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SECTION 211000 - FIRE PROTECTION 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections and Section 230100 “Mechanical General 

Provisions” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE 

 

A. The work includes the designing and providing of approved automatic wet-pipe sprinkler 

system for hazard occupancies indicated for complete coverage of the entire building 

additions. 

 

B. Contractor shall make connection to fire service main at a point 5'-0" outside of building 

unless otherwise noted on drawings.  Areas of renovation shall be connected to the existing 

fire protection systems, or as indicated. 

 

C. All work shall conform to applicable portions of the latest edition of NFPA 13. Electrical 

work required by this Specification Section shall be accomplished in conformance with the 

requirements of the applicable Division 26 Specification Sections. 

 

D. All piping shall be concealed above ceilings. In areas with exposed construction, install 

piping as high as possible. 

 

 

1.3 APPLICABLE SPECIFICATIONS, CODES AND STANDARDS 

 

A. Select equipment and materials from “List of Inspected Fire Protection Equipment and 

Materials” published annually by UL. Equipment shall bear UL approval stamp or label. 

 

 

1.4 SUBMITTALS AND SHOP DRAWINGS 

 

A. Before any work is commenced, the Contractor shall submit a Revit model of the complete 

sprinkler system.  The model submitted shall correctly and accurately depict the purposed 

layout of the sprinkler mains, branches, heads and all miscellaneous accessories.  In addition, 

the Contractor shall submit a complete set of working drawings of the system, a partial 

submittal will not be reviewed. The submittal shall include the full descriptive data for riser 

check valves or riser manifold assemblies, gate valves, check valves, alarms, sprinkler heads, 
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hangers, and all other devices; materials and equipment as one complete package.  Shop 

drawing resubmittals shall be returned as one complete package. 

 

B. Submit drawings, hydraulic calculations and flow test data having them approved by agency 

having jurisdiction before installation; obtain certificate of inspection and approval from 

same agency. 

 

 

1.5 COMPUTER SIMULATED FLOW TEST 

 

A. Refer to Attached Hydraulic Analysis from the City of Suffolk Public Utilities. 

 

 

1.6 WATER SOURCE FLOW TEST 

 

A. The Contractor shall obtain a flow test at the point at which the sprinkler system connects to 

the water source. The responsibility of obtaining the flow test and any costs associated with 

obtaining the flow test shall be borne by the Contractor. A copy of the test data shall be 

submitted along with the drawings and hydraulic calculations. Any flow test data given in 

the Contract documents is for the basis of obtaining a bid only and shall not be used by the 

Contractor for design purposes. 

 

B. Flow Data shall not be older than 12 months and a repeat testing shall be performed 

subsequent to any water infrastructure improvements, repairs or adjustments to the site water 

source. 

 

C. The Contractor shall be responsible for designing the sprinkler system to meet any and all 

pressure adjustments that the local authority having jurisdiction requires.  These adjustments 

may be due to seasonal fluctuations in water pressure depending on the time of year that the 

flow tests are taken. Adjustments may also be required due to forecasts of future demands on 

the water source. The contractor shall obtain direction from the local authority at the time of 

requesting a water source flow test for all required adjustments and prior to performing 

hydraulic calculations and system design. 

 

 

1.7 VERIFICATION OF EXISTING CONDITIONS 

 

A. The Contractor is responsible for verifying the size of all existing piping that will be used for 

the sprinkler system water source between the building and the point at which the flow test 

data is obtained. Provide hydraulic calculations for area of the existing building being fed 

from the existing fire protection system where indicated in Area B if required. 

 

 

1.8 WARRANTY-GUARANTEE 

 

A. Contractor shall furnish written warranty, countersigned and guaranteed by the General 

Contractor, stating that the work executed under this Section of the Specifications shall be 

free from defects of materials and workmanship for a period of 12 months from Substantial 

Completion. 
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B. Contractor shall service the systems for 12 months from date of Substantial Completion. Such 

service shall include all emergency services and adjustments. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 SPRINKLER HEADS 

 

A. Sprinkler heads shall be automatic, closed, conventional type of ordinary degree temperature 

rating, except in locations near heaters where they shall be of high-temperature rating as 

required by NFPA 13. 

 

B. Furnish a supply of 12 extra sprinklers and one special sprinkler wrench. Supply shall include 

all types and ratings installed. 

 

C. Provide where directed one approved metal cabinet with hinged door for storing extra 

sprinklers and wrench. 

 

D. Provide upright sprinklers in areas without ceilings with standard brass finish. 

 

E. Provide recessed pendent sprinklers in areas with ceilings with bright chrome finish and 

chrome escutcheon plate. 

 

F. Provide UL Listed sprinkler guards on sprinklers which are exposed and subject to physical 

damage. This shall include, but not be limited to, storage rooms, mechanical rooms, electrical 

rooms and similar spaces. 

 

G. Extended coverage sprinkler heads may be used where allowed by Code. 

 

H. Sprinkler heads shall be STAR, VIKING, VICTAULIC, or approved equal. 

 

 

2.2 ALARMS 

 

A. Provide water-actuated flow and electrically-actuated tamper switch alarms.  Flow and 

tamper switch alarms shall be compatible with building fire alarm systems specified under 

Division 28.  Alarm bell shall be provided by division 28. 

 

B. Provide flow switches at sprinkler riser. 

 

C. Provide tamper switches at each riser valve and zone valve, and backflow preventer valve. 

 

D. Coordinate with the existing fire alarm system the type of fire alarm system to be provided, 

and provide all material and labor necessary for the monitoring of the flow switches and 

tamper switches by the building fire alarm control panel. Final connections at the fire alarm 

control panel shall be accomplished under Division 28. 
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2.3 FLEXIBLE SPRINKLER HOSE FITTINGS 

 

A. As an option to rigid pipe connections in areas with acoustical tile ceilings and grids, flexible 

sprinkler hose fittings as manufactured by VIC FLEX, FLEXHEAD, or approved equal may 

be used. 

 

B. Hose fittings must be in accordance with NFPA 13 and must be FM Approved for its intended 

use pursuant to FM 1637 Approval Standard for Flexible Sprinkler Hose with Threaded End 

Fittings. Hose fittings must also be UL Listed for its intended use pursuant to UL 2443 

Standard for Flexible Sprinkler Hose with Fittings for Fire Protection Service. 

 

C. Hose fittings shall be constructed of type 304 stainless steel. 

 

D. Drop system with union joints shall be factory pressure tested to 400 PSI. 

 

E. Hose fittings shall be leak tested, and must be listed for a minimum of (3) 90-degree bends. 

 

F. Hose fitting ceiling bracket shall be one-piece open gate. 

 

G. Hose fittings shall be direct attachment type, having integrated snap-on clip ends positively 

attached to the ceiling using tamper resistant screws. 

 

H. Flexible hose shall have minimum bend radius of 7” for FM and 3” for UL. 

 

 

2.4 PIPE AND FITTINGS 

 

A. Provide piping above ground in accordance with NFPA 13, subject to the following: 

 

1. Non-metallic pipe shall not be allowed. 

2. The minimum wall thickness for steel pipe 2" and larger joined by welding or by roll-

grooved pipe and fittings shall be in accordance with Schedule 10 pipe for pressures 

up to 300 psi. Threaded pipe and fittings 1-1/2" and smaller shall be Schedule 40. 

 

B. All underground piping and In-Building Riser shall be outside coated, ductile iron with 

mechanical joint utilizing ductile-iron retainer gland or ductile-iron flanges or shall be 

composed of a single extended 90-degree fitting of fabricated 304 stainless-steel tubing, 

maximum working pressure of 175 psi. The fittings shall have a grooved-end connection on 

the outlet (building) side and a cast-iron pipe size (CIPS) coupler on the underground (inlet) 

side. 

 

C. Fittings for ductile-iron pipe shall be of same class and coating as pipe. 

 

D. Joints for above ground pipe shall be threaded, flanged, or grooved VICTAULIC Firelock 

005 or 009 couplings and fittings for rigid joint, or approved equal. 

 

E. Gaskets - VICTAULIC couplings shall be supplied with Grade E/Type A gaskets for wet 

sprinkler service and Flushseal for dry service. 
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F. All grooved components (couplings, fittings, etc.) shall be of one manufacturer - Basis of 

Design – VICTAULIC COMPANY OF AMERICA. 

 

G. Couplings shall be installed per manufacturer’s instructions.  If a torque wrench is required, 

it shall be used. 
 

 

2.5 VALVES 

 

A. Gate valves shall be iron body bronze mounted, solid wedge gate, rising stem, OS & Y for 

175 psi CWP. JENKINS BROTHERS, Figure 824CJ. Valves shall be UL approved. 

 

B. Butterfly valves may be used in lieu of gate valves. Valves shall have ductile-iron body with 

nickel-plated ductile-iron disc, 416SS stem, Buna-N seat, suitable for 250 psi dead-end shut 

off and gear operator with position indicator. Valves shall be UL approved, VICTAULIC 

705. 
 

 

2.6 SUPPORTS, HANGERS AND INSERTS 

 

A. Support piping from building structure by means of hangers, inserts and other supports as per 

requirements of Section 230100, Paragraph 2.2. In addition to these requirements, hangers, 

including rods and clamps, shall be hot-dipped galvanized in all mechanical spaces, zinc 

plated in all interior spaces, except as otherwise specified.  Refer to drawing SP-001 for 

sprinkler piping hanger details. 

 

 

2.7 PIPE SLEEVES AND ESCUTCHEONS 

 

A. Provide sleeves to accommodate pipes passing through foundations, walls, floors and 

partitions. Sleeves shall be grouted in place in masonry walls and concrete floors. Refer to 

Section 230100 for additional requirements. Provide escutcheons at exposed finished 

surfaces pierced by pipes. 

 

 

2.8 VALVE SEALS, SIGNS AND TAGS 

 

A. Seals: Provide UL-approved seals for all control valves sealed in open position. 

 

B. Signs: Provide identification signs of standard design; fasten securely at designated locations 

per NFPA. 

 

C. Tags: Provide brass tags 2" in diameter, stamp with designating numbers and secure with 12-

gauge wire to spindle of control valves. 

 

 

2.9 BACKFLOW PREVENTER 

 

A. Backflow preventer shall be double check valve type with butterfly valves and tamper 

switches. Backflow preventer shall be UL-, FM-approved. WILKINS 350-BG, or approved 

equal. 
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PART 3 - EXECUTION 

 

 

3.1 INSTALLATION 

 

A. Location and sizes of mains, risers, branches, valves and numbers of sprinkler heads shall be 

as required by codes, regulations and as approved. 

 

B. System shall be designed and installed to give full consideration to built-in and concealed 

spaces, piping, electrical equipment, ducts and all other construction and equipment to afford 

complete coverage and be free from operating and maintenance difficulties. 

 

C. Place sprinkler heads upward with deflectors parallel to roof except in areas with ceilings. 

 

D. Sprinkler head locations in areas with ceilings shall be coordinated with the Architect’s 

reflected ceiling plans or shall be located as directed by Architect. 

 

E. In areas with lay-in acoustic tile ceilings, sprinkler heads shall be located in the center of the 

ceiling tiles, unless otherwise indicated. 

 

F. Install horizontal piping graded to low points and in manner to make possible to test and 

drain entire system. Test and drain locations shall be coordinated with the architect.  

 

 

3.2 TEST 

 

A. Subject system to test required by and in presence of representative of agencies having 

jurisdiction. Details of test not covered by agencies’ requirements shall be in accordance with 

NFPA 13. 

 

B. Conduct test required in presence of agencies having jurisdiction and in accordance with their 

instructions. 

 

C. Provide instruments, equipment and pay expenses incurred in making test. 

 

 

END OF SECTION 211000 
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REPRESENTATION, OR GUARANTEE 
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OF SUCH MAPS OR OTHER 
INFORMATION. THE CITY OF SUFFOLK 
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REPRESENTATIONS OR WARRANTIES, 
EXPRESS OR IMPLIED, INCLUDING, 
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WARRANTIES OF MERCHANTABILITY 
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PURPOSE.  
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SECTION 220500 - PLUMBING  

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, Section 230100 “Mechanical General 

Provisions”, and Section 230700 “Mechanical Insulation” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SERVICE CONNECTIONS 

 

A. Contractor shall make all connections of building sewer to main and rain leaders to storm 

drain, at a point 5'-0" outside of building, unless otherwise noted on drawings.  Connections 

for domestic water will be made within the building to the existing system. 

 

B. Make arrangements with local gas company for verification of existing gas meter site due to 

added gas demand. 

 

 

1.3 PERMITS 

 

A. Contractor shall give all required notices and secure all necessary permits. Inspection 

certificates from local authorities having jurisdiction shall be delivered to the Architect prior 

to final payment. 

 

 

1.4 GENERAL REQUIREMENTS 

 

A. Adhere to Virginia Plumbing Code, 2021 Edition, for minimum requirements; where 

drawings or specifications are at variance with Code, follow whichever provides for 

maximum size or condition. 

 

B. Verify all grades, elevations and utility connections before commencing work. 

 

C. Comply with requirements of the Uniform Federal Accessibility Standards (UFAS). 

 

D. All pipe, fittings and fixtures that are connected to potable water systems must meet the 

current Water Drinking Act and where applicable, meet NSF Standard 61 and be so labeled 

and be so certified. All plumbing valves, devices, fixtures and fittings shall be lead free. 
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1.5 SUBMITTALS AND SHOP DRAWINGS 

 

A. Submit manufacturer’s data on the following: 

 

 Plumbing Fixtures 

 Plumbing Fixture Supports 

 Faucets 

 Flush Valves 

Balancing Valves 

Supplies and Traps 

Roof Drains 

Overflow Roof Drains 

Floor Drains 

Cleanouts 

Water Hammer Arrestors 

Valves 

Backflow Prevention Devices 

Wall Hydrants 

Hose Bibbs 

Electric Water Heaters 

Recirculating Pumps 

Grease Interceptors 

Solids Interceptor 

Thermometers 

Mixing Valves 

ADA Pipe Covers 

Thermal Expansion Tanks 

Ice Maker Boxes 

Waterless (Barrier Type) Trap Seal 

 

B. Submit shop drawings on the following: 

 

Grease Interceptors 

 

C. Submit a schedule of all pipe materials to be used for each type of service. 

 

 

1.6 WARRANTY-GUARANTEE 

 

A. Contractor shall furnish written warranty, countersigned and guaranteed by the General 

Contractor, stating that work executed under this Section of the Specifications shall be free 

from defects of materials and workmanship for a period of 12 months from date of 

Substantial Completion. 

 

B. During the guarantee period, the Contractor shall repair or replace defective material and 

workmanship and place same in working order to the satisfaction of the Architect at no 

additional expense to the Owner. 
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C. Contractor shall service the systems for 12 months from date of Substantial Completion. 

Such service shall include all emergency services and adjustments, except cleaning of 

filters and screens. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 SOIL, WASTE, DRAIN AND VENT PIPING 

 

A. Underground soil, waste, drain, rain leader and vent piping within the building and to a point 

5'-0" outside of building foundation shall be centrifugally cast, coated Service Weight hub-

and-spigot (ASTM A74), hubless cast-iron (ASTM A888), or DWV Schedule 40 PVC pipe 

(ASTM D2665) and fittings, unless otherwise noted. 

 

B. Underground foundation perforated drain piping shall be PVC D 2729 sewer pipe for 

drainage applications. Pipe shall be manufactured from virgin rigid PVC (polyvinyl chloride) 

vinyl compounds with a cell class of 12454 as identified in ASTM 1784. PVC D 2729 Sewer 

Pipe dimensions and physical properties shall conform to ASTM D 2729.  Pipe shall be 

wrapped in filter fabric and embedded in minimum 6-inch stone all around. 

 

C. Above ground soil, waste, drain, rain leader and vent piping shall be hubless cast-iron pipe 

(ASTM A888), DWV copper pipe (ASTM B306) or DWV Schedule 40 PVC pipe (ASTM 

D2665) and fittings, except that PVC pipe shall not be used where piping penetrates fire 

partitions, or where rain leaders are exposed from floor to at least 10 feet above floor, or any 

location not allowed by the Virginia Uniform Statewide Building Code, 2021 Edition. PVC 

piping for any service shall not be installed in return air plenums. Cast iron shall be used in 

plenum spaces above ceilings and return air plenums. 

 

D. Foam Core PVC piping is not acceptable for any application. 

 

E. All underground soil, waste and drain piping in kitchen shall be centrifugally cast, coated 

Service Weight hub-and-spigot (ASTM A74), or hubless cast-iron (ASTM A888). 

 

F. Hub-and-spigot piping shall be assembled using plain-end spigot and positive double-seal 

elastomeric compression-type gasket joints above ground. Hubless pipe and fittings shall be 

assembled using Neoprene gasket and stainless-steel retaining sleeve. Underground hubless 

pipe and fittings shall be assembled per paragraph below. PVC pipe and fittings shall be 

assembled in strict accordance with manufacturer’s instructions.  Solvent cement shall 

conform to ASTM D2564. 

 

G. Hubless Cast-iron Pipe and Fittings - Below Grade: Joints shall be heavy duty, Factory 

Mutual approved, to FM 1680 Class 1, type 304 stainless-steel couplings with a shield 

thickness of .024 (24 gauge) with 125 in/lb. worm drive clamps with Neoprene gaskets 

conforming to ASTM C564. Couplings 1-1/2" to 4" in diameter shall be 3" wide and have 

two clamps. Couplings 5" to 10" in diameter shall be 4" wide and have four clamps. 

Couplings 12" and 15" wide shall be 5-5/8" wide and have six clamps. Model HI-TORQ 125 

as manufactured by CLAMP-ALL PRODUCTS, IDEAL CLAMP PRODUCTS, or approved 

equal. 
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H. Condensate drain piping underground shall be Schedule 40 PVC (ASTM D2665) or hubless 

cast-iron pipe. 
 

 

2.2 CLEANING PLUGS AND TEST TEES 

 

A. Provide cleanouts as indicated and/or required by the Virginia Plumbing Code, 2021 Edition. 

 

B. Cleanouts shall be the same size as pipe, up to 4". Cleanouts for pipes larger than 4" shall be 

sized in accordance with the Virginia Plumbing Code, 2021 Edition. Cleanouts installed in 

connection with cast-iron, hub-and-spigot pipe shall consist of longsweep 1/4 bends or one 

or two 1/8 bends extended to easily accessible, approved location or where indicated. Extra-

heavy cast-brass ferrule with cast-brass cleanout plug shall be caulked into hub of fittings 

and shall be flush with floor. Cleanouts in connection with threaded pipe shall be cast-iron 

drainage T-pattern 90-degree branch fittings with extra-heavy brass screw plugs of the same 

size as pipes, up to and including 4". Install test tees with cast-iron cleanout plugs at foot of 

soil, waste and drain stacks and on each building drain outside building. Where cleanouts 

occur on pipe concealed in partitions and walls, provide with chromium-plated cast-brass 

plate secured to brass plugs. Verify cleanout locations before pipe installation. Extend 

cleanout plugs to within 1" of finished wall. 

 

C. See paragraph FIXTURES AND EQUIPMENT for cleanout access covers. 

 

D. Cleanouts indicated outside of building shall be flush with grade and have concrete pad as 

specified in Section 230100.  
 

 

2.3 TRAPS 

 

A. Provide a trap for each fixture and piece of equipment requiring connections to drainage 

system. Supply traps with fixtures. Place each trap as near fixture as possible and no fixture 

shall be double trapped. Traps installed on threaded pipe shall be recess drainage pattern. 

Trap on all floor drains shall be deep-seal type. 

 

B. Provide waterless (Barrier-type) trap seal devices on floor drains as indicated on plans. Trap 

seals by GREEN DRAIN, PROSET or approved equal. 

 

C. Exposed traps and drain piping shall be chromium plated. 
 

 

2.4 WATER PIPING 

 

A. Water piping shall be copper tubing, Type K, hard-tempered underground and Type L, hard-

tempered above ground. Piping shall be assembled with wrought-copper fittings using 95-5 

solder above ground and silver solder underground. 

 

B. Press Connector Fittings: 

 

1. Copper and copper alloy press fittings shall conform to material requirements of 

ASME B16.18 or ASME B16.22 and NSF/ANSI Standard (NSF 61). Sealing elements 
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for press fittings shall be factory installed EPDM. 

2. Press–connected fittings 1/2” – 2” press end shall have a leak-before-press feature, 

which assures leakage from inside the system past the sealing element of an unpressed 

connection. Fittings 2-1/2” – 4” press end shall have a factory installed means for 

visual inspection of completed press. Copper press fitting joints shall be made in 

accordance with the manufacturer’s installation instructions. The tubing shall be fully 

inserted into the fitting and the tuning marked at the shoulder of the fitting. The fitting 

alignment shall be checked against the mark in the tubing to ensure the tubing is fully 

inserted in the fitting. The joints shall be pressed using the pressing tool and jaws or 

jaw set, approved by the fitting manufacturer. Fitting installer shall be trained by the 

fitting manufacturer’s factory representative.  

3. Press connected fittings shall be by ELKHART PRODUCTS CORP., NIBCO, VIEGA 

or approved equal.  

 

C. Exposed water piping located in finished areas shall be chromium plated or stainless steel 

where materials are available. For larger pipe sizes, pipe may be painted. 

 

D. Grooved construction may be utilized with engineer approval on above ground copper 

service 2-1/2” and larger. Couplings shall be copper tubing sized installation ready Style 607. 

To assure uniformity and compatibility of piping components in grooved end piping systems, 

all grooved products utilized shall be supplied by Victaulic. Grooved butterfly valves, Series 

608, may be used on grooved copper tubing systems. Grooving tools shall be supplied by the 

same manufacturer as the grooved components. Grooved joint piping systems shall be 

installed in accordance with the manufacturer's guidelines and recommendations. Grooved 

end shall be clean and free from indentations, projections and roll marks in the area from 

pipe end to groove.  A Victaulic factory trained field representative shall provide on-site 

training to contractor's field personnel in the installation of grooved piping products. Factory 

trained representative shall periodically review the product installation. Contractor shall 

remove and replace any improperly installed products. 

 

E. Provide water hammer arrestors on hot and cold water supply piping to fixtures as indicated 

and/or required to prevent water hammer. Arrestors shall be factory-fabricated with stainless 

steel shell, hydro-pneumatic cushion of nitrogen, stainless steel bellows, and stainless-steel 

male threaded pipe nipples.  Water hammer arrestor shall be sized in accordance with 

Plumbing and Drainage Institute WH201. JOSAM, ZURN or SMITH may be used. 

 

 

2.5 GAS PIPING 

 

A. Gas piping above ground 1/2" through 2" shall be Schedule 40 black steel screw fabricated 

using malleable-iron fittings and piping 2-1/2" and over shall be fabricated by welding using 

Schedule 40 steel welding fittings. Gas piping and fittings exposed to the weather shall be 

Schedule 40 galvanized steel. Paint all joints in galvanized piping with galvanized paint. 

 

B. Provide shut-off valves on gas mains, risers and branches where indicated and at connection 

to all gas-burning equipment. 
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2.6 VALVES 

 

A. Provide valves on piping as indicated and as required to isolate fixtures and equipment and 

to give complete control of water in risers and branch lines. Valves shall be ball, unless 

otherwise indicated. All valves shall be lead-free. 

 

B. No cast-iron valves shall be used on domestic hot water piping. Valves shall be bronze or 

brass body valves only. 

 

C. Valves on copper water piping, up to and including 2", shall be bronze or brass.  Valves on 

cold or chilled piping shall have extended shafts to match the pipe insulation thickness to 

prevent condensation. Catalog numbers indicated are NIBCO. Valves with equivalent 

characteristics by APOLLO or MILWAUKEE are acceptable. 

 

Type Size Catalog Number 

Ball 2-1/2" - 3" S-FP-600A-LF   

Ball 2" and smaller S-585-80-LF 

Check 2" and smaller S-413-Y-LF 

 

D. Reduced Pressure Principle Backflow Preventers: (No Lead) 

 

Size Catalog Number 

2" and smaller  975 XL2-S w/strainer where indicated 

 

 Provide air gap fitting. WILKINS catalog models indicated, or approved equal. 

 

E. Washing Machine Valve Box: GUY GRAY CO. Enamel-coated steel box with angle gate 

valves with handles. Recessed in wall where indicated. 

 

F. Ice Maker Box: GUY GRAY CO. Enamel-coated steel box with bronze supply valve with 

handle. Recessed in wall where indicated. 

 

G. All gas valves 3" and smaller shall be bronze body, threaded with bronze trim ball valves. 

Gas valves shall be UL-Listed. Valves shall be as manufactured by NIBCO model T-585-

70-UL, or approved equal. 

 

 

2.7 VENTURI FLOW MEASURING AND BALANCING VALVES 

 

A. Provide venturi flow measuring and balancing valves where indicated, NUTECH Model MB 

for pipe size 1/2" to 2" and Model MBF for sizes 2-1/2” and larger, or approved equal. 

 

B. Balancing valves 1/2” thru 2” shall be constructed of bronze or brass. Valves shall be rated 

for 600 psi at 250°F. The valve ball ID shall be minimum standard port (one size smaller 

than valve connection size) Reduced port valves are not acceptable. 

 

C. Venturi section shall be low loss with a minimum accuracy of 3% of rate.  
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D. Valves shall be provided with pressure/temperature ports and memory stop.  Valves shall be 

equipped with metal tag and chain. Valves shall be supplied with extended handles and PT 

ports to clear insulation on chilled water service. 

 

E. Valves shall be sized as indicated or as recommended by valve manufacturer for intended 

flow capacity. 

 

 

2.8 MIXING VALVES 

 

A. Provide complete mixing valves as indicated and scheduled on contract documents. Mixing 

valves shall meet ASSE standards for intended use as listed below. LEONARD numbers 

indicated, equal by POWERS or BRADLEY. 

 

1. ASSE 1017:  Hot Water Distribution Systems 

2. ASSE1070:  Hand Lavatory 

 

 

2.9 FIXTURES AND EQUIPMENT 

 

A. Provide complete fixtures and equipment indicated and scheduled on contract documents. 

Fixtures and equipment shall be as manufactured by the listed manufacturers below or 

approved equal.  The plumbing fixtures listed below are selected to establish examples of 

design intent and to set a standard of quality.  Equivalent fixtures and fittings from other 

manufactures may be submitted for approval.  

 

1. Vitreous china fixtures shall be as manufactured by KOHLER, AMERICAN 

STANDARD, or SLOAN.  

2. Stainless steel sinks shall be as manufactured by JUST, ELKAY, or ADVANCED 

TABCO. 

3. Manual faucets shall be as manufactured by CHICAGO, T&S BRASS, or MOEN. 

4. Manual flush valves shall be as manufactured by SLOAN, ZURN, or DELANY. 

5. Terrazzo mop sinks shall be as manufactured by STERN WILLIAMS, 

FLORESTONE, or FIAT. 

6. Drinking fountains and electric water coolers shall be as manufactured by HALSEY 

TAYLOR, ELKAY, or OASIS. 

 

B. All material shall meet or exceed all applicable referenced standards, federal, state and local 

requirements, and conform to codes and ordinances of authorities having jurisdiction. 

 

C. Provide supply stops as required for all fixtures. Refer to plumbing drawings for additional 

fixture information. 

 

D. Provide concealed, floor-mounted, fixture support carriers for all wall-mounted plumbing 

fixtures, including: urinals, lavatories and water coolers. Provide floor-mounted supports 

with concealed arms for wall-hung lavatories. Carriers shall be as manufactured by J. R. 

SMITH CO., or approved equal. Contractor to select proper model to suit wall construction. 

 

E. All water coolers and drinking fountains are to be lead-free. 

 



NORTHERN SHORES ELEMENTARY SCHOOL ADDITION  

SUFFOLK PUBLIC SCHOOLS 
 

RRMM PROJECT NO. 23238-00 

 

 

PLUMBING             220500 - 8 

F. Provide Owner with any special tools required to perform maintenance on fixtures and 

fittings. 

 

G. Wall hydrants shall be freezeless type, Model 65 satin-chrome finish, with loose key handle, 

vacuum breaker and backflow preventer. WOODFORD MFG. CO. Contractor to select 

proper model to suit wall construction. 

 

H. Exterior hose bibbs shall be WOODFORD MFG. CO., Model 19, with die cast aluminum 

handle.  Brass construction, chromium plated, with vacuum breaker-backflow preventer. 

 

I. Roof drains and overflow roof drains shall be type indicated, coated cast-iron body with 

extension as required, roof sump receiver and dual deck plate with securing brackets.  Drain 

shall have combination membrane flashing clamp/gravel guard and low-silhouette aluminum 

dome. 

 

J. Floor drains shall be type indicated, cast-iron body with nickel bronze strainers. Where 

waterproof membranes occur, provide clamping collar. SMITH numbers indicated. ZURN 

or JOSAM may be used. 

 

K. Provide nickel-bronze cleanout access. Where waterproof membranes occur, provide 

clamping collar. SMITH numbers indicated. ZURN or JOSAM may be used. 

 

Resilient tile floor  4020-U 

Painted masonry walls 4402 

Ceramic tile floor  4020-U 

Carpeted floors  4020-Y 

Terrazzo floors  4020-U 

Concrete floors  4020-U 

 

 

2.10 COMMERCIAL ELECTRIC WATER HEATERS 

 

A. Provide electric water heaters of size, type and capacity as indicated. A.O. SMITH, STATE, 

RUDD or approved equal. 

 

B. Units shall be listed by Underwriters’ Laboratories and approved to the NSF Standard 5 by 

UL. Models shall meet or exceed the standby loss requirements of the U.S. Department of 

energy and current edition of ASHRAE/IESNA 90.1.  Heater(s) shall have 150 psi working 

pressure. 

 

C. All internal surfaces of the heater(s) exposed to water shall be glass-lined with an alkaline 

borosilicate composition that has been fused to steel by firing at a temperature range of 

1400°F to 1600°F. 

 

D. Electric heating elements shall be medium watt density with zinc plated copper sheath.  Each 

element shall be controlled by an individually mounted thermostat and high temperature 

cutoff switch. Where indicated by model number, electric heating elements shall be 24K 

Goldenrod medium watt density screw-in type with Incoloy sheath and ceramic terminal 

block. Internal power circuit fusing shall be provided. Element operation shall be linear 
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sequencing through individual magnetic contactors. Control circuit shall be factory fused and 

include an immersion thermistor temperature probe with built in ECO control. 

 

E. Where indicated by model number, water heater shall have LCD display with built-in 

diagnostic and troubleshooting information and shall incorporate the iCOMM™ system for 

remote monitoring, leak detection and fault alert. 

 

F. The outer jacket shall be of backed enamel finish and shall be provided with full size control 

compartment for performance of service and maintenance through hinged front panels and 

shall enclose the tank with foam insulation. 

 

G. Electrical junction box with heavy duty terminal block shall be provided. The drain value 

shall be located in the front for ease of servicing. 

 

H. Heater tank shall have a three-year limited warranty as outlined in the written warranty. 

 

 

2.11 HOT WATER CIRCULATING PUMPS 

 

A. In-line pumps shall be close-coupled all bronze construction with mechanical seals. Motor 

shall be open drip-proof.  BELL & GOSSETT, or approved equal. 

 

B. Refer to mechanical drawings for control sequences and points list required for pump 

operation. 

 

 

2.12 THERMOMETERS 

 

A. Thermometers shall be provided as indicated. WEKSLER INSTRUMENT, Type “AF”. 

 

B. Thermometers in pipelines shall be separable socket 5" dial bi-metal insertion type, with 

scale suitable for temperature range of medium being measured.  Thermometers shall be 

located to facilitate reading from floor. Angle type shall be used where necessary to facilitate 

reading.  Install thermal well in flow of fluid. 

 

C. Thermometer range shall be 0-200°F for hot water. 

 

 

2.13 GREASE INTERCEPTOR 

 

A. Provide unit of size, type and capacity as indicated. MIFAB or approved equal. 

 

B. The tank shall be an underground, double basin tank made of fiberglass.  The tank shall be 

manufactured with a 4" inlet and outlet. 

 

C. Provide traffic rated manways flush with finished grade for access to tank for maintenance. 

 

D. Grease interceptor shall be installed in accordance with plans and manufacturer’s 

recommendations. 
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2.14 THERMAL EXPANSION TANK 

 

A. Provide a bladder type thermal expansion tank as manufactured by AMTROL, Model 

THERM-X-TROL or approved equal.   

 

B. The expansion tank shall be welded steel, constructed, tested and stamped in accordance with 

section VIII, Division 1 of the ASME Code for a working pressure of 125 PSIG, factory air 

pre-charged and field adjustable. All welds conforming to ASME Section IX. All internal 

parts must comply with FDA regulations and approvals. 

 

C. Each tank shall have a steel shell and an internal butyl/EPDM diaphragm to isolate the air 

charge from fluid. 

 

 

2.15 ELEVATOR SUMP PUMP  

 

A. Provide an automatic submersible dewatering pump for the elevator sump pit. Pumps shall 

be as manufacturer by ZOELLER or approved equal. 

 

B. Construction shall be of cast iron with 100% baked-on powder coated epoxy finish for 

corrosion resistance and longer casting durability. All fasteners and external metal parts shall 

be of stainless steel. Impeller shall be of vortex non-clog design. 

 

C. The pump shall be a hermetically sealed, submersible type, operating in a high quality 

dielectric oil for cooling the windings and for lubrication of the motor bearings and ceramic-

carbon shaft seal. 

 

D. Single phase motor shall have internal automatically resetting, thermal overload protection 

and shaded pole motor. 

 

E. Oil Smart® Controls – Provide Oil Smart pump switch to control water pumps in elevator 

sump.  Switch shall include internal 20 amp relay and 304 stainless steel sensor probes. 

Provide pump control and alert system with Oil Smart Technology that shall alert residents 

or maintenance personnel of liquid level problems.  

 

 

PART 3 - EXECUTION 

 

 

3.1 PIPE INSTALLATION 

 

A. Grade horizontal soil, waste and drain pipes as follows, except as approved and as indicated 

on drawings: 

 

2"   1/4" per foot, minimum 

3" and larger  1/8" per foot, minimum 

 

B. Install vertical soil and waste piping with provision for expansion and extend full size to and 

above roof lines as vents, except as otherwise indicated. Where practicable, connect two or 
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more vent pipes together and extend as one pipe through roof at approved locations. Run 

concealed vent pipes in overhead spaces with horizontal waste or soil piping pitched down 

to stacks without forming traps in pipes, using required fittings. Where an end or circuit vent 

pipe from fixture or line of fixture is connected to vent line serving other fixtures, make the 

connection at least 4'-0" above the floor on which fixtures are located. Vent lines shall not be 

used as waste, except as approved. Extend cast-iron hub-and-spigot pipe inside of building 

6" above the floor. 

 

C. Make changes in pipe sizes on soil, waste and drain lines with reducing fittings or recessed 

reducers. Make changes in direction by appropriate use of 45-degree wyes, longsweep 1/6, 

1/8, or 1/16 bends, except sanitary tees may be used where permitted by code in soil and 

waste lines where change in direction of flow is from horizontal to vertical and on discharge 

from water closets. Short-radius fittings shall not be permitted, except in approved location. 

 

D. Slip joints are permitted only in trap seals or on inlet side of traps. Use hub fittings for making 

union connections wherever practicable, in connection with dry vents.   

 

E. PVC piping shall not be installed in return-air plenums, through fire walls, or any location 

not allowed by the 2021 Virginia Uniform Statewide Building Code. 

 

F. All flow measuring and balancing valves shall be balanced for flow indicated by Plumbing 

Contractor. 

 

G. Provide pipe sleeves, hangers, supports, and fixture supports.  Contractor shall be responsible 

for proper and permanent location.  Pipe shall not be permitted to pass through footings, 

beams, or ribs.  All piping passing through all walls shall be sleeved and insulation shall run 

continuously through sleeve.  Install pipe sleeves and properly secure in place with grout 

where pipes pass through all walls and at all fire-rated assemblies.  Pipe sleeves, except in 

footings, shall be sufficient diameter to provide approximately 1/4” clearance around 

insulation or pipe.  Fill void between insulation or pipe and sleeve with mineral wool to 

prevent sound transmission.   

 

H. Pipe sleeves through foundation walls shall be cast iron, 4” larger in diameter than pipe 

installed.  Pipe sleeves in walls, floors, and partitions shall be Schedule 40 steel pipe.  Extend 

sleeves above floor at least 1”, pack space around pipe with fireproof material, and make 

watertight.  Pipe penetrations through below grade exterior walls shall be sealed with 

modular seals selected for the type of pipe and wall penetration, “LINK SEAL” or equal.  

Where pipes pass through waterproofing membranes, provide flashing sleeves with integral 

flashing flanges or clamping device of 16-ounce soft-sheet copper; extend at least 8” from 

sleeve.  Thoroughly mop flashing flanges and shields into membrane. 

 

 

3.2 CONNECTIONS TO EQUIPMENT 

 

A. Make plumbing connections to all equipment requiring connections, including equipment in 

Contract and equipment furnished by others. Make all connections according to 

manufacturer’s recommendations. 

 

B. Provide hot water, cold water, waste, vent, floor drains and indirect waste for kitchen and 

other Owner-furnished equipment. Drawings are not intended to be complete in every respect 
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concerning these items. Provide all manufacturer’s recommended valves, unions, arrestors, 

regulators, etc., as required by manufacturer. 

 

 

3.3 FIXTURE SETTING HEIGHTS 

 

A. Plumbing fixtures shall be at heights indicated and/or directed. Heights of handicapped 

plumbing fixtures shall be as governed by the 2021 Virginia Uniform Statewide Building 

Code, ANSI A117.1, and the requirements of the Uniform Federal Accessibility Standards 

(UFAS). 

 

 

3.4 INSPECTION AND TESTS 

 

A. The new plumbing system shall be tested by the Contractor in the presence of the Architect. 

Governing authorities having jurisdiction shall be notified of test required by them and Final 

Acceptance of work shall be contingent upon their approval. At least 48 hours’ notice shall 

be given prior to test. All costs of conducting test and furnishing necessary equipment for 

test shall be borne by the Contractor. 

 

B. The new soil, waste, drain and vent system shall be tested and proved tight prior to connection 

of fixtures, by closing all openings, except highest at roof and filling with water to point of 

overflow. Allow water to stand at least 2 hours before starting inspection. Where piping must 

be tested in sections to facilitate construction, include at least the upper 10 feet of the 

preceding section so that no pipe or joint in building will have been subjected to less than 10 

feet head of water. Piping laid in trenches shall not be backfilled until test has been made and 

joints proved tight. Owner shall be provided 24 hours’ notice prior to tests and provided 

written results of tests. 

 

C. Upon completion of roughing-in and before setting fixtures, test new hot and cold water 

piping system at hydrostatic pressure of 100 psig and prove watertight at this pressure. Test 

water piping system to be concealed separately in same manner as prescribed for entire 

system. 

 

D. Thoroughly clean and flush piping and apply chlorine solution to new system at least 3 hours 

to destroy nonspore-forming bacteria. Following chlorination, flush agent from system until 

water is both bacteriologically and chemically satisfactory to Public Health Officer. 

 

E. If inspection or tests show defect, replace such defective work or materials and repeat 

inspection tests. Make repairs to piping with new materials. No caulking of screwed joints or 

holes shall be acceptable. 

 

F. Test all gas piping at 50 psig with oil-free compressed air for 2 hours with no loss in pressure. 

 

G. Clean equipment, pipe, valves and fittings of grease, metal cuttings and sludge accumulated 

by operations of system for testing. Stoppage or discoloration or other damage to parts of 

building, its finish or furnishings due to Contractor’s failure to properly clean piping system 

shall be repaired without cost to the Owner. 
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H. All domestic hot water flow measuring and balancing valves shall be balanced for flow 

indicated in the contract documents by the Plumbing Contractor. Balanced flow shall be 

reported in the final TAB Report. 

 

 

3.5 TESTING 

 

A. The Contractor shall test the domestic water supply system to the new school for the presence 

of lead and copper action levels in the system prior to connection to the building. The 

Contractor shall be responsible for providing an interior water system that meets the 

requirements set forth in the Environmental Protection Agency’s “Lead and Copper Rule”, 

December 7, 1991, as adopted by the Virginia Department of Health. After the building is 

connected, cleaned and flushed, the domestic water shall be tested for the presence of lead 

and copper action levels at Contractor’s expense. Samples shall be taken in the kitchen and 

at water coolers, drinking fountains, sinks and bubblers. All outlets in the building used for 

drinking water or food preparation shall not exceed the 15 ppb for lead and the 1.3 ppm for 

copper action levels as set forth by the above standard. If improper lead and copper action 

levels are detected, the Contractor shall isolate portions of the piping system to determine the 

source, correct the problem and retest at his expense. The Contractor shall continue testing, 

re-testing and corrective measures until the system is free of lead or copper contamination at 

or above the action levels. All re-testing and corrections shall be done at the Contractor’s 

expense. 

 

 

END OF SECTION 220500 
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SECTION 221113 - FACILITY WATER DISTRIBUTION PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the contract, including general and supplementary 

conditions and division 01 specification sections, apply to this section. 

1.2 SUMMARY 

A. This section includes water-distribution piping and related components outside the building 

for water service and fire-service mains. 

1.3 DEFINITIONS 

A. PVC:  polyvinyl chloride plastic. 

1.4 ACTION SUBMITTALS 

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

B. Shop Drawings: Detail vault assemblies and indicate dimensions, method of field assembly, 

and components. 

1. Wiring Diagrams: Power, signal, and control wiring for alarms. 

1.5 QUALITY ASSURANCE 

A. Regulatory requirements: 

1. Codes and Standards:  Comply with the City of Newport News Waterworks 

Department including: tapping of water mains and backflow prevention, potable-

water-service piping, including materials, installation, testing, and disinfection, fire-

suppression water-service piping, including materials, hose threads, installation, and 

testing. 

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

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

piping. 

D. Comply with FMG’s "Approval Guide" or UL’s "Fire Protection Equipment Directory" for 

fire-service-main products. 

E. NFPA compliance:  comply with NFPA 24 for materials, installations, tests, flushing, and 

valve and hydrant supervision for fire-service-main piping for fire suppression. 

F. NSF compliance: 
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1. Comply with NSF 14 for plastic potable-water-service piping.  Include marking 

"NSF-PW" on piping. 

G. Comply with NSF 61 for materials for water-service piping and specialties for domestic 

water. 

1.6 PROJECT CONDITIONS 

A. Interruption of existing water-distribution service:  do not interrupt service to facilities 

occupied by owner or others unless permitted under the following conditions and then only 

after arranging to provide temporary water-distribution service according to requirements 

indicated: 

1. Notify architect   no fewer than two days in advance of proposed interruption of 

service. 

2. Do not proceed with interruption of water-distribution service without architect's   

written permission. 

1.7 COORDINATION 

A. Coordinate connection to water main in accordance with the City of Newport News 

Waterworks Department. 

PART 2 - PRODUCTS 

2.1 PIPE AND FITTINGS 

A. Soft Copper Tube:  ASTM B 88, Type K, water tube, annealed temper. 

1. Copper, Solder-Joint Fittings:  ASME B16.18, cast-copper-alloy or ASME B16.22, 

wrought-copper, solder-joint pressure type.  Furnish only wrought-copper fittings if 

indicated. 

B. Hard Copper Tube:  ASTM B 88, Type K, water tube, drawn temper. 

1. Copper, Solder-Joint Fittings:  ASME B16.18, cast-copper-alloy or ASME B16.22, 

wrought-copper, solder-joint pressure type.  Furnish only wrought-copper fittings if 

indicated. 

C. Mechanical-joint, ductile-iron pipe:  AWWA C151, with mechanical-joint bell and plain 

spigot end unless grooved or flanged ends are indicated. 

1. Mechanical-joint, ductile-iron fittings:  AWWA C110, ductile- or gray-iron standard 

pattern or AWWA C153, ductile-iron compact pattern. 

2. Glands, gaskets, and bolts:  AWWA C111, ductile- or gray-iron glands, rubber 

gaskets, and steel bolts. 

D. Push-on-joint, ductile-iron pipe:  AWWA C151, with push-on-joint bell and plain spigot 

end unless grooved or flanged ends are indicated. 
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1. Push-on-joint, ductile-iron fittings:  AWWA C110, ductile- or gray-iron standard 

pattern or AWWA C153, ductile-iron compact pattern. 

2. Gaskets:  AWWA C111, rubber. 

E. Grooved-joint, ductile-iron pipe:  AWWA C151, with cut, rounded-grooved ends. 

1. Grooved-end, ductile-iron pipe appurtenances: 

a. Available manufacturers:  subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the work 

include, but are not limited to, the following: 

1) Anvil International, Inc. 

2) Victaulic Company of America. 

b. Grooved-end, ductile-iron fittings:  ASTM a 47/a 47m, malleable-iron castings 

or ASTM a 536, ductile-iron castings with dimensions matching pipe. 

c. Grooved-end, ductile-iron-piping couplings:  AWWA C606, for ductile-iron-

pipe dimensions.  Include ferrous housing sections, gasket suitable for water, 

and bolts and nuts. 

F. PE, Fire-Service Pipe:  ASTM F 714, AWWA C906, or equivalent for PE water pipe; FMG 

approved, with minimum thickness equivalent to FMG Class 200. 

1. Molded PE Fittings:  ASTM D 3350, PE resin, socket- or butt-fusion type, made to 

match PE pipe dimensions and class. 

G. PVC, AWWA pipe:  AWWA C900, class 150, with bell end with gasket, and with spigot 

end. 

1. Comply with UL 1285 for fire-service mains if indicated. 

2. PVC fabricated fittings:  AWWA C900, class 150, with bell-and-spigot or double-

bell ends.  Include elastomeric gasket in each bell. 

3. PVC molded fittings:  AWWA C907, class 150, with bell-and-spigot or double-bell 

ends.  Include elastomeric gasket in each bell. 

4. Push-on-joint, ductile-iron fittings:  AWWA C110, ductile- or gray-iron standard 

pattern or AWWA C153, ductile-iron compact pattern. 

a. Gaskets:  AWWA C111, rubber. 

5. Mechanical-joint, ductile-iron fittings:  AWWA C110, ductile- or gray-iron standard 

pattern or AWWA C153, ductile-iron compact pattern. 

a. Glands, gaskets, and bolts:  AWWA C111, ductile- or gray-iron glands, rubber 

gaskets, and steel bolts. 
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2.2 JOINING MATERIALS 

A. Refer to Division 22 section "Common Work Results for Plumbing" for commonly used 

joining materials. 

B. Brazing filler metals:  AWS A5.8, BCuP series. 

C. Bonding adhesive for fiberglass piping:  as recommended by fiberglass piping 

manufacturer. 

D. Plastic pipe-flange gasket, bolts, and nuts:  type and material recommended by piping 

system manufacturer, unless otherwise indicated. 

2.3 PIPING SPECIALTIES 

A. Transition fittings:  manufactured fitting or coupling same size as, with pressure rating at 

least equal to and ends compatible with, piping to be joined. 

B. Tubular-sleeve pipe couplings: 

1. Description:  Metal, bolted, sleeve-type, reducing or transition coupling, with center 

sleeve, gaskets, end rings, and bolt fasteners and with ends of same sizes as piping to 

be joined. 

a. Standard:  AWWA C219. 

2.4 GATE VALVES 

A. AWWA, cast-iron gate valves: shall be in accordance with The City of Newport News 

Waterworks Department. 

1. Available manufacturers:  subject to compliance with requirements, manufacturers 

offering products that may be incorporated into the work include, the following: 

a. American AVK Co.; Valves & Fittings Div. 

2. Nonrising-stem, metal-seated gate valves: 

a. Description:  gray- or ductile-iron body and bonnet; with cast-iron or bronze 

double-disc gate, bronze gate rings, bronze stem, and stem nut. 

1) Standard:  AWWA C500. 

2) Minimum pressure rating:  200 psig. 

3) End connections:  mechanical joint. 

4) Interior Coating:  complying with AWWA C550. 

3. Nonrising-stem, resilient-seated gate valves: 

a. Description:  gray- or ductile-iron body and bonnet; with bronze or gray- or 

ductile-iron gate, resilient seats, bronze stem, and stem nut. 

1) Standard:  AWWA C509. 

2) Minimum pressure rating:  200 psig. 

3) End connections:  mechanical joint. 

4) Interior coating:  complying with AWWA C550. 
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4. Nonrising-stem, high-pressure, resilient-seated gate valves: 

a. Description:  ductile-iron body and bonnet; with bronze or ductile-iron gate, 

resilient seats, bronze stem, and stem nut. 

1) Standard:  AWWA C509. 

2) Minimum pressure rating:  250 psig. 

3) End connections:  push on or mechanical joint. 

4) Interior coating:  complying with AWWA C550. 

5. OS&Y, rising-stem, metal-seated gate valves: 

a. Description:  cast- or ductile-iron body and bonnet, with cast-iron double disc, 

bronze disc and seat rings, and bronze stem. 

1) Standard:  AWWA C500. 

2) Minimum pressure rating:  200 psig. 

3) End connections:  flanged. 

6. OS&Y, rising-stem, resilient-seated gate valves: 

a. Description:  cast- or ductile-iron body and bonnet, with bronze or gray- or 

ductile-iron gate, resilient seats, and bronze stem. 

1) Standard:  AWWA C509. 

2) Minimum pressure rating:  200 psig. 

3) End connections:  flanged. 

2.5 GATE VALVE ACCESSORIES AND SPECIALTIES 

A. Tapping-sleeve Assemblies: shall be in accordance with The City of Newport News 

Waterworks Department. 

1. 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: 

a. American Cast Iron Pipe Co.; Waterous Co. Subsidiary. 

b. East Jordan Iron Works, Inc. 

c. Flowserve. 

d. Mcwane, Inc.; Clow Valve Co. Div. (Oskaloosa). 

e. Mcwane, Inc.; Kennedy Valve Div. 

f. Mcwane, Inc.; M & H Valve Company Div. 

g. Mueller Co.; Water Products Div. 

h. U.S. Pipe and Foundry Company. 

2. Description:  sleeve and valve compatible with drilling machine. 

a. Standard:  MSS SP-60. 

b. Tapping sleeve:  cast- or ductile-iron or stainless-steel, two-piece bolted sleeve 

with flanged outlet for new branch connection.  Include sleeve matching size 

and type of pipe material being tapped and with recessed flange for branch 

valve. 

c. Valve:  AWWA, cast-iron, nonrising-stem, resilient-seated gate valve with one 

raised face flange mating tapping-sleeve flange. 
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B. Valve boxes:  shall be in accordance with The City of Newport News Waterworks 

Department and comply with AWWA M44 for cast-iron valve boxes.  Include top section, 

adjustable extension of length required for depth of burial of valve, plug with lettering 

"water," and bottom section with base that fits over valve and with a barrel approximately 5 

inches in diameter. 

1. Operating wrenches:  steel, tee-handle with one pointed end, stem of length to 

operate deepest buried valve, and socket matching valve operating nut. 

C. Indicator posts:  UL 789, FMG-approved, vertical-type, cast-iron body with operating 

wrench, extension rod, and adjustable cast-iron barrel of length required for depth of burial 

of valve. 

2.6 CORPORATION VALVES AND CURB VALVES 

A. Shall be in accordance with The City of Newport News Waterworks Department 

B. Manufacturers: 

1. 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: 

a. Amcast Industrial Corporation; Lee Brass Co. 

b. Ford Meter Box Company, Inc. (The); Pipe Products Div. 

c. Jones, James Company. 

d. Master Meter, Inc. 

e. McDonald, A. Y. Mfg. Co. 

f. Mueller Co.; Water Products Div. 

g. Red Hed Manufacturing & Supply. 

C. Service-Saddle Assemblies:  Comply with AWWA C800.  Include saddle and valve 

compatible with tapping machine. 

1. Service Saddle:  Copper alloy with seal and AWWA C800, threaded outlet for 

corporation valve. 

2. Corporation Valve:  Bronze body and ground-key plug, with AWWA C800, threaded 

inlet and outlet matching service piping material. 

D. Curb Valves:  Comply with AWWA C800.  Include bronze body, ground-key plug or ball, 

and wide tee head, with inlet and outlet matching service piping material. 

E. Service Boxes for Curb Valves:  Similar to AWWA M44 requirements for cast-iron valve 

boxes.  Include cast-iron telescoping top section of length required for depth of burial of 

valve, plug with lettering "WATER," and bottom section with base that fits over curb valve 

and with a barrel approximately 3 inches in diameter. 

1. Shutoff Rods:  Steel, tee-handle with one pointed end, stem of length to operate 

deepest buried valve, and slotted end matching curb valve. 

http://www.specagent.com/LookUp/?uid=123456820668&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456820669&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456820670&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456805175&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456805176&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456820671&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456805177&mf=04&src=wd
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2.7 WATER METERS 

A. Shall be in accordance with The City of Newport News Waterworks Department. 

B. Water meters will be furnished by utility company. 

2.8 DETECTOR-TYPE WATER METERS 

A. Shall be in accordance with The City of Newport News Waterworks Department. 

 

2.9 BACKFLOW PREVENTERS 

A. Reduced-pressure-principle backflow preventers: 

1. 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: 

a. Ames Fire & Waterworks; A Division of Watts Regulator Co. 

b. Conbraco Industries, Inc. 

c. Febco; SPX Valves & Controls. 

d. Flomatic Corporation. 

e. Watts Water Technologies, Inc. 

f. Wilkins; A Zurn Company. 

2. Standard:    AWWA C511. 

3. Operation:  continuous-pressure applications. 

4. Pressure loss:  12 psig  maximum, through middle 1/3 of flow range. 

5. Size:  1.5-inch 

6. Body:  bronze for NPS 2 and smaller.    

7. End connections:  threaded for NPS 2 and smaller. 

8. Configuration:  designed for horizontal, straight through   flow. 

9. Accessories: 

a. Valves:  ball type with threaded ends on inlet and outlet of NPS 2 and smaller; 

OS&Y gate type with flanged ends on inlet and outlet of NPS 2-1/2 and larger. 

b. Air-gap fitting:  ASME a112.1.2, matching backflow preventer connection. 

B. Reduced-pressure-detector, fire-protection backflow preventer Assemblies: 

1. 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: 

a. Ames Fire & Waterworks; A Division of Watts Regulator Co. 

b. Conbraco Industries, Inc. 

c. Febco; Spx Valves & Controls. 

d. Watts Water Technologies, Inc. 

e. Wilkins; A Zurn Company. 

2. Standards:  ASSE 1047 and UL listed or FMG approved. 

3. Operation:  continuous-pressure applications. 

4. Pressure loss:  12 psig  maximum, through middle 1/3 of flow range. 

5. Size:  8-inch 
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6. Body:  cast iron with interior lining complying with AWWA C550 or that is FDA 

approved. 

7. End connections:  flanged. 

8. Configuration:  designed for horizontal, straight through    flow. 

9. Accessories: 

a. Valves:  UL 262, FMG-approved, OS&Y gate type with flanged ends on inlet 

and outlet. 

b. Air-gap fitting:  ASME a112.1.2, matching backflow preventer connection. 

c. Bypass:  with displacement-type water meter, shutoff valves, and reduced-

pressure backflow preventer. 

2.10 WATER METER BOXES 

A. Description:  Shall be in accordance with The City of Newport News Waterworks 

Department. Cast-iron body and cover for disc-type water meter, with lettering "water 

meter" in cover; and with slotted, open-bottom base section of length to fit over service 

piping. 

2.11 PROTECTIVE ENCLOSURES 

A. Freeze-protection enclosures: 

1. 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: 

a. Aqua Shield. 

b. Bf Products, Inc. 

c. Dekorra Products. 

d. Dunco Manufacturing, Inc. 

e. G&C Enclosures. 

f. Hot Box, Inc. 

g. Hydrocowl, Inc. 

h. Watts Water Technologies, Inc. 

2. Description:  insulated enclosure designed to protect aboveground water piping, 

equipment, or specialties from freezing and damage, with heat source to maintain 

minimum internal temperature of 40 deg f when external temperatures reach as low 

as minus 34 deg f. 

a. Standard:  ASSE 1060. 

b. Class I:  for equipment or devices other than pressure or atmospheric vacuum 

breakers. 

c. Class I-V:  for pressure or atmospheric vacuum breaker equipment or devices.  

Include drain opening in housing. 

1) Housing:  reinforced-aluminum or stainless steel construction. 

a) Size:  of dimensions indicated, but not less than those required for 

access and service of protected unit. 

b) Drain opening for units with drain connection. 

c) Access doors with locking devices. 

d) Insulation inside housing. 

e) Anchoring devices for attaching housing to concrete base. 
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2) Electric heating cable or heater with self-limiting temperature control. 

2.12 FIRE HYDRANTS 

A. Fire hydrants shall be in accordance with The City of Newport News Waterworks 

Department. 

B. Dry-barrel fire hydrants: 

1. 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: 

a. American Avk Co.; Valves & Fittings Div. 

b. American Cast Iron Pipe Co.; American Flow Control Div. 

c. American Cast Iron Pipe Co.; Waterous Co. Subsidiary. 

d. American Foundry Group, Inc. 

e. East Jordan Iron Works, Inc. 

f. Mcwane, Inc.; Clow Valve Co. Div. (Oskaloosa). 

g. Mcwane, Inc.; Kennedy Valve Div. 

h. Mcwane, Inc.; M & H Valve Company Div. 

i. Mueller Co.; Water Products Div. 

j. Troy Valve; A Division of Penn-Troy Manufacturing, Inc. 

k. U.S. Pipe and Foundry Company. 

2. Description:  Freestanding, with one NPS 4-1/2 and two NPS 2-1/2 outlets, 5-1/4-

inch main valve, drain valve, and NPS 6 mechanical-joint inlet.  Include interior 

coating according to AWWA C550.  Hydrant shall have cast-iron body, compression-

type valve opening against pressure and closing with pressure. 

a. Standard:  AWWA C502. 

b. Pressure rating:  150 psig minimum. 

C. Wet-barrel fire hydrants: 

1. 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: 

a. American AVK Co.; Valves & Fittings Div. 

b. Jones, James Company. 

c. Mcwane, Inc.; Clow Valve Co. Div. (Corona). 

d. Mcwane, Inc.; Clow Valve Co. Div. (Oskaloosa). 

e. Mueller Co.; Water Products Div. 

2. Description:  freestanding, with one NPS 4-1/2 and two NPS 2-1/2 outlets, NPS 6 

threaded or flanged inlet, and base section with NPS 6 mechanical-joint inlet.  

Include interior coating according to AWWA C550. 

a. Standard:  AWWA C503. 

b. Pressure rating:  150 psig minimum. 
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2.13 FIRE DEPARTMENT CONNECTIONS 

A. Fire department connections: 

1. 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: 

a. Elkhart Brass Mfg. Co., Inc. 

b. Fire End & Croker Corporation. 

c. Guardian Fire Equipment, Inc. 

d. Kidde Fire Fighting. 

e. Potter Roemer. 

f. Reliable Automatic Sprinkler Co., Inc. 

2. Description:  Freestanding, with cast-bronze body, thread inlets according to 

NFPA 1963 and matching local fire department hose threads, and threaded bottom 

outlet.  Include lugged caps, gaskets, and chains; lugged swivel connection and drop 

clapper for each hose-connection inlet; 18-inch- high brass sleeve; and round 

escutcheon plate. 

a. Standard:  UL 405. 

b. Connections:  two NPS 2-1/2 inlets and one NPS 4  outlet. 

c. Inlet alignment:  inline, horizontal. 

d. Finish including sleeve:  polished chrome-plated. 

B. Escutcheon plate marking:  "AUTO SPKR & STANDPIPE." 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Refer to Division 31 section "Earth Moving for Sitework" for excavating, trenching, and 

backfilling. 

3.2 PIPING APPLICATIONS 

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

following applications. 

B. Transition couplings and special fittings with pressure ratings at least equal to piping 

pressure rating may be used, unless otherwise indicated. 

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

D. Flanges, unions, grooved-end-pipe couplings, and special fittings may be used, instead of 

joints indicated, on aboveground piping and piping in vaults. 

E. Underground water-service piping NPS 3/4 to NPS 3  shall be any of the following: 

1. PVC, schedule 80 pipe; PVC, schedule 80 socket fittings; and solvent-cemented 

joints. 
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F. Underground water-service piping NPS 4 to NPS 8  shall be any of the following: 

1. Soft copper tube, ASTM B 88, Type K; wrought-copper, solder-joint fittings; and 

brazed joints. 

