
enclosure of each ventilated-type unit, throughout periods during which equipment is not energized and 
when transformer is not in a space that is continuously under normal control of temperature and humidity. 

1.06 COORDINATION 

A. Coordinate size and location of concrete bases with actual transformer provided.  Cast anchor-bolt inserts 
into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03. 

B. Coordinate installation of wall-mounting and structure-hanging supports with actual transformer provided. 

PART 2 - PRODUCTS 

2.01 MANUFACTURERS 

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

1. Eaton Electrical Inc.; Cutler-Hammer Products. 
2. General Electric Company. 
3. Siemens Energy & Automation, Inc. 
4. Sola/Hevi-Duty. 
5. Square D; Schneider Electric. 
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6. Powersmiths 

2.02 GENERAL TRANSFORMER REQUIREMENTS 

A. Description:  Factory-assembled and -tested, air-cooled units for 60-Hz service. 

B. Cores:  Grain-oriented, non-aging silicon steel. 

C. Coils:  Continuous windings without splices except for taps. 

1. Internal Coil Connections:  Brazed or pressure type. 

2. Coil Material:  Aluminum 

2.03 DISTRIBUTION TRANSFORMERS 

A. Comply with NEMA ST 20, and list and label as complying with UL 1561. 

B. Provide transformers that are constructed to withstand seismic forces specified in Division 26 Section 
"Vibration and Seismic Controls for Electrical Systems." 

C. Cores:  One leg per phase. 

D. Enclosure:  Totally enclosed, nonventilated NEMA 250, Type 2. 

1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air. 

E. Enclosure: Totally enclosed, nonventilated, NEMA 250. 

1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air. 

F. Transformer Enclosure Finish:  Comply with NEMA 250. 

1. Finish Color:  Gray. 

G. Taps for Transformers Smaller Than 3 kVA:  One 5 percent tap above normal full capacity. 

H. Taps for Transformers 7.5 to 24 kVA:  One 5 percent tap above and one 5 percent tap below normal full 
capacity. 

I. Taps for Transformers 25 kVA and Larger:  Two 2.5 percent taps above and two 2.5 percent taps below 
normal full capacity. 

J. Insulation Class:  220 deg C, UL-component-recognized insulation system with a maximum of 80 deg C 
rise above 40 deg C ambient temperature. 

K. Energy Efficiency for Transformers Rated 15 kVA and Larger: 

1. Complying with NEMA TP 1, Class 1 efficiency levels. 
2. Tested according to NEMA TP 2. 

L. K-Factor Rating:  Transformers indicated to be K-factor rated shall comply with UL 1561 requirements for 
nonsinusoidal load current-handling capability to the degree defined by designated K-factor. 
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1. Unit shall not overheat when carrying full-load current with harmonic distortion corresponding to 
designated K-factor. 

2. Indicate value of K-factor on transformer nameplate. 

M. Wall Brackets:  Manufacturer's standard brackets. 

N. Fungus Proofing:  Permanent fungicidal treatment for coil and core. 

O. Low-Sound-Level Requirements:  Minimum of 3 dBA less than NEMA ST 20 standard sound levels when 
factory tested according to IEEE C57.12.91. 

2.04 IDENTIFICATION DEVICES 

A. Nameplates:  Engraved, laminated-plastic or metal nameplate for each transformer, mounted with 
corrosion-resistant screws.  Nameplates and label products are specified in Division 26 Section 
"Identification for Electrical Systems." 

2.05 SOURCE QUALITY CONTROL 

A. Test and inspect transformers according to IEEE C57.12.91. 

B. Factory Sound-Level Tests:  Conduct sound-level tests on equipment for this Project. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine conditions for compliance with enclosure- and ambient-temperature requirements for each 
transformer. 

B. Verify that field measurements are as needed to maintain working clearances required by NFPA 70 and 
manufacturer's written instructions. 

C. Examine walls, floors, roofs, and concrete bases for suitable mounting conditions where transformers will 
be installed. 

D. Verify that ground connections are in place and requirements in Division 26 Section "Grounding and 
Bonding for Electrical Systems" have been met.  Maximum ground resistance shall be 5 ohms at location 
of transformer. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 INSTALLATION 

A. Install wall-mounting transformers level and plumb with wall brackets fabricated by transformer 
manufacturer. 

1. Brace wall-mounting transformers as specified in Division 26 Section "Vibration and Seismic 
Controls for Electrical Systems. 
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B. Construct concrete bases and anchor floor-mounting transformers according to manufacturer's written 
instructions, seismic codes applicable to Project, and requirements in Division 26 Section "Vibration and 
Seismic Controls for Electrical Systems." 

3.03 CONNECTIONS 

A. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems." 

B. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables." 

3.04 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections and prepare test 
reports. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and 
adjust components, assemblies, and equipment installations, including connections.  Report results in 
writing. 

C. Perform tests and inspections and prepare test reports. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 
components, assemblies, and equipment installations, including connections, and to assist in 
testing. 

D. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance 
Testing Specification.  Certify compliance with test parameters. 

E. Remove and replace units that do not pass tests or inspections and retest as specified above. 

F. Infrared Scanning:  Two months after Substantial Completion, perform an infrared scan of transformer 
connections. 

1. Use an infrared-scanning device designed to measure temperature or detect significant deviations 
from normal values.  Provide documentation of device calibration. 

2. Perform 2 follow-up infrared scans of transformers, one at 4 months and the other at 11 months 
after Substantial Completion. 

3. Prepare a certified report identifying transformer checked and describing results of scanning.  
Include notation of deficiencies detected, remedial action taken, and scanning observations after 
remedial action. 

G. Test Labeling:  On completion of satisfactory testing of each unit, attach a dated and signed "Satisfactory 
Test" label to tested component. 

3.05 ADJUSTING 

A. Record transformer secondary voltage at each unit for at least 48 hours of typical occupancy period.  
Adjust transformer taps to provide optimum voltage conditions at secondary terminals.  Optimum is 
defined as not exceeding nameplate voltage plus 10 percent and not being lower than nameplate voltage 
minus 3 percent at maximum load conditions.  Submit recording and tap settings as test results. 
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B. Connect buck-boost transformers to provide nameplate voltage of equipment being served, plus or minus 
5 percent, at secondary terminals. 

C. Output Settings Report:  Prepare a written report recording output voltages and tap settings. 

3.06 CLEANING 

A. Vacuum dirt and debris; do not use compressed air to assist in cleaning. 

END OF SECTION 262200 
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SECTION 262416  
PANELBOARDS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes: 

1. Distribution panelboards. 
2. Lighting and appliance branch-circuit panelboards. 

1.03 DEFINITIONS 

A. SVR:  Suppressed voltage rating. 

B. TVSS:  Transient voltage surge suppressor. 

1.04 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  Panelboards shall withstand the effects of earthquake motions determined 
according to SEI/ASCE 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts 
from the device when subjected to the seismic forces specified. 

1.05 SUBMITTALS 

A. Product Data:  For each type of panelboard, switching and overcurrent protective device, transient 
voltage suppression device, accessory, and component indicated.  Include dimensions and 
manufacturers' technical data on features, performance, electrical characteristics, ratings, and 
finishes. 

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

C. Shop Drawings:  For each panelboard and related equipment. 

1. Include dimensioned plans, elevations, sections, and details.  Show tabulations of installed 
devices, equipment features, and ratings. 

2. Detail enclosure types and details for types other than NEMA 250, Type 1. 
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3. Detail bus configuration, current, and voltage ratings. 
4. Short-circuit current rating of panelboards and overcurrent protective devices. 

5. Include evidence of NRTL listing for series rating of installed devices. 
6. Detail features, characteristics, ratings, and factory settings of individual overcurrent 

protective devices and auxiliary components. 
7. Include wiring diagrams for power, signal, and control wiring. 
8. Include time-current coordination curves for each type and rating of overcurrent protective 

device included in panelboards.  Submit on translucent log-log graft paper; include 
selectable ranges for each type of overcurrent protective device. 

D. Qualification Data:  For qualified testing agency. 

E. Seismic Qualification Certificates:  Submit certification that panelboards, overcurrent protective 
devices, accessories, and components will withstand seismic forces defined in Division 26 
Section "Vibration and Seismic Controls for Electrical Systems." Include the following: 

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of 
assembled components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and 
describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based 
and their installation requirements. 

F. Field Quality-Control Reports: 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 

G. Panelboard Schedules:  For installation in panelboards.  Submit final versions after load 
balancing. 

H. Operation and Maintenance Data:  For panelboards and components to include in emergency, 
operation, and maintenance manuals.  In addition to items specified in Division 01 Section 
"Operation and Maintenance Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting overcurrent protective devices. 
2. Time-current curves, including selectable ranges for each type of overcurrent protective 

device that allows adjustments. 

1.06 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site 
testing. 

B. Source Limitations:  Obtain panelboards, overcurrent protective devices, components, and 
accessories from single source from single manufacturer. 
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C. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for panelboards 
including clearances between panelboards and adjacent surfaces and other items.  Comply with 
indicated maximum dimensions. 

D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

E. Comply with NEMA PB 1. 

F. Comply with NFPA 70. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Remove loose packing and flammable materials from inside panelboards; install temporary 
electric heating (250 W per panelboard) to prevent condensation. 

B. Handle and prepare panelboards for installation according to NEMA PB 1. 

1.08 PROJECT CONDITIONS 

A. Environmental Limitations: 

1. Do not deliver or install panelboards until spaces are enclosed and weathertight, wet work 
in spaces is complete and dry, work above panelboards is complete, and temporary HVAC 
system is operating and maintaining ambient temperature and humidity conditions at 
occupancy levels during the remainder of the construction period. 

2. Rate equipment for continuous operation under the following conditions unless otherwise 
indicated: 

a. Ambient Temperature:  Not exceeding minus 22 deg F (minus 30 deg C) to plus 104 
deg F (plus 40 deg C). 

b. Altitude:  Not exceeding 6600 feet (2000 m). 

B. Service Conditions:  NEMA PB 1, usual service conditions, as follows: 

1. Ambient temperatures within limits specified. 
2. Altitude not exceeding 6600 feet (2000 m). 

1.09 COORDINATION 

A. Coordinate layout and installation of panelboards and components with other construction that 
penetrates walls or is supported by them, including electrical and other types of equipment, 
raceways, piping, encumbrances to workspace clearance requirements, and adjacent surfaces.  
Maintain required workspace clearances and required clearances for equipment access doors 
and panels. 

B. Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast anchor-
bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in 
Division 03. 
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1.010 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 
replace transient voltage suppression devices that fail in materials or workmanship within 
specified warranty period. 

1. Warranty Period:  five years from date of Substantial Completion. 

1.011 EXTRA MATERIALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1. Keys:  two spares for each type of panelboard cabinet lock. 

PART 2 - PRODUCTS 

2.01 GENERAL REQUIREMENTS FOR PANELBOARDS 

A. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces defined in 
Division 26 Section "Vibration and Seismic Controls for Electrical Systems." 

B. Enclosures: surface-mounted cabinets. 

1. Rated for environmental conditions at installed location. 

a. Indoor Dry and Clean Locations:  NEMA 250, type 1. 
b. Outdoor Locations:  NEMA 250, type 4X. 
c. Other Wet or Damp Indoor Locations:  NEMA 250, type 4. 
d. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:  

NEMA 250, Type 12. 

2. Hinged Front Cover:  Entire front trim hinged to box and with standard hinged door within 
hinged trim cover. 

3. Skirt for Surface-Mounted Panelboards:  Same gage and finish as panelboard front with 
flanges for attachment to panelboard, wall, and ceiling or floor. 

4. Gutter Extension and Barrier:  Same gage and finish as panelboard enclosure; integral with 
enclosure body.  Arrange to isolate individual panel sections. 

5. Finishes: 

a. Panels and Trim:  steel and galvanized steel, factory finished immediately after 
cleaning and pretreating with manufacturer's standard two-coat, baked-on finish 
consisting of prime coat and thermosetting topcoat. 

b. Back Boxes:  Galvanized steel. 

c. Fungus Proofing:  Permanent fungicidal treatment for overcurrent protective devices 
and other components. 
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6. Directory Card:  Inside panelboard door, mounted in metal frame with transparent 
protective cover. 

C. Incoming Mains Location:  Top and bottom. 

D. Phase, Neutral, and Ground Buses: 

1. Material:  Hard-drawn copper, 98 percent conductivity. 
2. Equipment Ground Bus:  Adequate for feeder and branch-circuit equipment grounding 

conductors; bonded to box. 
3. Extra-Capacity Neutral Bus:  Neutral bus rated 200 percent of phase bus and UL listed as 

suitable for nonlinear loads. 

E. Conductor Connectors:  Suitable for use with conductor material and sizes. 

1. Material:  Hard-drawn copper, 98 percent conductivity. 
2. Main and Neutral Lugs: Mechanical type. 
3. Ground Lugs and Bus-Configured Terminators:  Mechanical type. 
4. Extra-Capacity Neutral Lugs:  Rated 200 percent of phase lugs mounted on extra-capacity 

neutral bus. 

F. Service Equipment Label:  NRTL labeled for use as service equipment for panelboards or load 
centers with one or more main service disconnecting and overcurrent protective devices. 

G. Future Devices:  Mounting brackets, bus connections, filler plates, and necessary appurtenances 
required for future installation of devices. 

H. Panelboard Short-Circuit Current Rating:  Fully rated to interrupt symmetrical short-circuit current 
available at terminals. 

2.02 DISTRIBUTION PANELBOARDS 

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 
4. Square D; a brand of Schneider Electric. 

B. Panelboards:  NEMA PB 1, power and feeder distribution type. 

C. Doors:  Door in door construction, secured with vault-type latch with tumbler lock; keyed alike. 

1. For doors more than 36 inches (914 mm) high, provide two latches, keyed alike. 

D. Mains:  Circuit breaker. 

E. Branch Overcurrent Protective Devices for Circuit-Breaker Frame Sizes: Bolt-on circuit breakers. 
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2.03 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS 

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 
4. Square D; a brand of Schneider Electric. 

B. Panelboards:  NEMA PB 1, lighting and appliance branch-circuit type. 

C. Mains:  Circuit breaker or as indicated on the drawings. 

D. Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable without disturbing 
adjacent units. 

E. Doors:  Door in door construction secured with flush latch with tumbler lock; keyed alike. 

2.04 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES 

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 
4. Square D; a brand of Schneider Electric. 

B. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to meet 
available fault currents. 

1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads, 
and instantaneous magnetic trip element for short circuits, shall be used in for sizes 225 
amperes and smaller.   

2. Electronic trip circuit breakers shall be used in sizes over 400 amperes, with RMS sensing; 
field-replaceable rating plug or field-replicable electronic trip; and the following field-
adjustable settings: 

a. Instantaneous trip. 
b. Long- and short-time pickup levels. 
c. Long- and short-time time adjustments. 
d. Ground-fault pickup level, time delay, and I2t response. 

3. GFCI Circuit Breakers:  Single- and two-pole configurations with Class A ground-fault 
protection (6-mA trip). 

4. Ground-Fault Equipment Protection (GFPE) Circuit Breakers:  Class B ground-fault 
protection (30-mA trip). 

5. Molded-Case Circuit-Breaker (MCCB) Features and Accessories: 

a. Standard frame sizes, trip ratings, and number of poles. 
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b. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor 
materials. 

c. Application Listing:  Appropriate for application; Type SWD for switching fluorescent 
lighting loads; Type HID for feeding fluorescent and high-intensity discharge (HID) 
lighting circuits. 

d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable 
pickup and time-delay settings, push-to-test feature, and ground-fault indicator. 

e. Shunt Trip:  120 trip coil energized from separate circuit, set to trip at 55 percent of 
rated voltage. 

f. Multipole units enclosed in a single housing or factory assembled to operate as a 
single unit. 

g. Handle Padlocking Device:  Fixed attachment, for locking circuit-breaker handle in 
on or off position. 

h. Handle Clamp:  Loose attachment, for holding circuit-breaker handle in on position. 

C. Fused Switch:  NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle. 

1. Fuses, and Spare-Fuse Cabinet:  Comply with requirements specified in Division 26 
Section "Fuses." 

2. Fused Switch Features and Accessories:  Standard ampere ratings and number of poles. 

3. Auxiliary Contacts: two normally open and normally closed contact(s) that operate with 
switch handle operation. 

2.05 ACCESSORY COMPONENTS AND FEATURES 

A. Accessory Set:  Include tools and miscellaneous items required for overcurrent protective device 
test, inspection, maintenance, and operation. 

B. Portable Test Set:  For testing functions of solid-state trip devices without removing from 
panelboard.  Include relay and meter test plugs suitable for testing panelboard meters and 
switchboard class relays. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Receive, inspect, handle, and store panelboards according to NEMA PB 1.1. 

B. Examine panelboards before installation.  Reject panelboards that are damaged or rusted or have 
been subjected to water saturation. 

C. Examine elements and surfaces to receive panelboards for compliance with installation 
tolerances and other conditions affecting performance of the Work. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 
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3.02 INSTALLATION 

A. Install panelboards and accessories according to NEMA PB 1.1. 

B. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and 
temporary blocking of moving parts from panelboards. 

C. Comply with mounting and anchoring requirements specified in Division 26 Section "Vibration and 
Seismic Controls for Electrical Systems." 

D. Mount top of trim 90 inches (2286 mm) above finished floor unless otherwise indicated. 

E. Mount panelboard cabinet plumb and rigid without distortion of box.  Mount recessed panelboards 
with fronts uniformly flush with wall finish and mating with back box. 

F. Install overcurrent protective devices and controllers not already factory installed. 

1. Set field-adjustable, circuit-breaker trip ranges. 

G. Install filler plates in unused spaces. 

H. Stub four 1-inch (27-GRC) empty conduits from panelboard into accessible ceiling space or space 
designated to be ceiling space in the future.  Stub four 1-inch (27-GRC) empty conduits into 
raised floor space or below slab not on grade. 

I. Comply with NECA 1. 

3.03 IDENTIFICATION 

A. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs 
complying with Division 26 Section "Identification for Electrical Systems." 

B. Create a directory to indicate installed circuit loads after balancing panelboard loads; incorporate 
Owner's final room designations.  Obtain approval before installing.  Use a computer or typewriter 
to create directory; handwritten directories are not acceptable. 

C. Panelboard Nameplates:  Label each panelboard with a nameplate complying with requirements 
for identification specified in Division 26 Section "Identification for Electrical Systems." 

D. Device Nameplates:  Label each branch circuit device in distribution panelboards with a 
nameplate complying with requirements for identification specified in Division 26 Section 
"Identification for Electrical Systems." 

3.04 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, 
and adjust components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections. 
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1. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect components, assemblies, and equipment installations, including connections, and 
to assist in testing. 

D. Acceptance Testing Preparation: 

1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, 
and control circuit. 

2. Test continuity of each circuit. 

E. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA 
Acceptance Testing Specification.  Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; 
otherwise, replace with new units and retest. 

3. Perform the following infrared scan tests and inspections and prepare reports: 

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days 
after Final Acceptance, perform an infrared scan of each panelboard.  Remove front 
panels so joints and connections are accessible to portable scanner. 

b. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each 
panelboard 11 months after date of Substantial Completion. 

c. Instruments and Equipment: 

1) Use an infrared scanning device designed to measure temperature or to 
detect significant deviations from normal values.  Provide calibration record for 
device. 

F. Panelboards will be considered defective if they do not pass tests and inspections. 

G. Prepare test and inspection reports, including a certified report that identifies panelboards 
included and that describes scanning results.  Include notation of deficiencies detected, remedial 
action taken, and observations after remedial action. 

3.05 ADJUSTING 

A. Adjust moving parts and operable component to function smoothly, and lubricate as 
recommended by manufacturer. 

B. Set field-adjustable circuit-breaker trip ranges as specified in Division 26 Section "Overcurrent 
Protective Device Coordination Study." 

C. Load Balancing:  After Substantial Completion, but not more than 60 days after Final Acceptance, 
measure load balancing and make circuit changes. 

1. Measure as directed during period of normal system loading. 
2. Perform load-balancing circuit changes outside normal occupancy/working schedule of the 

facility and at time directed.  Avoid disrupting critical 24-hour services such as fax machines 
and on-line data processing, computing, transmitting, and receiving equipment. 

3. After circuit changes, recheck loads during normal load period.  Record all load readings 
before and after changes and submit test records. 
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4. Tolerance:  Difference exceeding 20 percent between phase loads, within a panelboard, is 
not acceptable.  Rebalance and recheck as necessary to meet this minimum requirement. 

3.06 PROTECTION 

A. Temporary Heating:  Apply temporary heat to maintain temperature according to manufacturer's 
written instructions. 

END OF SECTION 262416 
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SECTION 262726 
 WIRING DEVICES 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. This Section includes the following: 

1. Receptacles, receptacles with integral GFCI, and associated device plates. 
2. Twist-locking receptacles. 
3. Receptacles with integral surge suppression units. 
4. Wall-box motion sensors. 
5. Snap switches and wall-box dimmers. 
6. Solid-state fan speed controls. 
7. Wall-switch and exterior occupancy sensors. 
8. Communications outlets. 
9. Pendant cord-connector devices. 
10. Cord and plug sets. 
11. Floor service outlets, poke-through assemblies, service poles, and multioutlet assemblies. 

1.03 DEFINITIONS 

A. EMI:  Electromagnetic interference. 

B. GFCI:  Ground-fault circuit interrupter. 

C. Pigtail:  Short lead used to connect a device to a branch-circuit conductor. 

D. RFI:  Radio-frequency interference. 

E. TVSS:  Transient voltage surge suppressor. 

F. UTP:  Unshielded twisted pair. 

1.04 SUBMITTALS 

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

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

C. Shop Drawings:  List of legends and description of materials and process used for premarking wall plates. 
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D. Samples:  One for each type of device and wall plate specified, in each color specified. 

E. Field quality-control test reports. 

F. Operation and Maintenance Data:  For wiring devices to include in all manufacturers' packing label 
warnings and instruction manuals that include labeling conditions. 

1.05 QUALITY ASSURANCE 

A. Source Limitations:  Obtain each type of wiring device and associated wall plate through one source from 
a single manufacturer.  Insofar as they are available, obtain all wiring devices and associated wall plates 
from a single manufacturer and one source. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended 
use. 

C. Comply with NFPA 70. 

1.06 COORDINATION 

A. Receptacles for Owner-Furnished Equipment:  Match plug configurations. 

1. Cord and Plug Sets:  Match equipment requirements. 

PART 2 - PRODUCTS 

2.01 MANUFACTURERS 

A. Manufacturers' Names:  Shortened versions (shown in parentheses) of the following manufacturers' 
names are used in other Part 2 articles: 

1. Cooper Wiring Devices; a division of Cooper Industries, Inc. (Cooper). 
2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell). 
3. Leviton Mfg. Company Inc. (Leviton). 
4. Pass & Seymour/Legrand; Wiring Devices & Accessories (Pass & Seymour). 

2.02 STRAIGHT BLADE RECEPTACLES 

A. Convenience Receptacles, 125 V, 20 A, with hex-head green grounding screw:  Comply with 
NEMA WD 1, NEMA WD 6 configuration 5-20R, and UL 498. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Cooper; 5351 (single), 5352 (duplex). 
b. Hubbell; HBL5351 (single), CR5352 (duplex). 
c. Leviton; 5891 (single), 5352 (duplex). 
d. Pass & Seymour; 5381 (single), 5352 (duplex). 
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B. Tamper-Resistant Convenience Receptacles, 125 V, 20 A, with hex-head green grounding screw:  
Comply with NEMA WD 1, NEMA WD 6 configuration 5-20R, and UL 498. 

1. Available Products:  Subject to compliance with requirements, products that may be incorporated 
into the Work include, but are not limited to, the following: 

2. Products:  Subject to compliance with requirements, provide one of the following: 

a. Cooper; TR8300. 
b. Hubbell; HBL8300SG. 
c. Leviton; 8300-SGG. 
d. Pass & Seymour; 63H. 

3. Description:  Labeled to comply with NFPA 70, "Health Care Facilities" Article, "Pediatric Locations" 
Section. 

2.03 GFCI RECEPTACLES 

A. General Description:  Straight blade, feed-through type.  Comply with NEMA WD 1, NEMA WD 6, UL 498, 
and UL 943, Class A, and include indicator light that is lighted when device is tripped. 

B. Hospital-Grade, Duplex GFCI Convenience Receptacles, 125 V, 20 A, with hex-head green grounding 
screw:  Comply with UL 498 Supplement SD. 

1. Available Products:  Subject to compliance with requirements, products that may be incorporated 
into the Work include, but are not limited to, the following: 

2. Products:  Subject to compliance with requirements, provide one of the following: 

a. Cooper; HGF20. 
b. Hubbell; HGF8300. 
c. Leviton; 6898-HG. 

2.04 TWIST-LOCKING RECEPTACLES 

A. Single Convenience Receptacles, 125 V, 20 A, with hex-head green grounding screw:  Comply with 
NEMA WD 1, NEMA WD 6 configuration L5-20R, and UL 498. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Cooper; L520R. 
b. Hubbell; HBL2310. 
c. Leviton; 2310. 
d. Pass & Seymour; L520-R. 

2.05 PENDANT CORD-CONNECTOR DEVICES 

A. Description:  Matching, locking-type plug and receptacle body connector; NEMA WD 6 configurations L5-
20P and L5-20R, heavy-duty grade. 

1. Body:  Nylon with screw-open cable-gripping jaws and provision for attaching external cable grip. 
2. External Cable Grip:  Woven wire-mesh type made of high-strength galvanized-steel wire strand, 

matched to cable diameter, and with attachment provision designed for corresponding connector. 
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2.06 CORD AND PLUG SETS 

A. Description:  Match voltage and current ratings and number of conductors to requirements of equipment 
being connected. 

1. Cord:  Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; with green-
insulated grounding conductor and equipment-rating ampacity plus a minimum of 30 percent. 

2. Plug:  Nylon body and integral cable-clamping jaws.  Match cord and receptacle type for 
connection. 

2.07 SNAP SWITCHES 

A. Comply with NEMA WD 1 and UL 20. 

B. Switches, 120/277 V, 20 A: 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Cooper; 2221 (single pole), 2222 (two pole), 2223 (three way), 2224 (four way). 
b. Hubbell; CS1221 (single pole), CS1222 (two pole), CS1223 (three way), CS1224 (four way). 
c. Leviton; 1221-2 (single pole), 1222-2 (two pole), 1223-2 (three way), 1224-2 (four way). 
d. Pass & Seymour; 20AC1 (single pole), 20AC2 (two pole), 20AC3 (three way), 20AC4 (four 

way). 

C. Pilot Light Switches, 20 A: 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Cooper; 2221PL for 120 V and 277 V. 
b. Hubbell; HPL1221PL for 120 V and 277 V. 
c. Leviton; 1221-PLR for 120 V, 1221-7PLR for 277 V. 
d. Pass & Seymour; PS20AC1-PLR for 120 V. 

2. Description:  Single pole, with neon-lighted handle, illuminated when switch is "ON." 

D. Single-Pole, Double-Throw, Momentary Contact, Center-Off Switches, 120/277 V, 20 A; for use with 
mechanically held lighting contactors. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Cooper; 1995. 
b. Hubbell; HBL1557. 
c. Leviton; 1257. 
d. Pass & Seymour; 1251. 

E. Key-Operated, Single-Pole, Double-Throw, Momentary Contact, Center-Off Switches, 120/277 V, 20 A; 
for use with mechanically held lighting contactors, with factory-supplied key in lieu of switch handle. 

1. Products:  Subject to compliance with requirements, provide one of the following: 

a. Cooper; 1995L. 
b. Hubbell; HBL1557L. 
c. Leviton; 1257L. 
d. Pass & Seymour; 1251L. 
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2.08 WALL-BOX DIMMERS 

A. Dimmer Switches:  Modular, full-wave, solid-state units with integral, quiet on-off switches, with audible 
frequency and EMI/RFI suppression filters. 

B. Control:  Continuously adjustable slider; with single-pole or three-way switching.  Comply with UL 1472. 

C. Fluorescent Lamp Dimmer Switches:  Modular; compatible with dimmer ballasts; trim potentiometer to 
adjust low-end dimming; dimmer-ballast combination capable of consistent dimming with low end not 
greater than 20 percent of full brightness. 

2.09 FAN SPEED CONTROLS 

A. Modular, 120-V, full-wave, solid-state units with integral, quiet on-off switches and audible frequency and 
EMI/RFI filters.  Comply with UL 1917. 

1. Continuously adjustable slider. 

2.10 WALL PLATES 

A.  Single and combination types to match corresponding wiring devices. 

2. Plate-Securing Screws:  Stainless steel to match plate finish. 
3. Material for Finished Spaces:  0.035-inch- (1-mm-) thick, satin-finished stainless steel. 
4. Material for Unfinished Spaces:  Galvanized steel. 
5. Material for Damp Locations:  Cast aluminum with spring-loaded lift cover, and listed and labeled 

for use in "wet locations." 

B. Wet-Location, Weatherproof Cover Plates:  NEMA 250, complying with type 3R weather-resistant, die-
cast aluminum with lockable cover. 

2.11        FLOOR SERVICE FITTINGS 

C. Type:  Cast iron, adjustable, flush in floor type with lifting cover.  Lifting lids shall have cable openings to 
allow for lid to be closed when outlet is in use. 

D. Service Plate: with carpet flange or tile trim for floor material. 

E. Power Receptacle:  NEMA WD 6 configuration 5-20R, gray finish, refer to drawings for quantities. 

F. Voice and Data Communication Outlets:  refer to drawings for quantities. 

2.12       MULTIOUTLET ASSEMBLIES 

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

1. Hubbell Incorporated; Wiring Device-Kellems. 
2. Wiremold Company (The). 

G. Components of Assemblies:  Products from a single manufacturer designed for use as a complete, 
matching assembly of raceways and receptacles. 

H. Raceway Material:  Metal, with color as selected by architect from manufacturer’s standard finishes. 
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I. Wire:  No. 12 AWG. 

2.13  SERVICE POLES 

J. Description:  Factory-assembled and -wired units to extend power and voice and data communication 
from distribution wiring concealed in ceiling to devices or outlets in pole near floor. 

1. Poles:  Nominal 2.5-inch- (65-mm-) square cross section, with height adequate to extend from floor 
to at least 6 inches (150 mm) above ceiling, and with separate channels for power wiring and voice 
and data communication cabling. 

2. Mounting:  Ceiling trim flange with concealed bracing arranged for positive connection to ceiling 
supports; with pole foot and carpet pad attachment. 

3. Finishes: Satin-anodized aluminum. 
4. Wiring:  Sized for minimum of five No. 12 AWG power and ground conductors and a minimum of 

four, 4-pair, Category 6 voice and data communication cables. 
5. Power Receptacles:  Two duplex, 20-A, heavy-duty, NEMA WD 6 configuration 5-20R units unless 

otherwise indicated. 
6. Voice and Data Communication Outlets:  as indicated on the drawings. 

2.14 FINISHES 

K. Color:  Wiring device catalog numbers in Section Text do not designate device color. 

1. Wiring Devices Connected to Normal Power System: As selected by Architect, unless otherwise 
indicated or required by NFPA 70 or device listing. 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Comply with NECA 1, including the mounting heights listed in that standard, unless otherwise noted. 

B. Coordination with Other Trades: 

1. Take steps to insure that devices and their boxes are protected.  Do not place wall finish materials 
over device boxes and do not cut holes for boxes with routers that are guided by riding against 
outside of the boxes. 

2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, paint, 
and other material that may contaminate the raceway system, conductors, and cables. 

3. Install device boxes in brick or block walls so that the cover plate does not cross a joint unless the 
joint is troweled flush with the face of the wall. 

4. Install wiring devices after all wall preparation, including painting, is complete. 

C. Conductors: 

1. Do not strip insulation from conductors until just before they are spliced or terminated on devices. 
2. Strip insulation evenly around the conductor using tools designed for the purpose.  Avoid scoring or 

nicking of solid wire or cutting strands from stranded wire. 
3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, Article 300, 

without pigtails. 
4. Existing Conductors: 

a. Cut back and pigtail, or replace all damaged conductors. 
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b. Straighten conductors that remain and remove corrosion and foreign matter. 
c. Pigtailing existing conductors is permitted provided the outlet box is large enough. 

D. Device Installation: 

1. Replace all devices that have been in temporary use during construction or that show signs that 
they were installed before building finishing operations were complete. 

2. Keep each wiring device in its package or otherwise protected until it is time to connect conductors. 
3. Do not remove surface protection, such as plastic film and smudge covers, until the last possible 

moment. 
4. Connect devices to branch circuits using pigtails that are not less than 6 inches (152 mm) in length. 
5. When there is a choice, use side wiring with binding-head screw terminals.  Wrap solid conductor 

tightly clockwise, 2/3 to 3/4 of the way around terminal screw. 
6. Use a torque screwdriver when a torque is recommended or required by the manufacturer. 
7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice No. 12 AWG 

pigtails for device connections. 
8. Tighten unused terminal screws on the device. 
9. When mounting into metal boxes, remove the fiber or plastic washers used to hold device mounting 

screws in yokes, allowing metal-to-metal contact. 

E. Receptacle Orientation: 

1. Install ground pin of vertically mounted receptacles up, and on horizontally mounted receptacles to 
the left. 

F. Device Plates:  Do not use oversized or extra-deep plates.  Repair wall finishes and remount outlet boxes 
when standard device plates do not fit flush or do not cover rough wall opening. 

G. Dimmers: 

1. Install dimmers within terms of their listing. 
2. Verify that dimmers used for fan speed control are listed for that application. 
3. Install unshared neutral conductors on line and load side of dimmers according to manufacturers' 

device listing conditions in the written instructions. 

H. Arrangement of Devices:  Unless otherwise indicated, mount flush, with long dimension vertical and with 
grounding terminal of receptacles on top.  Group adjacent switches under single, multigang wall plates. 

I. Adjust locations of floor service outlets and service poles to suit arrangement of partitions and furnishings. 

3.02 IDENTIFICATION 

A. Comply with Division 26 Section "Identification for Electrical Systems." 

1. Receptacles:  Identify panelboard and circuit number from which served.  Use hot, stamped or 
engraved machine printing with black filled lettering on face of plate, and durable wire markers or 
tags inside outlet boxes. 

3.03 FIELD QUALITY CONTROL 

A. Perform tests and inspections and prepare test reports. 

1. Test Instruments:  Use instruments that comply with UL 1436. 
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2. Test Instrument for Convenience Receptacles:  Digital wiring analyzer with digital readout or 
illuminated LED indicators of measurement. 

B. Tests for Convenience Receptacles: 

1. Line Voltage:  Acceptable range is 105 to 132 V. 
2. Percent Voltage Drop under 15-A Load:  A value of 6 percent or higher is not acceptable. 
3. Ground Impedance:  Values of up to 2 ohms are acceptable. 
4. GFCI Trip:  Test for tripping values specified in UL 1436 and UL 943. 
5. Using the test plug, verify that the device and its outlet box are securely mounted. 
6. The tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit breaker, 

poor connections, inadequate fault current path, defective devices, or similar problems.  Correct 
circuit conditions, remove malfunctioning units and replace with new ones, and retest as specified 
above. 

 

 

END OF SECTION 262726 
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SECTION 262813  
FUSES 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes: 

1. Cartridge fuses rated 600-V ac and less for use in control circuits, enclosed controllers switches. 

1.03 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include construction details, material, dimensions, 
descriptions of individual components, and finishes for spare-fuse cabinets. Include the following for each 
fuse type indicated: 

1. Ambient Temperature Adjustment Information:  If ratings of fuses have been adjusted to 
accommodate ambient temperatures, provide list of fuses with adjusted ratings. 

a. For each fuse having adjusted ratings, include location of fuse, original fuse rating, local 
ambient temperature, and adjusted fuse rating. 

b. Provide manufacturer's technical data on which ambient temperature adjustment 
calculations are based. 

2. Dimensions and manufacturer's technical data on features, performance, electrical characteristics, 
and ratings. 

3. Current-limitation curves for fuses with current-limiting characteristics. 
4. Time-current coordination curves (average melt) and current-limitation curves (instantaneous peak 

let-through current) for each type and rating of fuse. Coordination charts and tables and related 
data. 

5. Fuse sizes for elevator feeders and elevator disconnect switches. 

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661.  

C. Operations and Maintenance Data: For fuses to include in emergency, operation, and maintenance 
manuals.  In addition to items specified in Division 01 Section "Operation and Maintenance Data," include 
the following: 

1. Ambient temperature adjustment information. 
2. Current-limitation curves for fuses with current-limiting characteristics. 
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3. Time-current coordination curves (average melt) and current-limitation curves (instantaneous peak 
let-through current) for each type and rating of fuse. Coordination charts and tables and related 
data. 

1.04 QUALITY ASSURANCE 

A. Source Limitations:  Obtain fuses, for use within a specific product or circuit, from single source from 
single manufacturer. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

C. Comply with NEMA FU 1 for cartridge fuses. 

D. Comply with NFPA 70. 

E. Comply with UL 248-11 for plug fuses. 

1.05 PROJECT CONDITIONS 

A. Where ambient temperature to which fuses are directly exposed is less than 40 deg F (5 deg C) or more 
than [100 deg F (38 deg C), apply manufacturer's ambient temperature adjustment factors to fuse ratings. 

1.06 COORDINATION 

A. Coordinate fuse ratings with utilization equipment nameplate limitations of maximum fuse size and with 
system short-circuit current levels. 

PART 2 - PRODUCTS 

2.01 MANUFACTURERS 

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

1. Cooper Bussmann, Inc. 
2. Edison Fuse, Inc. 
3. Ferraz Shawmut, Inc. 
4. Littelfuse, Inc. 

2.02 CARTRIDGE FUSES 

A. Characteristics:  NEMA FU 1, nonrenewable cartridge fuses with voltage ratings consistent with circuit 
voltages. 

1. Fuse Pullers:  For each size of fuse, where applicable and available, from fuse manufacturer. 
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PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine fuses before installation.  Reject fuses that are moisture damaged or physically damaged. 

B. Examine holders to receive fuses for compliance with installation tolerances and other conditions 
affecting performance, such as rejection features. 

C. Examine utilization equipment nameplates and installation instructions.  Install fuses of sizes and with 
characteristics appropriate for each piece of equipment. 

D. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied to fuse 
ratings. 

E. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 FUSE APPLICATIONS 

A. Cartridge Fuses: 

1. Service Entrance and feeders over 600 A:  Class L, time delay, 200 KA interrupting rating. 
2. Feeders less than 600 A:  Class RK1, time delay or Class J, time delay, 200 KA interrupting rating. 
3. Motor Branch Circuits:  Class RK5, time delay, 200 KA interrupting rating. 
4. Comply with NEC article 110-9 and 240-60b. 

3.03 INSTALLATION 

A. Install fuses in fusible devices.  Arrange fuses so rating information is readable without removing fuse. 

3.04 IDENTIFICATION 

A. Install labels complying with requirements for identification specified in Division 26 Section "Identification 
for Electrical Systems" and indicating fuse replacement information on inside door of each fused switch 
and adjacent to each fuse block, socket, and holder. 

END OF SECTION 262813 
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SECTION 262816  
ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes: 

1. Fusible switches. 
2. Nonfusible switches. 
3. Molded-case circuit breakers (MCCBs). 
4. Enclosures. 

1.03 DEFINITIONS 

A. NC:  Normally closed. 

B. NO:  Normally open. 

C. SPDT:  Single pole, double throw. 

1.04 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  Enclosed switches and circuit breakers shall withstand the effects of earthquake 
motions determined according to ASCE/SEI 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts from the 
device when subjected to the seismic forces specified. 

1.05 SUBMITTALS 

A. Product Data:  For each type of enclosed switch, circuit breaker, accessory, and component indicated.  
Include dimensioned elevations, sections, weights, and manufacturers' technical data on features, 
performance, electrical characteristics, ratings, accessories, and finishes. 

1. Enclosure types and details for types other than NEMA 250, Type 1. 
2. Current and voltage ratings. 
3. Short-circuit current ratings (interrupting and withstand, as appropriate). 
4. Include evidence of NRTL listing for series rating of installed devices. 
5. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective 

devices, accessories, and auxiliary components. 
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6. Include time-current coordination curves (average melt) for each type and rating of overcurrent 
protective device; include selectable ranges for each type of overcurrent protective device. 

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

C. Shop Drawings:  For enclosed switches and circuit breakers.  Include plans, elevations, sections, details, 
and attachments to other work. 

1. Wiring Diagrams:  For power, signal, and control wiring. 

D. Qualification Data:  For qualified testing agency. 

E. Seismic Qualification Certificates:  For enclosed switches and circuit breakers, accessories, and 
components, from manufacturer. 

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled 
components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and 
describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based and their 
installation requirements. 

F. Field quality-control reports. 

1. Test procedures used. 
2. Test results that comply with requirements. 
3. Results of failed tests and corrective action taken to achieve test results that comply with 

requirements. 

G. Manufacturer's field service report. 

H. Operation and Maintenance Data:  For enclosed switches and circuit breakers to include in emergency, 
operation, and maintenance manuals.  In addition to items specified in Division 01 Section "Operation and 
Maintenance Data," include the following: 

1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit breakers. 
2. Time-current coordination curves (average melt) for each type and rating of overcurrent protective 

device; include selectable ranges for each type of overcurrent protective device. 

1.06 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site testing. 

B. Source Limitations:  Obtain enclosed switches and circuit breakers, overcurrent protective devices, 
components, and accessories, within same product category, from single source from single 
manufacturer. 

C. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for enclosed switches 
and circuit breakers, including clearances between enclosures, and adjacent surfaces and other items.  
Comply with indicated maximum dimensions. 
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D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

E. Comply with NFPA 70. 

1.07 PROJECT CONDITIONS 

A. Environmental Limitations:  Rate equipment for continuous operation under the following conditions 
unless otherwise indicated: 

1. Ambient Temperature:  Not less than minus 22 deg F (minus 30 deg C) and not exceeding 104 
deg F (40 deg C). 

2. Altitude:  Not exceeding 6600 feet (2010 m). 

1.08 COORDINATION 

A. Coordinate layout and installation of switches, circuit breakers, and components with equipment served 
and adjacent surfaces.  Maintain required workspace clearances and required clearances for equipment 
access doors and panels. 

PART 2 - PRODUCTS 

2.01 FUSIBLE SWITCHES 

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 
4. Square D; a brand of Schneider Electric. 

B. Type HD, Heavy Duty, Single Throw,600-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, horsepower 
rated, with clips or bolt pads to accommodate indicated fuses, lockable handle with capability to accept 
three padlocks, and interlocked with cover in closed position. 

C. Accessories: 

1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground 
conductors. 

2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; labeled for 
copper and aluminum neutral conductors. 

3. Class R Fuse Kit:  Provides rejection of other fuse types when Class R fuses are specified. 
4. Auxiliary Contact Kit:  Two NO/NC (Form "C") auxiliary contact(s), arranged to activate before 

switch blades open. 
5. Hookstick Handle:  Allows use of a hookstick to operate the handle. 
6. Lugs:   Mechanical  type, suitable for number, size, and conductor material. 
7. Service-Rated Switches:  Labeled for use as service equipment. 
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2.02 NONFUSIBLE SWITCHES 

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 
4. Square D; a brand of Schneider Electric. 

B. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, horsepower 
rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed 
position. 

C. Accessories: 

1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground 
conductors. 

2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; labeled for 
copper and aluminum neutral conductors. 

3. Auxiliary Contact Kit:  Two NO/NC (Form "C") auxiliary contact(s), arranged to activate before 
switch blades open. 

4. Hookstick Handle:  Allows use of a hookstick to operate the handle. 
5. Lugs:  Mechanical  type, suitable for number, size, and conductor material. 

2.03 RECEPTACLE SWITCHES 

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

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
2. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
3. Siemens Energy & Automation, Inc. 
4. Square D; a brand of Schneider Electric. 

B. Type HD, Heavy-Duty, Single-Throw Fusible Switch:   600 or 240 -V ac, voltage and ampere sizes as 
indicated on the drawings; UL 98 and NEMA KS 1; horsepower rated, with clips or bolt pads to 
accommodate indicated fuses; lockable handle with capability to accept three padlocks; interlocked with 
cover in closed position. 

C. Type HD, Heavy-Duty, Single-Throw Nonfusible Switch: 600 or 240 -V ac, voltage and ampere sizes as 
indicated on the drawings; UL 98 and NEMA KS 1; horsepower rated, lockable handle with capability to 
accept three padlocks; interlocked with cover in closed position. 

D. Interlocking Linkage:  Provided between the receptacle and switch mechanism to prevent inserting or 
removing plug while switch is in the on position, inserting any plug other than specified, and turning switch 
on if an incorrect plug is inserted or correct plug has not been fully inserted into the receptacle. 

E. Receptacle:  Polarized, three-phase, five wire or four-wire receptacle as indicated on the drawings. 
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PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance with 
installation tolerances and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 INSTALLATION 

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise 
indicated. 

B. Comply with mounting and anchoring requirements specified in Division 26 Section "Vibration and 
Seismic Controls for Electrical Systems." 

C. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and temporary 
blocking of moving parts from enclosures and components. 

D. Install fuses in fusible devices. 

E. Comply with NECA 1. 

3.03 IDENTIFICATION 

A. Comply with requirements in Division 26 Section "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs. 
2. Label each enclosure with engraved metal or laminated-plastic nameplate. 

3.04 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and 
adjust components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 
components, assemblies, and equipment installations, including connections, and to assist in 
testing. 

D. Acceptance Testing Preparation: 

1. Test insulation resistance for each enclosed switch and circuit breaker, component, connecting 
supply, feeder, and control circuit. 

2. Test continuity of each circuit. 

E. Tests and Inspections: 
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1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance 
Testing Specification.  Certify compliance with test parameters. 

2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; 
otherwise, replace with new units and retest. 

3. Perform the following infrared scan tests and inspections and prepare reports: 

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform an infrared scan of each enclosed switch and circuit breaker.  Remove 
front panels so joints and connections are accessible to portable scanner. 

b. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each enclosed 
switch and circuit breaker 11 months after date of Substantial Completion. 

c. Instruments and Equipment:  Use an infrared scanning device designed to measure 
temperature or to detect significant deviations from normal values.  Provide calibration 
record for device. 

4. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and malfunctioning 
controls and equipment. 

F. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and 
inspections. 

G. Prepare test and inspection reports, including a certified report that identifies enclosed switches and 
circuit breakers and that describes scanning results.  Include notation of deficiencies detected, remedial 
action taken, and observations after remedial action. 

3.05 ADJUSTING 

A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by 
manufacturer. 

END OF SECTION 262816 
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SECTION 262913  
ENCLOSED CONTROLLERS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section includes the following enclosed controllers rated 600 V and less: 

1. Full-voltage manual. 
2. Full-voltage magnetic. 
3. Reduced-voltage solid state. 
4. Multispeed. 

B. Related Section: 

1. Division 26 Section "Variable-Frequency Motor Controllers" for general-purpose, ac, adjustable-
frequency, pulse-width-modulated controllers for use on variable torque loads in ranges up to 200 
hp. 

1.03 DEFINITIONS 

A. CPT:  Control power transformer. 

B. MCCB:  Molded-case circuit breaker. 

C. MCP:  Motor circuit protector. 

D. N.C.:  Normally closed. 

E. N.O.:  Normally open. 

F. OCPD:  Overcurrent protective device. 

G. SCR:  Silicon-controlled rectifier. 

1.04 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  Enclosed controllers shall withstand the effects of earthquake motions determined 
according to ASCE/SEI 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts from the 
device when subjected to the seismic forces specified. 
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1.05 SUBMITTALS 

A. Product Data:  For each type of enclosed controller.  Include manufacturer's technical data on features, 
performance, electrical characteristics, ratings, and enclosure types and finishes. 

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

C. Shop Drawings:  For each enclosed controller.  Include dimensioned plans, elevations, sections, details, 
and required clearances and service spaces around controller enclosures. 

1. Show tabulations of the following: 

a. Each installed unit's type and details. 
b. Factory-installed devices. 
c. Nameplate legends. 
d. Short-circuit current rating of integrated unit. 
e. Listed and labeled for integrated short-circuit current (withstand) rating of OCPDs in 

combination controllers by an NRTL acceptable to authorities having jurisdiction. 
f. Features, characteristics, ratings, and factory settings of individual OCPDs in combination 

controllers. 

2. Wiring Diagrams:  For power, signal, and control wiring. 

D. Qualification Data:  For qualified testing agency. 

E. Seismic Qualification Certificates:  For enclosed controllers, accessories, and components, from 
manufacturer. 

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled 
components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and 
describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based and their 
installation requirements. 

F. Field quality-control reports. 

G. Operation and Maintenance Data:  For enclosed controllers to include in emergency, operation, and 
maintenance manuals.  In addition to items specified in Division 01 Section "Operation and Maintenance 
Data," include the following: 

1. Routine maintenance requirements for enclosed controllers and installed components. 
2. Manufacturer's written instructions for testing and adjusting circuit breaker and MCP trip settings. 
3. Manufacturer's written instructions for setting field-adjustable overload relays. 
4. Manufacturer's written instructions for testing, adjusting, and reprogramming reduced-voltage solid-

state controllers. 

H. Load-Current and Overload-Relay Heater List:  Compile after motors have been installed, and arrange to 
demonstrate that selection of heaters suits actual motor nameplate full-load currents. 

I. Load-Current and List of Settings of Adjustable Overload Relays:  Compile after motors have been 
installed, and arrange to demonstrate that switch settings for motor running overload protection suit actual 
motors to be protected. 
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1.06 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site testing. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

C. Comply with NFPA 70. 

D. IEEE Compliance:  Fabricate and test enclosed controllers according to IEEE 344 to withstand seismic 
forces defined in Division 26 Section "Vibration and Seismic Controls for Electrical Systems." 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Store enclosed controllers indoors in clean, dry space with uniform temperature to prevent condensation.  
Protect enclosed controllers from exposure to dirt, fumes, water, corrosive substances, and physical 
damage. 

1.08 PROJECT CONDITIONS 

A. Environmental Limitations:  Rate equipment for continuous operation under the following conditions 
unless otherwise indicated: 

1. Ambient Temperature:  Not less than minus 22 deg F (minus 30 deg C) and not exceeding 104 
deg F (40 deg C). 

2. Altitude:  Not exceeding 6600 feet (2010 m). 

1.09 COORDINATION 

A. Coordinate layout and installation of enclosed controllers with other construction including conduit, piping, 
equipment, and adjacent surfaces.  Maintain required workspace clearances and required clearances for 
equipment access doors and panels. 

B. Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast anchor-bolt 
inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03. 

C. Coordinate installation of roof curbs, equipment supports, and roof penetrations. 

PART 2 - PRODUCTS 

2.01 FULL-VOLTAGE CONTROLLERS 

A. General Requirements for Full-Voltage Controllers:  Comply with NEMA ICS 2, general purpose, Class A. 

B. Motor-Starting Switches:  "Quick-make, quick-break" toggle or push-button action; marked to show 
whether unit is off or on. 

1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following: 
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a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Rockwell Automation, Inc.; Allen-Bradley brand. 
d. Siemens Energy & Automation, Inc. 
e. Square D; a brand of Schneider Electric. 

2. Configuration:  Nonreversing. 
3. Surface mounting. 
4. Red run and green off pilot lights. 

C. Fractional Horsepower Manual Controllers:  "Quick-make, quick-break" toggle or push-button action; 
marked to show whether unit is off, on, or tripped. 

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

a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Rockwell Automation, Inc.; Allen-Bradley brand. 
d. Siemens Energy & Automation, Inc. 
e. Square D; a brand of Schneider Electric. 

2. Configuration:  Nonreversing. 
3. Overload Relays:  Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping 

characteristics; heaters matched to nameplate full-load current of actual protected motor; external 
reset push button. 