2. Ductile-iron, push-on-joint pipe; ductile-iron, push-on-joint fittings; and gasketed, 

mechanical-joint pipe; ductile-iron, mechanical-joint fittings; and mechanical, 

grooved-end pipe; ductile-iron-pipe appurtenances; and grooved joints. 

3. PVC, schedule 40 pipe; PVC, schedule 40 socket fittings; and solvent-cemented 

joints. 

4. NPS 4 and NPS 6:  NPS 6 PVC, AWWA class 150 pipe; PVC, AWWA class 150 

fabricated   fittings; and gasketed joints. 

5. NPS 8:  PVC, AWWA class 200 pipe; PVC, AWWA class 200 fabricated, push-on-

joint, ductile-iron, mechanical-joint, ductile-iron fittings; and gasketed joints. 

G. Water meter box water-service piping NPS 3/4 to NPS 2  shall be same as underground 

water-service piping. 

H. Underground fire-service-main piping NPS 4 to NPS 12  shall be any of the following: 

1. Ductile-iron, push-on-joint pipe; ductile-iron, push-on-joint fittings; and gasketed, 

mechanical-joint pipe; ductile-iron, mechanical-joint fittings; and mechanical, 

grooved-end pipe; ductile-iron-pipe appurtenances; and grooved joints. 

2. PVC, AWWA class 150 pipe listed for fire-protection service; PVC class 150 

fabricated or molded fittings; and gasketed joints. 

3.3 VALVE APPLICATIONS 

A. General application:  use mechanical-joint-end valves for NPS 3 and larger underground 

installation.  Use threaded- or flanged-end valves for installation in vaults.  Use UL/FMG, 

nonrising-stem gate valves for installation with indicator posts.  Use corporation valves and 

curb valves with ends compatible with piping, for NPS 2 and smaller installation. 

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

following requirements apply: 

1. Underground valves, NPS 3 and larger:  AWWA, cast-iron, nonrising-stem, resilient 

-seated gate valves with valve box. 

2. Underground valves, NPS 4 and larger, for indicator posts:  UL/FMG, cast-iron, 

nonrising-stem gate valves with indicator post. 

3.4 PIPING INSTALLATION 

A. Water-main connection:  connect to existing on-site plugged water line. 

B. Comply with NFPA 24 for fire-service-main piping materials and installation. 

C. Install ductile-iron, water-service piping according to AWWA C600 and AWWA M41. 
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1. Install PE corrosion-protection encasement according to ASTM a 674 or 

AWWA C105. 

D. Install PVC, AWWA pipe according to ASTM f 645 and AWWA M23. 

E. Bury piping with depth of cover over top at least  36-inches, with top at least 12 inches  

below level of maximum frost penetration, and according to the following: 

1. Under driveways:  with at least 36 inches  cover over top. 

2. In loose gravelly soil and rock:  with at least 12 inches  additional cover. 

F. Extend water-service piping and connect to water-supply source and building-water-piping 

systems at outside face of building wall in locations and pipe sizes indicated. 

1. Terminate water-service piping at building wall until building-water-piping systems 

are installed.  Terminate piping with caps, plugs, or flanges as required for piping 

material.  Make connections to building-water-piping systems when those systems 

are installed. 

G. Install underground piping with both restrained joints and thrust blocks at horizontal and 

vertical changes in direction.  Use restrained-joint piping, thrust blocks, anchors, tie-rods 

and clamps, and other supports. 

H. See Division 21 Section "Fire-suppression Systems" for fire-suppression-water piping 

inside the building. 

I. See Division 22 Section "Plumbing Piping" for potable-water piping inside the building. 

3.5 JOINT CONSTRUCTION 

A. Make pipe joints according to the following: 

1. Ductile-iron piping, gasketed joints for water-service piping:  AWWA C600 and 

AWWA M41. 

2. Ductile-iron piping, gasketed joints for fire-service-main piping:  UL 194. 

3. Ductile-iron piping, grooved joints:  cut-groove pipe.  Assemble joints with grooved-

end, ductile-iron-piping couplings, gaskets, lubricant, and bolts according to coupling 

manufacturer's written instructions. 

4. PVC piping gasketed joints:  use joining materials according to AWWA C900.  

Construct joints with elastomeric seals and lubricant according to ASTM d 2774 or 

ASTM d 3139 and pipe manufacturer's written instructions. 

5. Install dielectric fittings in piping at connections of dissimilar metal piping and 

tubing. 

a. Dielectric fittings for NPS 2  and smaller:  use dielectric nipples. 

b. Dielectric fittings for NPS 2-1/2 to NPS 4 :  use dielectric   nipples. 

c. Dielectric fittings for NPS 5  and larger:  use dielectric flange kits. 
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3.6 ANCHORAGE INSTALLATION 

A. Anchorage, general:  install water-distribution piping with restrained joints.  Anchorages 

and restrained-joint types that may be used include the following: 

1. Concrete thrust blocks. 

2. Locking mechanical joints. 

3. Set-screw mechanical retainer glands. 

4. Bolted flanged joints. 

5. Pipe clamps and tie rods. 

B. Install both mechanical joint restraints and thrust blocks at all tees, plugs and caps, bends, 

crosses, valves, and hydrant branches.  Include anchorages for the following piping 

systems: 

1. Gasketed-joint, ductile-iron, water-service piping:  according to AWWA C600. 

2. Gasketed-joint, PVC water-service piping:  according to AWWA M23. 

3. Bonded-joint fiberglass, water-service piping:  according to AWWA M45. 

4. Fire-service-main piping:  according to NFPA 24. 

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

installed ferrous anchorage devices. 

3.7 VALVE INSTALLATION 

A. AWWA gate valves:  comply with AWWA C600 and AWWA M44.  Install each 

underground valve with stem pointing up and with valve box. 

B. AWWA valves other than gate valves:  comply with AWWA C600 and AWWA M44. 

C. UL/FMG, gate valves:  comply with NFPA 24.  Install each underground valve and valves 

in vaults with stem pointing up and with vertical cast-iron indicator post. 

D. UL/FMG, valves other than gate valves:  comply with NFPA 24. 

3.8 WATER METER INSTALLATION 

A. Water meters:  install displacement -type water meters, NPS 2 and smaller, in meter boxes 

with shutoff valves on water meter inlets.  Include valves on water meter outlets and valved 

bypass around meters unless prohibited by authorities having jurisdiction. 

B. Water meters:  install compound -type water meters, NPS 3 and larger, in meter vaults.  

Include shutoff valves on water meter inlets and outlets and valved bypass around meters.  

Support meters, valves, and piping on brick or concrete piers. 

C. Water meters:  install detector-type water meters in meter vault according to AWWA M6.  

Include shutoff valves on water meter inlets and outlets and full-size valved bypass around 

meters.  Support meters, valves, and piping on brick or concrete piers. 
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3.9 ROUGHING-IN FOR WATER METERS 

A. Rough-in piping and specialties for water meter installation according to utility company's 

written instructions. 

3.10 BACKFLOW PREVENTER INSTALLATION 

A. Install backflow preventers of type, size, and capacity indicated.  Include valves and test 

cocks.  Install according to requirements of plumbing and health department and authorities 

having jurisdiction. 

B. Do not install backflow preventers that have relief drain in vault or in other spaces subject 

to flooding. 

C. Do not install bypass piping around backflow preventers. 

D. Support NPS 2-1/2 and larger backflow preventers, valves, and piping near floor and on 

brick or concrete piers. 

3.11 WATER METER BOX INSTALLATION 

A. Install water meter boxes in grass or earth areas with top 2 inches  above surface. 

3.12 PROTECTIVE ENCLOSURE INSTALLATION 

A. Install concrete base level and with top approximately 2 inches  above grade. 

B. Install protective enclosure over valves and equipment. 

C. Anchor protective enclosure to concrete base. 

3.13 FIRE HYDRANT INSTALLATION 

A. General:  install each fire hydrant with separate gate valve in supply pipe, anchor with 

restrained joints or thrust blocks, and support in upright position. 

B. Wet-barrel fire hydrants:  install with valve below frost line.  Provide for drainage. 

C. AWWA fire hydrants:  comply with AWWA M17. 

D. UL/FMG fire hydrants:  comply with NFPA 24. 

3.14 FIRE DEPARTMENT CONNECTION INSTALLATION 

A. Install ball drip valves at each check valve for fire department connection to mains. 

3.15 CONNECTIONS 

A. Piping installation requirements are specified in other division 22 sections.  Drawings 

indicate general arrangement of piping, fittings, and specialties. 
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B. Connect water-distribution piping to existing water main.   

C. Connect water-distribution piping to interior domestic water and fire-suppression piping. 

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." 

3.16 FIELD QUALITY CONTROL 

A. Piping tests:  conduct piping tests before joints are covered and after concrete thrust blocks 

have hardened sufficiently.  Fill pipeline 24 hours before testing and apply test pressure to 

stabilize system.  Use only potable water. 

B. Hydrostatic tests:  test at not less than one-and-one-half times working pressure for two 

hours. 

1. Increase pressure in 50-psig increments and inspect each joint between increments.  

Hold at test pressure for 1 hour; decrease to 0 psig.  Slowly increase again to test 

pressure and hold for 1 more hour.  Maximum allowable leakage is 2 quarts per hour 

per 100 joints.  Remake leaking joints with new materials and repeat test until 

leakage is within allowed limits. 

C. Prepare reports of testing activities. 

3.17 IDENTIFICATION 

A. Install continuous underground detectable trace wire during backfilling of trench for 

underground water-distribution piping.  Locate below finished grade, directly over piping.  

Underground warning tapes are specified in division 31 section "Earth Moving for 

Sitework." 

B. Permanently attach equipment nameplate or marker indicating plastic water-service piping, 

on main electrical meter panel.   

3.18 CLEANING 

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

1. Purge new water-distribution piping systems and parts of existing systems that have 

been altered, extended, or repaired before use. 

2. Use purging and disinfecting procedure prescribed by authorities having jurisdiction 

or, if method is not prescribed by authorities having jurisdiction, use procedure 

described in NFPA 24 for flushing of piping.  Flush piping system with clean, 

potable water until dirty water does not appear at points of outlet. 
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3. Use purging and disinfecting procedure prescribed by authorities having jurisdiction 

or, if method is not prescribed by authorities having jurisdiction, use procedure 

described in AWWA C651 or do as follows: 

a. Fill system or part of system with water/chlorine solution containing at least 50 

ppm of chlorine; isolate and allow to stand for 24 hours. 

b. Drain system or part of system of previous solution and refill with 

water/chlorine solution containing at least 200 ppm of chlorine; isolate and 

allow to stand for 3 hours. 

c. After standing time, flush system with clean, potable water until no chlorine 

remains in water coming from system. 

d. Submit water samples in sterile bottles to authorities having jurisdiction.  

Repeat procedure if biological examination shows evidence of contamination. 

B. Prepare reports of purging and disinfecting activities. 

 

 

END OF SECTION 221113 
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SECTION 221313 - FACILITY SANITARY SEWERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

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

B. Comply with The City of Suffolk, Department of Public Utilities. 

1.2 SUMMARY 

A. Section Includes: 

1. Pipe and fittings. 

2. Nonpressure and pressure couplings. 

3. Expansion joints and deflection fittings. 

4. Backwater valves. 

5. Cleanouts. 

6. Encasement for piping. 

7. Manholes. 

1.3 DEFINITIONS 

A. FRP:  Fiberglass-reinforced plastic. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For the following: 

1. Expansion joints and deflection fittings. 

2. Backwater valves. 

B. Shop Drawings:  Include plans, elevations, sections, details, and frames and covers. 

1.5 DELIVERY, STORAGE, AND HANDLING 

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

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

C. Handle manholes according to manufacturer's written rigging instructions. 

1.6 PROJECT CONDITIONS 

A. Interruption of Existing Sanitary Sewerage Service:  Do not interrupt service to facilities 

occupied by Owner or others unless permitted under the following conditions and then only 

after arranging to provide temporary service according to requirements indicated: 
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1. Notify Architect   no fewer than two days in advance of proposed interruption of 

service. 

2. Do not proceed with interruption of service without Architect’s written permission. 

PART 2 - PRODUCTS 

2.1 DUCTILE-IRON, GRAVITY SEWER PIPE AND FITTINGS 

A. Pipe:  ASTM A 746, for push-on joints. 

B. Standard Fittings:  AWWA C110, ductile or gray iron, for push-on joints. 

C. Compact Fittings:  AWWA C153, ductile iron, for push-on joints. 

D. Gaskets:  AWWA C111, rubber. 

2.2 DUCTILE-IRON, PRESSURE PIPE AND FITTINGS 

A. Push-on-Joint Piping: 

1. Pipe:  AWWA C151. 

2. Standard Fittings:  AWWA C110, ductile or gray iron. 

3. Compact Fittings:  AWWA C153. 

4. Gaskets:  AWWA C111, rubber, of shape matching pipe and fittings. 

B. Mechanical-Joint Piping: 

1. Pipe:  AWWA C151, with bolt holes in bell. 

2. Standard Fittings:  AWWA C110, ductile or gray iron, with bolt holes in bell. 

3. Compact Fittings:  AWWA C153, with bolt holes in bells. 

4. Glands:  Cast or ductile iron; with bolt holes and high-strength, cast-iron or high-

strength, low-alloy steel bolts and nuts. 

5. Gaskets:  AWWA C111, rubber, of shape matching pipe, fittings, and glands. 

2.3 PVC PIPE AND FITTINGS 

A. PVC Gravity Sewer Piping: 

1. Pipe and Fittings:  ASTM F 679, T-1 wall thickness, PVC gravity sewer pipe with 

bell-and-spigot ends and with integral ASTM F 477, elastomeric seals for gasketed 

joints. 

B. PVC Pressure Piping: 

1. Pipe:  AWWA C900, Class 150 PVC pipe with bell-and-spigot ends for gasketed 

joints. 

2. Fittings:  AWWA C900, Class 150 PVC pipe with bell ends. 

3. Gaskets:  ASTM F 477, elastomeric seals. 
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2.4 NONPRESSURE-TYPE TRANSITION COUPLINGS 

A. Comply with ASTM C 1173, elastomeric, sleeve-type, reducing or transition coupling, for 

joining underground nonpressure piping.  Include ends of same sizes as piping to be joined 

and corrosion-resistant-metal tension band and tightening mechanism on each end. 

B. Sleeve Materials: 

1. For Plastic Pipes:  ASTM F 477, elastomeric seal or ASTM D 5926, PVC. 

2. For Dissimilar Pipes:  ASTM D 5926, PVC or other material compatible with pipe 

materials being joined. 

C. Unshielded, Flexible Couplings: 

1. Description:  Elastomeric sleeve with stainless-steel shear ring and corrosion-

resistant-metal tension band and tightening mechanism on each end. 

D. Shielded, Flexible Couplings: 

1. Description:  ASTM C 1460, elastomeric or rubber sleeve with full-length, corrosion-

resistant outer shield and corrosion-resistant-metal tension band and tightening 

mechanism on each end. 

E. Ring-Type, Flexible Couplings: 

1. Description:  Elastomeric compression seal with dimensions to fit inside bell of 

larger pipe and for spigot of smaller pipe to fit inside ring. 

F. Nonpressure-Type, Rigid Couplings: 

1. Description:  ASTM C 1461, sleeve-type, reducing- or transition-type mechanical 

coupling, molded from ASTM C 1440, TPE material; with corrosion-resistant-metal 

tension band and tightening mechanism on each end. 

2.5 PRESSURE-TYPE PIPE COUPLINGS 

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

following: 

1. Cascade Waterworks Mfg. 

2. Dresser, Inc. 

3. Ford Meter Box Company, Inc. (The); Pipe Products Div. 

4. JCM Industries, Inc. 

5. Romac Industries, Inc. 

6. Smith-Blair, Inc.; a Sensus company. 

7. Victaulic Depend-O-Lok, Inc. 

8. Viking Johnson. 

9. Approved equal. 

B. Tubular-Sleeve Couplings:  AWWA C219, with center sleeve, gaskets, end rings, and bolt 

fasteners. 
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C. Metal, bolted, sleeve-type, reducing or transition coupling, for joining underground pressure 

piping.  Include 150-psig   minimum pressure rating and ends of same sizes as piping to be 

joined. 

D. Center-Sleeve Material:  Manufacturer's standard. 

E. Gasket Material:  Natural or synthetic rubber. 

F. Metal Component Finish:  Corrosion-resistant coating or material. 

2.6 EXPANSION JOINTS AND DEFLECTION FITTINGS 

A. Ductile-Iron, Flexible Expansion Joints: 

1. Manufacturers:  Subject to compliance with requirements,  available manufacturers 

offering products that may be incorporated into the Work include, but are not limited 

to, the following: 

a. EBAA Iron, Inc. 

b. Romac Industries, Inc. 

c. Star Pipe Products. 

2. Description:  Compound fitting with combination of flanged and mechanical-joint 

ends complying with AWWA C110 or AWWA C153.  Include two gasketed ball-

joint sections and one or more gasketed sleeve sections, rated for 250-psig minimum 

working pressure and for offset and expansion indicated. 

B. Ductile-Iron Expansion Joints: 

1. Description:  Three-piece assembly of telescoping sleeve with gaskets and restrained-

type, ductile-iron, bell-and-spigot end sections complying with AWWA C110 or 

AWWA C153.  Include rating for 250-psig minimum working pressure and for 

expansion indicated. 

C. Ductile-Iron Deflection Fittings: 

1. Description:  Compound coupling fitting with ball joint, flexing section, gaskets, and 

restrained-joint ends complying with AWWA C110 or AWWA C153.  Include rating 

for 250-psig minimum working pressure and for up to 15 degrees of deflection. 

2.7 BACKWATER VALVES 

A. Cast-Iron Backwater Valves: 

1. Manufacturers:  Subject to compliance with requirements. 

2. Description:  ASME A112.14.1, gray-iron body and bolted cover, with bronze seat. 

3. Horizontal type; with swing check valve and hub-and-spigot ends. 

4. Combination horizontal and manual gate-valve type; with swing check valve, integral 

gate valve, and hub-and-spigot ends. 
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5. Terminal type; with bronze seat, swing check valve, and hub inlet. 

B. PVC Backwater Valves: 

 

1. Manufacturers:  Subject to compliance with requirements. 

2. Description:  Horizontal type; with PVC body, PVC removable cover, and PVC 

swing check valve. 

2.8 CLEANOUTS 

A. Cast-Iron Cleanouts: 

1. Description:  ASME A112.36.2M, round, gray-iron housing with clamping device 

and round, secured, scoriated, gray-iron cover.  Include gray-iron ferrule with inside 

calk or spigot connection and countersunk, tapered-thread, brass closure plug. 

2. Top-Loading Classification(s):  Light Duty and Heavy Duty. 

3. Sewer Pipe Fitting and Riser to Cleanout:  ASTM A 74, Service class, cast-iron soil 

pipe and fittings. 

B. PVC Cleanouts: 

1. Description:  PVC body with PVC threaded plug.  Include PVC sewer pipe fitting 

and riser to cleanout of same material as sewer piping. 

2.9 ENCASEMENT FOR PIPING 

A. Standard:  ASTM A 674 or AWWA C105. 

B. Material:    high-density, cross-laminated polyethylene film of 0.004-inch  minimum 

thickness. 

C. Form:  Sheet or tube. 

D. Color:  Black. 

2.10 MANHOLES 

A. Manholes shall be in accordance with the City of Suffolk, Department of Public Works. 

B. Manhole Frames and Covers: 

1. Description:  Ferrous; 24-inch ID by 7- to 9-inch riser, with 4-inch- minimum-width 

flange and 26-inch- diameter cover.  Include indented top design with lettering cast 

into cover, using wording equivalent to "SEWER." 

2. Material:   ASTM A 48/A 48M, Class 35 gray iron unless otherwise indicated. 

C. Manhole-Cover Inserts: 
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1. Description; Manufactured of size to fit between manhole frame and cover and 

designed to prevent stormwater inflow.  Include handle for removal and gasket for 

gastight sealing. 

2. Type:  Solid. 

2.11 CONCRETE 

A. General:  Cast-in-place concrete complying with ACI 318, ACI 350/350R, and the 

following: 

1. Cement:  ASTM C 150, Type II. 

2. Fine Aggregate:  ASTM C 33, sand. 

3. Coarse Aggregate:  ASTM C 33, crushed gravel. 

4. Water:  Potable. 

B. Portland Cement Design Mix:  4000 psi minimum, with 0.45 maximum water/cementitious 

materials ratio. 

1. Reinforcing Fabric:  ASTM A 185/A 185M, steel, welded wire fabric, plain. 

2. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 deformed steel. 

C. Manhole Channels and Benches:  Factory or field formed from concrete.  Portland cement 

design mix, 4000 psi minimum, with 0.45 maximum water/cementitious materials ratio.  

Include channels and benches in manholes. 

1. Channels:  Concrete invert, formed to same width as connected piping, with height of 

vertical sides to three-fourths of pipe diameter.  Form curved channels with smooth, 

uniform radius and slope. 

a. Invert Slope:  1 percent through manhole. 

2. Benches:  Concrete, sloped to drain into channel. 

a. Slope:  4 percent. 

D. Ballast and Pipe Supports:  Portland cement design mix, 3000 psi minimum, with 0.58 

maximum water/cementitious materials ratio. 

1. Reinforcing Fabric:  ASTM A 185/A 185M, steel, welded wire fabric, plain. 

2. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 deformed steel. 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Excavating, trenching, and backfilling are specified in Division 31 Section "Earth Moving 

for Sitework." 

3.2 PIPING INSTALLATION 

A. General Locations and Arrangements:  Drawing plans and details indicate general location 

and arrangement of underground sanitary sewer piping.  Location and arrangement of 

piping layout take into account design considerations.  Install piping as indicated, to extent 

practical.  Where specific installation is not indicated, follow piping manufacturer's written 

instructions. 



NORTHERN SHORES ELEMENTARY SCHOOL ADDITION  

SUFFOLK PUBLIC SCHOOLS   RRMM PROJECT NO. 23238-00  

 

 

FACILITY SANITARY SEWERS 221313 - 7 

B. Install piping beginning at low point, true to grades and alignment indicated with unbroken 

continuity of invert.  Place bell ends of piping facing upstream.  Install gaskets, seals, 

sleeves, and couplings according to manufacturer's written instructions for using lubricants, 

cements, and other installation requirements. 

C. Install manholes for changes in direction unless fittings are indicated.  Use fittings for 

branch connections unless direct tap into existing sewer is indicated. 

D. Install proper size increasers, reducers, and couplings where different sizes or materials of 

pipes and fittings are connected.  Reducing size of piping in direction of flow is prohibited. 

E. When installing pipe under streets or other obstructions that cannot be disturbed, use pipe-

jacking process of microtunneling. 

F. Install gravity-flow, nonpressure, drainage piping according to the following: 

1. Install piping pitched down in direction of flow, at minimum slope of   0.40 percent 

unless otherwise indicated. 

2. Install piping NPS 6  and larger with restrained joints at tee fittings and at changes in 

direction.  Use corrosion-resistant rods, pipe or fitting manufacturer's proprietary 

restraint system, or cast-in-place-concrete supports or anchors. 

3. Install piping with 36-inch minimum cover. 

4. Install ductile-iron, gravity sewer piping according to ASTM A 746. 

5. Install PVC gravity sewer piping according to ASTM D 2321 and ASTM F 1668. 

G. Install force-main, pressure piping according to the following: 

1. Install piping with restrained joints at tee fittings and at horizontal and vertical 

changes in direction.  Use corrosion-resistant rods, pipe or fitting manufacturer's 

proprietary restraint system, or cast-in-place-concrete supports or anchors. 

2. Install piping with 36-inch minimum cover. 

3. Install ductile-iron pressure piping according to AWWA C600 or AWWA M41. 

4. Install ductile-iron special fittings according to AWWA C600. 

5. Install PVC pressure piping according to AWWA M23 or to ASTM D 2774 and 

ASTM F 1668. 

6. Install PVC water-service piping according to ASTM D 2774 and ASTM F 1668. 

H. Install corrosion-protection piping encasement over the following underground metal piping 

according to ASTM A 674 or AWWA C105: 

1. Ductile-iron pipe and fittings. 

2. Expansion joints and deflection fittings. 

I. Clear interior of piping and manholes of dirt and superfluous material as work progresses.  

Maintain swab or drag in piping, and pull past each joint as it is completed.  Place plug in 

end of incomplete piping at end of day and when work stops. 

3.3 PIPE JOINT CONSTRUCTION 

A. Join gravity-flow, nonpressure, drainage piping according to the following: 
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1. Join ductile-iron, gravity sewer piping according to AWWA C600 for push-on joints. 

2. Join PVC gravity sewer piping according to ASTM D 2321 and ASTM D 3034 for 

elastomeric-seal joints or ASTM D 3034 for elastomeric-gasket joints. 

3. Join dissimilar pipe materials with nonpressure-type, flexible or rigid couplings. 

B. Join force-main, pressure piping according to the following: 

1. Join ductile-iron pressure piping according to AWWA C600 or AWWA M41 for 

push-on joints. 

2. Join ductile-iron special fittings according to AWWA C600 or AWWA M41 for 

push-on joints. 

3. Join PVC pressure piping according to AWWA M23 for gasketed joints. 

4. Join dissimilar pipe materials with pressure-type couplings. 

C. Pipe couplings, expansion joints, and deflection fittings with pressure ratings at least equal 

to piping rating may be used in applications below unless otherwise indicated. 

1. Use nonpressure flexible couplings where required to join gravity-flow, nonpressure 

sewer piping unless otherwise indicated. 

a.  Shielded flexible or rigid couplings for pipes of same or slightly different OD. 

b. Unshielded, increaser/reducer-pattern, flexible or rigid couplings for pipes 

with different OD. 

c. Ring-type flexible couplings for piping of different sizes where annular space 

between smaller piping's OD and larger piping's ID permits installation. 

2. Use pressure pipe couplings for force-main joints. 

3.4 MANHOLE INSTALLATION 

A. General:  Install manholes complete with appurtenances and accessories indicated. 

B. Install precast concrete manhole sections with sealants according to ASTM C 891. 

C. Install FRP manholes according to manufacturer's written instructions. 

D. Form continuous concrete channels and benches between inlets and outlet. 

E. Set tops of frames and covers flush with finished surface of manholes that occur in 

pavements.  Set tops 3 inches  above finished surface elsewhere unless otherwise indicated. 

F. Install manhole-cover inserts in frame and immediately below cover. 

3.5 CONCRETE PLACEMENT 

A. Place cast-in-place concrete according to ACI 318. 

3.6 BACKWATER VALVE INSTALLATION 

A. Install horizontal-type backwater valves in piping manholes or pits. 
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B. Install combination horizontal and manual gate valves in piping and in manholes. 

C. Install terminal-type backwater valves on end of piping and in manholes.  Secure units to 

sidewalls. 

3.7 CLEANOUT INSTALLATION 

A. Install cleanouts and riser extensions from sewer pipes to cleanouts at grade.  Use cast-iron 

soil pipe fittings in sewer pipes at branches for cleanouts, and use cast-iron soil pipe for 

riser extensions to cleanouts.  Install piping so cleanouts open in direction of flow in sewer 

pipe. 

1. Use Light-Duty, top-loading classification cleanouts in earth or unpaved foot-traffic  

areas. 

2. Use Heavy-Duty, top-loading classification cleanouts in vehicle-traffic service  areas. 

B. Set cleanout frames and covers in earth in cast-in-place-concrete block, 18 by 18 by 12 

inches  deep.  Set with tops 1 inch  above surrounding grade. 

C. Set cleanout frames and covers in concrete pavement and roads with tops flush with 

pavement surface. 

3.8 CONNECTIONS 

A. Connect nonpressure, gravity-flow drainage piping to building's sanitary building drains 

specified in Division 22 Section "Sanitary Waste and Vent Piping." 

B. Connect force-main piping to building's sanitary force mains specified in Division 22 

Section "Sanitary Waste and Vent Piping." Terminate piping where indicated. 

C. Make connections to existing piping and underground manholes. 

1. Use commercially manufactured wye fittings for piping branch connections.  Remove 

section of existing pipe, install wye fitting into existing piping, and encase entire wye 

fitting plus 6-inch overlap with not less than 6 inches of concrete with 28-day 

compressive strength of 3000 psi. 

2. Make branch connections from side into existing piping, NPS 4 to NPS 20.  Remove 

section of existing pipe, install wye fitting into existing piping, and encase entire wye 

with not less than 6 inches of concrete with 28-day compressive strength of 3000 psi. 

3. Make branch connections from side into existing piping, NPS 21 or larger, or to 

underground manholes by cutting opening into existing unit large enough to allow 3 

inches of concrete to be packed around entering connection.  Cut end of connection 

pipe passing through pipe or structure wall to conform to shape of and be flush with 

inside wall unless otherwise indicated.  On outside of pipe or manhole wall, encase 

entering connection in 6 inches of concrete for minimum length of 12 inches to 

provide additional support of collar from connection to undisturbed ground. 

a. Use concrete that will attain a minimum 28-day compressive strength of 3000 

psi unless otherwise indicated. 

b. Use epoxy-bonding compound as interface between new and existing concrete 

and piping materials. 
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4. Protect existing piping and manholes to prevent concrete or debris from entering 

while making tap connections.  Remove debris or other extraneous material that may 

accumulate. 

3.9 IDENTIFICATION 

A. Materials and their installation are specified in Division 31 Section "Earth Moving for 

Sitework."  

1. Install continuous underground detectable trace wire during backfilling of trench for 

underground sanitary sewer piping.  Locate below finished grade, directly over 

piping. 

3.10 FIELD QUALITY CONTROL 

A. Inspect interior of piping to determine whether line displacement or other damage has 

occurred.  Inspect after approximately 24 inches of backfill is in place, and again at 

completion of Project. 

1. Submit separate report for each system inspection. 

2. Defects requiring correction include the following: 

a. Alignment:  Less than full diameter of inside of pipe is visible between 

structures. 

b. Deflection:  Flexible piping with deflection that prevents passage of ball or 

cylinder of size not less than 92.5 percent of piping diameter. 

c. Damage:  Crushed, broken, cracked, or otherwise damaged piping. 

d. Infiltration:  Water leakage into piping. 

e. Exfiltration:  Water leakage from or around piping. 

3. Replace defective piping using new materials, and repeat inspections until defects are 

within allowances specified. 

4. Reinspect and repeat procedure until results are satisfactory. 

B. Test new piping systems, and parts of existing systems that have been altered, extended, or 

repaired, for leaks and defects. 

1. Do not enclose, cover, or put into service before inspection and approval. 

2. Test completed piping systems according to requirements of authorities having 

jurisdiction. 

3. Schedule tests and inspections by authorities having jurisdiction with at least 24 

hours' advance notice. 

4. Submit separate report for each test. 

5. Hydrostatic Tests:  Test sanitary sewerage according to requirements of authorities 

having jurisdiction and the following: 

a. Fill sewer piping with water.  Test with pressure of at least 10-foot head of 

water, and maintain such pressure without leakage for at least 15 minutes. 

b. Close openings in system and fill with water. 

c. Purge air and refill with water. 



NORTHERN SHORES ELEMENTARY SCHOOL ADDITION  

SUFFOLK PUBLIC SCHOOLS   RRMM PROJECT NO. 23238-00  

 

 

FACILITY SANITARY SEWERS 221313 - 11 

d. Disconnect water supply. 

e. Test and inspect joints for leaks. 

6. Air Tests:  Test sanitary sewerage according to requirements of authorities having 

jurisdiction, UNI-B-6, and the following: 

a. Option:  Test plastic gravity sewer piping according to ASTM F 1417. 

b. Option:  Test concrete gravity sewer piping according to ASTM C 924. 

7. Force Main:  Perform hydrostatic test after thrust blocks, supports, and anchors have 

hardened.  Test at pressure not less than 1-1/2 times the maximum system operating 

pressure, but not less than 150 psig . 

a. Ductile-Iron Piping:  Test according to AWWA C600, "Hydraulic Testing" 

Section. 

b. PVC Piping:  Test according to AWWA M23, "Testing and Maintenance" 

Chapter. 

8. Manholes:  Perform hydraulic test according to ASTM C 969. 

C. Leaks and loss in test pressure constitute defects that must be repaired. 

D. Replace leaking piping using new materials, and repeat testing until leakage is within 

allowances specified. 

3.11 CLEANING 

A. Clean dirt and superfluous material from interior of piping.  Flush with potable water. 

 

END OF SECTION 221313 
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SECTION 230100 - MECHANICAL GENERAL PROVISIONS 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions and Division 1 Specification Sections, apply to this Section. 

 

 B. This Section forms a part of all Division(s) 21, 22 and 23 Sections. 

 

C. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 APPLICABLE SPECIFICATIONS, CODES AND STANDARDS 

 

A. Latest effective publications of following Specifications, regulations, standards, codes, etc., 

as applicable, form a part of these Specifications the same as if written fully herein and shall 

be followed as minimum requirements. 

 

Codes and ordinances of local governing agencies: 

 

AGA  American Gas Association 

AHRI  Air Conditioning, Heating and Refrigeration Institute 

AMCA Air Moving and Conditioning Association 

ANSI  American National Standard Institute 

ASHRAE American Society of Heating, Refrigerating and Air-conditioning Engineers 

ASME American Society of Mechanical Engineers 

ASTM American Society for Testing and Materials 

IEEE  Institute of Electrical and Electronics Engineers 

VFGC Virginia Fuel Gas Code (NFPA 54), 2021 Edition  

VMC  Virginia Mechanical Code, 2021 Edition 

VPC  Virginia Plumbing Code, 2021 Edition  

NEC  National Electrical Code (NFPA 70), 2020 Edition 

NEMA National Electrical Manufacturers Association 

NFPA National Fire Protection Association 

OSHA Occupational Safety and Health Administration 

SMACNA Sheet Metal and Air-conditioning Contractors National Association 

UFAS Uniform Federal Accessibility Standards 

UL  Underwriters Laboratories, Inc. 

VUSBC Virginia Uniform Statewide Building Code, 2021 Edition 
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1.3 DRAWINGS 

 

A. General arrangements of indicated piping, ductwork and equipment are diagrammatic only, 

do not scale. Where rearrangement is necessary, submit drawings of proposed changes for 

approval. Due to scale of drawings, offsets, fittings and accessories may not be indicated. 

Work indicated, but having details omitted, shall be provided complete to perform function 

intended without extra cost. Investigate existing structural and finish conditions in building 

affecting plumbing, heating, ventilating and air-conditioning work, etc., and arrange work 

accordingly. Furnish fittings, traps, offsets, vents, valves and accessories required. Install 

equipment in accordance with manufacturer’s recommendations and clearance requirements. 

 

 

1.4 COORDINATION 

 

A. Coordinate piping, ducts and equipment with electrical, structural, and architectural plans 

and work in order to avoid omissions and to eliminate any interference. Report in writing 

discrepancies, if found, to the Engineer as soon as possible after discovery. 

 

 

1.5 WORKMANSHIP 

 

A. Workmanship shall be first class and of best quality in accordance with approved 

contemporary construction practices. Defective equipment and materials, or material 

damaged in the course of installation and tests shall be replaced or repaired in an approved 

manner. 

 

 

1.6 CUTTING 

 

A. Cutting shall be carefully done. Repair damage to the building, piping, wiring, or equipment 

as a result of cutting for installation, using skilled mechanics of trade involved. 

 

 

1.7 APPROVAL OF MATERIALS, FIXTURES AND EQUIPMENT 

 

A. See Specification Section 013300 “Submittal Procedures”, for shop drawing submittal 

procedures. Within 30 days after award of the Contract and before any purchases are made, 

submit for approval a complete list of materials, fixtures and equipment proposed, together 

with names of manufacturers and catalog numbers for each Specification Section. Furnish 

other detailed information where directed. No consideration will be given to partial lists 

submitted from time to time. Approval of materials shall be based on manufacturer’s 

published ratings. Materials, fixtures and equipment listed which are not in accordance with 

specified requirements shall be rejected. Contractor shall make resubmission of items not 

approved within 30 days from date of rejections. Submission shall be complete with 

description, ratings, dimensions and related items and any additional information required by 

the Engineer.  

 

B. Materials and equipment shall be new, conforming to these Specifications. 
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C. Two or more units of same class of equipment shall be product of single manufacturer; 

however, component parts of system need not be product of same manufacturer. 

 

D. Mechanical design has given full consideration to space requirements for equipment 

specified. Contractor is responsible for selecting equipment that will be accommodated by 

this space. Equipment not conforming to space allotted shall be rejected. 

 

E. Mechanical design has given full consideration for electrical requirements for equipment. 

Contractor is responsible for selecting equipment that will be accommodated by the electrical 

design indicated. Equipment not conforming to the electrical design provided under Division 

26 is the Contractor’s responsibility. All electrical changes required to accommodate the 

equipment provided shall be furnished and installed by the Contractor without change in 

Contract price or time of completion. This shall include but not be limited to wiring, conduit, 

circuit breakers, disconnect switches, and controllers. 

 

F. Submit one copy of equipment installation manuals to the Engineer for their use. 

 

G. Contractor shall submit automatic temperature controls package specified in 230900 prior to 

equipment packages specified in 230500. 

 

 

1.8 EQUIPMENT DESIGN 

 

A. Equipment and accessories not specifically described or identified by manufacturer’s catalog 

numbers shall be designed in conformity with ASME, ANSI, IEEE, or other applicable 

technical standards, suitable for maximum working pressure and shall have neat and finished 

appearance. 

 

 

1.9 SUPERVISION 

 

A. The Contractor for each Section under this Division shall maintain a competent foreman on 

the job at all times to supervise the work and coordinate with other trades for the installation 

of the system. Submit foreman’s qualifications, including master’s trade license, to the 

Engineer for approval. 

 

 

1.10 NOTICES AND FEES 

 

A. Give all required notices, obtain all necessary permits and pay all required fees. 

 

 

1.11 RECORD DRAWINGS 

 

A. Refer to Specification Section 017839 “Project Record Documents”. 

 

 

1.12 OPERATION AND MAINTENANCE MANUALS 

 

A. Refer to Specification Section 017823 “Operation and Maintenance Data”. 
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1.13 OWNER’S TRAINING 

 

A. Upon completion of work and at a time designated by the Owner, the services of competent 

persons shall be provided as required to instruct Owner’s representative in operation and 

maintenance of systems.  Training sessions shall be a combination of on-site and in-

classroom training and shall be a minimum of two 8-hour sessions. All training shall be video 

recorded by the Contractor and provided to the Owner in electronic format. 

 

 

1.14 WARRANTY-GUARANTEE 

 

A. Contractor shall furnish written warranty, countersigned and guaranteed by the General 

Contractor, stating that work executed under this Section of the Specifications shall be free 

from defects of materials and workmanship for a period of 12 months from date of Substantial 

Completion. 

 

B. Contractor shall service the systems for 12 months from date of Substantial Completion.  

Such service shall include all emergency services and adjustments, including 

cleaning/changing of filters. Adjustments and repairs to equipment shall be made by the 

original equipment manufacturer (OEM). Third party service agencies are not acceptable for 

making repairs or adjustments to equipment during the warranty period. 

 

C.   The equipment manufacturer and Contractor shall provide a one-year material, labor and 

refrigerant warranty on all compressors.  In addition, the manufacturer shall provide a 

material only warranty on all compressors for a period of 6 years total, beginning at the date 

of Substantial Completion. 

 

D. Contractor shall be responsible for all maintenance, repair and servicing of mechanical 

equipment during the construction and warranty period as required by the equipment 

manufacturers and identified in the Operation and Maintenance Manuals. This shall include 

all routine maintenance, such as greasing of bearings, adjustment/replacement of belts, 

cleaning of coils, calibration of controls and other routine maintenance items that may be 

unique to each piece of equipment. This shall also include repair and replacement of any 

malfunctioning or damaged parts. In addition, this shall include changing filters on a bi-

weekly basis through award of Substantial Completion and on a monthly basis during the 

warranty period. Where pre-filters and final filters are used in a system, the final filters shall 

only require replacement once, at the end of the warranty period, as long as the pre-filters 

have been changed as specified. Upon the Owner’s observation that this work is not being 

performed by the Contractor, the Owner will arrange to have these services performed and 

shall deduct the associated costs from the contract amount or back charge the Contractor for 

services performed. Monthly service logs shall be forwarded by the Contractor to holders of 

the operation and maintenance manuals. Contractor shall respond within 24-hour notification 

by Owner or General Contract. 
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PART 2 - PRODUCTS 

 

 

2.1 PIPE SLEEVES, PIPE HANGERS, PIPE SUPPORTS, DUCT SUPPORTS AND FIXTURE 

SUPPORTS 

 

A. Provide pipe sleeves, hangers, supports, duct supports and fixture supports.  Contractor shall 

be responsible for proper and permanent location. Pipe and duct shall not be permitted to 

pass through footings, beams, or ribs, unless indicated and/or approved. All piping passing 

through all walls shall be sleeved and insulation shall run continuously through sleeve.  Install 

pipe sleeves and properly secure in place with grout where pipes pass through all walls and 

at all fire-rated assemblies.  Pipe sleeves, except in footings, shall be sufficient diameter to 

provide approximately 1/4" clearance around insulation or pipe.  Fill void between insulation 

or pipe and sleeve with mineral wool to prevent sound transmission. 

 

B. Pipe sleeves in footings or foundation walls shall be cast iron, 4" larger in diameter than pipe 

installed. Pipe sleeves in walls, floors (including first floor slab on grade), partitions, and slab 

on grade shall be Schedule 40 steel pipe. Extend sleeves above floor at least 1", pack space 

around pipe with fireproof material and make watertight. Pipe penetration through below 

grade exterior walls shall be sealed with modular seals selected for the type of pipe and wall 

penetration, “LINK SEAL” or approved equal. Where pipes pass through waterproofing 

membranes, provide flashing sleeves with integral flashing flanges or clamping device of 16-

ounce soft-sheet copper; extend at least 8" from sleeve. Thoroughly mop flashing flanges and 

shields into membrane.  

 

C. Hang horizontal overhead runs of pipe with adjustable clevis-type hangers spaced not over 

10 feet apart, except space soil pipe hangers not over 6 feet apart.  Provide hangers other than 

aforementioned, if pipe size or other features make spacing at shorter intervals necessary. 

Pipe hangers shall be provided within 4 feet of all changes in direction of pipe. Pipe hangers 

shall not be installed on pipe fittings where fitting could bear the weight of connected pipe 

but instead shall be installed on pipe at intervals previously specified. Chain, strap, perforated 

bar, or wire hanger will not be permitted. Hangers shall have short turnbuckles or approved 

means of adjustment. Use spring-type hangers where required. Use trapeze hangers on pipes 

running parallel and close together. Support vertical runs of pipe by clamps or collars spaced 

not over 20 feet apart or as required, except cast-iron soil or waste pipe shall be supported at 

every floor. Support chromium-plated pipe where required by cast-brass supports finished to 

match pipe. Hangers for copper tubing shall be copper plated where in contact with tubing.  

Hangers, including rods and clamps, shall be hot dipped galvanized exterior to the building, 

in all mechanical spaces, and when supporting fire protection piping.  Hangers shall be zinc 

plated in all interior spaces, except as otherwise specified. 

 

D. Hang all horizontal overhead runs of pre-insulated refrigerant pipe with a pipe shield as 

manufactured by EATON B-LINE, series SNAP’N SHIELD or approved equal.  Hang all 

horizontal overhead runs of field insulated refrigerant piping with a clamp assembly attached 

to strut as manufactured by EATON B-LINE, series B-LINE ARMAFIX CLAMPS or 

approved equal.  Refrigerant pipe insulation shall be continuous through the clamp assembly. 

All refrigerant pipe supports shall be spaced not over 6 feet apart. 

 

E. Gas piping, refrigeration piping and condensate piping on roof shall be supported by support 

blocks manufactured by ROOF TOP BLOX model RTB-01, or approved equal.  The support 
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blocks shall be designed to eliminate roof penetrations, flashings or damage to roofing 

membrane. Support body shall be made of recycled UV-resistant Polypropylene Copolymer. 

Base platform material shall be 1” thick, 25 psi, Type 4 closed cell structural foam to 

distribute and evenly cushion loads. Support top surface shall have molded in pipe organizing 

saddles and strut mounting cradle. The top surface shall also have screw guide indents and 

engineered internal screw thread gripping feature. Block shall accept up to 1/2” threaded rod 

using side entry nut slots to allow fast top side assembly and piping height adjustments or 

attachment of galvanized slotted steel strut channel.  All support block hardware shall be hot 

dipped galvanized.  Supports for roof mounted gas piping shall be provided with a galvanized 

roller and collar assembly, “ROL-05” for pipe sizes up to 3”, “ROL-06” for pipe sized 4” 

through 6”. For roof mounted piping, provide approved pipe supports every four feet for 

Polyvinyl Chloride (PVC), every six feet for Copper, and every ten feet for gas piping.  

 

F. Supports for piping, ductwork and equipment shall be attached to a structural member, not 

bridging. Piping, ductwork and equipment shall not be attached to structural joist bridging or 

metal roof or floor decking. Provide additional steel supports spanning between trusses, joists 

or beams for hanger attachments. Additional steel supports shall be approved by the 

Structural Engineer.  Refer to details on the drawings for hanging from trusses. 

 

G. In areas supported by steel beams, secure hanger rods directly to beams. 

 

H. Support vertical lines from lowest story with base fittings set on concrete or brick pier or by 

hangers and supports where directed. 

 

I. Provide galvanized steel shields or protection saddles to protect insulation at area of contact 

with hangers and supports. Where shields are used on pipes 1-1/2" and larger, provide 

insulation inserts at points of hangers and supports. Refer to Specification Section 230700 

“Mechanical Insulation”, for details.  

 

J. Support and fasten fixtures and equipment in an approved manner. 

 

K. Ductwork shall be supported in accordance with SMACNA, HVAC Duct Construction 

Standards, unless otherwise noted or indicated. Ductwork shall be supported using threaded 

rod or solid metal strap as required by SMACNA.  No other materials, such as perforated 

metal strap, or cloth strap, are acceptable.  Wire may be used to hang round duct smaller than 

10"; however, solid metal strap shall be used to wrap around duct. Wire shall not be used for 

rectangular duct or round duct larger than 10". 

 

 

2.2 DUCT AND PIPE PENETRATIONS THROUGH FLOORS, WALLS AND CEILINGS 

 

A. Fit exposed pipes passing through floors, finished walls, or finished ceilings with escutcheon 

of chromium-plated cast-brass plates on chromium-plated pipe, nickel-plated steel plates on 

ferrous pipe, or copper tubing. Plates shall be large enough to completely close hole around 

pipes and conceal pipe sleeves and shall be round, with least dimension at least 1/2" larger 

than diameter of pipe and insulation. Secure plates in an approved manner. 

 

B. Fit ductwork passing through floors, walls, or ceilings with 22-gauge galvanized sheet-metal 

sleeves. Sleeves shall be large enough to completely close hole around duct and shall be at 

least 1/2" larger than outside dimensions of duct and insulation. Provide flanges on both sides 
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of penetrations to cover the wall edge.  For uncovered ducts, sleeves shall be of same material 

as duct. Secure sleeves and flanges in an approved manner. 

 

C. Fit ductwork passing through roof membrane with a 12” insulated 18-gauge galvanized roof 

curb.  Provided flashing, counter flashing at duct and roof penetrations. 

 

D. Through penetrations of fire rated partitions, firewalls, smoke partitions, or floors shall be 

sealed using an approved firestop system in accordance with ASTM E814 or UL1479.  

Firestop systems utilized shall be equal to or greater than the fire resistance rating of the 

penetrated partition.  Applicable penetrations include but are not limited to:  metallic 

pipe/conduit/tube, nonmetallic pipe/conduit/tube, cable/cable bundle, cable tray, electrical 

busway, ductwork, hydronic piping, and refrigerant piping.  Basis of design for firestop 

systems shall be HILTI, or equal by STI or 3M. 

 

 

2.3 UNIONS 

 

A. Unions shall be installed on each side of all control valves, regulators and similar items and 

one side of all pieces of equipment, such as pumps, tanks, etc., so that such equipment shall 

be readily disconnected and removed if necessary. 

 

 

2.4 DIELECTRIC CONNECTIONS 

 

A. Dielectric connections shall be provided at all connections between ferrous and nonferrous 

piping or metals, except drain piping connections at drain pans for cooling coils and valves 

having cast-bronze adapters. 

 

 

2.5 ELECTRICAL WORK FOR EQUIPMENT UNDER MECHANICAL SYSTEMS 

 

A. All non-integrated motor controllers serving equipment installed under Division 23 Sections 

shall be furnished under those Sections and shall be turned over to Electrical Contractor, for 

installation by Electrical Contractor.  Controllers shall be equipped with all auxiliary 

contacts, poles, or devices necessary to permit interlocking and control required. 

 

B. Fractional horsepower motors 1/2 HP and below shall be single-phase, 60 cycles, 120V; 

motors larger than 1/2 HP shall be 3-phase, 60 cycles, of voltages indicated on the electrical 

drawings and conforming to the electrical service, except where indicated otherwise. Motors 

shall conform to latest NEMA requirements. 

 

C. All electrical power wiring required for equipment installed under Division 23 Sections shall 

be provided under Division 26 Sections with all necessary approved wiring diagrams and 

guidance provided under Division 23 Sections, except for power wiring to Automatic 

Temperature Control panels which shall be provided by the Automatic Temperature Control 

Contractor. 

 

D. Raceways shall be 1/2" minimum. All wiring in rooms with exposed structure or in 

inaccessible ceiling and walls shall be installed in conduit. Label the front face of the cover 

on each junction box with indelible black marker indicating the number of each circuit 
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contained in or running through the box. In areas where exposed construction is the final 

finished condition and conduit and junction boxes are called out to be painted, label the inside 

face of the covers. 

 

E. All control and power wiring required for temperature control system and all interlocking 

and accessory control wiring required for equipment installed under Division 23 Sections 

shall be installed by the Plumbing, Mechanical and Temperature Control Contractors.   

 

F. All controls shall be NEMA rated and NEMA I enclosed where mounted inside building, 

except in kitchens which shall be NEMA 4X-SS.  Controls mounted outside or where 

specifically called for shall be NEMA 3R.  

 

G. Auxiliary 120-Volt contacts shall be provided to give control and interlocking as required or 

as indicated. 

 

H. The Contractor shall be responsible for coordinating with the Division 26 Contractor for 

providing properly sized circuit breakers to serve equipment and motors furnished which 

differ from that specified or indicated. This shall be further understood to include branch 

circuit wiring, conduit, disconnect switches, etc., in accordance with the appropriate codes 

and specifications. The cost of providing this increased electrical service and related work 

shall be included under the applicable section under which the equipment and motors are 

being furnished, at no additional cost to Owner. 

 

I. The Automatic Temperature Controls Contractor shall be responsible for providing circuit 

breakers and power wiring and conduit from electrical panels installed under Division 26 to 

Automatic Temperature Controls panels. All electrical work shall be in accordance with 

appropriate codes and Division 26 specifications. 

 

J. The Mechanical Contractor shall be responsible for the installation and mounting of all duct 

smoke detectors in new and existing ductwork.  The duct smoke detector shall be furnished 

and provided with all fire alarm wiring under Division 28.  Any and all Temperature Control 

wiring shall be provided under Division 23. Refer to the mechanical drawings for locations 

in new ductwork.  Refer to the electrical drawings for locations of existing detectors to be 

replaced.  Coordinate the installation of the detectors with the Electrical and Automatic 

Temperature Control Contractors. 

 

K. Short-Circuit Current Rating (SCCR) on HVAC equipment nameplates: 

 

 1. The nameplate for all HVAC equipment shall be provided with SCCR in accordance 

with the National Electric Code (NEC) Article 440.4(B).  The SCCR shall meet or 

exceed the SCCR indicated on the contract documents. 

 

L. The Mechanical Contractor shall coordinate the following electrical requirements with the 

Electrical Contractor prior to ordering any equipment: 

 

 1. Number of electrical connections 

 2. Number and size of feeder conductors 

 3.  Number and size of feeders’ terminal lugs 

 4.  Maximum overcurrent protection 

 5. Size and type of fuses 
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2.6 MACHINERY ACCESSORIES 

 

A. Provide oil-level gages, grease cups and grease-gun fittings for machinery bearings as 

recommended by machinery manufacturer; where these lubricating means are not easily 

accessible, extend to locations as directed. Furnish all grease-gun fittings of uniform type. 

 

 

2.7 WALL, PARTITIONS AND CEILING ACCESS DOORS 

 

A. The Contractor shall furnish and the General Contractor shall install access doors with lock 

where required, style necessary for surface in which placed, sizes as indicated or required for 

access to equipment, valves, dampers, filters, duct smoke detectors and all other devices 

requiring access.  Access doors shall be at least 18” x 18”. 

 

 1. Access doors in ceilings shall be ACUDOR “UF-5000” or equal.  Finish shall be prime 

coat steel. 

 2. Access doors in walls shall be ACUDOR “UF-5000” or equal.  Finish shall be Type 

304 stainless steel with #4 satin polish. 

 

B. Access doors shall have same fire rating as ceiling, floors, walls and partitions in which 

installed. 

 

 1. Access doors in fire-rated ceilings shall be ACUDOR “FWC-5015” or equal.  Finish 

shall be satin coat steel. 

 2. Access doors in fire rated walls shall be ACUDOR “FC-5015” or equal.  Finish shall 

be satin coat steel. 

 

 

2.8 AIR BALANCING DEVICES 

 

A. Furnish any additional material or equipment, such as sheaves, belts, motors and balancing 

devices, required to complete and/or adjust and balance the systems as recommended by the 

TAB Agency at no additional cost to the Owner. Failure to provide additional means of 

adjusting and balancing will not relieve the Contractor of responsibility for properly adjusting 

and balancing the various systems as intended. 

 

 

2.9 DUCT SEALANT 

 

A. Where duct is indicated to be sealed, utilize a fire resistive, water based, indoor/outdoor, U.V. 

resistant, non-fibrated duct sealant, DUCTMATE EverSeal, FOSTER DUCT-FAS 32-19 or 

approved equal. 

 

  B. Sealant shall have a volatile organic compound (VOC) rating of 24 g/L, less water.  

 

C. Sealant shall meet all SMACNA pressure classes up to 10” w.g. and SMACNA seal classes 

A, B and C. 
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D. Apply sealant with brush working sealant into all joints.  For spiral duct, apply sealant to 

male end of coupling prior to fitting straight run of duct to coupling.  Follow manufacturer’s 

instructions for all application requirements. 

 

  E. The use of duct sealing tape of any kind is unacceptable. 

 

 

PART 3 - EXECUTION 

 

 

3.1 PIPE INSTALLATION 

 

A. Pipe systems shall be complete. Pipe shall be of size indicated or, where not indicated, shall 

be of size required to produce capacities of the equipment specified. No pipe shall be buried 

in floors, unless specifically indicated or approved. 

 

B. Install runs of piping as indicated. Cut pipe accurately to measurements established at the 

building by the Contractor and work into place without springing or forcing. Do not cut or 

move any structural portions of the building without approval. Run piping above ground, 

parallel with lines of buildings, unless otherwise shown or specified. 

 

C. Install piping to allow for expansion and contraction, using offsets, swing joints, expansion 

joints, anchors and related items as may be necessary. Make connections to coils, pumps and 

other equipment in such manner as to eliminate undue strains in piping and equipment and 

to prevent noise transmission. Provide necessary fittings and bends to avoid springing of 

pipes during assembly. Weld expansion loops using long-radius ells. Make changes in pipe 

sizes with reducing fittings.   

 

D. Pipe outlets of vent valves, safety valves, drip pans, overflow drains, condensate drains, 

backflow preventers and other drain points to floor drain unless otherwise indicated. Gages, 

thermometers and related items shall be carefully leveled. Thoroughly clean and flush piping 

in presence of the Engineer, as installed and before automatic vents are installed. 

 

E. Unless otherwise indicated, connections to equipment shall be as shown by manufacturer’s 

data. Make piping connections to equipment with unions or flanged connections arranged so 

that equipment can be dismantled without disturbing the piping installation. Unions shall be 

accessible after building is complete.  Provide valves to isolate equipment for service or 

removal. 

 

F. Close pipe openings with caps or plugs during installation. Cover fixtures and equipment 

tightly and protect against dirt, water and chemical or mechanical injury. Carefully free 

interior of pipe of superfluous material as work progresses.  Upon completion of work, 

thoroughly clean fixtures, materials and equipment and deliver in approved unblemished 

condition.  

 

G. Lay pipe true to line and grade with bells up-grade so pipe will have smooth and uniform 

invert. Keep pipe thoroughly clean so jointing compounds will adhere. Inspect each pipe 

section for defects before lowering into trenches. Allow no water in trenches during pipe 

laying or around joints until compound has set. 
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H. Ream pipe after cutting and before threading and remove burrs. Make screwed joints with 

graphite and oil or approved graphite compound applied to threads only. Cut threads full and 

not more than three threads on pipe shall remain exposed. Caulking of threaded joints to stop 

or prevent leaks will not be permitted. Provide unions where required for disconnection. Use 

swing joints for branch connections to risers and mains. 

 

I. Make copper tubing sweat joints with noncorrosive flux and lead-free solder recommended 

for service encountered or as indicated. 

 

J. No joint shall be made underwater.  Secure watertightness and prevent damage or disturbing 

of joints during refilling process, or at other times after pipes have been laid and joints made. 

Do not walk or work over pipes except as necessary in tamping until at least 2" of covering 

has been placed over pipe. Uncover joints showing leaks; remake joint at Contractor’s 

expense. 

 

K. The Contractor may, except at unions, weld pipe 2-1/2" and larger, using welding fittings. 

Welding material and labor shall be in accordance with an approved procedure conforming 

to ASME B31.9 Building Services code. Welders shall be fully qualified by an approved 

Welding Bureau or locally recognized testing authority. Welding shall be electric arc welding 

method. Welding of pipe inside the building shall not be permitted without approved 

ventilation. Galvanized pipe shall have the galvanizing ground from the heat affected zone. 

 

L. All copper pipe joints shall be made with fittings. Formed bell & spigot couplings and 

mechanical “T” formed joints are not acceptable. 

 

 

3.2 TRENCH EXCAVATION AND BACKFILL 

 

 A. Refer to Division 312000 “Earth Moving for Sitework” for excavating, trenching, and 

backfilling requirements. 

 

 

3.3 EQUIPMENT INSTALLATION 

 

A. Erect equipment in neat and workmanlike manner. Align, level and adjust for satisfactory 

operation. Install so that connecting of piping and accessories can be made readily and so 

that parts are easily accessible for inspection, operation, maintenance and repair. Minor 

deviation from indicated arrangements may be made as approved by Architect. 

 

 

3.4 EQUIPMENT SUPPORTS AND FOUNDATIONS 

 

A. Design and construct supporting structures of strength to safely withstand stresses to which 

they may be subjected and to distribute properly the load and impact over building areas. 

Conform to applicable technical societies’ standards, also to codes and regulations of 

agencies having jurisdiction. Obtain approval before fabrication. 

 

B. Fasten wall-mounted or ceiling-hung equipment to building structures or inserts as approved. 
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C. Provide adequate supports for roof-mounted mechanical equipment. Supports shall keep 

equipment clear of roof and transmit weight to roof structure as approved by Structural 

Engineer. 

 

D. The Contractor shall submit for review physical data for each unit supported from the 

building structure, either suspended from or attached to the building structure. The physical 

data shall include the equipment operating weight, corner weights, and center of gravity. 

 

 

3.5 NOISE AND VIBRATION 

 

A. Mechanical and electrical equipment shall operate without objectionable noise or vibration 

as determined by the Owner. 

 

B. If such objectionable noise or vibration should be produced and transmitted to occupied 

portions of building by apparatus, piping, ducts, or other parts of mechanical and electrical 

work, make necessary changes and additions as approved, without extra cost to the Owner. 

 

C. Isolators shall prevent, as far as practicable, the transmission of vibration, noise, or hum to 

any part of building. 

 

D. Isolators shall suit vibration frequency to be absorbed. Provide isolator units of area and 

distribution to obtain proper resiliency under load and impact. 

 

 

3.6 FLASHING 

 

  A. Provide cap flashing for roof-mounted fans, goosenecks, air intakes, vents and the like. 

 

 

3.7 PROTECTION OF EQUIPMENT AND MATERIALS 

 

A. Responsibility for care and protection of mechanical equipment rests with Contractor until 

Substantial Completion of the work. 

 

B. After delivery, before and after installation, protect equipment and materials against theft, 

injury, the environment, or damages from all causes. 

 

C. Protect plumbing fixtures and other equipment with enamel or glaze surfaces from damage 

by covering and/or coating as approved. 

 

D. Protect equipment outlets and pipe openings with temporary plugs or caps. 

 

E. During construction, seal off all openings into interior of equipment and ductwork with sheet 

metal or taped polyethylene sheathing to prevent infiltration of dust. 

 

F. Temporary MERV 8 filters shall be provided a minimum of every 14 days for all fans that 

are operated during construction and new MERV 13 filters shall be installed after all 

construction dirt has been removed from the building just prior to testing and 

balancing. Following the testing and balancing, MERV 13 filters shall be provided a 
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minimum of every 14 days for all fans that are operated during construction. Just prior to 

Final Completion, all filters shall be replaced with the final filters, with MERV ratings as 

indicated in the equipment schedules and specifications. Ducts shall be inspected for dust 

and dirt. Contractor shall provide a signed statement to indicate that new filters for each piece 

of equipment were installed just before Final Completion. Construction filters shall be 

removed and not be used as the final set of filters. The contractor shall keep a filter 

replacement log that includes equipment identifications and dates of filter installation. Log 

shall be provided to the Engineer and Owner for review on a monthly cycle.  Should the 

Contractor fail to comply with the filter changes as specified, the Owner may, at his 

discretion, hire through a separate contract the specified filter changes and withhold the cost 

for this work from the construction contract amount as a back charge to the Contractor.   

       

G. Provide a spare filter (or sets of filters for equipment that require multiples) for each piece of 

equipment. Turn filters over to Owner with proper transmittal prior to Final Completion.  

 

H. Equipment not designed for exterior installation (i.e., cabinet unit heaters, wall heaters, unit 

heaters, exhaust fans, split systems, cassettes, fan powered VAV’s, etc.) shall not be delivered 

to the job site until a location protected from the environment is provided. Location shall be 

approved by the Architect and Engineer prior to delivery. 

 

I. Equipment suitable for exterior installation (i.e., condensing units, packaged rooftop units 

etc.) shall not be delivered to the job site until it is ready to be installed in its permanent 

location. 

 

 

3.8 CONTRACTOR’S RESPONSIBILITY FOR MANUFACTURER’S AUTHORIZED 

FIELD START-UP 

 

A. The equipment manufacturer shall furnish a factory-trained and certified service technician 

without additional charge to start the HVAC equipment. This individual’s certifications shall 

be submitted as a shop drawing along with the equipment and shall be reviewed and approved 

by the Engineer. Unit manufacturers shall maintain service capabilities no more than 100 

miles from the job site. 

 

B. The HVAC equipment to be started by the manufacturer’s certified technician shall include:   

 

1. Packaged rooftop air conditioning units 

2. Air handling units 

3. Split system air conditioning units 

4. 4-way Cassettes  

 

C. The manufacturer shall furnish complete submittal wiring diagrams of the HVAC equipment 

as applicable for field maintenance and service. 

 

D. Start-up sheets on all equipment shall be submitted and reviewed by the engineer. An 

approved copy shall be included in the final TAB report. If required, this same representative 

shall be made available to review the startup sheets onsite with the Engineer and Owner. 
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3.9 CONTRACTOR’S RESPONSIBILITY FOR TESTING, ADJUSTING AND BALANCING 

(TAB) 

 

A. Provide the TAB Agency a full set of Contract Documents (drawings and technical 

specifications), all manufacturers’ approved submittal data and copies of revised data as soon 

as possible. 

 

B. Ensure that a current TAB Engineer’s certification certificate is kept on file. 

 

C. Ensure all systems have been installed and are in 100% working order before the TAB 

Engineer is called to the job site, including but not limited to ductwork, piping, terminals, 

electrical and ATC. The Contractor shall verify that each item of the Pre-TAB Checklist (see 

Appendix A) has been completed and shall deliver a signed copy of the Pre-TAB Checklist 

to the Owner’s Representative and the TAB Agency attesting that the project is complete and 

ready for TAB work to begin.  

 

D. Ensure that all ductwork requiring SMACNA – ADLTM duct leakage testing has been tested 

in the presence of the TAB Engineer and Owner’s Representative and has met the referenced 

requirements.   

 

E. Provide adequate access to all points of measurement and adjustment and ensure that all 

dampers operate freely. 

 

F. Provide a factory representative for all major pieces of equipment as requested by the TAB 

Agency to assist in operation and performance verification of equipment. 

 

G. Cooperate with the TAB Agency to help operate and adjust the control systems directly 

related to TAB work and provide any specialties required to make such adjustments. 

 

H. Carefully review the drawings and Specifications for the various systems noting all facilities 

incorporated in the design for purposes of adjusting and balancing. Should it be deemed 

necessary to provide additional dampers, baffles, valves, or other devices which would aid 

in the required adjusting and balancing, same shall be provided by the installing contractor. 

 

 

3.10 CLEANING, PAINTING AND IDENTIFICATION  

 

A. Remove from site excess material, equipment protection, etc. Thoroughly clean piping, 

hangers, equipment, fixtures and trimmings and leave every part in perfect condition ready 

for use, painting, or insulation as required. 

 

B. Paint exterior surfaces of equipment supports and other ferrous metal work, except that which 

is galvanized, with one coat of RUSTOLEUM damp-proof red primer, or approved equal. 

 

C. Finish painting of exposed piping, ductwork, equipment and insulation in finished spaces 

shall be done under Section 099900 “Painting”. 

 

D. Refrigerant piping service shall be indicated with outdoor grade 3.2 mil thick high gloss 

adhesive backed vinyl labels which identify the service by name (not initials). Provide labels 

similar to Brimar, EZ Pipe Markers. Labels shall be used wherever piping is exposed, at all 
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unit connections and at 25-foot intervals for concealed piping located above accessible 

ceilings. Label and arrow heights shall be 1".  

 

E. All concealed condensate drain piping shall be labeled at its termination point with outdoor 

grade 3.2 mil thick high gloss adhesive backed vinyl labels which indicate whether the drain 

piping is connected to a primary or secondary (auxiliary) mechanical unit drain. 

 

F. Provide seals, signs and tags on fire protection equipment at designated locations per NFPA. 

 

G. Provide color-coded identification dots affixed to the ceiling grid for equipment, access 

doors, terminal equipment controllers, smoke detectors, filters and valves concealed above 

ceilings. Provide a color-coded chart identifying type of equipment or valve. Chart shall be 

framed and mounted, under clear plastic and located as directed by Owner. 

 

 

3.11 EQUIPMENT MARKING 

 

A. Label all mechanical equipment, including starters, control panels, fans, VAV boxes, 

package rooftop units, temperature sensors, humidity sensors, and CO2 sensors. 

 

B. Labels on panels and equipment shall be machine engraved, laminated, 1/8” thick, Bakelite, 

nameplate type.  

 

C. Labels shall have 1/4" high letters. 

 

D. Labels shall be rigidly attached using rivets or screws. Adhesive backing is not acceptable. 

 

E. Sensor labels shall be a self-adhesive type label.  Labels shall identify the equipment served 

by the sensor. 

 

 

3.12 EQUIPMENT INVENTORY 

 

A. Provide a complete equipment inventory for all Mechanical, Plumbing and Fire Protection 

equipment included in the project scope of work.  Refer to Appendix B of this section for 

the required template. A separate form shall be provided for each new piece of equipment 

provided. 

 

B. Prior to substantial completion, submit the equipment inventory forms for review.  Once 

approved, include the forms in the operation and maintenance manual. 
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APPENDIX A 

 

 

PRE-TAB CHECKLIST 

 

A. GENERAL 

 

1. All components of the HVAC system have been installed, including controls and 

control wiring. 

2. Power wiring has been installed and energized to all motorized equipment. Also, all 

line voltage control wiring required has been installed. 

3. All equipment has been started and run tested through all specified sequences of 

operation by factory-authorized representatives and all safety controls have been 

verified to be operational. 

4. All required testing of piping and duct systems has been completed in accordance with 

the drawings and specifications. 

5. Duct leakage testing, where required, shall be witnessed by the Owner’s 

Representative and/or the TAB Agency. 

 

B. HVAC WATER DISTRIBUTION SYSTEMS 

 

1. Piping systems have been flushed thoroughly, strainers have been removed, cleaned 

and replaced as required. There is no evidence of plugged piping, coils, heat transfer 

equipment, valves, or flow measuring devices. 

2. All air has been vented from the hydronic piping systems, equipment and coils. 

3. All control valves are installed and functioning properly according to the specified 

sequences of operation. 

4. All required pressure, temperature and flow measuring devices and balancing valves 

have been installed. All taps and adjustment dials are accessible and adequate 

clearances have been provided for connection of instrument hoses and adjustment taps, 

dials and scales are free of paint, insulation mastic and other foreign matter. 

 

C. AIR DISTRIBUTION AND VENTILATION SYSTEMS 

 

1. All air system filters have been replaced with new filters. The air moving equipment, 

ductwork and air terminals are installed and connected. All air systems are 

unobstructed and free of debris. 

2. All manual volume control dampers required are installed and properly connected to 

adjustment handles. All damper handles are accessible and not covered by insulation 

or draw bands. All automatic dampers required have been installed with linkages 

connected and adjusted to provide the specified sequence of operation. 

3. Access doors have been installed where required to allow inspection and servicing of 

duct-mounted dampers, equipment and components. 

4. All ductwork and connections of duct to air terminals have been checked and no visible 

or audible leakage exists. 

5. Fans are rotating in correct direction. Fans have been lubricated. Drive pulleys are 

aligned and belt tension is correct. Setscrews are tight securing keys into key-ways. 

Fan wheels turn freely and are balanced. Belt guards are in place. 

6. Vibration isolators and flexible connectors have been installed where required. With 

fans in operation, there is no excessive vibration of fan assemblies or ductwork. 
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 I, ______________________________________________ an authorized representative of  

 (Signature and Title) 

 

 ______________________________________________________                    

 (Company) 

 

 attest that all items contained in the above Pre-Tab Checklist have been completed  

 

 and verified as of this date:__________________________________. 
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APPENDIX B 

 

 

Equipment Inventory Template 

 

 

Project Name:  (Add Project Name) 

 

Project Address:  (Add Project Address) 

 

Description of Item:            

(i.e., Air Handling Unit, Ductless Split System, etc.) 

 

Classification: 

 HVAC 

 Plumbing 

 Fire Protection 

 

Building:             

 

Equipment Location (Room Number):         

 

Date Purchased:            

 

Date Placed in Service:           

 

Original Cost:             

 

Life Expectancy (Years):           

 

Estimated Replacement Date:           

 

Estimated Replacement Cost:           

 

Manufacturer:            

 

Model/Serial #:            

 

 

END OF SECTION 230100 
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SECTION 230500 - HEATING, VENTILATING AND AIR CONDITIONING 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections and Section 230100 “Mechanical General 

Provisions” apply to this Section. 

 

B. Refer to Specification Sections 230900 “Automatic Temperature Controls” and the Control 

Diagrams on the Contract Drawings for additional requirements and coordination between 

equipment and controls. 

 

C. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 WARRANTY-GUARANTEE 

 

A. Contractor shall furnish written warranty, countersigned and guaranteed by the General 

Contractor, stating that work executed under this Section of the Specifications shall be free 

from defects of material and workmanship for a period of 12 months from date of Substantial 

Completion of the building. Refer to Section 230100 for additional warranty period 

responsibilities. 

 

 

1.3 SUBMITTALS 

 

A. Prior to fabrication of any ductwork, Mechanical Contractor shall prepare and submit for 

review and approval 1/4" scale ductwork shop drawings. Drawings shall indicate all 

equipment locations and double line ductwork layout. Drawings shall be coordinated with 

existing conditions and Architectural, Structural, Sprinkler and Electrical Drawings. 

 

B. Submit manufacturer’s performance data and unit details on all products specified below or 

indicated on Contract Drawings. 

 

 

1.4 PROTECTION OF EQUIPMENT AND MATERIAL 

 

A. All equipment and material not specifically designed for exterior installation shall not be 

delivered to the job site until an indoor, dry location is available for storage. All equipment 

and material shall be covered and protected from dirt, debris, moisture, paint, coatings, and 

damage of any kind. Store off the floor, in a location approved by the Owner, to prevent 

contact with water. 
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PART 2 - PRODUCTS 

 

 

2.1 HEAT GENERATION  (NOT USED) 

 

 

2.2 REFRIGERATION  (NOT USED) 

 

 

2.3 AIR HANDLING EQUIPMENT 

 

A. Exhaust Fans: 

 

1. Fans shall be size, type, and have capacity as indicated on drawings. GREENHECK, 

LOREN COOK, ACME, or approved equal. 

 

2. Fans shall be licensed to bear the AMCA Air and Sound Certified Ratings Seal.  Fan air 

performance ratings shall be based on tests conducted in an AMCA registered laboratory 

for AMCA 210 air performance testing.  The Test Standard used shall be ANSI/AMCA 

Standard 210-85, ANSI/ASHRAE Standard 51-1985, “Laboratory Methods of Testing 

Fans for Rating.”  All sizes must be tested, calculations to other sizes not acceptable.  Fan 

sound performance shall be based on tests conducted in an AMCA registered laboratory 

for AMCA 300 Sound Performance Testing.  The Test Standard used shall be AMCA 

300 “Reverberant Room Method for Sound Testing of Fans.”  All sizes must be tested, 

calculations to other sizes are not acceptable.  Air or Sound Test results are to be included 

in submittal. 

 

   a. Ceiling and Cabinet Exhaust Fans: 

 

     1) Ceiling and Cabinet fans shall be constructed of galvanized steel, with 

forward curved direct-drive centrifugal fans.  Provide factory-wired plug-

type disconnect and gravity back-draft damper.  Provide aluminum ceiling 

grille for ceiling fans. 

 

  b. Inline Exhaust Fans: 

 

     1) Cabinet in-line type shall have backward-inclined aluminum centrifugal 

fan wheel, gravity counterbalanced back-draft dampers, galvanized fan 

housing and factory-wired disconnect switch. Provide vibration isolators 

as specified elsewhere in this section. 

 

3. Provide solid state speed control for direct drive fans, where scheduled. 

4. Provide electronically commutated motors for direct drive fans where scheduled. 

5. Provide line voltage thermostat where scheduled.  

6. All fans shall be statically and dynamically balanced.  

7. Install as required for quiet operation. 

 

B. Packaged Air Conditioning Unit (RTU-1, RTU-2 & RTU-3) (Owner Furnished, Contractor 

Installed) 
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1. Packaged air conditioning units shall be accordance with the following specifications 

and capacities as shown on the plans.  Provide unit manufactured by TRANE Model 

HORIZON.  NO SUBSTITUTIONS. 

2. Packaged rooftop unit shall include compressors, evaporator coils, filters, supply fans, 

exhaust fans, dampers, air-cooled condenser coils, condenser fans, reheat coil (RTU-2 

& RTU-3 ONLY), gas heaters, and unit controls. 

3. Unit shall be specifically designed for outdoor applications and include a weatherproof 

cabinet. Each unit shall be completely factory assembled and shipped in one piece. 

Packaged units shall be shipped fully charged with R-454B refrigerant and oil. 

4. Unit shall be factory run tested prior to shipment. Factory test shall include 

refrigeration circuit run test, unit control system operations checkout, refrigerant leak 

test and final unit inspection. 

5. Unit components shall be labeled, including refrigeration system components and 

electrical and controls components. 

6. Estimated sound power levels (dB) shall be shown on the unit ratings sheet. 

7. Installation, Operation, and Maintenance manual shall be supplied within the unit. 

8. Laminated color-coded wiring diagram shall match factory installed wiring and shall 

be affixed to the interior of the control compartment’s hinged access door. 

9. Unit nameplate shall be provided in two locations on the unit, affixed to the exterior of 

the unit and affixed to the interior of the control compartment’s hinged access door. 

 

10. General: 

 

a. The supply and return openings shall be vertical or horizontal airflow (refer to 

drawings for location). Cooling performance shall be rated in accordance with 

ETL testing procedures. All units shall be factory assembled, internally wired, 

fully charged with R-454B, and 100 percent run tested to check cooling 

operation, fan and blower rotation, and control sequence before leaving the 

factory. Wiring internal to the unit shall be colored and numbered for 

simplified identification. Units shall be ETL listed and labeled, classified in 

accordance with UL 1995/CAN/CSA No. 236-M40 for Central Cooling Air 

Conditioners.  

 

b. Casing 

 

1) Unit casing shall be constructed of zinc-coated, heavy gauge, 

galvanized steel. Exterior surfaces shall be cleaned, phosphatized, and 

finished with a weather-resistant baked enamel finish. Unit’s surface 

shall be tested at a minimum of 672 hours in a salt spray test in 

compliance with ASTM B117. Unit shall have a 2-inch thick 

Antimicrobial Insulation. All insulation edges shall be either captured 

or sealed. The unit’s base pan shall have no penetrations within the 

perimeter of the curb other than the raised downflow supply/return 

openings to provide an added water integrity precaution, if the 

condensate drain backs up. The top cover shall be one piece 

construction or, where seams exist, it shall be double-hemmed and 

gasket-sealed.  The ribbed top adds extra strength and enhances water 

removal from unit top. 

 

c. Drain Pan 
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1) The drain pan shall be a single-walled assembly made of Type 304 

stainless steel. It shall be sloped in two planes and is fully drainable. 

The coils shall be mounted above the drain pan to allow easy 

inspection and cleaning of the drain pan. 

 

d. Supply and Exhaust Fans and Motors 

 

1) Fan motor shall be direct drive type with factory installed Variable 

Frequency Drive. All motors shall be thermally protected. All indoor 

fan motors meet the U.S. Energy Policy Act of 2005 (EPACT). Fan 

shall be a high efficiency backward curved impeller.  

 

e. Condenser Fan 

 

1) Condenser fans shall be controlled via VFD to maintain adjustable 

pressure to increase reheat capacity where applicable and low ambient 

control.  

2) Provide with condenser hail guards. 

 

f. Dampers – Low Leak 

 

1) The outside air damper shall have a unit-controlled actuator with 

parallel-blades. The blade construction shall be 14-gage galvanized 

steel, roll-formed airfoil-type. 

 

g. Return Air 

 

1) Dampers shall be low-leak. Each damper shall have a unit-controlled 

actuator. Inputs shall be provided for unoccupied economizer control, 

based upon a comparison of the outside air stream to a dry bulb 

reference point an information-only diagnostic message on the human 

interface and will allow continued unit operation.  

 

h. Filters 

 

1) 2-inch MERV-13 filters shall be installed just upstream of the 

evaporator coil. In addition, 2-inch aluminum mesh mist 

eliminators shall be located in the intake hood. 

2) A Filter Status switch shall indicate when filters require 

cleaning or replacement.  

 

i. Sensors 

 

1) A factory installed combination outdoor air sensor located in 

the outdoor air hood is designed to sense both outdoor air 

temperature and relative humidity for use by the 

microprocessor controller to make required ventilation, 

cooling, dehumidification and heating decisions.  
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j. Compressors 

 

1) Unit shall have direct-drive, hermetic, digital scroll type 

compressors with centrifugal type oil pumps. Motor shall be 

suction gas-cooled and shall have a voltage utilization range 

of plus or minus 10 percent of unit nameplate voltage. Internal 

overloads shall be provided with the scroll compressors. 

Crankcase heaters shall be included. Compressor shall be able 

to fully modulate from 20 percent to 100 percent. 

 

k. Evaporator and Condensing Coils 

 

1) Internally finned copper tubes mechanically bonded to a 

configured aluminum plate fin shall be standard. Coils shall 

be leak tested at the factory to ensure the pressure integrity.  

The evaporator coil and condenser coil shall be leak tested to 

500 psig and pressure tested to 500 psig. The condenser coil 

shall have a fin design with slight gaps for ease of cleaning. 

Evaporator coil will have six interlaced rows for superior 

sensible and latent cooling. 

 

l. Gas Heat: Modulating 

 

1) Primary heat is supplied using indirect fired gas heating. The 

heating section shall have a progressive tubular heat 

exchanger using Stainless Steel burners and type 439 

Stainless Steel tubes. An induced draft combustion blower 

shall be used to pull the combustion products through the 

firing tubes. The heater shall use a direct spark ignition (DS) 

system.  

 

m. Controls 

 

1) Unit is completely factory-wired with necessary controls and 

contactor pressure lugs for power wiring. Units have a Multi 

Zone VAV control device with a display.  Microprocessor 

controls are provided for all 24-volt control functions. The 

resident control algorithms will make all heating, cooling 

and/or ventilating decisions in response to electronic signals 

from sensors measuring outdoor temperature and humidity. 

The control algorithm maintains accurate temperature control, 

minimizes drift from set point, and provides better building 

comfort. A centralized micro-processor (UC600) will provide 

anti-short cycle timing for a higher level of machine 

protection. Terminals are provided for a field installed dry 

contact or switch closure to put the unit in the Occupied or 

Unoccupied modes. A factory provided static pressure sensor 

will be shipped with the unit for installation inside the supply 

ductwork. 
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n. Short Circuit Withstand Rating of the unit electrical enclosure shall be 65,000 

Amps.  Rating shall be published in accordance with UL508. 

 

o. Roof Curbs 

 

1) Provide factory supplied roof curb, heavy gauge zinc coated 

steel with supply and return air gasketing.  Ship knocked 

down, and provide instructions for easy assembly. 

2) Curb shall be manufactured in accordance with the National 

Roofing Contractors Association guidelines for rooftop 

equipment support. 

 

p. Warranty 

 

1) Refer to Specification section 230100 for additional warranty 

information. 

 

 

2.4 UNITARY EQUIPMENT 

 

A. Split System Units (IU-1 Through IU-5) (Owner Furnished, Contractor Installed):   

 

 1. Quality Assurance: 

 

  a. The units shall be tested by a Nationally Recognized Testing Laboratory 

(NRTL) and shall bear the ETL label. 

  b. All wiring shall be in accordance with the National Electrical Code (NEC). 

  c. The units shall be rated in accordance with Air-conditioning, Heating, and 

Refrigeration Institute’s (AHRI) Standard 240 and bear the ARI Certification 

label. 

  d. The units shall be manufactured in a facility registered to ISO 9001 and ISO 

14001, which is a set of standards applying to environmental protection set by 

the International Standard Organization (ISO). 

  e. A dry air holding charge shall be provided in the indoor section. 

  f. The outdoor unit shall be pre-charged with R-454B refrigerant for up to 100 

feet line length of refrigerant tubing. 

 

 2. Delivery, Storage and Handling: 

 

  a. Unit shall be stored and handled according to the manufacturer’s 

recommendations. 

 

 3. Warranty: 

 

  a. The units shall have a manufacturer’s defects warranty for a period one (1) 

year from date of installation. Parts shall have a warranty of 5 years from the 

date of installation. The compressor shall have a warranty of 7 years from date 

of installation. If, during this period, any part should fail to function properly 

due to defects in workmanship or material, it shall be replaced or repaired at 

the discretion of the manufacturer. This warranty does not include labor. 
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  b. Manufacturer shall have over 25 years of continuous experience in the U.S. 

Market. 

 

 4. Indoor Unit (IU-1): 

 

a. The indoor unit cabinet shall be wall mounted by means of a factory supplied 

mounting plate. The cabinet shall be formed from high strength molded plastic 

with front panel access for filter.  Cabinet color shall be pure white.  

b. The indoor unit shall be factory assembled, wired and tested.  Contained within 

the unit shall be all factory wiring and internal piping, control circuit board 

and fan motor.  

c. The unit in conjunction with the wired, wall-mounted controller shall have a 

self-diagnostic function, 3-minute time delay mechanism, an auto restart 

function, and a test run switch. Indoor unit and refrigerant pipes shall be 

purged with dry nitrogen before shipment from the factory.  

d. Fan: The fan shall be direct drive fan with a single motor. The fans shall be 

statically and dynamically balanced and run on a motor with permanently 

lubricated bearings.  

 

5. Indoor Concealed Ceiling Mounted Unit (IU-2): 

 

a. The indoor unit cabinet shall be concealed ceiling type. The cabinet shall be 

formed from galvanized steel with closed-cell internal insulation.   

b. The indoor unit shall be factory assembled, wired and tested.  Contained within 

the unit shall be all factory wiring and piping, control circuit board and fan 

motor.  

c. The unit in conjunction with the wired, wall-mounted controller shall have a 

self-diagnostic function, 3-minute time delay mechanism, an auto restart 

function, and a test run switch. Indoor unit and refrigerant pipes shall be 

purged with dry nitrogen before shipment from the factory.  

d. Fan: The fan shall be direct drive fan with a single motor. The fans shall be 

statically and dynamically balanced and run on a motor with permanently 

lubricated bearings.  The fan shall have a selectable Auto fan setting that will 

adjust the fan speed based on the difference between controller set-point and 

space temperatures. 

 

6. Indoor Ceiling Mounted Unit (IU-3 through IU-5): 

 

  a. The indoor unit cabinet shall be a space-saving ceiling-recessed cassette type. 

The cabinet shall be formed from galvanized sheet metal covered by plastic 

with architectural finish suitable for exposed surfaces. 

  b. The indoor unit shall be factory assembled, wired and tested.  Contained within 

the unit shall be all factory wiring and internal piping, drain left mechanism, 

control circuit board, fan, and fan motor. Single branch ducting shall be 

allowed from cabinet. The cabinet panel shall have provisions for a field 

installed filtered outside air intake. 

  c. A separate grill assembly shall be attached to the front of the cabinet to provide 

supply air vanes in four directions and a center mounted return air section. The 

four-way grill shall be fixed to bottom of cabinet allowing two, three or four-

way blow. The grill vane angles shall be individually adjustable from the wired 
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remote controller to customize the airflow pattern for the conditioned space.   

  d. The unit, in conjunction with the wired, wall-mounted controller shall have a 

self-diagnostic function, 3-minute time delay mechanism, and an auto restart 

function. Indoor unit and integral refrigerant pipes shall be purged with dry 

nitrogen and caped before shipment from the factory. 

  e. Fan: The fan shall be direct drive fan with a single motor. The fans shall be 

statically and dynamically balanced and run on a motor with permanently 

lubricated bearings.  The fan shall have a selectable Auto fan setting that will 

adjust the fan speed based on the difference between controller set-point and 

space temperatures. 

 

 7. Filter: The return air shall be filtered by means of an easily removable, long life, 

washable filter. 

 

 8. Coil: 

 

  a. The indoor unit coil shall be of nonferrous construction with pre-coated 

aluminum fins on copper tubing with closed-cell insulation. 

  b. The heat exchanger shall have a modified fin shape that reduces air resistance 

for a smoother, quieter airflow. All tube joints shall be brazed with 

PhosCopper or silver alloy. 

  c. The coils shall be pressure tested at the factory. 

  d. A non-ferrous material condensate drain pan with drain connections shall be 

provided under the coil. The unit shall also include a built-in, automatic 

condensate lift mechanism that will be able to raise drain water to an elevation 

above the top of cabinet. The lift mechanism shall be equipped with a positive 

acting liquid level sensor to shut down the indoor unit if liquid level in the 

drain pan reaches maximum level. 

 

 9. Electrical: 

 

  a. The electrical power of the unit shall be 208/230 volts, 1-phase, 60 hertz. 

  b. The system shall be capable of satisfactory operation within voltage limits of 

198 volts to 253 volts. 

  c. The indoor unit shall be provided with A-Control – a system allowing the 

indoor unit to be powered and controlled directly from the outdoor unit using 

a 14-gauge (AWG) 3-wire connection plus ground providing both primary 

power and integrated, by-directional, digital control signal without additional 

connections. 

 

 10. Control: 

 

  a. The control system shall consist of two (2) microprocessors, one in each indoor 

and outdoor unit, interconnected by A-Control. This three (3) conductor 14 ga. 

AWG wire with ground method shall provide power feed and bi-directional 

digital control transmission between the outdoor and indoor units. 

  b. The system shall be capable of automatic restart when power is restored after 

power interruption. The system shall have self-diagnostics ability, including 

total hours of compressor run time.  Diagnostics codes for indoor and outdoor 

units shall be displayed on the wired controller display panel. 
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  c. The microprocessor located in the indoor unit shall have the capability of 

monitoring return air temperature and indoor coil temperature, receiving and 

processing commands from the wired controller, providing emergency 

operation and for controlling the operation of the outdoor unit. 

  d. The indoor unit shall be connected to a wall mounted wired controller to 

perform input functions necessary to operate the system. The wired controller 

shall have a large multi-language DOT liquid crystal display (LCD) presenting 

contents in eight (8) different languages, including English, French, Chinese, 

German, Japanese, Spanish, Russian, and Italian. 

  e. There shall be a built-in weekly timer with up to eight pattern settings per day. 

The controller shall consist of an On/Off button, Increase/Decrease Set 

Temperature buttons, a Heat/Auto/Cool/Dry/Fan mode selector, a Timer Menu 

button, a Timer On/Off button, Set Time buttons, a Fan Speed selector, a Vane 

Position selector, a Louver Swing button, a Test Run button, and a Check 

Mode button. The controller shall have a built-in temperature sensor. 

Temperature shall be displayed in either Fahrenheit (°F) or Celsius (°C). 

Temperature changes shall be by increments of 1°F (1°C) with a range of 67°F 

to 87°F (19°C to 30°C). 

  f. Normal operation of the wired controller shall provide individual system 

control in which one wired controller and one indoor unit are installed in the 

same room. Temperature sensing shall be done by a Thermistor mounted in 

the return air stream of the indoor unit.  An alternate temperature sensor shall 

be located within the wall controller. Selection of the sensor is by switch in the 

indoor unit.  The controller shall have the capability of controlling up to a 

maximum of sixteen systems at a maximum developed control cable distance 

of 1,650 feet (500 meters). 

  g. The control voltage from the wired controller to the indoor unit shall be a 

digital +/-24 volts, DC signal. The control signal between the indoor and 

outdoor unit shall be pulse signal 24 volts DC. Up to two wired controllers 

shall be able to be used to control one unit. 

  h. Control system shall control the continued operation of the air sweep louvers, 

as well as provide On/Off and mode switching.  The controller shall have the 

capability to provide sequential starting with up to fifty seconds delay. 

  

 

 11. Outdoor Unit (OU-1 through OU-3): 

  

  a. The outdoor unit shall be compatible with PUY, PUZ and MXZ type indoor 

units.  The connected indoor unit must be of the same capacity as the outdoor 

unit. 

  b. The outdoor unit shall be equipped with a control board that interfaces with 

the indoor unit to perform all necessary operation functions. 

  c. The outdoor unit shall be capable of operating at 0°F ambient temperature 

without additional low ambient controls (optional wind baffle may be 

required). 

  d. The system shall have a maximum refrigerant tubing length of 165 feet for the 

18,000 and 225 feet for the 36,000 BTU/h units between indoor and outdoor 

units without the need for line size changes, traps or additional oil.  

  e. The outdoor unit shall be completely factory assembled, piped, and wired.  

Each unit must be test run at the factory. 
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  f. Cabinet: The casing shall be constructed from galvanized steel plate, coated 

with an electrostatically applied, thermally fused acrylic or polyester powder 

coating for corrosion protection.  

  g. Fan: Fans shall be furnished with Brushless DC or electronically commutated 

fan motor. The fan motor shall be of aerodynamic design for quiet operation, 

and the fan motor bearings shall be permanently lubricated. The outdoor unit 

shall have horizontal discharge airflow.  

  h. The compressor shall be a DC rotary compressor with Variable Compressor 

Speed Inverter Technology. The compressor shall be driven by an inverter 

circuit to control compressor speed. The compressor speed shall dynamically 

vary to match the room load for significantly increasing the efficiency of the 

system which results in vast energy savings. To prevent liquid from 

accumulating in the compressor during the off cycle, a minimal amount of 

current shall be intermittently applied to the compressor motor to maintain 

sufficient heat. The outdoor unit shall have an accumulator and high-pressure 

safety switch. The compressor shall be mounted to avoid the transmission of 

vibration. 
 

 

2.5 TERMINAL EQUIPMENT 

 

A. Electric Cabinet Unit Heater (Owner Furnished, Contractor Installed): 

 

1. Units shall be size, type, and have capacity as indicated. Provide units manufactured 

by MARKEL, or approved equal. 

2. Cabinet: The cabinet shall be constructed of heavy-duty 16-gauge zinc-coated steel. 

The cabinet shall be finished with a durable powder coated beige paint. The front 

cover shall be removable for easy installation and service of all internal components. 

The grille configuration shall be convertible to any airflow configuration by removal 

of four fasteners. The cabinet shall be designed for floor, wall, or ceiling mounting. 

3. Elements: Elements shall be all steel tubes with highest quality nickel-chromium 

resistance wire embedded in compacted efficient dielectric to ensure proper heat 

transfer. Steel helical fins shall be machine crimped and brazed to tube for effective 

transfer of heat. 

4. Motor and Blower Assembly: Motor and blower shall be direct drive and resiliently 

mounted on a rigid heavy-gauge steel frame for quiet operation and long life. All 

motors shall have built-in overload protection and shall be lifetime lubricated. The 

motor shall be vented and mounted in the airstream to provide maximum cooling of 

the motor. 

5. Limit Controls: The heater shall utilize two safety limits built into the controls to 

automatically shut off the heater if safe operating temperatures are exceeded. The 

primary limit shall be a capillary type, which senses the heat along the full length of 

the elements. The secondary limit shall be a manual reset thermal device. All heaters 

shall have a built-in fan purge to dissipate residual heat from elements on heater 

shutdown. 

6. Controls: Heater shall have high/low heat and fan rocker switch. These controls shall 

be factory wired and tamper resistant and adjustable through front of louver 

assembly. 

 

B. Unit Heaters (Owner Furnished, Contractor Installed): 
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  1. Units shall be size, type, and have capacity as indicated provided by MARKEL, 

TRANE CO., Q-MARK or approved equal. 

  2. Units shall be complete, including casing, electric as indicated, fan, fan guard, and 

motor.  Units shall be horizontal discharge type with adjustable air deflectors. 

  3. Temperature Controls:  Refer to Section 230900 “Automatic Temperature Controls.” 

 

C. Electric Wall Heaters (Owner Furnished, Contractor Installed): 

 

1. Units shall be size, type, and have capacity as indicated provided by MARKEL, 

TRANE CO., Q-MARK or approved equal.  

2. Units shall be complete, including casing, 16-gauge steel bar grille, electric 

heating coil, fan, and permanently lubricated motor. Provide with built-in and 

factory-wired disconnect switch and integral thermostat. 

3. Color of enclosure shall be selected by the Architect. 

 

D. Electric Barrier Heaters (Owner Furnished, Contractor Installed): 

 

1. Units shall be size, type, and have capacity as indicated provided by MARKEL, 

TRANE CO., Q-MARK or approved equal.  

2. Units shall be complete, including casing, 16-gauge steel front with 18-gauge 

back, 1/4” pencil proof discharge louvers, multiple electric heaters factory wired 

on same back plate, pedestals and line voltage line thermostat. Provide with built-

in and factory-wired disconnect switch. 

3. Color of enclosure shall be selected by the Architect. 

 

 

2.6 HVAC PIPING AND SPECIALTIES 

 

A. Piping 

 

1. Water, refrigerant, and HVAC drain piping shall be provided as specified below.  

Where options of different materials are given for the same service, contractor shall 

select materials and use them uniformly throughout the system. Contractor shall submit 

experience with all of the materials and joining methods specified. 

 

2. Hot water piping: 

 

  a. Above ground 

 

   1) Type L copper (2” and under) 

 

3. Condensate drain piping 

 

  a. Above ground (within building and plenum rated ceiling) 

 

   1) Type L copper 

  

  b. On rooftop and exterior to building 
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   1) Schedule 40 PVC 

 

  c. Below ground:  Refer to Specification Section 220500 “Plumbing.” 

 

 4. Refrigerant Piping: 

 

  a. Above ground 

 

   1) Copper type ACR 

  
5. Type L copper pipe shall conform to ASTM B42 and be assembled with wrought-

copper soldering fittings using 95-5 solder or with press fittings as specified herein. 

6. Schedule 40 PVC pipe shall be assembled in strict accordance with manufacturer’s 

instructions.  Solvent cement shall conform to ASTM D2564.  

7. Schedule 40 black steel pipe shall be fabricated by threaded fittings. 

8. Press Fittings  

 

 a. Copper and copper alloy press fittings shall conform to material requirements 

of ASME B16.18 or ASME B16.22 and NSF/ANSI Standard (NSF 61).  

Sealing elements for press fittings shall be factory installed EPDM. 

 b. Press fittings 1/2” – 2” press end shall have a leak-before-press feature, which 

assures leakage from inside the system past the sealing element of an 

unpressed connection. Fittings 2-1/2” – 4” press end shall have a factory 

installed means for visual inspection of completed press. 

 c. Copper press fitting joints shall be made in accordance with the manufacturer’s 

installation instructions. The tubing shall be fully inserted into the fitting and 

the tuning marked at the shoulder of the fitting. The fitting alignment shall be 

checked against the mark in the tubing to ensure the tubing is fully inserted in 

the fitting. The joints shall be pressed using the pressing tool and jaws or jaw 

set, approved by the fitting manufacturer. 

 d. Fitting installer shall be trained by the fitting manufacturer’s factory 

representative. 

 e. Press connected fittings shall be by VIEGA “ProPress,” NIBCO “Press 

System,” AALBERTS “Apollo Press,” or equal. 

 

9. ACR tubing shall be nitrogen-filled assembled with wrought-copper soldering fittings 

using silver solder. 

10. Piping shall be run concealed, except where no ceiling is provided. Coordinate 

installation of piping with other disciplines. Locate all piping tight against structure 

where possible.  No piping shall be installed below mechanical equipment, or within 

mechanical or electrical equipment clearance requirements. 

11. All concealed condensate drain piping shall be labeled at its termination point to 

indicate whether the drain piping is connected to a primary or secondary (auxiliary) 

mechanical unit drain. 

 

B. Valves: 

 

  1. Valves 2" size and under shall be bronze with soldered ends, rough bodies, and finish 

trim. Valves 2-1/2" size and over shall be iron-body, bronze-mounted with flanged 

ends, except where specifically indicated. Catalog numbers indicated below are 
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NIBCO. Valves with equivalent characteristics by APOLLO, or MILWAUKEE are 

acceptable. 

Size 
Pipe 

Material 
Check Ball/Butterfly 

2” and under Copper S-413-W S-585-70-66NS 

2. Balancing valves 2" and smaller shall be NIBCO “S-585-70-66NS”.  Valves shall be 

complete with memory stops. Acceptable alternate valves include MILWAUKEE 

“BA-150S-MS,” or APOLLO “70-200-27.” 

 

 C. Automatic Balancing Valves 

 

1. Provide automatic measuring and balancing valves where indicated for pipe sizes 1/2" 

to 2".  Valves shall be NUTECH “AB,” IMI “AC,” or CALEFFI “Series 121” for 

valves 1/2” through 2”.   

2. The GPM for the automatic flow control valves shall be factory set and shall 

automatically limit the rate of flow to within 5% of the specified amount. 

3. For 1/2" - 2", the flow cartridge shall be removable from the Y-body housing without 

the use of special tools to provide access for cartridge change out, inspection, and 

cleaning without breaking the main piping. (Access shall be like that provided for 

removal of a Y-strainer screen). 

4. True operating range of 2 - 32 psid required. The design flow should be achieved at 

the minimum psi differential. A 50% safety factor applied to the lower operating range 

is not acceptable. 

5. Each valve shall have two P/T ports. 

6. All automatic flow control devices shall be supplied by a single source. 

7. Five-year product warranty and free first year cartridge exchange. 

8. The internal wear surfaces of the valve cartridge shall be Ultrason composite or 

stainless steel. 

9. The flow cartridge design shall incorporate a stainless-steel spring which requires no 

adjustment screw or shims. A crimped sheet-metal design is not acceptable. 

10. The internal flow cartridge shall be permanently marked with the GPM. 

11. All valves shall be factory leak tested at 100 psi air underwater. 

12. Ratings: 1/2" through 2" pipe size: 600 psig at 250°F 

   2-1/2" through 12" pipe size: 600 psig at 250°F 

13. Where indicated on the plans, the differential pressure across the automatic flow 

control valve shall be measured for flow verification and to determine the amount of 

system over-heading or under-pumping. Where over-heading exists the ball valve shall 

be throttled to bring the flow cartridge back within the control range. The valve 

memory stop shall be set so the valve can be used for isolation and reopened to the 

balanced position. 

14. The flow shall be verified by measuring the differential pressure across the coil served 

or the wide-open temperature control valve and calculating the flow using the coil or 

valve Cv. 

15. Install automatic flow control valves on the return lines of coils as indicated on the 

plans. Balancing valve on supply side is not acceptable.  Submit proposed piping 

arrangement for approval by the Engineer. 

16. The standard ports and handles shall clear 1" thick insulation.  Handle and port 

extensions are required for over 1" thick insulation. 
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17. Install, on the supply side of coils, a Y-strainer with a brass blow-down valve with 3/4" 

hose end connection with cap and chain. 

 

 

2.7 AIR DISTRIBUTION 

 

A.  Ductwork: 

 

1. Provide all ducts, plenums, connections, dampers, and related items required to form a 

complete system as indicated on drawings and specified herein. 

2. All ductwork shall be constructed of sheet metal unless otherwise indicated. 

3. Sheet-metal ducts shall be fabricated from G90 galvanized-steel sheets, and shall be of 

gauges called for and as detailed in 2020 SMACNA Manual, HVAC Duct Construction 

Standards (Metal and Flexible). All ductwork  pressure class construction shall be as 

indicated on the drawings and shall be single wall rectangular or single wall round,.  

Rectangular ductwork shall be single-wall construction unless otherwise indicated 

except ductwork exterior to the building shall be double wall with 3” insulation 

encapsulated between inner and outer sheet metal shells. 

4. Duct sealing requirements shall be as indicated on the drawings. 

5. Aluminum ductwork shall be used for dishwasher exhaust ductwork. Duct shall be 

sealed watertight. Duct shall be sloped down to grilles. Stainless-steel ductwork shall 

be used for all dishwasher exhaust ductwork. All seams on exposed stainless-steel 

ductwork shall be polished. 

6. Round duct and fittings shall be manufactured by a company for whom the 

manufacture of spiral duct and welded fittings has been a principal business for at least 

15 years. Contractor fabricated round spiral duct and fittings shall not be acceptable. 

7. All companies being considered as potential suppliers of duct and fitting components 

shall submit drawings and dimension data for approval. These submittals shall serve 

as a basis for acceptance or rejection of products. 

 

a. All fittings furnished for use on a project shall be identical to the approved 

submittal data. 

b. Any fittings rejected by the project engineer shall be replaced with fittings 

equal to the original approved submittals.  All expenses incurred in the 

replacement of fittings that do not conform to these requirements shall be the 

responsibility of the installing contractor. 

 

8. All medium and high pressure supply duct shall be of round spiral lock seam 

construction where indicated. Steel round duct shall be of standard spiral with 2C 

corrugations for all duct greater than 14" diameter (without intermediate ribs) or single-

rib construction and shall be provided with gauges according to the following 2020 

SMACNA HVAC DCS, except no 28-gauge material is allowed: 

 

Diameter 

(inches) 

Standard Spiral Gauge Single-Rib Spiral Gauge 

 0-10” w.g. 0-2” w.g. 2-10” w.g. 

3-8 28 26 -- 

9-14 28 26 28 

15-26 26 24 28 

27-36 24 22 28 

37-42 22 20 28 
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9. Duct shall be provided in continuous, un-joined lengths wherever possible.  Except 

when interrupted by fittings, round spiral duct sections shall not be less than 12 feet 

long. Round spiral pipe and fittings greater than 24" diameter shall have flanged 

connections.  All double-wall rectangular ductwork shall have flanged connections.  

Flanges for double-wall duct shall also hold the inner liner of dual wall duct concentric 

without the use of additional couplings or spacers. 

  10. Unless otherwise specified, all rectangular double-wall duct and fittings shall be a 

minimum G90 galvanized sheet metal. 

 

Nominal Duct Size 
Inner/Outer Shell 

(Gauge) 

Inner Shell 

(Gauge) 

3-24 26 26 

25-34 24 26 

35-42 22 26 

 

  11. Fittings for double-wall duct shall be of the following minimum gauges: 

 

Nominal Duct Size 
Inner/Outer Shell 

(Gauge) 

Inner Shell 

(Gauge) 

3-34 22 24 

35-48 20 22 

 

12. Round fittings may be spot welded and bonded.  

  13. Insulation shall have the following UL rating: 

 

    a. Flame Spread:  10-20 

    b. Fuel Contributed: 10-15 

    c. Smoke Developed: 0-20 

 

14. Round ductwork shall not be delivered to the job site until just prior to erection. 

Ductwork with dents or other damage shall not be accepted. Double-wall ductwork 

shall be removed from the job site and shall not be used if insulation  is allowed to 

become wet to any degree. 

15. Rectangular ductwork shall be constructed from galvanized steel sheets of lock form 

quality per ASTM A653 with a G90 zinc coating (0.60 oz/ft2), unless otherwise shown 

on the contract documents.  Sheets shall be free of pits, blisters, slivers, and un-

galvanized spots. 

16. Insulated-flexible acoustical air ducts shall be FLEXMASTER USA “1M,” 

THERMAFLEX “M-KE,” or equal, suitable for up to 10" w.g. positive pressure and 

rated velocity of 5500 FPM.  Flexible ductwork shall meet NFPA 90A standards, 

conform to UL standard 181, and be ETL listed Class 1 air duct. Flexible duct shall 

have a flame spread of less than 25 and smoke developed of less than 50.  Flexible 

ductwork shall be fabricated with a polyethylene or chlorinated polyethylene inner 

film, wrapped in 2" thick with a thermal conductance of R-6 fiberglass insulation, with 

an outer reinforced metallized vapor barrier.  The inner film shall be supported by a 

corrosion resistant galvanized steel helix formed and mechanically locked to the 

polyethylene fabric.  The inside bend radius shall be 1/2 x inside diameter in all sizes. 

Flexible branch ductwork to diffusers shall be limited to maximum length of 5 feet 
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long and maximum velocity of 600 feet per minute. Contractor to provide proper flex 

duct size to ensure velocity limit is not exceeded. Support flexible ducts a minimum of 

every 4 feet. Supports shall not compress or constrict the flexible duct.  Refer to the 

diffuser installation details on the drawings. 

 

17. Provide flexible connections of fiberglass between ducts and air-handling unit 

connections, fan powered VAV boxes, and exhaust fans. Connector shall be 

constructed using double lock gripping fingers at metal to fabric contact.  Connector 

shall be rated airtight and watertight up to 10" w.g. positive to 10" w.g. negative 

pressure. Provide flexible connections, not less than 4 inches wide, constructed of 

approved fireproof, waterproof, non-asbestos, glass fabric, at the inlet and outlet 

connection of each fan unit, securely fastened to the unit and to the ductwork by a 24-

gauge galvanized steel band provided with tightening screws.  Insulation on flexible 

connections shall be stretched over the metal band and taped to the inlet and outlet 

connections of the VAV terminal unit.  There shall be no metal-to-metal contact at 

flexible connections.  There shall be no stretching of the flexible material at flexible 

connections. Flexible duct connections at variable air volume terminals shall be a 

maximum of 3 feet long.  The connection shall be UL listed, to meet NFPA 90A and 

90B requirements and the following applications: 

 

a. Indoor:  Neoprene coated glass fabric, minimum 30 oz./sq.yd. 

b. Outdoor:  U.V. resistant Hypalon coated glass fabric, minimum 24 oz./sq.yd. 

c. Flexible connections shall be DUCTMATE “ProFlex,” DURODYNE 

“Flexible Duct Connector,” KINETICS “KINFLEX,” or equal. 

 

18. Space suspended duct hangers and roof mounted duct supports every 4 feet, maximum. 

Insulated duct shall have saddle hangers. Suspended duct hangers attached to the side 

of the ductwork are acceptable. Refer to duct support details on the drawings. 

19. Fabricate ductwork with airtight joints, presenting smooth surface on inside, neatly 

finished on outside.  Unless otherwise indicated, provide square or rectangular elbows 

and provide double wall turning vanes in all elbows. Deflecting vanes shall be double 

wall blades, fit into side rails, and screw or rivet to duct elbow in field. Blades and side 

strips shall be small or large double vanes as detailed in SMACNA Duct Manual.  

Turning vanes shall be DUCTMATE “ProRail,” AERODYNE “H-E-P Turning 

Vanes,” DURODYNE “Vane and Rail” or equal. 

20. Construct, brace, and support ducts and air chambers in a manner that they will neither 

sag nor vibrate to any perceptible extent when fans are operating at maximum speed 

or capacity. 

21. Provide sandwich type or square framed access doors for service temperature and 

pressure required, where indicated and where not indicated, in locations and of sizes 

which shall afford easy access to multi-blade dampers, smoke detectors, fire dampers, 

and other equipment and devices requiring inspection and servicing.  Access doors 

shall be installed to avoid lights, piping, conduit, ceiling grid, etc., to provide 

unobstructed access. Access doors shall be installed on the underside of the ductwork.  

Access doors shall be a minimum of 24" x 18" where possible.  Access doors in all 

factory fabricated ductwork shall be factory installed and sizes and locations shall be 

identified on the ductwork shop drawing submittal.  Duct access doors shall be 

DUCTMATE “Sandwich Access Door,” GREENHECK “CAD-10,” ACUDOR “CD-

5080,” or equal. 
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22. Connect ductwork to intake and discharge louvers, dampers, and other work installed 

in various trades requiring sheet-metal connections. 

23. Make sheet-metal connections to masonry work airtight and watertight in approved 

manner. 

24. Provide opposed-blade dampers for control of air volume and for balancing system, 

where indicated or required. Dampers shall be of sheet metal at least one gauge heavier 

than duct and reinforced; shall be installed in an accessible location. Provide indicating 

quadrant and locking device for adjusting and locking dampers in position. Provide 

extended shafts on all volume dampers greater than the thickness of the insulation to 

provide free movement of damper positioner.  Stiffen duct at damper location; install 

damper in manner to prevent rattling. 

25. Provide square to round transition fittings with balancing dampers at all round duct 

take-offs to supply diffusers and registers. 

26. Duct sizes are inside free area.  Increase duct sizes as required. 

27. Ductwork and accessories shall not be delivered to the job site until just prior to 

erection and shall be stored in an approved manner. 

28. All ductwork shall be internally cleaned by vacuuming prior to installation. 

29. All ductwork open ends shall be sealed with polyethylene and duct tape during 

construction after hanging. 

 

B. Grilles, Registers, and Diffusers: 

 

1. Refer to drawings for types, material, models, finishes, and manufacturers.  Air devices 

shall have performance characteristics (throw, noise, and pressure drop) equal to air 

devices scheduled on the drawings.  Provide performance data with submittal.  PRICE, 

TITUS, GREENHECK, or equal. 

2. Grille and register frames and louvers shall be one-piece construction. 

3. Paint interior surfaces of ducts behind grilles and registers with flat black enamel. 

4. Linear Slot Diffusers 

 

 a. Provide linear slot diffusers of types, material, models, and finishes as 

manufactured by PRICE, TITUS, GREENHECK, or equal. Air devices shall 

have performance characteristics (throw, noise, and pressure drop) equal to air 

devices scheduled on the drawings.  This information shall be provided with 

the submittal. 

 b. Diffusers, frames, and accessory components shall be constructed of extruded 

aluminum with slots, borders, and frames of types and finish indicated. 

 c. Provide concealed mounting clips for securing diffuser to frame. 

 d. Diffusers shall have factory-fabricated galvanized-steel plenum casing with 

1/2" foil backed fiberglass liner. Foil backing shall face the airstream. 

 e. Diffusers shall have adjustable air pattern controllers capable of full 180° air 

throw adjustments. 

 f. Furnish diffusers in a single piece. 

 

C. Roof Curbs and Equipment Rails: 

 

1. Provide 18-gauge galvanized roof curbs for all roof-mounted equipment where curbs 

are not otherwise specified.  Curbs shall be insulated with wood nailers and be 14" in 

height.  Curbs shall be constructed to match the slope of the roof where installed. 
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  2. Provide 18-gauge galvanized equipment rail with unitized construction with integral 

base plate, continuous welded corner seams, pressure treated wood nailer, and 

counterflashing with stainless steel screws.  Rail shall be internally reinforced to 

conform with the manufacturer’s load bearing factors.  Curb shall be 14” in height.  

Rails shall be RPS “ER-4A,” PATE “ES-5,” or KEES “RC.” 

 

  3. Construction 

 

   a. Frame:  Galvanized steel in gauges required by manufacturer’s UL listing. 

   b. Blades:  Galvanized steel curtain style. 

   c. Sleeve:  Damper shall be supplied with a factory sleeve. 

   d. Retaining Angles:  Damper shall be supplied with factory retaining angles 

sized to provide installation overlap in accordance with the manufacturer’s UL 

listing. 

   e. Fire Closure Device:  Damper shall be supplied with fusible link. 

   f. Mounting:  Dampers shall be mounted horizontally or vertically depending on 

the application.  Refer to the Contract Drawings for required orientation. 

   g. Finish:  Galvanized steel 

 

  4. Installation 

 

   a. Install dampers in accordance with manufacturer’s UL Installation 

Instructions, labeling, and NFPA 90A at locations indicated on the drawings.  

Any damper installation that is not in accordance with the manufacturer’s UL 

Installation Instructions shall be approved prior to installation. 

   b. Dampers shall be accessible to allow inspection, adjustment, and replacement 

of components.  The sheet metal contractor shall furnish any access doors in 

ductwork or plenums required to provide this access.  The general contractor 

shall furnish any access doors required in walls, ceilings, or other general 

building construction.  Dampers shall be provided with an access door that is 

not less than 12 inches square or provided with a removable duct section.  

Access doors shall be permanently identified on the exterior face with a 1” tall 

label. 

   c. Install dampers square and free from racking. 

   d. Do not compress or stretch the damper frame into the duct or opening. 

   e. Attach multiple damper section assemblies together in accordance with 

manufacturer’s instructions. Install support mullions as reinforcement between 

assemblies as required. 

   f. Handle dampers using the frame or sleeve.  Do not lift or move dampers using 

blades, actuator, or jackshaft. 

 

D. Series Fan-Powered Variable Air Volume Terminal Boxes (Owner Furnished, Contractor 

Installed): 

 

1. Terminal boxes shall be size, type, and capacity indicated on drawings. TRANE CO., 

or equal by PRICE, TITUS. Units shall be series fan-powered type as indicated. Units 

shall be ARI certified. Submit sound level data indicating radiated and discharge NC 

levels for each terminal unit at design airflows. 
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2. Units shall be complete with insulated casing, electric air valve, and direct digital 

controls. The direct digital controls shall be furnished by the Temperature Control 

Contractor and factory installed by the unit manufacturer. 

3. Casing: Provide 22-gauge, acoustically lined, galvanized-steel casing. Lining shall be 

1" thick, 1.5-lb. per cubic foot density, foil faced, fibrous glass which meets 

requirements of NFPA 90A.  Provide access panel for access to air valves. 

4. Primary Air Valve: Provide cylindrical volume control device with electric actuator. 

Valve inlet shall be 18 gauge steel cylinder sized to fit standard round flexible 

ductwork. Maximum leakage rate shall be 1% at 4" w.c. pressure differential. Provide 

with multiple point averaging flow sensor to provide primary airflow measurement 

within ± 5% of rated unit airflow with 1-1/2 diameters of straight duct upstream of 

unit. Provide integral flow taps and calibration chart on each unit. 

5. Fan shall be forward-curved blade, with direct-drive, ECM motor, and disconnect 

switch. 

6. Provide 1" fiberglass media filter with filter frame in plenum intake or ducted inlet as 

indicated. 

7. Electric Reheat Coil: The coil shall factory provided and mounted on the discharge 

outlet. The coils have a resistance open-type heater with a disc-type automatic reset 

thermal primary safety device. Heater element material is nickel-chromium. Provide 

heaters with the following options: 

 

a. Mercury Contactor: An electric heater contact for use with direct digital 

control or analog electronic controls. 

b. Airflow Switch: An air pressure device designed to disable the heater when 

the unit fan is off. 

c. Line Fuse: A safety fuse located in the electric heater’s line of power to prevent 

power surge damage to the electric heater. A line fuse shall be provided for the 

fan motor to prevent power surge damage to the motor. 

d. Disconnect Switch: A factory provided disconnect switch with an interlocking 

door on the heater control panel. 

 

8. Units shall have removable access panel or access door for service access. 

9. Units shall be installed with strict attention paid to manufacturer’s recommended 

length of straight inlet duct. 

10. Automatic Controls: Provide factory-installed automatic (direct digital) controls 

provided by the control vendor. The control vendor shall furnish and variable volume 

terminal unit manufacturer shall install Direct Digital Controller. Controller shall 

provide the sequence of operation specified. Controller shall provide the required 

signals to achieve pressure independent operation throughout the specified volume 

range of the unit. Variable volume terminal unit manufacturer shall examine terminal 

unit locations indicated on drawings and shall locate controllers on most accessible 

side of unit. All costs associated with factory mounting of vendor’s controls shall be 

included in this Section. 

 

E. Series Hot Water Heat Variable Air Volume Terminals (Owner Furnished, Contractor 

Installed): 

 

1. General:  Provide fan powered variable air volume series terminals complete with 

casing, fan section, primary air valve, hot water heating coil, and discharge plenum, 
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where indicated. Units shall be manufactured by TRANE CO., PRICE, or approved 

equal. Acoustical data shall be certified in accordance with ARI 880. Acoustical data 

shall consider effect of discharge plenum and outlet combination. 

2. Casing: Provide 22-gauge, acoustically lined, galvanized-steel casing.  The interior 

surface of the unit casing is acoustically and thermally lined with 1-inch, 1.5 lb/ft3 

density glass fiber with foil facing. The insulation R-Value is 4.1.  The insulation is 

UL listed and meets NFPA-90A and UL 181 standards as well as bacteriological 

standard ASTM C 665. There shall be no exposed edges of insulation (complete metal 

encapsulation). 

3. Primary Air Valve: Maximum leakage rate shall be 1% at 4" w.c. pressure differential. 

Provide with multiple point averaging flow sensor to provide primary airflow 

measurement within ±5% of rated unit airflow with 1-1/2 diameters of straight duct 

upstream of unit. Provide integral flow taps and calibration chart on each unit. 

4. Fan wheel shall be forward curved. 

5. Motor shall be permanently lubricated, direct drive, permanent split capacitor type. 

Provide thermal overload protection. Maximum motor temperature rise on all speeds 

of 55°C. Motor voltage shall be as scheduled on the drawings. Motor and fan assembly 

shall be isolated from terminal casing using rubber isolators. 

6. Factory mount variable speed (SCR) controller to adjust fan motor speed.  Controller 

shall have minimum stop to avoid overheating of motor. The controller adjustment 

knob shall be located on the exterior of the control panel. Provide a factory mounted 

and wired fan disconnect switch. 

7. Hot Water Heating Coil: Provide factory-mounted hot water heating coils constructed 

of seamless copper tubes and plate aluminum fins mechanically bonded to tubes. Coils 

shall be rated for a minimum working pressure of 150 psi. Coil performance shall be 

certified in accordance with ARI 410. 

8. Factory mount controller and damper operator provided by BAS manufacturer. Furnish 

and install a 40-VA transformer. 

 

 F. Kitchen Hood Exhaust Ductwork – Double-Wall Grease Duct: 

 

 1. The grease duct shall be double-wall factory-built type for use with Type 1 kitchen 

hoods, as described in NFPA-96 for the venting of air and grease-laden vapors from 

commercial cooking operation. 

 2. Basis of design product shall be SCHEBLER “FYREGUARD,” CAPTIVEAIRE 

“DW-2R/DW-3Z,” JEREMIAS “DWFL-ZC,” or equal. 

  3. Product Description 

 

   a. The factory-built modular grease duct shall be laboratory tested and listed in 

accordance with Underwriters Laboratories Standard UL 1978 and UL 2221 

classified for zero clearance to combustibles with a 2-hour fire rating. 