4. Surface mounting. 
5. Red run pilot light. 

D. Integral Horsepower Manual Controllers:  "Quick-make, quick-break" toggle or push-button action; 
marked to show whether unit is off, on, or tripped. 

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

a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Rockwell Automation, Inc.; Allen-Bradley brand. 
d. Siemens Energy & Automation, Inc. 
e. Square D; a brand of Schneider Electric. 

2. Configuration:  Nonreversing. 
3. Overload Relays:  Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping 

characteristics; heaters matched to nameplate full-load current of actual protected motor; external 
reset push button. 

4. Surface mounting. 
5. Red run pilot light. 

E. Magnetic Controllers:  Full voltage, across the line, electrically held. 

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

a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Rockwell Automation, Inc.; Allen-Bradley brand. 
d. Siemens Energy & Automation, Inc. 
e. Square D; a brand of Schneider Electric. 
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2. Configuration:  Nonreversing. 
3. Overload Relays:  Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping 

characteristics; heaters matched to nameplate full-load current of actual protected motor; external 
reset push button. 

4. Surface mounting. 
5. Red run pilot light. 
6. Contactor Coils:  Pressure-encapsulated type. 

a. Operating Voltage:  Depending on contactor NEMA size and line-voltage rating, 
manufacturer's standard matching control power or line voltage. 

7. Power Contacts:  Totally enclosed, double-break, silver-cadmium oxide; assembled to allow 
inspection and replacement without disturbing line or load wiring. 

8. Control Circuits:  120 -V ac; obtained from integral CPT, with primary and secondary fuses with cpt 
of sufficient capacity to operate integral devices and remotely located pilot, indicating, and control 
devices. 

a. CPT Spare Capacity:  100 VA. 

9. Solid-State Overload Relay: 

a. Switch or dial selectable for motor running overload protection. 
b. Sensors in each phase. 
c. Class 10 tripping characteristic selected to protect motor against voltage and current 

unbalance and single phasing. 
d. Class II ground-fault protection, with start and run delays to prevent nuisance trip on starting. 
e. Analog communication module. 

10. NO, isolated overload alarm contact. 
11. External overload reset push button. 

F. Combination Magnetic Controller:  Factory-assembled combination of magnetic controller, OCPD, and 
disconnecting means. 

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

a. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
b. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
c. Rockwell Automation, Inc.; Allen-Bradley brand. 
d. Siemens Energy & Automation, Inc. 
e. Square D; a brand of Schneider Electric. 

2. Configuration:  Nonreversing. 
3. Overload Relays:  Inverse-time-current characteristics; NEMA ICS 2, Class 10 tripping 

characteristics; heaters matched to nameplate full-load current of actual protected motor; external 
reset push button. 

4. Surface mounting. 
5. Red run pilot light. 
6. Contactor Coils:  Pressure-encapsulated type. 

a. Operating Voltage:  Depending on contactor NEMA size and line-voltage rating, 
manufacturer's standard matching control power or line voltage. 

7. Power Contacts:  Totally enclosed, double-break, silver-cadmium oxide; assembled to allow 
inspection and replacement without disturbing line or load wiring. 
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8. Control Circuits:  120 -V ac; obtained from integral CPT, with primary and secondary fuses with cpt 
of sufficient capacity to operate integral devices and remotely located pilot, indicating, and control 
devices. 

a. CPT Spare Capacity:  100 VA. 

9. Solid-State Overload Relay: 

a. Switch or dial selectable for motor running overload protection. 
b. Sensors in each phase. 
c. Class 10 tripping characteristic selected to protect motor against voltage and current 

unbalance and single phasing. 

d. Class II ground-fault protection, with start and run delays to prevent nuisance trip on starting. 
e. Analog communication module. 

10. NO, isolated overload alarm contact. 
11. External overload reset push button. 
12. Nonfusible Disconnecting Means: 

a. NEMA KS 1, heavy-duty, horsepower-rated, nonfusible switch. 
b. Lockable Handle:  Accepts three padlocks and interlocks with cover in closed position. 
c. Auxiliary Contacts:  N.O./N.C., arranged to activate before switch blades open. 

2.02 ENCLOSURES 

A. Enclosed Controllers:  NEMA ICS 6, to comply with environmental conditions at installed location. 

1. Dry and Clean Indoor Locations:  Type 1. 
2. Outdoor and Wet Locations: Type 4X.. 
3. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:  Type 12. 
4. Hazardous Areas Indicated on Drawings:  Type 7 or Type 9 as required by location definition. 

2.03 ACCESSORIES 

A. General Requirements for Control Circuit and Pilot Devices:  NEMA ICS 5; factory installed in controller 
enclosure cover unless otherwise indicated. 

1. Push Buttons, Pilot Lights, and Selector Switches:  Heavy type. 

a. Push Buttons:  Covered types; momentary as indicated. 
b. Pilot Lights: LED types; colors as indicated; push to test. 
c. Selector Switches:  Rotary type. 

B.  NO auxiliary contact(s). 

C. Control Relays:  Auxiliary and adjustable solid-state time-delay relays. 

D. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays:  Solid-state sensing circuit 
with isolated output contacts for hard-wired connections.  Provide adjustable undervoltage, overvoltage, 
and time-delay settings. 

E. Cover gaskets for Type 1 enclosures. 
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PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine areas and surfaces to receive enclosed controllers, with Installer present, for compliance with 
requirements and other conditions affecting performance of the Work. 

B. Examine enclosed controllers before installation.  Reject enclosed controllers that are wet, moisture 
damaged, or mold damaged. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 INSTALLATION 

A. Wall-Mounted Controllers:  Install enclosed controllers on walls with tops at uniform height unless 
otherwise indicated, and by bolting units to wall or mounting on lightweight structural-steel channels 
bolted to wall.  For controllers not at walls, provide freestanding racks complying with Division 26 Section 
"Hangers and Supports for Electrical Systems." 

B. Seismic Bracing:  Comply with requirements specified in Division 26 Section "Vibration and Seismic 
Controls for Electrical Systems." 

C. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and temporary 
blocking of moving parts from enclosures and components. 

D. Install fuses in each fusible-switch enclosed controller. 

E. Install fuses in control circuits if not factory installed.  Comply with requirements in Division 26 Section 
"Fuses." 

F. Install heaters in thermal overload relays.  Select heaters based on actual nameplate full-load amperes 
after motors have been installed. 

G. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven equipment. 

H. Comply with NECA 1. 

3.03 IDENTIFICATION 

A. Identify enclosed controllers, components, and control wiring.  Comply with requirements for identification 
specified in Division 26 Section "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs. 
2. Label each enclosure with engraved nameplate. 
3. Label each enclosure-mounted control and pilot device. 

3.04 CONTROL WIRING INSTALLATION 

A. Install wiring between enclosed controllers and remote devices and facility's central control system.  
Comply with requirements in Division 26 Section "Control-Voltage Electrical Power Cables." 
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B. Bundle, train, and support wiring in enclosures. 

C. Connect selector switches and other automatic-control selection devices where applicable. 

1. Connect selector switches to bypass only those manual- and automatic-control devices that have 
no safety functions when switch is in manual-control position. 

2. Connect selector switches with enclosed-controller circuit in both manual and automatic positions 
for safety-type control devices such as low- and high-pressure cutouts, high-temperature cutouts, 
and motor overload protectors. 

3.05 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and 
adjust components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 
components, assemblies, and equipment installations, including connections, and to assist in 
testing. 

D. Acceptance Testing Preparation: 

1. Test insulation resistance for each enclosed controller, component, connecting supply, feeder, and 
control circuit. 

2. Test continuity of each circuit. 

E. Tests and Inspections: 

1. Inspect controllers, wiring, components, connections, and equipment installation.  Test and adjust 
controllers, components, and equipment. 

2. Test insulation resistance for each enclosed-controller element, component, connecting motor 
supply, feeder, and control circuits. 

3. Test continuity of each circuit. 
4. Verify that voltages at controller locations are within plus or minus 10 percent of motor nameplate 

rated voltages.  If outside this range for any motor, notify Architect before starting the motor(s). 
5. Test each motor for proper phase rotation. 
6. Perform each electrical test and visual and mechanical inspection stated in NETA Acceptance 

Testing Specification.  Certify compliance with test parameters. 
7. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; 

otherwise, replace with new units and retest. 
8. Perform the following infrared (thermographic) scan tests and inspections and prepare reports: 

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform an infrared scan of each multi-pole enclosed controller.  Remove front 
panels so joints and connections are accessible to portable scanner. 

b. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each multi-
pole enclosed controller 11 months after date of Substantial Completion. 

c. Instruments and Equipment:  Use an infrared scanning device designed to measure 
temperature or to detect significant deviations from normal values.  Provide calibration 
record for device. 
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9. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and malfunctioning 
controls and equipment. 

F. Enclosed controllers will be considered defective if they do not pass tests and inspections. 

G. Prepare test and inspection reports including a certified report that identifies enclosed controllers and that 
describes scanning results.  Include notation of deficiencies detected, remedial action taken, and 
observations after remedial action. 

3.06 ADJUSTING 

A. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay pickup and trip 
ranges. 

B. Adjust overload-relay heaters or settings if power factor correction capacitors are connected to the load 
side of the overload relays. 

C. Adjust the trip settings of MCPs and thermal-magnetic circuit breakers with adjustable instantaneous trip 
elements.  Initially adjust to six times the motor nameplate full-load ampere ratings and attempt to start 
motors several times, allowing for motor cool down between starts.  If tripping occurs on motor inrush, 
adjust settings in increments until motors start without tripping.  Do not exceed eight times the motor full-
load amperes (or 11 times for NEMA Premium Efficient motors if required).  Where these maximum 
settings do not allow starting of a motor, notify Architect before increasing settings. 

D. Set field-adjustable switches and program microprocessors for required start and stop sequences in 
reduced-voltage solid-state controllers. 

3.07 PROTECTION 

A. Temporary Heating:  Apply temporary heat to maintain temperature according to manufacturer's written 
instructions until enclosed controllers are ready to be energized and placed into service. 

B. Replace controllers whose interiors have been exposed to water or other liquids prior to Substantial 
Completion. 

3.08 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain enclosed controllers. 
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END OF SECTION 262913 
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SECTION 262923  
VARIABLE-FREQUENCY MOTOR CONTROLLERS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section includes separately enclosed, pre-assembled, combination VFCs, rated 600 V and less, for 
speed control of three-phase, squirrel-cage induction motors. 

B. Related Sections: 

1. Division 26 Section "Motor-Control Centers" for VFCs installed in motor-control centers. 

1.03 DEFINITIONS 

A. BAS:  Building automation system. 

B. CE:  Conformite Europeene (European Compliance). 

C. CPT:  Control power transformer. 

D. EMI:  Electromagnetic interference. 

E. IGBT:  Insulated-gate bipolar transistor. 

F. LAN:  Local area network. 

G. LED:  Light-emitting diode. 

H. MCP:  Motor-circuit protector. 

I. NC:  Normally closed. 

J. NO:  Normally open. 

K. OCPD:  Overcurrent protective device. 

L. PCC:  Point of common coupling. 

M. PID:  Control action, proportional plus integral plus derivative. 

N. PWM:  Pulse-width modulated. 

O. RFI:  Radio-frequency interference. 
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P. TDD:  Total demand (harmonic current) distortion. 

Q. THD(V):  Total harmonic voltage demand. 

R. VFC:  Variable-frequency motor controller. 

1.04 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  VFCs shall withstand the effects of earthquake motions determined according to 
ASCE/SEI 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts from the 
device when subjected to the seismic forces specified. 

1.05 SUBMITTALS 

A. Product Data:  For each type and rating of VFC indicated.  Include features, performance, electrical 
ratings, operating characteristics, shipping and operating weights, and furnished specialties and 
accessories. 

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

C. Shop Drawings:  For each VFC indicated.  Include dimensioned plans, elevations, and sections; and 
conduit entry locations and sizes, mounting arrangements, and details, including required clearances and 
service space around equipment. 

1. Show tabulations of installed devices, equipment features, and ratings.  Include the following: 

a. Each installed unit's type and details. 
b. Factory-installed devices. 
c. Enclosure types and details. 
d. Nameplate legends. 
e. Short-circuit current (withstand) rating of enclosed unit. 
f. Features, characteristics, ratings, and factory settings of each VFC and installed devices. 
g. Specified modifications. 

2. Schematic and Connection Wiring Diagrams:  For power, signal, and control wiring. 

D. Harmonic Analysis Study and Report:  Comply with IEEE 399 and NETA Acceptance Testing 
Specification; identify the effects of nonlinear loads and their associated harmonic contributions on the 
voltages and currents throughout the electrical system.  Analyze operating scenarios, including 
recommendations for VFC input filtering to limit TDD and THD(V) at each VFC to specified levels. 

E. Coordination Drawings:  Floor plans, drawn to scale, showing dimensioned layout, required working 
clearances, and required area above and around VFCs.  Show VFC layout and relationships between 
electrical components and adjacent structural and mechanical elements.  Show support locations, type of 
support, and weight on each support.  Indicate field measurements. 

F. Qualification Data:  For qualified testing agency. 

G. Seismic Qualification Certificates:  For VFCs, accessories, and components, from manufacturer. 
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1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled 
components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and 
describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based, and their 
installation requirements. 

H. Product Certificates:  For each VFC, from manufacturer. 

I. Source quality-control reports. 

J. Field quality-control reports. 

K. Operation and Maintenance Data:  For VFCs to include in emergency, operation, and maintenance 
manuals.  In addition to items specified in Division 01 Section "Operation and Maintenance Data," include 
the following: 

1. Manufacturer's written instructions for testing and adjusting thermal-magnetic circuit breaker and 
MCP trip settings. 

2. Manufacturer's written instructions for setting field-adjustable overload relays. 
3. Manufacturer's written instructions for testing, adjusting, and reprogramming microprocessor 

control modules. 
4. Manufacturer's written instructions for setting field-adjustable timers, controls, and status and alarm 

points. 

L. Load-Current and Overload-Relay Heater List:  Compile after motors have been installed, and arrange to 
demonstrate that selection of heaters suits actual motor nameplate, full-load currents. 

M. Load-Current and List of Settings of Adjustable Overload Relays:  Compile after motors have been 
installed and arrange to demonstrate that switch settings for motor-running overload protection suit actual 
motors to be protected. 

1.06 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site testing. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

C. Comply with NFPA 70. 

D. IEEE Compliance:  Fabricate and test VFC according to IEEE 344 to withstand seismic forces defined in 
Division 26 Section "Vibration and Seismic Controls for Electrical Systems." 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Stored in space that is permanently enclosed and air conditioned. 
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1.08 PROJECT CONDITIONS 

A. Environmental Limitations:  Rate equipment for continuous operation, capable of driving full load without 
derating, under the following conditions unless otherwise indicated: 

1. Ambient Temperature:  Not less than 14 deg F (minus 10 deg C) and not exceeding 104 deg F (40 
deg C). 

2. Ambient Storage Temperature:  Not less than minus 4 deg F (minus 20 deg C) and not exceeding 
140 deg F (60 deg C) 

3. Humidity:  Less than 95 percent (noncondensing). 
4. Altitude:  Not exceeding 5000 feet (1005 m). 

B. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for VFCs, including 
clearances between VFCs, and adjacent surfaces and other items. 

1.09 COORDINATION 

A. Coordinate features of motors, load characteristics, installed units, and accessory devices to be 
compatible with the following: 

1. Torque, speed, and horsepower requirements of the load. 
2. Ratings and characteristics of supply circuit and required control sequence. 
3. Ambient and environmental conditions of installation location. 

B. Coordinate sizes and locations of concrete bases with actual equipment provided.  Cast anchor-bolt 
inserts into bases. 

C. Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with actual 
equipment provided. 

1.010 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace VFCs 
that fail in materials or workmanship within specified warranty period. 

1. Warranty Period:  five years from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.01 MANUFACTURED UNITS 

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

1. ABB. 
2. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
3. General Electric Company; GE Consumer & Industrial - Electrical Distribution. 
4. Rockwell Automation, Inc.; Allen-Bradley Brand. 
5. Siemens Energy & Automation, Inc. 

B. General Requirements for VFCs:  Comply with NEMA ICS 7, NEMA ICS 61800-2, and UL 508C. 
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C. Application:  .Constant torque and variable torque as indicated. 

D. VFC Description:  Variable-frequency power converter (rectifier, dc bus, and IGBT, PWM inverter) factory 
packaged in an enclosure, with integral disconnecting means and overcurrent and overload protection; 
listed and labeled by an NRTL as a complete unit; arranged to provide self-protection, protection, and 
variable-speed control of one or more three-phase induction motors by adjusting output voltage and 
frequency. 

1. Units suitable for operation of NEMA MG 1, Design A and Design B motors as defined by 
NEMA MG 1, Section IV, Part 30, "Application Considerations for Constant Speed Motors Used on 
a Sinusoidal Bus with Harmonic Content and General Purpose Motors Used with Adjustable-
Voltage or Adjustable-Frequency Controls or Both." 

2. Units suitable for operation of inverter-duty motors as defined by NEMA MG 1, Section IV, Part 31, 
"Definite-Purpose Inverter-Fed Polyphase Motors." 

3. Listed and labeled for integrated short-circuit current (withstand) rating by an NRTL acceptable to 
authorities having jurisdiction. 

E. Design and Rating:  Match load type, such as fans, blowers, and pumps; and type of connection used 
between motor and load such as direct or through a power-transmission connection. 

F. Output Rating:  Three-phase; 10 to 66 Hz, with torque constant as speed changes; maximum voltage 
equals input voltage. 

G. Unit Operating Requirements: 

1. Input AC Voltage Tolerance:  Plus 10 and minus 10 percent of VFC input voltage rating. 
2. Input AC Voltage Unbalance:  Not exceeding 5 percent. 
3. Input Frequency Tolerance:  Plus or minus 3 percent of VFC frequency rating. 
4. Minimum Efficiency:  97 percent at 60 Hz, full load. 
5. Minimum Displacement Primary-Side Power Factor:  98 percent under any load or speed condition. 
6. Minimum Short-Circuit Current (Withstand) Rating:  65 kA. 
7. Ambient Storage Temperature Rating:  Not less than minus 4 deg F (minus 20 deg C) and not 

exceeding 140 deg F (60 deg C) 
8. Humidity Rating:  Less than 95 percent (noncondensing). 
9. Altitude Rating:  Not exceeding 5000 (1005 m). 
10. Vibration Withstand:  Comply with IEC 60068-2-6. 
11. Overload Capability:  1.1 times the base load current for 60 seconds; minimum of 1.8 times the 

base load current for three seconds. 
12. Starting Torque:  Minimum 100 percent of rated torque from 3 to 60 Hz. 
13. Speed Regulation:  Plus or minus 5 percent. 
14. Output Carrier Frequency:  Selectable; 0.5 to 15 kHz. 
15. Stop Modes:  Programmable; includes fast, free-wheel, and dc injection braking. 

H. Inverter Logic:  Microprocessor based, 32 bit, isolated from all power circuits. 

I. Isolated Control Interface:  Allows VFCs to follow remote-control signal over a minimum 40:1 speed 
range. 

1. Signal:  Electrical. 

J. Internal Adjustability Capabilities: 

1. Minimum Speed:  5 to 25 percent of maximum rpm. 
2. Maximum Speed:  80 to 100 percent of maximum rpm. 
3. Acceleration:  0.1 to 999.9 seconds. 
4. Deceleration:  0.1 to 999.9 seconds. 
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5. Current Limit:  30 to minimum of 150 percent of maximum rating. 

K. Self-Protection and Reliability Features: 

1. Input transient protection by means of surge suppressors to provide three-phase protection against 
damage from supply voltage surges 10 percent or more above nominal line voltage. 

2. Loss of Input Signal Protection:  Selectable response strategy, including speed default to a percent 
of the most recent speed, a preset speed, or stop; with alarm. 

3. Under- and overvoltage trips. 
4. Inverter overcurrent trips. 
5. VFC and Motor Overload/Overtemperature Protection:  Microprocessor-based thermal protection 

system for monitoring VFCs and motor thermal characteristics, and for providing VFC 
overtemperature and motor overload alarm and trip; settings selectable via the keypad; NRTL 
approved. 

6. Critical frequency rejection, with three selectable, adjustable deadbands. 
7. Instantaneous line-to-line and line-to-ground overcurrent trips. 
8. Loss-of-phase protection. 
9. Reverse-phase protection. 
10. Short-circuit protection. 
11. Motor overtemperature fault. 

L. Automatic Reset/Restart:  Attempt three restarts after drive fault or on return of power after an interruption 
and before shutting down for manual reset or fault correction; adjustable delay time between restart 
attempts. 

M. Power-Interruption Protection:  To prevent motor from re-energizing after a power interruption until motor 
has stopped, unless "Bidirectional Autospeed Search" feature is available and engaged. 

N. Bidirectional Autospeed Search:  Capable of starting VFC into rotating loads spinning in either direction 
and returning motor to set speed in proper direction, without causing damage to drive, motor, or load. 

O. Torque Boost:  Automatically varies starting and continuous torque to at least 1.5 times the minimum 
torque to ensure high-starting torque and increased torque at slow speeds. 

P. Motor Temperature Compensation at Slow Speeds:  Adjustable current fall-back based on output 
frequency for temperature protection of self-cooled, fan-ventilated motors at slow speeds. 

Q. Integral Input Disconnecting Means and OCPD: NEMA AB 1, thermal-magnetic circuit breaker with pad-
lockable, door-mounted handle mechanism. 

1. Disconnect Rating:  Not less than 115 percent of VFC input current rating. 
2. Auxiliary Contacts:  NO/NC, arranged to activate before switch blades open. 
3. Auxiliary contacts "a" and "b" arranged to activate with circuit-breaker handle. 
4. NC contact that closes when breaker is tripped. 

2.02 CONTROLS AND INDICATION 

A. Status Lights:  Door-mounted LED indicators displaying the following conditions: 

1. Power on. 
2. Run. 
3. Overvoltage. 
4. Line fault. 
5. Overcurrent. 
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6. External fault. 

B. Panel-Mounted Operator Station:  Manufacturer's standard front-accessible, sealed keypad and plain-
English language digital display; allows complete programming, program copying, operating, monitoring, 
and diagnostic capability. 

1. Keypad:  In addition to required programming and control keys, include keys for HAND, OFF, and 
AUTO modes. 

2. Security Access:  Provide electronic security access to controls through identification and password 
with at least three levels of access:  View only; view and operate; and view, operate, and service. 

a. Control Authority:  Supports at least four conditions:  Off, local manual control at VFC, local 
automatic control at VFC, and automatic control through a remote source. 

C. Historical Logging Information and Displays: 

1. Real-time clock with current time and date. 
2. Running log of total power versus time. 
3. Total run time. 
4. Fault log, maintaining last four faults with time and date stamp for each. 

D. Indicating Devices:  Digital display and additional readout devices as required, mounted flush in VFC door 
and connected to display VFC parameters including, but not limited to: 

1. Output frequency (Hz). 
2. Motor speed (rpm). 
3. Motor status (running, stop, fault). 
4. Motor current (amperes). 
5. Motor torque (percent). 
6. Fault or alarming status (code). 
7. PID feedback signal (percent). 
8. DC-link voltage (V dc). 
9. Set point frequency (Hz). 
10. Motor output voltage (V ac). 

E. Control Signal Interfaces: 

1. Electric Input Signal Interface: 

a. A minimum of two programmable analog inputs:  4- to 20-mA   
b. A minimum of six multifunction programmable digital inputs. 

2. Remote Signal Inputs:  Capability to accept any of the following speed-setting input signals from 
the BAS or other control systems: 

a. 0- to 10-V dc. 
b. 4- to 20-mA dc. 
c. Potentiometer using up/down digital inputs. 
d. Fixed frequencies using digital inputs. 

3. Output Signal Interface:  A minimum of two programmable analog output signal(s) 4- to 20-mA dc, 
which can be configured for any of the following: 

a. Output frequency (Hz). 
b. Output current (load). 
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c. DC-link voltage (V dc). 
d. Motor torque (percent). 
e. Motor speed (rpm). 
f. Set point frequency (Hz). 

4. Remote Indication Interface:  A minimum of two programmable dry-circuit relay outputs (120-V ac, 
1 A) for remote indication of the following: 

a. Motor running. 
b. Set point speed reached. 
c. Fault and warning indication (overtemperature or overcurrent). 
d. PID high- or low-speed limits reached. 

F. BAS Interface:  Factory-installed hardware and software to enable the BAS to monitor, control, and 
display VFC status and alarms and energy usage.  Allows VFC to be used with an external system within 
a multidrop LAN configuration; settings retained within VFC's nonvolatile memory. 

1. Embedded BAS Protocols for Network Communications:  protocols accessible via the 
communications ports. 

2.03 LINE CONDITIONING AND FILTERING 

A. Input Line Conditioning:  Based on the harmonic analysis study and report, provide input filtering, as 
required, to limit TDD and THD (V) at the defined PCC per IEEE 519. 

B. EMI/RFI Filtering:  CE marked; certify compliance with IEC 61800-3 for Category C2. 

2.04 BYPASS SYSTEMS 

A. Bypass Operation:  Safely transfers motor between power converter output and bypass circuit, manually, 
automatically, or both.  Selector switches set modes and indicator lights indicate mode selected.  Unit is 
capable of stable operation (starting, stopping, and running) with motor completely disconnected from 
power converter. 

B. Bypass Controller:  Three-contactor-style bypass allows motor operation via the power converter or the 
bypass controller; with input isolating switch and barrier arranged to isolate the power converter input and 
output and permit safe testing[ and troubleshooting of the power converter, both energized and de-
energized, while motor is operating in bypass mode. 

1. Bypass Contactor:  Load-break, NEMA-rated contactor. 
2. Input and Output Isolating Contactors:  Non-load-break, NEMA-rated contactors. 
3. Isolating Switch:  Non-load-break switch arranged to isolate power converter and permit safe 

troubleshooting and testing of the power converter, both energized and de-energized, while motor 
is operating in bypass mode; pad-lockable, door-mounted handle mechanism. 

C. Bypass Contactor Configuration: Reduced-voltage (autotransformer) type. 

1. NORMAL/BYPASS selector switch. 
2. HAND/OFF/AUTO selector switch. 
3. NORMAL/TEST Selector Switch:  Allows testing and adjusting of VFC while the motor is running in 

the bypass mode. 
4. Contactor Coils:  Pressure-encapsulated type. 
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a. Operating Voltage:  Depending on contactor NEMA size and line-voltage rating, 
manufacturer's standard matching control power or line voltage. 

b. Power Contacts:  Totally enclosed, double break, and silver-cadmium oxide; assembled to 
allow inspection and replacement without disturbing line or load wiring. 

5. Control Circuits:  120-V ac; obtained from integral CPT, with primary and secondary fuses, with 
CPT of sufficient capacity to operate all integral devices and remotely located pilot, indicating, and 
control devices. 

a. CPT Spare Capacity:  100 VA. 

6. Overload Relays:  NEMA ICS 2. 

a. Solid-State Overload Relays: 

1) Switch or dial selectable for motor-running overload protection. 
2) Sensors in each phase. 
3) Class 10 tripping characteristic selected to protect motor against voltage and current 

unbalance and single phasing. 
4) Class II ground-fault protection, with start and run delays to prevent nuisance trip on 

starting. 
5) Analog communication module. 

b. NO isolated overload alarm contact. 
c. External overload reset push button. 

2.05 ENCLOSURES 

A. VFC Enclosures:  NEMA 250, to comply with environmental conditions at installed location. 

2.06 ACCESSORIES 

A. General Requirements for Control-Circuit and Pilot Devices:  NEMA ICS 5; factory installed in VFC 
enclosure cover unless otherwise indicated. 

1. Push Buttons, Pilot Lights, and Selector Switches:  Heavy duty type. 

B. Bypass contactor auxiliary contact(s). 

C. Control Relays:  Auxiliary and adjustable solid-state time-delay relays. 

D. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays:  Solid-state sensing circuit 
with isolated output contacts for hard-wired connections.  Provide adjustable undervoltage, overvoltage, 
and time-delay settings. 

1. Current Transformers:  Continuous current rating, basic impulse insulating level (BIL) rating, 
burden, and accuracy class suitable for connected circuitry.  Comply with IEEE C57.13. 

E. Supplemental digital Meters: 

1. Elapsed-time meter. 
2. Kilowatt meter. 
3. Kilowatt-hour meter. 
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2.07 SOURCE QUALITY CONTROL 

A. Testing:  Test and inspect VFCs according to requirements in NEMA ICS 61800-2. 

B. VFCs will be considered defective if they do not pass tests and inspections. 

C. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.01 EXAMINATION 

A. Examine areas, surfaces, and substrates to receive VFCs, with Installer present, for compliance with 
requirements for installation tolerances, and other conditions affecting performance. 

B. Examine VFC before installation.  Reject VFCs that are wet, moisture damaged, or mold damaged. 

C. Examine roughing-in for conduit systems to verify actual locations of conduit connections before VFC 
installation. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.02 INSTALLATION 

A. Coordinate layout and installation of VFCs with other construction including conduit, piping, equipment, 
and adjacent surfaces.  Maintain required workspace clearances and required clearances for equipment 
access doors and panels. 

B. Wall-Mounting Controllers:  Install VFCs on walls with tops at uniform height and with disconnect 
operating handles not higher than 79 inches (2000 mm) above finished floor unless otherwise indicated, 
and by bolting units to wall or mounting on lightweight structural-steel channels bolted to wall.  For 
controllers not on walls, provide freestanding racks complying with Division 26 Section "Hangers and 
Supports for Electrical Systems." 

C. Floor-Mounting Controllers:  Install VFCs on 4-inch (100-mm) nominal thickness concrete base.   

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install 
dowel rods on 18-inch (450-mm) centers around the full perimeter of concrete base. 

2. For supported equipment, install epoxy-coated anchor bolts that extend through concrete base and 
anchor into structural concrete floor. 

3. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, instructions, and 
directions furnished with items to be embedded. 

4. Install anchor bolts to elevations required for proper attachment to supported equipment. 

D. Seismic Bracing:  Comply with requirements specified in Division 26 Section "Vibration and Seismic 
Controls for Electrical Systems." 

E. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and temporary 
blocking of moving parts from enclosures and components. 

F. Install fuses in control circuits if not factory installed.  Comply with requirements in Division 26 Section 
"Fuses." 
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G. Install heaters in thermal-overload relays.  Select heaters based on actual nameplate full-load amperes 
after motors have been installed. 

H. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven equipment. 

I. Comply with NECA 1. 

3.03 IDENTIFICATION 

A. Identify VFCs, components, and control wiring.  Comply with requirements for identification specified in 
Division 26 Section "Identification for Electrical Systems." 

1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs. 
2. Label each VFC with engraved nameplate. 
3. Label each enclosure-mounted control and pilot device. 

B. Operating Instructions:  Frame printed operating instructions for VFCs, including control sequences and 
emergency procedures.  Fabricate frame of finished metal, and cover instructions with clear acrylic 
plastic.  Mount on front of VFC units. 

3.04 CONTROL WIRING INSTALLATION 

A. Install wiring between VFCs and remote devices and facility's central-control system.  Comply with 
requirements in Division 26 Section "Control-Voltage Electrical Power Cables." 

B. Bundle, train, and support wiring in enclosures. 

C. Connect selector switches and other automatic control devices where applicable. 

1. Connect selector switches to bypass only those manual- and automatic control devices that have 
no safety functions when switches are in manual-control position. 

2. Connect selector switches with control circuit in both manual and automatic positions for safety-
type control devices such as low- and high-pressure cutouts, high-temperature cutouts, and motor 
overload protectors. 

3.05 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and 
adjust components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 
components, assemblies, and equipment installations, including connections, and to assist in 
testing. 

D. Acceptance Testing Preparation: 

1. Test insulation resistance for each VFC element, bus, component, connecting supply, feeder, and 
control circuit. 
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2. Test continuity of each circuit. 

E. Tests and Inspections: 

1. Inspect VFC, wiring, components, connections, and equipment installation.  Test and adjust 
controllers, components, and equipment. 

2. Test insulation resistance for each VFC element, component, connecting motor supply, feeder, and 
control circuits. 

3. Test continuity of each circuit. 
4. Verify that voltages at VFC locations are within 10 percent of motor nameplate rated voltages.  If 

outside this range for any motor, notify Architect before starting the motor(s). 
5. Test each motor for proper phase rotation. 
6. Perform each electrical test and visual and mechanical inspection stated in NETA Acceptance 

Testing Specification.  Certify compliance with test parameters. 
7. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; 

otherwise, replace with new units and retest. 
8. Perform the following infrared (thermographic) scan tests and inspections and prepare reports: 

a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final 
Acceptance, perform an infrared scan of each VFC.  Remove front panels so joints and 
connections are accessible to portable scanner. 

b. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each VFC 11 
months after date of Substantial Completion. 

c. Instruments and Equipment:  Use an infrared scanning device designed to measure 
temperature or to detect significant deviations from normal values.  Provide calibration 
record for device. 

9. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and malfunctioning 
controls and equipment. 

F. VFCs will be considered defective if they do not pass tests and inspections. 

G. Prepare test and inspection reports, including a certified report that identifies the VFC and describes 
scanning results.  Include notation of deficiencies detected, remedial action taken, and observations 
made after remedial action. 

3.06 STARTUP SERVICE 

A. Perform startup service. 

1. Complete installation and startup checks according to manufacturer's written instructions. 

3.07 ADJUSTING 

A. Program microprocessors for required operational sequences, status indications, alarms, event recording, 
and display features.  Clear events memory after final acceptance testing and prior to Substantial 
Completion. 

B. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay pickup and trip 
ranges. 

C. Adjust the trip settings of MCPs and thermal-magnetic circuit breakers with adjustable, instantaneous trip 
elements.  Initially adjust to six times the motor nameplate full-load amperes and attempt to start motors 
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several times, allowing for motor cool-down between starts.  If tripping occurs on motor inrush, adjust 
settings in increments until motors start without tripping.  Do not exceed eight times the motor full-load 
amperes (or 11 times for NEMA Premium Efficient motors if required).  Where these maximum settings do 
not allow starting of a motor, notify Architect before increasing settings. 

D. Set the taps on reduced-voltage autotransformer controllers. 

E. Set field-adjustable pressure switches. 

3.08 PROTECTION 

A. Temporary Heating:  Apply temporary heat to maintain temperature according to manufacturer's written 
instructions until controllers are ready to be energized and placed into service. 

B. Replace VFCs whose interiors have been exposed to water or other liquids prior to Substantial 
Completion. 

3.09 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, reprogram, and maintain VFCs. 
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END OF SECTION 262923 
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SECTION 26-32-13 
ENGINE GENERATORS 

 

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 an owner furnished, contractor installed packaged engine-generator sets for 
standby power supply with the following features: 
1. Natural gas engine. 
2. Unit-mounted cooling system. 
3. Unit-mounted control and remote monitoring. 
4. Performance requirements for sensitive loads. 
5. Outdoor enclosure. 

B. Related Sections include the following: 
1. Division 26 Section "Transfer Switches" for transfer switches including sensors and relays to initiate 

automatic-starting and -stopping signals for engine-generator sets. 

1.3 DEFINITIONS 

A. Operational Bandwidth:  The total variation from the lowest to highest value of a parameter over the range 
of conditions indicated, expressed as a percentage of the nominal value of the parameter. 

1.4 SUBMITTALS 

A.  The contractor will be furnished complete shop drawings to aid in the installation of the generator set, 
including:   

1.  Detailed equipment assemblies and indicate dimensions, weights, loads, required clearances, 
method of field assembly, components, and location and size of each field connection. 

2. Dimensioned outline plan and elevation drawings of engine-generator set and other components 
specified. 

3. The contractor shall provide Vibration Isolation Base fopr the generator set and shall provide a 
shop drawing, signed and sealed by a qualified professional engineer.  Detail fabrication, including 
anchorages and attachments to structure and to supported equipment.  Include base weights. 

4. Wiring Diagrams:  Power, signal, and control wiring. 

B. Source quality-control test reports. 
1. Certified summary of prototype-unit test report. 
2. Certified Test Reports:  For components and accessories that are equivalent, but not identical, to 

those tested on prototype unit. 
3. Certified Summary of Performance Tests:  Certify compliance with specified requirement to meet 

performance criteria for sensitive loads. 
4. Report of factory test on units to be shipped for this Project, showing evidence of compliance with 

specified requirements. 
5. Report of sound generation. 
6. Report of exhaust emissions showing compliance with applicable regulations. 
7. Certified Torsional Vibration Compatibility:  Comply with NFPA 110. 

C. Operation and Maintenance Data:  For packaged engine generators to include in emergency, operation, 
and maintenance manuals.  In addition to items specified in Division 01 Sections "Execution and Closeout 
Requirements” and “Closeout Submittals," include the following: 
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1. List of tools and replacement items recommended to be stored at Project for ready access.  Include 
part and drawing numbers, current unit prices, and source of supply. 

D. Warranty:  Special warranty specified in this Section. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  Manufacturer's authorized representative who is trained and approved for 
installation of units required for this Project. 
1. Maintenance Proximity:  Not more than four hours' normal travel time from Installer's place of 

business to Project site. 
2. Engineering Responsibility:  Preparation of data for vibration isolators and seismic restraints of 

engine skid mounts, including Shop Drawings, based on testing and engineering analysis of 
manufacturer's standard units in assemblies similar to those indicated for this Project. 

B. Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the 
testing indicated, that is a member company of the InterNational Electrical Testing Association or is a 
nationally recognized testing laboratory (NRTL), and that is acceptable to authorities having jurisdiction. 

C. Engine Exhaust Emissions:  Comply with applicable state and local government requirements. 

D. Noise Emission:  Comply with applicable state and local government requirements for maximum noise 
level at adjacent property boundaries  due to sound emitted by generator set including engine, engine 
exhaust, engine cooling-air intake and discharge, and other components of installation. 

1.6 PROJECT CONDITIONS 

A. Environmental Conditions:  Engine-generator system shall withstand the following environmental 
conditions without mechanical or electrical damage or degradation of performance capability: 
1. Ambient Temperature:  5 to 40 deg C. 
2. Relative Humidity:  0 to 95 percent. 
3. Altitude:  Sea level to 1000 feet. 

1.7 COORDINATION 

A. Coordinate size and location of concrete bases for package engine generators.  Cast anchor-bolt inserts 
into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03. 

1.8 MAINTENANCE SERVICE 

A. Initial Maintenance Service:  Beginning at Substantial Completion, provide 12 months' full maintenance by 
skilled employees of manufacturer's designated service organization.  Include quarterly exercising to 
check for proper starting, load transfer, and running under load.  Include routine preventive maintenance 
as recommended by manufacturer and adjusting as required for proper operation.  Provide parts and 
supplies same as those used in the manufacture and installation of original equipment. 

1.9 EXTRA MATERIALS 

A. Furnish extra materials described below that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 
1. Fuses:  One for every 10 of each type and rating, but no fewer than one of each. 
2. Indicator Lamps:  Two for every six of each type used, but no fewer than two of each. 
3. Filters:  One set each of lubricating oil, fuel, and combustion-air filters. 

PART 2 - PRODUCTS 

2.1 VIBRATION ISOLATION DEVICES 

A. Elastomeric Isolator Pads:  Oil- and water-resistant elastomer or natural rubber, arranged in single or 
multiple layers, molded with a nonslip pattern and galvanized-steel baseplates of sufficient stiffness for 
uniform loading over pad area, and factory cut to sizes that match requirements of supported equipment. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas, equipment bases, and conditions, with Installer present, for compliance with 
requirements for installation and other conditions affecting packaged engine-generator performance. 

B. Examine roughing-in of piping systems and electrical connections.  Verify actual locations of connections 
before packaged engine-generator installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Comply with packaged engine-generator manufacturers' written installation and alignment instructions 
and with NFPA 110. 

B. Install packaged engine generator to provide access, without removing connections or accessories, for 
periodic maintenance. 

C. Install packaged engine generator with vibration isolation devices on concrete base.  Secure sets to 
anchor bolts installed in concrete bases.  Concrete base construction is specified in Division 26 Section 
"Vibration and Seismic Controls for Electrical Systems." 

D. Install Schedule 40, black steel piping with welded joints and connect to engine muffler.  All of the flexible 
connectors and exposed piping shall be insulated.  Piping shall be same diameter as muffler outlet.   

E. Provide natural gas piping connection to generator.  Refer to Plumbing drawings and specifications. 

F. Electrical Wiring:  Install electrical devices furnished by equipment manufacturers but not specified to be 
factory mounted. 

3.3 CONNECTIONS 

A. Connect fuel, cooling-system, and exhaust-system piping adjacent to packaged engine generator to allow 
service and maintenance. 

B. Connect engine exhaust pipe to engine with flexible connector and insulate. 

C. Connect fuel piping to engines with a gate valve and union and flexible connector. 

D. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems." 

E. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables." 

3.4 IDENTIFICATION 

A. Identify system components according to Division 26 Section "Identification for Electrical Systems." 

3.5 FIELD QUALITY CONTROL 

A. Testing Agency: Perform tests and inspections and prepare test reports. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and 
adjust components, assemblies, and equipment installations, including connections.  Report results in 
writing. 

C. Provide reactive load bank for testing purposes.  Generator set shall be load bank tested for a minimum 
of 4 hours at full load.  Generator shall be tested at 50% and 100% step loads. 

D. Perform tests and inspections and prepare test reports. 
1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 

components, assemblies, and equipment installations, including connections, and to assist in 
testing. 

E. Tests and Inspections: 
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1. Perform tests recommended by manufacturer and each electrical test and visual and mechanical 
inspection or "AC Generators and for Emergency Systems" specified in NETA Acceptance Testing 
Specification.  Certify compliance with test parameters. 

2. Battery Tests:  Equalize charging of battery cells according to manufacturer's written instructions.  
Record individual cell voltages. 
a. Measure charging voltage and voltages between available battery terminals for full-charging 

and float-charging conditions.  Check electrolyte level and specific gravity under both 
conditions. 

b. Test for contact integrity of all connectors.  Perform an integrity load test and a capacity load 
test for the battery. 

c. Verify acceptance of charge for each element of the battery after discharge. 
d. Verify that measurements are within manufacturer's specifications. 

3. Battery-Charger Tests:  Verify specified rates of charge for both equalizing and float-charging 
conditions. 

4. System Integrity Tests:  Methodically verify proper installation, connection, and integrity of each 
element of engine-generator system before and during system operation.  Check for air, exhaust, 
and fluid leaks. 

5. Exhaust Emissions Test:  Comply with applicable government and EPA criteria. 
6. Voltage and Frequency Transient Stability Tests:  Use recording oscilloscope to measure voltage 

and frequency transients for 50 and 100 percent step-load increases and decreases, and verify that 
performance is as specified. 

7. Harmonic-Content Tests:  Measure harmonic content of output voltage under 25 percent and at 
100 percent of rated linear load.  Verify that harmonic content is within specified limits. 

8. Noise Level Tests:  Measure A-weighted level of noise emanating from generator-set installation, 
including engine exhaust and cooling-air intake and discharge, on the property line, and compare 
measured levels with required values. 

F. Coordinate tests with tests for transfer switches and run them concurrently. 

G. Test instruments shall have been calibrated within the last 12 months, traceable to standards of NIST, 
and adequate for making positive observation of test results.  Make calibration records available for 
examination on request. 

H. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest until no leaks 
exist. 

I. Operational Test:  After electrical circuitry has been energized, start units to confirm proper motor rotation 
and unit operation. 

J. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment. 

K. Remove and replace malfunctioning units and retest until compliant as specified. 

L. Retest:  Correct deficiencies identified by tests and observations and retest until specified requirements 
are met. 

M. Report results of tests and inspections in writing.  Record adjustable relay settings and measured 
insulation resistances, time delays, and other values and observations.  Attach a label or tag to each 
tested component indicating satisfactory completion of tests. 

N. Infrared Scanning:  During testing, perform an infrared scan of each power wiring termination and each 
bus connection.  Remove all access panels so terminations and connections are accessible to portable 
scanner. 
1. Instrument:  Use an infrared scanning device designed to measure temperature or to detect 

significant deviations from normal values.  Provide calibration record for device. 
2. Record of Infrared Scanning:  Prepare a certified report that identifies terminations and connections 

checked and that describes scanning results.  Include notation of deficiencies detected, remedial 
action taken, and observations after remedial action. 
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3.6 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, 
operate, and maintain packaged engine generators.   

 

 

END OF SECTION 
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SECTION 26-36-00 

TRANSFER SWITCHES 
 

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 transfer switches rated 600 V and less, including the following: 
1. Manual transfer switches. 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, weights, operating 
characteristics, furnished specialties, and accessories. 

B. Shop Drawings:  Dimensioned plans, elevations, sections, and details showing minimum clearances, 
conductor entry provisions, gutter space, installed features and devices, and material lists for each switch 
specified. 
1. Single-Line Diagram:  Show connections between transfer switch, bypass/isolation switch, power 

sources, and load; and show interlocking provisions for each combined transfer switch and 
bypass/isolation switch. 

C. Manufacturer Seismic Qualification Certification:  Submit certification that transfer switches accessories, 
and components will withstand seismic forces defined in Division 26 Section "Vibration and Seismic 
Controls for Electrical Systems."  Include the following: 
1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled 

components or on calculation. 
a. The term "withstand" means "the unit will remain in place without separation of any parts 

from the device when subjected to the seismic forces specified." 
2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and 

describe mounting and anchorage provisions. 
3. Detailed description of equipment anchorage devices on which the certification is based and their 

installation requirements. 

D. Qualification Data:  For manufacturer. 

E. Operation and Maintenance Data:  For each type of product to include in emergency, operation, and 
maintenance manuals.  In addition to items specified in Division 01 Sections “Execution and Closeout 
Requirements” and “Closeout Submittals," include the following: 
1. Features and operating sequences, both automatic and manual. 
2. List of all factory settings of relays; provide relay-setting and calibration instructions, including 

software, where applicable. 

1.4 QUALITY ASSURANCE 

A. Manufacturer Qualifications:  Maintain a service center capable of providing training, parts, and 
emergency maintenance repairs within a response period of less than eight hours from time of 
notification. 

B. Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the 
testing indicated, that is a member company of the InterNational Electrical Testing Association or is a 
nationally recognized testing laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is 
acceptable to authorities having jurisdiction. 
1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational Electrical Testing 

Association or the National Institute for Certification in Engineering Technologies to supervise on-
site testing specified in Part 3. 
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C. Source Limitations:  Obtain automatic transfer switches through one source from a single manufacturer. 

D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended 
use. 

E. Comply with NEMA ICS 1. 

F. Comply with NFPA 70. 

G. Comply with NFPA 99. 

H. Comply with NFPA 110. 

I. Comply with UL 1008 unless requirements of these Specifications are stricter. 

1.5 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 
reinforcement, and formwork requirements are specified in Division 03. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

a. Emerson; ASCO Power Technologies, LP. 
b. GE Zenith Controls. 
c. Russelectric, Inc. 
d. Kohler. 

2.2 GENERAL TRANSFER-SWITCH PRODUCT REQUIREMENTS 

A. Indicated Current Ratings:  Apply as defined in UL 1008 for continuous loading and total system transfer, 
including tungsten filament lamp loads not exceeding 30 percent of switch ampere rating, unless 
otherwise indicated. 

B. Tested Fault-Current Closing and Withstand Ratings:  Adequate for duty imposed by protective devices at 
installation locations in Project under the fault conditions indicated, based on testing according to 
UL 1008. 
1. Where transfer switch includes internal fault-current protection, rating of switch and trip unit 

combination shall exceed indicated fault-current value at installation location. 

C. Solid-State Controls:  Repetitive accuracy of all settings shall be plus or minus 2 percent or better over an 
operating temperature range of minus 20 to plus 70 deg C. 

D. Resistance to Damage by Voltage Transients:  Components shall meet or exceed voltage-surge 
withstand capability requirements when tested according to IEEE C62.41.  Components shall meet or 
exceed voltage-impulse withstand test of NEMA ICS 1. 

E. Manual Operation:  Accomplish by a nonfused mechanism, mechanically interlocked in both directions for 
break before make operation. 

F. Switch Characteristics:  Designed for continuous-duty repetitive transfer of full-rated current between 
active power sources. 
1. Limitation:  Switches using molded-case switches or circuit breakers or insulated-case circuit-

breaker components are not acceptable. 
2. Switch Action:  Double throw; mechanically held in both directions. 
3. Contacts:  Silver composition or silver alloy for load-current switching.  Conventional automatic 

transfer-switch units, rated 225 A and higher, shall have separate arcing contacts. 

G. Neutral Switching.  Where four-pole switches are indicated, provide neutral pole switched simultaneously 
with phase poles. 

H. Neutral Terminal:  Solid and fully rated, unless otherwise indicated. 
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I. Oversize Neutral:  Ampacity and switch rating of neutral path through units indicated for oversize neutral 
shall be double the nominal rating of circuit in which switch is installed. 

J. Annunciation, Control, and Programming Interface Components:  Devices at transfer switches for 
communicating with remote programming devices, annunciators, or annunciator and control panels shall 
have communication capability matched with remote device. 

K. Factory Wiring:  Train and bundle factory wiring and label, consistent with Shop Drawings, either by color-
code or by numbered or lettered wire and cable tape markers at terminations.  Color-coding and wire and 
cable tape markers are specified in Division 26 Section "Identification for Electrical Systems." 
1. Designated Terminals:  Pressure type, suitable for types and sizes of field wiring indicated. 
2. Power-Terminal Arrangement and Field-Wiring Space:  Suitable for top, side, or bottom entrance of 

feeder conductors as indicated. 
3. Control Wiring:  Equipped with lugs suitable for connection to terminal strips. 

L. Enclosures:  General-purpose NEMA 250, Type 1, complying with NEMA ICS 6 and UL 508, unless 
otherwise indicated. 

2.3 SOURCE QUALITY CONTROL 

A. Factory test and inspect components, assembled switches, and associated equipment.  Ensure proper 
operation.  Check transfer time and voltage, frequency, and time-delay settings for compliance with 
specified requirements.  Perform dielectric strength test complying with NEMA ICS 1. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Design each fastener and support to carry load indicated by seismic requirements and according to 
seismic-restraint details.  See Division 26 Section "Vibration and Seismic Controls for Electrical Systems." 

B. Identify components according to Division 26 Section "Identification for Electrical Systems." 

3.2 CONNECTIONS 

A. Wiring to Remote Components:  Match type and number of cables and conductors to control and 
communication requirements of transfer switches as recommended by manufacturer.  Increase raceway 
sizes at no additional cost to Owner if necessary to accommodate required wiring. 

B. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems." 

C. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables." 

3.3 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified independent testing and inspecting agency to perform tests and 
inspections and prepare test reports. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and 
adjust components, assemblies, and equipment installations, including connections.  Report results in 
writing. 

C. Perform tests and inspections and prepare test reports. 
1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 

components, assemblies, and equipment installation, including connections, and to assist in 
testing. 

2. After installing equipment and after electrical circuitry has been energized, test for compliance with 
requirements. 

3. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance 
Testing Specification.  Certify compliance with test parameters. 

4. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-resistance 
tester.  Include external annunciation and control circuits.  Use test voltages and procedure 
recommended by manufacturer.  Comply with manufacturer's specified minimum resistance. 
a. Check for electrical continuity of circuits and for short circuits. 
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b. Inspect for physical damage, proper installation and connection, and integrity of barriers, 
covers, and safety features. 

c. Verify that manual transfer warnings are properly placed. 
d. Perform manual transfer operation. 

5. After energizing circuits, demonstrate interlocking sequence and operational function for each 
switch at least three times. 
a. Verify grounding connections and locations and ratings of sensors. 