Sections shall bear the UL listing mark. Modular grease duct shall be a 1/2” 

flange to flange connection and sections shall be coupled using RapidLock 

bands and joint sealant. 

   b. Construction: Between the inner and outer shells there shall be a minimum 4" 

of 1800°F rated low conductivity ceramic fiber insulation. The insulation 

shall be securely attached to the inner shell with steel straps and insulating 

pins welded to the inner shell. Stainless steel centering clips shall be welded 

to the outer shell to maintain the 4" spacing and ensure concentricity of the 

shells. Breeching and chimney sections, when installed according to 
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manufacturer’s instructions, shall comply with national safely standards and 

building codes. Stacks terminating above a roof shall terminate as required 

by code or NFPA 211. 

   c. Inner Shell: Inner shell material shall be type 304 stainless steel. Inner shell 

thickness shall be .036" for 5" to 36" diameter systems. All inner shell seams 

shall be fully penetration welded the entire length of the pipe section. 

Riveted, tack or spot-welded seams are not permitted. 

   d. Outer Jacket: Standard 430 stainless steel outer shell thickness of .034" for 5" 

to 36" diameter systems. All outer shell seams shall be full-penetration-

welded the entire length of the pipe section. Riveted, tack or spot-welded 

seams are not permitted. 

   e. Accessories: Tees, elbows, increasers, draft-hood connectors, 

terminations, adjustable roof flashings, storm collars, support assemblies, 

thimbles, firestop spacers, and fasteners; fabricated from similar materials 

and designs as vent-pipe straight sections; all listed for same assembly. 

   f. Warranty:  Manufacturer Lifetime Warranty for the entire duration the 

product is incorporated and used in its original installation when installed by 

manufacturer’s provided UL installation instructions. System sizing and 

design shall be performed by manufacturer and installed in accordance with 

the installation instructions published. 

 

  4. Installation and Cleaning 

 

   a. Locate to comply with minimum clearances from combustibles and 

minimum termination heights according to product listing or NFPA 211, 

whichever is most stringent. 

   b. Seal between sections of grease exhaust ducts according to manufacturer's 

written installation instructions, using sealants recommended by 

manufacturer. 

   c. Support vents at intervals recommended by manufacturer to support weight 

of vents and all accessories, without exceeding appliance loading. 

   d. Slope breeches down in the direction of the appliance. 

   e. After completing system installation, including outlet fittings and devices, 

inspect exposed finish.  Remove burrs, dirt, and construction debris and 

repair damaged finishes. 

   f. Clean breeches internally, during and after installation, to remove dust and 

debris.  Clean external surfaces to remove welding slag and mill film. 

   g. Provide temporary closures at ends of stacks that are not completed or 

connected to equipment. 

 

 

2.8 VIBRATION ISOLATION 

 

 A. Mechanical equipment indicated below shall be isolated from the structure by resilient 

vibration and noise isolations. Equipment to be isolated includes, but is not limited to, the 

following: 

 

1. Rooftop Air Handling Units 

2. Cabinet Unit Heaters 

3. Inline Exhaust Fans 
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4. Fan Powered VAV Terminal Units 

5. 4-way Cassettes 

 

 B. Vibration Isolation Rail System (RTU’s Only): 

 

  1. Curb mounted rooftop equipment shall be mounted on vibration isolation rails that fit 

over the roof curb and under the isolated equipment. Curb mounted isolation rails shall 

be MASON “RSC,” VIBRO-ACOUSTICS “ARTR,” MGM “ISORAIL,” or equal. 

  2. Curb mounted rooftop equipment shall be mounted on spring isolation curbs. The 

lower member shall consist of a sheet metal Z section containing adjustable and 

removable steel springs that support the upper floating section. The upper frame shall 

provide continuous support for the equipment and shall be captive to resiliently resist 

wind forces. 

  3. All directional neoprene snubber bushings shall be a minimum of ¼” (6mm) thick. 

Steel springs shall be laterally stable and rest on ¼” (6mm) thick neoprene acoustical 

pads. 

  4. Hardware shall be plated, and the springs provided with a rust resistant finish.  

  5. The curbs waterproofing shall consist of a continuous galvanized flexible counter 

flashing nailed over the lower curbs waterproofing and joined at the corners by EPDM 

bellows. 

  6. All spring locations shall have access ports with removable waterproof covers.  

  7. Lower curbs shall have provision for 2” (51mm) of insulation. 

 

 C. Hanger and Guide Supports: 

 

  1. Spring Isolators: 

 

   a. Ceiling mounted cabinet unit heaters, series fan powered variable air volume 

terminal units… shall be suspended with vibration spring isolators.  Isolators 

shall be MASON “30N,” VIBRO-ACOUSTICS “SHRB,” KINETICS “SRH,” 

or equal. 

   b. Hangers shall consist of rigid steel frames containing minimum 1-1/4" thick 

neoprene elements at the top and a steel spring seated in a steel washer 

reinforced neoprene cup on the bottom. The ratio of the spring diameter 

divided by the compressed spring height shall be no less than 0.8. Springs shall 

have a minimum additional travel to solid equal to 50% of the rated deflection. 

The neoprene element and the cup shall have neoprene bushings projecting 

through the steel box. To maintain stability, the boxes shall not be articulated 

as clevis hangers, nor the neoprene element stacked on top of the spring. 

Spring diameters and hanger box lower hole sizes shall be large enough to 

permit the hanger rod to swing through a 30 arc from side to side before 

contacting the cup bushing and short circuiting the spring. 

 

 D. Rooftop Acoustical Systems:  Provide acoustical material inside the roof curb as indicated 

on the Contract Drawings.  Acoustical material shall be furnished by the isolation curb 

manufacturer, and consist of the following: 

 

  1. Vibration Isolation Rail System: Provide 2 layers of moisture resistant 5/8” gypsum 

board on top of 3/8” x 1-3/4” foam pads.  Foam pads shall be mounted on 2” aluminum 

channel that extends the width of the curb rail.  The aluminum channel shall be installed 
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above the spring isolator to attenuate acoustical vibrations translated through the roof 

curb. 

  2. Provide 2” thickness ROCKWOOL “AFB,” OWENS-CORNING “705,” or JOHNS 

MANVILLE “Insul-SHIELD” acoustic batt insulation with 2.8 lbs./sf density on top 

of the gypsum board. 

 

 

2.9 MEASUREMENT AND CONTROL 

 

 A. Variable Frequency Drives 

 

  1. This specification covers a complete Variable Frequency motor Drive (VFD) 

consisting of a pulse width modulated (PWM) inverter designed for use with a standard 

NEMA Design B induction motor. 

  2. Provide variable speed frequency drive (VFD) units for the following equipment: 

 

a. RTU Supply Fans 

b. RTU Exhaust Fans  

 

  3. Acceptable VFD manufacturers are ABB, DANFOSS, TOSHIBA, or equal. 

  4. The VFD package as specified herein shall be enclosed in a UL Listed Type 1 enclosure 

for indoor applications, completely assembled and tested by the manufacturer in an 

ISO9001 facility.  

 

   a. Environmental operating conditions: VFDs shall be capable of continuous 

operation at 32 to 120 F ambient temperature or VFD shall be oversized to 

meet these temperature requirements. 

   b. Enclosure for indoor applications shall be rated UL Type 1, Enclosures for 

outdoor applications shall be UL Type 3R.  All enclosures shall be UL listed 

as a plenum rated VFD. 

 

  5. All VFDs shall have a Short Circuit Withstand Rating of not less than the rating of the 

connected equipment in accordance with UL508. 

  6. All VFDs shall have the following standard features: 

 

   a. The keypad shall include Hand-Off-Auto selections and manual speed control.  

The drive shall incorporate "bumpless transfer" of speed reference. 

   b. There shall be a built-in time clock in the VFD keypad. 

   c. The VFD's shall utilize pre-programmed application macros specifically 

designed to facilitate start-up. 

   d. The VFD shall have cooling fans that are designed for easy replacement.  

   e. The VFD shall have the ability to automatically restart after an over-current, 

over-voltage, under-voltage, or loss of input signal protective trip.  

   f. The overload rating of the drive shall be 110% of its normal duty current rating 

for 1 minute every 10 minutes, 130% overload for 2 seconds.  The minimum 

FLA rating shall meet or exceed the values in the NEC/UL table 430.250 for 

4-pole motors. 

   g. The VFD shall have internal 5% impedance reactors to reduce the harmonics 

to the power line and to add protection from AC line transients.  
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   h. The input current rating of the VFD shall be no more than 3% greater than the 

output current rating.  

   i. The VFD shall include a coordinated AC transient surge protection system. 

   j. The VFD shall provide a programmable loss-of-load Form-C relay output.  

   k. The VFD shall have user programmable underload and overload curve 

functions to allow user defined indications of mechanical failure / jam 

condition causing motor overload. 

   l. The VFD shall include multiple "two zone" PID algorithms that allow the VFD 

to maintain PID control from two separate feedback signals (4-20mA, 0-10V, 

and / or serial communications).  The two zone control PID algorithm shall 

control motor speed based on a minimum, maximum, or average of the two 

feedback signals.   All the VFD PID controllers shall include the ability for 

"two zone" control. 

   m. If the input reference (4-20mA or 2-10V) is lost, the VFD shall give the user 

the option of either (1) stopping and displaying a fault, (2) running at a 

programmable preset speed, (3) hold the VFD speed based on the last good 

reference received, or (4) cause a warning to be issued, as selected by the user. 

   n. Door interlocked, pad lockable molded case switch that shall disconnect all 

input power from the drive and all internally mounted options. 

 

  7. All VFDs to have the following adjustments: 

 

   a. Three (3) programmable critical frequency lockout ranges.  

   b. Two (2) PID Set point controllers allowing pressure or flow signals to be 

connected to the VFD.  

   c. There shall be an independent, second PID loop that can utilize the second 

analog input and modulate one of the analog outputs to maintain the set point 

of an independent process (i.e., valves, dampers, etc.).  All set points, process 

variables, etc. shall be accessible from the serial communication network. 

   d. Two (2) programmable analog inputs shall accept current or voltage signals. 

   e. Two (2) programmable analog outputs (0-20ma or 4-20 ma).  

   f. Six (6) programmable digital inputs for flexibility in interfacing with external 

devices.  

   g. Three (3) programmable, digital Form-C relay outputs.  

   h. Run permissive circuit - There shall be a run permissive circuit for damper or 

valve control.  

   i. The VFD control shall include a programmable time delay for VFD start and 

a keypad indication that this time delay is active.  

   j. Seven (7) programmable preset speeds. 

   k. Two independently adjustable accel and decel ramps with 1 - 1800 seconds 

adjustable time ramps. 

   l. The VFD shall include a motor flux optimization circuit that shall 

automatically reduce applied motor voltage to the motor to optimize energy 

consumption and reduce audible motor noise.  

   m. The VFD shall have selectable software for optimization of motor noise, 

energy consumption, and motor speed control. 

   n. The VFD shall include a carrier frequency control circuit that reduces the 

carrier frequency based on actual VFD. 

   o. The VFD shall include password protection against parameter changes. 
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  8. The Keypad shall include a backlit LCD display.  All VFD faults shall be displayed in 

English words.  The keypad shall include the following assistants: 

 

   a. Start-up assistant 

   b. Parameter assistants 

   c. Maintenance assistant   

   d. Troubleshooting assistant 

   e. Drive optimizer assistants 

 

  9. All applicable operating values shall be capable of being displayed in engineering 

(user) units.  A minimum of three operating values from the list below shall be capable 

of being always displayed: 

 

   a. Output Frequency 

   b. Motor Speed (RPM, %, or Engineering units) 

   c. Motor Current 

   d. Motor Torque 

   e. Motor Power (kW) 

   f. DC Bus Voltage 

   g. Output Voltage 

 

  10. The VFD shall include a fireman's override input.  Upon receipt of a contact closure 

from the fire / smoke control station, the VFD shall operate in one of two modes: 1) 

Operate at a programmed predetermined fixed speed.  2) Operate in a specific fireman's 

override PID algorithm.  The mode shall override all other inputs except customer 

defined safety run interlocks and force the motor to run in one of the two modes above.  

  11. Serial Communications 

  

   a. The VFD shall have an EIA-485 port as standard.  The standard protocols shall 

be Modbus, Johnson Controls N2, Siemens Building Technologies FLN, and 

BACnet.  Optional protocols for LonWorks, Profibus, EtherNet, BACnet IP, 

and DeviceNet shall be available.   

   b. The BACnet connection shall be an EIA-485, MS/TP interface operating at 

9.6, 19.2, 38.4, or 76.8 Kbps.  The connection shall be tested by the BACnet 

Testing Labs (BTL) and be BTL Listed.  The BACnet interface shall conform 

to the BACnet standard device type of an Applications Specific Controller (B-

ASC).  The interface shall support all BIBBs defined by the BACnet standard 

profile for a B-ASC including, but not limited to: 

 

    1) Data Sharing - Read Property - B. 

    2) Data Sharing - Write Property - B. 

    3) Device Management - Dynamic Device Binding (Who-Is; I-Am). 

    4) Device Management - Dynamic Object Binding (Who-Has; I-Have). 

    5) Device Management - Communication Control - B. 

 

   c. Serial communication capabilities shall include, but not be limited to; run-stop 

control, speed set adjustment, proportional/integral/derivative PID control 

adjustments, current limit, accel/decel time adjustments, and lock and unlock 

the keypad.  The drive shall have the capability of allowing the DDC to 

monitor feedback such as process variable feedback, output speed / frequency, 
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current (in amps), % torque, power (kW), kilowatt hours (resettable), operating 

hours (resettable), and drive temperature.  The DDC shall also be capable of 

monitoring the VFD relay output status, digital input status, and all analog 

input and analog output values.  All diagnostic warning and fault information 

shall be transmitted over the serial communications bus.  Remote VFD fault 

reset shall be possible. 

   d. Serial communication in bypass shall include, but not be limited to; bypass 

run-stop control, the ability to force the unit to bypass, and the ability to lock 

and unlock the keypad.  The bypass shall have the capability of allowing the 

DDC to monitor feedback such as, current (in amps), kilowatt hours 

(resettable), operating hours (resettable), and bypass logic board temperature.  

The DDC shall also be capable of monitoring the bypass relay output status, 

and all digital input status.  All bypass diagnostic warning and fault 

information shall be transmitted over the serial communications bus.  Remote 

bypass fault reset shall be possible. 

   e. The VFD / bypass shall allow the DDC to control the drive and bypass digital 

and analog outputs via the serial interface.  This control shall be independent 

of any VFD function. 

   f. The VFD shall include an independent PID loop for customer use.  

 

  12. EMI / RFI filters.  All VFD's shall include EMI/RFI filters.  

  13. All VFD's through 75HP at 480 V shall be protected from input and output power mis-

wiring.  

  14. Bypass Controller 

 

   a. A complete factory wired and tested bypass system shall be provided with the 

following operators: 

 

    1) Bypass Hand-Off-Auto 

    2) Drive mode selector 

    3) Bypass mode selector 

    4) Bypass fault reset  

    

   b. The bypass shall include an LCD display that allows the user to access owner 

requested data including but not limited to failures, bypass power (KW), and 

energy savings. 

   c. The following indicating lights (LED type), or keypad display indications shall 

be provided. 

 

  15. Emergency Stop Function 

  

   a. An emergency stop function shall meet all the following requirements: 

 

    1) The function shall override all other functions and operations under 

all conditions. 

    2) Reset shall not initiate a restart. 

    3) An emergency stop shall operate in such a way that, when it is 

activated, the hazardous movement of the machinery is stopped and 

the machine is unable to start under any circumstances, even after the 
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emergency stop is released. Releasing the emergency stop only allows 

the machine to be restarted. 

    4) The emergency stop shall stop hazardous movement by applying a 

stop category 0. 

 

     a) Emergency stop category 0 (according to EN 60204-1) means 

that the power to the motor shall cut off immediately. Stop 

category 0 is equivalent to the safe torque off (STO)function, 

as defined by standard EN/IEC 61800-5-2. 

 

  16. Installation shall be the responsibility of the mechanical contractor.  The contractor 

shall install the drive in accordance with the recommendations of the VFD 

manufacturer as outlined in the VFD installation manual. 

  17. Power wiring shall be completed by the electrical contractor, to NEC code 430.122 

wiring requirements based on the VFD input current. 

  18. Certified factory start-up shall be provided for each drive by a factory authorized 

service center.  A certified start-up form shall be filled out for each drive with a copy 

provided to the owner, and a copy kept on file with the manufacturer. 

  19. The VFD Product Warranty shall be 24 months from the date of certified start-up.  The 

warranty shall include all parts, labor, travel time and expenses. There shall be 365/24 

support available via a toll-free phone number. 

 

 B. Low Voltage Condensate Overflow Shut-off Switch 

 

  1. Low voltage condensate overflow shut-off switches shall be installed on all condensate 

drain pans as manufactured by RECTORSEAL “AquaGuard,” LITTLE GIANT 

“ACS-2,” ASURITY “CC-1,” or equal. 

  2. Mechanical equipment without adequate pan clearance to install a primary drain pan 

switch shall provide a switch installed on the primary drain pan outlet.  The condensate 

shut-off switch shall detect downstream clogs in condensate drains and interrupts the 

thermostat circuit to shut off the unit before flooding occurs.  Switch shall be 

RECTORSEAL “Safe-T-Switch,” LITTLE GIANT “ACS-5,” ASURITY “CS-1,” or 

equal. 

  3. The condensate shut-off switch shall detect rising water in condensate drain pans and 

interrupts the thermostat circuit to shut off the unit before flooding occurs. The device 

shall be installed on the primary drain pan rim with a two-piece clamp system that does 

not require drilling. 

  4. The switch shall incorporate a high capacity 5-amp, 24-volt AC magnetic float switch 

in a fully housed protective cover.  The housing shall include a pull up test knob for 

functional testing of system. 

  5. The switch shall include an alarm wire to connect to the BAS.  The switch shall send 

an alarm signal to the BAS front-end workstation. The mechanical contractor shall be 

responsible for coordinating the switch connections with the controls contractor. 

  6. The switch shall be UL Listed to comply with UL 508. 

 

 C. Bipolar Ionization 

 

  1. This section describes the design, performance, and installation of a needlepoint bipolar 

ionization (NBPI) air purification system intended for use as part of another 
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manufacturer’s air handling unit or mounted on the duct as shown on the plans, details, 

and equipment schedules. 

  2. Project Design 

 

   a. Maximum ozone emissions shall be in accordance with limits stated in UL 2998.  

Provide products listed as UL2998-compliant. 

   b. Provide ionization device that does not require preheat protection when relative 

humidity of entering air exceeds 85%. Device shall be suitable for relative 

humidity from 0-100%, condensing, without causing damage, deterioration, or 

dangerous conditions within air ionization system. 

   c. Provide systems that produce positive and negative ions. Unipolar ionization 

devices are unacceptable. 

   d. Device shall be tested by UL, proving compliance with UL 2998 ozone standard 

when tested using UL 867 (5th edition) methodology.  Perform large chamber 

testing and peak ozone test for electronic devices in accordance with UL 2998. 

 

    1) Demonstrate interior ion concentration levels, both positive and negative 

collectively, to minimum 2000 ions/cc measured 5 ft from floor where 

air is delivered from the duct system 

    2) Provide ionization systems suitable for air exchange rates through full 

operating range of constant volume or variable air volume (VAV) 

system. 

    3) Minimum air velocity:  300 fpm 

 

   e. Provide ionization device enclosures constructed of corrosion-resistant, non-

metallic materials.  Configure enclosure without thermal bridging.  Provide units 

certified to UL 2998.   

   f. Provide ionization units having manufacturer's recommended number of 

electrodes and power generators, sized to system air flow. 

   g. Electrodes shall consist of carbon fiber clusters having minimum 45000 needles 

each. 

   h. Ionization system shall be energized continuously. 

   i. Additional Design Requirements for Non-Auto Coil Cleaning Installations: 

 

    1) Multi-voltage input shall allow 24V or 110-240VAC power supply.  

    2) Provide magnets for mounting ionization system to fan inlet.  

    3) Provide integral alarm dry contacts, SPST (NO), rated 0.3 A at 125VAC. 

 

   j. Additional Design Requirements for Auto Coil Cleaning Installations: 

 

    1) Provide electrodes in six-inch sections for field assembly by installer to 

cover entire finned width of coil. 

    2) Provide one modular ionization bar for ever 5ft. of coil height. 

    3) Electrode spacing shall be 0.5 to 1 inch apart. 

    4) Output shall be 140 million ions/cc per inch of bar, measured 1 inch from 

carbon fiber brushes. 

    5) Ionization Bars: 

 

     a) Length shall be 12 ft. maximum 
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     b) Provide ac power supply for field installation, capable of 

powering four ionization bars requiring 20W each. 

     c) Include integral on/off switch and LED “power on” light. 

     d) Include BAS interface alarm dry contacts, SPST (NO), rated 1A 

at 250VAC. 

     e) Power source shall be 24VAC, 110VAC, or 208-240VAC. 

     f)  Power supply enclosure class shall be NEMA 250, Type 4. 

 

   k. NPBI devices shall be provided with internal short-circuit protection, overload 

protection, and automatic fault reset circuit breakers.  

 

  3. General Installation 

 

   a. Position each electronic air cleaner unit with clearance for service and 

maintenance. Anchor electronic air cleaners to substrate. 

   b. Install air cleaner devices between upstream filter and cooling coil.  Where unit 

configuration does not allow this installation location, air cleaner devices shall be 

installed upstream or downstream of supply fan. 

 

  4. Factory-fabricated, modular bipolar ionization device 

 

   a. Subject to compliance with requirements, provide GPS “i-MOD,” 

PHENOMENAL AIRE “Series C Universal,” ATMOSAIR “ActiveOx R” or 

equal. 

   b. Capacity and Characteristics 

 

    1) Materials:  Composite and carbon fiber 

    2) Capacity:  50 to 250 cfm per inch of length 

    3) Voltage selector switch and illuminated on-off switch 

    4) LED operational status light 

    5) Six high-voltage output connections 

    6) Alarm contacts:  SPDT, dry 

    7) Auxiliary terminals for connections of remote ion sensor 

    8) Temperature range:  -40°F to 140°F 

    9) Relative humidity range:  0-100% 

    10) Power Entry:  UL listed, line cord with three-prong plug 

    11) Power unit dimensions: 9” L x 3.25” W x 4.75”H 

    12) Ionizer bar dimensions: 1.6”H x 0.75” W 

 

     a) Length per section:  6 inches, having nine brushes per section 

     b) Maximum assembled bar length:  144 inches 

     c) Provide rare earth magnets for mounting 

 

    13) Power unit weight:  4.63lb 

    14) Ionizer bar weight:  0.24lb per 6-inch section 

 

   c. Electrical Characteristics 

 

    1) Electrical Listings:  UL/ETL 

    2) Compliance and Certifications:  IAQP, UL 867, UL 2043, UL 2998 
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    3) Input voltage: 24V AC or DC, 110VAC, 240VAC 

    4) Amperes:  0.5A at 24V, 01.12A at 110V, 0.1A at 240V 

    5) Output power:  5 kV RMS 

    6) Total ion output:  140 million ions/cc per inch of bar, measured 1 inch 

from carbon fiber brushes 

 

   d. Provide ion sensor compatible with ionization device. 

   e. Provide one ionization bar assembly on each coil up to 60 inches in height.  Space 

bars maximum 60 inches apart.  Install bar to cover entire finned width of coil to 

nearest 6 inches without exceeding finned width of coil. 

 

 

PART 3 - EXECUTION 

 

 

3.1 TESTS 

 

A. Refer to Section 230593 “Testing, Adjusting and Balancing” for related requirements. 

 

B. At their discretion, the Owner shall be represented at all tests. Contractor shall provide 48 

hours’ notice to the Owner prior to the tests unless otherwise specified. 

 

C. Before insulation is installed and before piping is concealed, test water piping hydrostatically 

and prove tight under 100 psig pressure. Test pressure shall be held for minimum of 8 hours. 

An air test in lieu of water may be used when danger of freezing is possible and when approved. 

 

D. Refrigerant piping shall be tested with dry nitrogen and trace of refrigerant at test pressures 

recommended by equipment manufacturer. After system has been proven tight under test 

pressure, it shall be evacuated to a pressure 2.5 mm Hg absolute. The refrigerant compressor 

shall not be used for evacuating the system. Vacuum shall be checked by use of a mercury 

manometer. 

 

 

3.2 EQUIPMENT COORDINATION 

 

A. The Prime contractor shall conduct an HVAC Coordination meeting after submission of the 

HVAC equipment, fire alarm, and controls submittals to the Engineer, and prior to the return 

of the reviewed controls submittal to the Prime Contractor.  The Prime Contractor shall 

coordinate the meeting time, date, and location with all parties, provide a written agenda, 

provide written meeting minutes, and provide a detailed issues summary (if unresolved issues 

remain open after the meeting). 

 

B. The Prime Contractor shall provide follow-up action as required with the following in 

mandatory attendance: 

 

  1. Prime Contractor Project Manager and Project Superintendent 

  2. Equipment manufacturer technical services representative (not a sales representative) 

  3. Controls contractor technical services representative (not a sales representative) 

  4. Mechanical engineer 

  5. Owner’s representative 
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  6. Fire alarm system representative 

 

C. The purpose of this meeting is to review equipment, control sequences, and the selected 

manufacturer’s available control points.  Upon completion of this meeting, the General 

Contractor shall be required to submit a meeting report detailing all discussed issues and 

coordinated solutions.  Any unresolved issues shall require another mandatory meeting to 

ensure all items have been considered and coordinated prior to construction. 

 

 

3.3 DUCTWORK LEAKAGE TESTING 

 

 A. Test all medium pressure supply duct systems to determine the leakage in the systems. The 

leakage testing shall be performed in accordance with the requirements of SMACNA - 

ADLTM in presence of Owner or Owner’s Representative. 

 

 B. Coordinate test opening size requirements with the test equipment. 

 

 C. Coordinate scheduling of tests and all preparations for tests with the Engineer and Owner. 

The Contractor’s air balancing Contractor and Owner shall witness all leak tests. 

 

 D. All medium and high pressure supply air ductwork shall be leak tested at 4.0" w.c. Allowable 

leakage shall be in accordance with SMACNA HVAC Air Duct Leakage Test Manual. 

 

 E. The air balancing Contractor shall review the test results and provide recommendations for 

repair and/or modification to any systems which do not meet the allowable leakage rate 

criteria. Once repairs and/or modifications are complete, the Contractor shall repeat the 

leakage testing. This process shall continue until the system meets or exceeds the allowable 

leakage rate criteria. Additional testing shall be performed at the Contractor’s expense. 

 

 F. Leakage testing shall be performed prior to above ceiling Punch List, insulation of the 

ductwork and installation of the finished ceilings. 

 

 G. Forward all test results to the Engineer for review. Provide copy of all tests to Owner upon 

completion. 

 

 

END OF SECTION 230500 
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SECTION 230593 - TESTING, ADJUSTING AND BALANCING (TAB) 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections and Section 230100 “Mechanical General 

Provisions” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. The General Contractor shall obtain the services of an independent testing and balancing 

agency whose business is limited to testing, adjusting and balancing and shall be certified by 

AABC (or NEBB). Agency shall have been in the TAB business for a minimum of 5 years. 

The TAB (Testing, Adjusting and Balancing) Agency shall be a direct subcontractor of the 

General Contractor and not affiliated in any way with the Mechanical Contractor. 

 

B. Testing and balancing shall be performed in accordance with National Standards for Testing 

and Balancing Heating, Ventilating and Air-conditioning Systems, 2002, as published by 

Associated Air Balance Council (AABC). 

 

C. All work shall be performed under the direct supervision of a certified TAB Engineer. All 

other personnel shall be regular full-time employees of the TAB Agency. 

 

D. Test and Balance Agency shall submit within 30 days after receipt of construction contract 

two copies of qualifications, including current TAB Engineer’s certificate and National 

Project Certification Performance Guaranty. 

 

E. TAB work shall not commence until all components of the HVAC system have been installed 

completely, including all power wiring and controls and all equipment has been started and 

run tested in each mode of operation.  Should any items be found incomplete at the time that 

TAB work is performed, the TAB Agency shall immediately notify the General Contractor 

and Owner’s Representative of any deficiencies found. The General Contractor shall be 

responsible for correcting reported deficiencies and verifying that the system is 100% 

complete, operable and ready for TAB work to proceed. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 MATERIAL AND EQUIPMENT 
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A. Provide all necessary instrumentation required to measure and adjust the HVAC air and water 

systems. 

 

B. Equipment and instruments shall be of types approved by the Owner’s Representative and/or 

manufacturers of devices installed. 

 

C. Instruments used for testing and balancing of air and hydronic systems shall have calibration 

verified within a period of 12 months prior to balancing. 

 

 

PART 3 - EXECUTION 

 

 

3.1 GENERAL, MECHANICAL AND ELECTRICAL CONTRACTOR’S RESPONSIBILITY 

 

A. The General Contractor shall be responsible for directing the Mechanical and Electrical 

Contractors to fulfill the Contractors’ Responsibility for Testing, Adjusting and Balancing as 

required in Section 230100. TAB work shall not commence until the conditions of paragraph 

1.2.E of this Section and all requirements of Section 230100 for TAB have been completed. 

 

 

3.2 TAB AGENCY’S RESPONSIBILITY 

 

A. Carefully review the drawings and Specifications for the various systems noting all facilities 

incorporated in the design for purposes of adjusting and balancing.  Should it be deemed 

necessary to provide additional dampers, baffles, valves, or other devices which would aid 

in the required adjusting and balancing, same shall be provided by the installing contractor. 

 

B. The TAB Agency shall report any and all deficiencies that prohibit adjusting and balancing 

in accordance with the Contract Documents to the Contractor and the Owner’s 

Representative. 

 

C. Adjust all water piping, duct and equipment, including valves, controls, dampers, cocks, etc., 

to properly perform to ±10% of their respective design quantities of flow. 

 

D. Determination of the air volumes shall be made by pitot tube and differential draft gauge for 

all supply, return, outdoor air and exhaust air ducts. Openings for pitot traverses shall be 

provided as required and shall be fitted with neat removable plugs or covers. Air quantities 

at grilles, registers, diffusers, etc., shall be measured as recommended by the various 

manufacturers of the outlets. 

 

1. Fan powered VAV boxes shall be balanced in a manner that assures the design primary 

airflow is delivered to the VAV box at maximum and minimum air flow. The 

manufacturer provided flow measurement device may or may not be accurate due to 

upstream duct conditions. (See 3.2.H.7 for reporting requirements.) 

 

E. The Test and Balance Agency shall perform the following: 

 

 1. Adjust fan RPM, tighten and align fan belts, measure operating amps. 

 2. Adjust volume dampers to obtain designed air volume. 
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 3. Adjust grilles, diffusers and registers to obtain designed airflow and air pattern. 

 4. Set balancing valves to obtain designed water flow at units, coils and branches. 

 5. Adjust each air handler to obtain designed airflow. 

 6. Adjust dampers to provide design outside air quantities. 

 7. In cooperation with the ATC Contractor’s representative, setting adjustments of 

automatically controlled dampers to operate as specified.  The TAB Agency shall 

inform ATC Contractor of all abnormalities in sequencing and/or calibration of 

components discovered during balancing. 

 8. Final settings of dampers and valves shall be permanently marked.  Where provided, 

memory stops and locking devices shall be adjusted and locked to the final setting. 

 9. Assist Fire Alarm Contractor in the testing of all duct smoke detectors.  Measure the 

air velocity across each duct smoke detector with air handling unit at full airflow. 

 

F. Before the work is offered for Final Acceptance, all equipment shall be run through a test to 

demonstrate that it has been adjusted to meet the requirements of the drawings and 

Specifications. Copies of the test and adjustment data shall be submitted in a report to the 

Owner’s Representative prior to final inspection. 

 

G. The TAB Report shall include a General Comments section providing an overview of 

systems operation, observations of system installation abnormalities and deficiencies, 

problems encountered, etc. If required, provide explanation of methods of measurement and 

disparity between measured and design quantities. 

 

H. Test and Balance Agency Report shall include the following data for each system. All sheets 

shall be neatly typed. Balancing Agency shall submit with his report a set of neatly marked 

plans identifying location of each piece of equipment, air terminal, flow measuring device 

and points of traverse. Report all measured quantities and design quantities where applicable. 

 

 1. CFM of each supply, return, exhaust grille and diffuser. 

 2. RPM and CFM of each fan. 

 3. Supply, return and outdoor air CFM of each AHU and fan terminal unit where required. 

 4. Air pressure drop across A/C unit cooling and heating coils. 

 5. Air pressure drop across each filter bank. 

  6. Discharge and suction static pressure of each fan. 

 7. Maximum and minimum differential pressure and corresponding CFM of each 

terminal box.  

 8. Voltage rating and operating volts of each fan motor. For fan motors requiring three-

phase power, record voltage of each individual phased leg and check for voltage 

imbalance. 

 9. Temperatures for each air handling unit at maximum capacity including the following 

measurements: 

 

a. Entering and Leaving air temperature at each coil. 

b. Entering and Leaving water temperature at each coil. 

 

 10. Air Handling unit is defined as any equipment that consists of a fan and coil, including 

rooftop air conditioning units, fan powered terminal units, cabinet unit heaters, unit 

heaters, etc. 

 11. Nameplate data of each piece of HVAC equipment installed. 
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 12. Differential pressure and corresponding GPM across each flow measuring device, 

including automatic flow control devices. 

 13. Final percent setting after adjustment of each balancing valve where applicable. 

 14. Velocity across each duct smoke detector at full airflow. 

 

I. During the Final Inspection, the Agency shall have present all necessary instrumentation and 

an individual to make readings of select information which was submitted in the balance 

report. The select readings shall be made where directed by and in the presence of the 

Owner’s Representative and shall not deviate more than 5% from the values submitted in the 

report. 

 

J. The Owner’s Representative may select no more than 20% of all reported data for rechecking. 

If more than 20% of data verified is not within ±5% of submitted data, the Owner’s 

Representative may void entire report and ask for complete rebalancing. The field check shall 

be made within 45 days of approved TAB submittal. 

 

 

END OF SECTION 230593 



NORTHERN SHORES ELEMENTARY SCHOOL ADDITION  

SUFFOLK PUBLIC SCHOOLS 
 

RRMM PROJECT NO. 23238-00 

 

 

MECHANICAL INSULATION                                          230700 - 1 

SECTION 230700 - MECHANICAL INSULATION 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections and Section 230100 “Mechanical General 

Provisions” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SUBMITTALS 

 

A. Submit manufacturers’ data on all insulation products, schedule which indicates where each 

product is to be used and thickness of each product. 

 

 

1.3 WARRANTY-GUARANTEE 

 

 A. Contractor shall furnish written warranty, countersigned and guaranteed by the General 

Contractor, stating that work executed under this Section of the Specifications shall be free 

from defects of materials and workmanship for a period of 12 months from date of Substantial 

Completion. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 INSULATION – GENERAL 

 

 A. All insulation shall have a composite (insulation, jacket or facing and adhesive used to adhere 

the facing or jacket to the insulation) fire and smoke rating as requested by ASTM E84, 

NFPA 255 and UL 723, not exceeding: 

 

  Flame spread  25 

  Smoke developed 50 

 

 B. Accessories, such as adhesive, mastics, cements, tapes and fire-resistant cloth for fittings, 

shall have same fire and smoke ratings as components listed above. 

 

 C. Installation of insulation shall be accomplished in strict accordance with manufacturer’s 

recommendations and shall be CERTAINTEED, OWENS-CORNING, JOHNS 

MANVILLE or KNAUF INSULATION for glass fiber insulation; ARMACELL, 

AEROFLEX, or AEROFOAM for flexible unicellular insulation. 
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2.2 PIPE INSULATION 

 

 A. Glass fiber insulation having a thermal conductivity not greater than 0.24 Btu x in./hr. x sq. 

ft. x °F in a mean temperature of 75°F.  Insulation shall have factory-applied all-purpose 

jacket. 

 

 B. Flexible unicellular insulation having a thermal conductivity not greater than 0.27 Btu x 

in./hr. x sq. ft. x °F in a mean temperature of 75°F. 

 

 

2.3 DUCT INSULATION 

 

A. Blanket Type for concealed ductwork within the conditioned space: Glass fiber, ¾-lbs/cu. ft., 

foil faced, vapor-sealed flexible duct insulation. Thermal conductivity shall not exceed 0.29 

Btu x in./hr. x sq. ft. x ºF. 

 

B. Blanket Type in unconditioned spaces including attics: Glass fiber, 1-1/2-lbs/cu. ft., foil 

faced, vapor-sealed flexible duct insulation. Thermal conductivity shall not exceed 0.25 Btu 

x in./hr. x sq. ft. x ºF. 

 

C. For the purposes of this Section, unconditioned space shall be defined as any area not directly 

served by supply ductwork.  Plenum spaces shall be considered conditioned.  Attics, 

mezzanines, and mechanical rooms shall all be considered unconditioned. 

 

 

2.4 ACOUSTIC DUCT LINER 

 

 A. Fiberglass duct liner shall not be used.  

 

 

2.5 INSULATED DUCT COATING  

 

 A. Provide insulated duct coating on all exterior galvanized sheet metal ductwork, POLAR 

SEAL, ASTEC, or approved equal. 

 

  1. Water based acrylic plastic primer “prime security” shall provide 100% adhesion to 

substrate, stop oil migration and set base for waterproof membrane “top security”.   

  2. Water-based acrylic plastic waterproof membrane “top security” with bright white 

reflective heat shield consisting of a high concentrate of titanium dioxide to reflect 

ultraviolet rays. 

  3. Membrane “top security” shall be non-chalking, mildew and fungus resistant and crack 

resistant. 

  4. Membrane “top security” shall be capable of withstanding sub-zero and extreme heat 

conditions without degradation. Membrane shall not shrink or become brittle because 

of age. Membrane shall be resistant to environmental pollution and other chemicals, 

such as ammonia, chlorine, insecticides, herbicides and other common airborne 

chemicals. 
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2.6 ALUMINUM PIPE JACKETS 

 

 A. Aluminum jacket shall be .016" thick (28 ga.) smooth aluminum sized to provide a minimum 

2" self-gauging overlap longitudinal and circumferentially, minimum 3/4" by .015" thick (30 

ga.) draw bands. Jacket shall be supplied with a factory-applied polykraft moisture barrier. 

CHILDERS PRODUCTS COMPANY, STRAP-ON JACKETING. 

 

 B. Provide fitting covers of same material as jacket and of same manufacturer. 

 

 

2.7 CALCIUM SILICATE PIPE INSULATION INSERTS 

 

A. Calcium silicate pipe insulation inserts shall be provided at all points of contact between 

hangers and insulated piping larger than 1-1/2”. 

 

B. Calcium silicate meeting ASTM C533, Type I, water resistant; rigid molded pipe; asbestos-

free JOHNS MANVILLE Thermo-1200, or approved equal. 

 

C. Thermal conductivity of 0.437 Btu at 300°F mean temperature as tested in accordance with 

ASTM C335. 

 

D. Minimum compressive strength of 100 psi to produce 5% compression at 1-1/2" thickness. 

 

E. Non-combustible as determined by test complying with ASTM E136. 

 

F. Inserts shall have sufficient compressive strength to adequately support the pipe without 

compressing the inserts to a thickness less than the adjacent insulation.  Insulation inserts 

shall cover the bottom half of the pipe circumference 180 degrees and be not less in length 

than the protection shield. Vapor-barrier facing of the insert shall be of the same material as 

the facing on the adjacent insulation. 

 

 

2.8 PVC PIPE JACKET FITTING COVERS 

 

A. One-piece molded-type PVC plastic fitting covers and jacketing material, color matching 

JOHNS MANVILLE Zeston 2000, or approved equal. 

 

B. Connections shall be made using pressure-sensitive color matching vinyl tape. 

 

 

2.9 FIRE WRAP 

 

A. Acceptable Manufacturer: THERMAL CERAMICS: 2102 Old Savannah Rd., Augusta, GA  

30906; or approved equal. 

 

B. Thermal Material: 2000°F rated core blanket, manufactured from patented bio-soluble 

Superwool chemistry (Calcium Magnesium Silicate). 

 

1. Product: FireMaster FastWrap XL as manufactured by THERMAL CERAMICS. 
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a. Insulation enclosure system tested and classified by UL (HNKT G18) to 

provide zero clearance to combustible construction and 2-hour fire rating per 

ASTM E 2336. 

 

2. Fully encapsulated thermal material in fiberglass reinforced aluminum/polypropylene 

scrim. 

 

a. Encapsulation material marked with UL Classification Mark. 

b. Encapsulation material marked with ICC-ES report number ESR 2213. 

c. Collars supplied in 6-inch (150 mm) wide by 25 feet (7620 mm) long rolls. 

 

  3. Product Characteristics: 

 

a. Thickness: 1-1/2" ((38 mm). 

b. Nominal Density: of 6 pcf 

c. R-Value: 7.35 per layer of FireMaster Fast Wrap XL when tested in 

accordance with ASTM C518. 

d. Flame Spread: <25 when tested in accordance with ASTM E 84. 

e. Smoke Development: <50 when tested in accordance with ASTM E 84. 

 

 C. Accessory Materials: 

 

1. Glass Filament Tape: Minimum ¾ inch (19 mm) wide – used to temporarily secure 

blanket until permanent attachment using steel banding and/or steel insulation pins. 

2. Aluminum foil Tape: Minimum 3 inches (76mm) used to seal cut edges. 

3. Carbon Steel or Stainless Strapping Material Minimum: ½ inch (13 mm) wide and 

0.015 inch (.38 mm) thick. 

4. Steel Insulation Pins: Minimum 12-gauge, length sufficient to penetrate through duct 

wrap insulation. 

5. Insulation Clips: Galvanized steel, minimum 1-1/2 inches (38 mm) round or square. 

6. Through Penetration Firestop Sealants:  

 

a. Packing Material: Remove encapsulation material from FastWrap XL, use 

core blanket (white) as penetration packing material.  

b. Firestop sealants per applicable building code report and/or laboratory design 

listings. 

 

  7. Grease Duct Access Doors: 

 

a. Field fabricated access doors per Thermal Ceramics installation instructions.  

b. DuctMate F2-HT Doors (NFPA 96 Compliant, tested with FireMaster 

FastWrap XL per ASTM E 2336) 

c. DuctMate Ultimate Door (NFPA 96 Compliant, UL Listed per UL 1978, tested 

with FireMaster FastWrap XL per ASTM E 2336) 

d. FireMaster DuctMate F2-HT-XL3 Access doors are supplied as a complete 

installation with DuctMate F2-HT Door and 3 layers of FastWrap XL 

insulation installed as tested in accordance with ASTM E 2336. Supplied in 

standard door sizes of 6 by10 inches (152 mm by 254 mm), 8 by 12 inches 
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(203 mm by 305 mm), 12 by 16 inches (305 mm by 406 mm) and 14 by 18 

inches (356 mm by 457 mm). 
 

 

PART 3 - EXECUTION 
 

 

3.1 INSTALLATION 

 

A. Insulation shall be installed by a licensed applicator and in strict accordance with the 

manufacturer’s instructions. Deliver all materials to the job site and store in a safe, dry place. 

Use all means necessary at the job site to protect materials from dust, dirt, moisture and 

physical abuse before and during installation. Insulation that becomes damaged prior to 

installation shall not be installed and shall be removed from the job site. Insulation that 

becomes wet or damaged after installation shall be removed and disposed of and replaced 

with new insulation. 

 

B. Surfaces to be insulated shall be cleaned free of dirt, scale, moisture, oil and grease prior to 

installation of the insulation.  
 

 

3.2 PIPING (GLASS FIBER INSULATION, UNLESS OTHERWISE NOTED) 

 A. Schedule: 

 

  Domestic Cold Water    1/2" thickness for pipe sizes up to 1-1/4” 

        1” thickness for pipe sizes over 1-1/4” 

 

  Domestic Hot Water, Tempered Water,  1” thickness for pipe sizes up to 1-1/2” 

  and Recirculating Hot Water (85-110°F) 1-1/2” thickness for pipe sizes over 1-1/2” 

 

  Hot Water Heating and Dual   1-1/2” thickness for pipe sizes up to 1-1/2” 

  Temperature Water (140°F and above)  2” thickness for pipe sizes over 1-1/2” 

 

  Refrigerant Piping    1/2" thickness flexible unicellular for all 

liquid piping.  1” thickness flexible 

unicellular for vapor (suction) piping up to 1-

1/2”.  1-1/2” thickness flexible unicellular for 

vapor (suction) piping over 1-1/2”. 

 

  Condensate drain above floor   1/2" thickness 

 

  Storm and Sanitary Drains above  1/2" thickness 

  floor that receive condensate 

 

  Rain Leaders and Overflow Rain  1” thickness, except insulation not required 

  Leaders, including Roof drain and  where piping is concealed in walls 

  Overflow Roof Drain Bodies 

 

 B. Fittings and valves on insulated piping smaller than 4" shall be insulated with fiberglass 

blanket to thickness equal to adjoining pipe insulation unless otherwise noted.  On all fittings 
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and valves, insulation shall be finished with a preformed PVC jacket. Finish all edges of 

insulation with mastic sealant to ensure no insulation is exposed. 

 

C. All valves and piping accessories above ceilings handling cold water shall be completely 

insulated to prevent condensation.  Insulation installed on cold water valves shall be fully 

removable at the valve stem to facilitate valve operation while maintaining thermal barrier. 

 

D. Fittings and valves on refrigerant suction piping shall be insulated with cut sections of 

flexible unicellular insulation of thickness equal to adjoining pipe insulation. 

 

E. All flexible unicellular and glass fiber piping insulation exposed to the weather shall be 

provided with aluminum jacketing. 

 

F. No piping shall be insulated until it has been tested and thoroughly cleaned. 

 

G. Provide pipe inserts between pipe hanger support shields and on piping 1-1/2" diameter or 

larger. Insulation inserts shall not be less in length than 10”. 

 

 H. Hangers and supports for cold, or chilled water piping shall not injure or pierce insulation. 

 

 

3.3 DUCTWORK 

 

 A. Definitions: 

 

1. Concealed: Ductwork which shall be hidden from view by ceilings, walls, chases, or 

soffits, either by the work of this Contract, or by future tenant build-out work. 

  2. Exposed: Ductwork which is permanently in view, typically found in mechanical, 

storage, electrical, or other unfinished space. 

  3. Unconditioned space:  Any area not directly served by supply ductwork.  Plenum 

spaces shall be considered conditioned.  Attics, mezzanines, and mechanical rooms 

shall all be considered unconditioned 

 

 B. Schedule: 

 

 Concealed Supply and Return,    2" thickness blanket  

 Air Ductwork 

 Externally Insulated: 

 (inside the conditioned space) 

 

 Concealed Supply and Return,    2" thickness blanket  

 Air Ductwork 

 Externally Insulated: 

 (inside the unconditioned space including attics) 

 

 Exposed Supply and Return,    2" thickness rigid board  

 Air Ductwork 

 Externally Insulated: 

 (In all mechanical  

 rooms and mechanical mezzanines) 
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Plenums:     2" thickness (or externally insulate 

      with 2" blanket or 1-1/2" rigid board) 

 

  Transfer Ducts:    Not Required 

 

  Exhaust Ducts:    Not Required 

 

  Factory Insulated Casings and Plenums Not Required 

  Factory Insulated Double Wall Ductwork Not Required 

 

C. Insulate necks and tops of all supply air diffusers, registers and grilles. 

 

 D. Finish all edges of insulation with mastic sealant to ensure no insulation is exposed, where 

installed outdoors or in unconditioned spaces. 

 

 E. Where installed in conditioned spaces, blanket-type insulation shall be stapled and finished 

with mastic sealant in accordance with manufacturer’s instructions.   

 

 F. Insulation on ductwork over 16" in height or width must be attached with stick pins. When 

using self-adhesive pins, prepare surface to be applied to ensure adhesion. 

 

 G. Insulation on flexible connections to VAV terminal units shall be stretched over the metal 

band and taped to the inlet and outlet connections of the VAV terminal unit.   

 

 

3.4 INSULATED DUCT COATING 

 

A. Clean galvanized outer surface of sheet metal ductwork as recommended by the manufacturer 

of the duct coating. 

 

B. Apply first primer coat of insulated duct coating over all exposed ductwork at a rate of 100 

square feet per gallon. Use polyester scrim over any joints or open areas.  Completely saturate 

scrim in the first primer coat of duct coating. 

 

C. After first primer coat is dry (dries from milky white when wet to clear opaque when dry), 

apply second primer coat at a rate of 100 square feet per gallon and let dry. 

 

D. Apply top coat of insulated duct coating at a rate of 100 square feet per gallon and allow to 

dry. 

 

E. After first top coat is dry, apply a second top coat of insulated duct coating at a rate of 100 

square feet per gallon. 

 

3.5 SELF-ADHESIVE, FIELD-APPLIED, OUTDOOR JACKETS 
 

A. Ducts shall be sealed in accordance with SMACNA HVAC Duct Construction Standards 

Metal and Flexible - Second Edition (1995) Seal Class B (or latest version of SMACNA) 

prior to installation of insulation and the outdoor, field-applied jacket. 
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B. Outdoor, field-applied insulation and jacket on ductwork insulation shall be pitched to shed 

water and prevent water ponding on top of the duct. 

C. Fiberglass insulations shall have a factory applied FSK facing.  Contractor shall be 

responsible for testing adhesion to any substrate. 

D. Substrate surfaces shall be clean, dry, and free of oil films. 

E. Select outdoor, field-applied jacket materials in accordance with manufacturer's instructions 

for coverage on the underside of the ductwork, to avoid pins. 

F. Contractor shall adhere to the following duct installation criteria for proper maintenance of 

vapor barrier and physical integrity: 

1. Board insulation shall be mechanically installed on properly sealed ductwork 

according to the specifications using insulation fasteners (mini-cup weld pins or 

perforated. based pins and washers). 

2. Washers shall be covered with a 4-inch square piece of smooth foil tape prior to 

jacketing the ductwork to prevent the puncture of the outer membrane by the fasteners. 

3. Insulation on the top of the ductwork shall be installed to allow for the water to shed 

from the top of the duct and to prevent water from ponding on the top of the duct. 

G. Contractor shall follow one of the options below for the installation of the outdoor, field-

applied jacket depending on the jacket product and the duct sizes: 

 

1. Two-Piece Installation. 

2. Four-Piece Installation. 

H. Contractor shall protect outdoor, field-applied jackets from damaging chemicals.  Solvation 

will occur to the rubberized bitumen when exposed to petroleum or coal tar based 

compounds.  Contact the manufacturer immediately for more information if there is doubt, 

before any chemical interaction. 

I. Contractor shall allow each piece of the outdoor, field-applied jacket to stretch by using a 6-

inch lap over the circumferential lap, and a 4-inch wide butt lap or overlap over the joint, and 

then roll with a roller.  Position longitudinal laps at a water shed position. 

J. Contractor shall not pre-apply the outdoor, field-applied jacket to fabricated insulation unless 

metal banding is used.   Outdoor, field-applied jackets are not mechanical fastening systems 

and will not hold the insulation on the duct. 

 

3.6 FIREWRAP 

 

A. Do not begin installation until substrates have been properly prepared. 

 

 B. If substrate preparation is the responsibility of another installer, notify Architect of 

unsatisfactory preparation before proceeding. 

 

C. Preparation: 
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  1. Remove dirt and dust from surfaces of openings and items penetrating rated floors and 

rated walls. 

 

D. Installation: 

 

1. Install Firewrap in direct contact with the ductwork in accordance with manufacturer's 

instructions, applicable laboratory listings and building code reports and referenced 

standards. For additional complex duct design installation recommendations, see the 

Thermal Ceramics’ complete installation guide.  

  

a. Installation shall be performed by an experienced contractor per manufacturer 

instructions, applicable UL Listings and ICC-ES building code report (ESR 

2213 or ESR 2832). Provide UL Listed liquid tight Thermal Ceramics 

FastDoor XL access doors where required by code. Sheet metal and insulation 

contractors shall coordinate installation of FastDoor XL. 

 

  2. Install 2 layers of Firewrap for a 2-hour commercial kitchen grease duct application 

per ASTM E 2336.  

 

   a. General Installation Instructions for Double Layer Installations: The inside 

layer of Firewrap blankets are cut to a length that will fit around the duct and 

meet with a tight butt joint. Adjacent blankets on the inside layer are tightly 

butted against each other. The outside layer is cut to a length that will fit around 

the duct and overlap itself no less than 3 inches (152 mm). Adjacent blankets 

on the outside layer overlap each other a minimum of 3", or they can be fitted 

together with a tight butt joint and covered with a 6-inch (305 mm) wide collar 

centered over the butt joint. Cut edges of the blanket shall be taped with 

aluminum foil tape to prevent exposed edges of the insulation from wicking of 

condensation moisture in air ventilation ducts or grease from a leaking grease 

duct joint.  During installation the blankets are temporarily held in place with 

filament tape until the wrap is mechanically attached with steel bands or steel 

insulation pins. 

 

  3. Mechanical Fastening of Enclosure Material to Ductwork: 

 

a. Banding - Carbon steel or stainless steel banding is used to hold the outer layer 

of the blanket enclosure in place. Banding is minimum 1/2 inch (12.7 mm) 

wide and is placed around the entire perimeter of the duct on maximum 10-1/2 

inches (267 mm) centers and 1-1/2 inches (38 mm) from each blanket or collar 

edge. 

b. Pinning - To prevent blanket sag on duct spans 24-inch wide (610 mm) or 

larger, minimum 12-gauge steel insulation pins are welded to the duct along 

bottom horizontal and outside vertical runs in columns spaced 12 inches (305 

mm) apart, 6 to 12-inch (152 to 305 mm) from each edge and on 10-1/2 inches 

(267 mm) centers. Pins are also required 1 inch (25 mm) from the end of a duct 

and 1 inch (25 mm) from any edge near a 90° bend spaced 6-inch (152 mm) 

apart. Pins are locked in place with 1-1/2 inch (38 mm) diameter or 1-1/2 inch 

(38 mm) square galvanized steel speed clips or cup head pins. Pins are turned 

down or the excess cut off to eliminate sharp edges. 
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4. Grease Duct Access Door Installation:  

 

a. Install field fabricated doors per manufacturers’ instructions and applicable 

building code reports and laboratory design listings. 

b. Prefabricated DuctMate F2-HT or DuctMate Ultimate doors may be installed 

per manufacturers’ installation instructions and field insulated per Thermal 

Ceramics installation instructions, applicable building code reports and 

laboratory design listings. 

c. Install access openings at each change in direction and at intervals as required 

by code.  Insulation cover system shall be tested and listed by UL (HNKT 

G18) to provide zero clearance to combustible construction and 2–hour fire 

rating per ASTM E 2336. Duct access cover panel shall be tested and listed by 

UL (YYXS.MH47995) with integral neoprene gasket to provide liquid tight 

seal and shall have a high temperature gasket and signage “Access Door – Do 

Not Obstruct” compliant to code and NFPA 96.  Installation shall be performed 

by an experienced contractor per manufacturer instructions and applicable UL 

Listings. Sheet metal and insulation contractors shall coordinate installation of 

the FastDoor XL and the duct enclosure system. 

 

  5. Through-Penetration Firestop System:   

 

a. When the duct penetrates a concrete or dry wall fire rated floor, ceiling, or wall 

an approved firestop system shall be employed.  Firewrap shall be installed 

directly to the duct through the penetration, or terminated on both sides of the 

penetration depending on the annular space allowance between the duct and 

the duct opening. When the Firewrap enclosure system is terminated on both 

sides of the through penetration, the duct wrap material is mechanically 

attached to the duct at the termination points using either steel banding or steel 

pins.   

b. To fire stop the through penetration void area, fill the annular space between 

the wrapped duct or bare duct and the periphery of the opening with scrap 

Firewrap firmly packed into the opening.  Compress scrap blanket to 

percentage stated in the firestop listing for a minimum depth as specified in 

the firestop listing. Recess packing material below surface on both sides of 

walls or top side only for floors to the depth stated in the firestop listing. Seal 

over the packing material using an approved firestop sealant to a depth as 

stated in the firestop listing, flush with top side of a floor assembly and both 

sides of a wall assembly.  

  

 E. Repair Procedures: 

 

1. Repair damaged Firewrap in accordance with manufacturer's instructions. 

2. Remove damaged section by cutting the bands and removing the anchor clips holding 

it in place. Apply a new section of the same dimension ensuring the same overlap and 

installation method that existed previously. Cut edges and tears in the foil must be 

taped with aluminum tape to prevent the insulation from wicking moisture or grease. 

 

 F. Protection: 

 

  1. Protect installed products until completion of project. 
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  2. Touch-up, repair or replace damaged products before Substantial Completion. 

 

 

END OF SECTION 230700 
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SECTION 230800 - COMMISSIONING  

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 230100, “Mechanical General 

Provisions,” and Section 265100, “Interior Building Lighting” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 WORK INCLUDED 

 

 A. A separate Commissioning Agent (the Architect/Engineer) will be engaged by the Owner to 

administer the commissioning.  

 

 B. The Contractor shall provide all commissioning services as outlined in this Section; perform 

all testing, measurements, and inspection outlined in the ‘Commissioning Plan”; and 

coordinate with the Commissioning Agent. A template Commissioning Plan is attached. The 

final plan will be written after the construction contract is underway. 

  

 C. The Systems to be commissioned include: 

 

  All HVAC and related systems. 

 

1. Domestic water heating 

2. All lighting 

 

 

1.3 COMMISSIONING OBJECTIVES 

 

 A. To ensure that all building systems, subsystems, equipment, controls, and interfaces with 

other building systems are installed, tested, and are operating in compliance with Contract 

Documents and within the scope of design requirements. 

 

 B. To ensure that all system operation and maintenance personnel are properly instructed to 

effectively and efficiently operate and maintain the systems, subsystems, equipment, and 

controls, and that they will receive all required manuals and documentation. 

 

 C. The Commissioning Agent shall provide the following to the Contractor for implementation 

and execution.  
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1. Commissioning Plan: The Commissioning Agent shall prepare the Commissioning 

Plan in accordance with contents as specified herein. 

2. Checklists and Test Forms: The Commissioning Agent shall prepare the Pre-

Functional Checklists and Functional Performance Test Forms, specifically for this 

project, and edited to suit the equipment and systems installed. 

 

3. Submittals: 

 

a. The Contractor shall submit the following documents to the Commissioning 

Agent for review and inclusion in the Commissioning Plan. 

 

i. Piping pressure and vacuum test reports 

ii. Equipment startup reports 

iii.  DALT report  

iv. TABs report 

v. HVAC Water quality test report  

vi.  Prefunctional Checklists completed by the installing Foreman. 

vii. Functional Checklists completed by the Mechanical Contractor. 

viii. O&M Manuals with warranties 

ix. Training class agenda and schedule 

 

b. Commissioning Report: The Commissioning Agent shall assemble the final 

Commissioning Report comprised of completed prefunctional and functional 

checklists, equipment startup test reports, etc. organized by subsystem and 

submitted as one package. The results of failed tests shall be included along 

with a description of the corrective action taken.  

 

 

1.4 REFERENCED STANDARDS 

 

A. ASHRAE 90.1-2016, 6.7.2.4 

 

B. NEBB, “Procedural Standards for Building Systems Commissioning.” 

 

C. SMACNA, “HVAC Systems Commissioning Manual.” 

 

 

1.5 COMMISSIONING TEAM 

 

A. The Contractor shall designate team members from each of the following to participate in the 

Commissioning Process (both pre- and post-occupancy): 

 

1. General Contractor   

2. Mechanical Subcontractor (and HVAC startup technicians) 

3. Electrical Subcontractor 

4. Testing, Adjusting and Balancing (TAB) Subcontractor 

5. Automatic Temperature Controls Subcontractor 

  

B. The Owner shall designate a representative to participate in the Commissioning Process. 
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 C. Each of the team member’s names shall be submitted in writing to the Commissioning Agent 

for inclusion in the Commissioning Plan. 

 

 

PART 2 - PRODUCTS  (NOT APPLICABLE) 

 

 

PART 3 - EXECUTION 

 

 

3.1 IMPLEMENTATION OF COMMISSIONING PLAN 

 

A. Plan Submittal: After the start of construction, the Commissioning Agent shall provide the 

Commissioning Plan to the Contractor for implementation and execution. The Plan shall 

provide the scope of commissioning tasks to the appropriate parties. Typical elements of the 

Plan shall include the following: 

 

1. Commissioning Agent’s preparation of the Commissioning Test Schedule and 

distribution to the Contractor and Owner. 

2. Commissioning Agent visits to the job site to observe installation activities. 

  3. Contractor’s pre-startup verification and completion of the Pre-functional Checklists. 

4. Contractor’s submittal of equipment and systems startup verification to the 

Commissioning Agent.  

5. Contractor’s submittal of testing, adjusting, and balancing (TAB) reports to the 

Commissioning Agent.  

6. Contractor’s independent functional performance testing after receiving functional 

performance checklists from the Commissioning Agent. 

 7.  Contractor’s functional performance testing with the Commissioning Agent.  

8. Contractor’s completion of operating and maintenance manuals and submittal to the 

Commissioning Agent. 

 9.  Contractor’s operation and maintenance personnel instruction. 

10. Commissioning Agent’s preparation of the Final Commissioning Report and 

submission to Owner. 

 11. Owner acceptance 

 

 B. Equipment and Systems Startup: 

 

  1. Pre-startup Verification: Prior to startup of equipment and systems, the Contractor shall 

indicate on the pre-start checklists and Commissioning Agent shall observe and verify 

that all items have been substantially installed in accordance with the project Contract 

Documents, including all change orders. Verification of the basic installation testing 

of systems shall be performed by the Contractor and shall include: 

 

a. Hydrostatic testing of hydronic piping systems 

b. Cleaning, flushing, and venting of piping systems, including removal and 

cleaning of all strainers 

c. Cleaning of equipment and systems of construction dirt and debris, including 

replacement of filters, and all items per the approved checklists 
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d.  Lighting shop drawings, floor plans, and sequence of operations have been 

approved. 

 

 2. Startup Verification: The Contractor shall indicate on the startup checklists, and 

Commissioning Agent shall verify that all HVAC equipment, systems, and subsystems 

have been activated and operate substantially in accordance with Contract Documents, 

with all equipment, system, and electrical operating and safety devices checked and 

functional. The Contractor's work also includes but is not limited to: 

 

a. Calibration and testing of all automatic temperature control devices and 

building automation systems. 

b. Testing and verification of all interlocks and interfacing between HVAC 

equipment, systems, subsystems, and other building systems. 

c. Completion of testing, adjusting, and balancing (TAB) work, including the 

rechecking of 10% of the measurements. 

  d.  Startup testing of the lighting systems. 

 

 3. Startup Documentation: Completed startup checklists shall be filled out by the 

Contractor after startup verification of each HVAC system, subsystem or each item of 

HVAC equipment. Startup checklists used by the Contractor Technicians shall be neat 

and typed using standard formats appropriate for the equipment. At the request of the 

Owner, Contractor shall provide trend data demonstrating equipment has been started 

and is operating within design parameters. 

 

 4. Contractor’s Independent Functional Performance Testing:  Prior to the functional 

performance testing with the Commissioning Agent onsite, the Commissioning Agent 

shall send all Functional Performance Checklists to the Contractor.  The Contractor 

shall be responsible for performing all tests and verifications included in the Functional 

Performance Checklists.  Upon completion of checklists for each piece of equipment, 

Contractor shall sign and return checklists to the Commissioning Agent.   

 

 5. Notification: The Commissioning Agent shall notify the Owner and Contractor when 

the startup verification has been completed, Contractor’s independent functional 

performance testing has been completed, and the HVAC functional performance 

testing with the Commissioning Agent can be started. 

 

 

3.2 FUNCTIONAL PERFORMANCE TESTING 

 

 A. Purpose: Every item of equipment, all systems and subsystems, controls, and all related 

equipment shall be tested and evaluated for conformance to performance data in the Contract 

Documents.  Included is conformance to: 

 

  1. Equipment input and output capacities. 

  2. Systems and subsystems flow and distribution performance. 

  3. Control system performance, accuracy, and adherence to sequences of operation. 

  4. Minimum or part load operations and performance. 

  5. Interface with other equipment and/or systems. 
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 B. Equipment Testing: Equipment functional performance testing shall not begin until the 

following notification of completion has been given to the Owner by the Commissioning 

Agent.  

 

  1. Copies of the manufacturer’s equipment start up reports are submitted to the 

Engineer for review and approval. 

  2.  Copies of the commissioning pre-start up and start up reports are submitted to the 

Engineer and Owner for review and approval. 

  3. Testing and balancing report is submitted to and approved by the Engineer. 

  4. Direct digital control graphic screen shots of all equipment are submitted for 

approval by Engineer and Commissioning Agent, showing each unit operating within 

design parameters and Owner-designated operating schedules.  Screen shots must be 

visible to Owner on Owner’s front-end workstation when submitted. 

  5. Demonstrate through trend data successful operation of the HVAC systems for a 

period of not less than 2 weeks.  Any alarms during this 14-day period will restart the 

14-day run time, unless otherwise advised by Engineer or Commissioning Agent. 

  6. Functional performance test checklists developed by the Commissioning Agent shall 

be used by the Contractor to document the equipment functional performance tests. 

Each item of equipment will be functional performance tested by the Contractor and 

the results documented by the Contractor at full load (and under part load conditions 

where required by the Contract Documents). Operation under “abnormal and/or 

emergency conditions” shall be simulated by the Contractor for equipment and 

systems, and all safety equipment and control operations verified. Test methods shall 

be documented and approved by the Commissioning Agent prior to implementation 

and shall be covered during the Owner’s training as well. No equipment test functions 

or procedures shall be eliminated from the functional performance test unless approved 

by the Commissioning Agent and the Owner. 

 

C. Systems Testing: Functional performance testing shall not begin until all equipment and 

systems have had startup verification by the Contractor and notification of completion has 

been given to the Owner by the Commissioning Agent. 

 

1. Functional performance test checklists to document system or subsystem functional 

performance tests. 

2. The functional performance testing of systems by the Contractor shall begin after 

equipment and subsystems have been tested and documented 14-day alarm free 

operation. The system interlock and interface testing sequence shall depend on the 

system design, complexity, and other factors. 

3. HVAC systems and subsystems shall be tested under full load conditions and under 

part load conditions by the Contractor. 

4. Actual physical responses shall be observed.  Reliance on control signals or other 

indicators is not acceptable. 

5. Control component input and output signals shall be confirmed by the Contractor for 

correctness under all operating conditions. 

6. At the end of the functional performance test procedures, every mode of each operation 

of a system, each piece of equipment, every item in the control sequence description, 

and every zone or subsystem shall be proven to operate by the Contractor as defined 

in the project Contract Documents.  

 



NORTHERN SHORES ELEMENTARY SCHOOL ADDITION 

SUFFOLK PUBLIC SCHOOLS 
 

RRMM PROJECT NO. 23238-00 

 

 

COMMISSIONING        230800 - 6

  

D. Test Documentation: Functional performance test checklists developed by the 

Commissioning Agent shall be used by the Contractor to document the results of the 

functional performance testing process. 

 

1. Testing verification shall be provided by signatures of responsible parties (the 

Contractor, Sub-Contractors, Commissioning Agent, and Owner’s Representative) on 

the functional performance test checklists and equipment checklists. 

2. Functional performance testing shall be performed by the Contractor, by members of 

the Commissioning Team as outlined, and approved by the Commissioning Plan. 

3. All members shall remain on the Commissioning Team throughout the entire 

functional performance testing procedures.  Substitutions shall be permitted only by 

written approval of the Commissioning Agent and Owner. 

 

 E. Test Failures: No system or subsystem shall be accepted until all items of equipment in the 

system have approved and verified functional performance test checklists. 

 

1. When a functional performance test is not approved, the Contractor shall be directed 

to provide a written report to the Commissioning Agent listing the deficiencies causing 

the test failure, and the possible remedies to correct the deficiencies. 

2. After all deficiencies have been corrected; the entire functional performance test for 

the equipment, system, or subsystem shall be repeated. 

3. The Commissioning Agent will continue to monitor the actions to correct the 

equipment or system deficiencies until an acceptable functional performance test has 

been accomplished. 

 

 F. Deferred Tests: If any checklist or functional performance test cannot be completed for 

seasonal reasons, lack of occupancy, or for other reasons, a written report shall be sent by the 

Contractor to the Commissioning Agent indicating when the test will be scheduled. 

 

  1. If any checklist or functional performance test cannot be accomplished due to 

deficiencies outside the scope of the work, the deficiencies shall be resolved and 

corrected by the appropriate parties before completion of the commissioning process. 

  

 G. Control System Verification: The Control Contractor shall provide a field technician on site 

with a portable control access computer and related test equipment. The date and time of this 

control system verification testing shall be scheduled in advance with the Commissioning 

Agent. The field technician shall demonstrate to the Commissioning Agent the accuracy of 

each physical input point, and the response of each physical output point during each mode 

of operation identified in the Sequence of Controls.   

 

 H. A checklist shall be provided by the Contractor for each of the physical hardware points prior 

to this system verification demonstration, with all identification information and the physical 

location of each physical input/output device. For input sensors, this checklist shall be 

completed during the field test to indicate what the actual measured reading was during the 

verification, verses what the control system indicated it was. For output devices, this checklist 

shall indicate what the response actually was verses what it should have been for each mode 

of operation. Any defective control component shall be replaced, and any programming 

errors identified shall be corrected and re-demonstrated to the Commissioning Agent.  
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 I. Every item of the systems listed in 1.2.B shall be functionally tested in the presence of the 

Commissioning Agent and Owners Representative by installing contractor and supplying 

vendor technical representative. 

 

 J. Upon completion of the Function Performance testing process as listed in the above items, 

Contractor shall submit electronic copies of project Operation & Maintenance manuals to 

Engineer and Commissioning Agent for review and approval. 

 

 K. The lighting occupant sensors, lighting schedules, etc. shall be verified during functional 

testing in accordance with the International Energy Code. 

 

 

3.3 OPERATOR INSTRUCTION 

 

 A. During System Installation: Schedules and materials for the participation of the operation 

and maintenance personnel during the installation of the systems and equipment shall be 

implemented as per the Commissioning Plan or as indicated in the Contract Documents by 

the Contractor. 

 

  1. Operation and maintenance personnel instruction shall include: 

 

   a. An instruction agenda with objectives 

   b. Classroom sessions using Contract Documents (specifications, system 

drawings), shop drawings, sequence of operations, equipment installation and 

operation manuals, and audio-visual aids, etc. 

   c. “Factory specialist” presentations by representatives approved by the 

Commissioning Agent 

   d. Job site visits 

   e. Sign-in sheets to verify attendance 

   f. Video-taping of all sessions 

 

 B. During Commissioning: The Contractor shall prepare schedules and coordinate the training 

sessions with the parties involved. 

 

  1. Equipment and systems maintenance manuals and schedules should be provided along 

with other information not provided during the installation phase instruction sessions. 

 

 C. Turn-over Instruction: When the systems are ready to be turned over to the Owner, the 

Contractor shall schedule a final session for operation and maintenance personnel instruction. 

The following shall be included: 

 

  1. Attendance by the Commissioning Agent, installing contractors, major equipment 

suppliers, and all other interested parties 

  2. Review of all system and equipment operations 

  3. Additional hands-on instruction where requested by the Owner or Commissioning 

Agent 

  4. A question/answer discussion period 
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3.4 COMMISSIONING REPORT 

 

 A. The commissioning documentation shall be prepared by the Commissioning Agent and 

shall be organized into a format similar to the Commissioning Plan. All pages shall be 

numbered, a table of contents provided, and shall include the following information: 

 

1. Commissioning Plan: Provide a copy of the Commissioning Plan. 

2. TAB Reports: Contractor shall provide approved testing, adjusting, and balancing 

(TAB) reports for all HVAC systems being commissioned to the Commissioning 

Agent for inclusion in the Report.   

3. Drawings: As-built shop drawings of equipment and systems, sequence of operations, 

and as-built Contract Documents as modified by change orders shall be provided by 

the Contractor to the Commissioning Agent for inclusion in the Report.   

4. Startup Checklists: Provide all startup checklists and equipment startup reports, 

organized by systems and subsystems. 

5. Functional Performance Tests: Functional performance test checklists for all 

equipment, systems, subsystems, interlocks, and system interfaces organized by 

systems and subsystems shall be provided by the Contractor to the Commissioning 

Agent for inclusion in the Report.  

6. Operation and Maintenance Manuals: Copies of approved operation and maintenance 

manuals specified in the systems Contract Documents and/or in the Commissioning 

Plan shall be provided by the Contractor to the Commissioning Agent for inclusion in 

the Report. 

7. Video-Tape: Copies as indicated in the Contract Documents shall be provided by the 

Contractor to the Commissioning Agent for inclusion in the Report. 

 

 

3.5 ACCEPTANCE 

 

 A. Documents to Owner: The Commissioning Agent shall be responsible for maintaining the 

commissioning documentation until Final Acceptance of the project. All checklists required 

by this Section shall become part of the commissioning documentation. The commissioning 

documentation shall be kept current and shall always be available for inspection.  At the time 

of final acceptance of the project, the Commissioning Agent shall furnish one hard copy and 

one electronic copy (located on a USB thumb drive) of the commissioning documentation to 

the Owner. 

 

 B. Warranties: All equipment and system guarantees and warranties specified in the Contract 

Documents shall be furnished to the Owner by the Contractor at the time of final acceptance 

of the project. 

 

 

END OF SECTION 230800 
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COMMISSIONING OVERVIEW 

 

The purpose of this Commissioning Plan is to provide a clear and concise roadmap for 

the implementation of the commissioning process. The systems to be commissioned 

are identified in the Project Specifications. 

 

This Commissioning Plan is a living document. The basic process and procedures for 

commissioning this project are detailed below. As the project develops appendices will 

be added to organize test reports, startup technician reports, issues logs, and completed 

checklists. Test documentation will be added throughout the construction project. At 

the end of the project the resulting compilation of information will become the Final 

Commissioning Report. 

 

Integrating commissioning into a fast-moving construction project can be a 

challenge. The points below describe how our firm performs Commissioning. 

 

• Commissioning begins during the design stage when our Commissioning 

Agent (CxA) reviews the project documents and makes comments to the 

designers. A Commissioning Plan is prepared for inclusion in the Bid 

Documents. 

 

• After the construction contract is awarded and prior to the start of system 

rough-in, a Kick Off Meeting is held with the construction team. This will 

include the Project Managers and Foremen for the General, Mechanical, 

Electrical, TABs, and Controls Contractors; Equipment Representatives; 

and the Owner. 

 

• The General Contractor (GC) is asked to maintain the Prefunctional 

Checklist. This document is a part of the Commissioning Plan and has a 

checklist for every unit on the drawing HVAC equipment schedule. The 

installing trade Foreman is asked to review the Prefunctional Checklist and 

confirm completion by initialing each item. When the Prefunctional 

Checklist is complete, the GC requests a CxA site visit. 

 

• The GC is requested to not start HVAC equipment until receiving 

concurrence from the Engineer, CxA and Owner. Prior to granting 

concurrence, the CxA will confirm the Prefunctional Checklist is complete 

and discuss the building conditions with the GC. The goal being to prevent 

permanent damage to the equipment. 

 

• Equipment startup is required to be performed by Factory Authorized 

technicians and documented on standardized report forms. 

 

• After startup, the Test and Balance Contractor (TABs) may begin his work.  

 

• The Design Engineer and CxA will review all startup and testing, adjusting, and 

balancing (TABs) reports. 
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• When the TABs report has been submitted and approved by the Design 

Engineer and the control system is complete; Functional Commissioning 

may begin. 

 

• Functional Testing will include all specified modes of control and sequence 

of operation under full and part load. The performance of alarms will be 

checked. 

 

• Typically, Functional Commissioning occurs between Substantial and Final 

Completion of the Project. As such, design weather conditions may not be 

available when the project has achieved Substantial Completion. To address 

this issue, we follow the following guidelines. 

 

o Refrigerant based systems which reject heat to the atmosphere can be 

properly verified only when near design conditions are present. For 

these systems, second season testing is sometimes required. 

  

o Gas and electric heating sources and geothermal water source heat 

pumps can typically be verified by measuring the temperature 

differential across the appliance. For cases when this is not possible, 

second season commissioning will be performed. 

 

o Equipment shall not be forced to operate in the cooling or 

heating mode other than through the raising or lowering of coil 

discharge or indoor space temperature setpoints. 

 

o If there is insufficient time to perform the functional testing 

during the construction period, seasonal commissioning may have 

to be performed the following year. 

 

o When the building must be occupied prior to Functional 

Commissioning, the testing occurs after normal hours for the 

occupants. 

 

• The Engineer shall review all as-built record drawings, control drawings, and 

sequences of operation. Any changes to the electrical design to accommodate 

a substitute piece of equipment shall be reflected in the Record Drawings. 

 

• The CxA or another member of Thompson Consulting Engineers will review 

the O&M manuals and Training Agenda. 

 

• A Final Commissioning Report will be prepared and issued by the CxA along 

with a recommendation on Final Acceptance after all the Issues Log items 

have been resolved. 
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DESIGN PHASE 

 

During the design phase, the CxA performs the following activities: 

 

• Review and Modify Project Specifications 

• Develop Initial Commissioning Plan 

• Attend Pre-Bid Meeting (if requested) 

 

Review and Modify Project Specifications 

 

There are specific commissioning requirements located throughout the project 

specifications. During design, the CxA will review the specifications and suggest 

changes to the Design Engineer. 

 

The specifications include the format in which contractor submittals will be presented, 

pressure testing of piping and duct systems, startup requirements, training 

requirements, system manual requirements, and so on.  

 

The CxA will include the quality related items from the specifications in the 

commissioning checklists. 

 

Develop Initial Commissioning Plan 

 

The initial commissioning plan is similar to many other projects. It is intended to 

clarify individual roles and responsibilities relative to the commissioning process, 

identify the systems to be commissioned, and include a few typical commissioning 

checklists. 

 

The commissioning plan will be distributed as a part of the project specifications. 

 

Attend Pre-Bid Meeting 

 

A representative of Thompson Consulting Engineering will attend the Pre-Bid 

Meeting, if requested. 
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CONSTRUCTION PHASE 

 

During construction phase, the CxA tasks include: 

 

• Attend the Pre-Construction Meeting (if requested). 

• Conduct the Commissioning Kickoff Meeting. 

• Back check Prefunctional Checklists maintained by the Installing Contractors. 

• Monitor system startup 

• Maintain and distribute the Issues Log. 

• Conduct Functional Testing.  

• Review the Owner Training Agenda. 

• Review the Operation and Maintenance (O&M) manual. 

 

Pre-Construction Meeting 

 

Once the contractor is selected, the commissioning authority will attend and 

participate in the pre-construction meeting if requested. The role of CxA during the 

meeting will be to review and discuss the commissioning and the communication 

protocols the project team has developed.  

 

Commissioning Kickoff Meeting 

 

Prior to the start of Pre-Functional testing, the CxA will lead a kickoff meeting. 

This will include the Project Managers and Foremen for the General, Mechanical, 

Electrical, TABs, and Controls Contractors; Equipment Representatives; and the 

Owner. 

 

The meeting will review the goals of commissioning, establish a schedule, and assign 

responsibilities to specific individuals. Once an individual is assigned to be a part of 

the commissioning team, they cannot be removed without prior concurrence of the 

commissioning authority to preserve continuity. 

 

Prefunctional Checklists 

 

The Prefunctional Checklists are developed by the commissioning authority. They are 

to be completed by the General Contractor and Subcontractors. The intent of the 

checklists is to provide an organized method to verify the equipment is properly 

installed and requirements of the Project Documents are met. 

 

System Startup 

 

When the Prefunctional Checklists are complete, and the building cleanliness is 

adequate, equipment startup can proceed. The specifications contain specific 

requirements for startup. A field report for each unit is required to be submitted for 

review and inclusion in the final commissioning report. 
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Issues Log 

 

The CxA will maintain an Issues Log to track items of concern. Each item will stay 

open until it is resolved; either by correcting the construction, demonstrating 

compliance as-is; or Owner acceptance. 

 

Functional Testing 

 

Functional testing occurs after all construction and startup is complete, the TABs 

report is approved by the Engineer, and DDC graphics are finished. A small team 

consisting of the CxA, Controls Technician, Mechanical Contractor, Equipment 

Startup Technicians, TABs Agent, and Owners Representative will exercise all the 

systems in the project scope. 

 

Review Training 

 

The CxA will review the contractor’s submitted training agenda to ensure the 

specification requirements are covered and the contractor understands the expectations 

of training.  

 

O&M Systems Manual 

 

The Construction Administrator or the CxA will review the final manual for 

completeness and clarity. 

 

Warranty Review 

 

The Construction Administrator or CxA will review the warranty certificates provided 

by the Contractor. 
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CONTACT INFORMATION 

 

Owners Representative 

[OWNER PM AND TITLE] 

[DEPARTMENT AND JURISDICTION] 

[ADDRESS 1] 

[ADDRESS 2] 

[CONTACT #] 

 

Architect 

[ARCHITECT PM AND TITLE] 

[ARCHITECT FIRM] 

 [ADDRESS 1] 

 [ADDRESS 2] 

[CONTACT #] 
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SECTION 230900 - AUTOMATIC TEMPERATURE CONTROLS 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Supplementary Conditions, Division 1 Specification Sections, and Section 230100, 

“Mechanical General Provisions,” apply to this Section. 

 

 B. Refer to Drawings for “Sequences of Operation” for unit control sequences. 

 

C. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE 

 

 A. The BAS/ATC (Building Automation System/Automatic Temperature Control) 

systems as specified herein shall be provided in their entirety by the BAS/ATC 

Contractor.  The BAS/ATC Contractor shall base his Bid on the system as specified, 

the sequence of operations, the points list, and Contract Documents.  Regardless of 

the points listed in these documents, the Contractor shall provide the number of 

points, the types of points, and other controls as required for the sequence of 

operations. 

 

 B. It shall be the responsibility of the BAS/ATC Contractor to fully coordinate with all 

equipment suppliers, and with the fire alarm system designer/installer to provide a 

complete functional control system. 

 

 C. All Direct Digital Controllers shall be factory mounted, programmed, and 

commissioned.  Where factory mounting, programming, or commissioning is not 

possible, it shall be the responsibility of BAS/ATC Contractor to provide, at time of 

submittal, a detailed Commissioning Plan as specified in “COMMISSIONING” 

Section 3.13.  It shall be the responsibility of the Mechanical Equipment Supplier and 

the ATC Contractor to ensure that the entire system (Mechanical Equipment and 

Automatic Temperature Controls) be free of defects and function as specified.  Any 

control devices required by the “Mechanical General Provisions” specification or the 

“Automatic Temperature Control” specification shall be furnished without any 

additional cost to Owner. 

 

 

1.3 SUBMITTALS 

 

 A. The following data/information shall be submitted for approval in conjunction with 

the Mechanical Equipment Submittal (separate Control and Equipment submittals 

will be rejected): 
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1. Complete sequence of operation. 

2. Provide a detailed commissioning procedure as specified in “COMMISSIONING” 

Section of this specification. 

3. Control system CAD-generated drawings, including all pertinent data to provide a 

functional operating system. 

4. Damper schedules of all control dampers including damper size, manufacturer, and 

model number. 

5. Data sheets for all hardware and software control components. 

6. A description of the installation materials, including conduit, wire, flex, etc. 

7. Computer panel locations. 

8. Provide as part of the submittal eight copies of all data and control drawings. 

 

 

1.4 QUALIFICATIONS 

 

 A. The BAS/ATC Contractor shall be the local office of a nationally recognized 

organization within a 75-mile radius of the job site.  This office shall be staffed with 

four (4) factory trained engineers and four (4) factory trained service technicians 

fully capable of providing instruction, routine maintenance and 24-hour emergency 

maintenance service on all system components.  The ATC Contractor shall have a 5-

year experience record in the design and installation of computerized building 

systems similar in scope and performance to that specified herein, and shall provide 

evidence of this history as condition of acceptance. The DDC system shall be an 

extension of the Campus wide TRANE SUMMIT DDC System.  No other 

manufacturers are acceptable. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 MATERIAL 

 

 

 A. All materials and equipment used shall be standard components, of regular 

manufacture for this application.  All systems and components shall have been 

thoroughly tested and proven in actual use.  The commissioning requirements of this 

specification shall be strictly adhered to. 

 

 

2.2 GENERAL 

 

 A. Building Automation System shall include but not be limited to the following 

components. 

 

 1. The Operator Interface shall consist of hardware and software that allows full 

user monitoring and adjustment of system parameters. 

 2. Building Control Unit (BCU) shall manage the Energy and Building 

Management capabilities of the automation system as well as facilitate 

remote communications and central monitoring. 
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 3. The Data Communications capability shall allow data to be shared between 

the various controllers in the architecture. 

 4. The system software shall include software for global application functions, 

application software for distributed controllers, and operator interface 

software. 

 5. End devices such as sensors, actuators, dampers and relays. 

 6. The failure of any single component shall not interrupt the control strategies 

of other operational devices.  System expansion shall be through the addition 

of end devices, controllers, and other devices described in this specification. 

 7. Communication between the control panels and all workstations shall be over 

a high-speed network.  All nodes on this network shall be peers.  The 

operator shall not have to know the panel identifier or location to view or 

control an object.  Application Specific Controllers shall be constantly 

scanned by the network controllers to update point information and alarm 

information. 

 

 

2.3 WEB SERVER OPERATOR INTERFACE 

 A.  Upgrade automation server software to current version at substantial completion and fully 

interface with the existing graphic driven enterprise web server at no additional cost to the 

Owner. 

 

 

2.4 WEB SERVER / ENTERPRISE SYSTEM OPERATOR INTERFACE  

 

 A. Enterprise System shall be a web-enabled service and monitoring tool that can 

support multiple individual systems. Enterprise System shall integrate building 

systems into a cohesive enterprise-wide system using open standards, through 

communication over BACnet/IP networks. Building operators and administrators 

shall have the ability to access the web server from the local network or internet to 

monitor and control the building system.  

 

 B. Central Server Components: 

 

 1. The central server shall consist of the following (minimum): 

 

 a. System shall utilize a server class PC, tower or rack mounted 

 b. Two Xeon 2.8GHz, 1MB L3 cache processors 

 c. 2GB, DDR266 SDRAM memory 

 d. DVD+R/W or CD ROM 

 e. Microsoft Windows Server 2008, IIS V7+ 

 f. Microsoft SQL Server 2005 

 g. NET Framework 1.1 BJE: .NET 3.5 

 h. Furnish all require serial, parallel, and network communication ports, 

and all cables for proper system operation. The server shall include a 

minimum 17” color monitor with 1024 x 768 screen resolution. 

 

 C. Furnish 2 laptops based for operator interface. The Building Automation System 

supplier shall provide all cables, connectors, software, and hardware required to 
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monitor, modify, upload, and download all DDC Controllers furnished on the project. 

Each of these operator interfaces shall be able to access all information in the system. 

The operator interface shall reside on the Enterprise wide network, which is same 

high-speed communications network as the Building Controllers. The Enterprise 

wide network will be provided by the owner and supports the Internet Protocol (IP). 

Workstations shall be able to dial into the system. 

 

 1. Each PC based operator interface shall include the following: 

 

 a. Operating System: Latest Windows operating system at bid date. 

 b. Minimum Hardware 

 

  1) Core i5 DUO or better Core i5 

  2) 4 GB RAM  

  3) 100 GB hard drive space  

  4) Internet Browser compatible with operator interface 

requirements outlined in the operator interface section 

  5) Java Runtime Environment (JRE) V6.0 or higher 

 

 2. Operator Interface: 

 

 a. The operator interface shall be accessible via a web browser. 

 b. The operator interface shall support the following Internet web 

browsers: 

 

  1) Internet Explorer 8.0+ 

  2) Firefox 18.0+ 

 

 D. Contractor shall upgrade automation server firmware and software to current version 

during the 2 year warranty period and fully interface with the existing graphic driven 

enterprise web server at no additional cost to the Owner. The BAS/ATC contractor 

shall provide 3 additional license seats. 

 

 

2.5 ARCHITECTURE/COMMUNICATION 

 

 A. This project shall be comprised of a high-speed Ethernet network utilizing 

BACnet/IP communications between System Controllers and Workstations. 

Communications between System Controllers and sub-networks of Custom 

Application Controllers and/or Application Specific Controllers shall utilize BACnet 

MSTP (RS485) communications. 

 

 1. The Owner will provide all communication media, connectors, repeaters, 

network switches, and routers necessary for the high-speed Ethernet network. 

 2. All values within the system (i.e. schedules, data logs, points, software 

variables, custom program variables) shall be readable and controllable 

(where appropriate) by any System Controller or BACnet Workstation on the 

communications network via BACnet. 
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  a. System Controller specific: Each System Controller shall perform 

communications to a network of Custom Application and 

Application Specific Controllers using BACnet/MSTP (RS485) as 

defined by the BACnet or standard. 

 b. Each System Controller shall function as a BACnet Router to each 

unit controller providing a unique BACnet Device ID for all 

BACnet/MSTP controllers within the system. 

 

 

2.6 BUILDING CONTROL UNIT APPLICATION AND CONTROL SOFTWARE 

 

 A. Furnish the following applications software for building and energy management. All 

software applications shall reside and run in the system controllers.  Editing of 

applications shall occur at the operator interface. 

 

 1. Scheduling.  Provide the capability to schedule each object or group of 

objects in the system. Each of these schedules shall include the capability for 

start, stop, optimal start, optimal stop, and night economizer actions.  Each 

schedule may consist of up to 10 events.  When a group of objects are 

scheduled together, provide the capability to define advances and delays for 

each member.  Each schedule shall consist of the following: 

 

 a. Weekly Schedule.  Provide separate schedules for each day of the 

week. 

 b. Exception Schedules.  Provide the ability for the operator to 

designate any day of the year as an exception schedule.  This 

exception schedule shall override the standard schedule for that day.  

Exception schedules may be defined up to a year in advance.  Once 

an exception schedule is executed it will be discarded and replaced 

by the standard schedule for that day of the week. 

 c. Holiday Schedules.  Provide the capability for the operator to define 

up to 99 special or holiday schedules.  These schedules may be 

placed on the scheduling calendar and will be repeated each year.  

The operator shall be able to define the length of each holiday 

period.  

 d. Optimal Start.  The scheduling application outlined above shall 

support an optimal start algorithm.  This shall calculate the thermal 

characteristics of a zone and start the equipment prior to occupancy 

to achieve the desired space temperature at the specified occupancy 

time.  The algorithm shall calculate separate sets of heating and 

cooling rates for zones that have been unoccupied for less then and 

greater than 24 hours.  Provide the ability to modify the start 

algorithm based on outdoor air temperature.  Provide an early start 

limit in minutes to prevent the system from starting before an 

operator determined time limit. 

 

 2. Alarm/Event Log: 

 

 a. Any object in the system shall be configurable to generate an alarm 

when transitioning in and out of a normal or fault state.   
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 b. Any object in the system shall allow the alarm limits, warning limits, 

states, and reactions to be configured for each object in the system. 

 c. An alarm/event shall be capable of triggering any of the following 

actions: 

 

 1) Route the alarm/event to one or more alarm log. 

 

 a) The alarm message shall include the name of the 

alarm location, the device that generated the alarm, 

and the alarm message itself.   

 

 2) Route an e-mail message to an operator(s)  

 3) Log a data point(s) for a period of time 

 4) Run a custom control program 

 

3. Point Control.  User shall have the option to set the update interval, minimum 

on/off time, event notification, custom programming on change of events. 

  4. Timed Override. A standard application shall be utilized to enable/disable 

temperature control when a user selects on/cancel at the zone sensor, 

operator interface, or the local operator display.  The amount of time that the 

override takes precedence will be selectable from the operator interface. 

5. Anti-Short Cycling.  All binary output points shall be protected from short 

cycling 

 

 

2.7 BUILDING CONTROL UNIT CONTROLLERS 

 

 A. There shall be one or more independent, standalone microprocessor based BCU 

Controllers to manage the global strategies described in Application and Control 

Software section. 

 

 1. The System Controller shall have sufficient memory to support its operating 

system, database, and programming requirements. 

 2. The controller shall provide a USB communications port for connection to a 

PC 

 3. The operating system of the Controller shall manage the input and output 

communications signals to allow distributed controllers to share real and 

virtual point information and allow central monitoring and alarms. 

 4. All System Controllers shall have a real-time clock. 

 5. Data shall be shared between networked System Controllers. 

 

 6. The System Controller shall continually check the status of its processor and 

memory circuits.  If an abnormal operation is detected, the controller shall: 

 

 a. Assume a predetermined failure mode. 

 b. Generate an alarm notification. 

 c. Create a retrievable file of the state of all applicable memory 

locations at the time of the failure. 

 d. Automatically reset the System Controller to return to a normal 

operating mode. 
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7. Environment. Controller hardware shall be suitable for the anticipated 

ambient conditions. Controller used in conditioned ambient shall be mounted 

in an enclosure, and shall be rated for operation at -40 F to 122 F. 

 

8. Clock Synchronization: 

 

 a. All System Controllers shall be able to synchronize with an NTP 

server for automatic time synchronization.   

   b. All System Controllers shall be able to accept a BACnet time 

synchronization command for automatic time synchronization.   

 c. All System Controllers shall automatically adjust for daylight 

savings time if applicable. 

 

9. Serviceability: 

 

a. Provide diagnostic LEDs for power, communications, and processor.  

b. The System Controller shall have a display on the main board that 

indicates the current operating mode of the controller.   

c. All wiring connections shall be made to field removable, modular 

terminal connectors. 

d. The System controller shall utilize standard DIN mounting methods 

for installation and replacement. 

 

 10. Memory.  The System Controller shall maintain all BIOS and programming 

information indefinitely without power to the System controller 

 11. Immunity to power and noise.  Controller shall be able to operate at 90% to 

110% of nominal voltage rating and shall perform an orderly shut-down 

below 80% nominal voltage 

 12. BACnet Test Labs (BTL) Listing.  Each System Controller shall be listed as 

a Building Controller (B-BC) by the BACnet Test Labs. 

 

B. System Graphics: 

 

1. Operator interface shall be graphically based and shall include at least one 

graphic per piece of equipment or occupied zone and graphics that 

summarize conditions on each floor of each building included in this 

contract. Indicate thermal comfort on floor plan summary graphics using 

colors to represent zone temperature relative to zone set point.  

 

a. Functionality. Graphics shall allow operator to monitor system 

status, to view a summary of the most important data for each 

controlled zone or piece of equipment, to use point and-click 

navigation between zones or equipment, and to edit set points and 

other specified parameters.  

b. Graphic Imagery.  Graphics shall use 3D images for all standard and 

custom graphics.  The only allowable exceptions will be photo 

images, maps, schematic drawings, and selected floor plans. 

c. Animation.  Graphics shall be able to animate by displaying different 

Image lies for changed object status. 
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d. Alarm Indication. Indicate areas or equipment in an alarm condition 

using color or other visual indicator. 

e. Format. Graphics shall be saved in an industry-standard format such 

as BMP, JPEG, PNG, or GIF. Web-based system graphics shall be 

viewable on browsers compatible with World Wide Web Consortium 

browser standards. Web graphic format shall require no plug-in 

(such as HTML and JavaScript) or shall only require widely 

available no-cost plug-ins (such as Active-X and Macromedia Flash). 

 

2. Custom Graphics: 

 

a. The operator interface shall be capable of displaying custom graphics 

in order to convey the status of the facility to its operators. 

b. Graphical Navigation. The operator interface shall provide dynamic 

color graphics of building areas, systems and equipment. 

c. Graphical Data Visualization.  The operator interface shall support 

dynamic points including analog and binary values, dynamic text, 

static text, and animation files. 

d. Custom Background Images.  Custom background images shall be 

created with the use of commonly available graphics packages such 

as Adobe Photoshop. The graphics generation package shall create 

and modify graphics that are saved in industry standard formats such 

as GIF and JPEG. 

 

 C. Service Tool: 

 

1. Service Tool shall provide the necessary setup, configuration, and monitoring 

capabilities to service equipment/programmable controllers. Service Tool 

shall have the following capabilities: 

 

a. Shall be capable of generating reports. 

b. Shall be capable of assessing controller status, status of points and 

alarms. 

c. Shall be capable of point configuration and overrides. 

d. Shall be capable of scheduling controllers. 

e. Shall be capable of creating backup and restore configuration files 

and settings. 

 

2.8 DASHBOARDS 

 

A. Dashboard-style Graphics: 

 

 1. Graphics in the form of dashboards that provide “at-a-glance” views of 

operation shall be provided for controlled systems and subsystems. 

 

 a. Dashboards shall be provided in addition to standard operator 

interface screens that can be used for advanced-level diagnostics and 

system configuration. 
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 b. Dashboards must allow, without any clicks, an operator to determine 

if the system depicted is operating as designed or if investigation is 

required. 

 c. Dashboards shall be customizable. 

 d. Dashboards shall reside in and be provided by enterprise-, system-, 

or equipment-level devices that are part of the automation system. 

 

2. System dashboards shall allow end users to continuously view, monitor, and 

track “at-a-glance” conditions in end user identified critical areas. 

 

a. Main dashboards shall depict representations of enterprise- or 

campus-level systems using maps and facility-level systems using 

external views of buildings.  Main dashboards shall also depict 

system-level status for major areas using [color indications] and 

provide notice of and access to active and critical alarms. 

b. Building or area dashboards shall indicate location represented 

within the overall system with simple shapes and color variations.  

Status of critical systems within the building or area as defined by 

end user shall be represented using simple icons, shapes, and colors. 

c. Area or room dashboards shall indicate location represented within 

the building or area with simple shapes and color variations.  Key 

parameters as defined by end user shall be depicted using gauges. 

d. Representative dashboard examples shall be shown to owner for 

approval. 

 

3. Equipment dashboards shall provide a summary of the equipment operating 

conditions. 

 

a. Equipment dashboards shall depict operating conditions with a 

graphic representation of the equipment that utilizes animation. 

b. Equipment dashboards shall utilize [gauges, charts, bars, status 

points] or other similar “at a glance” representations to depict critical 

operating conditions as defined by user. 

 

4. Application dashboards shall provide a summary of the application 

conditions. 

 

a. Application dashboards shall utilize [gauges, charts, bars, status 

points] or other similar “at a glance” representations to depict critical 

operating conditions as defined by user. 

b. Application dashboards must depict the impact of system 

optimization strategies deployed. 

 

 

2.9 EQUIPMENT CONTROLLERS 

 

A. Equipment Controllers shall be stand-alone, microprocessor based Direct Digital 

Controllers with sufficient memory to handle its operating system, a database, and 

programming requirements.  
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B. Architecture/Communication: 

 

1. Equipment controllers shall meet the following communication requirements: 

 

a. Communicate to System Controller via BACnet MS/TP. 

b. To ensure integration to the installed system and additions the 

Controller must be BTL Testing Lab listed for the following: 

Advance Applications Controller (B-AAC). 

c. To allow maximum communications speed and co-existence with 

other controllers the Controller shall support at a minimum the 

following BACnet MS/TP master baud rate: 9600, 19200, 38400, 

76800. 

d. In case of communications failure stand-alone operation shall use 

default values or last values for remote sensors read over the network 

such as outdoor air temperature. 

e. In the event of communication failure, the Controller shall operate 

independently until communication is reestablished. 

 

C. For Operation of the Equipment Controllers: 

 

1. Shall operate a schedule in a standalone application using a Real Time Clock 

with a 7-day power backup. 

 

2. For ease of troubleshooting, the Controller shall support data trend logging. 

 

a. 25,000 samples minimum 

b. Trends shall be capable of being collected at a minimum sample rate 

of once every second 

c. Trends shall be capable of being scheduled or triggered. 

 

3. Environment.  Controller hardware shall be suitable for the anticipated 

ambient conditions. 

 

a. Storage conditions: 

 

1) Temperature: -67°F to 203°F  

2) Humidity: Between 5% to 100% RH (non-condensing)  

 

b. Operating conditions: 

 

  1) Temperature: -40°F to 158°F 

  2) Humidity: Between 5% to 100% RH (non-condensing) 

 

c. Controllers used indoors shall be mounted in a NEMA 1 enclosure at 

a minimum. 

d. Controllers used outdoors and/or in wet ambient shall be mounted 

within NEMA 4 type waterproof enclosures, and shall be rated for 

operation at -40 F to 158 F. 
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4. Input/Output:  The Controller shall have on board or through expansion 

module all I/O capable of performing all functionality needed for the 

application.  Controls provided by the equipment manufacture must supply 

the required I/O for the equipment.  In addition, other controls must meet the 

following requirements: 

 

a. Shall support flexibility in valve type, the controllers shall be capable 

of supporting the following valve control types 0-10VDC, 0-5VDC, 

4-20mA, 24VAC - 2 position. 

b. Shall support flexibility in sensor type, the Controller shall be of 

reading sensor input ranges of 0 to10V, 0 to 20mA, 50ms or longer 

pulses, 200 to 20Kohm and RTD input.   

c. Shall support flexibility in sensor type, all Analog Outputs shall have 

the additional capability of being programmed to operate as 

Universal Inputs or Pulse Width Modulation Outputs. 

d. Shall support flexibility in sensor type, the Controller and/or 

expansion modules shall support dry and wetted (24VAC) binary 

inputs.   

e. The controller support pulse accumulator for connecting devices like 

energy meters. 

f. In order to support a wide range of devices, the Controller’s binary 

output shall be able to drive at least 10VA each.   

g. Any I/O that is unused by functionality needed for the equipment 

shall be available to be used by custom program on the Controller 

and by any other controller on the network. 

h. The Controller shall provide 24VAC and 24VDC power terminals 

sensors and other devices required. 

i. The Controller shall provide a dedicated static pressure input. 

 

5. Input/Output Expandability – The Controller shall provide the following 

functionality in order to meet current and future application needs: 

 

a. For the application flexibility, the Controller shall be capable of 

expanding to a total of at least 100 hardware I/O terminations. 

b. Expansion I/O can be mounted up to 200m from control 

c. Expansion I/O can be added in as small as 4-point increments. 

d. To keep BACnet MS/TP network traffic to a minimum, expansion 

I/O must communicate via an internal controller communication bus 

(point expansion via the BACnet MS/TP network is not allowed). 

 

6. Serviceability – The Controller shall provide the following in order to 

improve serviceability of the Controller. 

 

a. Diagnostic LEDs for power/normal operation/status, BACnet 

communications, sensor bus communications, and binary outputs.  

All wiring connections shall be clearly labeled and made to be field 

removable. 

b. Binary and analog inputs and outputs shall use removable connectors 

or be connected to terminal strip external to the control box 
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c. Software service tool connection through all of the following 

methods:  direct cable connection to the Controller, connection 

through another controller on BACnet link and through the 

Controller’s zone sensor. 

d. For configuration, programming, and testing of controller programs 

must, for safety purposes, be able to be accomplished with the power 

off to the equipment and the controller. 

e. The Controller software tool service port shall utilize standard off-

the-shelf USB printer cable. 

f. Capabilities to temporarily override the BACnet point values with 

built-in time expiration in the Controller. 

g. To aid in service replacement, the Controller shall easily attached to 

standard DIN rail mounting. 

h. For future expansion, the Controller shall be capable of adding 

sequence of operation programming utilizing service tools software 

with a graphical programming interface (editing or programming in 

line code is not permissible).  

i. To aid in service replacement, the Controller shall allow for setting 

its BACnet address must be rotary switches that correspond to a 

numerical value for the address to allow the setting of the address 

without the need of a service tool or the control being powered (DIP 

switch methodologies are not allowed). 

j. Controller data shall persist through a power failure. 

 

 7. Transformer for the Controller must be rated at minimum of 115% of ASC 

power consumption, and shall be fused or current limiting type.  24 VAC, +/- 

15% nominal, 50-60 Hz, 24 VA plus binary output loads for a maximum of 

12 VA for each binary output.   

 

 

2.10 ZONE CONTROLLERS 

 

A. Zone Controllers shall meet the following communication requirements: 

 

1. To allow maximum communications speed and co-existence with other 

controllers, the controller shall support at a minimum the following BACnet 

MS/TP master baud rate: 9600, 19200, 38400, 76800, and 115200.   

 

2. To ensure integration to the installed system and additions the controller 

must be BTL Testing Lab listed for the following: 

 

a. Advance Applications Controller (B-AAC) or  

b. Application Specific Controller (B-ASC) and Supports sending 

alarm/event notifications to a subscriber. 

 

 B. Application Specific Controllers (ASC) shall be microprocessor-based DDC 

controllers which through hardware or firmware design control specified equipment.  

They are not user programmable, but are customized for operation within the 

confines of the equipment they are designed to serve. 
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1. Application Specific Controller are only allowed when both the following: 

 

 a. The equipment is compressor based and 

 b. The controller is provided by the equipment manufacturer and 

warrantied as part of the equipment. 

 

 C. Zone Controllers are controllers that operate equipment that control the space 

temperature of single zone.  Examples are controllers for VAV terminal units.  

  

1. Software: 

 

a. To meet the sequence of operation for each zone control, the 

controller shall use programs developed and tested by the controller 

manufacturer that are either factory loaded or downloaded with 

service tool to the controller.   

b. Stand-Alone Operation:  Each piece of equipment specified in 

section A shall be controlled by a single controller and provide 

stand-alone control in the event of communication failure.  In case of 

communications failure stand-alone operation shall use default 

values or last values for remote sensors read over the network such 

as outdoor air temperature. 

c. For controlling ancillary devices and for flexibility to change to 

sequence of operation in the future, the controller shall be capable 

running custom programs written in a graphical programming 

language.   

 

2. Environment: Controller hardware shall be suitable for the anticipated 

ambient conditions. 

 

a. Storage:  -55 to 203 ⁰F and 5 to 95% Rh, non-condensing. 

b. Operating:  -40 to 158 ⁰F and 5 to 95% Rh, non-condensing. 

c. Controllers used indoors shall be mounted in a NEMA 1 enclosure at 

a minimum 

d. Controllers used outdoors and/or in wet ambient shall be mounted 

within NEMA 4 type waterproof enclosures, and shall be rated for 

operation at -40 F to 158 F. 

 

3. Input/Output: 

 

a. For flexibility in selection and replacement of valves, the controllers 

shall be capable of supporting all of the following valve control types 

0-10VDC, 0-5VDC, 4-20mA, 24VAC floating point, 24VAC - 2 

position (Normally Open or Normally Closed).   

b. For flexibility in selection and replacement of sensors, the controllers 

shall be capable of reading sensor input ranges of 0 to10V, 0 to 

20mA, pulse counts, and 200 to 20Kohm.   

c. For flexibility in selection and replacement of binary sensors, the 

controller shall support dry and wetted (24VAC) binary inputs.   

d. For flexibility in selection and replacement devices, the controllers 

shall have binary output which are able to drive at least 12VA each.   
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e. For flexibility in selection and replacement of motors, the controller 

shall be capable of outputting 24VAC (binary output), DC voltage (0 

to 10VDC minimum range) and PWM (in the 80 to 100 Hz range).   

f. For future needs, any I/O that is unused by functionality of 

equipment control shall be available to be used by custom program 

on the controller and by another controller on the network. 

g. For future expansion and flexibility, the controller shall have either 

on board or through expansion, 20 hardware input/output points.   

Expansion points must communicate with the controller via an 

internal communications bus.  Expansion points must be capable of 

being mounted up to 200 meters from the controller. Expansion 

points that require the BACnet network for communication with the 

controller are not allowed.  

  

4. Serviceability – The controller shall provide the following in order to 

improve serviceability of the controller. 

 

a. Diagnostic LEDs shall indicate correct operation or failures/faults for 

all of the following:  power, sensors, BACnet communications, and 

I/O communications bus.  

b. All binary output shall have LED’s indicating the output state. 

c. All wiring connections shall removable without the use of a tool.   

d. Software service tool connection through all of the following 

methods:  direct cable connection to the controller, connection 

through another controller on BACnet link and through the 

controller’s zone sensor. 

e. For safety purposes, the controller shall be capable of being powered 

by a portable computer for the purposes of configuration, 

programming, and testing programs so that this work can be 

accomplished with the power off to the equipment.   

f. Capabilities to temporarily override of BACnet point values with 

built-in time expiration in the controller. 

g. BACnet Mack Address shall be set using decimal (0-9) based rotary 

switches.   

h. Configuration change shall not be made in a programming 

environment, but rather by a configuration page utilizing dropdown 

list, check boxes, and numeric boxes. 

i. BACnet trending objects resident on controller: 

 

1) Minimum of 20,000 trending points total on controller 

2) Shall be capable of trending all BACnet points used by 

controller 

3) Shall be capable of 1 second sample rates on all points 

 

5. Software Retention:  All Zone Controller operating parameters, set points, 

BIOS, and sequence of operation code must be stored in non-volatile 

memory in order to maintain such information for months without power.   

6. Transformer for the controller must be rated at minimum of 115% of ASC 

power consumption, and shall be fused or current limiting type.  24 VAC, +/- 
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15% nominal, 50-60 Hz, 24 VA plus binary output loads, for a maximum of 

12 VA for each binary output. 

   

7. Agency Approval:  The controller shall have meet the Agency Compliance: 

 

a. UL916 PAZX, Open Energy Management Equipment 

b. UL94-5V, Flammability 

c. FCC Part 15, Subpart B, Class B Limit 

 

 

2.11 AUXILIARY CONTROL DEVICES 

 

A. Motorized dampers, unless otherwise specified elsewhere, shall be as follows: 

 

1. Damper frames shall be 16-gauge galvanized sheet metal or 1/8" extruded 

aluminum with reinforced corner bracing. 

2. Damper blades shall not exceed 8" in width or 48" in length. Blades are to be 

suitable for medium velocity performance (2,000 fpm).  Blades shall be not 

less than 16-gauge. 

3. Damper shaft bearings shall be as recommended by manufacturer for 

application. 

4. All blade edges and top and bottom of the frame shall be provided with 

compressible seals.  Side seals shall be compressible stainless steel.  The 

blade seals shall provide for a maximum leakage rate of 4 CFM per square 

foot at 1.0" w.c. differential pressure.   

5. All leakage testing and pressure ratings will be based on AMCA Standard 

511.  

6. Individual damper sections shall not be larger than 48" x 60".  Provide a 

minimum of one damper actuator per section. 

 

B. Control dampers shall be parallel or opposed blade types. 

 

C. Differential Pressure Switches: 

 

 1. Differential Pressure Switches shall be furnished as indicated for status 

purposes in air applications.  Provide single pole single throw switch with 

fully adjustable differential pressure settings. 

 

D. Electric damper actuators: 

 

1. The actuator shall have electronic overload or digital rotation sensing 

circuitry to prevent damage to the actuator throughout the rotation of the 

actuator.   

2. Where shown, for power-failure/safety applications, an internal mechanical, 

spring return mechanism shall be built into the actuator housing.   

3. All rotary spring return actuators shall be capable of both clockwise and 

counter clockwise spring return operation.  Linear actuators shall spring 

return to the retracted position. 

4. Proportional actuators shall accept a 0-10 VDC or 0-20 ma control signal and 

provide a 2-10 VDC or 4-20 ma operating range.  
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5. Actuators shall be provided with a conduit fitting and a minimum 1m 

electrical cable and shall be pre-wired to eliminate the necessity of opening 

the actuator housing to make electrical connections. 

6. Actuators shall be Underwriters Laboratories Standard 873 listed. 

 

 E. Fire Protection Devices: 

 

1. Smoke detectors shall be furnished by Division 26 and installed by the 

Mechanical Contractor.  Smoke detectors shall be wired to the fire alarm 

control panel. Provide interlock wiring to disable supply fan upon a detection 

of smoke. 

2. Power wiring to the smoke detector and signal wiring from the smoke 

detector to the Fire Alarm Control Panel shall be furnished under Division 

26.  Unit shutdown wiring and control shall be the responsibility of the 

Automatic Temperature Controls Contractor. 

 

 F. Binary Temperature Devices: 

 

1. Low-Voltage Space Thermostats shall be 24 V, bimetal-operated, mercury-

switch type, with either adjustable or fixed anticipation heater, concealed set 

point adjustment, 55°F-85°F set point range, 2°F maximum differential, and 

vented cover. 

2. Line-Voltage Space Thermostats shall be bimetal-actuated, open-contact type 

or bellows-actuated, enclosed, snap-switch type or equivalent solid-state 

type, with heat anticipator, UL listing for electrical rating, concealed set 

point adjustment, 55°F-85°F set point range, 2°F maximum differential, and 

vented cover. 

3. Low-Limit airstream thermostats shall be UL listed, vapor pressure type. 

Element shall be at least 20 ft long. Element shall sense temperature in each 

1 ft section and shall respond to lowest sensed temperature. Low-limit 

thermostat shall be manual reset only. 

 

 G. Temperature Sensors: 

 

1. Temperature sensors shall be platinum Resistance Temperature Device 

(RTD) or 10,000 ohm Thermistor. 

2. Duct sensors shall be rigid or averaging as shown. Averaging sensors shall be 

a minimum of 5 feet in length. 

3. Immersion sensors shall be provided with a separable stainless steel well.  

Pressure rating of well is to be consistent with the system pressure in which it 

is to be installed. 

4. Space sensors shall be equipped with set-point adjustment, override switch, 

and communication port as shown on the drawings. 

5. Provide matched temperature sensors for differential temperature 

measurement.  Differential accuracy shall be within 0.2 F. 

6. Space sensor guards unless noted otherwise, provide lockable cast aluminum 

guards for sensors located in the gymnasium, and cafeteria. Provide lockable 

clear plastic guards in all public areas.   

 

 H. Humidity Sensors: 
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1. Duct and room sensors shall have a sensing range of 0% to 100% with 

accuracy of ±3% R.H. 

2. Duct sensors shall be provided with a sampling chamber. 

3. Outdoor air humidity sensors shall have a sensing range of 0% to 100% R.H.  

It shall be suitable for ambient conditions of -20 F to 140 F. 

4. Humidity sensor's drift shall not exceed 1% of full scale per year. 

 

 I. Static Pressure Sensors: 

 

1. Sensor shall have linear output signal.  Zero and span shall be field-

adjustable. 

2. Sensor sensing elements shall withstand continuous operating conditions plus 

or minus 50% greater than calibrated span without damage. 

 

J. Relays: 

 

1. Control relays shall be UL listed plug-in type with dust cover.  Contact 

rating, configuration, and coil voltage suitable for application. 

2. Time delay relays shall be UL listed solid-state plug-in type with adjustable 

time delay.  Delay shall be adjustable plus or minus 200% (minimum) from 

set-point shown on plans. Contact rating, configuration, and coil voltage 

suitable for application.  Provide NEMA 1 Type enclosure when not installed 

in local control panel. 

 

 K. Transformers and Power Supplies: 

 

1. Control transformers shall be UL listed, Class 2 current-limiting type, or 

shall be furnished with over-current protection in both primary and 

secondary circuits for Class 2 service. 

2. Unit output shall match the required output current and voltage requirements.  

Current output shall allow for a 50% safety factor.  Output ripple shall be 3.0 

mV maximum Peak-to-Peak.  Regulation shall be 0.10% line and load 

combined, with 50 microsecond response time for 50% load changes. Unit 

shall have built-in over-voltage protection.  

3. Unit shall operate between 0 C and 50 C. 

4. Unit shall be UL recognized. 

 

L. Uninterruptable Power Source (UPS): 

 

1. Provide UPS for all Building Control Units.  UPS must be a minimum APC 

No. SUA1500 rated a 1440VA/980W and provide a minimum backup time 

of 20 minutes. 

 

 a. Mount UPS beside Building Control Units. 

 

M. Current Switches: 
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1. Current-operated switches shall be self-powered, solid state with adjustable 

trip current.  The switches shall be selected to match the current of the 

application and output requirements of the DDC system.   

 

 N. Pressure Transducers: 

 

1. Transducer shall have linear output signal. Zero and span shall be field 

adjustable. 

2. Transducer sensing elements shall withstand continuous operating conditions 

of positive or negative pressure 50% greater than calibrated span without 

damage. 

 

 O. Local Control Panels: 

 

1. All indoor control cabinets shall be fully enclosed NEMA 1 Type 

construction with hinged door, and removable sub-panels or electrical sub-

assemblies.  

2. Interconnections between internal and face-mounted devices shall be pre-

wired with color-coded stranded conductors neatly installed in plastic troughs 

and/or tie-wrapped.  Terminals for field connections shall be UL listed for 

600-volt service, individually identified per control/interlock drawings, with 

adequate clearance for field wiring.  Control terminations for field 

connection shall be individually identified per control drawings. 

3. Provide on/off power switch with over-current protection for control power 

sources to each local panel. 

 

 

2.12 SECURITY SYSTEM 

 

A. User access shall be secured using individual security passwords for a minimum of 

eight users. 

 

B. Passwords shall have at least three levels of user access with data entry restrictions 

being assignable by password.  

 

C. User logon/logoff attempts shall be recorded. 

 

D. The system shall protect itself from unauthorized use by automatically logging off 

following the last keystroke.  The delay time shall be user definable. 

 

 

2.13 ALARMS 

 

 A. The Building Automation System shall provide audio, visual, contact closure, and 

remote e-mail annunciation for: 

 

1. Remote equipment failure 

2. Equipment run time 

3. Number of starts/stops 

4. Program failure 
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5. Card Failure 

6. Sensor Failure 

 

B. Each analog sensor and binary point shall be individually alarmed for values in 

excess of individual high/low limits or status. 

 

C. Dial-Up Communications: An AutoDial-up and auto-answer communications utility 

shall allow standalone Building Control Unit (BCU) to communicate with remote 

operator stations over voice grade phone lines. 

 

D. Remote Alarm/Reporting: 

 

1. Controllers shall automatically e-mail operator stations to report alarms, and 

upload historical data and reports. 

2. In the event that the controller is unable to connect with the remote station, it 

shall continue to attempt communication on a predetermined interval until 

communication is successful.  The capability shall exist to automatically 

switch to a backup e-mail in the event communications is unsuccessful. 

 

 E. Remote Operator Communications: 

 

1. Operators shall be able to dial up remote Building Control Unit (BCU) and 

gain access to the full control, reporting, and system modification capabilities 

described in this Specification. 

2. The operator shall dial up remote buildings from any laptop by selecting the 

user-definable name associated with the building.  No extra databases shall 

be required to allow communication to BCU. 

 

2.14 BUILDING MANAGEMENT SOFTWARE 

 

 A. The following Building Management programs shall be furnished standard as part of 

the Building Automation System.  The programs shall be enabled or disabled as 

directed by Owner. 

 

1. Timed Override: 

 

a. Timed override program shall be provided to enable the building 

operator to set up devices or groups of devices to be temporarily 

turned on for a defined period of time based on binary inputs or 

analog inputs. 

b. The override time shall be adjustable from 1 to 720 minutes. 

c. A standard weekly and monthly report shall be provided for easy 

documentation of timed override operation. 

 

B. Direct Digital Control: 

 

1. The Direct Digital Control program shall allow modulating control of remote 

devices based on sensed data. 

2. Standard control strategies shall include proportional, proportional plus 

integral, and proportional plus integral plus derivative control. 
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3. Control routines shall be flexible enough to allow operator to set parameters 

and make adjustments. 

4. Direct Digital Control loop setup and modification shall be done through 

pre-formatted edit screens, with parameters listed in English language. 

5. Program shall include a dynamic graphic display printout routine to indicate 

the status and real-time performance of the control loop. 

6. Custom Programming Language: 

 

a. A custom control language capability shall be provided to allow the 

operator to create real time, equation based, custom control routines. 

b. All binary and analog points in the Building Automation System 

shall be available as inputs to the custom routines. 

c. Equation operations shall include math functions, such as addition, 

subtraction, multiplication, division, square root, minimum, 

maximum, and average.  Logical functions such as greater than, less 

than, equal to, not equal to, less than or equal to, greater than or 

equal to, variable timing and delays shall also be allowed. 

 

7. Run Time Maintenance:  

 

a. The system shall monitor equipment status and generate maintenance 

messages based upon user designated run time, starts and/or calendar 

date limits. 

b. A minimum of 32 separate devices shall be monitored under this 

function. 

 

 8. Expanded Messages:  The user shall be able to define a minimum of ten 40-

character messages for automatic printing in the event of system alarm and/or 

run time and maintenance events.  

 

9. Reports and Logs:  The system shall include the capability to store, review 

and print the following reports and logs.  In addition, if a PC interface is 

specified, these reports shall be saved to diskette as an ASCII file for use by 

other Owner-furnished software packages. 