D. Testing Agency's Tests and Inspections: 
1. After installing equipment and after electrical circuitry has been energized, test for compliance with 

requirements. 
2. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance 

Testing Specification.  Certify compliance with test parameters. 
3. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-resistance 

tester.  Include external annunciation and control circuits.  Use test voltages and procedure 
recommended by manufacturer.  Comply with manufacturer's specified minimum resistance. 
a. Check for electrical continuity of circuits and for short circuits. 
b. Inspect for physical damage, proper installation and connection, and integrity of barriers, 

covers, and safety features. 
c. Verify that manual transfer warnings are properly placed. 
d. Perform manual transfer operation. 

E. Coordinate tests with tests of generator and run them concurrently. 

F. Report results of tests and inspections in writing.  Record adjustable relay settings and measured 
insulation and contact resistances and time delays.  Attach a label or tag to each tested component 
indicating satisfactory completion of tests. 

G. Remove and replace malfunctioning units and retest as specified above. 

H. Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final Acceptance, 
perform an infrared scan of each switch.  Remove all access panels so joints and connections are 
accessible to portable scanner. 
1. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each switch 11 

months after date of Substantial Completion. 
2. Instrument:  Use an infrared scanning device designed to measure temperature or to detect 

significant deviations from normal values.  Provide calibration record for device. 
3. Record of Infrared Scanning:  Prepare a certified report that identifies switches checked and that 

describes scanning results.  Include notation of deficiencies detected, remedial action taken, and 
observations after remedial action. 

3.4 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, 
operate, and maintain transfer switches and related equipment as specified below.  Refer to Division 01 
Section "Demonstration and Training." 

B. Coordinate this training with that for generator equipment. 

 

 

END OF SECTION 
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SECTION 264313  
TRANSIENT-VOLTAGE SUPPRESSION FOR LOW-VOLTAGE  

ELECTRICAL POWER CIRCUITS 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section includes field-mounted TVSS for low-voltage (120 to 600 V) power distribution and control 
equipment. 

1.03 DEFINITIONS 

A. ATS:  Acceptance Testing Specifications. 

B. SVR:  Suppressed voltage rating. 

C. TVSS:  Transient voltage surge suppressor(s), both singular and plural; also, transient voltage surge 
suppression. 

1.04 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include rated capacities, operating weights, electrical 
characteristics, furnished specialties, and accessories. 

B. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

C. Qualification Data:  For qualified testing agency. 

D. Product Certificates:  For TVSS devices, from manufacturer. 

E. Field quality-control reports. 

F. Operation and Maintenance Data:  For TVSS devices to include in emergency, operation, and 
maintenance manuals. 

G. Warranties:  Sample of special warranties. 

1.05 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Member company of NETA or an NRTL. 

1. Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site testing. 
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B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
testing agency, and marked for intended location and application. 

C. Comply with IEEE C62.41.2 and test devices according to IEEE C62.45. 

D. Comply with NEMA LS 1. 

E. All TVSS (SPD) shall comply with the requirements of UL 1449, edition 3 (ALL TYPES), and NEC 2008, 
in addition to complying with the requirements for UL Master Label Lighting Protection System, UL 96A. 

F. Comply with NFPA 70. 

1.06 PROJECT CONDITIONS 

A. Service Conditions:  Rate TVSS devices for continuous operation under the following conditions unless 
otherwise indicated: 

1. Maximum Continuous Operating Voltage:  Not less than 115 percent of nominal system operating 
voltage. 

2. Operating Temperature:  30 to 120 deg F (0 to 50 deg C). 
3. Humidity:  0 to 85 percent, noncondensing. 
4. Altitude:  Less than 20,000 feet (6090 m) above sea level. 

1.07 COORDINATION 

A. Coordinate location of field-mounted TVSS devices to allow adequate clearances for maintenance. 

B. Coordinate TVSS devices with Division 26 Section "Electrical Power Monitoring and Control." 

1.08 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace 
components of surge suppressors that fail in materials or workmanship within specified warranty period. 

1. Warranty Period:  five years from date of Substantial Completion. 

B. Special Warranty for Cord-Connected, Plug-in Surge Suppressors:  Manufacturer's standard form in 
which manufacturer agrees to repair or replace electronic equipment connected to circuits protected by 
surge suppressors. 

1.09 EXTRA MATERIALS 

A. Furnish extra materials that match products installed and that are packaged with protective covering for 
storage and identified with labels describing contents. 

1. Replaceable Protection Modules: one of each size and type installed. 
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PART 2 - PRODUCTS 

2.01 SERVICE ENTRANCE SUPPRESSORS 

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

1. ABB USA. 
2. Atlantic Scientific. 
3. Current Technology Inc.; Danaher Power Solutions. 
4. Thor. 
5. Liebert Corporation; a division of Emerson Network Power. 

B. Surge Protection Devices: 

1. Comply with UL 1449. 
2. Modular design (with field-replaceable modules). 
3. Fuses, rated at 200-kA interrupting capacity. 
4. Fabrication using bolted compression lugs for internal wiring. 
5. Integral disconnect switch. 
6. Redundant suppression circuits. 
7. Redundant replaceable modules. 
8. Arrangement with copper bus bars and for bolted connections to phase buses, neutral bus, and 

ground bus. 
9. Arrangement with wire connections to phase buses, neutral bus, and ground bus. 
10. LED indicator lights for power and protection status. 
11. Audible alarm, with silencing switch, to indicate when protection has failed. 
12. Form-C contacts rated at 5 A and 250-V ac, one normally open and one normally closed, for 

remote monitoring of protection status.  Contacts shall reverse on failure of any surge diversion 
module or on opening of any current-limiting device.  Coordinate with building power monitoring 
and control system. 

13. Six-digit transient-event counter set to totalize transient surges. 

C. Peak Single-Impulse Surge Current Rating:  320 kA per mode/640 kA per phase. 

D. Minimum single impulse current ratings, using 8-by-20-mic.sec waveform described in IEEE C62.41.2 

1. Line to Neutral:  70,000 A. 
2. Line to Ground:  70,000 A. 
3. Neutral to Ground:  50,000 A. 

E. Protection modes and UL 1449 SVR for grounded wye circuits with 480Y/277 V, 3-phase, 4-wire circuits 
shall be as follows: 

1. Line to Neutral:  800 V for 480Y/277 V. 
2. Line to Ground:  800 V for 480Y/277 V. 
3. Neutral to Ground:  800 V for 480Y/277 V. 

2.02 PANELBOARD SUPPRESSORS 

A. Surge Protection Devices: 

1. Non-modular. 
2. LED indicator lights for power and protection status. 
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3. Audible alarm, with silencing switch, to indicate when protection has failed. 
4. Form-C contacts rated at 5 A and 250-V ac, one normally open and one normally closed, for 

remote monitoring of protection status.  Contacts shall reverse on failure of any surge diversion 
module or on opening of any current-limiting device.  Coordinate with building power monitoring 
and control system. 

B. Peak Single-Impulse Surge Current Rating:  160 kA per mode/320 kA per phase. 

C. Minimum single impulse current ratings, using 8-by-20-mic.sec waveform described in IEEE C62.41.2: 

1. Line to Neutral:  70,000A. 
2. Line to Ground:  70,000 A. 
3. Neutral to Ground:  50,000 A. 

D. Protection modes and UL 1449 SVR for grounded wye circuits with 208Y/120 V, 3-phase, 4-wire circuits 
shall be as follows: 

1. Line to Neutral:  400 V for 208Y/120 V. 
2. Line to Ground: 400 V for 208Y/120 V. 
3. Neutral to Ground:  400 V for 208Y/120 V. 

2.03 ENCLOSURES 

A. Indoor Enclosures:  NEMA 250 Type 1. 

B. Outdoor Enclosures:  NEMA 250 Type 4X. 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Install TVSS devices at service entrance on load side, with ground lead bonded to service entrance 
ground.   

B. Install TVSS devices for panelboards and auxiliary panels with conductors or buses between suppressor 
and points of attachment as short and straight as possible.  Do not exceed manufacturer's recommended 
lead length.  Do not bond neutral and ground. 

1. Provide multiple, 100 (service entrance) or 60 (panelboard)-A circuit breakers as a dedicated 
disconnecting means for TVSS. 

3.02 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and 
adjust components, assemblies, and equipment installations, including connections. 

1. Verify that electrical wiring installation complies with manufacturer's written installation 
requirements. 
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C. Perform tests and inspections. 

1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect 
components, assemblies, and equipment installations, including connections, and to assist in 
testing. 

D. Tests and Inspections: 

1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS, "Surge 
Arresters, Low-Voltage Surge Protection Devices" Section.  Certify compliance with test 
parameters. 

2. After installing TVSS devices but before electrical circuitry has been energized, test for compliance 
with requirements. 

3. Complete startup checks according to manufacturer's written instructions. 

E. TVSS device will be considered defective if it does not pass tests and inspections. 

F. Prepare test and inspection reports. 

3.03 STARTUP SERVICE 

A. Do not energize or connect service entrance equipment and panelboards to their sources until TVSS 
devices are installed and connected. 

B. Do not perform insulation resistance tests of the distribution wiring equipment with the TVSS installed.  
Disconnect before conducting insulation resistance tests, and reconnect immediately after the testing is 
over. 

3.04 DEMONSTRATION 

A. Train Owner's maintenance personnel to maintain TVSS devices. 

END OF SECTION 264313 
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SECTION 265100  
INTERIOR LIGHTING 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes: 

1. Interior lighting fixtures, lamps, and ballasts. 
2. Emergency lighting units. 
3. Exit signs. 
4. Lighting fixture supports. 

1.03 DEFINITIONS 

A. BF:  Ballast factor. 

B. CCT:  Correlated color temperature. 

C. CRI:  Color-rendering index. 

D. HID:  High-intensity discharge. 

E. LER:  Luminaire efficacy rating. 

F. Lumen:  Measured output of lamp and luminaire, or both. 

G. Luminaire:  Complete lighting fixture, including ballast housing if provided. 

1.04 SUBMITTALS 

A. Product Data:  For each type of lighting fixture, arranged in order of fixture designation.  Include 
data on features, accessories, finishes, and the following: 

1. Physical description of lighting fixture including dimensions. 
2. Emergency lighting units including battery and charger. 
3. LM-80 compliance for all LED luminaires. 
4. Energy-efficiency data. 
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5. Life, output (lumens, CCT, and CRI), and energy-efficiency data for LED luminaire chips 
and drivers.  Include fidelity index of 90, gamut index of 100, and life of 80,000 hours 
minimum.  LED sources shall be protected by integral surge protective devices. 

6. Photometric data and adjustment factors based on laboratory tests, complying with IESNA 
Lighting Measurements Testing & Calculation Guides, of each lighting fixture type.  The 
adjustment factors shall be for lamps, ballasts, and accessories identical to those indicated 
for the lighting fixture as applied in this Project. 

a. Testing Agency Certified Data:  For indicated fixtures, photometric data shall be 
certified by a qualified independent testing agency.  Photometric data for remaining 
fixtures shall be certified by manufacturer. 

b. Manufacturer Certified Data:  Photometric data shall be certified by a manufacturer's 
laboratory with a current accreditation under the National Voluntary Laboratory 
Accreditation Program for Energy Efficient Lighting Products. 

B. Shop Drawings:  For nonstandard or custom lighting fixtures.  Include plans, elevations, sections, 
details, and attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, 
method of field assembly, components, and location and size of each field connection. 

2. Wiring Diagrams:  For power, signal, and control wiring. 

C. Samples:  For each lighting fixture indicated in the Interior Lighting Fixture Schedule.  Each 
Sample shall include the following: 

1. Lamps and ballasts, installed. 
2. Cords and plugs. 
3. Pendant support system. 

D. Installation instructions. 

E. Coordination Drawings:  Reflected ceiling plan(s) and other details, drawn to scale, on which the 
following items are shown and coordinated with each other, using input from installers of the items 
involved: 

1. Lighting fixtures. 
2. Suspended ceiling components. 
3. Partitions and millwork that penetrate the ceiling or extends to within 12 inches (305 mm) of 

the plane of the luminaires. 
4. Ceiling-mounted projectors. 
5. Structural members to which suspension systems for lighting fixtures will be attached. 
6. Other items in finished ceiling including the following: 

a. Air outlets and inlets. 
b. Speakers. 
c. Sprinklers. 
d. Smoke and fire detectors. 
e. Occupancy sensors. 
f. Access panels. 

7. Perimeter moldings. 

F. Qualification Data:  For qualified agencies providing photometric data for lighting fixtures. 
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G. Product Certificates:  For each type of ballast for bi-level and dimmer-controlled fixtures, from 
manufacturer. 

H. Field quality-control reports. 

I. Operation and Maintenance Data:  For lighting equipment and fixtures to include in emergency, 
operation, and maintenance manuals. 

1. Provide a list of all lamp types used on Project; use ANSI and manufacturers' codes. 

J. Warranty:  Sample of special warranty. 

1.05 QUALITY ASSURANCE 

A. Luminaire Photometric Data Testing Laboratory Qualifications:  Provided by manufacturers' 
laboratories that are accredited under the National Volunteer Laboratory Accreditation Program 
for Energy Efficient Lighting Products. 

B. Luminaire Photometric Data Testing Laboratory Qualifications:  Provided by an independent 
agency, with the experience and capability to conduct the testing indicated, that is an NRTL as 
defined by OSHA in 29 CFR 1910, complying with the IESNA Lighting Measurements Testing & 
Calculation Guides. 

C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, 
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for 
intended use. 

E. Comply with NFPA 70 with special attention to section 410.130(G) for maintenance disconnect. 

F.  Comply with IES standards for LED sources. 

G. Comply with the Energy Independence and Security Act (EISA), effective January 1, 2009. 

H. FM Global Compliance:  Lighting fixtures for hazardous locations shall be listed and labeled for 
indicated class and division of hazard by FM Global. 

I. Mockups:  Provide interior lighting fixtures for room or module mockups, complete with power and 
control connections. 

1. Obtain Architect's approval of fixtures for mockups before starting installations. 
2. Maintain mockups during construction in an undisturbed condition as a standard for judging 

the completed Work. 
3. Approved fixtures in mockups may become part of the completed Work if undisturbed at 

time of Substantial Completion. 
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1.06 COORDINATION 

A. Coordinate layout and installation of lighting fixtures and suspension system with other 
construction that penetrates ceilings or is supported by them, including HVAC equipment, fire-
suppression system, and partition assemblies. 

1.07 WARRANTY 

A. Special Warranty for Emergency Lighting Batteries:  Manufacturer's standard form in which 
manufacturer of battery-powered emergency lighting unit agrees to repair or replace components 
of rechargeable batteries that fail in materials or workmanship within specified warranty period. 

1. Warranty Period for Emergency Lighting Unit Batteries:  10 years from date of Substantial 
Completion.  Full warranty shall apply for first year, and prorated warranty for the remaining 
nine years. 

2. Warranty Period for LED luminaires:  ten years from date of Substantial Completion.  Full 
warranty shall apply for first five years, and prorated warranty for the remaining five years. 

1.08 EXTRA MATERIALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1. Plastic Diffusers and Lenses:  10 of each type and rating installed.  Furnish at least one of 
each type. 

2. Globes and Guards:  8 of each type and rating installed.   

PART 2 - PRODUCTS 

2.01 MANUFACTURERS 

A. Products:  Subject to compliance with requirements, provide products indicated on the Drawings. 

2.02 GENERAL REQUIREMENTS FOR LIGHTING FIXTURES AND COMPONENTS 

A. Recessed Fixtures:  Comply with NEMA LE 4 for ceiling compatibility for recessed fixtures. 

B. Fixtures:  Comply with UL 1598 and IES standards for LED luminaires.  Where LER is specified, 
test according to NEMA LE 5 and NEMA LE 5A as applicable. 

C. Metal Parts:  Free of burrs and sharp corners and edges. 

D. Sheet Metal Components:  Steel unless otherwise indicated.  Form and support to prevent 
warping and sagging. 

E. Doors, Frames, and Other Internal Access:  Smooth operating, free of light leakage under 
operating conditions, and designed to permit replacement of drivers without disconnecting internal 
wiring but through the use of pluggable driver connections that are easily accessed from the 
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fixture body without use of tools.  Designed to prevent doors, frames, lenses, diffusers, and other 
components from falling accidentally during service and when secured in operating position. 

F. Diffusers and Globes: 

1. Acrylic Lighting Diffusers:  100 percent virgin acrylic plastic.  High resistance to yellowing 
and other changes due to aging, exposure to heat, and UV radiation. 

a. Lens Thickness:  At least 0.125 inches minimum unless otherwise indicated. 
b. UV stabilized. 

2. Glass:  Annealed crystal glass unless otherwise indicated. 

G. Factory-Applied Labels:  Comply with UL 1598.  Include recommended lamps and ballasts.  
Labels shall be located where they will be readily visible to service personnel, but not seen from 
normal viewing angles when lamps are in place. 

2.03 EMERGENCY LED SOURCE POWER UNIT 

A. Internal Type:  Self-contained, modular, battery-inverter unit, factory mounted within lighting 
fixture body and compatible with ballast.  Comply with UL 924. 

1. Emergency Connection:  Operate LED driver continuously at an output of 1100 lumens 
each.  Connect unswitched circuit to battery-inverter unit and switched circuit to fixture 
driver. 

2. Nightlight Connection:  Operate LED fixture continuously. 
3. Test Push Button and Indicator Light:  Visible and accessible without opening fixture or 

entering ceiling space. 

a. Push Button:  Push-to-test type, in unit housing, simulates loss of normal power and 
demonstrates unit operability. 

b. Indicator Light:  LED indicates normal power on.  Normal glow indicates trickle 
charge; bright glow indicates charging at end of discharge cycle. 

4. Battery:  Sealed, maintenance-free, nickel-cadmium type. 
5. Charger:  Fully automatic, solid-state, constant-current type with sealed power transfer 

relay. 
6. Remote Test:  Switch in hand-held remote device aimed in direction of tested unit initiates 

coded infrared signal.  Signal reception by factory-installed infrared receiver in tested unit 
triggers simulation of loss of its normal power supply, providing visual confirmation of either 
proper or failed emergency response. 

7. Integral Self-Test:  Factory-installed electronic device automatically initiates code-required 
test of unit emergency operation at required intervals.  Test failure is annunciated by an 
integral audible alarm and a flashing red LED. 

8. Housing: contained in the LED luminaire , UL listed and labeled for emergency operation. 

2.04 EXIT SIGNS 

A. General Requirements for Exit Signs:  Comply with UL 924; for sign colors, visibility, luminance, 
and lettering size, comply with authorities having jurisdiction. 
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B. Internally Lighted Signs: 

1. Lamps for AC Operation:  LEDs, 80,000 hours minimum rated lamp life. 
2. Self-Powered Exit Signs (Battery Type):  Integral automatic charger in a self-contained 

power pack. 

a. Battery:  Sealed, maintenance-free, nickel-cadmium type. 
b. Charger:  Fully automatic, solid-state type with sealed transfer relay. 
c. Operation:  Relay automatically energizes lamp from battery when circuit voltage 

drops to 80 percent of nominal voltage or below.  When normal voltage is restored, 
relay disconnects lamps from battery, and battery is automatically recharged and 
floated on charger. 

d. Test Push Button:  Push-to-test type, in unit housing, simulates loss of normal power 
and demonstrates unit operability. 

e. LED Indicator Light:  Indicates normal power on.  Normal glow indicates trickle 
charge; bright glow indicates charging at end of discharge cycle. 

f. Remote Test:  Switch in hand-held remote device aimed in direction of tested unit 
initiates coded infrared signal.  Signal reception by factory-installed infrared receiver 
in tested unit triggers simulation of loss of its normal power supply, providing visual 
confirmation of either proper or failed emergency response. 

g. Integral Self-Test:  Factory-installed electronic device automatically initiates code-
required test of unit emergency operation at required intervals.  Test failure is 
annunciated by an integral audible alarm and a flashing red LED. 

2.05 EMERGENCY LIGHTING UNITS 

A. General Requirements for Emergency Lighting Units:  Self-contained units complying with 
UL 924. 

1. Battery:  Sealed, maintenance-free, lead-acid type. 
2. Charger:  Fully automatic, solid-state type with sealed transfer relay. 
3. LED light source, 8 watts for each head. 
4. Operation:  Relay automatically turns lamp on when power-supply circuit voltage drops to 

80 percent of nominal voltage or below.  Lamp automatically disconnects from battery 
when voltage approaches deep-discharge level.  When normal voltage is restored, relay 
disconnects lamps from battery, and battery is automatically recharged and floated on 
charger. 

5. Test Push Button:  Push-to-test type, in unit housing, simulates loss of normal power and 
demonstrates unit operability. 

6. LED Indicator Light:  Indicates normal power on.  Normal glow indicates trickle charge; 
bright glow indicates charging at end of discharge cycle. 

7. Wire Guard:  Heavy-chrome-plated wire guard protects lamp heads or fixtures. 
8. Integral Time-Delay Relay:  Holds unit on for fixed interval of 5 minutes when power is 

restored after an outage. 
9. Remote Test:  Switch in hand-held remote device aimed in direction of tested unit initiates 

coded infrared signal.  Signal reception by factory-installed infrared receiver in tested unit 
triggers simulation of loss of its normal power supply, providing visual confirmation of either 
proper or failed emergency response. 

10. Integral Self-Test:  Factory-installed electronic device automatically initiates code-required 
test of unit emergency operation at required intervals.  Test failure is annunciated by an 
integral audible alarm and a flashing red LED. 
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2.06 LIGHTING FIXTURE SUPPORT COMPONENTS 

A. Comply with Division 26 Section "Hangers and Supports for Electrical Systems" for channel- and 
angle-iron supports and nonmetallic channel and angle supports. 

B. Single-Stem Hangers:  1/2-inch (13-mm) steel tubing with swivel ball fittings and ceiling canopy.  
Finish same as fixture. 

C. Twin-Stem Hangers:  Two, 1/2-inch (13-mm) steel tubes with single canopy designed to mount a 
single fixture.  Finish same as fixture. 

D. Wires:  ASTM A 641/A 641M, Class 3, soft temper, zinc-coated steel, 12 gage (2.68 mm). 

E. Rod Hangers:  3/16-inch (5-mm) minimum diameter, cadmium-plated, threaded steel rod. 

F. Hook Hangers:  Integrated assembly matched to fixture and line voltage and equipped with 
threaded attachment, cord, and locking-type plug. 

PART 3 - EXECUTION 

3.01 INSTALLATION 

A. Lighting fixtures: 

1. Set level, plumb, and square with ceilings and walls unless otherwise indicated. 
2. Install lamps in each luminaire. 

B. Temporary Lighting:  If it is necessary, and approved by Architect, to use permanent luminaires 
for temporary lighting, install and energize the minimum number of luminaires necessary.  When 
construction is sufficiently complete, remove the temporary luminaires, disassemble, clean 
thoroughly, install new lamps, and reinstall. 

C. Remote Mounting of Ballasts:  Distance between the ballast and fixture shall not exceed that 
recommended by ballast manufacturer.  Verify, with ballast manufacturers, maximum distance 
between ballast and luminaire. 

D. Lay-in Ceiling Lighting Fixtures Supports:  Use grid as a support element. 

1. Install ceiling support system rods or wires, independent of the ceiling suspension devices, 
for each fixture.  Locate not more than 6 inches (150 mm) from lighting fixture corners. 

2. Support Clips:  Fasten to lighting fixtures and to ceiling grid members at or near each 
fixture corner with clips that are UL listed for the application. 

3. Fixtures of Sizes Less Than Ceiling Grid:  Install as indicated on reflected ceiling plans or 
center in acoustical panel, and support fixtures independently with at least two 3/4-inch (20-
mm) metal channels spanning and secured to ceiling tees. 

4. Install at least one independent support rod or wire from structure to a tab on lighting 
fixture.  Wire or rod shall have breaking strength of the weight of fixture at a safety factor of 
3. 

E. Suspended Lighting Fixture Support: 
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1. Pendants and Rods:  Where longer than 48 inches (1200 mm), brace to limit swinging. 
2. Stem-Mounted, Single-Unit Fixtures:  Suspend with twin-stem hangers. 
3. Continuous Rows:  Use tubing or stem for wiring at one point and tubing or rod for 

suspension for each unit length of fixture chassis, including one at each end. 
4. Do not use grid as support for pendant luminaires.  Connect support wires or rods to 

building structure. 

F. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and 
Cables." 

3.02 IDENTIFICATION 

A. Install labels with panel and circuit numbers on concealed junction and outlet boxes.  Comply with 
requirements for identification specified in Division 26 Section "Identification for Electrical 
Systems." 

3.03 FIELD QUALITY CONTROL 

A. Test for Emergency Lighting:  Interrupt power supply to demonstrate proper operation.  Verify 
transfer from normal power to battery and retransfer to normal. 

 

B. Prepare a written report of tests, inspections, observations, and verifications indicating and 
interpreting results.  If adjustments are made to lighting system, retest to demonstrate compliance 
with standards. 

3.04 ADJUSTING 

A. Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, 
provide on-site assistance in adjusting aimable luminaires to suit actual occupied conditions.  
Provide up to two visits to Project during other-than-normal occupancy hours for this purpose.  
Some of this work may be required after dark. 

1. Adjust aimable luminaires in the presence of Architect. 

END OF SECTION 265100 
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SECTION 265600  
EXTERIOR LIGHTING 

PART 1 - GENERAL 

1.01 RELATED DOCUMENTS 

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

1.02 SUMMARY 

A. Section Includes: 

1. Exterior luminaires with lamps and ballasts. 
2. Luminaire-mounted photoelectric relays. 
3. Poles and accessories. 
4. Luminaire lowering devices. 

B. Related Sections: 

1. Division 26 Section "Interior Lighting" for exterior luminaires normally mounted on exterior surfaces 
of buildings. 

1.03 DEFINITIONS 

A. CCT:  Correlated color temperature. 

B. CRI:  Color-rendering index. 

C. HID:  High-intensity discharge. 

D. LER:  Luminaire efficacy rating. 

E. Luminaire:  Complete lighting fixture, including ballast housing if provided. 

F. Pole:  Luminaire support structure, including tower used for large area illumination. 

G. Standard:  Same definition as "Pole" above. 

1.04 STRUCTURAL ANALYSIS CRITERIA FOR POLE SELECTION 

A. Dead Load:  Weight of luminaire and its horizontal and vertical supports, lowering devices, and supporting 
structure, applied as stated in AASHTO LTS-4-M. 

B. Live Load:  Single load of 500 lbf (2224 N), distributed as stated in AASHTO LTS-4-M. 

C. Ice Load:  Load of 3 lbf/sq. ft. (145 Pa), applied as stated in AASHTO LTS-4-M Ice Load Map. 
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D. Wind Load:  Pressure of wind on pole and luminaire and banners and banner arms, calculated and 
applied as stated in AASHTO LTS-4-M. 

1. Basic wind speed for calculating wind load for poles is 90 mph (40 m/s). 

a. Wind Importance Factor:  1.0. 
b. Minimum Design Life:  50 years. 
c. Velocity Conversion Factors:  1.0. 

1.05 SUBMITTALS 

A. Product Data:  For each luminaire, pole, and support component, arranged in order of lighting unit 
designation.  Include data on features, accessories, finishes, and the following: 

1. Physical description of luminaire, including materials, dimensions, effective projected area, and 
verification of indicated parameters. 

2. Details of attaching luminaires and accessories. 
3. Details of installation and construction. 
4. Luminaire materials. 
5. Photometric data based on laboratory tests of each luminaire type, complete with indicated lamps, 

ballasts, and accessories. 

a. Testing Agency Certified Data:  For indicated luminaires, photometric data shall be certified 
by a qualified independent testing agency.  Photometric data for remaining luminaires shall 
be certified by manufacturer. 

b. Manufacturer Certified Data:  Photometric data shall be certified by manufacturer's 
laboratory with a current accreditation under the National Voluntary Laboratory Accreditation 
Program for Energy Efficient Lighting Products. 

6. Photoelectric relays. 
7. Ballasts, including energy-efficiency data. 
8. Lamps, including life, output, CCT, CRI, lumens, and energy-efficiency data. 
9. Materials, dimensions, and finishes of poles. 
10. Means of attaching luminaires to supports, and indication that attachment is suitable for 

components involved. 
11. Anchor bolts for poles. 
12. Manufactured pole foundations. 

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method 
of field assembly, components, and location and size of each field connection. 

2. Anchor-bolt templates keyed to specific poles and certified by manufacturer. 
3. Design calculations, certified by a qualified professional engineer, indicating strength of screw 

foundations and soil conditions on which they are based. 
4. Wiring Diagrams:  For power, signal, and control wiring. 

C. Samples:  For products designated for sample submission in the Exterior Lighting Device Schedule.  
Each Sample shall include lamps and ballasts. 

D. Pole and Support Component Certificates:  Signed by manufacturers of poles, certifying that products are 
designed for indicated load requirements in AASHTO LTS-4-M and that load imposed by luminaire and 
attachments has been included in design.  The certification shall be based on design calculations by a 
professional engineer. 
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E. Qualification Data:  For qualified agencies providing photometric data for lighting fixtures. 

F. Field quality-control reports. 

G. Operation and Maintenance Data:  For luminaires and poles to include in emergency, operation, and 
maintenance manuals. 

H. Warranty:  Sample of special warranty. 

I. NOTE: Manufacturer must provide qualifying letter to ensure compliance with the Federal Transit 
Administration’s (FTA) Buy-America Requirements found in 49 CFR Part 661. 

1.06 QUALITY ASSURANCE 

A. Luminaire Photometric Data Testing Laboratory Qualifications:  Provided by an independent agency, with 
the experience and capability to conduct the testing indicated, that is an NRTL as defined by OSHA in 
29 CFR 1910. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

C. Comply with IEEE C2, "National Electrical Safety Code." 

D. Comply with NFPA 70. 

1.07 DELIVERY, STORAGE, AND HANDLING 

A. Package aluminum poles for shipping according to ASTM B 660. 

B. Store poles on decay-resistant-treated skids at least 12 inches (300 mm) above grade and vegetation.  
Support poles to prevent distortion and arrange to provide free air circulation. 

C. Handle wood poles so they will not be damaged.  Do not use pointed tools that can indent pole surface 
more than 1/4 inch (6 mm) deep.  Do not apply tools to section of pole to be installed below ground line. 

D. Retain factory-applied pole wrappings on fiberglass and laminated wood poles until right before pole 
installation.  Handle poles with web fabric straps. 

E. Retain factory-applied pole wrappings on metal poles until right before pole installation.  For poles with 
nonmetallic finishes, handle with web fabric straps. 

1.08 WARRANTY 

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace 
products that fail in materials or workmanship; that corrode; or that fade, stain, perforate, erode, or chalk 
due to effects of weather or solar radiation within specified warranty period.  Manufacturer may exclude 
lightning damage, hail damage, vandalism, abuse, or unauthorized repairs or alterations from special 
warranty coverage. 

1. Warranty Period for Luminaires: five years from date of Substantial Completion. 
2. Warranty Period for Metal Corrosion: five years from date of Substantial Completion. 
3. Warranty Period for Color Retention:  five years from date of Substantial Completion. 
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4. Warranty Period for Poles:  Repair or replace lighting poles and standards that fail in finish, 
materials, and workmanship within manufacturer's standard warranty period, but not less than 
three years from date of Substantial Completion. 

1.09 EXTRA MATERIALS 

A. Furnish extra materials that match products installed and that are packaged with protective covering for 
storage and identified with labels describing contents. 

1. Lamps:  two of each type and rating installed.  Furnish at least one of each type. 
2. Glass and Plastic Lenses, Covers, and Other Optical Parts:  two of each type and rating installed.  

Furnish at least one of each type. 
3. Ballasts:  two of each type and rating installed.  Furnish at least one of each type. 
4. Globes and Guards:  two of each type and rating installed.  Furnish at least one of each type. 

PART 2 - PRODUCTS 

2.01 MANUFACTURERS 

A. Products:  Subject to compliance with requirements, provide product indicated on Drawings. 

2.02 GENERAL REQUIREMENTS FOR LUMINAIRES 

A. Luminaires shall comply with UL 1598 and be listed and labeled for installation in wet locations by an 
NRTL acceptable to authorities having jurisdiction. 

1. LER Tests Incandescent Fixtures:  Where LER is specified, test according to NEMA LE 5A. 
2. LER Tests Fluorescent Fixtures:  Where LER is specified, test according to NEMA LE 5 and 

NEMA LE 5A as applicable. 
3. LER Tests HID Fixtures:  Where LER is specified, test according to NEMA LE 5B. 

B. Lateral Light Distribution Patterns:  Comply with IESNA RP-8 for parameters of lateral light distribution 
patterns indicated for luminaires. 

C. Metal Parts:  Free of burrs and sharp corners and edges. 

D. Sheet Metal Components:  Corrosion-resistant aluminum unless otherwise indicated.  Form and support 
to prevent warping and sagging. 

E. Housings:  Rigidly formed, weather- and light-tight enclosures that will not warp, sag, or deform in use.  
Provide filter/breather for enclosed luminaires. 

F. Doors, Frames, and Other Internal Access:  Smooth operating, free of light leakage under operating 
conditions, and designed to permit relamping without use of tools.  Designed to prevent doors, frames, 
lenses, diffusers, and other components from falling accidentally during relamping and when secured in 
operating position.  Doors shall be removable for cleaning or replacing lenses.  Designed to disconnect 
ballast when door opens. 

G. Exposed Hardware Material:  Stainless steel. 
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H. Plastic Parts:  High resistance to yellowing and other changes due to aging, exposure to heat, and UV 
radiation. 

I. Light Shields:  Metal baffles, factory installed and field adjustable, arranged to block light distribution to 
indicated portion of normally illuminated area or field. 

J. Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated: 

1. White Surfaces:  85 percent. 
2. Specular Surfaces:  83 percent. 
3. Diffusing Specular Surfaces:  75 percent. 

K. Lenses and Refractors Gaskets:  Use heat- and aging-resistant resilient gaskets to seal and cushion 
lenses and refractors in luminaire doors. 

L. Luminaire Finish:  Manufacturer's standard paint applied to factory-assembled and -tested luminaire 
before shipping.  Where indicated, match finish process and color of pole or support materials. 

M. Factory-Applied Finish for Steel Luminaires:  Comply with NAAMM's "Metal Finishes Manual for 
Architectural and Metal Products" for recommendations for applying and designating finishes. 

1. Surface Preparation:  Clean surfaces to comply with SSPC-SP 1, "Solvent Cleaning," to remove 
dirt, oil, grease, and other contaminants that could impair paint bond.  Grind welds and polish 
surfaces to a smooth, even finish.  Remove mill scale and rust, if present, from uncoated steel, 
complying with SSPC-SP 5/NACE No. 1, "White Metal Blast Cleaning," or SSPC-SP 8, "Pickling." 

2. Exterior Surfaces:  Manufacturer's standard finish consisting of one or more coats of primer and 
two finish coats of high-gloss, high-build polyurethane enamel. 

a. Color:  As selected by Architect from manufacturer's full range. 

N. Factory-Applied Finish for Aluminum Luminaires:  Comply with NAAMM's "Metal Finishes Manual for 
Architectural and Metal Products" for recommendations for applying and designating finishes. 

1. Finish designations prefixed by AA comply with the system established by the Aluminum 
Association for designating aluminum finishes. 

2. Natural Satin Finish:  Provide fine, directional, medium satin polish (AA-M32); buff complying with 
AA-M20; and seal aluminum surfaces with clear, hard-coat wax. 

3. Class I, Clear Anodic Finish:  AA-M32C22A41 (Mechanical Finish:  medium satin; Chemical Finish:  
etched, medium matte; Anodic Coating:  Architectural Class I, clear coating 0.018 mm or thicker) 
complying with AAMA 611. 

4. Class I, Color Anodic Finish:  AA-M32C22A42/A44 (Mechanical Finish:  medium satin; Chemical 
Finish:  etched, medium matte; Anodic Coating:  Architectural Class I, integrally colored or 
electrolytically deposited color coating 0.018 mm or thicker) complying with AAMA 611. 

a. Color:  as selected by architect. 

O. Factory-Applied Labels:  Comply with UL 1598.  Include recommended lamps and ballasts.  Labels shall 
be located where they will be readily visible to service personnel, but not seen from normal viewing 
angles when lamps are in place. 

1. Label shall include the following lamp and ballast characteristics: 

a. "USES ONLY" and include specific lamp type. 
b. Lamp diameter code (T-4, T-5, T-8, T-12), tube configuration (twin, quad, triple), base type, 

and nominal wattage for fluorescent and compact fluorescent luminaires. 
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c. Lamp type, wattage, bulb type (ED17, BD56, etc.) and coating (clear or coated) for HID 
luminaires. 

d. Start type (preheat, rapid start, instant start) for fluorescent and compact fluorescent 
luminaires. 

e. ANSI ballast type (M98, M57, etc.) for HID luminaires. 
f. CCT and CRI for all luminaires. 

2.03 FLUORESCENT BALLASTS AND LAMPS 

A. Ballasts for Low-Temperature Environments: 

1. Temperatures 0 Deg F (Minus 17 Deg C) and Higher:  Electronic type rated for 0 deg F (minus 17 
deg C) starting and operating temperature with indicated lamp types. 

2. Temperatures Minus 20 Deg F (Minus 29 Deg C) and Higher:  Electromagnetic type designed for 
use with indicated lamp types. 

B. Ballast Characteristics: 

1. Power Factor:  90 percent, minimum. 
2. Sound Rating:  Class A. 
3. Total Harmonic Distortion Rating:  Less than 10 percent. 
4. Electromagnetic Ballasts:  Comply with ANSI C82.1, energy-saving, high power factor, Class P, 

automatic-reset thermal protection. 
5. Case Temperature for Compact Lamp Ballasts:  65 deg C, maximum. 
6. Transient-Voltage Protection:  Comply with IEEE C62.41.1 and IEEE C62.41.2, Category A or 

better. 

C. Low-Temperature Lamp Capability:  Rated for reliable starting and operation with ballast provided at 
temperatures minus 20 deg F (minus 29 deg C) and higher. 

2.04 BALLASTS FOR HID LAMPS 

A. Comply with ANSI C82.4 and UL 1029 and capable of open-circuit operation without reduction of average 
lamp life.  Include the following features unless otherwise indicated: 

1. Ballast Circuit:  Constant-wattage autotransformer or regulating high-power-factor type. 
2. Minimum Starting Temperature:  Minus 22 deg F (Minus 30 deg C). 
3. Normal Ambient Operating Temperature:  104 deg F (40 deg C). 
4. Ballast Fuses:  One in each ungrounded power supply conductor.  Voltage and current ratings as 

recommended by ballast manufacturer. 

B. Auxiliary, Instant-On, Quartz System:  Factory-installed feature automatically switches quartz lamp on 
when fixture is initially energized and when momentary power outages occur.  System automatically turns 
quartz lamp off when HID lamp reaches approximately 60 percent of light output. 

C. High-Pressure Sodium Ballasts:  Electromagnetic type with solid-state igniter/starter and capable of open-
circuit operation without reduction of average lamp life.  Igniter/starter shall have an average life in pulsing 
mode of 10,000 hours at an igniter/starter-case temperature of 90 deg C. 

1. Instant-Restrike Device:  Integral with ballast, or solid-state potted module, factory installed within 
fixture and compatible with lamps, ballasts, and mogul sockets up to 150 W. 

a. Restrike Range:  105- to 130-V ac. 
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b. Maximum Voltage:  250-V peak or 150-V ac rms. 

2. Minimum Starting Temperature:  Minus 40 deg F (Minus 40 deg C). 

2.05 HID LAMPS 

A. Pulse-Start, Metal-Halide Lamps:  Minimum CRI 80, and CCT color temperature 4000 K. 

B. Ceramic, Pulse-Start, Metal-Halide Lamps:  Minimum CRI 80, and CCT color temperature 4000 K. 

2.06 GENERAL REQUIREMENTS FOR POLES AND SUPPORT COMPONENTS 

A. Structural Characteristics:  Comply with AASHTO LTS-4-M. 

1. Wind-Load Strength of Poles:  Adequate at indicated heights above grade without failure, 
permanent deflection, or whipping in steady winds of speed indicated in "Structural Analysis 
Criteria for Pole Selection" Article. 

2. Strength Analysis:  For each pole, multiply the actual equivalent projected area of luminaires and 
brackets by a factor of 1.1 to obtain the equivalent projected area to be used in pole selection 
strength analysis. 

B. Luminaire Attachment Provisions:  Comply with luminaire manufacturers' mounting requirements.  Use 
stainless-steel fasteners and mounting bolts unless otherwise indicated. 

C. Mountings, Fasteners, and Appurtenances:  Corrosion-resistant items compatible with support 
components. 

1. Materials:  Shall not cause galvanic action at contact points. 
2. Anchor Bolts, Leveling Nuts, Bolt Caps, and Washers:  Hot-dip galvanized after fabrication unless 

otherwise indicated. 
3. Anchor-Bolt Template:  Plywood or steel. 

D. Handhole:  Oval-shaped, with minimum clear opening of 2-1/2 by 5 inches (65 by 130 mm), with cover 
secured by stainless-steel captive screws. 

E. Concrete Pole Foundations:  Cast in place, with anchor bolts to match pole-base flange.  Concrete, 
reinforcement, and formwork are specified in Division 03 Section "Cast-in-Place Concrete." 

2.07 STEEL POLES 

A. Poles:  Comply with ASTM A 500, Grade B, carbon steel with a minimum yield of 46,000 psig (317 MPa); 
one-piece construction up to 40 feet (12 m) in height with access handhole in pole wall. 

1. Shape:  as indicated on luminaire schedule. 
2. Mounting Provisions:  Butt flange for bolted mounting on foundation or breakaway support. 

B. Brackets for Luminaires:  Detachable, cantilever, without underbrace. 

1. Adapter fitting welded to pole, allowing the bracket to be bolted to the pole mounted adapter, then 
bolted together with stainless-steel bolts. 

2. Cross Section:  Tapered oval, with straight tubular end section to accommodate luminaire. 
3. Match pole material and finish. 
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C. Pole-Top Tenons:  Fabricated to support luminaire or luminaires and brackets indicated, and securely 
fastened to pole top. 

D. Grounding and Bonding Lugs:  Welded 1/2-inch (13-mm) threaded lug, complying with requirements in 
Division 26 Section "Grounding and Bonding for Electrical Systems," listed for attaching grounding and 
bonding conductors of type and size listed in that Section, and accessible through handhole. 

E. Cable Support Grip:  Wire-mesh type with rotating attachment eye, sized for diameter of cable and rated 
for a minimum load equal to weight of supported cable times a 5.0 safety factor. 

F. Factory-Painted Finish:  Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal 
Products" for recommendations for applying and designating finishes. 

1. Surface Preparation:  Clean surfaces to comply with SSPC-SP 1, "Solvent Cleaning," to remove 
dirt, oil, grease, and other contaminants that could impair paint bond.  Grind welds and polish 
surfaces to a smooth, even finish.  Remove mill scale and rust, if present, from uncoated steel, 
complying with SSPC-SP 5/NACE No. 1, "White Metal Blast Cleaning," or with SSPC-SP 8, 
"Pickling." 

2. Interior Surfaces of Pole:  One coat of bituminous paint, or otherwise treat for equal corrosion 
protection. 

3. Exterior Surfaces:  Manufacturer's standard finish consisting of one or more coats of primer and 
two finish coats of high-gloss, high-build polyurethane enamel. 

a. Color:  as selected by architect. 

2.08 ALUMINUM POLES 

A. Poles:  Seamless, extruded structural tube complying with ASTM B 429/B 429M, Alloy 6063-T6 with 
access handhole in pole wall. 

B. Poles:  ASTM B 209 (ASTM B 209M), 5052-H34 marine sheet alloy with access handhole in pole wall. 

1. Shape:  as indicated in luminaire schedule. 
2. Mounting Provisions:  Butt flange for bolted mounting on foundation or breakaway support. 

C. Pole-Top Tenons:  Fabricated to support luminaire or luminaires and brackets indicated, and securely 
fastened to pole top. 

D. Grounding and Bonding Lugs:  Welded 1/2-inch (13-mm) threaded lug, complying with requirements in 
Division 26 Section "Grounding and Bonding for Electrical Systems," listed for attaching grounding and 
bonding conductors of type and size listed in that Section, and accessible through handhole. 

E. Brackets for Luminaires:  Detachable, with pole and adapter fittings of cast aluminum.  Adapter fitting 
welded to pole and bracket, then bolted together with stainless-steel bolts. 

1. Tapered oval cross section, with straight tubular end section to accommodate luminaire. 

F. Prime-Coat Finish:  Manufacturer's standard prime-coat finish ready for field painting. 

G. Aluminum Finish:  Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" 
for recommendations for applying and designating finishes.  Color as selected by architect. 
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PART 3 - EXECUTION 

3.01 LUMINAIRE INSTALLATION 

A. Install lamps in each luminaire. 

B. Fasten luminaire to indicated structural supports. 

1. Use fastening methods and materials selected to resist seismic forces defined for the application 
and approved by manufacturer. 

C. Adjust luminaires that require field adjustment or aiming.   

3.02 POLE INSTALLATION 

A. Alignment:  Align pole foundations and poles for optimum directional alignment of luminaires and their 
mounting provisions on the pole. 

B. Clearances:  Maintain the following minimum horizontal distances of poles from surface and underground 
features unless otherwise indicated on Drawings: 

1. Fire Hydrants and Storm Drainage Piping:  60 inches. 
2. Water, Gas, Electric, Communication, and Sewer Lines:  10 feet. 
3. Trees:  15 feet from tree trunk. 

C. Concrete Pole Foundations:  Set anchor bolts according to anchor-bolt templates furnished by pole 
manufacturer.  Concrete materials, installation, and finishing requirements are specified in Division 03 
Section "Cast-in-Place Concrete." 

D. Foundation-Mounted Poles:  Mount pole with leveling nuts, and tighten top nuts to torque level 
recommended by pole manufacturer. 

1. Use anchor bolts and nuts selected to resist seismic forces defined for the application and 
approved by manufacturer. 

2. Grout void between pole base and foundation.  Use nonshrink or expanding concrete grout firmly 
packed to fill space. 

3. Install base covers unless otherwise indicated. 
4. Use a short piece of 1/2-inch- (13-mm-) diameter pipe to make a drain hole through grout.  Arrange 

to drain condensation from interior of pole. 

E. Poles and Pole Foundations Set in Concrete Paved Areas:  Install poles with minimum of 6-inch- (150-
mm-) wide, unpaved gap between the pole or pole foundation and the edge of adjacent concrete slab.  
Fill unpaved ring with pea gravel to a level 1 inch (25 mm) below top of concrete slab. 

F. Raise and set poles using web fabric slings (not chain or cable). 

3.03 BOLLARD LUMINAIRE INSTALLATION 

A. Align units for optimum directional alignment of light distribution. 

B. Install on concrete base with top 4 inches (100 mm)  above finished grade or surface at bollard location.  
Cast conduit into base, and shape base to match shape of bollard base.  Finish by troweling and rubbing 
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smooth.  Concrete materials, installation, and finishing are specified in Division 03 Section "Cast-in-Place 
Concrete." 

3.04 INSTALLATION OF INDIVIDUAL GROUND-MOUNTING LUMINAIRES 

A. Install on concrete base with top 4 inches (100 mm)  above finished grade or surface at luminaire 
location.  Cast conduit into base, and finish by troweling and rubbing smooth.  Concrete materials, 
installation, and finishing are specified in Division 03 Section "Cast-in-Place Concrete." 

3.05 CORROSION PREVENTION 

A. Aluminum:  Do not use in contact with earth or concrete.  When in direct contact with a dissimilar metal, 
protect aluminum by insulating fittings or treatment. 

B. Steel Conduits:  Comply with Division 26 Section "Raceway and Boxes for Electrical Systems." In 
concrete foundations, wrap conduit with 0.010-inch- (0.254-mm-) thick, pipe-wrapping plastic tape applied 
with a 50 percent overlap. 

3.06 GROUNDING 

A. Ground metal poles and support structures according to Division 26 Section "Grounding and Bonding for 
Electrical Systems." 

1. Install grounding electrode for each pole unless otherwise indicated. 
2. Install grounding conductor pigtail in the base for connecting luminaire to grounding system. 

3.07 FIELD QUALITY CONTROL 

A. Inspect each installed fixture for damage.  Replace damaged fixtures and components. 

B. Illumination Observations:  Verify normal operation of lighting units after installing luminaires and 
energizing circuits with normal power source. 

1. Verify operation of photoelectric controls. 

C. Illumination Tests: 

1. Measure light intensities at night.  Use photometers with calibration referenced to NIST standards.  
Comply with the following IESNA testing guide(s): 

a. IESNA LM-5, "Photometric Measurements of Area and Sports Lighting Installations." 
b. IESNA LM-50, "Photometric Measurements of Roadway Lighting Installations." 
c. IESNA LM-52, "Photometric Measurements of Roadway Sign Installations." 
d. IESNA LM-64, "Photometric Measurements of Parking Areas." 
e. IESNA LM-72, "Directional Positioning of Photometric Data." 

D. Prepare a written report of tests, inspections, observations, and verifications indicating and interpreting 
results.  If adjustments are made to lighting system, retest to demonstrate compliance with standards. 
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3.08 DEMONSTRATION 

A. Train Owner's maintenance personnel to adjust, operate, and maintain luminaire lowering devices. 
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END OF SECTION 265600 
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SECTION 28-05-13 

CONDUCTORS AND CABLES FOR ELECTRONIC SAFETY AND SECURITY 
 
 

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. UTP cabling. 

2. 50/125 micrometer, multimode optical fiber cabling. 

3. Coaxial cabling. 

4. RS-232 cabling. 

5. RS-485 cabling. 

6. Low-voltage control cabling. 

7. Control-circuit conductors. 

8. Fire alarm wire and cable. 

9. Identification products. 

1.3 DEFINITIONS 

A. BICSI:  Building Industry Consulting Service International. 

B. EMI:  Electromagnetic interference. 

C. IDC:  Insulation displacement connector. 

D. Low Voltage:  As defined in NFPA 70 for circuits and equipment operating at less than 50 V or for remote-
control and signaling power-limited circuits. 

E. Open Cabling:  Passing telecommunications cabling through open space (e.g., between the studs of a 
wall cavity). 

F. RCDD:  Registered Communications Distribution Designer. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

1. For coaxial cable, include the following installation data for each type used: 

a. Nominal OD. 

b. Minimum bending radius. 

c. Maximum pulling tension. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified layout technician, installation supervisor, and field inspector. 

B. Source quality-control reports. 

C. Field quality-control reports. 
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1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An NRTL. 

1. Testing Agency's Field Supervisor:  Currently certified by BICSI as an RCDD to supervise on-site 
testing. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Test cables upon receipt at Project site. 

1. Test optical fiber cable to determine the continuity of the strand end to end.  Use optical fiber 
flashlight or optical loss test set. 

2. Test optical fiber cable on reels.  Use an optical time domain reflectometer to verify the cable 
length and locate cable defects, splices, and connector; include the loss value of each.  Retain test 
data and include the record in maintenance data. 

3. Test each pair of UTP cable for open and short circuits. 

1.8 FIELD CONDITIONS 

A. Do not install conductors and cables that are wet, moisture damaged, or mold damaged. 

1. Indications that wire and cables are wet or moisture damaged include, but are not limited to, 
discoloration and sagging of factory packing materials. 

B. Environmental Limitations:  Do not deliver or install UTP, optical fiber, and coaxial cables and connecting 
materials until wet work in spaces is complete and dry, and temporary HVAC system is operating and 
maintaining ambient temperature and humidity conditions at occupancy levels during the remainder of the 
construction period. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Surface-Burning Characteristics:  Comply with ASTM E 84; testing by a qualified testing agency.  Identify 
products with appropriate markings of applicable testing agency. 

1. Flame-Spread Index:  25 or less. 

2. Smoke-Developed Index:  50 or less. 

B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

2.2 BACKBOARDS 

A. Backboards:  Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by 1220 by 2440 mm).  Comply 
with requirements for plywood backing panels in Section 061000 "Rough Carpentry." 