 

a. Current Summary Report - An instantaneous summary of building 

status, including heating and cooling degree days, on and off peak 

electrical demand performance, current electrical kWh consumption, 

and summary for critical temperature sensors listing today’s 

minimum and maximum values. 

b. Monthly Summary Report - An end of the month summary of 

building status including heating and cooling degree days, on and off 

peak electrical demand performance, current electrical kWh 

consumption, and summary for critical temperature sensors listing 

this month’s minimum and maximum values. 

c. Monthly Demand Limiting Report - A report for logging the 

electrical demand performance (both on and off peak) and the kWh 

consumption for each of the two utility meter programs shall be 

provided to the building operator.  Included shall be the times of 

today and yesterday’s demand peaks as well as the time and date of 
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the monthly demand peaks.  This report shall log electrical 

performance for the present day and previous 32 days. 

d. Yearly Demand Limiting Report - A report for logging the electrical 

demand performance (both on and off peak) and kWh consumption 

for each of the two utility meter programs.  This report shall log 

electrical performance for the present month and previous 12 

months. 

e. Yearly Meter Report - A report for logging the electrical kWh 

consumption for up to 6 sub meters.  This report shall log electrical 

performance for the present month and previous 12 months. 

f. Yearly Degree-Day Report - A current month and previous 12-month 

summary of heating and cooling degree-days. 

g. Weekly Temperature Report - A previous 7-day summary of the 

minimum and maximum temperatures for the critical zone 

temperature sensors. 

h. Weekly Override Time Report - A previous 7-day summary of after-

hours override usage (in hours and minutes) for the timed override 

groups. 

i. Monthly Override Time Report - A current and previous month 

summary of after-hours override usage (in hours and minutes) for the 

timed override groups). 

j. Trend Logs - A custom report generator allowing the user to trend 

and store at least 24 sample points based on a user-defined schedule. 

k. Event Logs - The system shall track system events including alarms, 

logons and diagnostics. 

l. Input/Output Status Reports - This reporting tool shall allow the 

operator to review the status of all system points. 

m. HVAC Equipment Reports - Reports shall be provided which 

indicate the HVAC equipment status as well as the status of all 

input/output points of connected HVAC equipment. 

n. Custom Report Capability - The building operator shall be provided 

with a simple method of creating custom reports. 

 

 

2.15 ANTI-RECYCLE TIMER PROTECTION 

 

A. A software program shall be provided to allow each individual piece of HVAC 

equipment to be individually programmable with “minimum on,” and “minimum off” 

timers to protect HVAC equipment from rapid cycling due to system or operator 

error. 

 

B. Minimum on/off timer program shall have priority over all application software 

functions except fire shutdown and smoke evacuation modes. 

 

C. For system start-up purposes, timers shall be set at 15 minutes of at an acceptable 

time as documented by the HVAC equipment supplier. 

 

D. Timers shall be individually programmable from 0 to 120 minutes. 
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2.16 CUSTOM PROGRAMMING REQUIREMENTS 

 

 A. A user-friendly custom DDC programming utility shall be provided to allow the 

building operator to tailor the system to meet individual needs and respond to 

changing building requirements. 

 

 B. The building operator shall be able to create custom DDC routines using analog and 

binary point values, alarm states, constants, and shared variables to perform 

calculations.  The results of these calculations shall be used to perform analog 

control, binary control, DDC loop enable/disable, and other control functions.  

 

 

PART 3 - EXECUTION 

 

 

3.1  GENERAL 

 

A. The project plans shall be thoroughly examined for control device and equipment 

locations, and any discrepancies, conflicts, or omissions shall be reported to the 

Design Build Contractor for resolution before rough-in work is started. 

 

B. The contractor shall inspect the site to verify that equipment is installable as shown, 

and any discrepancies, conflicts, or omissions shall be reported to the Design Build 

Contractor for resolution before rough-in work is started. 

 

 

3.2  PROTECTION 

 

A. The Contractor shall protect all work and material from damage by his/her work or 

workers, and shall be liable for all damage thus caused. 

 

B. The Contractor shall be responsible for his/her work and equipment until finally 

inspected, tested, and accepted.  The Contractor shall protect his/her work against 

theft or damage, and shall carefully store material and equipment received on site that 

is not immediately installed.  The Contractor shall close all open ends of work with 

temporary covers or plugs during storage and construction to prevent entry of foreign 

objects. 

 

 

3.3  GENERAL WORKMANSHIP 

 

A. Install equipment, piping, wiring/conduit parallel to System lines (i.e. horizontal, 

vertical, and parallel to walls) wherever possible.  

 

B. Provide sufficient slack and flexible connections to allow for vibration of piping and 

equipment. 

 

C. Install all equipment in readily accessible location as defined by Chapter 1 Article 

100 Part A of the NEC.  Control panels shall be attached to structural walls unless 
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mounted in equipment enclosure specifically designed for that purpose.  Panels shall 

be mounted to allow for unobstructed access for service. 

 

D. Verify integrity of all wiring to ensure continuity and freedom from shorts and 

grounds. 

 

E. All equipment, installation, and wiring shall comply with acceptable industry 

specifications and standards for performance, reliability, and compatibility and be 

executed in strict adherence to local codes and standard practices. 

 

 

3.4  FIELD QUALITY CONTROL 

 

A. All work, materials and equipment shall comply with the rules and regulations of 

applicable local, state, and federal codes and ordinances as identified in Part 1 of this 

Section. 

 

B. Contractor shall continually monitor the field installation for code compliance and 

quality of workmanship.  All visible piping and or wiring runs shall be installed 

parallel to System lines and properly supported.  

 

C. Contractor shall arrange for field inspections by local and/or state authorities having 

jurisdiction over the work.   

 

 

3.5  WIRING 

 

A. The Control Contractor shall provide all electrical control and interlock wiring 

required for the Automatic Temperature Control System furnished hereunder.  All 

power wiring shall be furnished and installed per Division 26.  Where electric power 

is supplied to a DDC Controller by this Contractor, a suitable circuit breaker will be 

furnished and installed by this Contractor. 

 

B. Controls Contractor shall provide all electrical and interlock wiring for the 

dishwasher exhaust fan and for proper operation of the commercial kitchen hood 

EMS with all system components, including but not limited to: Variable Frequency 

Drives (VFD), Exhaust Fans (EF), Make-up Air unit (MAU), heat sensors, control 

dampers and alarms. 

 

C. All electrical work performed under this Section shall comply with the National 

Electrical Code, Underwriters’ Laboratories where applicable, and the Electrical 

Division of these Specifications. 

 

D. Class II wiring for the Automatic Temperature Control System in plenum ceiling 

spaces or in corridor ceiling spaces shall be run in EMT or with plenum-rated cable.  

All control wiring in exposed locations must be installed in metallic conduit.  Power 

line carrier devices or RF signaling devices may not be used.  All system components 

and sensors must be hard-wired.  Minimum size conduit shall be 3/4".  All cable shall 

be bundled and neatly strapped to roof joists.  Laying wire on top of ceiling shall 

NOT be allowed.  Flexible metal conduits and liquid-tight, flexible metal conduits 
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shall not exceed 1 m (3 ft) in length and shall be supported at each end. Flexible 

metal conduit less than 1/2-inch electrical trade size shall not be used.  In areas 

exposed to moisture, liquid-tight, flexible metal conduits shall be used.  All liquid-

tight conduits shall have interior metal core. 

 

E. Where wiring in exposed, occupied spaces cannot be concealed, wire mold shall be 

used. 

 

F. For installation of wall sensor control wiring, use the existing conduit where 

applicable. 
 

 

3.6  INSTALLATION OF SENSORS 

 

A. Install sensors in accordance with the manufacturer's recommendations. 

 

B. Mount sensors rigidly and adequate for the environment within which the sensor 

operates. 

 

C. Room temperature sensors shall be installed on concealed junction boxes properly 

supported by the wall framing.   

 

D. All wires attached to sensors shall be air sealed in their conduits or in the wall to stop 

air transmitted from other areas affecting sensor readings. 

 

E. Install duct static pressure tap with tube end facing directly down-stream of air flow. 

 

F. Sensors used in mixing plenums, and hot and cold decks shall be of the averaging 

type.  Averaging sensors shall be installed in a serpentine manner horizontally across 

duct.  Each bend shall be supported with a capillary clip. 

 

G. All pipe mounted temperature sensors shall be installed in wells.  Install all liquid 

temperature sensors with heat conducting fluid in thermal wells.   

  

H. Wiring for space sensors shall be concealed in System walls.  EMT conduit is 

acceptable within mechanical and service rooms. 

 

I. Install outdoor air temperature sensors on north wall complete with sun shield at 

designated location.   
 

 

3.7  WARNING LABELS 

 

 A. Affix labels on each starter and equipment automatically controlled through the DDC 

System. Warning label shall indicate the following: 

 

CAUTION 

This equipment is operating under automatic control and may start or stop at any time without 

warning. Switch disconnect to “Off” position before servicing. 
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 B. Affix labels to motor starters and control panels that are connected to multiple power 

sources utilizing separate disconnects. Labels shall indicate the following: 

 

CAUTION 

This equipment is fed from more than one power source with separate disconnects.   

Disconnect all power sources before servicing. 

 

 

 

3.8  IDENTIFICATION OF HARDWARE AND WIRING 

 

A. All wiring and cabling, including that within factory fabricated panels, shall be 

labeled at each end within 2" of termination with a cable identifier and other 

descriptive information.   

 

B. Permanently label or code each point of field terminal strips to show the instrument 

or item served. 

 

C. Identify control panels with minimum 1/2” letters on nameplates.   

 

D. Identify all other control components with permanent labels.  Identifiers shall match 

record documents.  All plug-in components shall be labeled such that removal of the 

component does not remove the label. 

 

 

3.9  CONTROLLERS 

 

A. Provide a separate Controller for each major piece of HVAC equipment.  A custom 

application controller may control more than one system provided that all points 

associated with that system are assigned to the same controller.  Points used for 

control loop reset such as outside air or space temperature are exempt from this 

requirement. 

 

B. System Controllers and Custom Application Controllers shall be selected to provide a 

minimum of 15% spare I/O point capacity for each point type found at each location.  

If input points are not universal, 15% of each type is required.  If outputs are not 

universal, 15% of each type is required.  A minimum of one spare is required for 

each type of point used. 

 

 1. Future use of spare capacity shall require providing the field device, field 

wiring, points database definition, and custom software.  No additional 

Controller boards or point modules shall be required to implement use of 

these spare points. 
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3.10 PROGRAMMING 

 

A. Provide sufficient internal memory for the specified control sequences and trend 

logging.  There shall be a minimum of 25% of available memory free for future use. 

 

B. Point Naming: System point names shall be modular in design, allowing easy 

operator interface without the use of a written point index. 

 

C. Software Programming: 

 

1. Provide programming for the system as written in the specifications and 

adhere to the sequence strategies provided. All other system programming 

necessary for the operation of the system but not specified in this document 

shall also be provided by the Control System Contractor.  Imbed into any 

custom-written control programs sufficient comment statements or inherent 

flow diagrams to clearly describe each section of the program.  The comment 

statements shall reflect the language used in the sequence of operations. 

 

D. Operators' Interface: 

 

1. Standard Graphics. Provide graphics for each major piece of equipment and 

floor plan in the System. This includes each Rooftop Air Conditioning Units, 

VAV Terminal, and split systems.  These standard graphics shall show all 

points dynamically as specified in the points list. 

2. The controls contractor shall provide all the labor necessary to install, 

initialize, start-up, and trouble-shoot all operator interface software and their 

functions as described in this section. This includes any operating system 

software, the operator interface database, and any third-party software 

installation and integration required for successful operation of the operator 

interface. 

3. As part of this execution phase, the controls contractor will perform a 

complete test of the operator interface. Test duration shall be a minimum of 

16 hours on-site. Tests shall be made in the presence of the Owner or 

Owner's representative. 

 

E. Demonstration:  A complete demonstration and readout of the capabilities of the 

monitoring and control system shall be performed. The contractor shall dedicate a 

minimum of 16 hours onsite with the Owner and his representatives for a complete 

functional demonstration of all the system requirements. This demonstration 

constitutes a joint acceptance inspection, and permits acceptance of the delivered 

system for on-line operation. 

 

 

3.11 CLEANING 

 

A. This contractor shall clean up all debris resulting from his or her activities daily.  The 

contractor shall remove all cartons, containers, crates, etc. under his control as soon 

as their contents have been removed.  Waste shall be collected and placed in a 

location designated by the Construction Manager or General Contractor. 
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B. At the completion of work in any area, the Contractor shall clean all of his/her work, 

equipment, etc., making it free from dust, dirt and debris, etc. 

 

C. At the completion of work, all equipment furnished under this Section shall be 

checked for paint damage, and any factory finished paint that has been damaged shall 

be repaired to match the adjacent areas.  Any metal cabinet or enclosure that has been 

deformed shall be replaced with new material and repainted to match the adjacent 

areas. 

 

 

3.12 TRAINING 

 

A. Provide a minimum of 4 classroom training sessions, 4 hours each, throughout the 

contract period for personnel designated by the Owner.  Computer-based audio-visual 

training may be substituted for up to 8 hours of hands on training. 

 

B. Train the designated staff of Owner's representative and Owner to enable them to 

proficiently operate the system; create, modify and delete programming; add, remove 

and modify physical points for the system, and perform routine diagnostic and 

troubleshooting procedures. 

 

C. Additional training shall be available in courses designed to meet objectives as 

divided into three logical groupings; participants may attend one or more of these, 

depending on the level of knowledge required: 

 

1. Day-to-day Operators 

2. Advanced Operators 

3. System Managers/Administrators  

 

D. Provide course outline and materials as per Part 1 of this Section.  The instructor(s) 

shall provide one copy of training material per student. 

 

E. The instructor(s) shall be factory-trained instructors experienced in presenting this 

material. 

 

F. Classroom training shall be done using a network of working controllers, 

representative of the installed hardware or at the customer’s site. 

 

G. This training shall be made available in addition to the interactive audio-visual 

tutorial, provided with the system. 

 

 

3.13 COMMISSIONING 

 

A. The BAS/ATC Contractor shall submit for approval with their shop drawings, a 

detailed procedure for commissioning the entire Automatic Temperature Control 

System.  As a minimum, the following items shall be included in the Commissioning 

Procedure: 

 

1. Software: 
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a. Sequence of Operation 

b. Control Loops 

c. Inputs/Outputs 

d. Building Management 

e. Energy Management Software 

 

2. Hardware: 

 

a. Direct Digital Control Panels 

b. Remote Communications 

c. Inputs/Outputs 

d. Testing procedures for control devices that are not factory-mounted 

and tested with their respective equipment. 

 

3. Opposite season tests: 

 

 a. Software/Hardware 

 

 

3.14 ACCEPTANCE 

 

 A. The control systems will not be accepted as meeting the requirements of Completion 

until all tests described in this specification have been performed to the satisfaction of 

both the Engineer and Owner.  Any tests that cannot be performed due to 

circumstances beyond the control of the Contractor may be exempt from the 

Completion requirements if stated as such in writing by the Owner's representative.  

Such tests shall then be performed as part of the warranty. 

 

 

END OF SECTION 230900 
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SECTION 260100 - ELECTRICAL GENERAL PROVISIONS 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions and Division 1 Specification Sections, apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. This Section of the Specifications describes the material and installation procedures to be 

followed for furnishing and installing the electrical equipment and material as outlined and 

described on the contract drawings and as stated in this Division of the Specifications. 

 

B. Where the word “Contractor” appears in this Division of the Specifications, it applies to the 

Contractor performing the electrical portion of the work, unless specifically indicated 

otherwise. 

 

C. The Contractor shall install the systems as specified herein and indicated on the contract 

drawings and shall furnish all labor, material, tools, scaffolds, erection equipment, services 

and other items of expense as necessary as a part of this Contract. This Contract further 

includes placing the systems into operation and properly testing, adjusting, balancing and 

training the owner’s personnel on the use of all items of equipment as specified and as 

approved by the Architect. 

 

 

1.3 SUPERVISION 

 

A. The Electrical Contractor shall have a competent and English speaking designated 

Supervisor who is a Certified Master Electrician on the job site at all times that any 

electrical work is being performed. This shall include any and all electrical work being 

accomplished by contractors who are subcontractors to the prime Electrical Contractor. 

 

 

1.4 DRAWINGS 

 

A. General arrangements of the necessary conduits, feeders, light fixtures, devices, panels, and 

equipment are indicated on the drawings in diagrammatic form only.  Due to the scale of 

the drawings, offsets, fittings, and accessories may not be shown. Work indicated but 

having details omitted shall be provided complete to an operating condition with all 

fittings, wiring, and ancillary equipment and material as required. Where rearrangement is 

necessary, submit drawings of proposed changes for approval and coordinate and arrange 
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work with consideration to the architectural, structural, mechanical, plumbing, and 

sprinkler system drawings, the existing building conditions and to the work of the various 

other building trades. Equipment provided under this Division of the Specifications shall be 

installed in accordance with the recommendations of the equipment or material 

manufacturer. 

 

 

1.5 COORDINATION 

 

A. Coordinate the electrical work with the architectural, structural, mechanical, plumbing, and 

sprinkler system drawings and work in order to avoid omissions and to eliminate any 

interference. Report any discrepancies found, as soon as possible, after discovery, to the 

Architect. 

 

B. The contractor shall be responsible for coordinating with the Division 23 Contractor for 

providing properly sized circuit breakers to serve mechanical equipment and motors 

furnished which differ from that specified or indicated. This shall be further understood to 

include branch circuit wiring, conduit, disconnect switches, etc., in accordance with the 

appropriate codes and specifications. The cost of providing this increased electrical service 

and related work shall be included under the applicable section under which the equipment 

and motors are being furnished, at no additional cost to the Owner. 

 

C. The contractor shall coordinate the following electrical requirements for all mechanical 

equipment with the Division 23 Contractor: 

 

 1. Number of electrical connections. 

 2. Number and size of feeders’ terminal lugs. 

 3.  Maximum overcurrent protection. 

 4. Size and type of fuses. 

 

 

1.6 CODES AND STANDARDS 

 

A. Various recognized codes and standards form a part of these Specifications the same as if 

written fully herein and shall be followed as minimum requirements.  The codes and 

standards will be referred to by their abbreviated names and are listed below. Reference to 

these standards shall be understood to mean the latest edition and accumulative 

supplements which have been adopted by the “Authority Having Jurisdiction,” unless noted 

otherwise. 

 

  ASAD   ADA Standards for Accessible Design 

  ANSI  American National Standards Institute 

  ASTM  American Society for Testing and Materials 

  CBMA  Certified Ballast Manufacturers Association 

  ICC  International Code Council 

  ICEA  Insulated Cable Engineers Association 

  IECC  International Energy Conservation Code 

  IEEE  Institute of Electrical and Electronics Engineers 

  IESNA  Illuminating Engineering Society of North America 

  LEED  Leadership in Energy and Environmental Design  
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  NEC 2020 National Electrical Code 

  NEMA   National Electrical Manufacturers Association 

  NESC  National Electrical Safety Code 

  NFPA  National Fire Prevention Association 

  NFPA 70E Standard for Electrical Safety in the workplace 

  OSHA   The Occupational Safety and Health Act 

  UL  Underwriters Laboratories, Inc. 

  VUSBC Virginia Uniform Statewide Building Code, 2021 Edition 

 

B. All equipment, material, apparatus, and work shall conform to the requirements of the 

NEC. If the Contractor observes that the drawings and specifications are at variance 

therewith, the contractor shall notify the Architect in writing. If the Contractor performs 

such work contrary to the above referenced rules and regulations and without written 

acknowledgment or notice thereto, they shall correct this work and bear all cost arising 

therefrom. 

 

 

1.7 NOTICES AND FEES 

 

A. Give all required notices, obtain all necessary permits, and pay all required fees, including 

any fees associated with temporary electrical power services during construction. Utility 

company fees, which are for the permanent installation of electrical power services, shall be 

paid for by the Owner. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 EQUIPMENT AND MATERIALS 

 

A. Refer to Specification 013300 “Submittals”, for shop drawing submittal procedures. Submit 

shop drawings for materials required for this project as indicated herein.  Obtain approval 

from the Architect before manufacture is started on any of same.  The shop drawings shall 

show complete details of the various items, wiring diagrams, etc., and shall be submitted in 

a sufficient number of copies to allow the Engineer to retain one copy. Approved copies of 

all shop drawings shall be kept on the job site accessible to the Architect at all times.  All 

new power distribution equipment (panelboards, disconnect switches, transformers, 

contactors, and other power related components) shall all be by the same manufacturer. 

 

 

2.2 ACCEPTABLE MANUFACTURERS 

 

A. The following list states specific names of acceptable manufacturers of particular 

equipment and indicates the types of material on which submittals shall be made: 

 

        Submittal Information 

         Required: 

 

 Light Fixtures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Product Data 

 See light fixture schedule on drawings 
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 NOTE:  If substitute light fixtures are submitted for review, provide catalog data on the 

substitution which will provide all the information required to compare it to the specified 

product. At a minimum, provide dimensional and weight data, coefficients of utilization 

(CU) information, and photometrics for both the specified and substitute light fixtures.  

Lighting Shop Drawings not submitted with cut sheets for both Basis of Design and 

alternate light fixtures will be returned with “REJECTED – FURNISH SPECIFIED 

ITEMS”. 

 

 Power Distribution Equipment (Panelboards) Shop Drawings 

 General Electric / ABB Company 

 Square D Company 

 Eaton/Cutler-Hammer 

 Siemens 

 

 Lighting Contactors & Disconnect Switches  ............................. Product Data 

 General Electric / ABB Company 

 Square D Company 

 Eaton/Cutler-Hammer 

 Siemens 

 

 Magnetic Contactors  .................................................................. Product Data 

 General Electric / ABB Company 

 Square D Company 

 Eaton/Cutler-Hammer 

 Siemens 

 

 Surge Protective Devices ............................................................ Product Data 

 Liebert 

 Square D 

 Eaton 

 

Wiring Devices and Cover Plates  .............................................. Product Data 

Hubbell 

Leviton 

Arrow-Hart 

Pass and Seymour 

 

Dry-type Transformers ............................................................... Product Data 

General Electric / ABB Company 

Square D Company 

Eaton/Cutler-Hammer 

Siemens 

 

Cable Tray and Racks ................................................................. Product Data 

B-Line Systems 

MP Huskey 

Mono Systems 
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Surface Metal Raceway...............................................................Product Data 

Wiremold 

Hubbell Incorporated 

Mono Systems 

 

B. The following list states other materials for which product data submittals shall be made: 

 

  Cable Tray  

  CCTV Systems Components 

  Circuit Breakers (each type) 

  Conductors (each type) 

  Conduit (each type) 

  Data Network Cabling and Components 

  Fire Alarm System Components 

  Fuses (each type) 

  Intrusion Detection System Components 

  Integrated Communication System Components 

  LED Drivers 

  LED Lamps 

  Lighting Contactors 

  Master Clock System Components 

  MC Cable (each type) 

  Occupancy Sensing Switches (all types) 

  Short Circuit Coordination Study and Arc Flash Hazard Analysis 

  Surface Metal Raceway (including all accessory components) 

 

C. Catalog numbers and manufacturers are listed as a guide for minimum requirements to be 

met. Material and equipment of manufacturers other than those listed will be given 

consideration by the Architect providing the material meets the minimum requirements set 

forth in these Specifications and providing the material or equipment will provide 

satisfactory performance for the intended installation, does not exceed the dimensions and 

weight of the specified item and meets the aesthetic performance desired of the specified 

item.  Submittals of other than specified equipment shall have indicated on the specification 

sheets in the shop drawing submittals each item called for in these Specifications by 

paragraph and subparagraph numbers and/or letters.  

 

D. Refer to Specification Section 012500 for substitution requirements. 

 

E. Any deviation from the manufacturers listed in the preceding list and /or of those stated in 

the Contract Documents shall be submitted to the Architect for approval in accordance with 

Specification Section 260500, “Materials and Methods.” Facsimile transmission of data for 

review will not be accepted. 

 

F. The Engineer will review for approval, only one substitute for each type of material 

specified in the Division 26 Contract Documents. If the substitute material is not approved, 

the Contractor shall provide the material by one of the specified manufacturers. Approval 

of substitute material is at the sole discretion of the Architect and Owner, and the 

Contractor shall bear all costs arising therefrom, including any design fees if additional 

design effort is deemed prudent or necessary by the Architect. 
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G. Only the types of materials specified herein are approved for use on this project.  No other 

material types will be considered. 

 

 

PART 3 - EXECUTION 

 

 

3.1 INSTALLATION 

 

A. “Provide,” as used on the drawings and in these Specifications, shall mean furnish, install, 

connect, adjust, test, and place into operation, except where otherwise specifically stated in 

the contract documents. 

 

B. Provide coordinated electrical systems, equipment, and material complete with auxiliaries 

and accessories as required for a complete and operable finished project. 

 

C. Run all conduits concealed except where specifically indicated otherwise. Exposed conduit 

installation other than where indicated shall be approved by the Architect and Owner prior 

to installation. 

 

 

3.2 CLEANING 

 

A. Remove all dirt, trash, and oil from all raceways, boxes, fittings, cabinets, and panelboards. 

 

B. Protect, to the satisfaction of the Architect, all equipment provided against damage during 

construction. If damage does occur to any materials, refinish, repair, or replace the 

equipment or material as directed by the Architect. 

 

 

3.3 REPAIR OF EXISTING WORK 

 

A. Repair of existing work, demolition, and modification of existing electrical distribution 

systems shall be performed as follows: 

 

 1. Workmanship: Lay out work in advance.  

 

  a. Exercise care when cutting, channeling, chasing, or drilling of floors, walls, 

partitions, ceilings, or other surfaces as necessary for proper installation, 

support, or anchorage of conduit, raceways, or other electrical work. Repair 

damage to buildings and materials or equipment damaged using skilled 

craftsmen of the appropriate trades. 

 

 2. Existing Concealed Wiring to be Removed:  

 

  a. Existing concealed wiring to be removed shall be disconnected from its 

source. Remove conductors and cut conduits flush with concrete floors, and 

top openings with non-shrink grout. Where wood floors are encountered, 

remove conduit to below wood floor. Where conduit that passes through 
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walls is removed, seal opening in wall with a material that is equal to the fire 

rating of the material the wall is constructed from. 

 

 3. Continuation of Service:  

 

  a. Maintain continuity of existing circuits to remain. Existing circuits shall 

remain energized unless otherwise indicated. Circuits which are to remain 

but were disturbed during demolition shall have circuit wiring and power 

restored back to original condition as approved by the Architect.  Only 

materials specified for this project may be used to affect repairs. 

 

 

3.4 EXCAVATION 

 

A. All excavations shall be made to the proper depth to assure a firm foundation for the work. 

 

 

3.5 RECORD DRAWINGS 

A. Refer to Specification Section 017839 “Project Record Documents”. 

 

 

3.6 OPERATION AND MAINTENANCE MANUALS 

 

A. Refer to Specification Section 017823 “Operation and Maintenance Data”.   

 

The following list states materials for which Operation and Maintenance Data submittals 

shall be made: 

 

  CCTV Systems Components 

  Data Network Cabling and Components 

  Elevator Emergency Communication System 

  Fire Alarm System Components 

  Intrusion Detection System Components 

  Integrated Communication System Components 

  Light Fixtures 

  Master Clock System Components 

  Power Distribution Equipment (Panelboards, Dry Type Transformers, Lighting 

Contactors & Disconnect Switches) 

  Short Circuit Coordination Study and Arc Flash Hazard Analysis 

  Occupancy Sensing Switches (all types) 

  Surge Protective Devices     

  Wireless Clock Systems  

 

 

3.7 EQUIPMENT INVENTORY 

 

A. Provide a complete equipment inventory for all Electrical Equipment listed below.  Refer to 

Appendix A in this section for the required template.  A separate form shall be provided for 

each new piece of equipment provided. 
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B. Prior to substantial completion, submit the equipment inventory forms for review.  Once 

approved, include the forms in the operation and maintenance manual. 

 

The following list states materials for which equipment inventory shall be made: 

 

  CCTV Systems Components 

  Data Network Cabling and Components 

  Elevator Emergency Communication System 

  Fire Alarm System Components 

  Intrusion Detection System Components 

  Integrated Communication System Components 

  Light Fixtures 

  Master Clock System Components 

  Power Distribution Equipment (Panelboards, Dry Type Transformers, Lighting 

Contactors & Disconnect Switches) 

  Occupancy Sensing Switches (all types) 

  Surge Protective Devices 

  Time Clocks 

  Wireless Clock Systems  
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APPENDIX A 

 

 

New Equipment Inventory 

 

 

Project Name:  (Add Project Name) 

 

Project Address:  (Add Project Address) 

 

Description of Item:            

(ex. Switchboard, Panelboards, Generator, Lighting, etc.) 

 

Classification: 

 

 Lighting 

 Power Distribution 

 Auxiliary Systems 

 

Building:             

 

Equipment Location (Room Number):         

 

Date Purchased:            

 

Date Placed in Service:           

 

Original Cost:             

 

Life Expectancy (years):           

 

Estimated Replacement Date:           

 

Estimated Replacement Cost:           

 

Manufacturer:            

 

Model/Serial #:            

 

 

END OF SECTION 260100 
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SECTION 260500 - MATERIALS AND METHODS 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. Provide all labor, material, tools, scaffolds, erection equipment, services and supplies to 

fabricate, install, connect, adjust, test, and place in operation the electrical and other 

systems as called for in these Specifications and as indicated on the Contract Drawings. 

 

B. Properly store and protect all material and equipment until installed. 

 

C. All material and equipment shall be new and of the quality noted or specified.  Material, 

equipment, and work of inferior quality will be rejected and shall be removed from the job 

site immediately upon rejection and replaced. Unacceptable work shall be removed and 

replaced. All replacement material and work shall be done at the Contractor expense. The 

Architect will decide upon the quality of material and equipment furnished and of the work 

performed. 

 

 

1.3 WARRANTIES 

 

A. The Contractor shall provide the Owner with a one-year, unlimited material and labor 

warranty on all work accomplished and materials provided under Division 26, 27, 28, 

including all components thereof except as otherwise noted herein or in other 

specifications. The warranty start date is the date of project “Substantial Completion” as 

determined by the Architect.  All warranties shall be submitted as part of the shop drawing 

submittals. 

 

B. Electronic Fluorescent and HID Ballasts shall be free from defect in material and 

workmanship for a period of five (5) years from the date of project “Substantial 

Completion” as determined by the Architect. 

 

C. Electronic LED drivers shall be free from defect in material and workmanship for a period 

of five (5) years from the date of project “Substantial Completion” as determined by the 

Architect. 

 



NORTHERN SHORES ELEMENTARY SCHOOL ADDITION  

SUFFOLK PUBLIC SCHOOLS 
 

RRMM PROJECT NO. 23238-00 

 

 

MATERIALS AND METHODS                                                                            260500 - 2 

 

PART 2 - PRODUCTS 

 

 

2.1 MATERIAL 

 

A. Electrical material furnished under these Specifications shall be new and listed by UL and 

shall bear the UL label where labeling service is available for the type of material provided 

for this project. 

 

 

2.2 RACEWAYS 

 

A. Raceways shall be of the size indicated or as required by the NEC; whichever is the larger; 

except where larger conduits are specified on the Contract Drawings.  Raceways shall be 

1/2" minimum. 

 

B. Raceways shall be provided for all electrical systems indicated on the drawings unless 

specifically indicated otherwise. Raceways shall be hot-dip galvanized rigid steel conduit 

(GRS), electrical metallic tubing (EMT), flexible steel conduit, or intermediate metallic 

conduit (IMC). Flexible steel conduit in kitchen areas, and outdoors shall be liquid tight. 

Schedule 40 PVC conduit may be used only below grade, under concrete slabs-on-grade 

and other locations where specifically indicated. 

 

 

2.3 CONDUCTORS 

 

A. Conductors shall be of the American Wire Gauge size indicated on the contract drawings or 

specified herein. 

 

B. All conductors shall be copper.  The use of Aluminum conductors is not permitted. 

 

 

2.4 OUTLETS 

 

A. Outlet and junction boxes shall be of one-piece galvanized construction of a type and size 

applicable for use in the location indicated on the contract drawings and as required by the 

NEC. 

 

B. Locations of outlets for lighting, devices, power, and equipment are indicated on the 

contract drawings. Owing to the small scale of the drawings, it is not possible to indicate 

the exact location. Examine the architectural, structural, mechanical, sprinkler system and 

plumbing drawings, and finish conditions and arrange work as required to meet such 

conditions to the approval of the Architect. 

 

C. Verify the exact swing of doors and locations of furniture and built-in cabinetry prior to 

installing outlets for switches and receptacles and make the necessary adjustments in 

location and mounting height of same to avoid conflicts at no additional cost. Coordinate 

outlets with change orders, addenda, and job site differences. 
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2.5 FUSES 

 

A. All fuses shall be provided by the Electrical Contractor. 

 

B. Fuses shall be as follows: 

  

 1. General: All fuses must carry the UL inspected label. All fuses shall be plainly 

marked with ampere rating, voltage rating, interrupting capacity when greater than 

10,000 Amperes and current limiting where it applies, and the name of the trademark 

of the manufacturer. 

 2. Interrupting Capacity: Each fuse shall be capable of safely interrupting the maximum 

short-circuit current available at the point in the circuit where installed. 

 3. Coordination: Service fuses and the fuses installed in feeder circuits shall be 

coordinated to provide a selective system of over-current protection. 

 

C. Main, feeder, and branch circuit fuses shall be as follows: 

 

 1. Circuits 0 to 600 amperes shall be protected by BUSSMANN Low-Peak, Limitron, 

or Fusetron (RK5, 200,000 I/C) Fuses rated as indicated on the drawings. 

 2. Motor Circuits: All motors rated 480 volts or less shall be protected by dual-element 

fuses rated not in excess of 175% and not less than 125% of motor nameplate rating 

or as indicated. Larger motors as indicated on drawings where fuse gaps are larger 

than size required for proper rating of fuse, install “all-metal” fuse reducers. 

 

 

2.6 LABELING 

 

A. Label all disconnect switches, panelboards, motor controllers, transformers, and lighting 

contactors provided under Division 26 of these Specifications. 

 

B. Labels shall be machine engraved, laminated, Bakelite, nameplate type.  Labels shall have 

black faces with white letters except for fire alarm cabinet and emergency panels where the 

faces shall be red with white letters. 

 

C. Size of labels shall be based on the required lettering and lettering size.  The following are 

the minimum requirements for each type of label: 

 

  1. Panelboards and Transformers:  The First line of label shall state name of panel as 

shown on the drawings. The Second line shall state from where the panel is fed. 

Lettering shall be 3/8" high. 

 

    Example: Panel L-100  Transformer TC-1 

      Fed from MDS  Fed From Panel #1 

      Circuit # _____  Circuit # _____ 

      Voltage _____  Voltage _____ 

 

 2. Motor Controller: Motor controller shall be labeled in 1/4" high letters. The First line 

shall state the duty of motor and number if more than two motors have the same duty.  

The Second line shall state from what panel the controller is fed. 
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    Example: Chilled Water Pump No. 2 

      Fed from Panel 100 

      Circuit # _____ 

      Voltage _____  

 

 3. HVAC equipment with integral disconnects shall be labeled on the outside of the 

equipment housing at the location of the disconnect in the same manner as Motor 

Controllers. The HVAC equipment shall be labeled in 1/4" high letters. First line 

shall state the name of the equipment as it appears on the electrical drawings. Second 

line shall state from what panel the equipment is fed. 

 

    Example: Roof Top Unit No. RTU-2 

      Fed from Panel 100 

      Circuit # _____ 

      Voltage _____ 

 

 4. Disconnect Switches/Lighting Contactors: Disconnect switches and lighting 

contactors shall be labeled in 1/4" high letters. The First line shall state what the 

switch/contactor is feeding.  The Second line shall state from which circuit and panel 

the switch/contactor is fed. 

 5. Disconnect switches feeding elevator equipment and cab lights shall be labeled per 

ANSI/ASME A17.1 and NEC 620-53 in addition to the above. 

 

D. Circuit breakers serving Fire Alarm Control Panels shall be provided with a red, Bakelite 

nameplate with white letters attached to the panel adjacent to the circuit breaker.  

 

E. Attach labels with a minimum of two rivets or sheet metal screws. Adhesive-backed 

labeling will not be accepted. 

 

F. Workspace indication for all electrical equipment (Panelboards, and Transformers):  

Provide 3” wide, 5 mil floor marking safety vinyl tape (striped black and yellow) to show 

working clearances in the direction of access to live parts. Working clearance around 

equipment shall not be less than those listed in the N.E.C, Article 110.26 for all voltages 

specified.  Do not install in front of flush-mounted or surface-mounted panelboards and 

similar equipment in finished spaces, unless directed by the owner. 

 

 

2.7 PULL BOXES 

 

A. Install pull boxes at all necessary points, whether indicated on the drawings or not, to 

prevent injury to conductor insulation or other damage that might result from pulling 

resistance or for other reasons necessary for proper installation. Minimum dimensions shall 

not be less than the NEC requirements and shall be increased if necessary for practical 

reasons or where required to fit the job condition. 

 

B. Above grade pull boxes shall be constructed of galvanized sheet steel, code gauge, except 

that not less than 12-gauge shall be used for any box. Where boxes are used in connection 

with exposed conduit, plain covers attached to the box with a suitable number of 

countersunk flathead machine screws may be used. 
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C. All junction and pull box covers shall be labeled indicating the circuits contained therein in 

a manner that will prevent unintentional interference with circuits during testing and 

servicing.  For example: “HE1-13.” See Specification Section 260534 for additional 

labeling requirements. 

 

 

2.8 DISCONNECT SWITCHES 

 

A. Disconnect switches shall conform to governing industry NEMA standards. They shall be 

listed by UL. Disconnect switches shall be NEMA standard HD, quick-make, quick-break 

type, and capable of being locked in the off position.  

 

B. Where disconnect switches are indicated or required by the NEC to be weatherproof, 

furnish NEMA 3R enclosures. Furnish NEMA 4X enclosures in kitchen areas and other 

spaces where specifically indicated. 

 

 

2.9 BRANCH CIRCUITS 

 

A. The branch circuit wiring has been designed to utilize the advantages of multi-wire 

distribution and shall be installed substantially as indicated on the drawings.  Major 

changes in the grouping or general routing of the branch circuits require prior approval in 

writing from the Architect/Engineer. 

 

B. The number of conductors in each run of conduit is indicated on the drawings, but where 

there is a conflict between the number of wires indicated and the actual number required as 

determined by the functional requirements of the connected load, or where the number of 

wires was inadvertently omitted from the drawings, the correct number and size of wires as 

determined by the functional requirements of the connected load shall govern and be 

provided at no additional cost. 

 

C. Where individual 120V or 277V homerun circuits are shown on the drawings, they may be 

combined as follows: 

 

1. No more than three phase conductors plus three neutrals and one ground per conduit. 

2.  No two of the same phase conductor per conduit. 

 3.   Provide 120V circuits with individual neutrals per circuit.  Neutrals may not be 

shared. 

 4.   Neutral sharing by 277V circuits is acceptable. 

 

 

2.10 MOTOR AND CONTROLLER DISCONNECTING MEANS 

 

A. Provide a disconnecting means for each motor, where indicated on the drawings. A circuit 

breaker in a panelboard, horsepower rated switch, or type specified under Article 430 and 

440 of the NEC will be acceptable as a disconnecting means, if readily accessible and if 

located within sight of the motor and in compliance with all codes. A quick-make and 

quick-break general use tumbler or snap switch will be acceptable for capacities of 20 

amperes or less and 300 volts and less, provided the ampere rating of the switch is at least 
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double the rating of the equipment controlled. Switches of 30- to 400-ampere capacity shall 

be of the enclosed, quick-make and quick-break type, heavy duty, horsepower rated. 

Switches shall disconnect all ungrounded conductors and shall disconnect grounded 

conductors if required by the NEC or if called out on the drawings to do so. Switches shall 

be fusible type where indicated on the drawings.  

 

 

2.11 CABLE TIES 

 

A. Provide cable ties in the length required. Standard, indoor cable ties shall be 7.9 inches in 

length minimum, 0.19 inches in width and 0.47 inches thick. The tensile strength shall be 

50 pounds minimum and the maximum bundle diameter shall be 2 inches. Standard cable 

ties shall be black in color. Plenum rated cable ties shall be 6 inches in length minimum, 

.075 inches in width and 0.1 inches thick. The tensile strength shall be 50 pounds minimum 

and the maximum bundle diameter shall be 1.5 inches. Plenum rated cable ties shall be 

maroon in color. 

 

 

PART 3 - EXECUTION 

 

 

3.1 INSTALLATION 

 

A. Install material in a first-class and workmanlike manner to the satisfaction of the Architect. 

 

 

END OF SECTION 260500 



NORTHERN SHORES ELEMENTARY SCHOOL ADDITION  

SUFFOLK PUBLIC SCHOOLS 
 

RRMM PROJECT NO. 23238-00 

 

 

METAL CLAD CABLES                                                                                      260518 - 1 

SECTION 260518 - METAL CLAD CABLES 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specifications Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 DESCRIPTION 

 

A. Aluminum Metal clad cables may be utilized for branch circuit wiring in walls and above 

lay-in-tile ceilings only and installed in accordance with NEC 330. 

 

 

1.3 REFERENCES 

 

A. Aluminum Metal clad cable shall be constructed in strict accordance with Underwriters 

Laboratories, Inc. Standard for Aluminum Metal Clad Cables, UL 1569. The cable shall 

bear the UL label and the manufacturer’s “E” number. 

 

B. Further, the product shall have passed UL Test Procedure 1479, Through Penetration Fire 

Rating, and meet NEC 330. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 CONDUCTORS 

 

A. Provide electrical wires, cables, and connectors of manufacturer’s standard materials, as 

indicated by published product information; designed and constructed as recommended by 

manufacturer for a complete installation and for application indicated. Except as otherwise 

indicated, provide copper conductors with conductivity of not less than 98% at 20oC (75oF). 

 

B. Wiring sizes #12 and #10 AWG shall be solid. Larger sizes may be stranded. 

 

C. All branch circuits and control wiring shall have color coded conductors to reflect the 

appropriate phase and voltage. Color coded identification bands shall be integral with the 

exterior armor sheath from the manufacturer for sizes #12, #10 and #8. If larger size cable 

in not available to meet these requirements, the conductors shall be identified per phase and 

voltage with a minimum of 3 wraps of ½” wide electrical tape. The cable sheath shall be 
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color coded with bands of tape identifying each phase conductor per voltage and neutral 

conductor contained in the sheath. The sheathing shall be identified every 10’, within 6” of 

any box, entering a wall cavity and 6” either side of passing through a wall. 

 

 

2.2 FITTINGS 

 

A. Fittings shall be UL listed and identified for use with metal clad cable.  

 

B. Connectors shall be of steel or malleable iron and shall have saddle clamp to insure a tight 

termination of MC Cable to box.  

 

C. The cable end shall be cleanly cut with metal clad cable rotary cutting tool to ensure flush 

seating of the cable into the fitting. Fitting securement screws shall be properly torqued.  

 

D. Provide anti-short bushings in accordance with NEC 

 

E. The use of snap-in type connectors is not acceptable.  

 

 

PART 3 - EXECUTION 

 

 

3.1 SPLICES 

 

A. Splicing connectors must have a metal spring that is free to expand. The spring must be 

suitably coated to resist corrosion. Each connector size must be listed by UL for the 

intended purpose. The connectors must be suitably color coded to assure that the proper 

size is used on the wire combinations to be spliced. Each connector must be capable of 

withstanding 105°C ambient temperatures. The connectors must be compatible with all 

common rubber and thermoplastic wire insulations. They must also be capable of making 

copper-to-copper, copper-to-aluminum, and aluminum-to-aluminum splices. At the 

Contractor’s option, self-strapping electrical tap connectors may be used in wire size and 

voltage range of the connector. When tape is required for splices, SCOTCHBRAND No. 

33, or approved equal, shall be used. Use plastic tape on PVC and its copolymers and 

rubber-based pressure-sensitive adhesive. The tape must be applicable at temperatures 

ranging from 0°F through 100°F without loss of physical or electrical properties. The tape 

must not crack, slip, or flag when exposed to various environments indoor or outdoor. The 

tape must also be compatible with all synthetic cable insulations as well as cable splicing 

compounds. 

 

B. MC Cable used to serve light switches shall be provided with a neutral conductor. 

 

C. Make splices in conductors #8 AWG and larger with solderless connectors, with molded 

composition covers. 

 

D. Connect conductors #12 and #10 AWG with pre-insulated spring connectors rated at not 

less than 105°C. Connectors shall be UL approved for fixture and pressure work. 

Connectors shall be 3M CO. SCOTCHLOK, Type Y, R, and B, or approved equal.   
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E. Join or terminate conductors #8 AWG and larger with pressure-type copper connectors and 

properly tape. 

 

F. All branch circuit and control wiring shall be color coded. The color shall be integral with 

exterior armer sheath for sizes #12, #10, and #8 AWG. Larger size wire and cable shall be 

color coded with a minimum 1/2" wide, colored, plastic tape strip.  Place strips a minimum 

of 6" on center anywhere the conductors are accessible and visible. Wire and exterior 

sheath shall be color coded to match the existing color coding if an existing color code is 

present. If there is no existing color code, provide the following: 

 

 

 

 

 

 

 

 

 

G. Advise the Architect if the color coding provided by the utility company differs from that 

indicated above. 

 

 

3.2 SUPPORT OF CABLE 

 

A. Where metal clad cables are exposed, run parallel with walls or structural elements. 

Vertical runs shall be plumb; horizontal runs level and parallel with structure, as 

appropriate. Groups shall be racked together neatly with both straight runs and bends 

parallel and uniformly spaced. 

 

B. Metal clad cables shall be securely fastened in place at intervals of not more than six feet, 

with suitable clamps or fasteners of approved type, and vertical runs shall be properly 

supported to present a secure installation.  Cable ties used for supporting and securing MC 

cable, shall be listed, and identified for securement and support. 

 

C. Metal clad cable installed parallel to framing members, such as studs, joist, or rafters, shall 

be supported so that the nearest outside surface of the cable is not less than 1-1/4 inches 

from the nearest edge of the framing member. Where this distance cannot be maintained, 

the cable shall be protected by a steel plate, sleeve, or equivalent that is at least 1/16-inch 

thick.  

 

D. Maintain at least 6-inch clearance between metal clad cables and other piping systems. 

Maintain 12-inch clearance between metal clad cables and heat sources such as flues, steam 

pipes, and heating appliances.  

 

E. No metal clad cable shall be fastened to other conduits or pipes or installed to prevent the 

ready removal of other pipes or ducts for repairs.  

 

F. Individual metal clad cables hung from roof structure or structural ceiling shall be 

supported by split-ring hangers and wrought-iron hanger rods. Where three or more metal 

clad cables are suspended from the ceiling in parallel runs, use steel channels, Unistrut or 

120/208-Volt System 277/480-Volt System 

Phase A - black Phase A - brown 

Phase B - red Phase B - orange 

Phase C - blue Phase C - yellow 

Neutral - white Neutral - grey 

Ground - green Ground - green 



NORTHERN SHORES ELEMENTARY SCHOOL ADDITION  

SUFFOLK PUBLIC SCHOOLS 
 

RRMM PROJECT NO. 23238-00 

 

 

METAL CLAD CABLES                                                                                      260518 - 4 

equal, hung from 1/4-inch rods to support the cables. The cables on these channels shall be 

held in place with metal clad cable clamps designed for the particular channel that is used.  

 

G. Secure metal clad cable support racks to concrete walls and ceilings by means of cast-in-

place anchors; die-cast, rustproof alloy expansion shields; or cast flush anchors. Wooden 

plugs, plastic inserts, or gunpowder driven inserts shall not be used as a base to secure 

conduit supports. 

 

H. Metal clad cable shall be supported immediately on each side of a bend and not more than 1 

foot from an enclosure where a run of metal clad cable ends. 

 

I. Metal Clad Cable shall be sleeved with metal pipe when passing through all masonry walls, 

fire rated walls and horizontally through a gypsum wall. No more than three cables shall be 

contained in one metal sleeve. Sleeves through gypsum type walls shall be secured during 

rough-in. 

 

 

END OF SECTION 260518 
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SECTION 260519 - CONDUCTORS 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. Feeder and branch circuit wiring shall conform to the requirements of the NEC, and shall 

meet all relevant ASTM specifications. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 CONDUCTORS 

 

A.    Provide electrical wires, cables, and connectors of manufacturer’s standard materials, as 

indicated by published product information; designed and constructed as recommended by 

manufacturer for a complete installation and for the application indicated. Provide copper 

conductors with a conductivity of not less than 98% at a temperature of 20°C (68°F).  

 

B. Provide factory-fabricated wires of sizes, ampacity ratings, and materials for applications 

and services indicated. Where not indicated, provide proper wire selection as determined by 

installer to comply with project’s installation requirements, the NEC, and NEMA 

standards. Select from the following UL types those wires with construction features which 

fulfill project requirements: 

 

 1. Type THWN or THHN: Max operating temperature not to exceed 90°C (194°F) 

(THHN) in dry locations, or 75°C (167°F) (THWN) in wet or dry locations. 

Insulation, flame-retardant, moisture- and heat-resistant, thermoplastic; outer 

covering, nylon jacket; conductor, annealed copper. 

 2. Type XHHW: For dry and wet locations; max operating temperature 90°C (194°F) 

for dry locations, and 75°C (167°F) for wet locations. Insulation, flame-retardant, 

cross-linked synthetic polymer; conductor, annealed copper. 

 

C. Unless specified otherwise, power and lighting conductors shall be 600-volt, Type 

THWN/THHN, or XHHW. 
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D. Where light fixtures require 90°C (194°F) conductors, provide only conductors with 90°C 

(194°F) insulation. 

 

E. Conductors shall be continuous from outlet to outlet with splices made only in pull boxes, 

junction boxes, and outlet boxes.   

 

F. Do not use wire smaller than #12 AWG for power or lighting wiring. 

 

G. Refer to other Division 26 specification sections for type and size of wiring for Class 1, 2, 

and 3 circuits (circuits under 120V). 

 

H. Wiring sizes #12 and #10 AWG shall be solid.  Larger sizes may be stranded. 

 

I. Neutral conductors shall not be under sized.  

 

J. Where the standard lug sizes on circuit breakers and the main lugs on a main lug only 

panelboard and other equipment will not accept the conductor size specified, provide 

Burndy Copper Compression Pin Adapters HYPLUGS or approved equal.  The use of 

Mechanical Pin Adapters will not be accepted.  
 

 

PART 3 - EXECUTION 
 

 

3.1 SPLICES 

 

A. Splicing connectors must have a metal spring that is free to expand. The spring must be 

suitably coated to resist corrosion. Each connector size must be listed by UL for the 

intended purpose. The connectors must be suitably color coded to assure that the proper 

size is used on the wire combinations to be spliced. Each connector must be capable of 

withstanding 105°C ambient temperatures. The connectors must be compatible with all 

common rubber and thermoplastic wire insulations. They must also be capable of making 

copper-to-copper, copper-to-aluminum, and aluminum-to-aluminum splices. At the 

Contractor’s option, self-strapping electrical tap connectors may be used in wire size and 

voltage range of the connector. When tape is required for splices, SCOTCHBRAND No. 

33, or approved equal, shall be used. Use the plastic tape on PVC and its copolymers and 

rubber-based pressure-sensitive adhesive. The tape must be applicable at temperatures 

ranging from 0°F through 100°F without loss of physical or electrical properties. The tape 

must not crack, slip, or flag when exposed to various environments indoor or outdoor. The 

tape must also be compatible with all synthetic cable insulations as well as cable splicing 

compounds. 

 

B. Make splices in conductors #8 AWG and larger with solderless connectors, with molded 

composition covers. 

 

C. Connect conductor sizes #12 and #10 AWG with pre-insulated spring connectors rated at 

not less than 105°C. Connectors shall be UL approved for fixture and pressure work. 

Connectors shall be 3M CO. SCOTCHLOK, Type Y, R, and B, or approved equal. 

 

D. Join or terminate conductors #8 AWG and larger with pressure-type copper connectors and 

properly tape. 
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E. All branch circuits, feeders, and control wiring or cables of any type shall be color coded to 

identify the voltage and phase. The color shall be integral with the Insulation for sizes #12, 

#10, and #8 AWG. Larger size wire and cable shall be color coded with a minimum 1/2" 

wide, colored, plastic tape strip.  Place strips a minimum of 6" on center anywhere the 

conductors are accessible and visible. Wire and cable shall be color coded to match the 

existing color coding if an existing color code is present. If there is no existing color code, 

provide the following: 

 

120/208-Volt System 277/480-Volt System 

Phase A - black Phase A - brown 

Phase B - red Phase B - orange 

Phase C - blue Phase C - yellow 

Neutral - white Neutral - gray 

Ground - green Ground - green 

 

F. After all wiring is pulled and ready for operation but prior to placing systems in service, 

conduct insulation resistance tests in all feeder circuits. Measure the insulation resistance 

between conductors and between each conductor and ground. Make measurements with an 

instrument capable of making measurements at an applied potential of 500 Volts. 

G. Take readings after the voltage has been applied for a minimum of one minute. The 

minimum insulation resistance for circuits of #12 AWG conductors shall be 1,000,000 

ohms. For circuits of #10 AWG or larger conductor, a resistance based on the allowable 

ampacity of the conductor shall be as follows: 

 

25 through 50 Amperes 250,000 ohms 

51 through 100 Amperes 100,000 ohms 

101 through 200 Amperes 50,000 ohms 

201 through 400 Amperes 25,000 ohms 

401 through 800 Amperes 12,000 ohms 

Over 800 Amperes 5,000 ohms 

 

H. Submit the results of the insulation resistance tests to the Architect for approval. Provide 

readings for each circuit tested indicating the points between which the circuit was tested, 

reading, date and time of test, and name of the individual performing the test. 

 

I. Advise the Architect/Engineer in writing of the tests five (5) working days prior to the date 

the testing is to commence. 

 

J. Advise the Engineer if the color-coding provided by the utility company differs from that 

indicated above. 

 

 

3.2 TEMPORARY WIRING 

 

A. Temporary wiring is not specified nor governed by this Division of the Specifications. 

 

 

END OF SECTION 260519 
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SECTION 260525 - SURFACE METAL RACEWAY 

 

 

PART 1 - GENERAL 

 

 

1.1 REQUIREMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE 

 

A. The work covered under this Section shall include furnishing and installing surface mounted 

metal raceways complete for all electrical systems as shown on the Drawings and herein 

specified. Surface raceway systems shall consist of raceway bases, covers, appropriate 

fittings, dividers, and device mounting plates necessary for a complete installation. 

 

B. All material and equipment shall be new and of the quality noted or specified.  Material, 

equipment, and work of inferior quality will be rejected and shall be removed from the job 

site immediately upon rejection and replaced. Unacceptable work shall be removed and 

replaced. All replacement material and work shall be done at the Contractor expense. The 

Architect will decide upon the quality of material and equipment furnished and of the work 

performed. 

 

 

1.3 QUALITY ASSURANCE 

 

A. All equipment, materials, and their installation shall conform to the requirements of the 

National Electrical Code (NEC), local code requirements, and these Specifications. 

 

B. All equipment and materials shall be listed by Underwriters Laboratories, Inc. (UL) for their 

intended use and shall bear the UL label. 

 

C. Equipment shall be constructed in accordance with National Electrical Manufacturer's 

Association (NEMA) standards. 

 

D. Submittals are required in accordance with Section 260100 of these Specifications. 

 

 

1.4 USES PERMITTED 

 

A. Surface mounted metal raceway shall be used where indicated on the drawings where new 

wiring is required on existing walls and on new walls as also indicated on the Drawings. 
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1.5 DELIVERY, STORAGE AND HANDLING 

 

A. Deliver raceway systems in factory labeled packages. 

 

B. Store and handle in strict compliance with manufacturer’s written instructions and 

recommendations. 

 

C. Protect from damage due to weather, excessive temperature, and construction operations. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 MANUFACTURERS 

 

A. Surface metal raceways shall be as manufactured by The Wiremold Company, as described 

herein as the basis of design, or equal products as manufactured by Hubbell Incorporated 

and Mono Systems. 

 

B. All components and fittings shall be of the same manufacturer, or UL listed as an assembly. 

 

 

2.2 MATERIALS AND COMPONENTS 

 

A. All surface metal raceways shall be galvanized steel, unless otherwise indicated. Finish shall 

be white in color having a scratch-resistant surface (a polyester topcoat over a colored base) 

and shall be suitable for field repainting to match surroundings. 

 

B. A full complement of fittings must be available including but not limited to mounting clips 

and straps, couplings, flat, internal and external elbows, cover clips, tees, entrance fittings, 

wire clips, support clips, c-hangers, end caps, conduit connectors, bushings, and take-off 

fittings to adapt to flush wall boxes. The covers shall be painted with an enamel finish; 

colored to match the raceway. They shall overlap the raceway to hide uneven cuts. All 

fittings shall be supplied with a base where applicable to eliminate mitering. Transition 

fittings shall be available to adapt to other sizes and types of raceways of the same 

manufacturer. Provide all fittings, etc. for a complete installation. 

 

C. Device Boxes shall be suitable for the type of raceways provided and for mounting standard 

devices and faceplates. Device boxes shall be provided in single- and multiple-gang 

configurations, up to six-gang. Single-gang boxes shall   allow for snap-on and fastener 

applications. They shall range in depth from 0.94” to 2.75”. Extension boxes shall be 

provided to adapt to existing standard flush switch and receptacle boxes. 

 

D. The raceway manufacturer shall provide a complete line of connectivity outlets and modular 

inserts for UTP/STP, Fiber Optic, Coaxial and other cabling types with face plates and 

bezels to facilitate mounting. A complete line of preprinted station and port identification 

labels, snap-in icon buttons as well as write-on station identification labels shall be 

available. Provide as needed for a complete installation. 
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E. Raceways used for communications cabling shall have a complete line of full capacity 

corner elbows and tee fittings, and used where required or shown on the Drawings, to 

maintain a controlled 2” cable bend radius which meets the specifications for Fiber Optic 

and UTP/STP cabling and exceeds the TIA 569 requirements for communications pathways. 

 

 

2.3 SURFACE METAL RACEWAYS 

 

A. Wiremold Series 500 or 700 raceway shall be one-piece design with a base and cover 

factory assembled. The total width shall be 3/4” x 17/32” high with a capacity of 0.19 

square inches for 500 or 3/4" x 21/32” with a capacity of 0.26 square inches for 700. The 

raceway base and cover shall be a minimum thickness of 0.040”. The raceway shall be 

available in five (5) foot and ten (10) foot lengths. 

 

B. Wiremold Series 4000 raceway shall be a single-or dual-channel two-piece design with a 

metal base and snap-on metal cover. Base shall be dividable by means of a removable 

barrier section into two equal compartments. The assembled base and cover shall be 4 3/4" 

wide x 1 3/4" high with a capacity of 7.20 square inches for undivided raceway and a 

capacity of 3.10 square inches for each compartment of the divided raceway. The raceway 

base shall be a minimum thickness of 0.050 inches and the cover with a minimum thickness 

of0.040”. The raceway base shall be available in ten (10) foot lengths and the cover shall be 

available in five (5) foot lengths. 

 

C. Plastic device mounting bracket and trim plates shall be provided to install devices 

horizontally within the raceway. Trim plate shall overlap the cover-eliminating seam. 

Faceplates shall accept a variety of power and data/communication devices. Plastic must be 

compatible with UL 94 for   plastic Materials. Device brackets and trim plates shall be 

colored to   match the raceway. 

 

 

PART 3 - EXECUTION 

 

 

3.1 EXAMINATION 

 

A. Examine conditions under which surface raceways, boxes, distribution systems, accessories, 

and fittings will be installed and substrate that will support raceways. Notify the Architect of 

conditions detrimental to proper completion of the work. Do not proceed with work until 

unsatisfactory conditions have been corrected. 

 

 

3.2 INSTALLATION 

 

A. Surface raceways shall be installed in strict compliance with the manufacturer’s installation 

instructions and recommendations and approved shop drawings. Coordinate installation with 

adjacent work to ensure proper clearances and to prevent electrical hazards. 

 

B. Surface raceways shall be installed parallel with or at right angles to building structure and 

at the mounting heights noted on Drawings. 
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C. Surface raceway systems shall be mechanically continuous and connected to all electrical 

outlets, boxes, device mounting brackets, and cabinets, in accordance with manufacturer’s 

installation sheets. 

 

D. Metal raceways shall be electrically continuous and bonded in accordance with the National 

Electrical Code for proper grounding. 

 

E. Surface raceway shall be supported at intervals not exceeding five (5) feet or in accordance 

with manufacturer’s installation sheets using appropriate anchors and screws. The use of 

drive pins and/or other methods using compressed air or gases are not acceptable. 

 

F. Provide accessories as required for a compete installation, including insulated bushings and 

inserts where required by the manufacturer. 

 

G. Close all unused raceway openings using manufacturer’s recommended accessories. 

 

H. All surface raceway connections to outlet and/or junction boxes shall be made using 

adjustable offset connectors or combination connectors as detailed on the Drawings. The 

connectors shall be furnished by the manufacturer of the surface raceway. 

 

I. Field cutting of surface raceways base and covers shall be accomplished by the use of the 

manufacturer’s raceway cutters specifically designed for this purpose. 

 

 

3.3 CLEANING AND PROTECTION 

 

A. Clean exposed surfaces using non-abrasive materials and methods recommended by 

manufacturer. 

 

B. Protect raceways and boxes until final acceptance by the Owner. 

 

C. Repaint marred and scratched surfaces with touch-up paint to match original finish. 

 

 

END OF SECTION 260525 
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SECTION 260526 - GROUNDING 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. Provide grounding for conduits, motor frames, metal casings, receptacles, and solid neutral, 

and as required by NEC Article 250.   

 

 

PART 2 - PRODUCTS 

 

 

2.1 GROUND WIRE 

 

A. Provide a green insulated ground wire, sized per the NEC, in all conduits, junction boxes, 

and pull boxes. 

 

 

PART 3 - EXECUTION 

 

 

3.1 INSTALLATION 

 

A. Connect grounding conductors to the panelboard equipment ground bus and not to the 

panelboard neutral bus. Also connect grounding bushings to the ground bus. Connect the 

neutral bus only to the system neutral wire. Provide a bonding wire between the equipment 

ground bus and the neutral bus in the main distribution equipment only. The grounding 

system (conduit, cabinets, enclosures, and grounding conductors) and the grounded system 

(neutral conductors and service equipment ground) shall be separate and independent 

systems, except at the main distribution equipment. 

 

B. Test resistance to ground and submit readings to the Architect for review.  Include the date 

and time of the test and the name of the individual performing the test. 

 

 

END OF SECTION 260526 
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SECTION 260529 - SUPPORTING DEVICES 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. Extent of supports, anchors, sleeves, and seals is indicated in other Division 26 Sections. 

 

B. Types of supports, anchors, sleeves, and seals specified in this Section include the 

following: 

 

 C-clamps 

 I-beam clamps 

 One-hole conduit straps 

 Two-hole conduit straps 

 Round steel rods 

 Expansion anchors 

 Toggle bolts 

 Wall and floor seals 

 Minerallac Straps 

 2-Piece Strutt Straps 

 Slotted Channel 

 Cable Ties 

 

C. Supports, anchors, sleeves, and seals furnished as part of factory-fabricated equipment are 

specified as part of equipment assembly in other Division 26 Sections. 

 

 

1.3 QUALITY ASSURANCE 

 

A. Furnish supporting devices manufactured by firms regularly engaged in manufacture of 

supporting devices of types, sizes, and ratings required. 

 

B. Comply with the requirements of the NEC, as applicable to construction and installation of 

electrical supporting devices. 
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C. Comply with applicable requirements of ANSI/NEMA FB1, “Fittings and Supports for 

Conduit and Cable Assemblies.” 

 

D. Comply with NECA “Standard of Installation” pertaining to anchors, fasteners, hangers, 

supports, and equipment mounting. 

 

E. Provide electrical components which are UL-Listed and labeled. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 MANUFACTURED SUPPORTING DEVICES 

 

A. Provide supporting devices complying with manufacturer’s standard materials, design, and 

construction in accordance with published product information and as required for a 

complete installation, and as herein specified. Where more than one type of device meets 

indicated requirements, selection is installer’s option. 

 

B. Provide supporting devices of types, sizes, and materials required, and having the following 

construction features: 

 

 1. Reducing Couplings: Steel rod reducing coupling, 1/2" by 5/8"; galvanized steel; 

approx. 16 pounds per 100 units. 

 2. C-Clamps: Galvanized steel; 1/2" rod size; approx. 70 pounds per 100 units. 

 3. I-Beam Clamps: Galvanized steel, 1-1/4" by 3/16" stock; 3/8" cross bolt; flange 

width 2"; approx. 52 pounds per 100 units. 

 4. One-hole Conduit Straps: For supporting metal conduit through 3/4" galvanized steel; 

approx. 7 pounds per 100 units. 

 5. Two-hole Conduit Straps: For supporting metal conduit above 3/4" galvanized steel; 

3/4" strap width; and 2-1/8" between center of screw holes. 

 6. Hexagon Nuts: For 1/2" rod size; galvanized steel; approx. 4 pounds per 100 units. 

 7. Round Steel Rod:  Galvanized steel; 1/4" dia.; approx. 12.2 pounds per 100 feet, 3/8" 

dia.; approx. 29.3 pounds per 100 feet, 1/2" dia.; approx. 67 pounds per 100 feet. 

 8. Offset Conduit Clamps:  For supporting 2" rigid metal conduit; galvanized steel; 

approx. 200 pounds per 100 units. 

 9. 2-Piece strut strap, appropriate size, and type for type of conduit being installed. 1-

piece straps are prohibited. 

 10. Minerallac straps sized appropriately for the conduit installed. Drilling out the 

attachment hole is prohibited. Use proper size hardware for attachment per the UL 

listing. 

 11. 7/8” and 1-3/4" slotted channel shall be sized appropriately per the manufacturer’s 

specifications for weight distribution. All feeder conduit racks shall be 1 3/4” 

minimum.  

 12. Cable ties shall be Type 2S and 21S. Install in accordance with Section 330.30(A) of 

the NEC. 

 

C. Provide anchors of types, sizes, and materials required and having the following 

construction features: 
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 1. Expansion Anchors: 1/2"; approx. 38 pounds per 100 units. 

 2. Toggle Bolts: Springhead; 3/16" by 4"; approx. 5 pounds per 100 units. 

 3. Concrete anchors: Anchors used for attaching 1/4" rod shall be Hangermate one-

piece concrete screw with internal threads or equal. Follow manufacturers installation 

specifications for proper installation. 

4. Concrete Anchors: Anchors used for attaching 3/8” and 1/2” rod shall Lok Bolt 

Sleeve anchor type [Dewalt 05815S-PWR and 05825S-PWR] or approved equal. 

Follow manufacturers technical Data for weight limitations and installation 

specifications for proper installation. 

5. Drop-in type anchors shall be used only in vertical concrete walls. Hollow wall 

anchors shall be used in hollow CMU walls. Anchor shall be installed with 

manufacturer approved set tool. 

 

D. Provide sleeves and seals of types, sizes, and materials required, and having the following 

construction features: 

 

 1. Provide factory-assembled, watertight wall and floor seals suitable for sealing around 

conduit, pipe or tubing passing through concrete floors and concrete block walls. 

Construct with steel sleeves, malleable-iron body, neoprene sealing grommets and 

rings, metal pressure rings, pressure clamps and cap screws. 

 

E. Provide U-channel strut system for supporting electrical equipment, 16-gauge hot-dip 

galvanized steel of sizes required; construct with 9/16" dia. holes, 8" o.c. on top surface, 

and with the following fittings which mate and match with U-channel: 

 

  Fixture hangers 

  Channel hangers 

  End caps 

  Beam clamps 

  Wiring stud 

  Rigid conduit clamps 

  Conduit hangers 

  U-bolts 

 

 

PART 3 - EXECUTION 

 

 

3.1 INSTALLATION OF SUPPORTING DEVICES 

 

A. Install hangers, anchors, sleeves, and seals as indicated in accordance with manufacturer’s 

published instructions and with recognized industry practices to ensure supporting devices 

comply with the requirements of the NEC, NECA, and ANSI/NEMA for installation of 

supporting devices. 

 

B. Coordinate with other electrical work, including outlet box, raceway and wiring work, as 

necessary to interface installation of supporting devices with other work. 

 

C. Install hangers, supports, clamps, and attachments to support conduit and outlet boxes 

properly from building structure. Arrange for grouping of parallel runs of horizontal 
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conduits to be supported together on trapeze-type hangers where possible. Install supports 

with maximum spacings indicated. 

 

D. Tighten sleeve seal nuts until sealing grommets have expanded to form watertight seal. 

 

 

END OF SECTION 260529 
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SECTION 260533 - RACEWAYS 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. Run all conduit concealed, except conduit may be run exposed in mechanical rooms, 

locations where specifically indicated, and spaces with exposed construction as approved 

by the Architect. 

 

B. Provide a conduit system complete with fittings and hangers as specified herein and as 

required by the NEC. Run all electrical wiring systems above 24 Volts in conduit unless 

specifically indicated otherwise.  

 

C. Install conduit as a complete system without wiring and continuous from outlet to outlet 

and from fitting to fitting, mechanically and electrically connected to all boxes, fittings, and 

wireways, and grounded in accordance with the NEC. 

 

D. Cap ends of all conduit promptly upon installation with plastic pipe caps.  Caps shall 

remain until wiring is ready to be installed. Taping the ends of conduits is not acceptable. 

 

E. Size conduit to equal or exceed the minimum requirements of the NEC (except where sizes 

are specifically indicated on the drawings and in these specifications). 

 

F. Verify exact swing of doors, prior to installing conduit for switches. Coordinate switches 

with the Architect’s plans, change orders, addenda, and job site differences and make the 

necessary adjustments to avoid conflicts at no additional cost. 

 

G. Coordinate the routing of conduit with other trades to avoid conflicts with structural 

members, piping, ductwork, and other job site conditions. 

 

H. When PVC conduit is used below grade, it shall be glued together in such a manner so as to 

make it watertight. 
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PART 2 - PRODUCTS 

 

 

2.1 CONDUIT 

 

A. Minimum size conduit shall be 1/2".  Use larger sizes as required by the NEC to 

accommodate the number and sizes of wires contained therein. 

 

B. Conduit concealed in walls or above ceilings shall be rigid (GRS), electrical metallic tubing 

(EMT), or intermediate metallic conduit (IMC). Flexible conduit may be used above 

accessible ceilings only.  

 

C. Conduit installed below grade and under concrete floors and slabs shall be Schedule 40 

PVC, unless otherwise indicated. No conduits shall be embedded horizontally within the 

concrete slabs. Conduit run vertically through concrete shall be GRS and no portion of 

conduit radius or elbow shall be installed and/or visible above finished concrete slab. 

Where GRS conduits turn up inside a wall cavity, it shall be converted to EMT at 6" above 

the top of the concrete slab. No conduits shall be installed in the concrete masonry unit 

(CMU) wall cells with structural rebars. All metal (GRS and IMC) conduits and elbows 

installed in earth shall be painted with two coats of bitumastic paint.   

 

D. GRS, EMT and IMC shall be UL approved, hot-dip, high-strength, galvanized steel. 

 

E. Rigid PVC conduit shall be Schedule 40 (or Schedule 80 if required by the NEC), extruded 

from high-grade PVC compound and shall be light gray in color. Rigid PVC conduit shall 

be UL approved for direct burial and concrete encasement. 

 

F. Flexible conduit shall be galvanized, continuous spiral, single strip type.  In areas subject to 

moisture (such as kitchens), and where specifically indicated, flexible conduit shall have a 

plastic covering in accordance with NEC Article 350. Fittings shall be standard UL 

approved with ground connector.  Watertight connectors shall be used with plastic-covered 

conduit. All flexible conduit installed in outdoors and kitchens shall be plastic covered. The 

maximum length for flexible conduit is 72" unless as otherwise indicated.  Liquid tight 

flexible metal conduit is prohibited where subject to physical damage and areas where 

ambient and conductor temperature exceed the approved operating temperature. Cable ties 

used to support LFMC shall be type 2S or 21S. 

 

G. Conduit may not be run in the flutes of metal roof decking and may not be attached to any 

part of metal roof decking. 

 

H. Bury conduit run below grade a minimum of 24" below finished grade or so the top of the 

conduit is 6" below the bottom of the concrete slab if run underneath concrete unless 

indicated or required to be deeper. Increase the burial depth as required so that no part of 

the conduit radius is within the concrete slab where conduits turn vertical. Coordinate 

conduit routings and depths with all other trades and all existing underground utilities. 

 

I. Empty or spare conduits stub-ups shall be capped with a threaded cap. 
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J. In areas classified as hazardous, the conduit coupling shall be below concrete slab and a 

single section of GRS conduit may be installed up to 18” A.F.F. to accept the required seal 

fitting.      

 

 

2.2 FITTINGS 

 

A. All conduit entering or leaving panelboards, cabinets, outlet boxes, pull boxes, or junction 

boxes shall have lock nuts and bushings, except provide insulated throat connectors on 

EMT conduit 3/4" and 1". Rigid steel conduit shall have a lock nut both inside and outside 

of the enclosure entered. Install bushings on the ends of IMC conduit and EMT conduit 

larger than 1". Insulating bushings shall be OZ Type A for GRS and IMC, and Type B for 

EMT. Conduit entering enclosures through concentric knockouts shall have grounding-type 

bushings with copper bond wire to enclosure. 

 

B. Provide expansion fittings where conduits cross building expansion joints. Expansion 

fittings shall be OZ Type AX with OZ Type BJ bonding jumper.  See Architectural 

drawings for location of expansion joints. 

 

C. Fittings for rigid conduit shall be threaded type, except where IMC changes to EMT above 

floor slab, fittings shall be threadless type. 

 

D. Fittings for EMT shall be UL-approved, steel set screw couplings. 

 

E. Conduits entering service enclosures (panelboards, disconnect switches, switchboards, 

motor control centers, etc. used as service entrance equipment) shall be provided with 

specification grade, insulating, grounding type bushings. Grounding bushing shall be 

bonded together and bonded to the service grounding bus. 

 

 

2.3 JUNCTION BOXES 

 

A. Use junction boxes on exposed conduit work for changes in direction of conduit runs and 

breaking around beams and columns. 

 

B. Furnish covers and gaskets with the junction boxes where installed in damp or wet 

locations. 

 

C. Label all junction and pull box covers indicating the circuits contained therein in a manner 

that will prevent unintentional interference with circuits during testing and servicing. For 

example: “HE1-13.” See Specification Section 260534 for labeling requirements. 

 

 

2.4 PIPE SLEEVES 

 

A. Provide pipe sleeves where conduits larger than 2" pass through walls. Contractor shall be 

responsible for proper and permanent location. Conduit shall not be permitted to pass 

through footings, beams, or ribs, unless indicated and/or approved. Coordinate pipe sleeve 

locations with all other trades affected. 
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B. Install pipe sleeves and properly secure in place with grout where conduit passes through 

masonry or concrete and at all fire-rated assemblies. Pipe sleeves shall be of a sufficient 

diameter to provide approximately 1/4" clearance all around the conduit. Fill void between 

conduit and sleeve with mineral wool to prevent sound transmission. Pipe sleeves in 

foundation walls shall be cast iron, 2" larger in diameter than the conduit installed. Pipe 

sleeves in walls, floors, and partitions shall be Schedule 40 black steel pipe. Extend sleeves 

above floor at least 1", pack space around conduit with fireproof material, and make 

watertight. Pipe sleeves passing through firewalls, smoke partitions, fire partitions, or floors 

shall be sealed with a UL-rated system appropriate for the specified rating. 

 

 

PART 3 - EXECUTION 

 

 

3.1 INSTALLATION 

 

A. Install conduit concealed in walls, below floor slabs, and above ceilings, except conduit 

may be run exposed in mechanical and electrical equipment rooms.  Maintain a minimum 

clear distance of 6" from parallel runs of flues, steam, or hot water pipes.  Do not run 

conduit horizontally in concrete slabs. 

 

B. Use flexible conduit (minimum 18" in length, maximum 72" in length) for connections to 

all motors, dry-type transformers, water heaters, and any equipment subject to vibration. 

 

C. Group conduit so it is uniformly spaced, where straight and at turns. Make bends and 

offsets (where unavoidable) with a hickey or bending machine. 

 

D. Ream GRS and IMC conduit after threading to remove all burrs. 

 

E. Securely fasten conduit to outlets, junction boxes, and pull boxes to affect firm electrical 

contact. Join conduit with approved couplings. Running threads are not allowed. 

 

F. Exercise care to avoid condensation pockets in the installations. Keep conduit, fittings, and 

boxes free from foreign matter of any kind, before, during, and after installation. 

 

G. Do not use EMT below grade, outdoors and in wet locations. 

 

H. Support exposed runs of conduit in accordance with N.E.C. 342, 344, 348, 350 and 358 and 

parallel or perpendicular to walls, structural members, or intersections of vertical planes 

and ceilings with right angle turns consisting of fittings or symmetrical bends.  Support 

conduit within one foot of all changes in direction and on each side of the change. 

 

I. Supports shall be wall brackets, trapeze, strap hanger, or pipe straps, secured to hollow 

masonry with toggle bolts or Hollow wall anchors; to brick and concrete with expansion 

Anchors; to metal surfaces with machine screws; and to wood with wood screws. Overhead 

conduits   supported by threaded rod from concrete shall be those listed in the approved 

hanger specification and conform to the manufactures technical data and installation 

specifications. 
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J. Use explosive drive equipment to make connections where the use of this equipment is 

beneficial and is subject to strict compliance with safety regulations and approved by the 

Owner. 

 

K. Wooden plugs inserted in masonry and the use of nails as fastening media are prohibited. 

 

L. Do not support conduit from lay in tile ceilings grids, ceiling grid hangers, or lay on ceiling 

tiles. 

 

M. Prime conduit with a surface conditioner “GalvaGrip” or approved equal and paint to match 

the surface on which attached. Conduit installed in mechanical and electrical rooms need 

not be painted. 

 

N. Install and support conduit from the underside of the upper chord in bar joist construction. 

 

O. Do not support conduit from or attach outlet or junction boxes to metal roof decks. 

 

P. Do not run conduit in the cavity of exterior walls between brick and CMU. 

 

Q. Where conduits penetrate through non-fire-rated floors, ceiling, or walls, seal the conduits 

with a fire-resistant caulk to prevent liquids and insects from passing through. 

 

R. Where conduits penetrate through fire-rated floors, ceiling, or walls, provide a UL-Listed, 

water-resistant firestop material with a rating equal to or greater than the rating of the 

penetrated floors, ceilings, or walls. 

 

S. Metal conduit and elbows installed in earth shall be painted with two coats of bitumastic 

paint. 

 

T. All conduit runs entering the building from outdoors shall be sealed against moisture 

migration and condensation by filling with insulating type foam. 

 

U. Single runs of conduit 1/2” to 1-1/2” in diameter shall be supported by 1/4” round 

galvanized rod.  Single runs of conduit 2” and larger shall be supported by 3/8” round 

galvanized rod.  Single tier conduit racks with conduit 1/2” to 1” and no greater than five 

shall be supported by 1/4” round galvanized rod.  Single tier conduits racks 1-1/4” and 

larger shall be supported with 3/8” round galvanized rod.  All conduit racks larger than a 

single tier shall be 1/2” minimum round galvanize rod.  Conduit and conduit racks shall 

comply with the manufacturer’s supporting limitations. 

 

 

END OF SECTION 260533 
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SECTION 260534 - ELECTRICAL BOXES AND FITTINGS 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. Furnish and install all junction boxes of a type and size applicable for use in the location 

indicated on the drawings and where required by the NEC. 

 

B. Exercise special care in the location of outlet and junction boxes in order that the hanging 

or recessing of light fixtures will not be obstructed by piping or ductwork installed by other 

trades. To this end, coordinate the work with representatives of the other trades involved 

and by reference to the architectural, structural, mechanical, plumbing and sprinkler 

drawings. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 OUTLET BOXES 

 

A. Outlet boxes shall be sheet steel, zinc coated, or cadmium plated. 

 

 B. Provide existing and new outlet boxes installed but not used, including data outlets, with 

blank coverplates matching those provided on adjacent outlets. 

 

C. Size boxes as follows: 

 

 1. Switch and Receptacle Outlet Boxes: Provide single gang outlet boxes 1-1/2" deep 

unless required to be larger. Provide extra deep boxes where required. 

 2. Fixture Outlets in Ceiling: 4" octagonal, minimum. Where required to accommodate 

larger conduit or a larger number of wires: 4-11/16" by 2-1/8" deep. 

 3. One-piece multi-gang boxes for use where two or more switches or receptacles are 

located side by side: 2-1/8" deep. Sectionalized boxes will not be allowed. 

 4. Where larger size boxes are required or called for, they shall be similar in all other 

respects to the types specified above. 
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D. Light fixture outlet boxes, where fixtures are to be mounted on the box, shall have suitable 

studs and supports for carrying the weight of the fixture. Increase box depth, as required, 

for additional wires and conduits. 

 

E. Boxes in new finished walls shall be flush mounted and have flush coverplates and proper 

type extension rings or plaster covers where required. Provide blank Series 302 stainless-

steel coverplates on boxes not scheduled to receive coverplates of an otherwise specified 

type.  If an extension ring is used to extend a junction box, one extension ring shall be used 

per box. 

 

F. Provide boxes located above suspended ceilings with galvanized steel covers, with 

openings or knockouts as required for type of service. 

 

G. Boxes installed in concrete construction shall be galvanized concrete type at all locations 

except where condulet or cast-iron boxes are required for watertight or vaportight outlets. 

 

H. Boxes installed in the floor shall be as specified on the drawings and shall comply with the 

requirements indicated on the drawings. Provide brass carpet flanges where boxes are 

installed in carpeted areas. 

 

 

2.2 PULL BOXES AND JUNCTION BOXES 

 

A. Install pull boxes and junction boxes where required for changes in direction, at junction 

points, and where needed to facilitate wire pulling. 

 

B. Size boxes in accordance with the requirements of the NEC. 

 

C. Boxes shall be constructed of 12-gauge minimum hot-rolled sheet steel and shall be hot-dip 

galvanized inside and outside to match the conduit. Boxes shall have removable covers. 

 

D. Label the front face of the cover on each box with indelible black marker indicating the 

number of each circuit contained in or running through the box. In areas where exposed 

construction is the final finished condition and conduit and junction boxes are called out to 

be painted, label the inside face of the covers. 

 

 

PART 3 - EXECUTION 

 

 

3.1 INSTALLATION 

 

A. Check all door swings and coordinate with all furniture, built-in equipment, and cabinetry 

prior to roughing-in conduit and boxes for switches, receptacles, and auxiliary system 

devices. Make necessary adjustments in the location of same to avoid conflicts as approved 

by the Architect and at no additional cost to the Owner. 

 

B. Install all outlet boxes flush with wall or ceiling finish. 
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C. Mounting heights of outlets in tile or unplastered masonry shall be varied plus or minus to 

the nearest block joint so the bottom or top of the box rests on a block joint. Install outlet 

boxes in the same space at the same height above finished floor unless indicated or required 

to be otherwise. 

 

D. Check the location of all wall outlets prior to roughing-in conduit to verify that the outlet 

will clear any wall fixtures, shelving, worktables, etc., that exist or will be installed. Make 

necessary adjustments in the location of wall outlets to avoid conflicts as approved by the 

Architect and at no additional cost to the Owner. 

 

E. Prior to roughing-in conduit, coordinate with other trades and the Owner regarding all 

equipment requiring electrical connections. Required adjustments to the conduit and wire 

sizes shall be made at no additional cost. 

 

F. Conduit installation shall be rigid and secure, and, where necessary, angle iron (1" by 1" by 

1/4" or larger) shall be provided to facilitate adequate mounting. 

 

G. Install electrical boxes and fittings in accordance with manufacturer’s published 

instructions, applicable requirements of the NEC and NECA “Standard of Installation,” and 

in accordance with recognized industry practices to fulfill project requirements. 

 

H. Coordinate installation of electrical boxes and fittings with wire/cable, wiring devices, and 

raceway installation work. 

 

I. Provide “weatherproof-while-in-use” rated outlet covers for interior and exterior locations 

exposed to weather or moisture. 

 

J. Provide knockout closures to cap unused knockout holes where blanks have been removed 

in panel cans, terminal cabinet backboxes, junction boxes, outlet boxes and pull boxes. 

 

K. Install electrical boxes in those locations which ensure ready accessibility to enclosed 

electrical wiring. 

 

L. Do not install boxes back to back in walls. Provide not less than 6" (150 mm) separation. 

Thru-the-wall boxes may not be used. 

 

M. Position recessed outlet boxes accurately to allow for surface finish thickness. 

 

N. Fasten electrical boxes firmly and rigidly to substrates or structural surfaces to which 

attached or solidly embed electrical boxes in concrete or masonry.   

 

O. Subsequent to installation of boxes, protect boxes from construction debris and damage. 

 

P. Upon completion of installation work, properly ground all electrical boxes. 

 

Q. Do not mount boxes to metal roof decking. 

 

 

END OF SECTION 260534 
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SECTION 260536 - CABLE TRAYS 

 

 

PART 1 - GENERAL 

 

 

1.1 SUMMARY 

 

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

Conditions and Division 1 Specification Sections, apply to this Section. 

 

B. Scope of Work: 

 

1. Provide all labor, material, tools, scaffolds, erection equipment, services and supplies 

to fabricate, install, connect and adjust the cable tray and racks as called for in these 

Specifications and as indicated on the Contract Drawings. 

 

C. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 CABLE TRAY:  WIRE MESH   

 

A. Cable Tray: The cable tray and all fittings and accessories shall affect a complete structural 

system in the form of a rigid mechanical tray of compatible material and design, functional 

to support all cables. 

 

B. Description: Carbon steel wire, ASTM A 510, Grade 1008.  Wire welded, bent and surface treated 

after manufacture. The finish shall be Electrodeposited Zinc Plating; ASTM B 633. Tray width 

shall be 12 inches.  

 

C. Fittings and Accessories: 

 

 1. Provide manufacturers rung caps on all rungs. Provide gray-colored rung caps where 

exposed to public’s view. 

 2. Provide the manufacturer’s recommended fittings including bushings, spacers, wall 

brackets, ceiling hanger brackets, support clips, mounting angles, sleeves, couplings, 

junctions, bends, elbows, vertical and horizontal tees, crosses, wall end connectors, 

pivot connectors, splice connectors, bushing connectors, angle connectors, offset 

connectors, wall plate connectors, tray to box connectors, tray to wall connectors, 

fasteners, offsets, threaded rod, and all other components to make the system work. 

 

D. Acceptable Manufacturers: 

 

1. Legrand 

2. B-Line Systems 
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3. MP Husky 

4. Mono Systems 

 

 

PART 3 - EXECUTION 

 

 

3.1 INSTALLATION 

 

A. Installation requirements in this specification apply to both cable tray and cable rack  

 

B. Install in accordance with the manufacturer’s installation instructions and recommendations 

using the manufacturer’s recommended fittings and accessories for system support, splices, 

tees, elbows, bends, intersections, and for all transitions up, down and around obstructions. 

 

C. Install as a complete system as indicated on the drawings. 

 

D. Ensure electrical continuity of the system and adequate support for the cables. Bond to 

make electrically continuous. Specific hardware may be required as required by the 

manufacturer. 

 

E. Where physical discontinuity is necessary, cables shall be supported over the length of the 

discontinuity by alternate means (including conduits, hangers, clips, brackets, hooks, 

distribution rings, etc.). The ends of the cable tray or rack shall be electrically bonded 

together over each length of discontinuity. 

 

F. Cable tray shall be bonded together to make electrically continuous. Bond the cable tray to 

the Telecommunications Grounding busbars in the communications closets. 

 

G. Do not use copper fittings or hardware to connect bonding conductors to aluminum cable 

trays. 

 

H. Support cable trays and cable racks at splices, tees, elbows, bends, intersections, transitions 

in accordance with manufacturer’s recommendations. The supporting mechanisms shall be 

sufficiently spaced to support the weight of the cable trays and cable racks for their 

maximum capacity rating. 

 

I. Install the cable tray and cable rack systems to be free of sharp edges, burrs, or projections. 

 

J. All metal shall be protected against corrosion. 

 

K. Provide manufacturer’s rung caps on rung ends unless rung ends are designed by the 

manufacturer to protect the cable and the installer from harm without rung caps. Where rung 

caps are necessary, provide gray-colored rung caps where exposed to public view. 

 

L. For cable racks manufactured without sides, mount attachable “L” brackets at all tees, 

elbows, bends, intersections and for all transitions up, down and around obstructions at a 

minimum spacing of every other rung. Install brackets to insure adequate containment and 

support for all cables. 
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M. Route cable tray parallel and perpendicular to walls and ceiling. 

 

N. Support ladder style cable rack from overhead. Do not use wall support brackets. 

 

 

END OF SECTION 260536 
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SECTION 260573 - SHORT-CIRCUIT/COORDINATION STUDY/ARC FLASH 

          HAZARD ANALYSIS 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. The contractor shall furnish short-circuit and protective device coordination studies as 

prepared by the electrical equipment manufacturer or a consulting engineering firm who is 

regularly engaged in performing such studies. 

 

B. The contractor shall furnish an Arc Flash Hazard Analysis Study per the requirements set 

forth in NFPA 70E-Standard for Electrical Safety in the Workplace. The arc flash hazard 

analysis shall be performed according to the IEEE 1584 and NFPA70E. 

 

C. The contractor shall coordinate with the power company and use the existing information 

(maximum fault current, service amps capacity, impedance, and voltage) provided by the 

power company to perform the Short Circuit,  Coordination and Arc Flash Study to produce 

the required Arch Flash Labels and Protective Device Settings. 

 

 D. The scope of the studies shall include the following: 

 

1. All new power distribution equipment supplied by the equipment manufacturer under 

this contract and existing 2000-amp main circuit breaker in the existing main 

distribution switchboard (MDS). 

 

2. The following mechanical equipment: 

 

a. RTU-1, RTU-2, and RTU-3. 

 

 

1.3 REFERENCES 

 

A. Institute of Electrical and Electronics Engineers, Inc. (IEEE): 
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 1. IEEE 141 – Recommended Practice for Electric Power Distribution and Coordination 

of Industrial and Commercial Power Systems 

 2. IEEE 242 – Recommended Practice for Protection and Coordination of Industrial and 

Commercial Power Systems 

 3. IEEE 399 – Recommended Practice for Industrial and Commercial Power System 

Analysis 

 4. IEEE 241 – Recommended Practice for Electric Power Systems in Commercial 

Buildings 

 5. IEEE 1015 – Recommended Practice for Applying Low-Voltage Circuit Breakers 

Used in Industrial and Commercial Power Systems. 

 6. IEEE 1584 - Guide for Performing Arc-Flash Hazard Calculations 

 

B. American National Standards Institute (ANSI): 

 

 1. ANSI C57.12.00 – Standard General Requirements for Liquid-Immersed 

Distribution, Power, and Regulating Transformers 

 

C. The National Fire Protection Association (NFPA) 

 

 1. NFPA 70 - National Electrical Code, latest edition 

 2. NFPA 70E – Standard for Electrical Safety in the Workplace 

 

 

1.4 SUBMITTALS FOR REVIEW/APPROVAL 

 

A. Submit the power system study along with the electrical equipment submittals for review 

by the Engineer. The electrical power equipment submittals will not be reviewed until the 

power system study has been received, reviewed, and accepted by the Engineer. Any 

changes to equipment dictated by the results of the power system study shall be submitted 

to the Engineer for review prior to any changes being made. 

 

 

1.5 SUBMITTALS FOR CONSTRUCTION 

 

A. The results of the short-circuit, protective device coordination and arc flash hazard analysis 

studies shall be summarized in a final report. Three (3) bound copies of the complete final 

report shall be submitted.  

 

B. The report shall include the following sections: 

 

 1. Executive Summary 

 2. Descriptions, purpose, basis and scope of the study 

 3. Tabulations of circuit breaker, fuse and other protective device ratings versus 

calculated short circuit duties 

 4. Protective device time versus current coordination curves, tabulations of relay and 

circuit breaker trip unit settings, fuse selection 

 5. Fault current calculations including a definition of terms and guide for interpretation 

of the computer printout 

 6. Details of the incident energy and flash protection boundary calculations 
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 7. Recommendations for system improvements, where needed. 

 8. One-line diagram 

 

C. Arc flash labels shall be provided in hard copy only.  

 

 

1.6 QUALIFICATIONS 

 

A. The short-circuit, protective device coordination and arc flash hazard analysis studies shall 

be conducted under the supervision and approval of a Registered Professional Electrical 

Engineer skilled in performing and interpreting the power system studies. 

 

B. The Registered Professional Electrical Engineer shall be a full-time employee of the 

equipment manufacturer or a consulting engineering firm registered to do business in the 

Commonwealth of Virginia. 

 

C. The Registered Professional Electrical Engineer shall have a minimum of five (5) years of 

experience in performing power system studies. 

 

D. The equipment manufacturer or approved engineering firm shall demonstrate experience 

with Arc Flash Hazard Analysis by submitting names of at least five actual arc flash hazard 

analysis it has performed in the past 2 years. 

 

 

1.7 COMPUTER ANALYSIS SOFTWARE 

 

A. The studies shall be performed using the latest revision of the SKM Systems Analysis 

Power*Tools for Windows (PTW) software program or equal.  

 

 

PART 2 - PRODUCT 

 

 

2.1 STUDIES 

 

A. Contractor to furnish short-circuit and protective device coordination studies as prepared by 

equipment manufacturer or a consulting engineering firm. 

 

B. The contractor shall furnish an Arc Flash Hazard Analysis Study per NFPA 70E - Standard 

for Electrical Safety in the Workplace, reference Article 130.3 and Annex D. 

 

 

2.2 DATA COLLECTION 

 

A. Contractor shall furnish all data as required by the power system studies. The Engineer 

performing the short-circuit, protective device coordination and arc flash hazard analysis 

studies shall furnish the Contractor with a listing of required data immediately after award 

of the contract. The Contractor shall expedite collection of the data to assure completion of 

the studies as required for final approval of the distribution equipment shop drawings. 
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B. Load data utilized may include existing and proposed loads obtained from Contract 

Documents provided by Owner and/or Contractor. 

 

 

2.3 SHORT-CIRCUIT AND PROTECTIVE DEVICE EVALUATION STUDY 

 

A. Use actual conductor impedances if known. If unknown, use typical conductor impedances 

based on IEEE Standard. 

 

B. Transformer design impedances shall be used when actual test impedances are not 

available. 

 

C. Provide the following: 

 

 1. Calculation methods and assumptions 

 2. Selected base per unit quantities 

 3. One-line diagram of the system being evaluated 

 4. Source impedance data, including electric utility system and motor fault contribution 

characteristics 

 5. Tabulations of calculated quantities 

 6. Results, conclusions, and recommendations. 

 

D. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault at 

each: 

 

 1. Distribution panelboard. 

 2. Branch circuit panelboards 

 3. Any other location likely to be served while energized. 

 

E. For grounded systems, provide a bolted line-to-ground fault current study for areas as 

defined for the three-phase bolted fault short-circuit study. 

 

F. Protective Device Evaluation: 

 

 1. Evaluate equipment and protective devices and compare to proposed short-circuit 

ratings. 

 2. Adequacy of panelboard bus bars to withstand short-circuit stresses. 

 3. Evaluate conductors and busways for ability to withstand short-circuit heating.  

 4. Identify any existing circuit protective devices improperly rated for the calculated 

available fault current. 

 5. Tabulate all evaluation results. 

 

 

2.4 PROTECTIVE DEVICE COORDINATION STUDY 

 

A. Proposed protective device coordination time-current curves (TCC) shall be displayed on 

log-log scale graphs. 
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B. Include on each TCC graph, a complete title and one-line diagram with legend identifying 

the specific portion of the system covered. 

 

C. Terminate device characteristic curves at a point reflecting maximum symmetrical or 

asymmetrical fault current to which the device is exposed. 

 

D. Identify the device associated with each curve by manufacturer type, function, and, if 

applicable, tap, time delay, and instantaneous settings recommended. 

 

E. Plot the following characteristics on the TCC graphs, where applicable: 

 

 1. Electric utility’s overcurrent protective device 

 2. Medium voltage equipment overcurrent relays 

 3. Medium and low voltage fuses including manufacturer’s minimum melt, total 

clearing, tolerance, and damage bands 

 4. Low voltage equipment circuit breaker trip devices, including manufacturer’s 

tolerance bands 

 5. Transformer full-load current, magnetizing inrush current, and ANSI through-fault 

protection curves 

 6. Conductor damage curves 

 7. Ground fault protective devices, as applicable 

 8. Pertinent motor starting characteristics and motor damage points, where applicable 

 9. Pertinent generator short-circuit decrement curve and generator damage point 

 10. The largest feeder circuit breaker in each applicable panelboard. 

 

F. Provide adequate time margins between device characteristics such that selective operation 

is provided, while providing proper protection. 

 

G. Provide selective coordination [to 0.01 second for the following systems in accordance with 

the requirements listed in the following National Electrical Code sections: 

 

 1. 620.62 Elevators 

 

 

2.5 ARC FLASH HAZARD ANALYSIS 

 

A. The arc flash hazard analysis shall be performed according to the IEEE 1584 equations that 

are presented in NFPA70E. 

 

B. The flash protection boundary and the incident energy shall be calculated at all locations 

likely to be served while energized in electrical distribution system, including but not 

limited to  panelboards, disconnect switches, and splitters where work could be performed 

on energized parts. 

 

C. The Arc-Flash Hazard Analysis shall include any location likely to be served while 

energized in 480 volt, 240 volt and 208 volt systems fed from transformers. 

 

D. Safe working distances shall be based upon the calculated arc flash boundary considering 

an incident energy of 1.2 cal/cm2. 
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E. When appropriate, the short circuit calculations and the clearing times of the phase 

overcurrent devices will be retrieved from the short-circuit and coordination study model. 

Ground overcurrent relays should not be taken into consideration when determining the 

clearing time when performing incident energy calculations. 

 

F. The short-circuit calculations and the corresponding incident energy calculations for 

multiple system scenarios must be compared and the greatest incident energy must be 

uniquely reported for each equipment location. Calculations must be performed to represent 

the maximum and minimum contributions of fault current magnitude for all normal and 

emergency operating conditions. The minimum calculation will assume that the utility 

contribution is at a minimum and will assume a minimum motor contribution (all motors 

off). Conversely, the maximum calculation will assume a maximum contribution from the 

utility and will assume the maximum amount of motors to be operating.  

 

G. The incident energy calculations must consider the accumulation of energy over time when 

performing arc flash calculations on buses with multiple sources. Iterative calculations 

must take into account the changing current contributions, as the sources are interrupted or 

decremented with time. Fault contribution from motors should be decremented as follows: 

 

 1. Fault contribution from induction motors should not be considered beyond 3-5 

cycles. 

 2. Fault contribution from synchronous motors should be decayed to match the actual 

decrement of each as closely as possible.  

 

H. For each equipment location with a separately enclosed main device (where there is 

adequate separation between the line side terminals of the main protective device and the 

work location), calculations for incident energy and flash protection boundary shall include 

both the line and load side of the main breaker. 

 

I. When performing incident energy calculations on the line side of a main breaker (as 

required per above), the line side and load side contributions must be included in the fault 

calculation. 

 

J. Mis-coordination should be checked amongst all devices within the branch containing the 

immediate protective device upstream of the calculation location and the calculation should 

utilize the fastest device to compute the incident energy for the corresponding location. 

 

K. Arc Flash calculations shall be based on actual overcurrent protective device clearing time. 

Maximum clearing time will be capped at 2 seconds based on IEEE 1584 Where it is not 

physically possible to move outside of the flash protection boundary in less than 2 seconds 

during an arc flash event, a maximum clearing time based on the specific location shall be 

utilized. 

 

L. Calculate shock hazard approach boundaries (limited approach boundary and restricted 

approach boundary) for each equipment location.  

 

M. Provide recommendations to reduce arc-flash hazard energy and exposure.  
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N. Coordinate with manufacturers/suppliers of the electrical equipment. 

 

 

2.6 REPORT SECTIONS 

 

A. Input data shall include, but not be limited to the following: 

 

 1. Feeder input data including feeder type (cable or bus), size, length, number per phase, 

conduit type (magnetic or non-magnetic) and conductor material (copper or 

aluminum). 

 2. Transformer input data, including winding connections, secondary neutral-ground 

connection, primary and secondary voltage ratings, kVA rating, impedance, % taps 

and phase shift. 

 3. Reactor data, including voltage rating, and impedance. 

 4. Generation contribution data, (Utility), including short-circuit reactance (X”d), rated 

MVA, rated voltage, three-phase and single line-ground contribution (for Utility 

sources) and X/R ratio. 

 5. Motor contribution data (induction motors and synchronous motors), including short-

circuit reactance, rated horsepower or kVA, rated voltage, and X/R ratio. 

 

B. Short-Circuit Output Data shall include, but not be limited to the following reports: 

 

 1. Low Voltage Fault Report shall include a section for three-phase and unbalanced 

fault calculations and shall show the following information for each applicable 

location: 

 

  a. Voltage 

  b. Calculated fault current magnitude and angle 

  c. Fault point X/R ratio 

  d. Equivalent impedance 

 

 2. Momentary Duty Report shall include a section for three-phase and unbalanced fault 

calculations and shall show the following information for each applicable location: 

 

  a. Voltage 

  b. Calculated symmetrical fault current magnitude and angle 

  c. Fault point X/R ratio 

  d. Calculated asymmetrical fault currents 

 

   1) Based on fault point X/R ratio 

   2) Based on calculated symmetrical value multiplied by 1.6 

   3) Based on calculated symmetrical value multiplied by 2.7 

 

  e. Equivalent impedance 

 

 3. Interrupting Duty Report shall include a section for three-phase and unbalanced fault 

calculations and shall show the following information for each applicable location: 

 

  a. Voltage 
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  b. Calculated symmetrical fault current magnitude and angle 

  c. Fault point X/R ratio 

  d. No AC Decrement (NACD) Ratio 

  e. Equivalent impedance 

  f. Multiplying factors for 2, 3, 5 and 8 cycle circuit breakers rated on a 

symmetrical basis 

  g. Multiplying factors for 2, 3, 5 and 8 cycle circuit breakers rated on a total 

basis 

 

C. Recommended Protective Device Settings: 

 

 1. Phase and Ground Relays: 

 

  a. Current transformer ratio 

  b. Current setting 

  c. Time setting 

  d. Instantaneous setting 

  e. Recommendations on improved relaying systems, if applicable. 

 

 2. Circuit Breakers: 

 

  a. Adjustable pickups and time delays (long time, short time, ground) 

  b. Adjustable time-current characteristic 

  c. Adjustable instantaneous pickup 

  d. Recommendations on improved trip systems, if applicable. 

 

D. Incident energy and flash protection boundary calculations 

 

 1. Arcing fault magnitude 

 2. Protective device clearing time 

 3. Duration of arc 

 4. Arc flash boundary 

 5. Working distance 

 6. Incident energy 

 7. PPE Category 

 8. Recommendations for arc flash energy reduction 

 

 

PART 3 - EXECUTION 

 

 

3.1 FIELD ADJUSTMENT 

 

A. Adjust relay and protective device settings according to the recommended settings table 

provided by the coordination study.  

 

B. Make minor modifications to equipment as required to accomplish conformance with short 

circuit and protective device coordination studies. 
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C. Notify Owner in writing of any required major equipment modifications. 

 

 

3.2 ARC FLASH WARNING LABELS 

 

A. The contractor shall provide a 4 in. x 6 in. thermal transfer type label of high adhesion 

polyester for each work location analyzed. 

 

B. All labels will be based on recommended overcurrent device settings and will be provided 

after the results of the analysis have been presented to the owner and after any system 

changes, upgrades or modifications have been incorporated in the system. 

 

C. The label shall include the following information, at a minimum: 

 

 1. Location designation 

 2. Nominal voltage 

 3. Flash protection boundary 

 4. Incident energy and associated working distance 

 5. Engineering report number, revision number and issue date. 

 

D. Labels shall be machine printed, with no field markings. 

 

E. Arc flash labels shall be provided in the following manner and all labels shall be based on 

recommended overcurrent device settings. 

 

 1. For each 480 and applicable 208-volt panelboard, one arc flash label shall be 

provided. 

 2. For each disconnect switch, one arc flash label shall be provided 

 

F. Labels shall be field installed by the electrical sub-contractor under the Startup and 

Acceptance Testing contract portion. 

 

 

END OF SECTION 260573 
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SECTION 260923 - LIGHTING CONTROL DEVICES  

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2  SUMMARY 

 

A.  This Section includes the following lighting control devices: 

 

 1.  Indoor occupancy sensors. 

 2.  Wall Switch Occupancy Sensors – Small Areas 

 3.  Wall Switch Occupancy Sensors – Large Areas 

 4.  Line Voltage Occupancy Sensors 

 

B.  Related Sections include the following: 

 

 1.  Division 26 Section "Wiring Devices and Device Plates" for wall-box dimmers and 

manual light switches. 

 

 

1.3 DEFINITIONS 

 

A.    LED:   Light-emitting diode. 

 

B.    PIR:    Passive infrared. 

 

 

1.4 SUBMITTALS 

 

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

 

B.    Shop Drawings: Show installation details for occupancy and light level sensors. 

 

 1.  Provide scaled plan layouts of all occupancy sensor locations based upon the 

manufacturer’s suggested layout for their equipment in full compliance with these 

specifications. 
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  a.  Show sensor type being supplied for each sensor location and the area of 

coverage for each sensor. 

 

 2.  Interconnection diagrams showing field-installed wiring. 

 

C.    Field quality-control test reports. 

 

D.    Operation and Maintenance Data: For each type of product to include in Emergency section 

of the operation and maintenance manuals. 

 

 

1.5  QUALITY ASSURANCE 

 

A.    Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 

70, Article 100, by a testing agency acceptable to authorities having jurisdiction and 

marked for intended use. 

 

B.    Occupancy Sensing Detection Technology 

 

 1.  The occupancy sensor system shall sense the presence of human activity within the 

covered space and fully control the on/off function of the lighting. 

 2.  Sensors shall utilize passive infrared (PIR) technology, which detects occupant 

motion, to initially turn lights on from an off state; thus preventing false on 

conditions. Ultrasonic or Microwave based sensing technologies will not be accepted. 

 3.  For applications where a second method of sensing is necessary to adequately detect 

maintained occupancy (such as in rooms with obstructions), a sensor with an 

additional “dual” technology shall be used.  

 4.  Dual technology sensors shall have one of its two technologies not require motion to 

detect occupancy. Acceptable dual technology includes PIR/Microphonics (also 

known as Passive Dual Technology or PDT) which both looks for occupant motion 

and listens for sounds indicating occupants. Sensors where both technologies detect 

motion (PIR/Ultrasonic) will not be acceptable. 

 5.  All sensing technologies shall be acoustically passive meaning they do not transmit 

sounds waves of any frequency (for example in the Ultrasonic range), as these 

technologies have the potential for interference with other electronic devices within 

the space (such as electronic white board readers). Acceptable detection technologies 

include Passive Infrared (PIR), and/or Microphonics technology. Ultrasonic or 

Microwave based sensing technologies will not be accepted. 

 

C.  Occupancy Sensor Operation Requirements 

 

 1.  Sensors shall offer a minimum on timer of at least 15 minutes, in order to prevent 

cycling of lamps before they have burned in accordance with the lamp 

manufacturer’s minimum recommended time period. This timer shall be in addition 

to the regular occupancy time delay that keeps lights on after last detected 

occupancy. User shall be able to disable/enable and change the value of this timer. 

 2.  Sensors shall utilize an occupancy time delay that keeps lights on after last detected 

occupancy. Factory default setting of the occupancy time delay shall be 10 minutes. 

Sensors with a longer factory default setting will not be permitted. 
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 3.  Manual adjustment to the occupancy time delay so as to increase it shall be 

accommodated, but will not be allowed unless approved by the Architect/Owner. 

 4.  All sensors shall be factory calibrated for optimum performance for its installed PIR 

lens, and shall not require initial or subsequent field adjustment of detection 

sensitivity. 

 5.  All sensor setting adjustments shall be digital and made using a push-button. Dip 

switches, analog dials, and/or the need for tools of any kind will not be accepted. 

 6.  The contractor is responsible for a complete and functional system in accordance 

with all applicable local and national codes. 

 

 

1.6    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. 

 

B.   Sensors are shown schematically only. Contractor shall provide an adequate quantity of 

sensors as needed to completely cover the space being controlled. If the 

[Architect/Engineer] deems coverage to be unacceptable, contractor shall provide 

additional sensors as required to satisfy Architect at no additional cost. 

 

 

1.7     MISCELLANEOUS REQUIREMENTS 

 

A. All steps in sensor manufacturing process will occur in the USA; including population of 

all electronic components on circuit boards, soldering, programming, wiring, and housing. 

Manufacturing facility must be ROHS compliant. 

 

B. In high humidity or cold environments, the sensors shall be conformably coated and rated 

for condensing humidity and -40 degree Fahrenheit (and Celsius) operation. 

 

C. All applicable products must be UL Listed. 

 

D. Sensors shall carry a full 5-year warranty. 

 

 

1.8 MANUFACTURER AND SUBSTITUTIONS 

 

A. The basis of design for the products specified herein is those manufactured by Sensor 

Switch, Inc.  

 

B. Substitutions may be submitted for review. All substitutions must clearly identify any and 

all exceptions to the specifications with a detailed explanation as to the exception. If the 

substitution is approved, the contractor shall bear the responsibility of a fully functional 

system to the Architect/Owner. 
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PART 2 - PRODUCTS 

 

 

2.1  INDOOR OCCUPANCY SENSORS 

 

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

following: 

 

 1.  Hubbell Lighting. 

 2.  Leviton Mfg. Company Inc. 

 3.  Lithonia Lighting; Acuity Lighting Group, Inc. 

 4.  TORK. 

 5.  Watt Stopper (The). 

 6.  Sensor Switch. 

 7.  Crestron. 

 

B.    General Description: Wall- or ceiling-mounting, solid-state units with a separate relay unit 

or line voltage. 

 

 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. Shall also be capable of operating as a vacancy 

sensor. 

 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 (if required): Dry contacts rated for 20-A ballast load at 120 and 277-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. 

 8.  Provide single or 2-pole switches as required/indicated on drawings. 

 

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. 
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 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. 

 

 

2.2     WALL SWITCH OCCUPANCY SENSORS – SMALL AREAS 

 

A. Sensor shall provide wall-to-wall PIR detection such that small hand motions are detected 

out to 20 ft (6.10 m).  

 

B. In areas with periodic or permanent obstruction to a sensor’s field of view, sensors that 

utilize dual technology (PIR/Microphonics) detection shall be used.  

 

C. Sensors shall be capable of switching 120 VAC and 277 VAC. Load ratings shall be 800 W 

@ 120 VAC, 1200 W @ 277 VAC and ¼ HP motor loads. 

 

D. Sensor shall recess into single gang switch box and fit a standard GFI opening. 

 

E. Sensor shall meet NEC grounding requirements by providing a dedicated ground 

connection and intrinsically grounding through its mounting strap.  

 

F. Sensor shall not require a neutral connection regardless of number of poles and/or detection 

technology.  

 

G. Sensor shall not allow any leakage of current to pass to the load when sensor is in the 

unoccupied (off) condition. Sensor shall not require a minimum load to be connected in 

order to function. 

 

H. Sensor shall have optional features available for photocell/daylight override, vandal 

resistant lens, low temperature/high humidity operation. 

 

I. All sensor settings, including time delay and photocell settings shall be digital and 

accessible for adjustment via a push-button without requiring removal of cover plate or 

tools of any kind. 

 

J. Wall Switch sensors shall have field programmable adjustments for selecting operational 

modes, occupancy time delays, minimum on time, and photocell set-point as applicable.   

 

 1. All models shall be capable of both Auto-On and Manual On operation. 

 2. All models shall be capable of a “Reduced Turn On” operation where the initial PIR 

turn on level is higher in order to eliminate PIR from reflective surfaces from being 

detected. PIR shall be returned to normal levels upon initial PIR detection. 

 3. All models shall have a “Predictive Off” mode where user can manually turn the 

lights off when leaving the room and still have them come on automatically when 

they return to space. 
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K. All models shall be capable of disabling override switch. 

 

L. Sensors shall be the following Sensor Switch model numbers or approved equals: 

 

 1.  WSX PDT SA (PIR/Microphonics, Manual On by default) 

 

 

2.3     WALL SWITCH DIMMING OCCUPANCY SENSORS – SMALL AREAS 

 

A. Sensor shall provide wall-to-wall PIR detection such that small hand motions are detected 

out to 20 ft (6.10 m).  

 

B. In areas with periodic or permanent obstruction to a sensor’s field of view, sensors that 

utilize dual technology (PIR/Microphonics) detection shall be used.  

 

C. Sensors shall be capable of switching 120 VAC and 277 VAC. Load ratings shall be 800 W 

@ 120 VAC, 1200 W @ 277 VAC [and ¼ HP motor loads. 

 

D. Sensor shall recess into single gang switch box and fit a standard GFI opening. 

 

E. Sensor shall meet NEC grounding requirements by providing a dedicated ground 

connection and intrinsically grounding through its mounting strap.  

 

F. Sensor shall not require a neutral connection regardless of number of poles and/or detection 

technology.  

 

G. Sensor shall not allow any leakage of current to pass to the load when sensor is in the 

unoccupied (off) condition. Sensor shall not require a minimum load to be connected in 

order to function. 

 

H. Sensor shall have optional features available for photocell/daylight override, vandal 

resistant lens, low temperature/high humidity operation. 

 

I. All sensor settings, including time delay and photocell settings shall be digital and 

accessible for adjustment via a push-button without requiring removal of cover plate or 

tools of any kind. 

J. Wall Switch sensors shall have field programmable adjustments for selecting operational 

modes, occupancy time delays, minimum on time, and photocell set-point as applicable.   

 

 1. All models shall be capable of both Auto-On and Manual On operation. 

 2. All models shall be capable of a “Reduced Turn On” operation where the initial PIR 

turn on level is higher in order to eliminate PIR from reflective surfaces from being 

detected. PIR shall be returned to normal levels upon initial PIR detection. 

 3. All models shall have a “Predictive Off” mode where user can manually turn the 

lights off when leaving the room and still have them come on automatically when 

they return to space. 

 

K. All models shall be capable of disabling override switch. 

 

L. Compatible with 0-10V dimming luminaries 
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M. Sensors shall be the following Sensor Switch model numbers or approved equals: 

 

 1.  WSX PDT D SA (PIR/Microphonics, Manual On by default) 

 

 

2.4     LOW VOLTAGE OCCUPANCY SENSORS 

 

A. Contractor shall install one or more sensors with PIR coverage areas that cover the entire 

space and all entrance points.  

 

B. In areas with periodic or permanent obstruction to a sensor’s field of view, sensors that 

utilize dual technology detection shall be used. 

 

C. Sensors shall utilize a digital PIR detector (dual element pyro-electric detector) component, 

so as to provide a high degree of RF immunity.  

 

D. Sensors shall interconnect with other sensors and power/relay packs with class 2, three-

conductor wiring.  

 

E. Sensors shall operate on 12 to 24 VAC or VDC and consume no more than 5 mA so that up 

to 14 sensors may be connected to a single power pack. 

 

F. Upon initial power up, sensors must immediately turn on. Power packs may be wired on the 

line or load side of local switching and must not exhibit any delays when switch is 

energized. 

 

G. Each designated zone shall contain one sensor with a SPDT class 2 auxiliary relay, 

providing an input to building automation system (BAS) if required. All sensors in 

designated zone shall communicate to sensor with relay for status to BAS. Sensor relay coil 

shall energize in the unoccupied state to load share the low voltage current from power 

pack. Note that power pack must be installed on the Line side of the local toggle switch for 

auxiliary relay to work properly. 

 

H. Sensors shall have test mode that temporarily shortens/disable all time delays (e.g., 

minimum on, occupancy, photocell transition, dimming rates) such that an installer can 

quickly test operation of sensor. Test mode shall time out and return sensor to normal 

operation should the installer forget to disable test mode after installation. 

 

I. Sensors shall have optional features for on/off photocell control, automatic dimming 

control photocell, high/low occupancy based dimming, and usage in low temperature/high 

humidity environments. 

 

J. Sensors shall be the following Sensor Switch model numbers. 

 

 1. CM PDT 10 (PIR/Microphonics, Ceiling Mount, Extended Range) 

 2. WV PDT 16 (PIR/Microphonics, Corner Mount, Wide View) 

 3. HW13 (PIR, Wall Mount, Hallway View) 

 4. CM 6 (PIR, Ceiling Mount, High Bay 360°) 
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2.5     POWER PACKS 

 

A. Power packs shall accept and switch 120 or 277 VAC, be plenum rated, and provide class 2 

power for up to 14 remote sensors.  

 

B. Power pack shall securely mount to junction location through a threaded ½ inch chase 

nipple. Plastic clips into junction box shall not be accepted. All class 1 wiring shall pass 

through chase nipple into adjacent junction box without any exposure of wire leads. Note: 

UL Listing under Energy Management or Industrial Control Equipment automatically 

meets this requirement, whereas Appliance Control Listing does not meet this safety 

requirement. 

 

C. When required by local code, power pack must install inside standard electrical enclosure 

and provide UL recognized support to junction box. All class 1 wiring is to pass through 

chase nipple into adjacent junction box without any exposure of wire leads. 

 

D. Power pack shall incorporate a Class 1 relay and an AC electronic switching device. The 

AC electronic switching device shall make and break the load, while the relay shall carry 

the current in the on condition. This system shall provide full 20 Amp switching of all load 

types, and be rated for 400,000 cycles. 

 

E. Power packs shall be single circuit, or two circuits. Slave packs may be used to control 

additional circuits. When two circuit power packs, or slave packs are used, the power packs 

must be wired directly to circuit breaker. Otherwise, power packs may be wired on the line 

or load side of the local switch. 

 

F. Power packs shall be the following Sensor Switch models or approved equal: 

 

 1. PP20 (Single Pole) 

 2. PP20 2P (Two-Pole) 

 

 

2.6    LINE VOLTAGE OCCUPANCY SENSORS 

 

A. Sensors shall be self-contained and accept Class 1 wiring directly without the use of a 

power pack. 

 

B. The installing contractor shall install one or more sensors with PIR coverage areas that 

cover the entire space and all entrance points. Exact placement and quantity required shall 

be per manufacturer’s best practice recommendations. 

 

C. In areas with periodic or permanent obstruction to a sensor’s field of view, sensors that 

utilize dual technology (PIR/Microphonics) detection shall be used (as specified in above 

section 1.1, Occupancy Sensor Technology Requirements). 

 

D. Sensors shall utilize a digital PIR detector (dual element pyro-electric detector) component, 

so as to provide a high degree of RF immunity.  
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E. Line and load wire connections shall be interchangeable, such that installer cannot make an 

improper connection to a line/load in a manner that will cause malfunction or damage to the 

sensor.  

 

F. Multiple sensors controlling the same load shall be wired in parallel. 

 

G. For applications requiring independent control of two loads, a sensor with two dual relays 

shall be required. Each relay shall have independent programmable occupancy time delays. 

 

H. Dual relay sensors shall have an optional operational mode called “Alternating On” where 

when during unoccupied periods, one relay is always left closed (thus one load is always 

on). The particular relay that is left closed alternates each cycle so that the aging of the 

connected lamps is even. 

 

I. Sensors shall be capable of switching both 120 VAC and 277 VAC and run off of 50/60 Hz 

power. A version capable of switching 347 VAC shall also be available. Load ratings shall 

be 800 W @ 120 VAC, 1200 W @ 277 VAC, 1500 W @ 347 VAC, and ¼ HP motor load. 

 

J. Specific sensors capable of switching 5 Amps of two phase power (208/240 or 480 VAC) 

shall be available. These sensors shall always simultaneously switch both phases as per 

NEC guidelines. 

 

K. Wall mounted sensors must be installed at 7 to 8 feet above the floor. Single and two circuit 

units shall be available. 

 

L. High bay sensors controlling HID Bi-Level must incorporate a “Start to High” timer on 

initial power up to provide full light output for up to 20 minutes to prevent shortened lamp 

life. 