2.3 UTP CABLE 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following: 

1. AMP Netconnect; a brand of Tyco Electronics Corporation. 

2. Belden Inc. 

3. Berk-Tek; a Nexans company. 

4. CommScope, Inc. 

5. Mohawk; a division of Belden Networking, Inc. 

6. Superior Essex Inc. 

7. SYSTIMAX Solutions; a CommScope, Inc. brand. 

8. 3M; Communication Markets Division. 
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B. Description:  100-ohm, four-pair UTP, covered with a blue thermoplastic jacket. 

1. Comply with ICEA S-90-661 for mechanical properties. 

2. Comply with TIA/EIA-568-B.1 for performance specifications. 

3. Comply with TIA/EIA-568-B.2, Category 5e. 

4. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with 
UL 444 and NFPA 70 for the following types: 

a. Communications, Plenum Rated:  Type CMP complying with NFPA 262. 

b. Communications, Riser Rated:  Type CMR complying with UL 1666. 

c. Communications, Limited Purpose:  Type CMX 

d. Multipurpose:  Type MP or MPG 

e. Multipurpose, Plenum Rated:  Type MPP, complying with NFPA 262. 

f. Multipurpose, Riser Rated:  Type MPR or MPP, complying with UL 1666. 

2.4 UTP CABLE HARDWARE 

A. Manufacturers:  Subject to compliance with requirements, [provide products by the following] [provide 
products by one of the following] [available manufacturers offering products that may be incorporated into 
the Work include, but are not limited to, the following]: 

1. American Technology Systems Industries, Inc. 

2. AMP Netconnect; a brand of Tyco Electronics Corporation. 

3. Belden Inc. 

4. Dynacom Inc. 

5. Hubbell Incorporated; Hubbell Premise Wiring. 

6. Leviton Commercial Networks Division. 

7. Molex Premise Networks; a division of Molex, Inc. 

8. Panduit Corp. 

9. Siemon. 

B. UTP Cable Connecting Hardware:  IDC type, using modules designed for punch-down caps or tools.  
Cables shall be terminated with connecting hardware of the same category or higher. 

C. Connecting Blocks:  110-style for Category 5e. Provide blocks for the number of cables terminated on the 
block, plus 25 percent spare.  Integral with connector bodies, including plugs and jacks where indicated. 

2.5 OPTICAL FIBER CABLE 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following: 

1. AMP Netconnect; a brand of Tyco Electronics Corporation. 

2. Belden Inc. 

3. Berk-Tek; a Nexans company. 

4. CommScope, Inc. 

5. Corning Incorporated; Corning Cable Systems. 

6. CSI Technologies Inc. 

7. General Cable Technologies Corporation. 

8. Mohawk; a division of Belden Networking, Inc. 
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9. Superior Essex Inc. 

10. SYSTIMAX Solutions; a CommScope, Inc. brand. 

11. 3M; Communication Markets Division. 

B. Description:  Multimode, 50/125 micrometer,  nonconductive, tight buffer, optical fiber cable. 

1. Comply with ICEA S-83-596 for mechanical properties. 

2. Comply with TIA/EIA-568-B.3 for performance specifications. 

3. Comply with  TIA-492AAAB  for detailed specifications. 

4. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with 
UL 444, UL 1651, and NFPA 70 for the following types: 

 

a. Plenum Rated, Nonconductive:  Type OFNP, complying with NFPA 262. 

b. Riser Rated, Nonconductive:  Type OFNR or OFNP, complying with UL 1666. 

5. Maximum Attenuation:  3.50 dB/km at 850 nm; 1.5 dB/km at 1300 nm. 

6. Minimum Modal Bandwidth:  160 MHz-km at 850 nm; 500 MHz-km at 1300 nm. 

C. Jacket: 

1. Jacket Color:  Aqua for 50/125-micrometer cable 

2. Cable cordage jacket, fiber, unit, and group color shall be according to TIA-598-C. 

3. Imprinted with fiber count, fiber type, and aggregate length at regular intervals not to exceed 40 
inches (1000 mm). 

2.6 OPTICAL FIBER CABLE HARDWARE 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following  

1. ADC. 

2. American Technology Systems Industries, Inc. 

3. Belden Inc. 

4. Berk-Tek; a Nexans company. 

5. Corning Incorporated; Corning Cable Systems. 

6. CSI Technologies Inc. 

7. Dynacom Inc. 

8. Hubbell Incorporated; Hubbell Premise Wiring. 

9. Molex Premise Networks; a division of Molex, Inc. 

10. Siemon. 

B. Cable Connecting Hardware:  Meet the Optical Fiber Connector Intermateability Standards (FOCIS) 
specifications of TIA-604-2-B, TIA-604-3-B, and TIA/EIA-604-12.  Comply with TIA/EIA-568-B.3. 

1. Quick-connect, simplex and duplex, Type SC connectors.  Insertion loss not more than 0.75 dB. 

2. Type SFF connectors may be used in termination racks, panels, and equipment packages. 

2.7 RS-232 CABLE 

A. Standard Cable:  NFPA 70, Type CM. 

1. Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned copper conductors. 
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2. Polypropylene insulation. 

3. Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage. 

4. PVC jacket. 

5. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper drain wire. 

6. Flame Resistance:  Comply with UL 1581. 

B. Plenum-Rated Cable:  NFPA 70, Type CMP. 

1. Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned copper conductors. 

2. Plastic insulation. 

3. Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage. 

4. Plastic jacket. 

5. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned copper drain wire. 

6. Flame Resistance:  Comply with NFPA 262. 

2.8 RS-485 CABLE 

A. Standard Cable:  NFPA 70, Type CM[ or CMG]. 

1. Paired, 2 pairs, twisted, No. 22 AWG, stranded (7x30) tinned copper conductors. 

2. PVC insulation. 

3. Unshielded. 

4. PVC jacket. 

5. Flame Resistance:  Comply with UL 1581. 

B. Plenum-Rated Cable:  NFPA 70, Type CMP. 

1. Paired, 2 pairs, No. 22 AWG, stranded (7x30) tinned copper conductors. 

2. Fluorinated ethylene propylene insulation. 

3. Unshielded. 

4. Fluorinated ethylene propylene jacket. 

5. Flame Resistance:  NFPA 262, Flame Test. 

2.9 LOW-VOLTAGE CONTROL CABLE 

A. Paired Cable:  NFPA 70, Type CMG. 

1. One pair, twisted, No. 16 AWG, stranded (19x29) and No. 18 AWG, stranded (19x30) tinned 
copper conductors. 

2. PVC insulation. 

3. Unshielded. 

4. PVC jacket. 

5. Flame Resistance:  Comply with UL 1581. 

2.10 FIRE ALARM WIRE AND CABLE 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following and as 
indicated in the fire alarm system specifications sections for specific equipment and circuits. 

1. Atlas 

2. Draka Cableteq USA. 
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3. Belden 

4. Genesis Cable Products; Honeywell International, Inc. 

5. Rockbestos-Suprenant Cable Corp. 

6. West Penn Wire. 

B. General Wire and Cable Requirements:  NRTL listed and labeled as complying with NFPA 70, Article 760. 

C. Signaling Line Circuits:  Twisted, shielded pair, not less than No. 18 AWG, and sized as recommended by 
system manufacturer. 

1. Circuit Integrity Cable:  Twisted shielded pair, NFPA 70, Article 760, Classification CI, for power-
limited fire alarm signal service Type FPL.  NRTL listed and labeled as complying with UL 1424 
and UL 2196 for a 2-hour rating. 

2.11 IDENTIFICATION PRODUCTS 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following: 

1. Brady Worldwide, Inc. 

2. HellermannTyton North America. 

3. Kroy LLC. 

4. Panduit Corp. 

B. Comply with UL 969 for a system of labeling materials, including label stocks, laminating adhesives, and 
inks used by label printers. 

C. Comply with requirements in Section 260553 "Identification for Electrical Systems." 

2.12 SOURCE QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to evaluate cables. 

B. Factory test UTP and optical fiber cables on reels according to TIA/EIA-568-B.1. 

C. Factory test UTP cables according to TIA/EIA-568-B.2. 

D. Factory test multimode optical fiber cables according to TIA-526-14-A and TIA/EIA-568-B.3. 

E. Factory sweep test coaxial cables at frequencies from 5 MHz to 1 GHz.  Sweep test shall test the 
frequency response, or attenuation over frequency, of a cable by generating a voltage whose frequency is 
varied through the specified frequency range and graphing the results. 

F. Cable will be considered defective if it does not pass tests and inspections. 

G. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.1 INSTALLATION OF HANGERS AND SUPPORTS 

A. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for 
installation of supports for cables. 

3.2 WIRING METHOD 

A. Install wiring in metal pathways and wireways. 

1. Minimum conduit size shall be 3/4 inch (21 mm) Control and data transmission wiring shall not 
share conduit with other building wiring systems. 

2. Comply with requirements in Section 280528 "Pathways for Electronic Safety and Security." 

3. Comply with requirements in Section 260536 "Cable Trays for Electrical Systems." 

B. Install cable, concealed in accessible ceilings, walls, and floors when possible. 
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C. Wiring within Enclosures: 

1. Bundle, lace, and train conductors to terminal points with no excess and without exceeding 
manufacturer's limitations on bending radii. 

2. Install lacing bars and distribution spools. 

3. Separate power-limited and non-power-limited conductors as recommended in writing by 
manufacturer. 

4. Install conductors parallel with or at right angles to sides and back of enclosure. 

5. Connect conductors that are terminated, spliced, or interrupted in any enclosure associated with 
intrusion system to terminal blocks. 

6. Mark each terminal according to system's wiring diagrams. 

7. Make all connections with approved crimp-on terminal spade lugs, pressure-type terminal blocks, 
or plug connectors. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Comply with NECA 1. 

B. Conductors:  Size according to system manufacturer's written instructions unless otherwise indicated. 

C. General Requirements for Cabling: 

1. Comply with TIA/EIA-568-B.1. 

2. Comply with BICSI ITSIM, Ch. 6, "Cable Termination Practices." 

3. Terminate all conductors; no cable shall contain unterminated elements.  Make terminations only at 
indicated outlets, terminals, and cross-connect and patch panels. 

4. Cables may not be spliced.  Secure and support cables at intervals not exceeding 30 inches (760 
mm) and not more than 6 inches (150 mm) from cabinets, boxes, fittings, outlets, racks, frames, 
and terminals. 

5. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's limitations 
on bending radii, but not less than radii specified in BICSI ITSIM, "Cabling Termination Practices" 
Chapter.  Install lacing bars and distribution spools. 

6. Do not install bruised, kinked, scored, deformed, or abraded cable.  Do not splice cable between 
termination, tap, or junction points.  Remove and discard cable if damaged during installation and 
replace it with new cable. 

7. Cold-Weather Installation:  Bring cable to room temperature before dereeling.  Heat lamps shall not 
be used for heating. 

8. Pulling Cable:  Comply with BICSI ITSIM, Ch. 4, "Pulling Cable."  Monitor cable pull tensions. 

D. UTP Cable Installation:  Install using techniques, practices, and methods that are consistent with 
Category 5e rating of components and that ensure Category 5e performance of completed and linked 
signal paths, end to end. 

1. Comply with TIA/EIA-568-B.2. 

2. Install 110-style IDC termination hardware unless otherwise indicated. 

3. Do not untwist UTP cables more than 1/2 inch (12 mm) from the point of termination to maintain 
cable geometry. 

E. Optical Fiber Cable Installation: 

1. Comply with TIA/EIA-568-B.3. 

2. Cable shall be terminated on connecting hardware that is rack or cabinet mounted. 
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F. Separation from EMI Sources: 

1. Comply with BICSI TDMM and TIA-569-B recommendations for separating unshielded copper 
voice and data communication cable from potential EMI sources, including electrical power lines 
and equipment. 

2. Separation between communications cables in grounded metallic raceways and unshielded power 
lines or electrical equipment shall be as follows: 

a. Electrical Equipment Rating Less Than 2 kVA:  A minimum of 2-1/2 inches (64 mm). 

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 6 inches (150 mm). 

c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 12 inches (300 mm). 

3. Separation between cables in grounded metallic raceways and power lines and electrical 
equipment located in grounded metallic conduits or enclosures shall be as follows: 

a. Electrical Equipment Rating Less Than 2 kVA:  No requirement. 

b. Electrical Equipment Rating between 2 and 5 kVA:  A minimum of 3 inches (75 mm). 

c. Electrical Equipment Rating More Than 5 kVA:  A minimum of 6 inches (150 mm). 

4. Separation between Cables and Electrical Motors and Transformers, 5 kVA or HP and Larger:  A 
minimum of 48 inches (1200 mm). 

5. Separation between Cables and Fluorescent Fixtures:  A minimum of 10 inches (127 mm). 

3.4 FIRE ALARM WIRING INSTALLATION 

A. Comply with NECA 1 and NFPA 72. 

B. Wiring Method:  Install wiring in metal raceway.  

1. Fire alarm circuits and equipment control wiring associated with the fire alarm system shall be 
installed in a dedicated raceway system.  This system shall not be used for any other wire or cable. 

C. Wiring Method: 

1. Cables and raceways used for fire alarm circuits, and equipment control wiring associated with the 
fire alarm system, may not contain any other wire or cable. 

2. Signaling Line Circuits:  Power-limited fire alarm cables shall not be installed in the same cable or 
raceway as signaling line circuits. 

D. Wiring within Enclosures:  Separate power-limited and non-power-limited conductors as recommended by 
manufacturer.  Install conductors parallel with or at right angles to sides and back of the enclosure.  
Bundle, lace, and train conductors to terminal points with no excess.  Connect conductors that are 
terminated, spliced, or interrupted in any enclosure associated with the fire alarm system to terminal 
blocks.  Mark each terminal according to the system's wiring diagrams.  Make all connections with 
approved crimp-on terminal spade lugs, pressure-type terminal blocks, or plug connectors. 

E. Cable Taps:  Use numbered terminal strips in outlet boxes, cabinets, or equipment enclosures where 
circuit connections are made. 

F. Color-Coding:  Color-code fire alarm conductors differently from the normal building power wiring.  Use 
one color-code for alarm circuit wiring and another for supervisory circuits.  Color-code audible alarm-
indicating circuits differently from alarm-initiating circuits.  Use different colors for visible alarm-indicating 
devices.  Paint fire alarm system junction boxes and covers red. 

G. Risers:  Install at least two vertical cable risers to serve the fire alarm system.  Separate risers in close 
proximity to each other with a minimum one-hour-rated wall, so the loss of one riser does not prevent the 
receipt or transmission of signals from other floors or zones. 
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H. Wiring to Remote Alarm Transmitting Device:  1-inch (25-mm) conduit between the fire alarm control 
panel and the transmitter.  Install number of conductors and electrical supervision for connecting wiring as 
needed to suit monitoring function. 

3.5 POWER AND CONTROL-CIRCUIT CONDUCTORS 

A. 120-V Power Wiring:  Install according to Section 260519 "Low-Voltage Electrical Power Conductors and 
Cables" unless otherwise indicated. 

B. Minimum Conductor Sizes: 

1. Class 1 remote-control and signal circuits, No. 14 AWG. 

2. Class 2 low-energy, remote-control and signal circuits, No. 16 AWG. 

3. Class 3 low-energy, remote-control, alarm and signal circuits, No. 12 AWG. 

3.6 CONNECTIONS 

A. Comply with requirements in Section 283111 "Digital, Addressable Fire-Alarm System for connecting, 
terminating, and identifying wires and cables. 

3.7 FIRESTOPPING 

A. Maintain integrity of fire rated walls with fire stopping. 

B. Comply with TIA-569-B, "Firestopping" Annex A. 

C. Comply with BICSI TDMM, "Firestopping Systems" Article. 

3.8 GROUNDING 

A. For communications wiring, comply with J-STD-607-A and with BICSI TDMM, "Grounding, Bonding, and 
Electrical Protection" Chapter. 

B. For low-voltage wiring and cabling, comply with requirements in Section 260526 "Grounding and Bonding 
for Electrical Systems." 

3.9 IDENTIFICATION 

A. Identify system components, wiring, and cabling complying with TIA/EIA-606-A.  Comply with 
requirements for identification specified in Section 260553 "Identification for Electrical Systems." 

3.10 FIELD QUALITY CONTROL 

A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to test and inspect 
components, assemblies, and equipment installations, including connections. 

C. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 

1. Visually inspect UTP and optical fiber cable jacket materials for NRTL certification markings.  
Inspect cabling terminations to confirm color-coding for pin assignments, and inspect cabling 
connections to confirm compliance with TIA/EIA-568-B.1. 

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment and patch 
cords, and labeling of all components. 

3. Test UTP cabling for DC loop resistance, shorts, opens, intermittent faults, and polarity between 
conductors.  Test operation of shorting bars in connection blocks.  Test cables after termination but 
not cross connection. 

a. Test instruments shall meet or exceed applicable requirements in TIA/EIA-568-B.2.  Perform 
tests with a tester that complies with performance requirements in "Test Instruments 
(Normative)" Annex, complying with measurement accuracy specified in "Measurement 
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Accuracy (Informative)" Annex.  Use only test cords and adapters that are qualified by test 
equipment manufacturer for channel or link test configuration. 

4. Optical Fiber Cable Tests: 

a. Test instruments shall meet or exceed applicable requirements in TIA/EIA-568-B.1.  Use 
only test cords and adapters that are qualified by test equipment manufacturer for channel or 
link test configuration. 

b. Link End-to-End Attenuation Tests: 

1) Multimode Link Measurements:  Test at 850 or 1300 nm in one direction according to 
TIA-526-14-A, Method B, One Reference Jumper. 

2) Attenuation test results for links shall be less than 2.0 dB.  Attenuation test results 
shall be less than that calculated according to equation in TIA/EIA-568-B.1. 

5. Coaxial Cable Tests:  Comply with requirements in Section 274133 "Master Antenna Television 
System." 

D. Document data for each measurement.  Print data for submittals in a summary report that is formatted 
using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument to the computer, 
save as text files, print, and submit. 

E. End-to-end cabling will be considered defective if it does not pass tests and inspections. 

F. Prepare test and inspection reports. 

 

 

END OF SECTION 280513 
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SECTION 28-05-26 

GROUNDING AND BONDING FOR ELECTRONIC SAFETY AND SECURITY 

 
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. Grounding conductors. 

2. Grounding connectors. 

3. Grounding busbars. 

1.3 DEFINITIONS 

A. Signal Ground:  The ground reference point designated by manufacturer of the system that is considered 
to have zero voltage. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

PART 2 - PRODUCTS 

2.1 CONDUCTORS 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following: 

1. Harger Lightning and Grounding. 

2. Panduit Corp. 

3. Tyco Electronics Corp. 

B. Comply with UL 486A-486B. 

C. Insulated Conductors:  Stranded copper wire, green or green with yellow stripe insulation, insulated for 
600 V, and complying with UL 83. 

1. Ground wire for custom-length equipment ground jumpers shall be No. 6 AWG, 19-strand, UL-
listed, Type THHN wire. 

D. Bare Copper Conductors: 

1. Solid Conductors:  ASTM B 3. 

2. Stranded Conductors:  ASTM B 8. 

3. Tinned Conductors:  ASTM B 33. 

4. Bonding Cable:  28 kcmils (14.2 sq. mm), 14 strands of No. 17 AWG conductor, and 1/4 inch (6.3 
mm) in diameter. 

5. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor. 

6. Bonding Jumper:  Tinned-copper tape, braided conductors terminated with two-hole copper 
ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick. 
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2.2 CONNECTORS 

A. Irreversible connectors listed for the purpose.  Listed by an NRTL as complying with NFPA 70 for specific 
types, sizes, and combinations of conductors and other items connected.  Comply with UL 486A-486B. 

B. Manufacturers:  Subject to compliance with requirements, provide products by the following: 

1. Burndy; Part of Hubbell Electrical Systems. 

2. Chatsworth Products, Inc. 

3. Harger Lightning and Grounding. 

4. Panduit Corp. 

5. Tyco Electronics Corp. 

C. Compression Wire Connectors:  Crimp-and-compress connectors that bond to the conductor when the 
connector is compressed around the conductor.  Comply with UL 467. 

1. Electroplated tinned copper, C and H shaped. 

D. Busbar Connectors:  Cast silicon bronze, solderless compression type mechanical connector; with a long 
barrel and two holes spaced on 5/8- or 1-inch (15.8- or 25.4-mm) centers for a two-bolt connection to the 
busbar. 

E. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for materials 
being joined and installation conditions. 

PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with IEEE 1100, "Recommended Practice for Power and Grounding Electronic Equipment." 

1. Ground cable shields, drain conductors, and equipment to eliminate shock hazard and to minimize 
ground loops, common-mode returns, noise pickup, cross talk, and other impairments. 

2. Bond shields and drain conductors to ground at only one point in each circuit. 

B. Signal Ground: 

1. For each system, establish the signal ground and label that location as such. 

2. Bond the signal ground to the alternating-current (ac) power system service by connecting to one 
of the following listed locations, using insulated No. 6 AWG, stranded, Type THHN wire: 

a. Grounding bar in an electrical power panelboard if located in the same room or space as the 
signal ground. 

b. Telecommunications grounding busbar. 

C. Comply with NECA 1. 

3.2 APPLICATION 

A. Conductors:  Install solid conductor for No. 8 AWG and smaller and stranded conductors for No. 6 AWG 
and larger unless otherwise indicated. 

B. Grounding and Bonding Conductors: 

1. Install in the straightest and shortest route between the origination and termination point, and no 
longer than required.  The bend radius shall not be smaller than eight times the diameter of the 
conductor.  No one bend may exceed 90 degrees. 

2. Install without splices. 

3. Support at not more than 36-inch (900-mm) intervals. 
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3.3 CONNECTIONS 

A. Stacking of conductors under a single bolt is not permitted when connecting to busbars. 

B. Assemble the wire connector to the conductor, complying with manufacturer's written instructions and as 
follows: 

1. Use crimping tool and the die specific to the connector. 

2. Pretwist the conductor. 

3. Apply an antioxidant compound to all bolted and compression connections. 

C. Shielded Cable:  Bond the shield of shielded cable to the signal ground.  Comply with TIA/EIA-568-B.1 
and TIA/EIA-568-B.2 when grounding screened, balanced, twisted-pair cables. 

D. Rack- and Cabinet-Mounted Equipment:  Bond powered equipment chassis to the cabinet or rack 
grounding bar.  Power connection shall comply with NFPA 70; the equipment grounding conductor in the 
power cord of cord- and plug-connected equipment shall be considered as a supplement to bonding 
requirements in this Section. 

3.4 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Inspect physical and mechanical condition.  Verify tightness of accessible, bolted, electrical 
connections with a calibrated torque wrench according to manufacturer's written instructions. 

C. Grounding system will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 
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END OF SECTION 280526 
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SECTION 28-05-28 

PATHWAYS FOR ELECTRONIC SAFETY AND SECURITY 

 

 

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. Metal conduits, tubing, and fittings. 

2. Nonmetallic conduits, tubing, and fittings. 

3. Optical-fiber-cable pathways and fittings. 

4. Metal wireways and auxiliary gutters. 

5. Surface pathways. 

6. Boxes, enclosures, and cabinets. 

7. Handholes and boxes for exterior underground cabling. 

B. Related Requirements: 

1. Section 260543 "Underground Ducts and Raceways for Electrical Systems" for exterior ductbanks, 
manholes, and underground utility construction. 

2. Section 260533 "Raceways and Boxes for Electrical Systems" for conduits, wireways, surface 
raceways, boxes, enclosures, cabinets, handholes, and faceplate adapters serving electrical 
systems. 

3. Section 270528 "Pathways for Communications Systems" for conduits, surface pathways, 
innerduct, boxes, and faceplate adapters serving communications systems. 

1.3 DEFINITIONS 

A. GRC:  Galvanized rigid steel conduit. 

B. IMC:  Intermediate metal conduit. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For surface pathways, wireways and fittings, floor boxes, hinged-cover enclosures, and 
cabinets. 

B. Shop Drawings:  For custom enclosures and cabinets.  Include plans, elevations, sections, and 
attachment details. 
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PART 2 - PRODUCTS 
 

2.1 METAL CONDUITS, TUBING, AND FITTINGS 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following or equivalent:   

1. Allied Tube & Conduit. 

2. Picoma Industries. 

3. Republic Conduit. 

4. Robroy Industries. 

5. Thomas & Betts Corporation. 

6. Western Tube and Conduit Corporation. 

7. Wheatland Tube Company. 

 

B. General Requirements for Metal Conduits and Fittings: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended 
location and application. 

2. Comply with TIA-569-B. 

C. GRC:  Comply with ANSI C80.1 and UL 6. 

D. IMC:  Comply with ANSI C80.6 and UL 1242. 

E. PVC-Coated Steel Conduit:  PVC-coated rigid steel conduit. 

1. Comply with NEMA RN 1. 

2. Coating Thickness:  0.040 inch (1 mm), minimum. 

F. EMT:  Comply with ANSI C80.3 and UL 797. 

G. Fittings for Metal Conduit:  Comply with NEMA FB 1 and UL 514B. 

1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886 and NFPA 70. 

2. Fittings for EMT: 

a. Material:  Steel. 

b. Type:  compression. 

3. Expansion Fittings:  PVC or steel to match conduit type, complying with UL 467, rated for 
environmental conditions where installed, and including flexible external bonding jumper. 

4. Coating for Fittings for PVC-Coated Conduit:  Minimum thickness of 0.040 inch (1 mm), with 
overlapping sleeves protecting threaded joints. 

H. Joint Compound for IMC, GRC:  Approved, as defined in NFPA 70, by authorities having jurisdiction for 
use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from 
corrosion and to enhance their conductivity. 

2.2 METAL WIREWAYS AND AUXILIARY GUTTERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following: 
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1. Cooper B-Line, Inc. 

2. Hoffman. 

3. Mono-Systems, Inc. 

4. Square D. 

B. Description:  Sheet metal, complying with UL 870 and NEMA 250, Type 1 or Type 4 as required by 
location, unless otherwise indicated, and sized according to NFPA 70. 

1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a qualified 
testing agency, and marked for intended location and application. 

2. Comply with TIA-569-B. 

C. Fittings and Accessories:  Include couplings, offsets, elbows, expansion joints, adapters, hold-down 
straps, end caps, and other fittings to match and mate with wireways as required for complete system. 

D. Wireway Covers:  Hinged type unless otherwise indicated. 

E. Finish:  Manufacturer's standard enamel finish. 

2.3 BOXES, ENCLOSURES, AND CABINETS 

A.  Manufacturers:  Subject to compliance with requirements, provide products by the following: 

 

1. Cooper Technologies Company; Cooper Crouse-Hinds. 

2. EGS/Appleton Electric. 

3. Erickson Electrical Equipment Company. 

4. Hoffman. 

5. Lamson & Sessions; Carlon Electrical Products. 

6. Milbank Manufacturing Co. 

7. O-Z/Gedney. 

8. Quazite:Hubbell Power Systems, Inc. 

9. RACO; Hubbell. 

10. Robroy Industries. 

11. Spring City Electrical Manufacturing Company. 

12. Thomas & Betts Corporation. 

13. Wiremold / Legrand. 

 

B. General Requirements for Boxes, Enclosures, and Cabinets: 

1. Comply with TIA-569-B. 

2. Boxes, enclosures and cabinets installed in wet locations shall be listed for use in wet locations. 

C. Sheet-Metal Outlet and Device Boxes:  Comply with NEMA OS 1 and UL 514A. 

D. Cast-Metal Outlet and Device Boxes:  Comply with NEMA FB 1, aluminum, Type FD, with gasketed 
cover. 
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E. Box extensions used to accommodate new building finishes shall be of same material as recessed box. 

F. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1. 

G. Device Box Dimensions:  4-inches square by 2-1/8 inches deep (100 mm square by 60 mm deep. 

H. Gangable boxes are prohibited. 

I. Hinged-Cover Enclosures:  Comply with UL 50 and NEMA 250, Type 1 with continuous-hinge cover with 
flush latch unless otherwise indicated. 

1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel. 

2. Interior Panels:  Steel; all sides finished with manufacturer's standard enamel. 

J. Cabinets: 

1. NEMA 250, Type 1 galvanized-steel box with removable interior panel and removable front, 
finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 

3. Key latch. 

4. Metal barriers to separate wiring of different systems and voltage. 

5. Accessory feet where required for freestanding equipment. 

2.4 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND CABLING 

A. General Requirements for Handholes and Boxes: 

1. Boxes and handholes for use in underground systems shall be designed and identified as defined 
in NFPA 70, for intended location and application. 

2. Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a qualified 
testing agency, and marked for intended location and application. 

3. Comply with TIA-569-B. 

B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover:  Molded of sand and aggregate, 
bound together with polymer resin, and reinforced with steel, fiberglass or a combination of the two. 

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

a. Armorcast Products Company. 

b. Carson Industries LLC. 

c. NewBasis. 

d. Oldcastle Precast, Inc; Christy Concrete Products. 

e. Quazite: Hubbell Power System, Inc; Hubbell Power Systems. 

f. Synertech Moulded Products. 

2. Standard:  Comply with SCTE 77. 

3. Configuration:  Designed for flush burial with open bottom unless otherwise indicated. 

4. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural load 
rating consistent with enclosure and handhole location. 

5. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50. 

6. Cover Legend:  Molded lettering, “FIRE” or “ELECTRIC”. 
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7. Conduit Entrance Provisions:  Conduit-terminating fittings shall mate with entering ducts for secure, 
fixed installation in enclosure wall. 

8. Handholes 12 Inches Wide by 24 Inches Long (300 mm Wide by 600 mm Long) and Larger:  Have 
inserts for cable racks and pulling-in irons installed before concrete is poured. 

2.5 SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES 

A. Handhole and Pull-Box Prototype Test:  Test prototypes of handholes and boxes for compliance with 
SCTE 77.  Strength tests shall be for specified tier ratings of products supplied. 

1. Tests of materials shall be performed by an independent testing agency. 

2. Strength tests of complete boxes and covers shall be by either an independent testing agency or 
manufacturer.  A qualified registered professional engineer shall certify tests by manufacturer. 

3. Testing machine pressure gages shall have current calibration certification complying with 
ISO 9000 and ISO 10012, and traceable to NIST standards. 

 
PART 3 - EXECUTION 

3.1 PATHWAY APPLICATION 

A. Outdoors:  Apply pathway products as specified below unless otherwise indicated: 

1. Exposed Conduit:  GRC. 

2. Concealed Conduit, Aboveground:  GRC. 

3. Underground Conduit:  RNC, Type EPC-40-PVC concrete encased. 

4. Boxes and Enclosures, Aboveground:  NEMA 250, Type 4. 

B. Indoors:  Apply pathway products as specified below unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage:  EMT. 

2. Exposed, Not Subject to Severe Physical Damage:  EMT.  

3. Exposed and Subject to Severe Physical Damage:  GRC.  Pathway locations include the following: 

a. Loading dock. 

b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units. 

c. Mechanical rooms. 

4. Concealed in Ceilings and Interior Walls and Partitions:  EMT. 

5. Damp or Wet Locations:  GRC. 

6. Pathways for Optical-Fiber or Communications Cable in Spaces Used for Environmental Air:  EMT. 

7. Pathways for Optical-Fiber or Communications-Cable Risers in Vertical Shafts:  EMT. 

8. Pathways for Concealed General Purpose Distribution of Optical-Fiber or Communications Cable: 
EMT. 

9. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4 stainless steel in damp 
or wet locations. 

C. Minimum Pathway Size:  1/2-inch (16-mm) trade size.  Minimum size for optical-fiber cables is 1 inch (27 
mm). 
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D. Pathway Fittings:  Compatible with pathways and suitable for use and location. 

1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings unless otherwise 
indicated.  Comply with NEMA FB 2.10. 

2. PVC Externally Coated, Rigid Steel Conduits:  Use only fittings listed for use with this type of 
conduit.  Patch and seal all joints, nicks, and scrapes in PVC coating after installing conduits and 
fittings.  Use sealant recommended by fitting manufacturer and apply in thickness and number of 
coats recommended by manufacturer. 

3. EMT:  Use compression fittings.  Comply with NEMA FB 2.10. 

E. Install surface pathways only where indicated on Drawings. 

3.2 INSTALLATION 

A. Comply with NECA 1, NECA 101, and TIA-569-B for installation requirements except where requirements 
on Drawings or in this article are stricter.  Comply with NECA 102 for aluminum pathways.  Comply with 
NFPA 70 limitations for types of pathways allowed in specific occupancies and number of floors. 

B. Keep pathways at least 12 inches (150 mm) away from parallel runs of flues and steam or hot-water 
pipes.  Install horizontal pathway runs above water and steam piping. 

C. Complete pathway installation before starting conductor installation. 

D. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for hangers 
and supports. 

E. Arrange stub-ups so curved portions of bends are not visible above finished slab. 

F. Install no more than the equivalent of three 90-degree bends in any conduit run except for 
communications wiring conduits for which only two 90-degree bends are allowed.  Support within 12 
inches (300 mm) of changes in direction. 

G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated.  Install 
conduits parallel or perpendicular to building lines. 

H. Support conduit within 12 inches (300 mm) of enclosures to which attached. 

I. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply listed 
compound to threads of pathway and fittings before making up joints.  Follow compound manufacturer's 
written instructions. 

J. Coat field-cut threads on PVC-coated pathway with a corrosion-preventing conductive compound prior to 
assembly. 

K. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or 
cabinets.  Install insulated bushings on conduits terminated with locknuts. 

L. Install pathways square to the enclosure and terminate at enclosures with locknuts.  Install locknuts hand 
tight plus 1/4 turn more. 

M. Do not rely on locknuts to penetrate nonconductive coatings on enclosures.  Remove coatings in the 
locknut area prior to conduit assembly to assure a continuous ground path. 

N. Cut conduit perpendicular to the length.  For conduits of 2-inch (53-mm) trade size and larger, use roll 
cutter or a guide to ensure cut is straight and perpendicular to the length. 

O. Install pull wires in empty pathways.  Use polypropylene or monofilament plastic line with not less than 
200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm) of slack at each end of pull wire.  Cap 
underground pathways designated as spare above grade alongside pathways in use. 

P. Surface Pathways: 
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1. Install surface pathway for surface electrical outlet boxes only where indicated on Drawings. 

2. Install surface pathway with a minimum 2-inch (50-mm) radius control at bend points. 

3. Secure surface pathway with screws or other anchor-type devices at intervals not exceeding 48 
inches (1200 mm) and with no less than two supports per straight pathway section.  Support 
surface pathway according to manufacturer's written instructions.  Tape and glue are not 
acceptable support methods. 

Q. Pathways for Optical-Fiber and Communications Cable:  Install pathways, metal, rigid and flexible, as 
follows: 

1. 3/4-Inch (21-mm) Trade Size and Smaller:  Install pathways in maximum lengths of 50 feet (15 m). 

2. 1-Inch (27-mm) Trade Size and Larger:  Install pathways in maximum lengths of 75 feet (23 m). 

3. Install with a maximum of two 90-degree bends or equivalent for each length of pathway unless 
Drawings show stricter requirements.  Separate lengths with pull or junction boxes or terminations 
at distribution frames or cabinets where necessary to comply with these requirements. 

R. Install pathway sealing fittings at accessible locations according to NFPA 70 and fill them with listed 
sealing compound.  For concealed pathways, install each fitting in a flush steel box with a blank cover 
plate having a finish similar to that of adjacent plates or surfaces.  Install pathway sealing fittings 
according to NFPA 70. 

S. Install devices to seal pathway interiors at accessible locations.  Locate seals so no fittings or boxes are 
between the seal and the following changes of environments.  Seal the interior of all pathways at the 
following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces. 

2. Where an underground service pathway enters a building or structure. 

3. Where otherwise required by NFPA 70. 

T. Comply with manufacturer's written instructions for solvent welding PVC conduit and fittings. 

U. Expansion-Joint Fittings: 

1. Install in each run of aboveground RNC that is located where environmental temperature change 
may exceed 30 deg F (17 deg C), and that has straight-run length that exceeds 25 feet (7.6 m).  
Install in each run of aboveground RMC   conduit that is located where environmental temperature 
change may exceed 100 deg F (55 deg C) and that has straight-run length that exceeds 100 feet 
(30 m). 

2. Install type and quantity of fittings that accommodate temperature change listed for each of the 
following locations: 

a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F (70 deg C) temperature 
change. 

b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F (86 deg C) temperature change. 

c. Indoor Spaces Connected with Outdoors without Physical Separation:  125 deg F (70 deg C) 
temperature change. 

d. Attics:  135 deg F (75 deg C) temperature change. 

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot of length of 
straight run per deg F (0.06 mm per meter of length of straight run per deg C) of temperature 
change for PVC conduits.  Install fitting(s) that provide expansion and contraction for at least 
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0.000078 inch per foot of length of straight run per deg F (0.0115 mm per meter of length of 
straight run per deg C) of temperature change for metal conduits. 

4. Install expansion fittings at all locations where conduits cross building or structure expansion joints. 

5. Install each expansion-joint fitting with position, mounting, and piston setting selected according to 
manufacturer's written instructions for conditions at specific location at time of installation.  Install 
conduit supports to allow for expansion movement. 

V. Flexible Conduit Connections:  Comply with NEMA RV 3.  Use maximum of 72 inches (1830 mm) of 
flexible conduit for recessed and semirecessed luminaires, equipment subject to vibration, noise 
transmission, or movement; and for transformers and motors. 

1. Use LFMC in damp or wet locations subject to severe physical damage. 

2. Use LFMC in damp or wet locations not subject to severe physical damage. 

W. Mount boxes at heights indicated on Drawings.  If mounting heights of boxes are not individually 
indicated, give priority to ADA requirements.  Install boxes with height measured to center of box unless 
otherwise indicated. 

X. Recessed Boxes in Masonry Walls:  Saw-cut opening for box in center of cell of masonry block, and 
install box flush with surface of wall.  Prepare block surface to provide a flat surface for a raintight 
connection between box and cover plate or supported equipment and box. 

Y. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical 
channel. 

Z. Support boxes of three gangs or more from more than one side by spanning two framing members or 
mounting on brackets specifically designed for the purpose. 

AA. Fasten junction and pull boxes to or support from building structure.  Do not support boxes by conduits. 

BB. Set metal floor boxes level and flush with finished floor surface. 

CC. Set nonmetallic floor boxes level.  Trim after installation to fit flush with finished floor surface. 

3.3 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES 

A. Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting 
conduits to minimize bends and deflections required for proper entrances. 

B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch 
(12.5-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent undisturbed earth. 

C. Elevation:  In paved areas, set so cover surface will be flush with finished grade.  Set covers of other 
enclosures 1 inch (25 mm) above finished grade. 

D. Install handholes with bottom below frost line. 

E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as 
required for installation and support of cables and conductors and as indicated.  Select arm lengths to be 
long enough to provide spare space for future cables, but short enough to preserve adequate working 
clearances in enclosure. 

F. Field cut openings for conduits according to enclosure manufacturer's written instructions.  Cut wall of 
enclosure with a tool designed for material to be cut.  Size holes for terminating fittings to be used, and 
seal around penetrations after fittings are installed. 
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3.4 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRONIC SAFETY AND SECURITY 
PENETRATIONS 

A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies.  Comply with 
requirements in Section 260544 "Sleeves and Sleeve Seals for Electronic Safety and Security Pathways 
and Cabling." 

3.5 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor and wall assemblies.  Comply with requirements in 
Section 078413 "Penetration Firestopping." 

3.6 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer. 

2. Repair damage to PVC coatings or paint finishes with matching touchup coating recommended by 
manufacturer. 
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END OF SECTION 280528 
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SECTION 28-05-44 

SLEEVES AND SLEEVE SEALS FOR ELECTRONIC SAFETY AND SECURITY PATHWAYS AND CABLING 

 

 

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. Sleeves for pathway and cable penetration of non-fire-rated construction walls and floors. 

2. Sleeve-seal systems. 

3. Sleeve-seal fittings. 

4. Grout. 

5. Silicone sealants. 

B. Related Requirements: 

1. Section 078413 "Penetration Firestopping" for penetration firestopping installed in fire-resistance-
rated walls, horizontal assemblies, and smoke barriers, with and without penetrating items. 

2. penetration firestopping installed in fire-resistance-rated walls, horizontal assemblies, and smoke 
barriers, with and without penetrating items. 

1.3 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

B. LEED Submittals: 

1. Product Data for Credit EQ 4.1:  For sealants, documentation including printed statement of VOC 
content. 

2. Laboratory Test Reports for Credit EQ 4:  For sealants, documentation indicating that products 
comply with the testing and product requirements of the California Department of Health Services' 
"Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using 
Small-Scale Environmental Chambers." 

PART 2 - PRODUCTS 

2.1 SLEEVES 

A. Wall Sleeves: 

1. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, plain ends. 

2. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with 
plain ends and integral waterstop unless otherwise indicated. 

B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:  Galvanized-steel sheet; 
0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded longitudinal joint, with tabs for 
screw-fastening the sleeve to the board. 

C. PVC-Pipe Sleeves:  ASTM D 1785, Schedule 40. 
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D. Molded-PVC Sleeves:  With nailing flange for attaching to wooden forms. 

E. Molded-PE or -PP Sleeves:  Removable, tapered-cup shaped, and smooth outer surface with nailing 
flange for attaching to wooden forms. 

F. Sleeves for Rectangular Openings: 

1. Material:  Galvanized-steel sheet. 

2. Minimum Metal Thickness: 

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and with no 
side larger than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm). 

b. For sleeve cross-section rectangle perimeter 50 inches (1270 mm) or more and one or more 
sides larger than 16 inches (400 mm), thickness shall be 0.138 inch (3.5 mm). 

2.2 SLEEVE-SEAL SYSTEMS 

A. Description:  Modular sealing device, designed for field assembly, to fill annular space between sleeve 
and pathway or cable. 

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

a. Advance Products & Systems, Inc. 

b. CALPICO, Inc. 

c. Metraflex Company (The). 

d. Pipeline Seal and Insulator, Inc. 

e. Proco Products, Inc. 

2. Sealing Elements:  EPDM rubber interlocking links shaped to fit surface of pipe.  Include type and 
number required for pipe material and size of pipe. 

3. Pressure Plates:  Stainless steel. 

4. Connecting Bolts and Nuts:  Stainless steel, of length required to secure pressure plates to sealing 
elements. 

2.3 SLEEVE-SEAL FITTINGS 

A. Description:  Manufactured plastic, sleeve-type, waterstop assembly made for embedding in concrete 
slab or wall.  Unit shall have plastic or rubber waterstop collar with center opening to match piping OD. 

1. Basis-of-Design Product:  Subject to compliance with requirements, provide product by the 
following manufacturer or equivalent: 

a. Presealed Systems. 

2.4 GROUT 

A. Description:  Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated walls or 
floors. 

B. Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-
cement grout. 

C. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength. 

D. Packaging:  Premixed and factory packaged. 

2.5 SILICONE SEALANTS 

A. Silicone Sealants:  Single-component, silicone-based, neutral-curing elastomeric sealants of grade 
indicated below. 
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1. Grade:  Pourable (self-leveling) formulation for openings in floors and other horizontal surfaces that 
are not fire rated. 

2. Sealant shall have VOC content of 250g/L or less when calculated according to 40 CFR 59, 
Subpart D (EPA Method 24). 

3. Sealant shall comply with the testing and product requirements of the California Department of 
Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various 
Sources Using Small-Scale Environmental Chambers." 

B. Silicone Foams:  Multicomponent, silicone-based, liquid elastomers that, when mixed, expand and cure in 
place to produce a flexible, nonshrinking foam. 

PART 3 - EXECUTION 

3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS 

A. Comply with NECA 1. 

B. Comply with NEMA VE 2 for cable tray and cable penetrations. 

C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit Floors and 
Walls: 

1. Interior Penetrations of Non-Fire-Rated Walls and Floors: 

a. Seal annular space between sleeve and pathway or cable, using joint sealant appropriate for 
size, depth, and location of joint.  Comply with requirements in Section 079200 "Joint 
Sealants." 

b. Seal space outside of sleeves with mortar or grout.  Pack sealing material solidly between 
sleeve and wall so no voids remain.  Tool exposed surfaces smooth; protect material while 
curing. 

2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening. 

3. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and pathway 
or cable unless sleeve seal is to be installed or unless seismic criteria require different clearance. 

4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are used.  Install 
sleeves during erection of walls.  Cut sleeves to length for mounting flush with both surfaces of 
walls.  Deburr after cutting. 

5. Install sleeves for floor penetrations.  Extend sleeves installed in floors 2 inches (50 mm) above 
finished floor level.  Install sleeves during erection of floors. 

D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: 

1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved opening. 

2. Seal space outside of sleeves with approved joint compound for gypsum board assemblies. 

E. Roof-Penetration Sleeves:  Seal penetration of individual pathways and cables with flexible boot-type 
flashing units applied in coordination with roofing work. 

F. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel pipe sleeves and mechanical 
sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and 
sleeve for installing mechanical sleeve seals. 

G. Underground, Exterior-Wall and Floor Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow 
for 1-inch (25-mm) annular clear space between pathway or cable and sleeve for installing sleeve-seal 
system. 
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3.2 SLEEVE-SEAL-SYSTEM INSTALLATION 

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at pathway entries 
into building. 

B. Install type and number of sealing elements recommended by manufacturer for pathway or cable material 
and size.  Position pathway or cable in center of sleeve.  Assemble mechanical sleeve seals and install in 
annular space between pathway or cable and sleeve.  Tighten bolts against pressure plates that cause 
sealing elements to expand and make watertight seal. 

3.3 SLEEVE-SEAL-FITTING INSTALLATION 

A. Install sleeve-seal fittings in new walls and slabs as they are constructed. 

B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls.  
Position waterstop flange to be centered in concrete slab or wall. 

C. Secure nailing flanges to concrete forms. 

D. Using grout, seal the space around outside of sleeve-seal fittings. 

 

 

END OF SECTION 280544 
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DIGITAL, ADDRESSABLE FIRE-ALARM SYSTEM 
 
 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 

1. Fire-alarm control unit. 

2. Manual fire-alarm boxes. 

3. System smoke detectors. 

4. Duct type smoke Detectors. 

5. Heat detectors. 

6. Visual notification appliances. 

7. Voice (speaker) notification appliances. 

8. Device guards. 

9. Mass notification system. 

10. Graphic annunciator. 

11. Addressable interface device. 

12. Digital alarm communicator transmitter. 

13. Network communications. 

14. System printer. 

15. Fire Pump under Alternate #G1. 

B. Related Requirements: 

1. Section 280513 "Conductors and Cables for Electronic Safety and Security" for cables and 
conductors for fire-alarm systems. 

1.3 DEFINITIONS 

A. EMT:  Electrical Metallic Tubing. 

B. RGS:  Rigid Galvanized Steel Conduit 

C. FACP:  Fire Alarm Control Panel. 

D. HLI:  High Level Interface. 

E. NICET:  National Institute for Certification in Engineering Technologies. 

F. PC:  Personal computer. 

1.4 SUBMITTALS 

A. Product Data:  For each type of product, including furnished options and accessories. 

1. Include construction details, material descriptions, dimensions, profiles, and finishes. 
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2. Include rated capacities, operating characteristics, and electrical characteristics. 

B. Shop Drawings:  For fire-alarm system. 

1. Comply with recommendations and requirements in the "Documentation" section of the 
"Fundamentals" chapter in NFPA 72. 

2. Comply with all requirements of the North Carolina State Construction Office  Department    of 
Administration Fire Alarm Guidelines, 2011 Edition. 

3. Comply with the requirements of the latest edition of the National Electrical Code and North 
Carolina Electrical Code. 

4. Comply with UL Standards pertaining to fire alarm systems.  Provide products and  components 
which are Listed and Labeled. 

5. Provide fire alarm systems and accessories which are FM approved. 

6. Include plans, elevations, sections, details, and attachments to other work. 

7. Include details of equipment assemblies.  Indicate dimensions, weights, loads, required clearances, 
method of field assembly, components, and locations.  Indicate conductor sizes, indicate 
termination locations and requirements, and distinguish between factory and field wiring. 

8. Detail assembly and support requirements. 

9. Include voltage drop calculations for notification-appliance circuits. 

10. Provide milli-ampere draw for each device submitted and the listed minimum voltage required to 
operate.  Panel submittal shall list voltage drop allowed for panel and for individual Notification 
Appliance Circuits (NAC). 

11. Include battery-sizing calculations. 

12. Include input/output matrix. 

13. Include complete operating instructions in electronic format. 

14. Include statement from manufacturer that all equipment and components have been tested as a 
system and meet all requirements in this Specification, State Construction Office Guidelines, and in 
NFPA 72. 

15. Include performance parameters and installation details for each detector. 

16. Verify that each duct detector is listed for complete range of air velocity, temperature, and humidity 
possible when air-handling system is operating. 

17. Provide program report showing that air-sampling detector pipe layout balances pneumatically 
within the airflow range of the air-sampling detector. 

18. Include plans, sections, and elevations of heating, ventilating, and air-conditioning ducts, drawn to 
scale; coordinate location of duct smoke detectors and access to them. 

a. Show critical dimensions that relate to placement and support of sampling tubes, detector 
housing, and remote status and alarm indicators. 

b. Show field wiring required for HVAC unit shutdown on alarm. 

c. Show field wiring and equipment required for HVAC unit shutdown on alarm and override by 
firefighters' control system. 

d. Show field wiring and equipment required for HVAC unit shutdown on alarm and override by 
firefighters' smoke-evacuation system. 

e. Locate detectors according to manufacturer's written recommendations. 

f. Show air-sampling detector pipe routing. 
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19. Include voice/alarm signaling-service equipment rack or console layout, grounding schematic, 
amplifier power calculation, and single-line connection diagram. 

20. Include floor plans to indicate final outlet locations showing address of each addressable device.  
Show size and route of cable and conduits and point-to-point wiring diagrams. 

21. Engineer’s approval or review of shop drawings (with or without corrections) of contractor’s Shop 
Drawings, samples, cut sheets, etc, is for general conformance with the contract documents and 
design concept.  It shall not relieve the contractor of responsibility for full compliance with the 
project plans and specification, EXCEPT for any non-compliant features for which engineer give 
written authorization. 

C. General Submittal Requirements: 

1. Submittals shall be approved by the NC Department of Administration-State Construction Office 
prior to installation.  The AHJ for construction administration and inspection purposes is the State 
SCO. 

2. Shop drawings shall include reference to each specification section or subsection. 

3. Shop Drawings shall be prepared by persons with the following qualifications: 

a. Trained and certified by manufacturer in fire-alarm system design. 

b. NICET-certified, fire-alarm technician; Level III minimum. 

c. Licensed or certified by authorities having jurisdiction. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For Installer.  The Company providing the fire alarm system, including performing the 
work and making the final terminations and connections shall have a minimum of five years experience 
documented experience installing fire detection and alarm system similar in size and scope to the project.  
Only the Installer may make program changes and must be present for the 100% Test, Designer’s pre-
final review, and Owner inspections. 

B. All connections to the FACP and the system’s programming shall be done only by the manufactures, or 
by an authorized dealer who stocks a full complement of spare parts for the system.  The technicians 
shall be required to be trained and individually certified by the manufacturer, for the FACP model and 
series being installed. 

C. Seismic Qualification Certificates:  For fire-alarm control unit, accessories, and components, from 
manufacturer. 

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled 
components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and 
describe mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on which the certification is based and their 
installation requirements. 

D. Field quality-control reports. 

1.6 Sample Warranty:  For special warranty. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For fire-alarm systems and components to include in emergency, 
operation, and maintenance manuals. 

1. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the 
following and deliver copies to authorities having jurisdiction: 

a. Comply with the "Records" section of the "Inspection, Testing and Maintenance" chapter in 
NFPA 72. 
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b. Provide "Fire Alarm and Emergency Communications System Record of Completion 
Documents" according to the "Completion Documents" Article in the "Documentation" 
section of the "Fundamentals" chapter in NFPA 72. 

c. Complete wiring diagrams showing connections between all devices and equipment.  Each 
conductor shall be numbered at every junction point with indication of origination and 
termination points. 

d. Riser diagram. 

e. Device addresses. 

f. Air-sampling system sample port locations and modeling program report showing layout 
meets performance criteria. 

g. Record copy of site-specific software. 

h. Provide "Inspection and Testing Form" according to the "Inspection, Testing and 
Maintenance" chapter in NFPA 72, and include the following: 

1) Equipment tested. 

2) Frequency of testing of installed components. 

3) Frequency of inspection of installed components. 

4) Requirements and recommendations related to results of maintenance. 

5) Manufacturer's user training manuals. 

i. Manufacturer's required maintenance related to system warranty requirements. 

j. Abbreviated operating instructions for mounting at fire-alarm control unit and each 
annunciator unit. 

B. Software and Firmware Operational Documentation: 

1. Software operating and upgrade manuals. 

2. Program Software Backup:  On magnetic media or compact disk, complete with data files. 

3. Device address list. 

4. Printout of software application and graphic screens. 

1.8 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective covering for 
storage and identified with labels describing contents. 

1. Lamps for Remote Indicating Lamp Units:  Quantity equal to 10 percent of amount installed. 

2. Lamps for Strobe Units:  Quantity equal to 10 percent of amount installed. 

3. Manual fire alarm Boxes:  Two percent of installed quantity. 

4. Addressable control relays:  Four percent of amount installed. 

5. Monitor modules (Addressable interface):  Four percent of amount installed. 

6. Isolation modules/Isolation bases:  Four percent of amount installed. 

7. Indoor Speakers with Strobes:  Four percent of amount installed. 

8. Indoor Strobes:  Four percent of amount installed. 

9. Exterior or Weatherproof Speakers with Strobes:  Four percent of amount installed but not less 
than one. 

10. Exterior or Weatherproof Strobes:  Four percent of amount installed but not less than one. 

11. Addressable heat detectors:  Four percent of amount installed but not less than one. 
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12. Smoke Detectors/Sounder bases:  Quantity equal to six percent of amount of each type installed, 
but no fewer than one unit of each type. 

13. Keys and Tools:  One extra set for access to locked or tamper proofed components. 

14. Fuses:  two of each type installed in the system.  Provide in a box or cabinet with compartments 
marked with fuse types and sizes. 

1.9 QUALITY ASSURANCE 

A. Installer Qualifications:  Personnel shall be trained and certified by manufacturer for installation of units 
required for this Project. 

B. Installer Qualifications:  Installation shall be by personnel certified by NICET as fire-alarm Level III 
technician. 

C. NFPA Certification:  Obtain certification according to NFPA 72 by a UL-listed alarm company. 

D. Comply with all requirements of North Carolina State Construction Office Fire Alarm Guidelines and 
Policies, 2011 Edition. 

1.10 SEQUENCING AND SCHEDULING 

A. Fire-Alarm Equipment:  Perform at least three pre- and  final fire alarm tests and demonstrations in 
accordance with State Construction Office requirements, including one for the engineer, one for the 
architect and after completion of all punch list deficiencies, a final demonstration and test for the State 
Construction Office personnel.  

1.11 WARRANTY 

A. Special Warranty:  Manufacturer agrees to repair or replace fire-alarm system equipment and 
components that fail in materials or workmanship within specified warranty period. 

1. Warranty Extent:  All equipment and components not covered in the Maintenance Service 
Agreement. 

2. Warranty Period:  five years from date of final acceptance. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Noncoded, UL-certified, addressable system, with intelligent reporting multiplexed signal transmission 
and voice/strobe evacuation. 

B. Automatic sensitivity control of certain smoke detectors. 

C. All components provided shall be listed for use with the selected system. 

D. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a 
qualified testing agency, and marked for intended location and application. 

2.2 SYSTEMS OPERATIONAL DESCRIPTION 

A. Fire-alarm signal initiation shall be by one or more of the following devices and systems.  Initiation Device 
Circuits (IDC) shall be wired Class A (NFPA Class D). 

1. Manual stations. 

2. Heat detectors. 

3. Smoke detectors. 

4. Duct smoke detectors. 

5. Carbon monoxide detectors. 

6. Combustible gas detectors. 

7. Fire pump operation (Alternate #G1). 
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B. Fire-alarm signal shall initiate the following actions: 

1. Continuously operate alarm notification appliances, including voice evacuation notices. 

2. Identify alarm and specific initiating device at fire-alarm control unit. 

3. Transmit an alarm signal to the remote alarm receiving station. 

4. Unlock electric door locks in egress paths. 

5. Release fire and smoke doors held open by magnetic door holders. 

6. Activate voice/alarm communication system. 

7. Switch heating, ventilating, and air-conditioning equipment controls to fire-alarm mode. 

8. Close smoke dampers in air ducts of designated air-conditioning duct systems. 

9. Activate emergency lighting control. 

10. Activate emergency shutoffs for gas and fuel supplies. 

11. Record events in the system memory. 

12. Record events by the system printer. 

13. Indicate device in alarm on the graphic annunciator. 

14. Indicate fire pump operation (Alternate #G1). 

C. Supervisory signal initiation shall be by one or more of the following devices and actions.  Signaling Line 
Circuits (SLC), also called addressable loop, shall be encoded into an NFPA Style 6 (Class A) SLC with 
no “T” taps. 

1. User disabling of zones or individual devices. 

2. Loss of communication with any panel on the network. 

D. System trouble signal initiation shall be by one or more of the following devices and actions: 

1. Open circuits, shorts, and grounds in designated circuits. 

2. Opening, tampering with, or removing alarm-initiating and supervisory signal-initiating devices. 

3. Loss of communication with any addressable sensor, input module, relay, control module, remote 
annunciator, printer interface, or Ethernet module. 

4. Loss of primary power at fire-alarm control unit. 

5. Ground or a single break in internal circuits of fire-alarm control unit. 

6. Abnormal ac voltage at fire-alarm control unit. 

7. Break in standby battery circuitry. 

8. Failure of battery charging. 

9. Abnormal position of any switch at fire-alarm control unit or annunciator. 

10. Voice signal amplifier failure. 

E. System Supervisory Signal Actions: 

1. Initiate notification appliances. 

2. Identify specific device initiating the event at fire-alarm control unit. 

3. Record the event on system printer. 

4. After a time delay of 200 seconds, transmit a trouble or supervisory signal to the remote alarm 
receiving station. 

5. Transmit system status to campus building management system. 
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6. Display system status on graphic annunciator. 

F. Notification appliance circuits shall be wired Class B (NFPA Style Y). 

G. A single ground or open on any circuit shall not cause system malfunction, loss of operating power or the 
ability to report an alarm. 

H. Loss of power shall not cause any alarm signals to be lost during the outage. 

I. FACP shall have alarm silence switch. 

2.3 PERFORMANCE REQUIREMENTS 

A. Seismic Performance:  Fire-alarm control unit and raceways shall withstand the effects of earthquake 
motions determined according to ASCE/SEI 7. 

1. The term "withstand" means "the unit will remain in place without separation of any parts from the 
device when subjected to the seismic forces specified. 

2.4 FIRE-ALARM CONTROL UNIT 

A. Manufacturers:  Subject to compliance with requirements, provide Notifier fire alarm system or equivalent 
by EST or Simplex.   

B. General Requirements for Fire-Alarm Control Unit: 

1. Field-programmable, microprocessor-based, modular, power-limited design with electronic 
modules, complying with UL 864. 

a. System software and programs shall be held in nonvolatile flash, electrically erasable, 
programmable, read-only memory, retaining the information through failure of primary and 
secondary power supplies. 

b. Include a real-time clock for time annotation of events on the event recorder and printer. 

c. Provide communication between the FACP and remote circuit interface panels, 
annunciators, and displays. 

d. The FACP shall be listed for connection to a central-station signaling system service. 

e. Provide nonvolatile memory for system database, logic, and operating system and event 
history.  The system shall require no manual input to initialize in the event of a complete 
power down condition.  The FACP shall provide a minimum 500-event history log. 

2. Addressable Initiation Device Circuits:  The FACP shall indicate which communication zones have 
been silenced and shall provide selective silencing of alarm notification appliance by building 
communication zone. 

3. Addressable Control Circuits for Operation of Notification Appliances and Mechanical Equipment:  
The FACP shall be listed for releasing service. 

C. Alphanumeric Display and System Controls:  Arranged for interface between human operator at fire-alarm 
control unit and addressable system components including annunciation and supervision.  Display alarm, 
supervisory, and component status messages and the programming and control menu. 

1. Annunciator and Display:  Liquid-crystal type, 80 characters, minimum. 

2. Keypad:  Arranged to permit entry and execution of programming, display, and to indicate control 
commands to be entered into the system for control of smoke-detector sensitivity and other 
parameters control commands. 

D. Initiating-Device, Notification-Appliance, and Signaling-Line Circuits: 

1. Pathway Class Designations:  NFPA 72, Class B. 

2. Pathway Survivability:  Level 1. 

3. Install no more than 100 addressable devices on each signaling-line circuit. 

4. Serial Interfaces: 
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a. One dedicated RS 485 port for central-station operation using point ID DACT. 

b. One RS 485 port for remote annunciators, Ethernet module, or multi-interface module 
(printer port). 

c. One USB port for PC configuration. 

d. One RS 232 port for voice evacuation interface. 

E. Smoke-Alarm Verification: 

1. Initiate audible and visible indication of an "alarm-verification" signal at fire-alarm control unit. 

2. Activate an approved "alarm-verification" sequence at fire-alarm control unit and detector. 

3. Record events by the system printer. 

4. Sound general alarm if the alarm is verified. 

5. Cancel fire-alarm control unit indication and system reset if the alarm is not verified. 

F. Visual Notification-Appliance Circuit: 

1. Where notification appliances provide signals to sleeping areas, the alarm signal shall be a 520-Hz 
square wave with an intensity 15 dB above the average ambient sound level or 5 dB above the 
maximum sound level, or at least 75 dBA, whichever is greater, measured at the pillow. 

2. Visual alarm appliances shall flash in synchronization where multiple appliances are in the same 
field of view, as defined in NFPA 72.  All devices in the Building shall be synchronized. 

G. Remote Smoke-Detector Sensitivity Adjustment:  Controls shall select specific addressable smoke 
detectors for adjustment, display their current status and sensitivity settings, and change those settings.  
Allow controls to be used to program repetitive, time-scheduled, and automated changes in sensitivity of 
specific detector groups.  Record sensitivity adjustments and sensitivity-adjustment schedule changes in 
system memory, and print out the final adjusted values on system printer. 

H. Transmission to Remote Alarm Receiving Station:  Automatically transmit alarm, supervisory, and trouble 
signals to a remote alarm station, the campus police station. 

I. Voice/Alarm Signaling Service:  Central emergency communication system with redundant microphones, 
preamplifiers, amplifiers, and tone generators provided in a separate cabinet located adjacent to the fire 
alarm control panel or as a special module that is part of fire-alarm control unit. 

1. Indicate number of alarm channels for automatic, simultaneous transmission of different 
announcements to different zones or for manual transmission of announcements by use of the 
central-control microphone.  Amplifiers shall comply with UL 1711. 

a. Allow the application of, and evacuation signal to, indicated number of zones and, at the 
same time, allow voice paging to the other zones selectively or in any combination. 

b. Programmable tone and message sequence selection. 

c. Standard digitally recorded messages for "Evacuation" and "All Clear." 

d. Generate tones to be sequenced with audio messages of type recommended by NFPA 72 
and that are compatible with tone patterns of notification-appliance circuits of fire-alarm 
control unit. Selectively connect any zone to any available signal channel. 
 

e. Selectively control sound from microphone outlets and remote input from campus master 
mass notification system. 

 
f. "All-call" feature shall connect the all-call sound signal simultaneously to all zones regardless 

of zone or channel switch settings. 
 

g. Produce a program-signal tone that is amplified and sounded over all speakers, overriding 
signals currently being distributed. 
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h. Reproduce high-quality sound that is free of noise and distortion at all loudspeakers at all 
times during equipment operation including standby mode with inputs off; output free of 
nonuniform coverage of amplified sound. 
 

2. Status Annunciator:  Indicate the status of various voice/alarm speaker zones. 

3. Preamplifiers, amplifiers, and tone generators shall automatically transfer to backup units, on 
primary equipment failure.  

4. Mass Notification Equipment Cabinet:  Comply with TIA/EIA-310-D. 

5. House amplifiers and auxiliary equipment at each location. 

7. Constructed of 0.0478-inch (1.2-mm) steel, minimum, with front- and rear-locking doors and 
standard TIA/EIA-310-D-compliant, 19-inch (483-mm) racks. 

8. Arranged for floor or wall mounting as indicated. 

9. Sized to house all equipment indicated, plus spare capacity. 

10. Include 15 percent minimum spare capacity for future equipment. 

11. Power Provisions:  A single switch in cabinet shall disconnect cabinet power distribution system 
and electrical outlets, which shall be uniformly spaced to accommodate ac-power cords for each 
item of equipment.   Power supplies shall be monitored by the fire alarm control panel. 

12. Ventilation:  A low-noise fan for forced-air cabinet ventilation.  Fan shall be equipped with a filtered 
input vent and shall be connected to operate from 105- to 130-V ac, 60 Hz; separately fused and 
switched; arranged to be powered when main cabinet power switch is on. 

 

J. Printout of Events:  On receipt of signal, print alarm, supervisory, and trouble events.  Identify zone, 
device, and function.  Include type of signal (alarm, supervisory, or trouble) and date and time of 
occurrence.  Differentiate alarm signals from all other printed indications.  Also print system reset event, 
including same information for device, location, date, and time.  Commands initiate the printing of a list of 
alarms, supervisory, and trouble conditions in the system and a historical log of events. 

K. Primary Power:  24-V dc obtained from 120-V ac service and a power-supply module.  Initiating devices, 
notification appliances, signaling lines, trouble signals, supervisory signals, supervisory and digital alarm 
communicator transmitters be powered by 24-V dc source. 

1. Alarm current draw of entire fire-alarm system shall not exceed 80 percent of the power-supply 
module rating. 

L. Secondary Power:  24-V dc supply system with batteries, automatic battery charger, and automatic 
transfer switch. 

1. Batteries:  Sealed gel type, completely maintenance free, with expected life expectancy of ten 
years.  Battery voltage shall be as required by the FACP and related equipment.  Battery shall have 
sufficient capacity to power the fire alarm system for not less than 24 hours plus 15 minutes of 
alarm upon a normal AC power failure.  NAC circuit shall not exceed 75% of maximum current load 
allowed.   

M. Instructions:  Computer printout or typewritten instruction card mounted behind a plastic or glass cover in 
a stainless-steel or aluminum frame.  Include interpretation and describe appropriate response for 
displays and signals.  Briefly describe the functional operation of the system under normal, alarm, and 
trouble conditions. 

2.5 MANUAL FIRE-ALARM BOXES 

A. General Requirements for Manual Fire-Alarm Boxes:  Comply with UL 38.  Boxes shall be finished in red 
with molded, raised-letter operating instructions in contrasting color; shall show visible indication of 
operation; and shall be mounted on recessed outlet box.  If indicated as surface mounted, provide 
manufacturer's surface back box. 
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1. Double-action mechanism requiring two actions to initiate an alarm, pull-lever type; with integral 
addressable module arranged to communicate manual-station status (normal, alarm, or trouble) to 
fire-alarm control unit. 

2. Station Reset:  Key- or wrench-operated switch. 

3. Indoor Protective Shield:  Factory-fabricated, transparent plastic enclosure hinged at the top to 
permit lifting for access to initiate an alarm.  Lifting the cover actuates an integral battery-powered 
audible horn intended to discourage false-alarm operation.  All indoor manual fire alarm boxes shall 
be provided with indoor protective shield. 

4. Weatherproof Protective Shield:  Factory-fabricated, transparent plastic enclosure hinged at the top 
to permit lifting for access to initiate an alarm.  Provide for all manual fire boxes located in wet or 
exterior locations. 

2.6 SYSTEM SMOKE DETECTORS 

A. General Requirements for System Smoke Detectors: 

1. Comply with UL 268; operating at 24-V dc, nominal. 

2. Detectors shall be two wire type. 

3. Integral Addressable Module:  Arranged to communicate detector status (normal, alarm, or trouble) 
to fire-alarm control unit. 

4. Base Mounting:  Detector and associated electronic components shall be mounted in a twist-lock 
module that connects to a fixed base.  Provide terminals in the fixed base for connection to building 
wiring. 

5. Self-Restoring:  Detectors do not require resetting or readjustment after actuation to restore them 
to normal operation. 

6. Integral Visual-Indicating Light:  LED type, indicating detector has operated and power-on status. 

7. Remote Control:  Unless otherwise indicated, detectors shall be digital-addressable type, 
individually monitored at fire-alarm control unit for calibration, sensitivity, and alarm condition and 
individually adjustable for sensitivity by fire-alarm control unit. 

a. Rate-of-rise temperature characteristic of combination smoke- and heat-detection units shall 
be selectable at fire-alarm control unit for 15 or 20 deg F (8 or 11 deg C) per minute. 

b. Fixed-temperature sensing characteristic of combination smoke- and heat-detection units 
shall be independent of rate-of-rise sensing and shall be settable at fire-alarm control unit to 
operate at 135 or 155 deg F (57 or 68 deg C). 

c. Multiple levels of detection sensitivity for each sensor. 

d. Sensitivity levels based on time of day. 

B. Photoelectric Smoke Detectors: 

1. Detector address shall be accessible from fire-alarm control unit and shall be able to identify the 
detector's location within the system and its sensitivity setting. 

2. An operator at fire-alarm control unit, having the designated access level, shall be able to manually 
access the following for each detector: 

a. Primary status. 

b. Device type. 

c. Present average value. 

d. Present sensitivity selected. 

e. Sensor range (normal, dirty, etc.). 

C. Duct Smoke Detectors:  Photoelectric type complying with UL 268A. 
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1. Detector address shall be accessible from fire-alarm control unit and shall be able to identify the 
detector's location within the system and its sensitivity setting.  

2. Provide air flow labeling (arrows) on ductwork at or near duct detector to indicate direction of air 
flow across duct sampling tubes.  Minimum graphic width of one inch wide letters and indicating 
arrow, “DIRECTION OF AIR FLOW” with graphic. 

3. Provide remote alarm light on corridor ceiling outside mechanical equipment rooms, labeled with 
duct detector number and air handling unit. 

4. An operator at fire-alarm control unit, having the designated access level, shall be able to manually 
access the following for each detector: 

a. Primary status. 

b. Device type. 

c. Present average value. 

d. Present sensitivity selected. 

e. Sensor range (normal, dirty, etc.). 

5. Weatherproof Duct Housing Enclosure:  NEMA 250, Type 4X; NRTL listed for use with the supplied 
detector for smoke detection in HVAC system ducts where in wet locations. 

6. Each sensor shall have multiple levels of detection sensitivity. 

7. Sampling Tubes:  Design and dimensions as recommended by manufacturer for specific duct size, 
air velocity, and installation conditions where applied. 

8. Relay Fan Shutdown:  Fully programmable relay rated to interrupt fan motor-control circuit. 

2.7 PROJECTED BEAM SMOKE DETECTORS 

A. Projected Beam Light Source and Receiver:  Designed to accommodate small angular movements and 
continue to operate and not cause nuisance alarms. 

B. Detector Address:  Accessible from fire-alarm control unit and able to identify the detector's location within 
the system and its sensitivity setting. 

C. An operator at fire-alarm control unit, having the designated access level, shall be able to manually 
access the following for each detector: 

1. Primary status. 
2. Device type. 
3. Present average value. 
4. Present sensitivity selected. 
5. Sensor range (normal, dirty, etc.). 

 

2.8 HEAT DETECTORS 

A. General Requirements for Heat Detectors:  Comply with UL 521. 

1. Temperature sensors shall test for and communicate the sensitivity range of the device. 

B. Heat Detector, Combination Type:  Actuated by either a fixed temperature of 135 deg F (57 deg C) or a 
rate of rise that exceeds 15 deg F (8 deg C) per minute unless otherwise indicated. 

1. Mounting:  Twist-lock base interchangeable with smoke-detector bases. 

2. Integral Addressable Module:  Arranged to communicate detector status (normal, alarm, or trouble) 
to fire-alarm control unit. 
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2.9 NOTIFICATION APPLIANCES 

A. General Requirements for Notification Appliances:  Individually addressed, connected to a signaling-line 
circuit, equipped for mounting as indicated, and with screw terminals for system connections. 

B. Visible Notification Appliances:  Xenon strobe lights complying with UL 1971, with clear or nominal white 
polycarbonate lens mounted on an aluminum faceplate.  The word "FIRE" is engraved in minimum 1-inch- 
(25-mm-) high letters on the lens. 

1. Rated Light Output: 

a. 15/30/75/110 cd, selectable in the field. 

2. Mounting:  Ceiling mounted unless otherwise indicated on the drawings.  Where wall mounted units 
are, necessary or indicated, paint back box and touch up wall materials to match surrounding 
areas. 

3. For units with guards to prevent physical damage, light output ratings shall be determined with 
guards in place. 

4. Flashing shall be in a temporal pattern, synchronized with other units. 

5. Strobe Leads:  Factory connected to screw terminals. 

6. Mounting Faceplate:  Factory finished, red. 

7. Voltage:  24VDC. 

8. Maximum pulse duration:  2/10th of one second. 

C. Voice/Tone Notification Appliances: 

1. Comply with UL 1480. 

2. Speakers for Voice Notification:  Locate speakers for voice notification to provide the intelligibility 
requirements of the "Notification Appliances" and "Emergency Communications Systems" chapters 
in NFPA 72. 

3. High-Range Units:  Rated 2 to 15 W. 

4. Low-Range Units:  Rated 1 to 2 W. Provide taps for ¼ watt, ½ watt, 1 watt and 2 watts.  Initial tap 
setting shall be 1 watt, adjusted in the field for intelligibility requirements of NFPA 72. 

5. Speakers shall operate at 70 V. 

6. Mounting:  Flush with the ceiling.  In areas noted on the drawings or where insufficient ceiling 
plenum space exists, provide surface mounted and bidirectional speakers.  Provide all necessary 
backboxes, painted to match surrounding finishes where surface mounted. 

7. Matching Transformers:  Tap range matched to acoustical environment of speaker location. 

8. Provide two separate risers per floor, one on each end of the building.  Serve one half of each floor 
from one riser and the second half from the second riser.  

2.10 GRAPHIC ANNUNCIATOR 

A. Graphic Annunciator Panel:  Mounted in an aluminum frame with nonglare, minimum 3/16-inch- (4.76-
mm-) thick, clear acrylic cover over graphic representation of the facility.  Detector locations shall be 
represented by red LED lamps.  Normal system operation shall be indicated by a lighted, green LED.  
Trouble and supervisory alarms shall be represented by an amber LED. 

1. Comply with UL 864. 

2. Operating voltage shall be 24-V dc provided by a local 24-V power supply provided with the 
annunciator. 

3. Include built-in voltage regulation, reverse polarity protection, RS 232/422 serial communications, 
and a lamp test switch. 

4. Surface mounted in a NEMA 250, Type 1 cabinet, with key lock and no exposed screws or hinges. 
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5. Graphic representation of the facility shall be a CAD drawing and each detector shall be 
represented by an LED in its actual location.  CAD drawing shall be at 1/8-inch per foot (10-mm per 
meter) scale or larger. 

6. The LED representing a detector shall flash two times per second while detector is an alarm. 

2.11 ADDRESSABLE INTERFACE DEVICE 

A. General: 

1. Include address-setting means on the module. 

2. Store an internal identifying code for control panel use to identify the module type. 

3. Listed for controlling HVAC fan motor controllers. 

B. Monitor Module:  Microelectronic module providing a system address for alarm-initiating devices for wired 
applications with normally open contacts. 

C. Control Module: 

1. Operate notification devices. 

2.12 DIGITAL ALARM COMMUNICATOR TRANSMITTER 

A. Digital alarm communicator transmitter (DACT) shall comply with UL 632.  DACT shall be four channel 
minimum.   

B. Functional Performance:  Unit shall receive an alarm, supervisory, or trouble signal from fire-alarm control 
unit and automatically capture two telephone line(s) and dial a preset number for a remote central station.  
When contact is made with central station(s), signals shall be transmitted.  If service on either line is 
interrupted for longer than 45 seconds, transmitter shall initiate a local trouble signal and transmit the 
signal indicating loss of telephone line to the remote alarm receiving station over the remaining line.  
Transmitter shall automatically report telephone service restoration to the central station.  If service is lost 
on both telephone lines, transmitter shall initiate the local trouble signal.  VOIP shall not be permitted. 

C. Local functions and display at the digital alarm communicator transmitter shall include the following: 

1. Verification that both telephone lines are available. 

2. Programming device. 

3. LED display. 

4. Manual test report function and manual transmission clear indication. 

5. Communications failure with the central station or fire-alarm control unit. 

D. Digital data transmission shall include the following: 

1. Address of the alarm-initiating device. 

2. Address of the supervisory signal. 

3. Address of the trouble-initiating device. 

4. Loss of ac supply. 

5. Loss of power. 

6. Low battery. 

7. Abnormal test signal. 

8. Communication bus failure. 

9. Generator running. 

10. Security system alarm/trouble/duress or emergency alarm. 

11. Fire pump status (Alternate #G1). 
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E. Secondary Power:  Integral rechargeable battery and automatic charger. 

F. Self-Test:  Conducted automatically every 24 hours with report transmitted to central station. 

G. Precedence of DACT signals shall be as follows: 

1.  Fire alarm. 

2.  Supervisory signal. 

3.  Trouble signal 

4.  Security alarm. 

2.13 NETWORK COMMUNICATIONS 

A. Provide network communications for fire-alarm system according to fire-alarm manufacturer's written 
requirements. 

B. Provide network communications pathway per manufacturer's written requirements and requirements in 
NFPA 72 and NFPA 70. 

C. Provide integration gateway using BACNet for connection to building automation system. 

2.14 SYSTEM PRINTER 

A. Printer shall be listed and labeled as an integral part of fire-alarm system. 

2.15 DEVICE GUARDS 

A. Description:  Welded wire mesh of size and shape for the manual station, smoke detector, gong, or other 
device requiring protection. 

1. Factory fabricated and furnished by device manufacturer. 

2. Finish:  Paint of color to match the protected device. 

2.16 WIRING 

A. Description:  Addressable loop signaling line circuits shall be wired with type FPL/FPLR/FPLP fire alarm 
cable, AWG 18 minimum, low capacitance, twisted shielded copper pair.   

B. Copper drain wires shall be connected at each device on the loop to maintain continuity, taped to insulate 
from ground, and terminated at the FACP.  Acceptable manufacturers:  Atlas 228-18-1-1STP, BSCC 
S1802s19, West Penn D975, D991, D995, or equal wiring having capacitance of 30 picofarad per linear 
foot maximum between conductors.  Cable jacket color shall be red with red (+) and black (-) conductor 
insulation.   

C. In underground installations or in wet locations, use Type TC or PLTC cable (PE insulated).  Identify 
locations for use of dry or wet location cabling on shop drawings.  

D. Isolation modules shall be provided in all the locations listed below.  If ceiling height is less than ten feet, 
isolator base type initiating devices shall be permitted to satisfy any or all the following: 

1.   In or immediately adjacent to the FACP, at each end of the addressable loop.  These two   
 isolators much be in the same room and within 15 feet of the FACP. 

2.  After each 20 initiating devices and control points on the addressable loop, or a less    
 number where recommended by the manufacturers.  

3.   For loops with 20 devices and control points, install and isolator at the approximate    
 middle of the loop in addition to those at the FACP. 

4.  Near the point any addressable circuit extends outside the building, except for those      
building exterior walls and well sheltered by walkways. 

5.   For loops covering more than one floor, install isolator at terminal cabinet on each floor   
 with additional isolators on any floor with over 20 addresses. 
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6.   Each isolation module shall be clearly labeled, readily accessible for convenient     
 inspection and not above a lay in ceiling and shall be clearly shown on the record    
 drawings.  Provide visible tag on ceiling below isolation module junction box. 

E. All wiring shall be color coded.  Except as otherwise required, all circuits in the system shall be wired with 
minimum AWG 14, stranded copper, THHN/THWN conductors, installed in metallic conduit.  Color code 
as shown below throughout the system, without color change in any wire run: 

1.  Initiating Circuits, General, Red (+), White (-). 

2.  Initiating Circuits, Smoke Only, Violet (+), Gray (-). 

3.  Signal Line Circuit Cable, Red jacket with Red (+)/Black (-). 

4.  Alarm Indicating Appliance Circuits (horns/strobes), Blue (+) / Black (-). 

5.  Separate 24vdc Operating Power (for equipment like AHU’s), Yellow (+) / Brown (-). 

2.17 SURGE PROTECTION 

A. Description:  Provide the following protection against voltage transients and surges.  

1.  On AC Input:  A feed through branch circuit transient suppressor such as Leviton    
 51020 WM DN, or Di Tech DTK 120S20A, or equivalent UL 1449 2nd Edition Listed    device. 

2.  On DC Circuits extending outside the building:  Adjacent to the FACP, and near the    point of 
entry to outlying building, provide pi: type filter on each leg, consisting of a    primary arrestor, 
series impedance, and a fast acting secondary arrestor that clamps at    30v-40v. Acceptable 
manufacturers:  Ditek DTK 2MHLP24B series, Citel America     B280-24V, Northern 
Technologies DLP-42, Transtector TSP8601. Devices shall be UL    497 B listed.  

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions for compliance with requirements for ventilation, temperature, humidity, 
and other conditions affecting performance of the Work. 

1. Verify that manufacturer's written instructions for environmental conditions have been permanently 
established in spaces where equipment and wiring are installed, before installation begins. 

B. Examine roughing-in for electrical connections to verify actual locations of connections before installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 EQUIPMENT INSTALLATION 

A. Comply with NFPA 72, NFPA 101, and requirements of authorities having jurisdiction for installation and 
testing of fire-alarm equipment, including NC Department of Administration, SCO requirements for the 
installation of fire alarm systems, 2011 edition.  Install all electrical wiring to comply with requirements in 
NFPA 70 including, but not limited to, Article 760, "Fire Alarm Systems." 

1. Devices placed in service before all other trades have completed cleanup shall be replaced. 

2. Devices installed but not yet placed in service shall be protected from construction dust, debris, 
dirt, moisture, and damage according to manufacturer's written storage instructions. 

B. Equipment Mounting:  Install fire-alarm control unit to wall. 

1. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, instructions, and 
directions furnished with items to be embedded. 

2. Install anchor bolts to elevations required for proper attachment to supported equipment. 

C. Install wall-mounted equipment, with tops of cabinets not more than 78 inches (1980 mm) above the 
finished floor. 

D. Manual Fire-Alarm Boxes: 
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1. Install manual fire-alarm box in the normal path of egress within 60 inches horizontally (1520 mm) 
of the exit doorway. 

2. Mount manual fire-alarm box on a background of a contrasting color. 

3. The operable part of manual fire-alarm box shall be between 42 inches (1060 mm) and 48 inches 
(1220 mm) above floor level.  All devices shall be mounted at the same height unless otherwise 
indicated. 

E. Smoke- or Heat-Detector Spacing: 

1. Comply with the "Smoke-Sensing Fire Detectors" section in the "Initiating Devices" chapter in 
NFPA 72, for smoke-detector spacing. 

2. Comply with the "Heat-Sensing Fire Detectors" section in the "Initiating Devices" chapter in 
NFPA 72, for heat-detector spacing. 

3. Smooth ceiling spacing shall not exceed 30 feet (9 m). 

4. Spacing of detectors for irregular areas, for irregular ceiling construction, and for high ceiling areas 
shall be determined according to Annex A in NFPA 72. 

5. HVAC:  Locate detectors not closer than 36 inches (910 mm) from air-supply diffuser or return-air 
opening. 

6. Lighting Fixtures:  Locate detectors not closer than 12 inches (300 mm) from any part of a lighting 
fixture and not directly above pendant mounted or indirect lighting. 

7. Locate beam detectors such that no opaque objects are in the field of view of the beam detectors. 
Maintain a permanent clear line of unobstructed vision between beam detector and receiver. Avoid 
direct light source interference with beam detectors. There should be a minimum of 10° between 
the pathway of the light source and detector and the line of sight between detector and reflector. 
 

F. Install a cover on each smoke detector that is not placed in service during construction.  Cover shall 
remain in place except during system testing.  Remove cover prior to system turnover. 

G. Duct Smoke Detectors:  Comply with NFPA 72 and NFPA 90A.  Install sampling tubes so they extend the 
full width of duct.  Tubes more than 36 inches (9100 mm) long shall be supported at both ends. 

H. Provide smoke detector at fire alarm control panel, and at all NAC booster power supplies per NFPA 72. 

I. All NAC booster power supplies shall be individually monitored by the FACP. 

J. All addressable control relays shall be monitored by the FACP for integrity. 

K. Locate addressable interface modules in conditioned spaces unless they are tested and listed for 
continuous duty across the range of temperatures and humidity expected at their installed location. 

L. One module may serve up to six heat detectors in a single space. 

M. Provide surge protection on each AC Power circuit that interfaces with the fire alarm equipment, and trim 
excessive lead length to be 18 inches or less.  Wind small coil in the branch circuit conductor just 
downstream of the suppressor connection.  Coil shall be 5 to ten turns, about one inch in diameter, and 
securely tie-wrapped. This series impedance will improve the effectiveness of the suppressor in clipping 
fast rise time voltage transients. 

N. Provide Suppressor on DC circuits leaving the building, and install the surge arrestor in a labeled 
enclosure near the point of entry to or exit from the building.  Provide RAL where concealed from view as 
in the crawl space, with engraved label identifying equipment and location of suppressor. 

O. Remote Status and Alarm Indicators:  Install in a visible location near each smoke detector, and duct 
detector, that is not readily visible from normal viewing position. 

P. Audible Alarm-Indicating Devices:  Install not less than 6 inches (150 mm) below the ceiling.  Install 
speakers on flush-mounted back boxes with the device-operating mechanism concealed behind a grille.  
Install all devices at the same height unless otherwise indicated. 
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Q. Remote Status and Alarm Indicators:  Install near each smoke detector and each sprinkler water-flow 
switch and valve-tamper switch that is not readily visible from normal viewing position. 

 
R. Voice communications amplifier shall be sized at 120% of system design load per channel.  Use 

continuous tow tone output rating and the designed power setting of each individual speaker.  Provide a 
copy for this calculation with the shop drawing submittal and as part of the record submittal. 

S. Provide backup amplifier for each channel, equal in power to the largest primary amplifier.  Provide 
automatic switchover should primary amplifier fail. 

T. Visible Alarm-Indicating Devices:  Install adjacent to each alarm speaker on ceiling or as part of ceiling 
speaker assembly.  Where not installed in the ceiling, install on the wall at least 6 inches (150 mm) below 
the ceiling, not less than 80 inches nor more than 96 inches above finished floor.  Install all devices at the 
same height unless otherwise indicated. Do not install strobe appliances in stairways. 

U. Device Location-Indicating Lights:  Locate in public space near the device they monitor. 

V. Photoelectric smoke detectors shall be used throughout. 

3.3 PATHWAYS AND WIRING  

A. Pathways above recessed ceilings and in nonaccessible locations may be routed exposed. 

1. Exposed pathways located less than 96 inches (2440 mm) above the floor shall be installed in EMT 
in dry locations.  RGS shall be used in locations that are subject to abuse, such as mechanical 
equipment rooms, wet locations, and machine rooms. 

B. Pathways shall be installed in EMT or RGS, according to location.   

C. All wiring shall be in conduit or raceways. 

D. Provide separate vertical pathways for signaling and notification circuits, at least two risers between 
terminal cabinets and between terminal cabinets and FACP.  Refer to drawings.  

E. Exposed EMT shall be painted red enamel in unoccupied locations and where above ceilings, and shall 
be painted to match surrounding finishes in occupied areas. 

F. All wiring shall be in conduit.  

G. The outside of junction boxes containing fire alarm conductors shall be painted red enamel. 

H. Minimum raceway size shall be ¾ inch except ½” may be used where cable fill does not exceed the 
maximum allowable by Code with the approval of the AHJ. 

I. No AC power or AC control wiring shall be included in raceways containing fire alarm system wiring.  
Within the FACP, the 120-volt control wiring or other circuits with an externally supplied AC/DC voltage 
above the nominal 24 VDC system power must be properly separated from other circuits and the 
enclosure shall have an appropriate warning label to alert service personnel to the potential shock 
hazard. 

J. No splices shall be permitted other than at device terminal blocks or on terminal blocks in cabinets.  
Permanent wire markers shall identify all connections at the FACP and other control equipment, at power 
supplies, and in terminal cabinets.  All terminal box screws shall have pressure wire connectors of the 
self-lifting or box lug type. 

K. All circuits leaving the riser on each floor shall feed through a labeled terminal block in a hinge enclosure 
accessible from the floor.  No terminal cabinets shall be installed above a dropped ceiling.  

L. All wiring shall be checked for grounds, opens, and shorts, prior to termination at panels and installation 
of detector heads.  The minimum resistance to ground or between any two conductors shall be ten 
megaohms, as verified with a megger.  Provide one week notice to the Owner and Engineer of tests.  If 
notice is not given the contractor shall re-test all installed wiring, remove detector heads, and prove 
minimum resistance has been met.  Submit certified testing report.  
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M. The fire alarm system shall be supervised for open or ground fault conditions in SLC, alarm circuits, and 
control circuits.  Removal of any detection device, alarm appliance, plug in relay, system module, or 
standby battery connection shall also result in a trouble signal.  Fire alarm signal shall override trouble 
signals, but any pre-alarm trouble signal shall reappear when the panel is reset. 

N. Alarm notification appliance circuits (NAC) shall be NFPA 72 Style Y (Class B).  The load connected to 
each circuit hall not exceed 80% of the rated module output and the coverage of teach circuit shall not 
exceed three floor.  The NAC voltage drop during alarm shall not exceed 14 % of the voltage measured 
across the batteries at that time.  To achieve this, the design shall include wire size, length of circuit, 
device load, inherent voltage loss, within the FACP power supply. Provide power outage testing to verify 
that the NAC circuits were designed and installed properly. 

O. End of Line (EOL) devices shall be installed in accessible terminal cabinets, or in dedicated accessible 
boxes to facilitate testing and maintenance.  The voltage drop at EOL shall not exceed 14% of the 
expected battery voltage, after the required standby time plus alarm time.  Determine worst case voltage 
at far end of each NAC, by subtracting its calculated voltage drop from the expected batter voltage.  

P. Voice Alarm and mass notification system shall consist of twisted pair copper conductors (AWG 18 
minimum) in jacketed cable, or with fiber optic cable.  Analog audio circuits shall be wired with AWG 18 
minimum twisted shielded copper conductors, Belden 8790, West Penn 293, or equivalent acceptable to 
the AHJ. Cable jacket color shall be gray, with red (+) and black (-) conductor insulation.  The shield shall 
be continuously connected from amplifier to the end of line.  Each shield splice shall be taped at each 
speaker and handset, to insulate from ground.  Single point ground the shield at amplifier or control unit 
unless prohibited by system manufacturer.  All wiring shall be in conduit or EMT. 

3.4 CONNECTIONS 

A. Make addressable connections with a supervised interface device to the following devices and systems.  
Install the interface device less than 36 inches (910 mm) from the device controlled.  Make an 
addressable confirmation connection when such feedback is available at the device or system being 
controlled. 

 

1. Smoke dampers in air ducts of designated HVAC duct systems. 

2. Electronically locked doors and access gates. 

3. Data communication circuits for connection to building management system. 

4. Supervisory connections at fire-extinguisher locations. 

3.5 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals.  

B. Install framed instructions in a location visible from fire-alarm control unit. 

3.6 GROUNDING 

A. Ground fire-alarm control unit and associated circuits; comply with IEEE 1100.  Install a ground wire from 
main service ground to fire-alarm control unit. 

B. Ground shielded cables at the control panel location only.  Insulate shield at device location. 

3.7 FIELD QUALITY CONTROL 

A. Field tests shall be witnessed by AHJ, the owner and the engineer. 

B. Manufacturer's Field Service:  Engage a factory-authorized service representative to test and inspect 
components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections.  Upon completion of the installation the contractor and the Manufacturer’s 
authorized installer shall conduct a 100% performance test of each alarm initiating device for proper 
response.  The system shall operate for 48 hours prior to start of test.  The contractor shall be present for 
the full 100% test.  The test shall be scheduled in at least seven days in advance with the Owner and 
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Engineer, as the building may be occupied during construction and testing, and disruptions shall be 
minimized to the building’s occupants. 

D. Submit detailed report or check list showing systems operational matrix after completion of 100% test. 

E. The DACT shall be tested and verified as communicating and on line prior to 100% test. 

F. Test all supervisory circuits, including control circuits and remote annunciation. 

G. Print out report of testing during the actual test and submit as part of record documents. 

H. Perform the following tests and inspections with the assistance of a factory-authorized service 
representative: 

1. Visual Inspection:  Conduct 100% visual inspection prior to testing. 

a. Inspection shall be based on completed record Drawings and system documentation that is 
required by the "Completion Documents, Preparation" table in the "Documentation" section 
of the "Fundamentals" chapter in NFPA 72. 

b. Comply with the "Visual Inspection Frequencies" table in the "Inspection" section of the 
"Inspection, Testing and Maintenance" chapter in NFPA 72; retain the "Initial/Reacceptance" 
column and list only the installed components. 

2. System Testing:  Comply with the "Test Methods" table in the "Testing" section of the "Inspection, 
Testing and Maintenance" chapter in NFPA 72 and in NC SCO Fire Alarm Guidelines and Policies.   

3. Sign and date forms.  Signature shall be legible with printed or typed name of person signing 
forms.  Obtain signature of AHJ, owner, and engineer who witness testing, annotating the form to 
clarify their limited role and tests witnessed. 

4. Submit System Status and Programming Report on day of system acceptance inspection.  Include 
sensitivity of every smoke detector including duct detectors.  

5. Comply with NC SCO Fire Alarm requirements for testing and demonstration. 

6. Test audible appliances for the public operating mode according to manufacturer's written 
instructions.  Perform the test using a portable sound-level meter complying with Type 2 
requirements in ANSI S1.4. 

7. Test audible appliances for the private operating mode according to manufacturer's written 
instructions. 

8. Test visible appliances for the public operating mode according to manufacturer's written 
instructions. 

9. Factory-authorized service representative shall prepare the "Fire Alarm System Record of 
Completion" in the "Documentation" section of the "Fundamentals" chapter in NFPA 72 and the 
"Inspection and Testing Form" in the "Records" section of the "Inspection, Testing and 
Maintenance" chapter in NFPA 72. 

10. At completion of 100% test, after 48 hours have passed, and after documentation above has been 
submitted, schedule final inspection test with Engineer, Owner, and notify Fire Department. 

11. The final database software shall be submitted to the Owner prior to the Final Test. 

I. Reacceptance Testing:  Perform reacceptance testing to verify the proper operation of added or replaced 
devices and appliances. 

J. Fire-alarm system will be considered defective if it does not pass tests and inspections. 

K. The warranty period begins at the time of Final Inspection and Acceptance by the Owner. 

L. Prepare test and inspection reports. 

M. Maintenance Test and Inspection:  Perform tests and inspections listed for weekly, monthly, quarterly, 
and semiannual periods.  Use forms developed for initial tests and inspections. 
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N. Annual Test and Inspection:  One year after date of Substantial Completion, test fire-alarm system 
complying with visual and testing inspection requirements in NFPA 72.  Use forms developed for initial 
tests and inspections. 

3.8 MAINTENANCE SERVICE 

A. Initial Maintenance Service:  Beginning at Owner’s Acceptance, provide a maintenance service which 
shall include 12 months' full maintenance by skilled employees of manufacturer's designated service 
organization.  Include preventive maintenance, repair or replacement of worn or defective components, 
lubrication, cleaning, and adjusting as required for proper operation.  Parts and supplies shall be 
manufacturer's authorized replacement parts and supplies. 

1. Include visual inspections according to the "Visual Inspection Frequencies" table in the "Testing" 
paragraph of the "Inspection, Testing and Maintenance" chapter in NFPA 72. 

2. Perform tests in the "Test Methods" table in the "Testing" paragraph of the "Inspection, Testing and 
Maintenance" chapter in NFPA 72. 

3. Perform tests per the "Testing Frequencies" table in the "Testing" paragraph of the "Inspection, 
Testing and Maintenance" chapter in NFPA 72. 

3.9 SOFTWARE SERVICE AGREEMENT 

A. Comply with UL 864. 

B. Technical Support:  Beginning at Substantial Completion, service agreement shall include software 
support for two years. 

C. Upgrade Service:  At Substantial Completion, update software to latest version.  Install and program 
software upgrades that become available within two years from date of Substantial Completion.  
Upgrading software shall include operating system and new or revised licenses for using software. 

1. Upgrade Notice:  At least 30 days to allow Owner to schedule access to system and to upgrade 
computer equipment if necessary. 

3.10 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, 
operate, and maintain fire-alarm system. 

 

 

 

 

 

 

 

 

 

END OF SECTION 283111 
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SECTION 31 1100  
 

CLEARING AND GRUBBING 
 
 
1.  DESCRIPTION: 
 
1.1  The clearing work covered by this section consists of cutting, removing and properly disposing of 
vegetation and debris.  Trees specifically identified on the plans to be preserved shall be adequately 
delineated and flagged by the Contractor, such that the balance of the work may be performed in a safe 
and harmless manner in the vicinity of preserved trees.  Such tree preservation will be considered part of 
the work and shall be in conformance with applicable local codes and regulations. 
 
1.2  The grubbing work covered by this section consists of removing and properly disposing of all surface 
vegetation and debris.  Where the material being removed is high in organic matter content, such as root 
mat and other vegetative matter, it shall be considered vegetation and removed as part of the work of 
grubbing.  Where material being removed consists predominantly of soils, such removal will be 
considered part of the work covered by Section 31 2200 of these specifications, entitled Unclassified 
Excavation and Grading. 
 
1.3  The work of clearing and grubbing shall also include the removal and satisfactory disposal of crops, 
weeds and other annual growth; the removal and satisfactory disposal of fences, steps, walls, chimneys, 
column footings, other footings, foundation slabs, basements, other foundation components, signs, 
junked vehicles, and other rubble and debris; and the filling of holes and depressions.  This work shall 
also be performed in all non-wooded areas within the construction limits, shown on the project plans upon 
which seeding and mulching, sprigging or sodding is to be performed. 
 
As a part of the work of clearing and grubbing, the Contractor will be required to perform the following: 
 
1.3.1 Cut off and plug at the right of way or construction limits, as directed by the Engineer, any private 
water or sewer line intercepted during the construction of the project. 
 
1.3.2 Cut off and remove from the construction area any septic tank or portion thereof during the 
construction of the project. 
 
1.4 Clearing and grubbing operations shall be completed sufficiently in advance of grading 
operations as may be necessary to prevent any of the debris from the clearing and grubbing operations 
from interfering with the excavation or embankment operations. 
 
1.5 The Contractor shall obtain, at his own expense, all necessary permits pertaining to clearing and 
grubbing work not already secured by the Engineer.  The Contractor shall then provide a copy of any and 
all required permits to the Engineer. 
 
2.  MATERIALS: 
 
2.1  Topsoil shall be considered to mean original surface soil, typical of the area, which is capable of 
supporting native plant growth, and shall be free of large stones, roots, brush, waste construction debris 
and other undesirable material. 
 
3.  INSTALLATION: 
 
3.1  Clearing and grubbing shall be performed in areas as called for on the plans, the limits of which shall 
coincide with the construction limits and in general shall extend 5 feet beyond top of cut or toe of fill, not 
to exceed the limits of the Owner's property.  Clearing and grubbing activities shall conform the "Standard 
Specifications for Roads and Structures" of latest revision, published by the North Carolina Department of 
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Transportation, except that grubbing shall be performed on all cleared excavation and embankment areas 
and shall include the complete removal of all stumps, roots and embedded debris. 
 
3.2  Where adjacent areas within the site but outside the limits of construction are disturbed as a 
result of clearing and grubbing activities, the Contractor shall remove all debris and restore to the original 
grades and equal or better condition. 
 
3.3  The Contractor shall exercise caution to protect and maintain all existing utilities and 
underground works which are to remain.  Any existing utilities or underground works which are to remain 
that are disturbed during construction shall be repaired or replaced at the Contractor's expense. 
 
3.4 The Contractor must comply with all local, state and federal laws, ordinances and regulations in 
the burning, removal and disposal of clearing and grubbing of all vegetation, timber, waste and all surface 
debris that must be hauled from the Project Site.  Burning of materials will be allowed on site as long as 
permitted by the governing regulatory agencies.  If burning is not allowed, the Contractor shall properly 
dispose of all cleared materials at his expense, in conformance with all applicable local and state laws 
and ordinances with the exception of any materials to be reused or recycled as directed elsewhere in this 
contract. 
 
3.5  Stripping and storage of topsoil:  All topsoil suitable for reuse, in the opinion of the Engineer, shall be 
stripped to its full depth, all topsoil to be moved shall be free of large stone, roots, brush, waste 
construction materials and other undesirable matter. 
 
3.5.1 Topsoil stripping shall be accomplished from all topsoiled areas to be disturbed. 
 
3.5.2 Existing lawn sods may be left to decompose with the topsoil.  Heavier stands of weeds and 
grasses shall be removed as directed by the Engineer prior to the stripping operations. 
 
3.5.3 The topsoil shall be kept separate from other excavated materials and stored in stockpiles, the 
location of which shall be as directed by the Engineer.  Topsoil shall be stockpiled so that it shall not be 
subject to abnormal erosion and loss, and so that it does not impede the flow of drainage runoff.  The 
directed locations of topsoil stockpiles will, when construction sequence permits, be located in areas that 
have previously been graded to design rough grade. 
 
3.5.4 Any excess topsoil shall be wasted on site. 
 
4.  METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 All work covered by this Section shall not be measured but shall be paid for as part of the lump 
sum contract price. 
 
 

END OF SECTION 
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SECTION 31 2000  
 

UNCLASSIFIED EXCAVATION  
 
 
1. DESCRIPTION:  
 
1.1       This portion of the project includes the excavation, undercut excavating, grading, earthwork and 
compaction required as shown on the plans and all other associated miscellaneous items of earthwork 
construction, as shown on the plans.  The Contractor shall furnish all materials, labor, equipment and 
incidental items necessary to complete this portion of the work as detailed on the plans and as called for 
in these Specifications. 
 
1.2 All unclassified excavation shall be in accordance with the "Standard Specifications for Roads 
and Structures" of latest revision, published by the North Carolina Department of Transportation, unless 
otherwise directed herein. 
 
1.3  Any unclassified excavation that contains contaminated soils shall be disposed of at a proper 
facility based on all Federal, State and Local regulations. 
 
2. MATERIALS: 
 
2.1 Topsoil shall be considered to mean original surface soil, typical of the area, which is capable of 
supporting native plant growth, and shall be free of large stones, roots, brush, waste, construction debris 
and other undesirable material or contamination. 
 
2.2 All fill used for site grading operations should consist of a clean (free of organics and debris) low 
plasticity soil (plasticity index less than 30). 
 
3. INSTALLATION: 
 
3.1 General Requirements: 
 
3.1.1  Omitted 
 
3.1.2 Construction stakeout will be by a licensed survey firm provided by the Contractor.  Exact 
locations and grade points are to be staked or fixed by the surveying firm before construction.  The 
Contractor shall not disturb any bench marks, reference stakes or property line monuments.  In the event 
it becomes necessary to remove any bench mark, reference stake or property line monument in the 
performance of the work, the Contractor shall contact the Owner so he may have the referenced points 
replaced.  If any such points are disturbed or damaged in excess of an agreed-to allowance, they shall be 
replaced by a North Carolina Registered Land Surveyor at the expense of the Contractor. 
  
3.1.3 Existing utility lines (either overhead or underground), sidewalks, fencing, pavement or other 
structures shown on the drawings, shown to the Contractor or mentioned in the plans and specifications 
shall be kept free of damage by the Contractor's operations.  It shall be the responsibility of the 
Contractor to verify the existence and location of all underground utilities within the Project Site.  
The omission from or the inclusion of utility locations on the plans is not to be considered as the non-
existence of or a definite location of existing underground utilities.  Any cost of moving the utility will be 
the responsibility of the Owner.  This is not to be construed as work adjacent to an existing utility that may 
need to be uncovered during construction, the cost of which is solely the responsibility of the Contractor.  
Any existing construction damaged by the Contractor shall be restored to an equal condition as that 
existing at the time prior to damage, at the Contractor's expense.  If any existing utility is inadvertently 
damaged during construction, the Contractor shall notify the utility, the Engineer and the Owner of said 
damaged utility at once so that emergency repairs may be made at the Contractor's expense and to the 
satisfaction of the party having jurisdiction of the utility. 
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3.2 Unclassified Excavation: 
 
3.2.1 Upon completion of the stripping operations, and after all excavation of the site has been 
completed to the lines and grades shown on the drawings, the exposed subgrade in cut areas should be 
proofrolled as specified herein for areas to receive fill.  Any areas which deflect, rut or pump excessively 
during the proofrolling or fail to "tighten up" after successive passes should be undercut to suitable soils 
and replaced with compacted fill. 
 
3.2.2 All site excavation shall be unclassified regardless of the nature of the materials encountered with 
the exception of rock excavation or unsuitable soil or contaminated soils/material as classified by the 
onsite Geotechnical Engineer.  Only that material which in the opinion of the Engineer cannot be removed 
with a caterpillar D-9 or equal, equipped with a properly fitted single tooth ripper, or removed by a 
caterpillar 225 backhoe or equal, equipped with rock teeth, will be regarded as rock.  The Engineer 
should be notified immediately if rock is encountered.  All excavation materials which are not required for 
fills shall be considered as waste and shall be wasted on site unless otherwise required by Federal, State 
and Local regulations. 
 
3.2.3 All site excavation of previously stockpiled or buried construction, clearing or demolition debris or 
any other refuse shall be properly disposed of offsite at the Contractor's expense.  The Contractor shall 
obtain all necessary Federal, State or Local permits for transporting and disposing of such material, at his 
expense. 
 
3.2.4 Rock in the bottom of roadway cuts shall be excavated to a depth of 1 foot below the roadbed 
and ditches.  Rock in building pad areas shall be excavated to a depth of 1 foot below finished grade or 
as indicated on the grading plans.  Rock in utility trenches shall be excavated six inches below the invert 
elevation of the pipe, and for a width of the pipe plus one foot on either side of the pipe, or three feet in 
width, whichever is more.   
 
3.2.5 The Contractor shall provide all sheeting, shoring, underpinning and bracing required to hold the 
sides of the excavation and for the protection of all adjacent structures.  The Contractor shall be held 
responsible for any damage to any part of the work by failure of excavated sides or bottoms. 
 
3.3 Blasting: 
 
3.3.1 Any and all blasting operations shall be conducted in strict accordance with existing ordinances 
and regulations relative to storage and use of explosives.  Blasting shall be done only by experienced 
men and extreme caution and care shall be exercised to prevent injury to persons or damage to any pipe, 
mains, wires, drains, buildings, railroad tracks or other property above or below the surface of the ground.  
The Contractor shall use safety nets or other equivalent measures as approved by the Engineer to 
reduce the possibility of flying rock as a result of blasting operations.  The Contractor shall be held strictly 
responsible for any injury to persons or damage to public or private property. 
 
3.3.2 The Contractor shall submit blasting plans to the Engineer for review and shall not proceed with 
blasting operations until approval has been granted.  As directed by the Engineer, blasting operations 
shall be monitored to insure that vibration levels produced by blasting are within tolerable limits. 
 
3.3.3 The Contractor shall obtain at his expense, all Federal, State and Local permits required to 
perform blasting operations. 
 
3.4 Dewatering: 
 
3.4.1 The Contractor shall control the grading in all areas so that the surface of the ground will be 
properly sloped, diked or ditched to prevent water from entering into excavated areas.  The Contractor 



Lumberton Equipment Shop  31 2000  Page 3 of 6 
     

shall maintain sufficient personnel and equipment to promptly and continuously remove all water, from 
any source, entering or accumulating in the excavation or other parts of the work.  All water pumped or 
drained from these areas shall be disposed of in a suitable manner without damaging adjacent property 
or other work under construction. 
 
3.5 Embankments, Fills and Backfills: 
 
3.5.1 Upon completion of the stripping operations, the exposed subgrade in areas to receive fill should 
be proofrolled with a loaded dump truck or similar pneumatic-tired vehicle with a minimum loaded weight 
of 25 tons, under the supervision of the geotechnical engineer.  The proofrolling procedure should consist 
of four complete passes of the exposed areas with two of the passes being in a direction perpendicular to 
the preceding ones.  Any areas which deflect, rut or pump excessively during the proofrolling or fail to 
"tighten up" after successive passes should be undercut to suitable soils and replaced with compacted fill. 
 
3.5.2 Embankments and fills shall be constructed at the locations and to the lines and grades indicated 
on the drawings.  Material shall be placed in horizontal layers not to exceed 8 inches in loose depth and 
thoroughly compacted prior to placing each following layer.  All fill material shall be free from roots or 
other organic material, trash, and from all stones having any one dimension greater than 6 inches.  
Stones larger than 4 inches, maximum dimension, shall not be permitted in the upper 6 inches of fill or 
embankment.  Fill areas shall be kept level with graders or other approved devices. 
 
3.5.3 Embankment and fill compaction shall be accomplished by thoroughly compacting each layer 
with sheep foot rollers, pneumatic rollers, and mechanical tampers in places inaccessible to rollers, or 
other equipment.  When material has too much moisture, grading operations shall be limited to drying soil 
by spreading and turning for drying by the sun and aeration.  When material is dry, moisture shall be 
added by sprinkling by approved means. 
 
3.5.4 All embankments and fills shall be compacted to the following percentages of the maximum dry 
density as determined by the Standard Proctor Density Test, ASTM D-698, Method C. 
 
3.5.5 The following table shall be used unless otherwise specified: 
 

TABLE OF COMPACTION 
 
  Type Fill or     Minimum 
  Embankment                  Zone  Density % 
 
  Roadway or Parking    Top 12 inches         98 

  Building      Top 12 inches        98 

  Non Vehicular Grass    Top 12 inches       92 

  Utility Trench     Top 12 inches                   95 

  Remainder              95 
 

Embankment types are defined as follows: 
 

Roadway and Parking - beneath all roads, streets, truck operations, and automobile parking lots. 
 
3.5.6 Where backfilling is required after the completion of drainage structures, all forms, trash, and 
construction debris shall be removed from excavation before backfilling begins.  Backfill shall be placed in 
horizontal layers of 6 inches in loose depth.  Compaction shall conform to requirements in the above 
table.  Heavy rollers, crawler equipment, trucks or other heavy equipment shall not be used for 
compacting backfill within 5 feet of structure walls or other facilities which may be damaged by their 
weight or operation.  No backfilling shall begin until concrete and masonry walls are properly cured. 
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3.5.7 The Contractor shall carry the top of embankments, fills, or backfills to the surrounding grade so 
that upon compaction and subsequent settlement, the grade will be at proper elevation.  Should 
settlement occur during the guarantee period of the contract, the Contractor shall provide sufficient fill to 
bring area up to finished grade and shall reseed as required. 
 
3.6 PROOFROLLING SCHEDULE: 
 
3.6.1 Proofrolling under the observation of the Soils Engineer will be performed using a loaded dump 
truck or similar pneumatic-tired vehicle with a minimum loaded weight of 25 tons as specified herein and 
as follows: 
 
3.6.2 Immediately following stripping, all areas to receive fill shall be proofrolled as specified herein. 
 
3.6.3 Immediately following the completion of excavation to proposed grades in cut areas, proofrolling 
shall be performed as specified herein. 
 
3.6.4 Immediately prior to stone base course placement in pavement areas and following final floor 
slab preparation, all subgrade areas will be proofrolled.  Any local areas which deflect, rut or pump under 
the roller shall be undercut and replaced with compacted fill material as specified herein. 
 
3.7 SOIL INSPECTION AND TESTS: 
 
3.7.1 All excavated and fill material shall be removed, selected, placed and compacted under 
supervision of a representative of a commercial soils testing laboratory which will be selected by the 
Owner.  A commercial soils testing laboratory shall be any firm properly equipped to perform such 
compaction tests and who has in their employment a Professional Engineer experienced in testing and 
soil mechanics.  The laboratory representative shall have the authority to approve or disapprove the 
condition of the subgrade on which fill is to be placed, filled material, placement methods, compaction 
methods, and shall make compaction density tests as necessary to determine that the specified density is 
obtained.  The Contractor shall notify the laboratory at least three (3) days prior to starting fill operations 
in order that suitability of material for compaction may be checked and no material shall be used that has 
not been previously checked and approved by the laboratory.  The laboratory shall be notified before any 
cut is made or fill is placed in order that the laboratory representative may be present during all grading 
operations.  The Contractor shall remove, replace, recompact and retest all fills failing to meet the density 
requirements at his own expense. 
 
3.7.2 A soils testing laboratory shall be retained by the Owner to supervise fill placement and 
compaction at no expense to the Contractor.  However, extra time and trips caused by excessive delay, 
failure of the Contractor to properly coordinate with the laboratory, or failure of the Contractor to properly 
compact fill material shall be backcharged to the Contractor. 
 
3.7.3 Field density tests shall be performed by the Owner's testing agency at the following rate: 

Mass Grading:  One test per two feet of fill placed over 25,000 square feet 
Backfill:  One test per two feet of fill placed over 5,000 square feet 
    or 
Backfill:  One test per two feet of vertical thickness per 1000 linear feet 
 

3.7.4 A minimum of one field density test shall be made for each 10,000 square feet of fill placement in 
all other areas where pavement is to be placed. 
 
3.7.5 Prior to final acceptance, the Soils Engineer shall submit certification specifying that the project 
compaction criteria and subgrading elevations have been satisfactorily obtained. This certification should 
be in the form of a letter.  The Contractor is responsible for coordination of this certification. 
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3.8 Borrow and Waste Materials: 
 
3.8.1 Borrow:  In the event borrow material is required, the borrow material shall be checked for 
suitability for compaction and approved by the soils testing laboratory.  The Contractor shall notify the 
laboratory at least three (3) days in advance of beginning borrow operations.  Borrow excavation shall be 
performed in accordance with the NCDOT Standard Specifications for Roads and Structures of latest 
revision except where modified herein. 
 
3.8.2 Waste: Excavated materials not suited for backfill and excavated material in excess of that 
needed to complete the work shall be wasted on the project site where directed by the Engineer unless 
otherwise required to be removed by Federal, State and Local regulations.  The waste area shall be 
prepared by topsoil stripping and prepared to receive the waste.  All materials placed in the waste areas 
shall be compacted to 95 percentage of the maximum dry density as determined by the Standard Proctor 
Density Test, ASTM D-698, Method C.   Waste areas shall be left in a graded and sloped condition to 
allow natural drainage of surrounding area. 
 
3.9 Residual Soil Areas: 
 
3.9.1 If proofrolling indicates that on-site virgin soils supporting any roadway, parking, building or other 
structural areas are not adequate as determined by the Soils Engineer, then these unsuitable areas shall 
be repaired by the Contractor.  The necessary repair procedure shall be determined by the Soils 
Engineer and may include scarifying, drying and recompaction procedures or undercutting and 
replacement procedures. 
 
3.10 Final Grading: 
 
3.10.1 On completion of all grading, all graded areas (except building pads and pavement areas in rough 
grading contracts and all cut slopes steeper than 4:l slope) shall be provided with 4 inches of topsoil and 
brought to the finished grades shown on the drawings.  Areas disturbed by operations of the Contractor 
shall be properly returned to their original condition with a topsoil covering of 4 inches. 
 
3.10.2  After the entire graded area has been brought to the finished grades shown on drawings, all areas 
shall be left smooth and free from erosion, ridges, ditches and evidence of ponding.  Final grades shall be 
free from all roots, debris, rock and soil lumps and left in readiness for seeding. 
 
3.10.3 Prior to acceptance of the entire project, the Contractor shall correct all embankments and graded 
areas of all damages due to washes, settlement, erosion, equipment ruts or any other cause at his 
expense. 
 
3.10.4  Prior to final acceptance, the Contractor shall provide certification as specified in paragraph 3.7.6 
that all grades are + 0.l foot of the finished grades shown on project drawings for the  pavement areas.  In 
other areas, the Contractor shall certify that all areas are + 0.2 foot and that the areas drain properly so 
that no ponding occurs.  The certification is not meant to require an as-built survey of the areas; rather, it 
is meant to require the Contractor to give assurance that the grades are within tolerances required.  If, in 
subsequent work, it is apparent that the subgrade is not as certified, the Owner may require the 
Contractor to provide all remedial work to ensure the subgrade is within tolerances, including any costs of 
improvements that may need to be redone. 
 
3.10.5 The Contractor shall stabilize all disturbed areas, unless otherwise directed, by seeding and 
mulching per section 32 9200 of these specifications or other means of stabilization called for by the 
contract drawings. 
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3.11  Clean-Up: 
 
3.11.1  Upon completion or termination of the work, and before final payment is made, the Contractor 
shall remove from site all equipment, waste materials and rubbish resulting from his operations.  In the 
event of his failure to do so, the same may be done by the Owner at the expense of the Contractor. 
 
3.12 Unsuitable Material: 
 
3.12.1 Unsuitable Material (referred to as Undercut on the quantity sheet) shall be paid for at the 
contract price in the amount determined by the Geotechnical Testing Engineer.  This unit price includes 
the excavation of the unsuitable soil, the appropriate offsite disposal of the unsuitable material if no onsite 
location is suitable, and its replacement with satisfactory soils that are to be placed and compacted per 
the project specifications. 
 
3.13 Petroleum Contaminated Material: 
 
3.13.1 Petroleum Contaminated Material (referred to as such on the quantity sheet) shall be paid for at 
the contract price in the amount determined by the Geotechnical Testing Engineer.  This unit price 
includes the excavation of the contaminated material, the appropriate offsite disposal of the unsuitable 
material, and its replacement with satisfactory soils that are to be placed and compacted per the project 
specifications. 
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 There is no line item for unclassified grading.  All work covered by this section shall not be 
measured and paid for as such but treated as work performed as part of the lump sum contract except for 
Unsuitable material and Petroleum Contaminated Material.   
 
4.1.1 Payment for Undercut/Unsuitable material is estimated at 2,000 cy of undercut and shall be paid 
for at the contract unit price on the bid form.    
 
4.1.2 Payment for Petroleum Contaminated material is estimated at a volume of 1,100 cy and shall be 
paid for at the contract unit price (in tons) on the bid form.    
 
 

END OF SECTION 
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SECTION 31 2300  
 

SUBGRADE 
 

 
1. DESCRIPTION:   
 
1.1 The work covered by this section consists of the preparation, shaping and compaction of either 
an unstabilized or stabilized subgrade, suitable for placement of base course, pavement and shoulders or 
for the placement of structures as called for on the plans.  The Contractor shall furnish all equipment, 
tools, labor and materials necessary to complete the work in accordance with the plans and 
specifications. 
 
2. MATERIALS: 
 
2.1 Water:  Water shall be clean and free from oil, salt, acid, alkali, organic matter or other 
substances detrimental to the finished product.  Water shall not contain more than 100 ppm chlorides nor 
more than 500 ppm dissolved solids, and shall have a pH in the range of 4.5 to 8.5. 
 
2.1.1 Water from a city water supply may be accepted without being tested.  Water from other sources 
shall be tested in accordance with AASHTO T26, unless the requirement for testing is waived by the 
Engineer.  The cost of testing water shall be paid by the Contractor. 
 
2.2 Stabilizer Aggregate: 
 
2.2.1 Stabilizer Aggregate shall consist of crushed stone or gravel or other similar material having hard, 
strong, durable particles free of adherent coatings. 
 

STABILIZER AGGREGATE 
GRADATION ACCEPTANCE CRITERIA 

 
 Column A Column B 
 Sieve Size % Passing 
 
 1½"       98 - 100 
 1" 60 - 100 
 ½" 36 -  84 
 No. 4 21 -  61 
 No. 10 10 -  50 
 No. 40     0 -  34 
 No. 200    0 -  13 
 

Material Passing No. 40 Sieve 
 
 L.L.    0 -  30 
 P.I.    0 -   6 
 
3. INSTALLATION: 
 
3.1 General Requirements:  All subgrade preparation shall conform the "Standard Specifications for 
Roads and Structures" of latest revision, published by the North Carolina Department of Transportation. 
 
3.1.1  The subgrade for roadways and structures shall be shaped to conform to the lines, grades and 
typical sections shown on the plans or established by the Engineer.  All vegetation, organic matter or 
other deleterious material shall be removed and properly disposed of by the Contractor.  Nor shall the soil 
contain stone or gravel larger than 2 inches for the full depth of the specified subgrade thickness.  In 
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areas where the subgrade is to be stabilized with aggregate, the subgrade surface may be left uniformly 
below grade to provide for the addition of the stabilizer aggregate. 
 
3.1.2 A tolerance of plus or minus 0.1+ foot from the established grade will be permitted after the 
subgrade has been graded and compacted to a uniform surface. 
 
3.2 Proof Rolling:  The subgrade for roads, parking areas and other locations designated on the 
plans or by the Engineer shall be proof rolled in accordance with the "Standard Specifications for Roads 
and Structures", published by the North Carolina Department of Transportation, to test for stability and 
uniformity of compaction.  The subgrade shall be proof rolled in the presence of the Engineer or his 
designee using a loaded dump truck or similar pneumatic-tired vehicle with a minimum loaded weight of 
25 tons.  Any area of the subgrade which pumps or ruts excessively shall be considered unsatisfactory 
and shall be windrowed and dried or shall receive lime or aggregate stabilization as directed by the 
engineer.  The subgrade shall then be recompacted and proof rolled at no additional cost to the Owner, 
repeating the above-outlined process until a stable, unyielding and uniformly compacted subgrade is 
provided. 
 
3.3 Aggregate Stabilized Subgrade:  Where the existing soil is incapable of providing adequate 
foundation for roadways or structures or where called for on the plans, the subgrade may be stabilized 
using aggregate.  The treatment of subgrade soils with aggregate shall be in conformance with the 
"Standard Specifications for Roads and Structures" published by the North Carolina Department of 
Transportation. 
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 All work covered by this section shall not be measured and paid for as such but shall be treated 
as work performed as a part of the lump sum contract except for aggregate stabilized subgrade.  This 
item shall be paid for at the unit price on the bid form. 

 
 

END OF SECTION 
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SECTION 31 2500  
 

EROSION AND SEDIMENT CONTROL 
 
 
1. DESCRIPTION: 
 
1.1 Erosion and sedimentation control shall be provided by the Contractor for all areas of the site 
denuded or otherwise disturbed during construction.  The Contractor shall be responsible for all 
installation, materials, labor, and maintenance of erosion and sediment control devices, as well as 
removal of temporary erosion and sediment control devices shown on the plans or required to protect all 
downstream properties, natural waterways, streams, lakes, ponds, catch basins, drainage ditches, roads, 
gutters, natural buffer zones, and man made structures. 
 
1.2 Erosion and sediment control procedures and facilities shall conform to the "Erosion and 
Sediment Control Planning and Design Manual" as published by the North Carolina Sedimentation 
Control Commission and to all applicable local codes or ordinances, whichever is more stringent. 
 
1.3 Related Work:  See the following sections for related work. 
 
 1. 31 3700 Plain Rip Rap 
 2. 31 2525 Stone for Erosion Control 
 3. 32 9200 Turf and Grasses 
 4. 31 2573 Temporary Silt Fence 
 5. 31 3200 Engineering Fabrics 
 
2. MATERIALS: 
 
2.1 Washed stone to be used in temporary sediment basins shall be of strong, durable nature, 
resistant to weathering and shall be graded to conform to Standard Size Number 57 as described by the 
"Standard Specifications for Road and Structures" of latest revision, as published by the North Carolina 
Department of Transportation. 
 
2.2 Refer to other sections within these specifications as listed in Item l.3 above for other material 
specification required in the installation of erosion and sediment control facilities. 
 
3. INSTALLATION: 
 
3.1 General Requirements: 
 
3.1.1  The Contractor shall follow the erosion control construction sequence schedule as shown on the 
contract drawings, except that should circumstances dictate that extra precaution be taken to prohibit 
erosion and sedimentation on the project, the Contractor will, at his own expense, take preventative 
measures as needed. 
 
3.1.2 The Contractor is required to maintain all erosion and sediment control facilities to insure proper 
performance throughout the construction phase and until such time all disturbed areas are permanently 
stabilized. 
 
3.1.3 Upon completion of construction or successful permanent stabilization of all areas which were 
disturbed before or during construction operations or as indicated on the construction drawings, 
whichever occurs last, the Contractor shall remove all temporary erosion and sediment control devices 
and facilities from the project site.  The Contractor shall retain these items for future use or properly 
dispose of these items offsite. 
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3.1.4 The Contractor shall provide temporary or permanent ground cover as called for on the 
construction plans within fifteen (15) working days after disturbance of any areas on the site. 
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 All work covered by this section shall not be measured but shall be paid for as part of the lump 

sum contract price for “erosion control” 
 
 

END OF SECTION 
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SECTION 31 2510  
 

GENERAL SERVICES SPECIAL PROVISIONS FOR EROSION CONTROL 
 

1. GROUND STABILZATION 

A. Ground Cover Stabilization Requirements - NCG010000 (7 - 14 Days) 
 

Ground cover stabilization shall comply with the timeframe guidelines specified by the North 
Carolina Department of Environment and Natural Resources Division of Water Quality NCG-
010000 General Construction Permit that became effective on August 1, 2016.  Excluding the 
slopes noted below, temporary and permanent ground cover stabilization shall be provided within 
seven (7) calendar days from the last land-disturbing activity.  
 
For the slopes noted below, temporary and / or permanent ground cover stabilization shall be 
provided within 14 calendar days from the last land-disturbing activity: 
 

Slopes between 2:1 and 3:1, with a slope length of ten feet or less 
Slopes 3:1 or flatter, with a slope length of 50 feet or less 
Slopes 4:1 or flatter 

 
The stabilization timeframe for High Quality Water (HQW) Zones shall be 7 calendar days with no 
exceptions for slope grades or lengths. High Quality Water Zones (HQW) Zones are defined by 
North Carolina Administrative Code 15A NCAC 04A.0105 (25). Temporary and permanent 
ground cover stabilization shall be achieved in accordance with the provisions in this contract and 
as directed. 
 
Temporary and / or permanent ground cover stabilization shall be provided in accordance with 
the provisions in this contract, and NCG-010000. 
 

B. Additional Ground Cover Stabilization Requirements 
 
Once the Contractor identifies the area for stabilization due to inactivity, the Contractor shall 
obtain concurrence from the Engineer and adhere to the following options based on the estimated 
amount of time the area will remain inactive.  If the area stabilized exceeds the estimated 
timeframe, the Contractor shall implement the next level of stabilization as directed by the 
Engineer. 

 
Short Term Stabilization - For areas that will remain inactive for up to 21 days 

 
Erodible areas shall be stabilized utilizing non-vegetative cover. Non-vegetative cover options 
include straw mulch, hydraulic applied erosion control products or rolled erosion control products. 
If straw mulch is used, it shall provide 100% groundcover and be tacked sufficiently to hold the 
mulch in place for the duration of the inactive period.  All other methods shall be installed 
according to the manufacturer’s directions. 
 
Mid-Term Stabilization - For areas that will remain inactive for up to 90 days 
 
Erodible areas shall be stabilized utilizing the following stabilization protocol: 
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August 1 – June 1     May 1 – September 1 
 

25# Rye Grain      10# German or Browntop Millet 
500# Fertilizer      500# Fertilizer 
4000# Limestone     4000# Limestone 
 

At the Engineer’s sole discretion, the use of limestone on sandy soils that require topsoil for 
stabilization may be eliminated. The Engineer shall consult with, and obtain approval from, the 
Roadside Environmental Unit prior to eliminating limestone. 

 
Upon obtaining approval from the Engineer, the Contractor may use wood mulch and / or ground 
clearing and grubbing debris as an option for Mid-Term Stabilization. If approved, the 
aforementioned mulch and / or debris shall be installed at a thickness that prevents erosion. 
 
 

C. Seeding and Mulching (East) 
 
The kinds of seed and fertilizer, and the rates of application of seed, fertilizer, and limestone,  
shall be as stated below. During periods of overlapping dates, the kind of seed to be used shall  
be determined. All rates are in pounds per acre. 

 
All Roadway Areas 

 
March 1 - August 31    September 1 - February 28 

50# Tall Fescue     50# Tall Fescue 
10# Centipede     10# Centipede 

25# Bermudagrass (hulled)   35# Bermudagrass (unhulled) 
500# Fertilizer     500# Fertilizer 

4000# Limestone    4000# Limestone 
 

Waste and Borrow Locations 
 

March 1 - August 31    September 1 - February 28 
75# Tall Fescue     75# Tall Fescue 

25# Bermudagrass (hulled)   35# Bermudagrass (unhulled) 
500# Fertilizer     500# Fertilizer 

4000# Limestone    4000# Limestone 
 

Note: 50# of Bahiagrass may be substituted for either Centipede or Bermudagrass only upon 
Engineer’s Request. 
 
Tall Fescue Cultivars shall be as approved by NCDOT for use on property, as listed in the 
Eastern Seed Mixture in current form by NCDOT. 

 
At the Engineer’s sole discretion, the use of limestone on sandy soils that require topsoil for 
stabilization may be eliminated. The Engineer shall consult with, and obtain approval from, the 
Roadside Environmental Unit prior to eliminating limestone. 

 
Long Term Stabilization - For areas that will remain inactive for more than 91 days 
  
Erodible areas shall be stabilized utilizing the following stabilization protocol: 

 
January 1 – December 31 

 
100# Tall Fescue Cultivars *** 

15# Kentucky Bluegrass Cultivars ** 



Lumberton Equipment Shop  31 2510 Page 3 of 10 

30# Hard Fescue Cultivars * 
500# Fertilizer 

4000# Limestone 
 

* Approved Hard Fescue Cultivars 
 

Chariot Nordic Rhino Warwick 
Firefly Oxford Scaldis II  
Heron Reliant II Spartan II 
Minotaur Reliant IV Stonehenge 

 
** Approved Kentucky Bluegrass Cultivars 

 
Alpine Bariris Envicta Rugby 
Apollo Bedazzled Impact Rugby II 
Arcadia Bordeaux Kenblue Showcase 
Arrow Champagne Midnight Sonoma 
Award Chicago II Midnight II  

 
*** Approved Tall Fescue Cultivars 

 
2nd Millennium   Duster    Magellan   Rendition 
Avenger   Endeavor   Masterpiece   Scorpion 
Barlexas   Escalade   Matador   Shelby 
Barlexas II   Falcon II, III, IV & V  Matador GT   Signia 
Barrera   Fidelity    Millennium   Silverstar 
Barrington   Finesse II   Montauk   Southern Choice II 
Biltmore   Firebird   Mustang 3   Stetson 
Bingo    Focus    Olympic Gold   Tarheel 
Bravo    Grande II   Padre    Titan Ltd 
Cayenne   Greenkeeper   Paraiso   Titanium 
Chapel Hill   Greystone   Picasso   Tomahawk 
Chesapeake   Inferno    Piedmont   Tacer 
Constitution   Justice    Pure Gold   Trooper 
Chipper   Jaguar 3   Prospect   Turbo 
Coronado   Kalahari   Quest    Ultimate 
Coyote    Kitty Hawk  Rebel Exeda   Watchdog 
Davinci    Kitty Hawk 2000 Rebel Sentry   Wolfpack 
Dynasty  Lexington   Regiment II 
Dominion      Rembrandt 

 
On cut and fill slopes 2:1 or steeper Centipede shall be applied at the rate of 5 pounds per acre 
and add 20# of Sericea Lespedeza from January 1 – December 31. 

 
Fertilizer shall be 10-20-20 analysis or a different analysis that provides a 1-2-2 ratio applied at a 
rate that provides the same amount of plant food as a 10-20-20 analysis and as directed. 
 
Soil Analysis: If vegetation establishment indicates a deficiency in soil nutrients or an incurred pH 
level is present, the Contractor shall take soil samples and apply additional soil amendments to 
the affected area and as directed. 
 

2.  TEMPORARY SEEDING 
 

Fertilizer shall be the same analysis as specified for Seeding and Mulching and applied at the 
rate of 400 pounds and seeded at the rate of 50 pounds per acre. Sweet Sudan Grass, German 
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Millet or Browntop Millet shall be used in summer months and Rye Grain during the remainder of 
the year. The Engineer will determine the exact dates for using each kind of seed.  
 

 
3. FERTILIZER TOPDRESSING 

 
Prior to completion of the project, the Contractor shall apply a minimum of one Fertilizer 
Topdressing application per growing season, in accordance with the requirements noted below, 
to all Long Term seeded areas and as directed. 
 
Fertilizer used for topdressing on all roadway areas except slopes 2:1 and steeper shall be  
10 - 20 - 20 grade and shall be applied at the rate of 500 pounds per acre. A different analysis of 
fertilizer may be used provided the 1 - 2 - 2 ratio is maintained and the rate of application 
adjusted to provide the same amount of plant food as 10 - 20 - 20 analysis and as directed. 
 
Fertilizer used for topdressing on slopes 2:1 and steeper and waste and borrow areas shall be  
16 - 8 - 8 grade and shall be applied at the rate of 500 pounds per acre. A different analysis of 
fertilizer may be used provided the 2 - 1 - 1 ratio is maintained and the rate of application 
adjusted to provide the same amount of plant food as 16 - 8 - 8 analysis and as directed. 

 
4.  SUPPLEMENTAL SEEDING 
 

The kinds of seed and proportions shall be the same as specified for Seeding and Mulching, with 
the exception that no centipede seed will be used in the seed mix for supplemental seeding. The 
rate of application for supplemental seeding may vary from 25# to 75# per acre. The actual rate 
per acre will be determined prior to the time of topdressing and the Contractor will be notified in 
writing of the rate per acre, total quantity needed, and areas on which to apply the supplemental 
seed. Minimum tillage equipment, consisting of a sod seeder shall be used for incorporating seed 
into the soil as to prevent disturbance of existing vegetation. A clodbuster (ball and chain) may be 
used where degree of slope prevents the use of a sod seeder. 

 
5.  PERMANENT VEGETATION ESTABLISHMENT 
 

Establish a permanent stand of the vegetation mixture shown in the contract.  During the period 
between initial vegetation planting and final project acceptance, perform all work necessary 
to establish permanent vegetation on all erodible areas within the project limits, as well as, 
in borrow and waste pits.  This work shall include erosion control device maintenance and 
installation, repair seeding and mulching, supplemental seeding and mulching, mowing, 
and fertilizer topdressing, as directed.  All work shall be performed in accordance with the 
applicable section of the 2018 Standard Specifications.  All work required for initial vegetation 
planting shall be performed as a part of the work necessary for the completion and acceptance of 
the Intermediate Contract Time (ICT).  Between the time of ICT and Final Project acceptance, 
or otherwise referred to as the vegetation establishment period, the Department will be responsible 
for preparing the required National Pollutant Discharge Elimination System (NPDES) inspection 
records. 
 
Once the Engineer has determined that the permanent vegetation establishment requirement has 
been achieved at an 80% vegetation density (the amount of established vegetation per given area 
to stabilize the soil) and no erodible areas exist within the project limits, the Contractor will be 
notified to remove the remaining erosion control devices that are no longer needed.  The Contractor 
will be responsible for, and shall correct any areas disturbed by operations performed in permanent 
vegetation establishment and the removal of temporary erosion control measures, whether 
occurring prior to or after placing traffic on the project. 
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5.  MOWING 
 

The minimum mowing height on this project shall be 4 inches. 
 
6.  EROSION AND SEDIMENT CONTROL/STORMWATER CERTIFICATION: 
(1-16-07) (Rev 11-22-16) 105-16, 225-2, 16 SP1 G180 

 
6.1 GENERAL 
 
Schedule and conduct construction activities in a manner that will minimize soil erosion and the resulting 
sedimentation and turbidity of surface waters.  Comply with the requirements herein regardless of whether 
or not a National Pollution discharge Elimination System (NPDES) permit for the work is required. 

Establish a chain of responsibility for operations and subcontractors’ operations to ensure that the Erosion 
and Sediment Control/Stormwater Pollution Prevention Plan is implemented and maintained over the life 
of the contract. 

(A) Certified Supervisor - Provide a certified Erosion and Sediment Control/Stormwater Supervisor to 
manage the Contractor and subcontractor operations, insure compliance with Federal, State and 
Local ordinances and regulations, and manage the Quality Control Program. 

 

(B) Certified Foreman - Provide a certified, trained foreman for each construction operation that 
increases the potential for soil erosion or the possible sedimentation and turbidity of surface waters. 

(C) Certified Installer - Provide a certified installer to install or direct the installation for erosion or 
sediment/stormwater control practices. 

(D) Certified Designer - Provide a certified designer for the design of the erosion and sediment 
control/stormwater component of reclamation plans and, if applicable, for the design of the project 
erosion and sediment control/stormwater plan. 

 
6.2 ROLES AND RESPONSIBILITIES 
 
(A) Certified Erosion and Sediment Control/Stormwater Supervisor - The Certified Supervisor shall be 

Level II and responsible for ensuring the erosion and sediment control/stormwater plan is 
adequately implemented and maintained on the project and for conducting the quality control 
program.  The Certified Supervisor shall be on the project within 24 hours notice from initial 
exposure of an erodible surface to the project’s final acceptance.  Perform the following duties: 

(1) Manage Operations - Coordinate and schedule the work of subcontractors so that erosion 
and sediment control/stormwater measures are fully executed for each operation and in a 
timely manner over the duration of the contract. 

(a) Oversee the work of subcontractors so that appropriate erosion and sediment 
control/stormwater preventive measures are conformed to at each stage of the 
work. 

(b) Prepare the required National Pollutant Discharge Elimination System (NPDES) 
Inspection Record and submit to the Engineer. 

(c) Attend all weekly or monthly construction meetings to discuss the findings of the 
NPDES inspection and other related issues. 
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(d) Implement the erosion and sediment control/stormwater site plans requested. 
(e) Provide any needed erosion and sediment control/stormwater practices for the 

Contractor’s temporary work not shown on the plans, such as, but not limited to 
work platforms, temporary construction, pumping operations, plant and storage 
yards, and cofferdams. 

(f) Acquire applicable permits and comply with requirements for borrow pits, 
dewatering, and any temporary work conducted by the Contractor in jurisdictional 
areas. 

(g) Conduct all erosion and sediment control/stormwater work in a timely and 
workmanlike manner. 

(h) Fully perform and install erosion and sediment control/stormwater work prior to any 
suspension of the work. 

(i) Coordinate with Department, Federal, State and Local Regulatory agencies on 
resolution of erosion and sediment control/stormwater issues due to the 
Contractor’s operations. 

(j) Ensure that proper cleanup occurs from vehicle tracking on paved surfaces or any 
location where sediment leaves the Right-of-Way. 

(k) Have available a set of erosion and sediment control/stormwater plans that are 
initialed and include the installation date of Best Management Practices.  These 
practices shall include temporary and permanent groundcover and be properly 
updated to reflect necessary plan and field changes for use and review by 
Department personnel as well as regulatory agencies. 

 

(2) Requirements set forth under the NPDES Permit - The Department's NPDES Stormwater 
permit (NCS000250) outlines certain objectives and management measures pertaining to 
construction activities.  The permit references NCG010000, General Permit to Discharge 
Stormwater under the NPDES, and states that the Department shall incorporate the 
applicable requirements into its delegated Erosion and Sediment Control Program for 
construction activities disturbing one or more acres of land.  The Department further 
incorporates these requirements on all contracted bridge and culvert work at jurisdictional 
waters, regardless of size.  Some of the requirements are, but are not limited to: 

(a) Control project site waste to prevent contamination of surface or ground waters of 
the state, i.e. from equipment operation/maintenance, construction materials, 
concrete washout, chemicals, litter, fuels, lubricants, coolants, hydraulic fluids, any 
other petroleum products, and sanitary waste. 

(b) Inspect erosion and sediment control/stormwater devices and stormwater 
discharge outfalls at least once every 7 calendar days and within 24 hours after a 
rainfall event of 0.5 inch that occurs within a 24 hour period.  Additional monitoring 
may be required at the discretion of Division of Water Resources personnel if the 
receiving stream is 303(d) listed for turbidity and the project has had documented 
problems managing turbidity. 

(c) Maintain an onsite rain gauge or use the Department’s Multi-Sensor Precipitation 
Estimate website to maintain a daily record of rainfall amounts and dates. 

(d) Maintain erosion and sediment control/stormwater inspection records for review by 
Department and Regulatory personnel upon request. 

(e) Implement approved reclamation plans on all borrow pits, waste sites and staging 
areas. 

(f) Maintain a log of turbidity test results as outlined in the Department's Procedure 
for Monitoring Borrow Pit Discharge. 

(g) Provide secondary containment for bulk storage of liquid materials. 
(h) Provide training for employees concerning general erosion and sediment 

control/stormwater awareness, the Department’s NPDES Stormwater Permit 
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NCS000250 requirements, and the applicable requirements of the General Permit, 
NCG010000. 

(i) Report violations of the NPDES permit to the Engineer immediately who will notify 
the Division of Water Quality Regional Office within 24 hours of becoming aware 
of the violation. 

 
(3) Quality Control Program - Maintain a quality control program to control erosion, prevent 

sedimentation and follow provisions/conditions of permits.  The quality control program 
shall: 

(a) Follow permit requirements related to the Contractor and subcontractors’ 
construction activities. 

(b) Ensure that all operators and subcontractors on site have the proper erosion and 
sediment control/stormwater certification. 

(c) Notify the Engineer when the required certified erosion and sediment 
control/stormwater personnel are not available on the job site when needed. 

(d) Conduct the inspections required by the NPDES permit. 
(e) Take corrective actions in the proper timeframe as required by the NPDES permit 

for problem areas identified during the NPDES inspections. 
(f) Incorporate erosion control into the work in a timely manner and stabilize disturbed 

areas with mulch/seed or vegetative cover on a section-by-section basis. 
(g) Use flocculants approved by state regulatory authorities where appropriate and 

where required for turbidity and sedimentation reduction. 
(h) Ensure proper installation and maintenance of temporary erosion and sediment 

control devices. 
(i) Remove temporary erosion or sediment control devices when they are no longer 

necessary as agreed upon by the Engineer. 
(j) The Contractor’s quality control and inspection procedures shall be subject to 

review by the Engineer.  Maintain NPDES inspection records and make records 
available at all times for verification by the Engineer. 

 

(B) Certified Foreman - At least one Certified Foreman shall be onsite for each type of work listed 
herein during the respective construction activities to control erosion, prevent sedimentation and 
follow permit provisions: 

(1) Foreman in charge of grading activities 
(2) Foreman in charge of bridge or culvert construction over jurisdictional areas 
(3) Foreman in charge of utility activities 
 
The Contractor may request to use the same person as the Level II Supervisor and Level II 
Foreman.  This person shall be onsite whenever construction activities as described above are 
taking place.  This request shall be approved by the Engineer prior to work beginning. 

The Contractor may request to name a single Level II Foreman to oversee multiple construction 
activities on small bridge or culvert replacement projects.  This request shall be approved by the 
Engineer prior to work beginning. 

(C) Certified Installers - Provide at least one onsite, Level I Certified Installer for each of the following 
erosion and sediment control/stormwater crew: 

 
(1) Seeding and Mulching 
(2) Temporary Seeding 
(3) Temporary Mulching 
(4) Sodding 
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(5) Silt fence or other perimeter erosion/sediment control device installations 
(6) Erosion control blanket installation 
(7) Hydraulic tackifier installation 
(8) Turbidity curtain installation 
(9) Rock ditch check/sediment dam installation 
(10) Ditch liner/matting installation 
(11) Inlet protection 
(12) Riprap placement 
(13) Stormwater BMP installations (such as but not limited to level spreaders, 

retention/detention devices) 
(14) Pipe installations within jurisdictional areas 

 
If a Level I Certified Installer is not onsite, the Contractor may substitute a Level II Foreman for a 
Level I Installer, provided the Level II Foreman is not tasked to another crew requiring Level II 
Foreman oversight. 

 
(D) Certified Designer - Include the certification number of the Level III-B Certified Designer on the 

erosion and sediment control/stormwater component of all reclamation plans and if applicable, the 
certification number of the Level III-A Certified Designer on the design of the project erosion and 
sediment control/stormwater plan. 

 
6.3 PRECONSTRUCTION MEETING 
 
Furnish the names of the Certified Erosion and Sediment Control/Stormwater Supervisor, Certified 
Foremen, Certified Installers and Certified Designer and notify the Engineer of changes in certified 
personnel over the life of the contract within 2 days of change. 
 
6.4 ETHICAL RESPONSIBILITY 
 
Any company performing work for the North Carolina Department of Transportation has the ethical 
responsibility to fully disclose any reprimand or dismissal of an employee resulting from improper testing 
or falsification of records. 
 
6.5 REVOCATION OR SUSPENSION OF CERTIFICATION 
 
Upon recommendation of the Chief Engineer to the certification entity, certification for Supervisor, Certified 
Foremen, Certified Installers and Certified Designer may be revoked or suspended with the issuance of an 
Immediate Corrective Action (ICA), Notice of Violation (NOV), or Cease and Desist Order for erosion and 
sediment control/stormwater related issues. 
 
The Chief Engineer may recommend suspension or permanent revocation of certification due to the 
following: 
 
(A) Failure to adequately perform the duties as defined within this certification provision. 
(B) Issuance of an ICA, NOV, or Cease and Desist Order. 
(C) Failure to fully perform environmental commitments as detailed within the permit conditions and 

specifications. 
(D) Demonstration of erroneous documentation or reporting techniques. 
(E) Cheating or copying another candidate’s work on an examination. 
(F) Intentional falsification of records. 
(G) Directing a subordinate under direct or indirect supervision to perform any of the above actions. 
(H) Dismissal from a company for any of the above reasons. 
(I) Suspension or revocation of one’s certification by another entity. 
 
Suspension or revocation of a certification will be sent by certified mail to the certificant and the Corporate 
Head of the company that employs the certificant. 
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A certificant has the right to appeal any adverse action which results in suspension or permanent revocation 
of certification by responding, in writing, to the Chief Engineer within 10 calendar days after receiving notice 
of the proposed adverse action. 
 

Chief Engineer 
1536 Mail Service Center 
Raleigh, NC 27699-1536 

 
Failure to appeal within 10 calendar days will result in the proposed adverse action becoming effective on 
the date specified on the certified notice.  Failure to appeal within the time specified will result in a waiver 
of all future appeal rights regarding the adverse action taken.  The certificant will not be allowed to perform 
duties associated with the certification during the appeal process. 
 
The Chief Engineer will hear the appeal and make a decision within 7 days of hearing the appeal.  Decision 
of the Chief Engineer will be final and will be made in writing to the certificant. 
 
If a certification is temporarily suspended, the certificant shall pass any applicable written examination and 
any proficiency examination, at the conclusion of the specified suspension period, prior to having the 
certification reinstated. 
 
6.6 MEASUREMENT AND PAYMENT 
 
Certified Erosion and Sediment Control/Stormwater Supervisor, Certified Foremen, Certified Installers 
and Certified Designer will be incidental to the project for which no direct compensation will be made. 
 
 
6.7 BORROW AND WASTE RECLAMATION PLAN PROCESS 
 
Borrow or waste areas that are part of the project shall require a separate Reclamation Plan, unless the 
borrow or waste activity is regulated under the Mining Act of 1971, or is a landfill regulated by the Division 
of Solid Waste Management (NCDENR).  For newly created borrow pit(s) that require dewatering, Borrow 
Pit(s) Dewatering Basins shall be required and shall be in accordance with the applicable Special 
Provision available at the website noted in Section IV above.  The Design-Build Team shall submit the 
location and permit number for waste / borrow sites covered by the Mining Act or regulated by DSWM 
(DENR) concurrently to the Transportation Program Management Director and the Resident Engineer.  
For Reclamation Procedures, see:  
 

http://www.ncdot.org/doh/operations/dp_chief_eng/roadside/fieldops/downloads/Files/Con
tractedReclamationProcedures.pdf 

 
 
6.8 EROSION CONTROL LIQUIDATED DAMAGES 
 
The Contractor shall observe and comply with Federal and State Laws, Local Laws, Ordinances, and 
Regulations; as well as Orders and Decrees of Bodies having any jurisdiction or authority in accordance 
with Section 107 of the 2012 Standard Specifications for Roads and Structures. 
 
The Contractor shall take all reasonable precautions to comply with all regulations of all authorities having 
jurisdiction over public and private land governing the protection of erosion and sedimentation.  Any fines, 
remediation required or charges levied against the Department for failing to comply with all rules and 
regulations concerning erosion and sediment control, due to the Contractor’s negligence, carelessness, 
or failure to implement the Erosion and Sedimentation Control Plans and Specifications; or failure to 
maintain an approved Storm Water Pollution Prevention Plan (SWPPP), regardless of absence of 
neglect, shall be deducted from monies due the Contractor.  In addition to said fines, remediation 
required, or charges levied, any associated engineering costs or actions taken by the Department in order 
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for the Department to comply with rules and regulations, as a result of the Contractor’s negligence, 
carelessness, or failure to implement the Erosion and Sedimentation Control Plans and Specifications; 
and / or the SWPPP, regardless of absence of neglect, shall be deducted from the monies due to the 
Design-Build Team. 
 

END OF SECTION 
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SECTION 31 2523  
 

STONE FOR EROSION CONTROL 
 
1. DESCRIPTION:   
 
1.1 The work covered by this section consists of the furnishing, stockpiling if directed, placing and 
maintaining an approved stone liner placed in or at ditches, swales, pipe inlets, pipe outlets, and at other 
locations designated on the plans or directed by the Engineer.  The Contractor shall furnish all 
equipment, tools, labor and materials necessary to complete the work in accordance with the plans and 
specifications. 
 
2. MATERIALS: 
 
2.1 Stone for erosion control shall conform the "Standard Specifications for Roads and Structures" of 
latest revision, published by the North Carolina Department of Transportation. 
 
2.2 Stone for erosion control shall be resistant to the action of air and water, be of a hard, durable 
nature and shall range in size as follows: 
 
    Class    Size 
      A   2" - 6" 
      B   5" - l5" 
 
2.3 All stone shall meet the approval of the Engineer.  While no specific gradation is required, the 
various sizes of stone shall be equally distributed within the required size range.  The size of an individual 
stone particle will be determined by measuring along its long dimension. 
 
3. INSTALLATION: 
 
3.1 Unless otherwise directed by the Engineer, the stone shall be placed on slopes less than the 
angle of repose of the material and to the line, grade and slope as indicated on the plans.  The stone 
shall be placed so that the smaller stones are uniformly distributed throughout the mass.  All stone shall 
be placed in a neat, uniform layer with an even surface meeting the approval of the Engineer. 
 
3.2 At locations where stone is required for channel changes and drainage ditches, the stone shall be 
placed prior to diverting the water into the channel changes and drainage ditches. 
 
3.3 At locations where stone is required at the outlet of pipe culverts, the stone shall be placed 
immediately after completion of the pipe culvert installation. 
 
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 There will be no separate measurement for payment made for any work covered by these 
Specifications.  Payment for all work in this portion of the project will be made as part of the lump sum 
contract price for “erosion control”. 
 
 

END OF SECTION 
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SECTION 31 2573  
 

SILT FENCE 
 
1. DESCRIPTION: 
 
1.1 The work covered by this Section consists of the furnishing, installing, maintaining, replacing as 
needed, and removing of temporary silt fence.  The Contractor shall furnish all equipment, tools, labor 
and materials necessary to complete the work in accordance with the plans and specifications.  All 
materials and procedures shall conform to the "Standard Specifications for Roads and Structures", of 
latest revision, published by the North Carolina Department of Transportation or Section 6.62 of the 
"Erosion and Sediment Control Planning and Design Manual", published by the North Carolina Sediment 
Control Commission and all local codes and ordinances, whichever is more stringent. 
 
2. MATERIALS: 
 
2.1 General Requirements: 
 
2.1.1  Temporary silt fence shall be a water permeable filter type fence for the purposes of removing 
suspended particles from the water passing through it. 
 
2.2 Posts: 
 
2.2.1 Steel posts must be used. Steel posts shall be at least 5 feet in length, approximately 1-3/8 
inches wide measured parallel to the fence, and have a minimum weight of 1.25 lb/ft of length.  The post 
shall be equipped with an anchor plate having a minimum area of l4.0 square inches, and shall have a 
means of retaining wire and fabric in the desired position without displacement. 
 
2.3 Woven Wire Fence: 
 
2.3.1 Wire fence fabric shall be at least 32 inches high, and shall have at least 6 horizontal wires.  
Vertical wires shall be spaced l2 inches apart.  The top and bottom wires shall be at least l0 gage.  All 
other wires shall be at least l2-l/2 gage. 
 
2.4 Silt Fence Filter Fabric: 
 
2.4.1 Filter fabric shall meet the requirements of Type 3 Engineering Fabric, Class A or B, per the  
"Standard Specifications for Roads and Structures" of latest revision, published by the North Carolina 
Department of Transportation.  .   
 
2.5 Wire Staples: 
 
2.5.1 Wire staples shall be a No. 9 staple and shall be at least 1½ inches long. 
 
3. Installation: 
 
3.1 General Requirements: 
 
3.1.1 The Contractor shall install temporary silt fence as shown on the plans.  The silt fence shall be 
constructed at the locations shown on the plans and at all other locations necessary to prevent sediment 
transport, as directed by the Engineer. 
 
3.1.2 Class A synthetic filter fabric may be used only in conjunction with woven wire fence fabric 
backing.  Filter fabric shall be attached to the wire fence fabric by wire or other acceptable means. 
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3.1.3 Class B synthetic filter fabric may be used without the woven wire fence fabric backing, subject to 
the following conditions: 
 
3.1.4 Post spacing is reduced to a maximum of 6 feet. 
 
3.1.5 The proposed fabric has been approved by the Engineer as being suitable for use without the 
woven wire fence fabric backing. 
 

3.1.6 Fence posts shall be inclined toward the runoff source at an angle of not more than 20o from 
vertical. 
 
3.1.7 Posts shall be installed so that no more than 3 feet of the post shall protrude above the ground.  
Where possible, the filter fabric from a continuous roll cut to the length of the barrier shall be used to 
avoid joints.  When joints are necessary, securely fasten the filter cloth only at a support post with overlap 
to the next post.  At the time of installation, the fabric will be rejected if it has defects, rips, holes, flaws, 
deterioration, or damage incurred during manufacture, transportation, or storage. 
 
3.2 Maintenance and Removal: 
 
3.2.1 The Contractor shall inspect temporary silt fences at least once a week and after each rainfall 
and shall make any required repairs and remove and dispose of silt accumulation immediately.  Should 
the fabric of the silt fence collapse, tear, decompose or become ineffective, the Contractor will replace it 
promptly at his own expense.  The Contractor shall remove sediment deposits as necessary to provide 
adequate storage volume for the next rain and to reduce pressure on the fence. 
 
3.2.2 The Contractor shall remove all temporary silt fence and associated appurtenances once all 
disturbed areas upland of the fence are properly and satisfactorily stabilized as called for on the plans. 
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
There will be no separate measurement for payment made for any work covered by these Specifications.  
Payment for all work in this portion of the project will be made as part of the lump sum contract price for 
“erosion control”. 
 
 

END OF SECTION 



NCDOT Lumberton  
Equipment Shop 

31 3116 - 1 TERMITE CONTROL 

 

SECTION 31 3116 
TERMITE CONTROL 

PART 1 GENERAL 
 
1.01 SECTION INCLUDES 

A. Chemical soil treatment. 
 

1.02 TERMITE CONTROL REFERENCE STANDARDS 
A. Title 7, United States Code, 136 through 136y - Federal Insecticide, Fungicide and Rodenticide 

Act; United States Code; 1947 (Revised 2001). 
 

1.03 SUBMITTALS 
A. See Section 01 3000 - Administrative Requirements, for submittal procedures. 

 
B. Product Data: Indicate toxicants to be used, composition by percentage, dilution schedule, 

intended application rate. 
 

C. Test Reports: Indicate regulatory agency approval reports when required. 
 

D. Manufacturer's Application Instructions: Indicate caution requirements. 
 

E. Manufacturer's Certificate: Certify that toxicants meet or exceed specified requirements. 
 

F. Record moisture content of soil before application. 
 

G. Warranty: Submit warranty and ensure that forms have been completed in NC DOT's name. 
 

1.04 QUALITY ASSURANCE 
A. Installer Qualifications: Company specializing in performing this type of work and: 

1. Approved by manufacturer of treatment materials. 
 

2. Licensed in North Carolina. 
 
1.05 WARRANTY 

A. See Section 01 7800 - Closeout Submittals, for additional warranty requirements. 
 

B. Provide five year installer's warranty against damage to building caused by termites. 
 
2.01 MATERIALS 
 

A. Manufacturers: 
 
1. Bayer Environmental Science Corp: www.backedbybayer.com/pest-management. 

 
2. FMC Professional Solutions: www.fmcprosolutions.com. 

 
3. Syngenta Professional Products: www.syngentaprofessionalproducts.com. 

 
4. Substitutions: See Section 01 6000 - Product Requirements. 

 
B. Toxicant Chemical: EPA approved; synthetically color dyed to permit visual identification of 

treated soil. 
 

C. Diluent: Recommended by toxicant manufacturer. 
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2.02 MIXES 
 

A. Mix toxicant to manufacturer's instructions. 

PART 3 EXECUTION 
 
3.01 EXAMINATION 
 

A. Verify that soil surfaces are unfrozen, sufficiently dry to absorb toxicant, and ready to receive  
treatment. 
 

B. Verify final grading is complete. 
 

3.02 APPLICATION 
 
A. Comply with requirements of U.S. EPA and applicable state and local codes. 

 
B. Spray apply toxicant in accordance with manufacturer's instructions. 

 
C. Apply toxicant at following locations: 

 
1. Under Slabs-on-Grade. 
 

D.   Under slabs, apply toxicant immediately prior to installation of vapor barrier. 
 

E.   Apply extra treatment to structure penetration surfaces such as pipe or ducts, and soil 
      penetrations such as grounding rods or posts. 

 
F.   Re-treat disturbed treated soil with same toxicant as original treatment. 
 
G. If inspection or testing identifies the presence of termites, re-treat soil and re-test. 
 

3.03 PROTECTION 
 
A. Do not permit soil grading over treated work. 

 
 

END OF SECTION 
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SECTION 31 3200  
 

ENGINEERING FABRICS 
 
 
1. DESCRIPTION:   
 
1.1 The work covered by this Section consists of the installation of an acceptable engineering fabric 
(filter fabric) appropriate for the application(s) called for on the plans.  Placement of the fabric shall be an 
integral function of the construction of shoulder drains, subsurface drainage systems, temporary silt 
fences and placement of erosion control stone or rip rap facilities.  The Contractor shall furnish all 
equipment, tools, labor and materials necessary to complete the work in accordance with the plans and 
specifications. 
 
2. MATERIALS: 
 
2.1 Engineering fabric shall have material properties strictly conforming to those specified in the 
"Standard Specifications for Roads and Structures" of latest revision, published by the North Carolina 
Department of Transportation.  The Contractor shall provide engineering fabric(s) for various applications 
which meet or exceed the corresponding criteria for each different fabric utilized per the subject 
specification. 
 
3. INSTALLATION: 
 
3.1 General Requirements: 
 
3.1.1  Engineering fabric installed under erosion control stone or rip rap shall be placed at locations, to 
the dimensions as shown on the plans or as directed by the Engineer. 
 
3.1.2 Surfaces to receive filter fabric shall be graded to the lines and grades as shown on the plans, 
unless otherwise directed by the Engineer.  The surface shall be free of obstructions, debris and pockets 
of soft or low density material. 
 
3.1.3 At the time of installation, the fabric shall be free of defects, rips, holes, flaws, deterioration or 
damage incurred during manufacture, transportation or storage. 
 
3.1.4 The filter fabric shall be laid smooth and free from tension, stress, folds, wrinkles, or creases.  
Horizontal overlaps shall be a minimum of l2 inches with the upper fabric overlapping the lower fabric.  
Vertical overlaps shall be a minimum of l8 inches with the upstream fabric overlapping the downstream 
fabric.  In the event that the fabric is displaced or damaged during stone placement, the stone shall be 
removed and the fabric repositioned or replaced prior to replacement of the stone, all at no additional cost 
to the Owner. 
 
3.1.5 The placement of the filter fabric and stone shall be performed in a continuous manner as 
directed by the Engineer.  The filter fabric shall be protected from damage due to the placement of stone 
or other materials by limiting the height of drop of the material or by placing a cushioning layer of sand on 
top of the fabric before dumping the material. 
 
3.1.6 No more than 72 hours shall elapse from the time the fabric is unwrapped to the time the fabric is 
covered with stone or sand. 
 
3.1.7 Filter fabric installed in association with shoulder drains or other subsurface drainage systems 
shall be installed in such a manner that all splice joints are provided with a minimum overlap of 2 feet.  
The overlap of the closure at the top of the trench shall be at least 6 inches and secured with mechanical 
ties.  Where outlet pipe passes through the fabric, a separate piece of fabric shall be wrapped around the 
outlet pipe, flared against the side of the filled drain, and secured with anchor pins. 
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3.1.8 Field splices of filter fabric shall be anchored with anchor pins to insure that required overlap is 
maintained. 
 
3.1.9 At the time of installation, the fabric will be rejected if it has defects, rips, holes, flaws, 
deterioration, or damage incurred during manufacture, transportation, or storage. 
 
3.1.10  Aggregate placement operations and the pipe installation shall be done so as to prevent damage 
to the filter fabric.  Damaged sections of filter fabric shall be replaced at no cost to the Owner. 
  
3.1.11  The aggregate shall be compacted to a degree acceptable to the Engineer by the use of a 
vibratory compactor before making the filter fabric closure at the top of the trench. 
 
3.1.12  Filter fabric installed in association with temporary silt fences shall be a water permeable filter 
type for the purpose of removing suspended particles from the water passing through it.  Silt fences shall 
be constructed in accordance with the "Standard Specifications for Roads and Structures", published by 
the North Carolina Department of Transportation in the locations and to the configurations as shown in 
the plans and as directed by the Engineer.  Should the requirements of local, regional or state authorities 
having jurisdiction over the project exceed the requirements of this section or other sections in this 
specification regarding temporary silt fences, the more stringent shall govern. 
 
3.2 Physical Properties of Engineering Fabrics: 
 

PHYSICAL PROPERTIES OF ENGINEERING FABRICS 
 

 
Physical Property 

Test Method 
(Article 1056-2) 

Type 1 Type 2 Type 3 
      Class A                Class B 

      
Min. Roll Width --- --- --- 36" 36" 
Min. Fabric Weight 1 4.0 oz/yd2 --- --- --- 

Min. Tensile Strength 2 90 lb. 200 lb. 50 lb. 100 lb. 
Elongation 2 80% Max. 15% Min. 30% Max. 25% Max. 
Min. Burst Strength 3 150 psi 400 psi 100 psi 180 psi 
Min. Puncture Strength 4 45 lb. 80 lb. 30 lb. 60 lb. 
Apparent  Opening 
Opening Size - Max/Min 
(U.S. Std. Sieve) 

 
5 

 
60/100 

 
30/130 

 
20/50 

 
20/50 

Min. Ultra-Violet 
Exposure 
Strength Retention 

6 80 lb. 140 lb. 40 lb. 80 lb. 

 
Fungus Resistance 

 
7 

No 
Growth 

No 
Growth 

No 
Growth 

No 
Growth 

Min. Permeability 
(Thickness x Permitivity) 

 
8 

 
0.2 cm/sec. 

 
--- 

 
--- 

 
--- 

Min. Flow Rate 8 --- --- 10 gal/min/ft2 10 

gal/min/ft2 
Typical Application -- Shoulder Drain Under Riprap Temporary 

Silt Fence 
 

 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 There will be no separate measurement for payment made for any work covered by these 
Specifications.  Payment for all work in this portion of the project will be made as part of the lump sum 
contract price. 
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END OF SECTION 
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SECTION 31 3700  
 

PLAIN RIP RAP 
 
1. DESCRIPTION:   
 
1.1 The work covered by this section consists of the construction of plain rip rap at the locations 
designated on the plans or directed by the Engineer.  The Contractor shall furnish all equipment, tools, 
labor and materials necessary to complete the work in accordance with the plans and specifications. 
 
2. MATERIALS: 
 
2.1 Plain rip rap shall conform the "Standard Specifications for Roads and Structures" of latest 
revision, published by the North Carolina Department of Transportation. 
 
2.2 Plain rip rap shall consist of quarry run stone or field stone and shall be classified by size into 
either Class 1 or Class 2, or Class “A” or Class “B” Erosion Control Stone.  The class and thickness to be 
used shall be as called for on the plans. 
 
2.3 Where broken concrete from demolished structures or pavement is available, it may be used in 
place of stone provided the Contractor obtains in advance, written authorization from the Engineer.  
Broken concrete containing reinforcing steel or wire mesh will not be permitted. 
 
3. INSTALLATION: 
 
3.1 Unless otherwise directed by the Engineer, the stone shall be placed on slopes less than the 
angle of repose of the material and to the line, grade and slope as indicated on the plans.  The stone 
shall be graded so that the smaller stones are uniformly distributed throughout the mass. 
 
3.2 At locations where rip rap is required for channel changes and drainage ditches, the rip rap shall 
be placed prior to diverting the water into the channel changes and drainage ditches. 
 
3.3 At locations where rip rap is required at the outlets of pipe culverts, the rip rap shall be placed 
immediately after completion of the pipe culvert installation. 
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 All work covered by this Section shall not be measured but shall be paid for as part of the lump 
sum contract price for “erosion control”. 
 
 

END OF SECTION 
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SECTION 32 1100  
 

AGGREGATE BASE COURSE 
 
 
1. DESCRIPTION:   
 
1.1 The work covered by this section consists of the construction of a base composed of an 
approved aggregate material delivered, placed, compacted and shaped to conform to the lines, grades, 
depths and typical sections shown on the plans or established by the Engineer.  The construction of 
aggregate base course shall be in conformance with the "Standard Specifications for Roads and 
Structures" of latest revision, published by the North Carolina Department of Transportation. 
 
2.   MATERIALS:   
 
2.1 General Requirements:  Aggregate base course material shall consist of crushed stone, crushed 
or uncrushed gravel or other similar material having hard, strong, durable, particle free of adherent 
coatings. 
 
3. INSTALLATION: 
 
3.1 General Requirements:  The subgrade shall be prepared as called for on the plans in accordance 
with Section 31 2300 of these specifications prior to placement of the base material. 
 
3.1.1  The aggregate material shall be placed on the subgrade with a mechanical spreader capable of 
placing the material to a uniform loose depth without segregation except that for areas inaccessible to a 
mechanical spreader, the aggregate material may be placed by other methods approved by the Engineer. 
 
3.1.2 Where the required compacted thickness of base is 8 inches or less, the base material may be 
spread and compacted in one layer.  Where the required compacted thickness is more than 8 inches, the 
base material shall be spread and compacted in 2 or more approximately equal layers.  The minimum 
compacted thickness of any one layer shall be approximately 4 inches. 
 
3.1.3 Each layer of material shall have been sampled, tested, compacted and approved prior to placing 
succeeding layers of base material or pavement. 
 
3.1.4 No base material shall be placed on frozen subgrade or base. 
 
3.1.5 No traffic shall be allowed on the completed base course other than necessary local traffic and 
that developing from the operation of essential construction equipment as may be authorized by the 
Engineer.  Any defects that develop in the completed base or any damage caused by local or 
construction traffic shall be acceptably repaired at no cost to the Owner. 
 
3.1.6 The Contractor shall utilize methods of handling, hauling and placing which will minimize 
segregation and contamination.  If segregation occurs, the Engineer may require that changes be made 
in the Contractor's methods to minimize segregation, and may also require mixing on the road which may 
be necessary to correct any segregation.  No additional compensation will be allowed for the work of road 
mixing as may be required under this provision.  Aggregate which is contaminated with foreign materials 
to the extent that the base course will not adequately serve its intended use will be removed and replaced 
by the Contractor at no additional cost to the Owner. 
 
3.2 Shaping and Compacting:  Within 48 hours after beginning the placing of a layer of the base, the 
Contractor shall begin machining and compacting of the layer.  Each layer shall be maintained to the 
required cross section during compaction and each layer be compacted to the required density prior to 
placing the next layer. 
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3.2.1 Each layer of the base shall be compacted to a density equal to at least 100% of that obtained by 
compacting a sample of the material in accordance with AASHTO T180. 
 
3.2.2 The base material shall be compacted at a moisture content which is approximately that required 
to produce a maximum density indicated by the above test method.  The Contractor shall dry or add 
moisture to the material when required to provide a uniformly compacted and acceptable base. 
 
3.2.3 The final layer of base material shall be shaped to conform to the lines, grades and typical 
sections shown on the plans or established by the Engineer.  When completed, the base course shall be 
smooth, hard, dense, unyielding and well bonded.  A broom drag may be used in connection with the final 
finishing and conditioning of the surface of the base course. 
 
3.2.4 After final shaping and compacting of the base, the Engineer will check the surface of the base 
for conformance to the grade and typical section and determine the base thickness. 
 
3.2.5 The thickness of the base shall be within a tolerance of plus or minus 0.1 feet of the base 
thickness required by the plans.  The maximum differential between the established grade and the base 
within any 100 foot section shall be 0.1 feet. 
 
3.2.6 Where the base material is placed in a trench section, the Contractor shall provide adequate 
drainage through the shoulders to protect the subgrade and base until such time as the shoulders are 
completed. 
 
3.2.7 The Contractor shall maintain the surface of the base by watering, machining, and rolling or 
dragging when necessary to prevent damage to the base by weather or traffic. 
 
3.2.8 Where the base or subgrade is damaged, the Contractor shall repair the damaged area; reshape 
the base to required lines, grades and typical sections; and recompact the base to the required density at 
no cost to the Owner. 
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 All work covered by this section for site work shall not be measured but paid for as part of the 
lump sum contract price. 
 
 

END OF SECTION 
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SECTION 32 1300 
 

CONCRETE SIDEWALK 
 

1. DESCRIPTION: 
 
1.1 The work covered by this Section consists of the construction of portland cement 

concrete sidewalk necessary to complete the project.  
 
1.2 The Contractor shall furnish all equipment, tools, labor and materials necessary to complete the 

work in accordance with the plans and specifications. 
 
2. MATERIALS: 
 
2.1 All material shall conform to the “Standard Specifications for Roads and Structures” of latest 

revision, published by the NCDOOT.  
 
3. INSTALLATION: 

3.1 General: All portland cement concrete sidewalk shall conform to the "Standard Specifications 
for Roads and Structures" of latest revision, published by the North Carolina Department 
of Transportation. 

 
3.2 Concrete: Class A concrete shall be used. Prior to placing forms the base or subgrade shall 

have been compacted to the degree required by the applicable section of these 
specifications. 

 
3.3 Subgrade: The subgrade shall be excavated to the required depth to allow placement of a 

minimum 6” sub base mixture of #57 stone and ASTM c33 sand. The mixture shall be 70 
percent stone and 30 percent sand. Where tree roots are encountered, they shall be removed to 
a depth of 1 foot for the full width of the excavation. The subgrade shall be stable and 
thoroughly compacted per the subgrade section of the specifications. 

3.4 Forms: Forms shall be of such section and design that they will adequately support the 
concrete and any construction equipment used to construct the work. Straight forms shall be 
within a tolerance of 1/8 inch in 10 feet from a true line horizontally and vertically. Form pins 
shall be metal and shall be capable of holding the forms rigidly in place during construction 
operations. The form sections shall be connected by a locking joint which shall keep the 
forms free from vertical and horizontal movement. 

 

3.5 Finishing: The concrete shall be given a light broom finish with the brush marks parallel to the 
curb line or gutter line. 

 

3.6 Joints: 
 

3.6.1.    Joints shall be located as shown on the plans except as otherwise provided herein. Joint 
spacing shall not be less than 10 feet. Where concrete is placed adjacent to portland cement 
concrete pavement, the joints shall be located so as to line up with the joints in the concrete 
pavement. 

3.6.2  Grooved contraction joints shall be formed by the use of templates or by other approved 
methods.  Where such joints are not formed by templates, the move shall be of the depth shown 

3.6.3  Grooved butt joints shall be placed between the work and adjacent pavement except 
where expansion joints are required by the plans. 
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3.6.4 All joints shall be sealed. Joints shall be sealed before backfilling or other adjacent operations 
are performed. 

3.6.5 Contraction and control joints shall be cut to a depth equal to at least 1/3 of the total concrete 
thickness. Expansion joints shall be no more than 50 feet on centers, with the joint material 
extending the full depth of the concrete with the top of the filler 1/2 inch below the finished 
surface. 

3.6.6 Expansion and contraction joints shall be spaced such that no final sidewalk section shall be 
less than 5 feet long. Expansion joints for sidewalks shall be spaced no greater than 50 feet 
apart. 

 
3.6.7 Sidewalks shall be finished to grade and cross-section with a float, troweled smooth and 

finished with a broom. Contraction joints shall be no less than 1/8 inch in width, to a depth 
equal to at least 1/3 of the total slab thickness and cut at intervals equal to the width of the 
sidewalk. 

 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1   There will be no separate measurement for payment made for any work covered by these 

specifications, as payment for all work in this portion of the project will be made as part of the 
lump sum price. 

 
END OF SECTION 
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SECTION 32 3113 
 

CHAIN LINK FENCE AND GATES 
 

1. DESCRIPTION: 
 
1.1 The work covered by this Section consists of the construction of industrial/commercial chain lnk 

fence and gates per the project plan requirements.  
 
1.2 The Contractor shall furnish all equipment, tools, labor and materials necessary to complete the 

work in accordance with the plans and specifications. 
 
1.3 Related Sections 
  
1.3.1 01 33 13     Certificates 
 
1.3.2 01 33 23     Shop Drawings, Product Data 
 
1.3.3 25 50 00     Integrated Automation (related to gate access controller) 
 
1.3.4 26 01 02     Electrical Distribution (related to gate operators) 
 
1.3.5 31 20 00    Unclassified Excavation and Grading 
 
2. MATERIALS: 
 
2.1 All material shall conform to the “Standard Specifications for Roads and Structures” of latest 

revision, published by the NCDOOT.  
 
2.2 All material shall conform to the ASTM standards A121, A392, A491, A780, A817, A824, F552, 

F567, F626, F668, F900, F934, F1043, F1083, F1184, F1345, F1910, F1911, F2200 and UL325 
for Automatic Gate operators.  

 
3. SUBMITTALS: 
 
3.1 Shop drawings:  
 A. Site plan showing layout of fence location with dimensions, location of gates and opening size, 

cleared area, elevation of fence, gates, footings and details of attachments.   
 B. Mezzanine plan showing layout of fence location with dimensions; locations of gates and 

opening sizes; elevations of fence, gates, and details of attachments. 
 
3.2 Certifications: Manufacturers material certifications in compliance with the current ASTM 

specifications. 
 
3.3 Material samples: When required, provide representative samples of chain link fabric, framework 

and fittings. 
 
4. INSTALLATION: 

4.1 General: All c ha i n  l i nk  f enc i ng  sha l l  c on f o r m  t o  t he  requirements of the North 
Carolina Department of Transportation. 

4.2 Clearing: Surveying, clearing, grubbing, grading and removal of debris for the fence line or any 
required clear areas adjacent to the fence 
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4.3 Concrete: Class A concrete shall be used. Prior to placing forms the base or subgrade shall 
have been compacted to the degree required by the applicable section of these 
specifications or per the soil testing firm recommendation for the specific site conditions. 

4.4 Subgrade: The subgrade shall be excavated to the required depth to allow placement of post 
footings. Where tree roots are encountered, they shall be removed to a depth of 1 foot for the 
full width of the excavation. The subgrade shall be stable and thoroughly compacted per the 
subgrade section of the specifications. 

4.5 Forms: Forms shall be of such section and design that they will adequately support the 
concrete and any construction equipment used to construct the work. Straight forms shall 
be within a tolerance of 1/8 inch in 10 feet from a true line horizontally and vertically. Form 
pins shall be metal and shall be capable of holding the forms rigidly in place during 
construction operations. The form sections shall be connected by a locking joint which shall 
keep the forms free from vertical and horizontal movement. 

4.6 Framework Installation 

4.6.1 Posts:  

A. Posts for site fencing shall be set plumb in concrete footings in accordance with ASTM 
F567. Minimum footing depth, 24 in. plus an additional 3 in. depth for each 1 ft. increase in 
the fence height over 4 ft. Minimum footing diameter four times the largest cross section of 
the post up to a 4” dimension and three times the largest cross section of post greater than 
a 4” dimension. Top of concrete footing to be at grade crowned to shed water away from 
the post. Line posts installed at intervals not exceeding 10 ft. on center. 

B. Posts for Mezzanine fencing shall be spaced not more than 5 feet on center.  Posts shall be 
firmly and mechanically attached to Mezzanine structure by means of welded steel sleeves. 

4.6.2 Top rail: When specified, install 21 ft. lengths of rail continuous thru the line post or barb arm 
loop top. Splice rail using top rail sleeves minimum 6” long. Rail shall be secured to the 
terminal post by a brace band and rail end. Bottom rail or intermediate rail shall be field cut and 
secured to the line posts using boulevard clamps or brace band with rail end. 

4.6.3 Terminal posts: End, corner, pull and gate posts shall be braced and trussed for fence 6 ft. 
higher and for fences 5 ft. in height not having a top rail. The horizontal brace rail and diagonal 
truss rod shall be installed in accordance with ASTM F567. 

4.6.4 Tension wire: Tension wire to be stretched taut, between the terminal posts and secured to the 
terminal post using a brace band. Secure the tension wire to each line post with a tie wire.   

4.7 Chain Link: Install chain link fabric to outside of the framework. Attach fabric to the terminal 
post by threading the tension bar through the fabric; secure the tension bar to the terminal post 
with tension bands and 5/16 in. carriage bolts spaced no greater than 12 inches on center. 
Small mesh fabric less than 1 in. attach to terminal post by sandwiching the mesh between the 
post and a vertical 2 in. wide by 3/16 in. galvanized steel strap using carriage bolts, bolted thru 
the bar, mesh and post spaced 15 in. on center. Chain link fabric to be stretched taut free of 
sag. Fabric to be secured to the line post with tie wires spaced no greater than 12 inches on 
center and to horizontal rail spaced no greater than18 inches on center. Secure fabric to the 
tension wire with hog rings spaced no greater than 18 inches on center. Excess wire shall be 
cut off and bent over to prevent injury. The installed fabric shall have a ground clearance of no 
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more than 2 inches.  At Mezzanine, chain link edges shall not be exposed but shall be 
continuously covered and fixed in place by steel straps through-bolted 

4.8 Barbed Wire: three-strand barbed wire stretched taut between terminal posts and secured in the 
slots provided on the line post barb arms. Attach each strand of barbed wire to the terminal post 
using a brace band. 

4.9 Gates 

4.9.1 Swing Gates:  

A. Installation of swing gates and gateposts in compliance with ASTM F 567. Direction of 
swing shall be inward. Gates shall be plumb in the closed position having a bottom 
clearance of 3 in. grade permitting. Hinge and latch offset opening space shall be no 
greater than 3 in. in the closed position. Double gate drop bar receivers shall be set in a 
concrete footing minimum 6 in. diameter 24 in. deep. Gate leaf holdbacks shall be installed 
for all double gates.  Electrically operated gates must be manufactured and installed in 
compliance with ASTM F2200 and UL 325. 

B. Mezzanine swing gate shall be provided per Architectural Drawings in the configuration 
indicated for personnel safety. 

4.9.2 Horizontal Slide Gates:  

A. Installation varies by design and manufacturer, install according to manufacturer’s 
instructions and in accordance with ASTM F567. Gates shall be plum in the closed position, 
installed to slide with an initial pull force no greater than 40 lbs. Double gate drop bar 
receivers to be installed in a concrete footing minimum 6 in. diameter, 24 in. deep. Roller 
guards and guide posts must be installed on Type I external roller cantilever slide gate in 
compliance with ASTM F1184. Ground clearance shall be 3 in., grade permitting.                                                                                                
Electrically operated gate installation must conform to ASTM F2200 and UL 325. 

B. Mezzanine manual horizontal slide gate shall be provided per Architectural Drawings in the 
configuration indicated and to perform as indicated as part of the personnel safety design. 

4.10 Barbed Tape: Barbed tape when specified shall be installed in accordance with ASTM F1911. 

4.11 Bolts: Carriage bolts used for fittings shall be installed with the head on the secure side of the 
fence. All bolts shall be peened over to prevent removal of the nut. 

4.12 Electrical Grounding: Grounding of the fence and gates is not the responsibility of the fence 
contractor and not included in the fencing scope of work for this contract. Grounding, when 
required, shall be specified and included in Contract Section 33 79 00 Site Grounding.  A 
licensed electrical contractor shall install grounding when required. 

4.13 Clean Up: The area of the fence line shall be left neat and free of any debris caused by the 
installation of the fence. 

 
5. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
5.1   There will be no separate measurement for payment made for any work covered by these 

specifications, as payment for all work in this portion of the project will be made as part of the 
lump sum price. 
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END OF SECTION 
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SECTION 32 5110 
 

BITUMINOUS PAVEMENTS 
 
1. DESCRIPTION: 
 
1.1 The work covered by this Section consists of the production, delivery, placement and 
compaction of various types of bituminous pavements for roadway and parking facilities.  All 
bituminous pavement materials and installation shall conform the "Standard Specifications for 
Roads and Structures" of latest revision, published by the North Carolina Department of 
Transportation (NCDOT). 
 
1.2 The Contractor shall furnish all equipment, tools, labor and materials necessary to 
complete the work in accordance with the plans and specifications. 
 
2. MATERIALS: 
 
2.1 All material shall conform to the “Standard Specifications for Roads and Structures” of 
latest revision, published by the NCDOT.  
 
3. INSTALLATION: 
 
3.1 The installation shall conform to the “Standard Specifications for Roads and Structures” 

of latest revision, published by the NCDOT. 
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 All work covered by this section for site work shall be a part of the lump sum contract 

price. 
 
 

END OF SECTION 
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SECTION 32 5800  
 

PAVEMENT MARKING 
 
1. DESCRIPTION: 
 
1.1 The pavement marking work covered by this section consists of preparing the pavement 
surface, developing layout patterns and applying the pavement markings as called for on the 
plans or as directed by the Engineer.  The Contractor shall furnish all equipment, tools, labor and 
materials necessary to complete the work in accordance with the plans and specifications.  All 
pavement marking material and installation shall conform "Standard Specifications for Roads and 
Structures" of latest revision, published by the North Carolina Department of Transportation. 
 
2. MATERIALS: 
 
2.1 Material Requirements:   Materials shall meet NCDOT "Standard Specifications for Roads 
and Structures”.   
 
3. INSTALLATION: 
 
3.1 Conform to the NCDOT "Standard Specifications for Roads and Structures". 
 
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT:  There will be no separate 
measurement for payment made for any work covered by these specifications as payment for all 
work in this portion of the project shall be at the lump sum contract price. 
 
 

END OF SECTION 
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SECTION 32 7100 
 

BEST MANAGEMENT PRACTICES STORMWATER DEVICES 
 
 
1. DESCRIPTION: 
 
1.1 Best Management Practices Stormwater Devices shall be provided by the Contractor.  The 
Contractor shall be responsible for all installation, materials, labor, and maintenance of the devices, as 
well as removal of temporary erosion and sediment control devices shown on the plans or required to 
protect the devices. 
 
1.2 Related Work:  See the following sections for related work. 
 
 1. 31 3700 Plain Rip Rap 
 2. 31 2525 Stone for Erosion Control 
 3. 32 9200 Seeding and Mulching 
 4. 31 2573 Silt Fence 
 5. 31 3200 Engineering Fabric 
 6. 31 2300 Subgrade 
 
2. MATERIALS: 
 
2.1 Bioretention media:   The soil mix shall be uniform and free of stones, stumps, roots or similar 

material greater than 2 inches.   It shall be 85-88 percent by volume sand (USDA Soil Textural 
Classification), 8 to 12 percent fines (silt and clay) and 3 to 5 percent organic material such as 
peat moss.  The Phosphorous Index (P-Index) shall be between 10 and 30.    

 
2.2 Class 80 PVC piping. 
 
2.3 Fescue Sod:   Shall be grown on a coarse sandy or coarse loamy sand soil which has been 

approved by the engineer. 
 
 
3. INSTALLATION: 
 
3.1 General Requirements: 
 
3.1.1  The Contractor shall follow the construction sequence schedule as shown on the contract 
drawings, except that should circumstances dictate that extra precaution be taken to prevent 
sedimentation from entering the device, the Contractor will, at his own expense, take preventative 
measures as needed. 
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 All work covered by this section shall not be measured but shall be paid for as part of the lump 

sum contract price for “erosion control” 
 
 

END OF SECTION 
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SECTION 32 9200 
 

SEEDING AND MULCHING 
  
 
1. DESCRIPTION:   
 
1.1 The work covered by this section consists of furnishing all labor, materials, and equipment to 
perform all necessary operations to topsoil, fine grade, fertilize, mulch and maintain temporary and 
permanent seeding of all graded, cleared, or disturbed areas during construction.  The work covered by 
this section shall be in conformance the "Standard Specifications for Roads and Structures" of latest 
revision, published by the North Carolina Department of Transportation and with Section 6.ll of the 
"Erosion and Sediment Control Planning and Design Manual" published by the Land Quality Section of 
the North Carolina Department of Natural Resources and Community Development unless otherwise 
stated herein. 
 
1.2 Related Work:  See following sections for related work: 
 
 1. 31 1100 - Clearing and Grubbing. 
 2. 31 2000 - Unclassified Excavation and Grading. 
 3. 31 2500 - Erosion and Sediment Control. 
 4. 31 2510 – General Services Special Provisions for Erosion Control 
 
2. MATERIALS: 
 
2.1 Topsoil:  Topsoil shall be from stockpiles created from stripping and required excavation.  
Should additional topsoil be required in excess of that obtained from stripping and excavation, the 
contractor shall obtain material from other sources on the site where authorized by the Owner, or from 
approved sources off the site.  The topsoil shall be natural, friable soil, possessing characteristics of 
representative soils in the vicinity which produce heavy growths of crops of grass.  It shall be obtained 
from naturally well-drained areas, shall be reasonably free from subsoil, brush, objectionable weeds, and 
other litter and shall be free from toxic substances, clay lumps, stones, roots and other objects larger than 
l inch in diameter, or any other material which might be harmful to plant growth or be a hindrance to 
grading, planting, and maintenance operations. 
 
2.2 Fertilizer:  Fertilizer shall be the product of an approved commercial fertilizer manufacturer and 
shall be 5-10-5 grade, uniform in composition, free-flowing material suitable for application with approved 
standard equipment.  The fertilizer shall conform to the applicable State fertilizer laws and shall be 
delivered to the site in bags or other convenient containers each fully labeled and bearing the name, 
trademark, and warranty of the producer. 
 
2.3 Lime:  Lime shall be ground limestone containing not less than 85% of total carbonates and 
shall be ground to such fineness that at least 50% will pass through a 100-mesh sieve and at least 90% 
will pass through a 20-mesh sieve.  Coarser materials will be acceptable provided the specified rates of 
application are increased proportionately on the basis of quantities passing the l00-mesh sieve, but no 
additional payment will be made for the increased quantity. 
 
2.4 Mulch:  Mulch shall be straw from wheat or oats.  Materials for securing mulch may be one of 
the following: 
 
2.4.1 Mulch Netting:  Lightweight plastic, cotton, jute, wire orpaper nets shall be used. 
 
2.4.2 Peg and Twine:  Bailing twine and soft wood pegs l/2" x l" x l2". 
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2.4.3 Liquid Mulch Binder:  RC-2 cut back asphalt conforming to the requirements of Federal 
Specifications SS-A67lA, and asphalt emulsion shall conform to the requirements of Federal Specification 
SS-A-674, Type V. 
 
2.5 Seed:  Seed used shall bear the official "certified seed" label inspected by North Carolina Crop 
Improvement Association.  Seed which has become wet, moldy, or otherwise damaged in transit or 
storage will not be acceptable.  The seed used shall be that shown in seeding schedule specified herein 
or on the plans. 
 
2.5.1 Type:   Seed for eastern NC areas should follow the seeding schedule on the plans.  It 
generally should be a monoculture of turf grass (Bermuda cultivars) with a temporary seasonal nurse 
crop per the soil conditions. 
 
2.6      Crimping Straw Mulch:  Crimping shall be required on this project adjacent to any section of 
roadway where traffic is to be maintained or allowed during construction.  In areas within six feet of the 
edge of pavement, straw is to be applied and then crimped. After the crimping operation is complete, an 
additional application of straw shall be applied and immediately tacked with a sufficient amount of 
undiluted emulsified asphalt.  Straw mulch shall be of sufficient length and quality to withstand the 
crimping operation. Crimping equipment including power source shall be subject to the approval of the 
Engineer providing that maximum spacing of crimper blades shall not exceed 8". 
 
3. INSTALLATION: 
 
3.1 Seedbed Preparation: 
 
3.1.1  Clearing:  Prior to or during grading and tillage operations, the ground surface shall be well 
drained, cleared of all brush, roots, stones larger than 2 inches in diameter, or any other material which 
may hinder proper grading, tillage, or subsequent maintenance operations. 
 
3.1.2  Fine Grading:  Areas to be seeded shall be graded as shown on the drawings or as directed 
and all surfaces shall be left in an even and properly compacted condition so as to prevent the formation 
of depressions where water will stand.  Areas to be topsoiled shall be graded to a smooth surface and to 
a grade that will allow topsoiling to finished grade. 
 
3.1.3 Topsoiling:  Immediately prior to placing topsoil, the subgrade, where excessively compacted 
by traffic or other causes, shall be loosened by scarifying to a depth of at least 2 inches to permit bonding 
of the topsoil to the subgrade.  Topsoil shall be uniformly spread by approved equipment in sufficient 
quantity to provide a compacted layer of 4 inches in thickness over the designated areas and in such 
manner that planting can proceed with little additional soil preparation or tillage.  Topsoil shall not be 
placed when the subgrade is frozen, excessively wet, extremely dry, or in a condition otherwise 
detrimental to the proposed planting or to proper grading.  Topsoil shall be graded to the lines indicated 
or as directed and any irregularities in the surface resulting from topsoiling or other operations shall be 
corrected to prevent formations of depressions where water will stand. 
 
3.1.4  Tillage:  After topsoiled areas required to be seeded have been brought to the grades shown 
on the plans and as specified, they shall be thoroughly tilled to a depth of 3 inches by approved methods, 
until the condition of the soil is acceptable to the Engineer.  Any objectionable undulations or irregularities 
in the surface resulting from tillage or other operations shall be removed before planting operations are 
begun.  The work shall be performed only during periods when satisfactory results are likely to be 
obtained.  When conditions are such, by reason of drought, excessive moisture or other factors, that 
results are not likely to be satisfactory, the Engineer will stop the work and it shall be resumed only when, 
in his opinion, the desired results are likely to be obtained. 
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3.2  Limestone, Fertilizer and Seed: 
 
3.2.1 General:  Seasonal limitations for seeding operations; the kinds and grades of fertilizers; the 
kinds of seed; the rates of application of limestone, fertilizer, and seed shall be as shown in the seeding 
schedule. 
 
3.2.2 Equipment to be used for the application, covering, or compaction of limestone, fertilizer, and 
seed shall have been approved by the Engineer before being used on the project.  Approval may be 
revoked at any time if equipment is not maintained in satisfactory working condition, or if the equipment 
operation damages the seed. 
 
3.2.3 Limestone, fertilizer, and seed shall be applied within 24 hours after completion of seedbed 
preparation unless otherwise permitted by the Engineer, but no limestone or fertilizer shall be distributed 
and no seed shall be sown when the Engineer determines that weather and soil conditions are 
unfavorable for such operations. 
 
3.2.4 During the application of fertilizer, adequate precautions shall be taken to prevent damage to 
structures or any other appurtenances.  The Contractor shall either provide adequate covering or change 
methods of application as required to avoid such damage.  When such damage occurs, the Contractor 
shall repair it, including any cleaning that may be necessary. 
 
3.2.5 Limestone and Fertilizer:  Limestone may be applied as a part of the seedbed preparation, 
provided it is immediately worked into the soil.  If not so applied, limestone and fertilizer shall be 
distributed uniformly over the prepared seedbed at a specified rate of application and then harrowed, 
raked, or otherwise thoroughly worked or mixed into the seedbed. 
 
3.2.6 If liquid fertilizer is used, storage containers for the liquid fertilizer shall be located on the 
project and shall be equipped for agitation of the liquid prior to its use.  The storage containers shall be 
equipped with approved measuring or metering devices which will enable the Engineer to record at any 
time the amount of liquid that has been removed from the container.  Application equipment for liquid 
fertilizer, other than a hydraulic seeder, shall be calibrated to insure that the required rate of fertilizer is 
applied uniformly. 
 
3.2.7 Seeding:  Seed shall be distributed uniformly over the seedbed at the rate indicated in the 
seeding schedule, and immediately harrowed, dragged, raked, or otherwise worked so as to cover the 
seed with a layer of soil.  The depth of covering shall be as directed by the Engineer.  If two kinds of seed 
are to be used which require different depths of covering, they shall be sown separately. 
 
3.2.8 When a combination seed and fertilizer drill is used, fertilizer may be drilled in with the seed 
after limestone has been applied and worked into the soil.  If two kinds of seed are being used which 
require different depths of covering, the seed requiring the lighter covering may be sown broadcast or 
with a special attachment to the drill, or drilled lightly following the initial drilling operation. 
 
3.2.9 When a hydraulic seeder is used for application of seed and fertilizer, the seed shall not 
remain in water containing fertilizer for more than 30 minutes prior to application unless otherwise 
permitted by the Engineer. 
 
3.2.10 Immediately after seed has been properly covered, the seedbed shall be compacted in the 
manner and degree approved by the Engineer. 
 
3.2.11 Modifications:  When adverse seeding conditions are encountered due to steepness of slope, 
height of slope, or soil conditions, the Engineer may direct or permit that modifications be made in the 
above requirements which pertain to incorporating limestone into the seedbed; covering limestone, seed, 
and fertilizer; and compaction of the seedbed. 
 
3.2.12 Such modifications may include but not be limited to the following: 
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3.2.12.1     The incorporation of limestone into the seedbed may be omitted on (a) cut 

slopes steeper than 2:1 (b) on 2:1 cut slopes when a seedbed has been 
prepared during the excavation of the cut and is still in an acceptable 
condition; or (c) on areas of slopes where the surface of the area is too rocky 
to permit the incorporation of the limestone. 

 
3.2.12.2 The rates of application of limestone, fertilizer, and seed on slopes 2:l or 

steeper or on rocky surfaces may be reduced or eliminated. 
3.2.12.3 Compaction after seeding may be reduced or eliminated on slopes 2:1 or 

steeper, on rocky surfaces, or on other areas where soil conditions would 
make compaction undesirable. 

 
3.3 Mulch: 
 
3.3.1 General:  All seeded areas shall be mulched unless otherwise indicated on the plans or directed 
by the Engineer.  Application rate of mulch shall be indicated in seeding schedule. 
 
3.3.2 Mulching:  Mulch shall be applied within 36 hours after the completion of seeding unless 
otherwise permitted by the Engineer.  Care shall be exercised to prevent displacement of soil or seed or 
other damage to the seeded area during the mulching operations. 
 
3.3.3 Mulch shall be uniformly spread by hand or by approved mechanical spreaders or blowers which 
will provide an acceptable application.  An acceptable application will be that which will allow some 
sunlight to penetrate and air to circulate but also partially shade the ground, reduce erosion, and 
conserve soil moisture. 
 
3.3.4 Mulch Binding:  Mulch shall be held in place using devices approved by the Engineer as per 
manufacturers recommendations.  During application, the Contractor shall take adequate precautions to 
prevent damage to structures or appurtenances. 
 
3.4 Maintenance: 
 
3.4.1 General:  The Contractor shall be responsible for the proper care and maintenance of the seeded 
areas until the work under the entire contract has been completed and accepted by the Engineer.  
Maintenance shall consist of repair and replacement of eroded areas, watering, refertilizing, reliming, 
reseeding, and remulching as necessary to provide an even, fixed growth of grass.  In addition, the 
Contractor shall provide protection against traffic and shall erect the necessary barricades and warning 
signs immediately after planting is completed. 
 
3.4.2   Permanance:  Establish a permanent stand of the vegetation mixture shown in the contract.  
During the period between initial vegetation planting and final project acceptance, perform all work 
necessary to establish permanent vegetation on all erodible areas within the project limits, as well as, 
in borrow and waste pits.  This work shall include erosion control device maintenance and installation, 
repair seeding and mulching, supplemental seeding and mulching, mowing, and fertilizer topdressing, as 
directed.  All work shall be performed in accordance with the applicable section of the 2018 Standard 
Specifications.  All work required for initial vegetation planting shall be performed as a part of the work 
necessary for the completion and acceptance of the Intermediate Contract Time (ICT).  Between the time 
of ICT and Final Project acceptance, or otherwise referred to as the vegetation establishment period, the 
Department will be responsible for preparing the required National Pollutant Discharge Elimination 
System (NPDES) inspection records. 
 
3.4.3 Mowing:  The seeded areas shall be mowed with approved mowing equipment as per seeding 
schedule.  If weeds or other undesirable vegetation threaten to smother the planted species, such 
vegetation shall be removed at no cost to the Owner. 
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3.5 Inspection and Testing: 
 
3.5.1 Fertilizer and Lime:  The Engineer shall be furnished with duplicate copies of invoices for all 
fertilizer and lime used on the project.  Invoices for fertilizer shall show the grade furnished.  Invoices for 
lime shall show total minimum carbonates and minimum percentages of the material furnished that pass 
l00-mesh and 20-mesh sieve.  Upon completion of the project, a final check of the total quantities of 
fertilizer and lime used will be made against the total area topsoiled and seeded, and if the minimum 
rates of application have not been met, the Engineer may require the distribution of additional quantities 
of these materials to make up the minimum application specified at no additional cost to the Owner. 
 
3.5.2 Seed:  The Engineer shall be furnished duplicate signed copies of a statement from the Vendor, 
certifying that each container of seed delivered is fully labeled and in full accordance with the 
specifications in this section and the seeding schedule. 
 
3.5.3. Final Acceptance:  Once the Engineer has determined that the permanent vegetation 
establishment requirement has been achieved at an 80% vegetation density (the amount of established 
vegetation per given area to stabilize the soil) and no erodible areas exist within the project limits, the 
Contractor will be notified to remove the remaining erosion control devices that are no longer needed.  
The Contractor will be responsible for, and shall correct any areas disturbed by operations performed in 
permanent vegetation establishment and the removal of temporary erosion control measures, whether 
occurring prior to or after placing traffic on the project. 
 

 
4 METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 There will be no separate measurement for payment made for any work covered by these 
Specifications, as payment for all work in this portion of the project shall be made as part of the lump sum 
contract price for seeding and mulching.  
 
 

END OF SECTION 
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SECTION 33 1113  
 

WATERLINES 
 
  
1. DESCRIPTION:   
 
1.1 The Contractor shall furnish all labor, materials, equipment and supplies and shall perform all 

work necessary for the construction of the waterlines, complete, tested and ready for use.  The 
waterlines shall be constructed to the lines and grades shown and shall be the size shown on the 
plans.  The most current Robeson County Public Works Specifications are incorporated here by 
reference. 

 
2.          MATERIALS:   
 
2.1   All materials shall conform to the most current Robeson County Public Works Construction 

Standards and Specifications. 
 
3. INSTALLATION: 
 
3.1 The installation shall conform to the most current Robeson County Public Works Construction 

Standards and Specifications, or in lieu of standards, as noted below. 
 
3.2 JOINTS: Pipe joints shall be gasket, push-on type. Gaskets shall be part of a complete fitting 

manufacturer and shall not adversely affect the potable qualities of the water to be transported. 
The gasketed joint shall meet the laboratory performance requirements specified in ASTM 
D3139. 

 
3.3   EMBEDMENT REQUIREMENTS: The embedment requirement shall be in accordance with 

AWWA Standard C605 for “Und Polyvinyl Chloride (PVC) Pressure Pipe and Fittings for Water”. 
 
3.4 TESTING:   A test pressure of 100 psi shall be used for the waterline.  The test duration hall be 2 

hours for a combined pressure and leakage test.   The system should be raised to the specified 
pressure by means of a pump connected to the pipe using potable water.   The test pressure 
shall be maintained by additional pumping (if necessary) and all fittings and valves are to be 
examined for leakage.   Air tests are forbidden. 

 
3.5 CHLORINATION:    All water lines shall be properly chlorinated before being placed in service.  

Any pipe subjected to contaminating materials shall be treated as directed by the engineer. 
Should such treatment fail to cleanse the pipe, the Contractor shall replace the pipe at no cost to 
the Owner. 

 
The Contractor shall perform the chlorination of a completed line in the following manner: 

 
(1) Taps will be made at the control valve located in the upstream end of the line and at 
all extremities of the line. These taps shall be located in such a manner as to allow high-
test hypochlorite (HTH) solution to be introduced into all parts of the line. 

 
(2) A water solution containing HTH (65%) available chlorine shall be introduced into 
the line by regulated pumping at the control-valve tap. The solution shall contain a 
concentration of HTH that will produce a uniform concentration of 100 ppm total chlorine 
immediately after the introduction of the solution into the line has been completed. 
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The following quantities of 65% HTH compound per 1000 feet of line is required to 
produce a solution concentration of 100 ppm total chlorine as stated above: 

 
Pipe Size (Inches) 65% HTH (Pounds per 1000 feet of line) 

  2 0.21
  4 0.84

6 1.88
8 3.35

10 5.70
12 7.53

The HTH solution shall be circulated in the line by opening the control valve and 
systematically manipulating hydrants and taps at the line extremities. The HTH solution 
must be pumped into the line at a constant rate for each discharge rate in order that a 
uniform concentration will be maintained in the line. 

 
Water laterals shall be sterilized by the Contractor using methods acceptable to the 
Engineer. The Contractor shall bear the same responsibility for water laterals as he 
bears for water mains and appurtenances, including any costs for corrective measures 
needed to comply with the bacteriological requirements. 

 
The HTH Solution shall remain in the lines for a minimum of 24 hours. If directed by the 
Engineer the HTH solution shall remain in the lines longer than 24 hours. At the end of 
this period the free residual chlorine shall be a minimum of 10 ppm or the lines shall be 
rechlorinated. 

 
3.6 FLUSHING AND BACTERIOLOGICAL SAMPLING: 
 

The Contractor may proceed with flushing of the lines after the 24-hour or longer period outlined 
above, provided the free residual chlorine analysis is satisfactory. The flushing shall continue 
until a check shows that the lines contain only the normal chlorine residual. 

 
The Engineer shall collect water samples for bacteriological analysis 24 hours after flushing of 
the lines is completed. The Contractor shall furnish any reasonable amount of assistance that 
may be required by the Engineer to secure these samples. 

 
Bacteriological test results will be available 24 hours after the water samples have been 
submitted to the State’s Water Testing Laboratories. 
 
If test results are unsatisfactory, the Contractor shall immediately rechlorinate the lines and 
proceed with such measures as are necessary to secure sterile lines. All laterals shall be 
rechlorinated during this process. 

 
At the satisfactory completion of the bacteriological requirements, the lines shall be placed into 
service under the supervision of the Engineer. All valves shall be fully opened 

 
4.   METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 All work covered by this section for waterline work shall not be measured but paid for as part of 

the lump sum contract price. 
 
 
 END OF SECTION 
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SECTION 33 3340 
 

SANITARY GRAVITY LINES AND FORCE MAINS 
 
 
1. DESCRIPTION:   
 
1.1 The Contractor shall furnish all labor, materials, equipment and supplies and shall perform all 

work necessary for the construction of the sanitary gravity lines and force mains, complete, 
tested and ready for use.  The sewers shall be constructed to the lines and grades shown and 
shall be the size shown on the plans.    The most current City of Lumberton Public Utilities 
Specifications are incorporated by reference. 

 
1.2. Related Work:  See the following sections for related specifications: 
 

31 2000 Unclassified Excavation 
32 9200 Seeding and Mulching 

 
2.          MATERIALS:   
 
2.1   All materials shall conform to the most current City of Lumberton Public Utilities Standards and 

Specifications. 
 
3. INSTALLATION: 
 
3.1 The installation shall conform to the most current City of Lumberton Public Utilities Standards and 

Specifications.  In lieu of any site sewer standards, the following shall be adhered to. 
 
3.2 The loading and unloading of all pipe, manholes and other accessories shall be in accordance 

with the manufacturer’s recommended practices and shall at all times be performed with care to 
avoid any damage to the material.   

 
3.3 All materials shall be stored in accordance with the manufacturer’s recommendations.  All HDPE 

and PVC sewer pipe shall be protected from ultra-violet rays if stored on the job longer than 
twenty days. 

 
3.4 All pipes shall be kept free of dirt and other debris.  Any damage relating to the coating of the 

various materials for sewer or force mains shall be repaired in a manner approved by the 
engineer, or replaced.  Machined manhole frames shall remain intact until construction is 
complete. 

 
3.5 The contractor shall ensure that all Occupational Safety and Health Administration (OSHA) 

regulations and standards are followed during all phases of the construction project. 
 
3.6 Excavation 
 
3.6.1 Prior to any excavation, the contractor shall locate all existing utilities in the field. 
 
3.6.2 Trench with shall be a minimum of six inches plus outside diameter of the pipe and a maximum of 

twenty-four inches plus outside diameter of the pipe, unless additional trench width is required by 
OSHA.  

 
3.6.3 Trench bottom conformation, where no special bedding is required, is a flat bottom where the 

trench bottom is excavated slight above grade and cut down to the pipe grade by hand in the 
fine-grading operation.  Where the trench bottom is inadvertently cut below grade, it shall be filled 
to grade with an approved material and thoroughly tamped. 
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3.6.4   The contractor shall keep all trenches free from water during the excavation for construction of 

sewer mains. 
 
3.6.5 In trenches where water is present or dewatering is required, the trench shall be stabilized with 

#67 stone.  When the contractor encounters material during trench excavation that is unsuitable, 
this material shall be replaced with material that is considered suitable for pipe laying operations. 

 
3.7 The pipe material shall be installed in accordance with the manufacturer’s recommendations and 

these specifications. 
 
3.7.2  The pipe interior shall be kept clean before and after laying. Pipe ends shall be plugged at the 

end of each workday or when work is temporarily stopped.  The plugs shall be watertight so no 
water nor debris can enter the pipe. 

 
3.7.3 When a sewer pipe passes over or under a storm drain pipe, the vertical separation shall be no 

less than 18 inches. 
 
3.7.4 The horizontal separation between any water main and sewer (gravity or force main) shall be at 

least ten feet. 
 
3.7.5 When a water main crosses over a sewer main, a minimum of eighteen inches of vertical 

separation shall be provided.  If a water main must cross under a sewer, both pipes must be 
ductile iron for a minimum of fifteen feet either side of the crossing and a minimum of eighteen 
inches of vertical separation shall be provided. 

 
3.8 The foundation for PVC gravity sewer pipes shall be a firm flat bottom trench of 4 inches of Class 

1 material as defined in ASTM D-2321-89(1995) compacted, with bell holes.   
 
3.9 PVC Sewer pipe shall be installed in accordance with ASTM D2321.  Class I, II or III “Embedment 

Material” shall be used for the installation. 
 
3.10 All backfill shall be compacted in six-inch lifts.  Backfill must be compacted to at least 95% of 

Standard Proctor Density. 
 
3.11 Sewer lines will be tested using the water test or low pressure air test.  Sewer laterals will be 

tested as well as the main.  Plugs must be installed on the laterals at the building clean-out.   
 
3.12 The low pressure air test in accordance with ASTM C 828 will be used on mains and laterals.  

Prior to testing, the main shall be clean of debris and flushed with water.  The line is to be 
pressurized to 4 psi and stabilized.  After stabilization, the pressure will be decreased to 3.5 psi.  
The time to drop from 3.5 psi to 2.5 psi will be measured.  The following table will be used to 
determine the test time. 

 
           Nominal pipe size                   Time 
   (inches)           (Minutes per 100 feet of pipe) 
 
   Four inches                0.3 
   Six inches                0.7 
   Eight inches                1.2 
 
 

If there are multiple sizes, add the various times together.  If the pressure does not drop below 
2.5 psi, the pipe is acceptable.  If not, correct and retest. 
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3.13 The section of force main to be hydrostatically tested shall be slowly filled with water at a rate 
which will allow complete evacuation of air from the line. The line shall be tested to a pressure of 
150 psi as measured at the lowest elevation of the line for a duration of 2 hours.  The pressure 
gauge used in the hydrostatic test shall be calibrated in increments of 10 psi or less.  At the end 
of the test period, the leakage shall be measured with an accurate water meter. 

 
Pipe size and the corresponding allowable leakage (gal.) per 1000 feet of pipe are as  
follows: 

 
      PIPE  SIZE       ALLOWABLE LEAKAGE/1000 FT.  

        (Gallons) 
 
  2”   0.43 
   3”   0.64 
  4"   0.85 
  6"   1.28 

 
All visible leaks are to be repaired regardless of the amount of leakage. 

 
 
4.   METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
 
4.1 All work covered by this section for site work shall not be measured but paid for as part of the 

lump sum contract price. 
 
 END OF SECTION 
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SECTION 33 4000  
 

DRAINAGE PIPES AND CULVERTS 
  
 
1. DESCRIPTION:   
 
1.1 The work covered by this section consists of all excavation, bedding, laying pipe, jointing and 
coupling pipe sections, and backfilling necessary to install the various types of pipes, pipe culverts and 
fittings required to complete the project.  The Contractor shall furnish all equipment, tools, labor and 
materials necessary to complete the work in accordance with the plans and specifications. 
 
2. MATERIALS: 
 
2.1 Drainage pipe and culverts shall conform to the "Standard Specifications for Roads and 
Structures" of latest revision, published by the North Carolina Department of Transportation (NCDOT). 
 
2.2 Shop drawings consisting of catalog cuts and related data shall be submitted by the Contractor to 
the Engineer for approval. 
 
2.3 All reinforced concrete pipe, flared end sections, tees and elbows shall be clearly marked 
showing the pipe class, type of wall and date of manufacture. 
 
2.5 Reinforced concrete drainage pipe shall conform to ASTM C76, Class III, wall thickness B.  Joints 
shall be tongue and groove. 
 
2.6 Concrete flared end sections shall be reinforced.  Concrete used in flared end sections shall 
attain a compressive strength of 3000 psi at 28 days. 
 
2.7 HDPE drainage pipe shall meet AASHTO M294 for Type S or Type D   
 
3. INSTALLATION: 
 
3.1 General Requirements: 
 
3.1.1  Drainage pipes and culverts of the type and quantity and in the locations as called for on the 
plans or as directed by the Engineer shall be installed in conformance with the "Standard Specifications 
for Roads and Structures", published by the NCDOT. 
 
3.1.2 Where proposed culverts are to be installed under existing roadways, the construction shall be 
performed in such a way that half the roadway will be maintained and available to traffic, or as directed by 
the governing agency. 
 
3.2 Unloading and Handling: 
 
3.2.1 All pipe shall be unloaded and handled with reasonable care.  When any joint or section of pipe is 
damaged during unloading or handling, the undamaged portions of the joint or section may be used 
where partial lengths are needed or, if damaged sufficiently, the Engineer will reject the joint or section as 
being unfit for installation and the Contractor shall remove such rejected pipe from the project, at no cost 
to the Owner. 
 
3.3 Preparation of Pipe Foundation: 
 
3.3.1 The pipe foundation shall be prepared in accordance with the applicable method shown on the 
plans and shall be true to line and grade and uniformly firm.  Bedding material shall be placed and 
shaped beneath the pipe.  The pipe foundation shall be shaped to fit the outside of the pipe for at least 
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l0% of its outside diameter under all pipe culverts.  Where bell and spigot type pipe is used, recesses 
shall be excavated to receive the pipe bells. 
 
3.3.2 Where the foundation material is found to be of poor supporting value or of rock, the Engineer 
may make minor adjustment in the location of the pipe to provide a more suitable foundation.  Where this 
is not practical, the foundation shall be conditioned by removing the existing foundation material by 
undercutting to the depth as directed by the Engineer, within the limits established on the plans, and 
backfilling with either a suitable local material secured from unclassified excavation or borrow excavation 
at the nearest accessible location within the project, or foundation conditioning material consisting of 
crushed stone or gravel or a combination of sand and crushed stone or gravel approved by the Engineer 
as being suitable for the purpose intended.  The selection of the type of backfill material to be used for 
foundation conditioning will be made by the Engineer. 
 
3.3.3 When necessary, the contractor shall provide for the temporary diversion of water or dewatering 
in order to maintain the pipe foundation in a dry condition, and shall continue to maintain the trench in a 
dry condition until backfill and compaction activities are complete. 
 
3.4 Laying Pipe: 
 
3.4.1 Rigid pipe shall be carefully laid on the prepared foundation, bell or groove end upgrade with the 
spigot or tongue fully inserted and each joint check for alignment and grade as the work proceeds.  
Flexible plastic joint material shall be used.  Joint material of other type or design may be used when 
designated on the plans, by special provisions, or when permitted in writing by the Engineer. 
 
3.4.2 Flexible pipe (except structural plate pipe) shall be carefully placed on the prepared foundation 
starting at the downstream end with the inside circumferential laps pointing downstream and with the 
longitudinal laps at the side or quarter points. 
 
3.5 Backfilling: 
 
3.5.1 The fill around the pipe shall be placed in accordance with the applicable method shown on the 
plans, and shall be placed in layers not to exceed 6 inches loose unless otherwise approved by the 
Engineer and compacted to the density required.  Select backfill material shall be used when called for on 
the plans. 
 
3.5.2 Care shall be taken during backfill and compaction operations to maintain alignment and prevent 
damage to the joints.  The backfill shall be kept free from stones, frozen lumps, chunks of highly plastic 
clay, or other objectionable material. 
 
3.5.3 All pipe backfill areas shall be graded and maintained in such a condition that erosion or 
saturation will not damage the pipe bed or backfill. 
 
3.5.4 Heavy equipment shall not be operated over any pipe until it has been properly backfilled and 
has a minimum cover as required by the plans.  Where any part of the required cover is above the 
proposed finish grade, the Contractor shall place, maintain, and finally remove such material at no cost to 
the Owner.  Pipe which becomes misaligned, shows excessive settlement, or has been otherwise 
damaged by the Contractor's operations shall be removed and replaced by the Contractor at no cost to 
the Owner. 
 
3.6 Maintenance: 
 
3.6.1 The Contractor shall maintain all pipe installations in a condition such that they will function 
continuously from the time the pipe is installed until the project is accepted. 
 
3.6.2 The Contractor will thoroughly clean out and maintain all existing pipe and drainage structures at 
his own expense. 
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3.7 Reinforced Concrete Pipe: 
 
3.7.1 Reinforced concrete drainage pipe shall be installed so as to prevent damage to the pipe.  Joints 
shall be mortar or packing type, and shall be close fitting and generally watertight.   
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 There will be no separate measurement for payment made for any work covered by these 
Specifications, as payment for all work in this portion of the project shall be made as part of the lump sum 
contract price. 
 
 

END OF SECTION 
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SECTION 33 4111 
 

SITE STORM UTILITY DRAINAGE PIPING 
  
1. DESCRIPTION:   
 
1.1 The work covered by this section consists of the construction of cast-in-place or precast concrete, brick 
masonry or block masonry, catch basins, inlets, junction boxes, spring boxes, manholes or other minor drainage 
structures, excluding endwalls together with all necessary metal grates, covers, frames, steps and other hardware.  
The Contractor shall furnish all equipment, tools, labor, and materials necessary to complete the work in 
accordance with the plans and specifications. 
 
2. MATERIALS: 
 
2.1 The Contractor may, at his option, use either cast-in-place concrete, brick masonry, block masonry, or 
precast concrete construction, provided that the type of construction he wishes to use is permitted by the plans, 
and is constructed in conformance with "Standard Specifications for Roads and Structures" of latest revision, 
published by the North Carolina Department of Transportation (NCDOT).  
 
2.2 Shop drawings consisting of catalog cuts or fabricator drawings showing the structure, reinforcing 
alignment of all wall penetrations and frames, grates, or covers shall be submitted by the Contractor to the 
Engineer for approval. 
 
2.3  Iron Castings:  
 
2.3.1  Iron castings shall be boldly filleted at angles, and the arrises shall be sharp and perfect.  No sharp, 
unfilleted angles or corners will be permitted.  They shall be true to pattern in form and dimensions, free from 
pouring faults, sponginess, cracks, blow holes, and other defects affecting their strength and value for the service 
intended.  All castings shall be sand blasted or otherwise effectively cleaned of scale and sand so as to present a 
smooth, clean, and uniform surface. 
 
2.3.2 Gray iron castings shall meet the requirements of ASTM A48 for Class 30 iron. 
 
2.3.3 Steps for minor drainage structures shall be fabricated from deformed reinforcing bars, or shall be gray iron 
castings or shall be of composite plastic-steel construction as shown on the plans, or as referenced above. 
 
2.4 Precast Drainage Structures: 
 
2.4.1 Precast drainage structures shall have no more than 4 holes cast or drilled in each unit for the purpose of 
handling or placing unless otherwise approved by the Engineer.  All lift holes and handling devices shall be located 
in accordance with plan and design requirements.  Units damaged while being handled or transported will be 
rejected or shall be repaired in a manner approved by the Engineer. 
 
2.4.2 Precast units shall not be transported away from the casting yard until the concrete has reached the 
minimum required 28 day compressive strength and a period of at least 5 days has elapsed since casting, unless 
otherwise permitted by the Engineer. 
 
2.4.3 Steps for precast drainage structures shall meet the requirements of AASHTO Ml99 for design, materials, 
and dimensions.  Steps shall be incorporated in all drainage structures over 3'-6" in height.  The lowest step shall 
be no more than 16" from the bottom. 
 
2.4.4 The following information shall be clearly shown on each precast member: 
 1. Date of manufacture  
 2. Name of manufacturer  
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3. INSTALLATION: 
 
3.1 The Contractor shall take the necessary precautions to insure that all excavations for drainage structures 
are maintained in a dry condition to allow proper compaction beneath the structure and backfill once the structure 
has been completed. 
 
3.2 Where the foundation material is found to be of poor supporting value or of rock, the Engineer may make 
minor adjustment in the location of the structure to provide a more suitable foundation.  Where this is not practical, 
the foundation shall be conditioned by removing the existing foundation material by undercutting to the depth as 
directed by the Engineer and backfilling with either a suitable local material secured from unclassified excavation or 
borrow excavation at the nearest accessible location along the project, or foundation conditioning material 
consisting of crushed stone or gravel or a combination of sand and crushed stone or gravel approved by the 
Engineer as being suitable for the purpose intended.  The selection of the type of backfill material to be used for 
foundation conditioning will be made by the Engineer. 
 
3.3 The Contractor shall install poured concrete foundations or precast concrete bases for all drainage 
structures. 
 
3.4 Where precast foundation slabs are used, the slab shall be set to within plus or minus ½inch of grade on a 
bed of size 57 crushed stone measuring 6 inches in thickness minimum after being compacted to 98% maximum 
density in accordance with AASHTO T99. 
 
3.5 Precast Structures:  Joints on precast concrete sections shall be completely filled with bituminous mastic 
jointing compound or joints shall be made with cement mortar with inside pointing and outside rubber wrap. 
 
3.6 Masonry Structures:  

 
3.6.1 No masonry drainage structure shall be placed until the foundation has been approved by the Engineer. 
 
3.6.2 Brick shall be wet when laid.  Lay brick or concrete masonry units in mortar so as to form full bed, with end 
and side joints in one operation, with joints not more than 3/8" wide except when bricks or concrete masonry units 
are laid radially, in which case narrowest part of joint shall not exceed ¼".  Lay in true line and whenever practical 
joints shall be carefully struck and pointed on inside. 
 
3.6.3 Protect fresh masonry work from freezing, from drying effects of sun and wind, and for such time as 
directed by Engineer.  In freezing weather, heat materials sufficiently to remove ice and frost. 
 
3.6.3 The outside surfaces of brick or concrete masonry portion of drainage structures shall be plastered and 
troweled smooth with ½" layers of cement mortar. 
 
3.7 Backfilling around all drainage structures and inlets shall be done in such a manner so as not to damage 
either the structure or pipes connecting to the structure.  Compaction of backfilled material shall be accomplished in 
6 inch lifts (loose) to 98% maximum density in accordance with AASHTO T99. 
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
4.1 There will be no separate measurement for payment made for any work covered by these Specifications, 
as payment for all work in this portion of the project shall be made as part of the lump sum contract price. 
 
 

END OF SECTION 
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SECTION 33 4900 
 

STORM DRAINAGE STRUCTURES 
  
 
1. DESCRIPTION:   
 
1.1 The work covered by this section consists of the construction of cast-in-place or precast concrete, 
brick masonry or block masonry, catch basins, inlets, junction boxes, spring boxes, manholes or other 
minor drainage structures, excluding endwalls together with all necessary metal grates, covers, frames, 
steps and other hardware.  The Contractor shall furnish all equipment, tools, labor, and materials 
necessary to complete the work in accordance with the plans and specifications. 
 
2. MATERIALS: 
 
2.1 The Contractor may, at his option, use either cast-in-place concrete, brick masonry, block 
masonry, or precast concrete construction, provided that the type of construction he wishes to use is 
permitted by the plans, and is constructed in conformance with "Standard Specifications for Roads and 
Structures" of latest revision, published by the North Carolina Department of Transportation (NCDOT).  
 
2.2 Shop drawings consisting of catalog cuts or fabricator drawings showing the structure, reinforcing 
alignment of all wall penetrations and frames, grates, or covers shall be submitted by the Contractor to 
the Engineer for approval. 
 
2.3  Iron Castings:  
 
2.3.1  Iron castings shall be boldly filleted at angles, and the arrises shall be sharp and perfect.  No 
sharp, unfilleted angles or corners will be permitted.  They shall be true to pattern in form and 
dimensions, free from pouring faults, sponginess, cracks, blow holes, and other defects affecting their 
strength and value for the service intended.  All castings shall be sand blasted or otherwise effectively 
cleaned of scale and sand so as to present a smooth, clean, and uniform surface. 
 
2.3.2 Gray iron castings shall meet the requirements of ASTM A48 for Class 30 iron. 
 
2.3.3 Steps for minor drainage structures shall be fabricated from deformed reinforcing bars, or shall 
be gray iron castings or shall be of composite plastic-steel construction as shown on the plans, or as 
referenced above. 
 
2.4 Precast Drainage Structures: 
 
2.4.1 Precast drainage structures shall have no more than 4 holes cast or drilled in each unit for the 
purpose of handling or placing unless otherwise approved by the Engineer.  All lift holes and handling 
devices shall be located in accordance with plan and design requirements.  Units damaged while being 
handled or transported will be rejected or shall be repaired in a manner approved by the Engineer. 
 
2.4.2 Precast units shall not be transported away from the casting yard until the concrete has reached 
the minimum required 28 day compressive strength and a period of at least 5 days has elapsed since 
casting, unless otherwise permitted by the Engineer. 
 
2.4.3 Steps for precast drainage structures shall meet the requirements of AASHTO Ml99 for design, 
materials, and dimensions.  Steps shall be incorporated in all drainage structures over 3'-6" in height.  
The lowest step shall be no more than l6" from the bottom. 
 
2.4.4 The following information shall be clearly shown on each precast member: 

Date of manufacture and name of manufacturer 
3. INSTALLATION: 
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3.1 The Contractor shall take the necessary precautions to insure that all excavations for drainage 
structures are maintained in a dry condition to allow proper compaction beneath the structure and backfill 
once the structure has been completed. 
 
3.2 Where the foundation material is found to be of poor supporting value or of rock, the Engineer 
may make minor adjustment in the location of the structure to provide a more suitable foundation.  Where 
this is not practical, the foundation shall be conditioned by removing the existing foundation material by 
undercutting to the depth as directed by the Engineer and backfilling with either a suitable local material 
secured from unclassified excavation or borrow excavation at the nearest accessible location along the 
project, or foundation conditioning material consisting of crushed stone or gravel or a combination of sand 
and crushed stone or gravel approved by the Engineer as being suitable for the purpose intended.  The 
selection of the type of backfill material to be used for foundation conditioning will be made by the 
Engineer. 
 
3.3 The Contractor shall install poured concrete foundations or precast concrete bases for all 
drainage structures. 
 
3.4 Where precast foundation slabs are used, the slab shall be set to within plus or minus ½inch of 
grade on a bed of size 57 crushed stone measuring 6 inches in thickness minimum after being 
compacted to 98% maximum density in accordance with AASHTO T99. 
 
3.5 Precast Structures:  Joints on precast concrete sections shall be completely filled with bituminous 
mastic jointing compound or joints shall be made with cement mortar with inside pointing and outside 
rubber wrap. 
 
3.6 Masonry Structures:  

 
3.6.1 No masonry drainage structure shall be placed until the foundation has been approved by the 
Engineer. 
 
3.6.2 Brick shall be wet when laid.  Lay brick or concrete masonry units in mortar so as to form full bed, 
with end and side joints in one operation, with joints not more than 3/8" wide except when bricks or 
concrete masonry units are laid radially, in which case narrowest part of joint shall not exceed ¼".  Lay in 
true line and whenever practical joints shall be carefully struck and pointed on inside. 
 
3.6.3 Protect fresh masonry work from freezing, from drying effects of sun and wind, and for such time 
as directed by Engineer.  In freezing weather, heat materials sufficiently to remove ice and frost. 
 
3.6.3 The outside surfaces of brick or concrete masonry portion of drainage structures shall be 
plastered and troweled smooth with ½" layers of cement mortar. 
 
3.7 Backfilling around all drainage structures and inlets shall be done in such a manner so as not to 
damage either the structure or pipes connecting to the structure.  Compaction of backfilled material shall 
be accomplished in 6 inch lifts (loose) to 98% maximum density in accordance with AASHTO T99. 
 
4. METHOD OF MEASUREMENT AND BASIS OF PAYMENT: 
 
There will be no separate measurement for payment made for any work covered by these Specifications, 
as payment for all work in this portion of the project shall be made as part of the lump sum contract price. 
 

END OF SECTION 
 



 



 

F O R M   OF    P R O P O S A L 
 
Lumberton NCDOT Equipment Shop    Contract:        
 
NC Department of Transportation  Bidder:        
 
SCO ID No. 16-12916-01A    Date:        
 
The undersigned, as bidder, hereby declares that the only person or persons interested in this proposal as principal or 
principals is or are named herein and that no other person than herein mentioned has any interest in this proposal or in the 
contract to be entered into; that this proposal is made without connection with any other person, company or parties making a 
bid or proposal; and that it is in all respects fair and in good faith without collusion or fraud.  The bidder further declares that 
he has examined the site of the work and the contract documents relative thereto, and has read all special provisions furnished 
prior to the opening of bids; that he has satisfied himself relative to the work to be performed.  The bidder further declares 
that he and his subcontractors have fully complied with NCGS 64, Article 2 in regards to E-Verification as required by 
Section 2.(c) of Session Law 2013-418, codified as N.C. Gen. Stat. § 143-129(j). 
. 
The Bidder proposes and agrees if this proposal is accepted to contract with the  
 

North Carolina Department of Transportation 
in the form of contract specified below, to furnish all necessary materials, equipment, machinery, tools, 
apparatus, means of transportation and labor necessary to complete the construction of  
 

Lumberton NCDOT Equipment Shop 
in full in complete accordance with the plans, specifications, and contract documents, to the full and 
entire satisfaction of the State of North Carolina, and the 
 

North Carolina Department of Transportation 
with a definite understanding that no money will be allowed for extra work except as set forth in the 
General Conditions and the contract documents, for the sum of: 
 
SINGLE PRIME CONTRACT:           
 
Base Bid: 
         __ Dollars($)   _____ 
 
 
 

General Subcontractor:     Plumbing Subcontractor: 
 
       Lic           Lic   
 

Mechanical Subcontractor:    Electrical Subcontractor: 
 
       Lic           Lic   
 
 
GS143-128(d) requires all single prime bidders to identify their subcontractors for the above subdivisions of work.  
A contractor whose bid is accepted shall not substitute any person as subcontractor in the place of the 
subcontractor listed in the original bid, except (i) if the listed subcontractor's bid is later determined by the 
contractor to be non-responsible or non-responsive or the listed subcontractor refuses to enter into a contract for 
the complete performance of the bid work, or (ii) with the approval of the awarding authority for good cause shown 
by the contractor. 
 
 
SCO-Proposal Form 2013           FOP-1 



 

ALTERNATES:              
Should any of the alternates as described in the contract documents be accepted, the amount written below shall 
be the amount to be "added to" or "deducted from" the base bid.  (Strike out "Add" or "Deduct" as appropriate.)  
 
GENERAL CONTRACT:   
 
Alternate No. G-1:   
 
(Add)                       Dollars($)    
 
 
 
UNIT PRICES              
Unit prices quoted and accepted shall apply throughout the life of the contract, except as otherwise 
specifically noted.  Unit prices shall be applied, as appropriate, to compute the total value of changes 
in the base bid quantity of the work all in accordance with the contract documents. 
 
GENERAL CONTRACT:   
 
No. G-1 Undercut    Cubic Yard Unit Price ($)    ___ 
 
No. G-2  Stabilizing Aggregate   Ton  Unit Price ($)    ___ 
 
No. G-3_____Duplex Receptacle_________ Each  Unit Price ($)__________ 
 
No. G-4_____Petroleum Contaminated Material_ Ton  Unit Price ($)__________ 
 
 
The bidder further proposes and agrees hereby to commence work under this contract on a date to be 
specified in a written order of the designer and shall fully complete all work thereunder within the time 
specified in the Supplementary General Conditions Article 23.  Applicable liquidated damages amount 
is also stated in the Supplementary General Conditions Article 23. 
 
MINORITY BUSINESS PARTICIPATION REQUIREMENTS       
 
Provide with the bid - Under GS 143-128.2(c) the undersigned bidder shall identify on its bid 
(Identification of Minority Business Participation Form) the minority businesses that it will use on the 
project with the total dollar value of the bids that will be performed by the minority businesses.  Also list 
the good faith efforts (Affidavit A) made to solicit minority participation in the bid effort. 
 

NOTE: A contractor that performs all of the work with its own workforce may submit an   Affidavit (B) 
to that effect in lieu of Affidavit (A) required above.  The MB Participation Form must still be submitted 
even if there is zero participation. 

 
After the bid opening - The Owner will consider all bids and alternates and determine the lowest 
responsible, responsive bidder.  Upon notification of being the apparent low bidder, the bidder shall 
then file within 72 hours of the notification of being the apparent lowest bidder, the following: 
 
SCO-Proposal Form 2013  FOP-2 
An Affidavit (C) that includes a description of the portion of work to be executed by minority businesses, 
expressed as a percentage of the total contract price, which is equal to or more than the 10% goal  
established.  This affidavit shall give rise to the presumption that the bidder has made the required 
good faith effort and Affidavit D is not necessary; 
   * OR * 



 

If less than the 10% goal,  Affidavit (D) of its good faith effort to meet the goal shall be provided.  The 
document must include evidence of all good faith efforts that were implemented, including any 
advertisements, solicitations and other specific actions demonstrating recruitment and selection of 
minority businesses for participation in the contract. 
 
 

Note: Bidders must always submit with their bid the Identification of Minority Business Participation 
Form listing all MB contractors, vendors and suppliers that will be used.  If there is no MB participation, 
then enter none or zero on the form.  Affidavit A or Affidavit B, as applicable, also must be submitted 
with the bid.  Failure to file a required affidavit or documentation with the bid or after being notified 
apparent low bidder is grounds for rejection of the bid.  
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Proposal Signature Page           
 
The undersigned further agrees that in the case of failure on his part to execute the said contract and 
the bonds within ten (10) consecutive calendar days after being given written notice of the award of 
contract, the certified check, cash or bid bond accompanying this bid shall be paid into the funds of the 
owner's account set aside for the project, as liquidated damages for such failure; otherwise the certified 
check, cash or bid bond accompanying this proposal shall be returned to the undersigned. 
 
 
Respectfully submitted this day of            
 
               

(Name of firm or corporation making bid) 

 

 
WITNESS:      By:        
         Signature 

 

       Name:        
 (Proprietorship or Partnership)     Print or type 

 

       Title______________      
         (Owner/Partner/Pres./V.Pres) 

 

       Address       
 
ATTEST:              
 
By:       License No.       
 
Title:       Federal I.D. No.       

(Corp. Sec. or Asst. Sec. only)  
 
       Email Address:       
 
 

(CORPORATE SEAL) 
 
 
 
 
 
Addendum received and used in computing bid: 
 
Addendum No. 1     Addendum No. 3     Addendum No. 5    Addendum No. 7   
 
Addendum No. 2     Addendum No. 4     Addendum No. 6     Addendum No. 8   
 
 
 
 
SCO-Proposal Form 2013  FOP-4 
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Identification of HUB Certified/ Minority Business Participation 

 
I,                   , 

(Name of Bidder) 
do hereby certify that on this project, we will use the following HUB Certified/ minority business  as 
construction subcontractors, vendors, suppliers or providers of professional services. 
 
Firm Name, Address and Phone #                          Work Type    *Minority        **HUB  

Category  Certified  
   (Y/N) 

 
 

   

 
 

 

   
 

   

 
 

 

    

  

    

  

    

  

    

  

    

  

    

  

    

  

    

  

*Minority categories: Black, African American (B), Hispanic (H), Asian American (A) American Indian (I), 
Female (F) Socially and Economically Disadvantaged (D) 

 
 ** HUB Certification with the state HUB Office requ ired to be counted toward state participation goals . 

The total value of minority business contracting wi ll be ($)        . 
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State of North Carolina   AFFIDAVIT A  – Listing of Good Faith Efforts  

County of            

(Name of Bidder) 
Affidavit of              

I have made a good faith effort to comply under the following areas checked: 

Bidders must earn at least 50 points from the good faith efforts listed for their bid to be 
considered responsive .   (1 NC Administrative Code 30 I.0101) 
� 1 – (10 pts) Contacted minority businesses that reasonably could have been expected to submit a quote and 

that were known to the contractor, or available on State or local government maintained lists, at least 10 days 
before the bid date and notified them of the nature and scope of the work to be performed. 

� 2 --(10 pts)  Made the construction plans, specifications and requirements available for review by prospective 
minority businesses, or providing these documents to them at least 10 days before the bids are due. 

� 3 – (15 pts) Broken down or combined elements of work into economically feasible units to facilitate minority 
participation. 

� 4 – (10 pts)  Worked with minority trade, community, or contractor organizations identified by the Office of 
Historically Underutilized Businesses and included in the bid documents that provide assistance in 
recruitment of minority businesses. 

� 5 – (10 pts) Attended prebid meetings scheduled by the public owner. 

� 6 – (20 pts)  Provided assistance in getting required bonding or insurance or provided alternatives to bonding 
or insurance for subcontractors. 

� 7 – (15 pts)  Negotiated in good faith with interested minority businesses and did not reject them as 
unqualified without sound reasons based on their capabilities.  Any rejection of a minority business based on 
lack of qualification should have the reasons documented in writing. 

� 8 – (25 pts)  Provided assistance to an otherwise qualified minority business in need of equipment, loan 
capital, lines of credit, or joint pay agreements to secure loans, supplies, or letters of credit, including waiving 
credit that is ordinarily required.  Assisted minority businesses in obtaining the same unit pricing with the 
bidder's suppliers in order to help minority businesses in establishing credit. 

� 9 – (20 pts)  Negotiated joint venture and partnership arrangements with minority businesses in order to 
increase opportunities for minority business participation on a public construction or repair project when 
possible. 

� 10 - (20 pts)  Provided quick pay agreements and policies to enable minority contractors and suppliers to 
meet cash-flow demands. 

 
The undersigned, if apparent low bidder, will enter into a formal agreement with the firms listed in the 
Identification of Minority Business Participation schedule conditional upon scope of contract to be 
executed with the Owner.  Substitution of contractors must be in accordance with GS143-128.2(d) 
Failure to abide by this statutory provision will constitute a breach of the contract.  
 
The undersigned hereby certifies that he or she has read the terms of the minority business 
commitment and is authorized to bind the bidder to the commitment herein set forth. 

Date:   Name of Authorized Officer:         
          Signature:         
                    Title:         
 

State of______________, County of      

Subscribed and sworn to before me this   day of    20  

Notary Public      

My commission expires    

 
  SEAL 
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State of North Carolina   --AFFIDAVIT B-- Intent  to Perform Contract  
           with Own Workforce.  
County of      

Affidavit of              
(Name of Bidder) 

I hereby certify that it is our intent to perform 100% of the work required for the      
 
                     contract. 

(Name of Project) 
 
In making this certification, the Bidder states that the Bidder does not customarily subcontract elements 
of this type project, and normally performs and has the capability to perform and will perform all 
elements of the work on this project with his/her own current work forces; and 

 
The Bidder agrees to provide any additional information or documentation requested by the owner in 
support of the above statement. The Bidder agrees to make a Good Faith Effort to utilize minority 
suppliers where possible. 
 
 
The undersigned hereby certifies that he or she has read this certification and is authorized to bind the 
Bidder to the commitments herein contained. 
 
 
 
 
 
 
Date:          Name of Authorized Officer:         
 
      Signature:         
 
               Title:         
 
 
 
 
 
State of _________      __ , County of ________________________ 
Subscribed and sworn to before me this     day of   20___ 
Notary Public      

My commission expires     

 
  SEAL 
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State of North Carolina - AFFIDAVIT C -   Portion of the Work to be 
Performed by HUB Certified/Minority Businesses 
County of      

(Note this form is to be submitted only by the appa rent lowest responsible, responsive bidder.)  

If the portion of the work to be executed by HUB certified/minority businesses as defined in GS143-
128.2(g) and 128.4(a),(b),(e) is equal to or greater than 10% of the bidders total contract price, then the 
bidder must complete this affidavit. 
This affidavit shall be provided by the apparent lowest responsible, responsive bidder within 72 hours  
after notification of being low bidder. 
 
Affidavit of          I do hereby certify that on the 
     (Name of Bidder) 
NCDOT Lumberton Equipment Shop            

     (Project Name) 
Project ID# 16-12916-01A    Amount of Bid  $      
 
I will expend a minimum of   % of the total dollar amount of the contract with minority business 
enterprises.  Minority businesses will be employed as construction subcontractors, vendors, suppliers 
or providers of professional services.  Such work will be subcontracted to the following firms listed 
below.     Attach additional sheets if required 
Name and Phone Number *Minority 

Category 
**HUB 

Certified 
Y/N 

Work 
Description 

Dollar Value 

     
     
     
     
     
     
     
     
*Minority categories: Black, African American (B), Hispanic (H), Asian American (A) American Indian (I), 

Female (F) Socially and Economically Disadvantaged (D) 
** HUB Certification with the state HUB Office requ ired to be counted toward state participation goals . 

 
Pursuant to GS143-128.2(d), the undersigned will enter into a formal agreement with Minority Firms for 
work listed in this schedule conditional upon execution of a contract with the Owner.  Failure to fulfill 
this commitment may constitute a breach of the contract. 
 

The undersigned hereby certifies that he or she has read the terms of this commitment and is 
authorized to bind the bidder to the commitment herein set forth. 
 
Date:         Name of Authorized Officer:         
 
      Signature:         
 
              Title:          
 

State of    , County of      
Subscribed and sworn to before me this   day of   20  

Notary Public      
My commission expires    

 
  SEAL 
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State of North Carolina   AFFIDAVIT D – Good Faith Efforts  
 
County of      
(Note this form is to be submitted only by the appa rent lowest responsible, responsive bidder.)  
 

If the goal of 10% participation by HUB Certified/ minority business is not  achieved, the Bidder shall 
provide the following documentation to the Owner of his good faith efforts:  
       
Affidavit of          I do hereby certify that on the 
     (Name of Bidder) 
NCDOT Lumberton Equipment Shop            

     (Project Name) 
Project ID# 16-12916-01A    Amount of Bid  $      
 
I will expend a minimum of   % of the total dollar amount of the contract with HUB certified/ 
minority business enterprises.  Minority businesses will be employed as construction subcontractors, 
vendors, suppliers or providers of professional services.  Such work will be subcontracted to the 
following firms listed below.  (Attach additional sheets if required) 
 

Name and Phone Number *Minority 
Category 

**HUB 
Certified 

Y/N 

Work 
Description 

Dollar Value 

     
     
     
     
     
*Minority categories: Black, African American (B), Hispanic (H), Asian American (A) American Indian (I), 

Female (F) Socially and Economically Disadvantaged (D) 
** HUB Certification with the state HUB Office requ ired to be counted toward state participation goals . 

 
Examples  of documentation that may be required to demonstrate the Bidder's good faith efforts to meet the goals set forth in these provisions 

include, but are not necessarily limited to, the following: 

A. Copies of solicitations for quotes to at least three (3) minority business firms from the source list provided by the State for each subcontract 

to be let under this contract (if 3 or more firms are shown on the source list).  Each solicitation shall contain a specific description of the 

work to be subcontracted, location where bid documents can be reviewed, representative of the Prime Bidder to contact, and location, 

date and time when quotes must be received. 

B. Copies of quotes or responses received from each firm responding to the solicitation. 

C. A telephone log of follow-up calls to each firm sent a solicitation. 

D. For subcontracts where a minority business firm is not considered the lowest responsible sub-bidder, copies of quotes received from all 
firms submitting quotes for that particular subcontract. 

E. Documentation of any contacts or correspondence to minority business, community, or contractor organizations in an attempt to meet the    
goal. 

 F. Copy of pre-bid roster 

G. Letter documenting efforts to provide assistance in obtaining required bonding or insurance for minority business. 

H. Letter detailing reasons for rejection of minority business due to lack of qualification. 

I. Letter documenting proposed assistance offered to minority business in need of equipment, loan capital, lines of credit, or joint pay 

   agreements to secure loans, supplies, or letter of credit, including waiving credit that is ordinarily required. 

Failure to provide the documentation as listed in these provisions may result in rejection of the bid and award to the next lowest responsible 

and responsive bidder. 

Pursuant to GS143-128.2(d), the undersigned will enter into a formal agreement with Minority Firms for 
work listed in this schedule conditional upon execution of a contract with the Owner.  Failure to fulfill 
this commitment may constitute a breach of the contract. 
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The undersigned hereby certifies that he or she has read the terms of this commitment and is 
authorized to bind the bidder to the commitment herein set forth. 
 

Date:   Name of Authorized Officer:         

         Signature:         

       Title:          
 
State of    , County of       

Subscribed and sworn to before me this   day of    20  
Notary Public     

My commission expires    
 

 

 
  SEAL 



FORM OF BID BOND 

 

 

    KNOW ALL MEN BY THESE PRESENTS THAT ________________ 

__________________________________________________________________ as 

principal, and _______________________________________________, as surety, who 

is duly licensed to act as surety in North Carolina, are held and firmly bound unto the State 

of North Carolina through the North Carolina Department of Transportation as obligee, in 

the penal sum of ___________________________ DOLLARS, lawful money of the United 

States of America, for the payment of which, well and truly to be made, we bind ourselves, 

our heirs, executors, administrators, successors and assigns, jointly and severally, firmly 

by these presents. 

 Signed, sealed and dated this               day of                                        , 2018 

 WHEREAS, the said principal is herewith submitting proposal for 

and the principal desires to file this bid bond in lieu of making  

the cash deposit as required by G.S. 143-129. 

 
 NOW, THEREFORE, THE CONDITION OF THE ABOVE OBLIGATION is such, that 
if the principal shall be awarded the contract for which the bid is submitted and shall 
execute the contract and give bond for the faithful performance thereof within ten days 
after the award of same to the principal, then this obligation shall be null and void; but if 
the principal fails to so execute such contract and give performance bond as required by 
G.S. 143-129, the surety shall, upon demand, forthwith pay to the obligee the amount set 
forth in the first paragraph hereof.  Provided further, that the bid may be withdrawn as 
provided by G.S. 143-129.1 
 
 
                                                 (SEAL) 

 

                                                 (SEAL) 

 

                                                 (SEAL) 

 

                                                 (SEAL) 

 

                                                 (SEAL) 
 
 
 
 



NCDOT LUMBERTON EQUIPMENT SHOP 
 

FORM OF CONSTRUCTION CONTRACT           SCO ID NO. 16-12916-01A 
 

(ALL PRIME CONTRACTS) 
THIS AGREEMENT, made the ________ day of ____________     _ in the year 

of 2018  by and between _____________________________    _____________ 

__________________________________________________________________ 

hereinafter called the Party of the First Part and the State of North Carolina, through the 

North Carolina Department of Transportation 

hereinafter called the Party of the Second Part. 
 
      WITNESSETH: 
 
 That the Party of the First Part and the Party of the Second Part for the 
consideration herein named agree as follows: 
 
 1. Scope of Work:  The Party of the First Part shall furnish and deliver all of the 
materials, and perform all of the work in the manner and form as provided by the following 
enumerated plans, specifications and documents, which are attached hereto and made a 
part thereof as if fully contained herein:  advertisement; Instructions to Bidders; General 
Conditions; Supplementary General Conditions; specifications; accepted proposal; 
contract; performance bond; payment bond; power of attorney; workmen's compensation; 
public liability; property damage and builder's risk insurance certificates; approval of 
attorney general; certificate by the Office of State Budget and Management, and drawings, 
titled:   

NCDOT LUMBERTON EQUIPMENT SHOP 
 
 
Consisting of the following sheets:  
 
G1, G2, G3, C0.0, C0.1, C0.2, C1.1, C1.2, C1.3, C2.1, C2.2, C3.1, C4.1, C5.1, C6.1, C6.2, C6.3, 
S1, S2, S3, S4, S5, S6, A1, A2, A3, A4, A5, A6, A7, A8, A9, A10, A11, P0.1, P1.0, P1.1, P2.0, 
P2.1, P3.0, M0.1, M0.2, M0.3, M1.0, M1.1, E0.0, E0.1, E0.2, E0.3, E1.0, E1.1, E2.0, E2.1, E3.0, 
E4.0, E4.1, E5.0, FP0.1, FP1.0, FP1.1, FP2.1. 
 
 
Dated:                                ________ and the following addenda:  
 
Addendum No  Dated:  Addendum No.  Dated:  
        
Addendum No  Dated:  Addendum No.  Dated:  
        
Addendum No  Dated:  Addendum No.  Dated:  
        
  
2. That the Party of the First Part shall commence work to be performed under this agreement on 
a date to be specified in a written order of the Party of the Second Part and shall fully complete all  
work hereunder within  360  consecutive calendar days from said date.  For each day in excess 
thereof, liquidated damages shall be as stated in Supplementary   General Conditions.  The Party 
of the First Part, as one of the considerations for the awarding of this contract, shall furnish to the  
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Party of the Second Part a construction schedule setting forth planned progress of the project 
broken down by the various divisions or part of the work and by calendar days.  If the Party of the 
First Part fails to begin the work under the contract within the time specified, or the progress of the 
work is not maintained on schedule, or the work is not completed within the time above specified, 
or fails to perform the work with sufficient workmen and equipment or with sufficient materials to 
ensure the prompt completion of said work, or shall perform the work unsuitably or shall 
discontinue the prosecution of the work, or if the Party of the First Part shall become insolvent or 
be declared bankrupt or commit any act of bankruptcy or insolvency, or allow any final judgment to 
stand against him unsatisfied for a period of forty-eight (48) hours, or shall make an assignment 
for the benefit of creditors, or for any other cause whatsoever shall not carry on the work in an 
acceptable manner, the Party of the Second Part may give notice in writing, sent by certified mail, 
return receipt requested, to the Party of the First Part and his surety of such delay, neglect or 
default, specifying the same, and if the Party of the First Part within a period of fifteen (15) days 
after such notice shall not proceed in accordance therewith, then the Party of the Second Part 
shall, declare this contract in default, and, thereupon, the surety shall promptly take over the work 
and complete the performance of this contract in the manner and within the time frame specified.  
In the event the surety shall fail to take over the work to be done under this contract within fifteen 
(15) days after being so notified and notify the Party of the Second Part in writing, sent by certified 
mail, return receipt requested, that he is taking the same over and stating that he will diligently 
pursue and complete the same, the Party of the Second Part shall have full power and authority, 
without violating the contract, to take the prosecution of the work out of the hands of said Party of 
the First Part, to appropriate or use any or all contract materials and equipment on the grounds as 
may be suitable and acceptable and may enter into an agreement, either by public letting or 
negotiation, for the completion of said contract according to the terms and provisions thereof or 
use such other methods as in his opinion shall be required for the completion of said contract in an 
acceptable manner.  All costs and charges incurred by the Party of the Second Part, together with 
the costs of completing the work under contract, shall be deducted from any monies due or which 
may become due said Party of the First Part and surety.  In case the expense so incurred by the 
Party of the Second Part shall be less than the sum which would have been payable under the 
contract, if it had been completed by said Party of the First Part, then the said Party of the First 
Part and surety shall be entitled to receive the difference, but in case such expense shall exceed 
the sum which would have been payable under the contract, then the Party of the First Part and 
the surety shall be liable and shall pay to the Party of the Second Part the amount of said excess. 
 
 
 3. The Party of the Second Part hereby agrees to pay to the Party of the First Part for the 
faithful performance of this agreement, subject to additions and deductions as provided in the 
specifications or proposal, in lawful money of the United States as follows:  
 
 
_________________________________                         ______ ($ ___         _______________). 
 
 
Summary of Contract Award: 
 
 
 4. On or before the 20th day of each calendar month, the Party of the Second Part shall 
make payments to the Party of the First Part on the basis of a duly certified and approved estimate 
of work performed during the preceding calendar month by the First Party, less five percent (5%)  
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of the amount of such estimate which is to be retained by the Second Party until all work has been 
performed strictly in accordance with this agreement and until such work has been accepted by 
the Second Party.  The Second Party may elect to waive retainage requirements after 50 percent 
of the work has been satisfactorily completed on schedule as referred to in Article 31 of the 
General Conditions. 
 
 5. Upon submission by the First Party of evidence satisfactory to the Second Party that all 
payrolls, material bills and other costs incurred by the First Party in connection with the 
construction of the work have been paid in full, final payment on account of this agreement shall 
be made within thirty (30) days after the completion by the First Party of all work covered by this 
agreement and the acceptance of such work by the Second Party. 
 
 6. It is further mutually agreed between the parties hereto that if at any time after the 
execution of this agreement and the surety bonds hereto attached for its faithful performance, the 
Second Party shall deem the surety or sureties upon such bonds to be unsatisfactory, or if, for any 
reason, such bonds cease to be adequate to cover the performance of the work, the First Party 
shall, at its expense, within five (5) days after the receipt of notice from the Second Party so to do, 
furnish an additional bond or bonds in such form and amount, and with such surety or sureties as 
shall be satisfactory to the Second Party.  In such event no further payment to the First Party shall 
be deemed to be due under this agreement until such new or additional security for the faithful 
performance of the work shall be furnished in manner and form satisfactory to the Second Party. 
 
 IN WITNESS WHEREOF, the Parties hereto have executed this agreement on the day and 
date first above written in ____FIVE (5)______ counterparts, each of which shall without proof or 
accounting for other counterparts, be deemed an original contract. 
 
Witness:                                         _____________________ 

  Contractor: (Trade or Corporate Name)  
 
__________________________________   By: ___________________________________ 
(Proprietorship or Partnership)  
      Title:                                                                      
                                  (Owner, Partner, or Corp. Pres. or Vice Pres. only) 
 
 
Attest: (Corporation)                
                                                
By:                                                             
 
Title:                                                          
          (Corp. Sec. or Asst. Sec. only) 
      The State of North Carolina through* 
 
     (CORPORATE SEAL)     
      The North Carolina Department of Transportation 
                                                                 (Agency, Department or Institution)   
 
 
Witness:                                                                                                                       
               
                            ____________    By:                            _________  
 
                                                        Title:                           ________  
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FORM OF PERFORMANCE BOND                                               SCO ID NO. 16-12916-01A 
 
 
 
Date of Contract: 

 

 
Date of Execution: 

 

Name of Principal 
 (Contractor) 

 

 
Name of Surety: 

 

 
Name of Contracting 
Body: 

 
The State of North Carolina through 
The North Carolina Department of Transportation 

 
Amount of Bond: 

 

 
 

Project:   

 
NCDOT Lumberton Equipment Shop, NC 
ID# 16-12916-01A 

  
 
 
 KNOW ALL MEN BY THESE PRESENTS, that we, the principal and surety above 
named, are held and firmly bound unto the above named contracting body, hereinafter 
called the contracting body, in the penal sum of the amount stated above for the payment 
of which sum well and truly to be made, we bind, ourselves, our heirs, executors, 
administrators, and successors, jointly and severally, firmly by these presents. 
 
 
 THE CONDITION OF THIS OBLIGATION IS SUCH, that whereas the principal 
entered into a certain contract with the contracting body, identified as shown above and 
hereto attached: 
 
 
 NOW, THEREFORE, if the principal shall well and truly perform and fulfill all the 
undertakings, covenants, terms, conditions and agreements of said contract during the 
original term of said contract and any extensions thereof that may be granted by the 
contracting body, with or without notice to the surety, and during the life of any guaranty 
required under the contract, and shall also well and truly perform and fulfill all the 
undertakings, covenants, terms, conditions and agreements of any and all duly authorized 
modifications of said contract that may hereafter be made, notice of which modifications to 
the surety being hereby waived, then, this obligation to be void; otherwise to remain in full 
force and virtue. 
 
 
 IN WITNESS WHEREOF, the above-bounden parties have executed this 
instrument under their several seals on the date indicated above, the name and corporate 
seal of each corporate party being hereto affixed and these presents duly signed by its 
undersigned representative, pursuant to authority of its governing body. 
 
 
Executed in       FIVE (5)                                counterparts. 
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Witness:                                                                  
                          Contractor: (Trade or Corporate Name) 
 
                                         By:                                
(Proprietorship or Partnership) 
 
Attest: (Corporation)                         Title:                                
                                 (Owner, Partner, or Corp. Pres. or Vice 

Pres. only)  
 
 
By:                             
 
Title:                          
 (Corp. Sec. or Asst. Sec.. only) 
 
 
   (Corporate Seal) 
 
 
 
 
 
                                                              
        (Surety Company) 
 
Witness:                              By:                                    
 
                                        Title:                                  
                    (Attorney in Fact) 
 
 
Countersigned: 
 
                                  (Surety Corporate Seal) 
 
                                
(N.C. Licensed Resident Agent) 
 
 
                                
 
                                
Name and Address-Surety Agency 
 
 
                                
 
                                
Surety Company Name and N.C. 
Regional or Branch Office Address 
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FORM OF PAYMENT BOND                                                          SCO ID NO. 16-12916-01A 
 
 
Date of Contract: 

 

 
Date of Execution: 

 

Name of Principal 
 (Contractor) 

 

 
Name of Surety: 

 

 
Name of Contracting 
Body: 

 
The State of North Carolina through 
The North Carolina Department of Transportation 

 
Amount of Bond: 

 

 
Project 

 
Lumberton Equipment Shop, Lumberton, NC 
ID# 16-12916-01A 

 
 
 
 KNOW ALL MEN BY THESE PRESENTS, that we, the principal and surety above 
named, are held and firmly bound unto the above named contracting body, hereinafter 
called the contracting body, in the penal sum of the amount stated above for the payment 
of which sum well and truly to be made, we bind ourselves, our heirs, executors, 
administrators, and successors, jointly and severally, firmly by these presents. 
 
 
 THE CONDITION OF THIS OBLIGATION IS SUCH, that whereas the principal 
entered into a certain contract with the contracting body identified as shown above and 
hereto attached: 
 
 
 NOW, THEREFORE, if the principal shall promptly make payment to all persons 
supplying labor/material in the prosecution of the work provided for in said contract, and 
any and all duly authorized modifications of said contract that may hereafter be made, 
notice of which modifications to the surety being hereby waived, then this obligation to be 
void; otherwise to remain in full force and virtue. 
 
 
 IN WITNESS WHEREOF, the above-bounden parties have executed this instrument 
under their several seals on the date indicated above, the name and corporate seal of 
each corporate party being hereto affixed and these presents duly signed by its 
undersigned representative, pursuant to authority of its governing body. 
 
 
Executed in     FIVE (5)                             counterparts. 
 
 
 
 
 
 
 
Payment Bond                                                                                                         PMTB-1



NCDOT LUMBERTON EQUIPMENT SHOP 
 

Witness:                                                                     
                              Contractor: (Trade or Corporate Name) 
 
                                             By:                               
(Proprietorship or Partnership) 
 
Attest: (Corporation)                             Title:                               
                                      (Owner, Partner, or Corp. Pres. or Vice      

     Pres. only)  
 
 
By:                             
 
Title:                          
 (Corp. Sec. or Asst. Sec.. only) 
 
 
   (Corporate Seal) 
 
 
 
 
                                                                
             (Surety Company) 
 
Witness:                                 By:                                   
 
                                           Title:                                 
                       (Attorney in Fact) 
 
 
Countersigned: 
 
                                  (Surety Corporate Seal) 
 
                                
(N.C. Licensed Resident Agent) 
 
 
                                
 
                                
Name and Address-Surety Agency 
 
 
                                
 
                                
Surety Company Name and N.C. 
Regional or Branch Office Address 
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Sheet for Attaching Power of Attorney 
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Sheet for Attaching Insurance Certificates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Insurance Certificates                                                                                                          IC



 
 

APPROVAL OF THE ATTORNEY GENERAL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Approval of Attorney General                                                                                      AOAG
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CERTIFICATION BY THE OFFICE OF STATE 

BUDGET AND MANAGEMENT 
 
 
 Provision for the payment of money to fall due and payable by the  
 
  State of North Carolina through the North Carolina Department of Transportation 
 
 under this agreement has been provided for by allocation made and is  
 available for the purpose of carrying out this agreement. 
 
 This _____________day of _________   __________, 2018 
   
 
             Signed               
                                Budget Officer      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Certification by Office of State Budget and Management                                  COSBM 