 

M. Sensors shall have test mode that temporarily shortens/disable all time delays (e.g., 

minimum on, occupancy, photocell transition, dimming rates) such that an installer can 

quickly test operation of sensor. Test mode shall time out and return sensor to normal 

operation should the installer forget to disable test mode after installation. 

 

N. Sensors shall have optional features for on/off photocell control, automatic dimming 

control photocell, high/low occupancy based dimming, and usage in low temperature/high 

humidity environments. 

 

O. Sensors shall be the following Sensor Switch models or approved equal: 

 

 1. CMR PDT 10 / CMR PDT 10 2P (Extended Range 360, PIR/Microphonics Dual 

Technology, Ceiling Mount – Single / Two-Pole) 

 2. WVR 16 / WVR 16 2P (Wide View, PIR, Wall Mount – Single / Two-Pole) 

 3. WVR PDT 16 /  WVR PDT 2P (Wide View, PIR/Microphonics Dual Technology, 

Wall Mount – Single / Two-Pole) 

 4. CMR 6 / CMR 6 2P (High Bay 360, PIR, Ceiling Mount – Single / Two-Pole) 
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PART 3 - EXECUTION 

 

 

3.1 SENSOR INSTALLATION 

 

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 systems, and partition assemblies.  

 

B.  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. 

 

C.  Provide no less quantity of sensors as shown on plans but add additional sensors when 

required to fulfill coverage requirement for the specific model of the sensor provided. 

 

D.  Provide occupancy sensor operation that requires movement to activate luminaires 

controlled and turns luminaires off after a set time of inactivity.   

  

E.  Provide vacancy sensor operation that requires manual control to activate luminaires and 

turns luminaires off after a set time of inactivity.     

 

 

3.2 WIRING INSTALLATION 

 

A.  Wiring within Enclosures: Comply with NECA 1. Separate power-limited and non-power 

limited conductors according to conductor manufacturer's written instructions. 

 

B.  Size conductors according to lighting control device manufacturer's written instructions 

unless otherwise indicated. 

 

C.  Splices, Taps, and Terminations: Make connections only on numbered terminal strips 

injunction, pull, and outlet boxes; terminal cabinets; and equipment enclosures. 

 

 

3.3 FIELD QUALITY CONTROL 

 

A.  Testing Agency: Engage a qualified testing agency to evaluate lighting control devices and 

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 

 

 1.  Operational Test: After installing sensors, and after electrical circuitry has been 

energized, start units to confirm proper unit operation. 

 2.  Test and adjust controls and safeties. Replace damaged and malfunctioning controls 

and equipment. 
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D.  Lighting control devices will be considered defective if they do not pass tests and 

inspections. 

 

E.  Prepare test and inspection reports. 

 

 

3.4 ADJUSTING 

 

A.  For occupancy sensors, verify operation at outer limits of detector range. Set time delay to 

suit Owner's operations. 

 

 

3.5 DEMONSTRATION 

 

A. Train Owner's maintenance personnel to adjust, operate, and maintain lighting control 

devices. 

 

 

END OF SECTION 260923 
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SECTION 262200 - DRY-TYPE TRANSFORMERS 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. Extent of transformer work is indicated by drawings and schedules. 

 

B. Types of transformers specified in this Section include K4 rated dry-type transformers. 

 

C. Electrical wiring connections for transformers are specified in applicable Division 26 

Sections. 

 

 

1.3 QUALITY ASSURANCE 

 

A. Comply with the requirements of the NEC, as applicable to installation and construction of 

electrical power distribution transformers. 

 

B. Comply with applicable portions of NEMA TR1 and DOE 2016 minimum Standards for 

power distribution transformers. 

 

C. Comply with applicable requirements of ANSI C57-Series pertaining to power distribution 

transformers. 

 

D. Comply with applicable requirements of ANSI/UL 506, “Safety Standard for Specialty 

Transformers.” Provide power distribution transformers and components which are UL-

Listed and labeled. 

 

E. Comply with applicable requirements of NESC (ANSI C2) pertaining to indoor and 

outdoor installation of transformers. 

 

 

PART 2 - PRODUCTS 
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2.1 POWER DISTRIBUTION TRANSFORMERS 

 

A. Except as otherwise indicated, provide manufacturer’s standard materials and components 

as indicated by published product information, designed and constructed as recommended 

by manufacturer, and as required for complete installation. All transformers shall be 

products of a single manufacturer. 

 

B. Dry-type Distribution Transformers: Provide factory-assembled, K4-rated, air-cooled, dry-

type distribution transformers where shown; of sizes, characteristics, and rated capacities 

indicated; 3-phase; 60 Hz, 30kV BIL, 4.0% nominal impedance, copper windings, with 

480-Volts delta connection primary and 208/120-Volts secondary wye connected. Provide 

primary winding with six 2-1/2% taps; two above and four below primary rated voltage. 

Transformers 15kVA and above shall be rated for 150°C temperature rise above 40°C 

ambient except K4-rated transformers shall be rated for 115°C temperature rise above 40°C 

ambient. All insulating materials shall be in accordance with NEMA ST20 Standard for a 

220°C UL component recognized insulation system. Limit transformer surface temperature 

rise to maximum of 65°C. Provide terminal enclosure, with cover, to accommodate primary 

and secondary coil wiring connections and electrical supply raceway terminal connector. 

Equip terminal leads with connectors installed. Provide wiring connectors suitable for 

copper wiring. Sound levels shall not exceed the following: 51 to 150kVA = 50 dB. The 

core of the transformer shall be visibly grounded to the enclosure by means of a flexible 

grounding conductor sized in accordance with applicable NEMA, IEEE, and ANSI 

standards. Provide transformers with fully enclosed sheet-steel enclosures. Apply 

manufacturer’s standard light gray indoor enamel over cleaned and phosphatized steel 

enclosure. Provide transformers suitable for floor or wall mounting as indicated. The 

transformers shall be listed by UL for the specified temperature rise. 

 

 

PART 3 - EXECUTION 

 

 

3.1 INSPECTION 

 

A. Examine areas and conditions under which power distribution transformers and ancillary 

equipment are to be installed and notify the General Contractor, in writing, of conditions 

detrimental to proper completion of the work. Do not proceed with the work until 

unsatisfactory conditions have been corrected. 

 

 

3.2 INSTALLATION OF TRANSFORMERS 

 

A. Install transformers as indicated, complying with manufacturer’s published instructions 

(including rear ventilation clearances), applicable requirements of the NEC, NESC, 

NEMA, ANSI, DOE and IEEE standards, and in accordance with recognized industry 

practices to ensure that products fulfill requirements. 

 

B. Coordinate transformer installation work with electrical raceway and wire/cable work, as 

necessary for proper interface. 
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C. Connect transformer units to electrical wiring system; comply with requirements of other 

Division 26 Sections. 

 

D. Tighten electrical connectors and terminals, including screws and bolts, in accordance with 

equipment manufacturer’s published torque tightening values for equipment connectors. 

Where manufacturer’s torquing requirements are not indicated, tighten connectors and 

terminals to comply with tightening torques specified in UL 486A and UL 486B. 

 

E. Provide 4" thick concrete housekeeping pad under all transformers. Exceed dimensions of 

transformer by 6" on all sides.  Chamfer all exposed edges 1/2". 

 

F. Keep transformers clean and free from foreign matter of any kind, before, during, and after 

installation. 

 

G. Provide sufficient space around transformer for cooling as recommended by the 

manufacturer.  Provide a minimum space of 8” between the transformer and any wall. 

 

 

3.3 GROUNDING 

 

A. Provide equipment grounding connections for power distribution transformers as indicated. 

Tighten connections to comply with tightening torques specified in UL 486A to assure 

permanent and effective grounding. 

 

 

3.4 TESTING 

 

A. Prior to energization of transformers, check all accessible connections for compliance with 

manufacturer’s torque tightening specifications. 

 

B. Prior to energization, check circuitry for electrical continuity and for short-circuits.  After 

all wiring is pulled and ready for operation but prior to placing systems in service, conduct 

insulation resistance tests in all feeder circuits. Measure the insulation resistance between 

conductors and between each conductor and ground. Make measurements with an 

instrument capable of making measurements at an applied potential of 500 Volts. 

  

C. Upon completion of installation of transformers, energize primary circuitry at rated voltage 

and frequency from normal power source and test transformers, including but not limited to 

audible sound levels, to demonstrate capability and compliance with requirements. Where 

possible, correct malfunctioning units at site, then retest to demonstrate compliance; 

otherwise, remove and replace with new units or components and proceed with retesting. 

 

D. Infrared Scanning:  After Substantial Completion, but not more than 60 days from Final 

Acceptance, perform an infrared scan of each transformer.  

 

1. Instrument:  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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2. Record of Infrared Scanning:  Prepare a certified report that identifies transformer 

checked and describes scanning results. Include notation of deficiencies detected, 

remedial action taken, and observations after remedial action. 

 

 

END OF SECTION 262200 
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SECTION 262416 - PANELBOARDS 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. Extent of panelboard, load center, and enclosure work, including cabinets and cutout boxes, 

is indicated by drawings and schedules. 

 

B. Refer to other Division 26 Sections for cable/wire, connectors, and electrical raceway work 

required in conjunction with panelboards and enclosures; not work of this Section. 

 

 

1.3 QUALITY ASSURANCE 

 

A. Comply with the requirements of the NEC, as applicable to installation of panelboards, 

cabinets, and cutout boxes. Comply with the NEC requirements pertaining to installation of 

wiring and equipment in hazardous locations. 

 

B. Comply with applicable requirements of UL 67, “Electric Panelboards,” and UL 50, UL 

869, UL 486A, UL 486B, and UL 1053 pertaining to panelboards, accessories, and 

enclosures. Provide units which are UL-Listed and labeled. 

 

C. Comply with NEMA 250, “Enclosures for Electrical Equipment (1,000 Volts Maximum),” 

and NEMA PB1, “Instructions for Safe Installation, Operation, and Maintenance of 

Panelboards Rated 600 Volts or Less.” 

 

 

PART 2 - PRODUCTS 

 

 

2.1 ACCEPTABLE MANUFACTURERS 

 

A. Except as otherwise indicated, provide panelboards, enclosures, and ancillary components 

of types, sizes, and ratings indicated, which comply with manufacturer’s standard 

materials; design and construction in accordance with published product information; equip 

with proper number of unit panelboard devices as required for complete installation. Where 
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types, sizes, or ratings are not indicated, comply with the NEC, UL, and established 

industry standards for those applications indicated. Series rating is not acceptable for circuit 

breakers serving life safety equipment. 

 

B. Provide dead-front, safety-type, power distribution panelboards as indicated, with 

panelboard switching and protective devices in quantities, ratings, types, and arrangement 

shown; with mechanical type conductor connectors for Main, Neutral, and Ground lugs 

approve for copper or aluminum conductors. Specific circuit breaker placement is required 

in panelboards to match the circuit breaker placement indicated in the panelboard schedule 

on the drawings. Equip with aluminum busbars with not less than 98% conductivity and 

with neutral bus.  Provide all 208Y/120 volt panelboards served by K4 rated transformers 

with 200% neutral bus. Provide suitable lugs on neutral bus for outgoing circuits requiring 

neutral connections. Provide bolt-on molded-case main and branch circuit breaker types for 

each circuit, with toggle handles that indicate when tripped. Where multiple-pole circuit 

breakers are indicated, provide with common trip so an overload on one pole will trip all 

poles simultaneously. Provide panelboards with bare uninsulated grounding bars suitable 

for bolting to enclosures. Select enclosures fabricated by same manufacturer as 

panelboards, which mate properly with panelboards.  Branch mounted main circuit breakers 

are not acceptable. Provide bottom mounted main circuit breakers for panelboards fed from 

below. Provide top mounted main circuit breakers for panelboards fed from above. All 

spaces shall have bus fully extended and drilled for the future installation of breakers. 

 

C. Provide galvanized sheet-steel cabinet-type enclosures, in sizes and NEMA types as 

indicated, code gauge, minimum 16-gauge thickness. Construct with multiple knockouts 

and wiring gutters. Provide fronts with adjustable trim clamps, and doors with flush locks 

and keys. All panelboard enclosures shall be keyed alike.  Equip with interior circuit 

directory frame and card with clear plastic covering.  Provide baked gray enamel finish 

over a rust-inhibitor coating. Design enclosures for flush mounting unless otherwise 

indicated. Provide enclosures which mate properly with panelboards to be enclosed.   

 

D. Provide panelboard accessories and devices, including but not necessarily limited to circuit 

breakers and ground-fault protection units, as recommended by panelboard manufacturer 

for ratings and applications indicated. Provide electronic trip circuit breakers with 

adjustable trip settings for all life-safety emergency power feeders. Circuit breakers serving 

permanently connected appliances rated over 300 volt-amperes shall be provided with 

permanent lock-out devices. Circuit breakers serving surge protective devices “SPD” shall 

be located close to the equipment main circuit breaker or main lugs whether indicated or 

not. Provide HACR rated circuit breakers for all heating and air conditioning equipment. 

Provide GFCI circuit breakers where indicated. GFCI circuit breakers shall be Class A 

ground-fault protection (5-mA trip). Circuit breakers serving heat trace and ice melting 

equipment shall be provided with a permanent lockout device. Circuit breaker serving fire 

alarm panel shall be provided with Red color handle and Red color lock-out device with 

Fire Alarm label.  Circuit breakers serving Elevator Emergency Communication Panel 

(ECS) shall be provided with Red color handle and Red color lockout device with ECS 

label. Circuit breakers serving Electric Hand Dryers shall be provided with a permanent 

lockout device. Circuit breakers serving Electric Water Coolers shall be GFCI type.  Circuit 

breakers serving Vending Machines shall be GFCI type.  Circuit breakers serving Water 

Heaters shall be provided with a permanent lock-out devices. 
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PART 3 - EXECUTION 

 

 

3.1 INSPECTION 

 

A. Examine areas and conditions under which panelboards and enclosures are to be installed, 

and notify the General Contractor, in writing, of conditions detrimental to proper 

completion of work. Do not proceed with work until unsatisfactory conditions have been 

corrected. 

 

B. Install panelboards and enclosures as indicated, in accordance with manufacturer’s 

published instructions, applicable requirements of the NEC and NECA “Standard of 

Installation,” and in compliance with recognized industry practices to ensure that products 

fulfill requirements. 

 

C. Coordinate installation of panelboards and enclosures with raceway installation work. 

 

D. Tighten connectors and terminals, including screws and bolts, in accordance with 

equipment manufacturer’s published torque tightening values for equipment connectors. 

Where manufacturer’s torquing requirements are not indicated, tighten connectors and 

terminals to comply with tightening torques specified in UL 486A and UL 486B. 

 

E. Anchor enclosures firmly to walls and structural surfaces, ensuring that they are 

permanently and mechanically secure. 

 

F. Provide properly wired electrical connections within enclosures. 

 

G. Provide a typed circuit index card for each panelboard upon completion of installation 

work. Indicate load served and room number(s). Use final room numbers obtained from the 

Architect or Owner, not construction room numbers as shown on the drawings. 

 

 

3.2 GROUNDING 

 

A. Provide equipment grounding connections for all panelboards. Tighten connections to 

comply with tightening torques specified in UL 486A and UL 486B to assure permanent 

and effective grounding. 

 

 

3.3 FIELD QUALITY CONTROL 

 

A. Keep panelboards clean and free from foreign matter of any kind, before, during, and after 

installation. 

  

B. Prior to energization of circuitry, check all accessible connections to manufacturer’s 

tightening torque specifications. 

 

C. Prior to energization of panelboards, check with ground resistance tester phase-to-phase 

and phase-to-ground insulation resistance levels to ensure requirements are fulfilled. 
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D. Prior to energization, check panelboards for electrical continuity of circuits and for short-

circuits. 

 

E. Subsequent to wire and cable hook-ups, energize panelboards and demonstrate functioning 

in accordance with requirements. Where necessary, correct malfunctioning units, and then 

retest to demonstrate compliance. 

 

F. Infrared Scanning:  After Substantial Completion, but not more than 60 days from Final 

Acceptance, perform an infrared scan of each panelboard. Remove panel fronts so joints 

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 panelboards 

checked and describes scanning results. Include notation of deficiencies detected, 

remedial action taken, and observations after remedial action. 

 

 

END OF SECTION 262416 
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SECTION 262420 - MOTORS AND CONTROLS 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. Furnish and install disconnect switches as indicated on the drawings and specified herein. 

 

B. Provide all power wiring, disconnect switches and electrical connections to all equipment 

provided and requiring electrical connections. Starters and/or magnetic contactors; 

including Variable Frequency Drives (“VFD”) for HVAC equipment that is not integral 

with the HVAC equipment; shall be furnished by Division 23 Contractor, installed where 

and as indicated on the electrical drawings by the Electrical Contractor and provided with 

power wiring by the Electrical Contractor unless otherwise indicated. Power wiring 

between magnetic contactors and the final connection point on the HVAC equipment shall 

be provided under Division 26.  Division 23 Contractor shall provide the proper number 

and size of auxiliary contacts in the magnetic contactors required for the proper operation 

and control of the HVAC equipment. 

 

C. All control wiring and conduits between control instruments and the magnetic contactor or 

VFD serving a piece of mechanical equipment shall be provided by Division 23 Contractor 

and installed in accordance with the requirements of Division 26, unless otherwise 

indicated on the electrical drawings or in the electrical specifications. 

 

D. Review the mechanical drawings and specification sections for exhaust fans requiring 

control by wall switch, solid state speed controller, or line voltage thermostat and provide 

same where indicated on the electrical drawings.  

 

 

PART 2 - PRODUCTS 

 

 

2.1 DISCONNECT SWITCHES 

 

A. Disconnect switches shall be rated for the voltage of the equipment being served with 

number of poles and current rating as indicated. Disconnect switches shall be non-fusible or 

fusible type as indicated on the drawings. 
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B. Switches shall be NEMA standard Heavy-Duty type. 

 

C. Switches shall be horsepower rated when used for motor disconnect means. 

 

D. Provide fused disconnect switches complete with appropriately sized fuses for the circuits 

controlled. 

 

 

2.2 MOTOR RATED SWITCHES 

 

A. Motor rated switches shall be rated for the voltage of the equipment being served with 

number of poles and current rating as indicated.  

 

B. Motor rated switches shall be UL listed, suitable as motor disconnect, and industrial grade. 

 

C. Motor-rated switches shall be horsepower rated when used for motor disconnect means. 

 

 

PART 3 - EXECUTION 

 

 

3.1 INSTALLATION OF DISCONNECT SWITCHES 

 

A. Examine area and conditions under which electrical connections for equipment are to be 

installed. Notify the General Contractor; in writing; of conditions detrimental to proper 

completion of the work. Do not proceed with the work until unsatisfactory conditions have 

been corrected. 

 

B. Coordinate locations of disconnect switches and magnetic starters furnished under Division 

23 with the locations of mechanical equipment, piping, electrical equipment and any and all 

other building elements such that all NEC requirements, including working clearances, are 

met. Adjust locations from those shown on the drawings as required to comply with NEC 

working clearance requirements at no additional cost to the project. 

  

C. Secure disconnects switches to building elements or equipment housings where indicated 

on the drawings. Where building walls or equipment housings do not provide suitable 

mounting surfaces, provide a galvanized unistrut frame or rack satisfactory in size to 

securely support the disconnect switch, magnetic contactor and /or VFD. Where racks are 

required to be roof mounted, secure the rack to the roof in a method that does not 

compromise the roof membrane in any way. Submit the roof attachment method to the 

Architect/Owner for approval prior to construction or installation. 

 

 

3.2 ELECTRICAL CONNECTIONS TO EQUIPMENT 

 

A. Provide electrical connections to equipment indicated in accordance with equipment 

manufacturer’s published instructions and recognized industry practices. Comply with 

applicable requirements of UL, the NEC and the NECA “Standard of Installation,” to 

ensure that products fulfill requirements. 
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B. Coordinate with other work, including wires/cables, raceway and equipment installation as 

necessary to properly interface installation of electrical connections to equipment with 

other work. 

  

C. Connect electrical power supply conductors to equipment in accordance with equipment 

manufacturer’s published instructions and wiring diagrams. Mate and match conductors of 

electrical connections for proper interface between electrical power supplies and installed 

equipment. 

 

D. The contractor shall coordinate the following electrical requirements for all mechanical 

equipment with the Division 23 Contractor: 

 

 1. Number of electrical connections. 

 2. Number and size of feeders’ terminal lugs. 

 3.  Maximum overcurrent protection. 

 4. Size and type of fuses. 

 

E. Cover splices with electrical insulating material equivalent to or greater than the electrical 

insulation rating of the conductors being spliced. 

 

F. Prepare cables and wires by cutting and stripping covering, armor, jacket, and insulation 

properly to ensure uniform and neat appearance where cables and wires are terminated. 

Exercise care to avoid cutting through tapes which will remain on conductors. Avoid 

“ringing” conductors while skinning wire. 

 

G. Trim cables and wires as short as practicable and arrange routing to facilitate inspection, 

testing and maintenance. 

 

H. Tighten connectors and terminals, including screws and bolts, in accordance with 

equipment manufacturer’s published torque tightening values for equipment connectors. 

Accomplish tightening by utilizing proper torquing tools, including torque screwdriver, 

beam-type torque wrench, and ratchet wrench with adjustable torque settings. Where 

manufacturer’s torquing requirements are not available, tighten connectors and terminals to 

comply with torquing values contained in UL 486A. 

 

I. Provide flexible steel conduit for motor connections and other electrical equipment 

connections where subject to movement and vibration. 

 

J. Provide liquid-tight flexible steel conduit for connection of motors and other electrical 

equipment where subject to movement and vibration and where connections are located 

where subject to any of the following conditions: 

 

 1. All exterior locations 

 2. Moist or humid atmosphere where condensation can be expected to accumulate 

(Example: sump pump and elevator pits) 

 3. Corrosive atmosphere (Example: battery charging rooms) 

 4. Water spray 

 5. Dripping oil, grease, or water 

 6. Kitchens and Sculleries 
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3.3 FIELD QUALITY CONTROL 

 

A. Upon completion of installation of electrical connections and after circuitry has been 

energized with rated power source, test connections to demonstrate capability and 

compliance with requirements. Ensure that direction of rotation of each motor fulfills 

requirement. Correct malfunctioning units at site, then retest to demonstrate compliance. 

 

 

END OF SECTION 262420 
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SECTION 262726 - WIRING DEVICES AND DEVICE PLATES 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SCOPE OF WORK 

 

A. The extent of wiring device work is indicated by drawings and schedules. Wiring devices 

are defined as single discrete units of the electrical distribution systems which are intended 

to carry but not utilize electric energy. 

 

B. Types of electrical wiring devices in this Section include the following: 

 

Receptacles 

Ground-fault circuit interrupters 

Switches 

Cover plates 

  

C. Comply with the requirements of the NEC, as applicable to installation and wiring of 

electrical wiring devices. 

 

D. Comply with applicable requirements of UL 20, 486A, 498, 943, and 1472 pertaining to 

installation of wiring devices. Provide wiring devices which are UL-Listed and labeled. 

 

E. Comply with applicable portions of NEMA WD1, “General-purpose Wiring Devices, and 

WD5, “Wiring Devices, Specific Purposes.” 

 

 

PART 2 - PRODUCTS 

 

 

2.1 FABRICATED WIRING DEVICES 

 

A. Provide factory-fabricated wiring devices in types and electrical ratings for applications 

indicated and which comply with NEMA WD1. Provide white colored-devices. 
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2.2 RECEPTACLES 

 

A. Duplex: Provide Industrial/Institutional, Specification-Grade, Tamper Resistant TR duplex 

receptacles, 2-pole, 3-wire, grounding, with green hexagonal equipment ground screw, 

single-piece brass mounting yoke with integral ground terminals, 20 amperes, 125 Volts, 

with metal plaster ears; designed for side and back wiring, with NEMA configuration 5-

20R, unless otherwise indicated. LEVITON 5362, Tamper Resistant TR Series, or 

approved equal. 

 

B. Simplex: Provide Industrial/Institutional, Specification-Grade, Tamper Resistant TR, single 

receptacles, 2-pole, 3-wire, grounding, with green hexagonal equipment ground screw, 20 

amperes, 125 Volts, with metal plaster ears; designed for side and back wiring, with NEMA 

configuration 5-20R, unless otherwise indicated. LEVITON 5361, Tamper Resistant TR 

Series, or approved equal. 

  

C. Ground-fault Circuit Interrupters: Provide Industrial/Institutional, Specification-Grade, 

Tamper Resistant TR, “feed-thru”-type ground-fault circuit interrupters, with heavy-duty 

duplex receptacles, capable of being installed in a 2-3/4" deep outlet box without adapter, 

grounding type UL-rated Class A, Group 1, rated 20 amperes, 120 Volts, 60 Hz; with solid-

state ground-fault sensing and signaling; with 5 mA ground-fault trip level; equipped with 

NEMA configuration 5-20R. LEVITON model 7899, Tamper Resistant TR Series, or 

approved equal. 

 

D. Ground-fault Weather Resistant Circuit Interrupters; Provide Industrial/Institutional, 

Specification-Grade, Tamper Resistant TR, “feed-thru”-type ground-fault circuit 

interrupters, with heavy-duty duplex receptacles, capable of being installed in a 2-3/4" deep 

outlet box without adapter, grounding type UL-rated Class A, Group 1, rated 20 amperes, 

125 Volts, 60 Hz; with solid-state ground-fault sensing and signaling; with 5 mA ground-

fault trip level; equipped with NEMA configuration 5-20R.  LEVITON model WR899-W,  

Tamper Resistant TR  or approved equal. 

 

E. Combination Duplex receptacle with two Type A USB Chargers, Tamper Resistant; 

Provide Combination Duplex Receptacle/Outlet and USB Charger, 20 Amp, 125 Volt, 

Decora Tamper-Resistant Receptacle/Outlet, Self-Grounding, NEMA 5-20R with two Type 

A USB Chargers, LEVITON model T5832 or approved equal. When class 2 power is 

required, receptacle shall be listed and constructed such that the class 2 circuitry is with the 

receptacle. 

 

F. Combination Duplex receptacle with one Type A and one Type C USB Chargers, Tamper 

Resistant; Provide Combination Duplex Receptacle/Outlet and USB Charger, 20 Amp, 125 

Volt, Decora Tamper-Resistant Receptacle/Outlet, Self-Grounding, NEMA 5-20R with one 

Type A and one Type C USB Chargers, LEVITON model T5833 or approved equal. 

  

 

2.3 SWITCHES 

 

A. Snap: Provide Specification-Grade, flush, single-pole toggle switches, 20 amperes, 120/277 

Volts AC, with mounting yoke insulated from mechanism, equipped with plaster ears, 

switch handle, equipment grounding screw, and side-wired screw terminals. LEVITON 

1221-2 Series or approved equal.  Provide for key operation where indicated on drawings. 
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B. Three Way: Provide Specification-Grade, flush, 3-way switches, 20 amperes, 120/277 

Volts AC, with mounting yoke insulated from mechanism, equipped with plaster ears, 

switch handle, equipment grounding screw, side-wired screw terminals, with break-off tab 

features, which allow wiring with separate or common feed. LEVITON 1223-2 Series or 

approved equal. Provide for key operation where indicated on drawings. 

 

C. Four Way: Provide Specification-Grade, flush, 4-way quiet switches, 20 amperes, 120/277 

Volts AC, with mounting yoke insulated from mechanism, equipped with plaster ears, 

switch handle, equipment grounding screw, side-wired screw terminals, with break-off tab 

features, which allow wiring with separate or common feed. LEVITON 1224-2 Series or 

approved equal. Provide for key operation where indicated on drawings. 

 

 

2.4 WIRING DEVICE ACCESSORIES 

 

A. Cover plates: Provide mid-size (JR Jumbo) stainless steel cover plates for single and 

combination wiring devices of types and with ganging and cutouts as required. Provide 

metal screws for securing plates to devices; screw heads colored to match color of plates. 

Provide stainless-steel cover plates in mechanical and electrical equipment rooms. Provide 

all receptacles connected to emergency circuits with red color coverplates.  Red color 

coverplates shall be type 302, labeled with 1.8” high engraved, and filled lettering 

“Emergency”. 

 

B. Provide “metal extra duty weatherproof-while-in-use” rated cover plates for receptacles 

installed outdoors where exposed to weather. 

 

 

PART 3 - EXECUTION 

 

 

3.1 INSTALLATION OF WIRING DEVICES 

 

A. Install wiring devices where indicated in Contract Documents in accordance with 

manufacturer’s published instructions, applicable requirements of the NEC and NECA 

“Standard of Installation,” and in accordance with recognized industry practices to fulfill 

project requirements. 

 

B. Coordinate with other work, including painting, electrical boxes and wiring work, as 

necessary to interface installation of wiring devices with other work. 

 

C. Install wiring devices only in electrical boxes which are clean, free from building materials, 

dirt, and debris. 

 

D. Install wiring devices after wiring work is completed. 

 

E. Install cover plates after painting work is completed. Label the inside face of each cover 

plate with indelible black marker indicating the number of each circuit contained in or 

running through the outlet box. 
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F. Tighten connectors and terminals, including screws and bolts, in accordance with 

equipment manufacturer’s published torque tightening values for wiring devices. Where 

manufacturer’s torquing requirements are not indicated, tighten connectors and terminals to 

comply with tightening torques specified in UL 486A and UL 486B. Use properly scaled 

torque indicating hand tool. 

 

G. Terminate all switch and receptacle wiring on side screw terminals. Back terminations are 

not permitted. 

 

H. Install all switches and receptacles with sufficient wiring length such that the device may 

be extracted from the outlet box a minimum of 6" while still connected. 

 

I. Install grounded conductors at the location of switches per the requirements of NEC Article 

404. 

 

 J. Switches that are combined in the same enclosure that exceed 300 volts are prohibited. 

 

 K. Receptacle that are used during construction after permanent power is energized shall be 

replaced at the final completion of the project. 

 

 

3.2 PROTECTION OF COVER PLATES AND RECEPTACLES 

 

A. Upon installation of cover plates and receptacles, take caution regarding use of convenience 

outlets. At time of Substantial Completion, replace all cover plates and receptacles which 

have been damaged; during the execution of this project; including those painted over, 

burned, or scored by faulty plugs. 

 

 

3.3 GROUNDING 

 

A. Provide equipment grounding connections for wiring devices, unless otherwise indicated. 

Tighten connections to comply with tightening torques specified in UL 486A to assure 

permanent and effective grounding. 

 

 

3.4 TESTING 

 

A. Prior to energizing circuitry, test wiring for electrical continuity and for short-circuits. 

Ensure proper polarity of connections is maintained. Subsequent to energization, test wiring 

devices to demonstrate compliance with requirements. The proper outlet testing equipment 

shall be used to test receptacles. 

 

 

END OF SECTION 262726 
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SECTION 264313 - SURGE PROTECTIVE DEVICES 

 

 

PART 1 - GENERAL 

 

 

1.1 SCOPE 

 

A. The Contractor shall furnish and install the Surge Protective Device (SPD) equipment 

having the electrical characteristics, ratings, and modifications as specified herein and as 

shown on the contract drawings.  

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 RELATED SECTIONS 

 

A. Section 262416 – Panelboards 

 

 

1.3 REFERENCES 

 

A.   SPD units and all components shall be designed, manufactured, and tested in accordance 

with the latest applicable UL standard (ANSI/UL 1449 latest addition). 

 

 

1.4 SUBMITTALS – FOR REVIEW/APPROVAL 

 

A. The following information shall be submitted to the Engineer: 

 

 1. Provide verification that the SPD complies with the required ANSI/UL 1449 Latest 

Edition listing by Underwriters Laboratories (UL) or other Nationally Recognized 

Testing Laboratory (NRTL).  Compliance may be in the form of a file number that 

can be verified on UL’s website or on any other NRTL’s website, as long as the 

website contains the following information at a minimum: model number, SPD Type, 

system voltage, phases, modes of protection, Voltage Protection Rating (VPR), and 

Nominal Discharge Current (In). 

 2. Electrical/mechanical drawings showing unit dimensions, weights, installation 

instruction details, and wiring configuration.  

 

B. Where applicable the following additional information shall be submitted to the engineer: 

 

 1. Descriptive bulletins 

 2. Product sheets 
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1.5 QUALIFICATIONS 

 

A. The manufacturer of the assembly shall be the manufacturer of the major components 

within the assembly. 

 

B. For the equipment specified herein, the manufacturer shall be ISO 9001 or 9002 certified. 

 

C. The manufacturer of this equipment shall have produced similar electrical equipment for a 

minimum period of five (5) years. When requested by the Engineer, an acceptable list of 

installations with similar equipment shall be provided demonstrating compliance with this 

requirement. 

 

D. The SPD shall be compliant with the Restriction of Hazardous Substances (RoHS) 

Directive 2002/95/EC. 

 

 

1.6 DELIVERY, STORAGE AND HANDLING 

 

A. Equipment shall be handled and stored in accordance with manufacturer’s instructions. One 

(1) copy of manufacturer’s instructions shall be included with the equipment at time of 

shipment. 

 

 

1.7 OPERATION AND MAINTENANCE MANUALS 

 

A. Operation and maintenance manuals shall be provided with each SPD shipped.  

 

 

PART 2 - PRODUCTS 

 

 

2.1 VOLTAGE SURGE SUPPRESSION – GENERAL 

 

A. Electrical Requirements: 

 

 1. Unit Operating Voltage – Refer to drawings for operating voltage and unit 

configuration. 

 2. Maximum Continuous Operating Voltage (MCOV) – The MCOV shall not be less 

than 115% of the nominal system operating voltage. 

 3. The suppression system shall incorporate thermally protected metal-oxide varistors 

(MOVs) as the core surge suppression component for the service entrance and all 

other distribution levels. The system shall not utilize silicon avalanche diodes, 

selenium cells, air gaps, or other components that may crowbar the system voltage 

leading to system upset or create any environmental hazards. 

 4. Protection Modes – The SPD must protect all modes of the electrical system being 

utilized. The required protection modes are indicated by bullets in the following 

table: 
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 Protection Modes 

Configuration L-N L-G L-L N-G 

Wye ● ● ● ● 

Delta N/A ● ● N/A 

Single Split Phase ● ● ● ● 

High Leg Delta ● ● ● ● 

 

 5. Nominal Discharge Current (In) – All SPDs applied to the distribution system shall 

have a 20kA In rating regardless of their SPD Type (includes Types 1 and 2) or 

operating voltage.  SPDs having an In less than 20kA shall be rejected. 

 6. ANSI/UL 1449 Latest Edition Voltage Protection Rating (VPR) – The maximum 

ANSI/UL 1449 Latest Edition VPR for the device shall not exceed the following: 

 

Modes 208Y/120 480Y/277 

L-L 1200  2000  

L-N 800 1200 

L-G 800 1200 

N-G 700 1200 

 

B. SPD Design: 

 

 1. Maintenance Free Design – The SPD shall be maintenance free and shall not require 

any user intervention throughout its life.  SPDs containing items such as replaceable 

modules, replaceable fuses, or replaceable batteries shall not be accepted.  SPDs 

requiring any maintenance of any sort such as periodic tightening of connections 

shall not be accepted.  SPDs requiring user intervention to test the unit via a 

diagnostic test kit or similar device shall not be accepted. 

 2. Balanced Suppression Platform – The surge current shall be equally distributed to all 

MOV components to ensure equal stressing and maximum performance. The surge 

suppression platform must provide equal impedance paths to each matched MOV. 

Designs incorporating replaceable SPD modules shall not be accepted. 

 3. Electrical Noise Filter – Each unit shall include a high-performance EMI/RFI noise 

rejection filter. Noise attenuation for electric line noise shall be up to 50 dB from 10 

kHz to 100 MHz using the MIL-STD-220A insertion loss test method.  Products 

unable able to meet this specification shall not be accepted. 

 4. Internal Connections – No plug-in component modules or printed circuit boards shall 

be used as surge current conductors. All internal components shall be soldered, 

hardwired with connections utilizing low impedance conductors. 

 5. Monitoring Diagnostics – Each SPD shall provide the following integral monitoring 

options: 

 

a. Protection Status Indicators - Each unit shall have a green / red solid-state 

indicator light that reports the status of the protection on each phase.  

 

1)  For wye configured units, the indicator lights must report the status 

of all protection elements and circuitry in the L-N and L-G modes.  

Wye configured units shall also contain an additional green / red 

solid-state indicator light that reports the status of the protection 
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elements and circuitry in the N-G mode.  SPDs that indicate only the 

status of the L-N and L-G modes shall not be accepted. 

2)  For delta configured units, the indicator lights must report the status 

of all protection elements and circuitry in the L-G and L-L modes.   

3) The absence of a green light and the presence of a red light shall 

indicate that damage has occurred on the respective phase or mode.  

All protection status indicators must indicate the actual status of the 

protection on each phase or mode.  If power is removed from any 

one phase, the indicator lights must continue to indicate the status of 

the protection on all other phases and protection modes. Diagnostics 

packages that simply indicate whether power is present on a 

particular phase shall not be accepted.   

 

b. Remote Status Monitor – The SPD must include Form C dry contacts (one 

NO and one NC) for remote annunciation of its status.  Both the NO and NC 

contacts shall change state under any fault condition. 

c. Audible Alarm and Silence Button – The SPD shall contain an audible alarm 

that will be activated under any fault condition.  There shall also be an 

audible alarm silence button used to silence the audible alarm after it has 

been activated. 

d. Surge Counter – The SPD shall be equipped with an LCD display that 

indicates to the user how many surges have occurred at the location. The 

surge counter shall trigger each time a surge event with a peak current 

magnitude of a minimum of 50 ± 20A occurs.  A reset pushbutton shall also 

be standard, allowing the surge counter to be zeroed.  The reset button shall 

contain a mechanism to prevent accidental resetting of the counter via a 

single, short-duration button press.  In order to prevent accidental resetting, 

the surge counter reset button shall be depressed for a minimum of 2 seconds 

in order to clear the surge count total. 

 

1) The ongoing surge count shall be stored in non-volatile memory.  If 

power to the SPD is completely interrupted, the ongoing count 

indicated on the surge counter’s display prior to the interruption shall 

be stored in non-volatile memory and displayed after power is 

restored.  The surge counter’s memory shall not require a backup 

battery in order to achieve this functionality. 

 

 6. Overcurrent Protection: 

 

  The unit shall contain thermally protected MOVs.  These thermally protected MOVs 

shall have a thermal protection element packaged together with the MOV in order to 

achieve overcurrent protection of the MOV.  The thermal protection element shall 

disconnect the MOV(s) from the system in a fail-safe manner should a condition 

occur that would cause them to enter a thermal runaway condition. 

 

 7. Fully Integrated Component Design – All of the SPD’s components and diagnostics 

shall be contained within one discrete assembly.  SPDs or individual SPD modules 

that must be ganged together in order to achieve higher surge current ratings or other 

functionality shall not be accepted. 
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 8. Safety Requirements: 

 

  The SPD shall minimize potential arc flash hazards by containing no user serviceable 

/ replaceable parts and shall be maintenance free.  SPDs containing items such as 

replaceable modules, replaceable fuses, or replaceable batteries shall not be accepted.  

SPDs requiring any maintenance of any sort such as periodic tightening of 

connections shall not be accepted.  SPDs requiring user intervention to test the unit 

via a diagnostic test kit or similar device shall not be accepted. 

 

a. SPDs designed to interface with the electrical assembly via conductors shall 

require no user contact with the inside of the unit.  Such units shall have any 

required conductors be factory installed.  

b. SPDs shall be factory sealed in order to prevent access to the inside of the 

unit. SPDs shall have factory installed phase, neutral, ground and remote 

status contact conductors factory installed and shall have a pigtail of 

conductors protruding outside of the enclosure for field installation. 

 

 

2.2 SYSTEM APPLICATION 

 

A. The SPD applications covered under this section include distribution and branch panel 

locations and switchboard assemblies. All SPDs shall be tested and demonstrate suitability 

for application within ANSI/IEEE C62.41 Category C, B, and A environments. 

 

B. Surge Current Capacity – The minimum surge current capacity the device is capable of 

withstanding shall be as shown in the following table: 

 

Minimum Surge Current Capacity Based on ANSI / IEEE C62.41 Location Category  

Category Application Per Phase Per Mode 

A Branch Locations (Panelboards)  120 kA 60 kA 

 

C. SPD Type – SPDs installed on the load side of the service entrance disconnect shall be 

Type 1 or Type 2 SPDs. 

 

D. Branch panelboards SPD’s shall be connected to 30 amp, 3 pole circuit breakers. 

 

 

2.3 LIGHTING AND DISTRIBUTION PANELBOARD REQUIREMENTS  

 

A. The SPD application covered under this section includes lighting and distribution 

panelboards.  The SPD units shall be tested and demonstrate suitability for application 

within ANSI/IEEE C62.41 Category B environments. 

 

 1. The SPD shall not limit the use of through-feed lugs, sub-feed lugs, and sub-feed 

breaker options. 

 2. SPDs shall be installed immediately following the load side of the main breaker.  

SPDs installed in main lug only panelboards shall be installed immediately following 

the incoming main lugs.  
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 3. The panelboard shall be capable of re-energizing upon removal of the SPD. 

 4. The SPD connected to a 30A circuit breaker for disconnecting purposes may be 

installed using short lengths of conductors as long as the conductors originate 

integrally to the SPD. The SPD shall be located directly adjacent to the 30A circuit 

breaker.  

 

B. Side mount Mounting Applications Installation (SPD mounted external to electrical 

assembly): 

 

 1. Lead length between the breaker and suppressor shall be kept as short as possible to 

ensure optimum performance.  Any excess conductor length shall be trimmed in 

order to minimize let-through voltage. The installer shall comply with the 

manufacturer's recommended installation and wiring practices. 

 

 

2.4 ENCLOSURES 

 

A. All enclosed equipment shall have NEMA 1 general purpose enclosures, unless otherwise 

noted. Provide enclosures suitable for locations as indicated on the drawings and as 

described below: 

 

 1. NEMA 1 – Constructed of steel intended for indoor use to provide a degree of 

protection to personal access to hazardous parts and provide a degree of protection 

against the ingress of solid foreign objects.  

 

 

PART 3 - EXECUTION 

 

 

3.1 FACTORY TESTING 

 

A. Standard factory tests shall be performed on the equipment under this section. All tests 

shall be in accordance with the latest version of NEMA and UL standards. 

 

 

3.2 INSTALLATION 

 

A. The Contractor shall install all equipment per the manufacturer's recommendations and the 

contract drawings. 

 

 

3.3 WARRANTY 

 

A. The manufacturer shall provide a full ten (10) year warranty from the date of shipment 

against any SPD part failure when installed in compliance with manufacturer's written 

instructions and any applicable national or local code. 

 

 

END OF SECTION 264313 
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SECTION 265100 - INTERIOR BUILDING LIGHTING 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 DEFINITIONS 

 

  CRI:  Color-rendering index. 

  CU:  Coefficient of utilization. 

  RCR:  Room cavity ratio. 

  L70: Minimum 70% maintained initial-rated lumens at average rated life for 

LEDs. 

  IESNA: Illuminating Engineering Society of North America  

  LM-80:  IESNA approved method of measuring Lumen Depreciation of LED Light 

Sources 

  LED:  Light Emitting Diode 

  UL:  Underwriter Laboratories 

 

 

1.3 SCOPE OF WORK 

 

 A. Extent of interior light fixture work is indicated by drawings and schedules. 

 

 B. Light fixtures shown installed on exterior walls or under canopies attached to the building 

are considered interior building lighting. 

 

 C. Types of interior light fixtures in this Section include the following: 

 

  Light-emitting Diode  

 

 

1.4 QUALITY ASSURANCE 

 

 A. Comply with the requirements of the NEC, as applicable to installation and construction of 

interior building light fixtures. 

 

 B. Provide interior light fixtures which are UL-Listed and labeled. 
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 C. Provide LED drivers which comply with NEMA SSL-1, “Electronic Drivers for LED 

Devices, Arrays, or Systems”, and SSL-3, “High Power White LED Binning for General 

Illumination”. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 INTERIOR LIGHT FIXTURES 

 

 A. Provide light fixtures of sizes, types, and ratings indicated; complete with, but not limited 

to, housings, reflectors, LED module, LED drivers and wiring. Provide fixture trims as 

required for proper installation into the type ceiling in which installed. Review 

Architectural reflected ceiling plans for ceiling types and construction and provide all 

mounting hardware required for proper installation of the fixtures specified for the location. 

 

 B. Air-Handling Fixtures: Fixtures used as air-handling registers shall meet requirements of 

NFPA. 

 

 

2.2        LED LIGHT FIXTURES 

 

 A. LED fixtures shall be in compliance with UL. 

 

 B. Interior Area LED Fixtures: 

 

  1. Kelvin temperature of interior fixtures as indicated on drawings. 

  2. Minimum of 75 plus lumens per watt. 

  3. CRI 80 or greater. 

  4. 5-year warranty minimum with L70 of 50,000 hours or greater. 

  5. Modular design for field replacement of parts. 

  6. Tool less access to driver and LED modules. 

  7. Cannot have LED pixilation (or commonly called bug eye effect). 

  8. UL certified up to 90F degrees operating temperature. 

 

 C. Manufactured by one of the following: 

 

  1. Nichia Corporation. 

  2. Cree, Inc. 

  3. Philips LumiLED. 

  4. Osram Opto Semiconductors. 

  5. Cooper Industries. 

  6. Lusio Lighting. 

  7. Sony. 

  8. Citizens Electronics  
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2.3 RECESS- AND FLUSH-MOUNTED FIXTURES 

 

 A. Provide light fixture types which can be relamped from the bottom. Access to driver shall 

be from the bottom. Trim for the exposed surface of flush-mounted fixtures shall be as 

required for the ceiling construction in which it is installed. 

 

 

2.4 SUSPENDED FIXTURES 

 

 A. Provide hangers capable of supporting twice the weight of the fixture supported by the 

hanger. Hangers shall allow fixtures to swing within an angle of 20 degrees. Multiple-unit 

or continuous row fixtures shall have a tubing or stem for wiring at one point and a tubing 

or rod suspension provided for each unit length of chassis, including one at each end, unless 

indicated otherwise. Rods shall be a minimum 1/4" diameter. 

 

 

2.5 EXIT LIGHTS 

 

 A. Exit lights shall be in conformance with UL and NFPA. Exit lights shall be self-powered 

type where indicated. 

 

 B. Self-Powered LED-Type Exit lights (Battery Backup): Provide with automatic power 

failure device, test switch, pilot light and fully automatic high/low trickle charger in a self-

contained power pack. Battery shall be sealed electrolyte type, shall operate unattended, 

and require no maintenance, including no additional water, for a period of not less than 5 

years. LED exit lights shall have emergency run time of 1.5 hours (90 minutes) minimum. 

 

 

2.6 EMERGENCY LIGHTING EQUIPMENT 

 

 A. Equipment shall be in conformance with UL and NFPA. Provide lamps in wattage 

indicated. 

 

 B. Emergency Lighting Unit: Provide as indicated. Emergency lighting units shall be rated for 

12 volts, except units having no remote-mounted lamps and having no more than two unit-

mounted lamps may be rated 6 volts. 

 

 C. LED Emergency Driver: Each unit shall consist of an automatic power failure device, test 

switch operable from outside of the fixture, pilot light visible from outside the fixture, and 

fully automatic solid-state charger in a self-contained power pack. Charger shall be either 

trickle, float, constant-current or constant-potential type, or a combination of these. Battery 

shall be sealed electrolyte type with capacity as required to supply power to two LED 

circuit boards for 90 minutes at a minimum of 800 lumens output power. Battery shall 

operate unattended and require no maintenance for a period of not less than 5 years. 
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PART 3 - EXECUTION 

 

 

3.1 INSTALLATION 

 

 A. Install interior light fixtures at locations and heights as indicated in accordance with fixture 

manufacturer’s published instructions, applicable requirements of the NEC, NECA 

“Standard of Installation,” NEMA standards, and with recognized industry practices to 

ensure that light fixtures fulfill requirements. 

 

 B. Coordinate with all other work on this Contract as appropriate to properly interface 

installation of interior light fixtures. 

 

 C. Fasten fixtures securely to building structural members, and check to ensure that solid 

pendant fixtures are plumb. Recessed fixtures shall be supported with individual annealed, 

light zinc-coated finish, 12-gauge wire from all four corners tied to building structural 

members. Securing safety wires to bridging is not acceptable. The supporting wires shall be 

distinguishable by color or tagging.  

 

 D. Clean interior light fixtures of dirt and debris (including lenses) upon completion of 

installation. 

 

 E. Protect installed fixtures from damage during entire construction period. 

 

 

3.2 FIELD QUALITY CONTROL 

 

 A. Upon completion of installation of interior light fixtures and after building circuitry has 

been energized, apply electrical energy to demonstrate capability and compliance with 

requirements. Where possible, correct malfunctioning units at site, then retest to 

demonstrate compliance; otherwise, remove and replace with new units, and proceed with 

retesting. 

 

 B. At the time of Substantial Completion, replace lamps in interior light fixtures which are 

observed to be noticeably dimmed after Contractor’s use and testing, as judged by the 

Architect. 

  

 

3.3 GROUNDING 

 

 A. Provide tight equipment grounding connections for each interior light fixture installation. 

 

 

END OF SECTION 265100 
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SECTION 271500 - DATA/COMMUNICATION SYSTEMS CABLING 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 DESCRIPTION OF WORK 

 

A. It is the purpose of this Specification to require the furnishing of the highest quality materials, 

equipment, and workmanship available, to fulfill the requirements of the work specified 

herein. 

 

B. The Data/Communication Systems Cabling shall provide enhanced Category 5 UTP Data 

Cabling Infrastructure and a Fiber Backbone to a network operating system and application 

software to be provided by the Owner. 

 

C. Work Included: 

 

 1. Provide all labor, equipment, supplies, materials, and incidentals and all operations 

necessary for the “TURNKEY,” fully tested, and completed installation of a 

Data/Communications Systems Cabling, in complete accordance with the Contract 

Documents. 

 

 2. The work shall include, but not be limited to, the following: 

 

  a. Coordination of the Raceway installation. 

b. Furnish Special Backboxes, as indicated on the drawings, for installation under 

Division 26. 

  c. Furnish and Install all Cabinets and Enclosures. 

  d. Furnish, Install, and certify the Data/Communication Cable System. 

 

 

1.3 PERMITS AND INSPECTIONS 

 

A. Obtain and pay for all permits and inspections required by all legal authorities and agencies 

having jurisdiction for the work. These permits or inspections shall be a part of the work of 

the Contractor performing the work. 
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1.4 SUBMITTALS 

 

A. Submit the following Shop Drawings and Submittals, per the schedule listed below for 

review by the Architect: 

 

 1. Prior to proceeding with the work: 

 

a. A complete schedule of ALL equipment and materials shall be furnished for 

the work. Accompanying the schedule shall be manufacturer’s specification or 

data sheets for all major components listed in PART 2 of this Specification. 

b. Shop Drawings: Complete shop drawings for all systems and assemblies 

specified. Each drawing shall have a descriptive title and all subparts of each 

drawing shall be labeled. All drawings shall have the name and location of the 

project and the installing contractor’s name in the title block. 

Data/Communication System Cabling shop drawings shall not be combined 

with any other auxiliary system shop drawings. 

c. Cabinets & Assemblies: Complete CAD-generated scaled drawings of all 

equipment racks and assemblies. Each drawing shall show all equipment with 

its manufacturer and model number. 

d. Device Locations: Complete CAD-generated scaled building drawings 

detailing installation locations of all data ports, data closets, equipment racks, 

etc. All conduit with cable quantities and types shall also be indicated. 

e. Device Layout: Complete CAD-generated scaled drawings detailing all data 

plates, patch panels, input/output panels, rack panels and custom components 

to be fabricated by the Contractor.  Include the same details for all custom or 

non-standard components to be furnished by vendor/manufacturers of the 

Contractor. Show all connectors, mounting devices and engraving, and other 

labeling detail on these drawings. 

f. Contractor job references and key employee résumés, as described in the 

Contractor Qualifications portion of this Specification. 

g. Qualification Statements of any proposed subcontractors to meet the 

requirements in the Contractor Qualifications portion of this Specification. 

h. Contractor certificates as described in Paragraph 2.1 and in the Data 

Infrastructure Section of this Specification. 

   

 2. Prior to proceeding with respective portions of work: 

 

a. Artwork, drawings, and listings indicating proposed nameplate nomenclature 

and arrangements for patch panels, plug panels, and nameplates prior to 

fabrication. 

b. Front panel layouts for all equipment racks, prior to installation, reflecting 

equipment to be used. 

c. Details and descriptions of any other aspect of the system which differ from 

the contract drawings due to field conditions or due to the equipment 

furnished. 

d. Submittal as otherwise noted on the drawings and/or as noted herein. 

e. Approved shop drawings and instruction brochures, including schematic 

diagrams for all electronic devices, shall be present at the job site during the 

period set aside for system testing. 
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 3. At Project Completion: 

 

a. Notebooks of operating instructions shall be prepared for the Owner as 

described herein. 

b. Record drawings: Prior to Final Acceptance, provide three complete sets of 

drawings showing all cable numbers and construction details in accordance 

with the actual system installation. Revise all shop drawings to represent actual 

installation conditions. 

c. Operation and Maintenance Manuals: Prior to Final Acceptance, provide three 

complete sets of operation and maintenance manuals for the system. The 

operation manual shall contain all instruction necessary for the proper 

operation of the installed system and manufacturers’ instruction. The 

maintenance manual shall contain all “proof of performance” information as 

required in PART 3, and all manufacturers’ maintenance information, and 

copies of non-priority computer programs and system set-up disks 

documenting all programmable features for the installed system. 

 

 

1.5 DEFINITION OF TERMS 

 

A. The term “Contractor” shall refer to the person, persons, or company who or which actually 

contracts to perform the Data Communications System work specified herein. 

  

B. The term “data/telephone/fax/modem port” shall refer to the location where all three CAT 

5E cables are connected. All data and/or data/telephone/fax/modem ports are to be fully 

activated with complete network accessibility without the need to alter any cable 

configurations anywhere on the network. 

 

 

1.6 CONTRACTOR QUALIFICATIONS 

 

A. The Contractor must be a contractor who has been regularly engaged in the furnishing and 

installation of data communications and related voice, data and video communications 

systems for a period of at least the last three (3) years and who can show evidence of 

successfully completing, with its present staff, at least three (3) projects of similar size and 

scope. The Contractor, not its employees, must meet these Contractor qualifications. With 

the submittal, provide a list of jobs completed, with contact, address and phone number of 

the Owner, and the Contractor’s key employees assigned to the project, listing their 

responsibilities during the job and the length of time with the Contractor in this capacity. 

 

B. The Contractor shall demonstrate to the satisfaction of the Architect/Engineer and Owner 

that they have: 

 

 1. Adequate plant and equipment to pursue the work properly and expeditiously. 

 2. Adequate staff and technical experience to implement the work. 

 3. Technically capable and factory trained service personnel at a Contractor-owned 

service facility within fifty (50) miles radius of the project site, to provide routine and 

emergency service for all products used in the project. 

 

C. The Contractor shall: 
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 1. Be bondable. 

 2. Hold a Class A Contractor’s License which is accepted as valid within the State of 

Virginia. 

 

D. Any contractor, who intends to bid on this work and does not meet the requirements of the 

“Contractor Qualifications” paragraph(s) above, shall employ the services of a Contractor 

who does meet the requirements and who shall furnish the equipment, shop fabricate the 

equipment racks and subassemblies, make all connections to equipment and equipment racks, 

make all connections to all connection panels and plates, test the completed system, and 

continuously supervise the installation and connections of all system cable and equipment. 

 

E. A subcontractor so employed shall be acceptable to the Architect/Engineer and Owner and 

shall be identified in the submittal. 

 

 

1.7 QUALITY ASSURANCE 

 

A. General: All equipment and materials required for installation under these Specifications 

shall be new (less than 1 year from date of manufacture) and without blemish or defect. 

 

B. Specific: Each major component of equipment shall have the manufacturer’s name, address, 

and model number on a plate securely affixed in a conspicuous place. NEMA code ratings, 

UL label, or other data which is die-stamped into the surface of the equipment shall be easily 

visible. 

 

C. Substitutions: 

 

 1. Where a specific piece of equipment has been discontinued and/or replaced by a new 

model, submission of the new model does not guarantee acceptance. Substitute items 

shall require evaluation by the Architect/Engineer, Owner or their agent prior to 

acceptance.  

 2. If substitute equipment is allowed even by an approved submittal, the Contractor shall 

be completely responsible for its use and for its ability to fulfill all intended functions 

in the completed systems. The Contractor shall replace all such equipment with 

equipment listed by type and model number in the Specifications if there is any 

evidence of equipment instability and/or incompatibility. 

 3. Any use of substitute equipment shall be at no extra cost to the Owner. 

 

 

PART 2 - PRODUCTS 

 

 

2.1 SINGLE SOURCE RESPONSIBILITY 

 

A. Except where specifically noted otherwise, all equipment supplied for the Data and/or 

Data/Communication Systems shall be the standard product of a single manufacturer of 

known reputation and experience in the industry.  The Contractor shall have attended the 

manufacturer’s installation and service schools.  Certificates of this training shall be provided 

with the Contractor’s submittal. 
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2.2 DATA CABLE INFRASTRUCTURE 

 

A. Twisted Pair Cable: 

 

 1. Cabling shall be unshielded twisted pair (UTP) and shall meet EIA/TIA-568, 

requirements for Category 5E. The following specifications shall apply: 

 

  a. Conductors:  #24 AWG solid copper, 4 pair; 

  b. Impedance:  100 ohms ±15% at 1-350 MHz; 

  c. Mutual Capacitance:  14 pf/ft. nominal at 1 MHz; 

  d. Attenuation (per 1000 ft): 

 

   1) 6.3 dB at 1 MHz 

   2) 13.0 dB at 4 MHz 

   3) 20.0 dB at 10 MHz 

   4) 25.0 dB at 16 MHz 

   5) 28.0 dB at 20 MHz 

   6) 52.0 dB at 62.5 MHz 

   7) 67.0 dB at 100 MHz 

   8) 155.0 dB at 155 MHz 

   9) 99.0 dB at 200 MHz 

   10) 300.00 db at 125 MHz 

   11) 137 db at 350 MHz 

 

 2. Provide one “homerun” UTP cable between each data port indicated on the drawings 

and the appropriate data/communications patch panels cabinets. 

 3. In-field splicing of UTP cables shall not be permitted. 

 4. UTP cables shall not exceed 90 meters from the data outlet port to the appropriate 

IDF/MDF patch panel. 

 5. The National Electrical Code, Article 800, Type CMP specification shall be considered 

when UTP cables are installed, without benefit of adequate raceway, in a plenum air 

return. 

 6. CMR-rated UTP cables shall be WEST PENN WP56470, or equivalent. 

 

B. Fiber Optic Cable: 

 

 1. Fiber Optic cabling shall meet the following specifications: 

 

  a. Glass type shall be 62.5 micron core; 

  b. Glass cladding shall be 125 micron; 

  c. Glass type shall be multi-mode; 

  d. Each fiber shall have a color coded 900 micron tight buffer; 

  e. Each cable shall contain an up-jacketed central strength member; 

  f. Maximum attenuation at 850/1300 nm shall be 3.5/1.25 dB/Km; 

  g. Minimum bandwidth at 850/1300 nm shall be 160/500 MHz-km; 

h. Each cable shall have a minimum short-term bend radius of 10X the cable 

diameter; 
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i. Each cable shall have a minimum long-term bend radius of 15X the cable 

diameter. 

 

 2. In-field splicing of fiber optic cables shall not be permitted. 

 3. The National Electric Code, Type OFNP Specification shall be considered when fiber 

optic cables are installed, without benefit of adequate raceway, in a plenum air return. 

 4. OFNR-rated fiber optic cables shall be WEST PENN WP92039, or equivalent. 

 

C. Fiber Optic Connectors: 

 

 1. Fiber Optic connectors shall meet the following specifications: 

 

  a. Connectors shall be pigtail [ST] [LC] types that are fusion spliced. 

 

D. Fiber Optic Termination Box: Fiber optics cable termination box shall be 24 port SMP P/N 

WTC-24A (LIU) with ST-type connectors. 

 

E. Data Station Outlets: 

 

 1. Face Plates:  Data Station Outlets shall be provided as indicated on the drawings and 

meet the following specifications: 

 

  a. Single gang, mid-size (JR Jumbo), stainless steel cover plates for single and 

combination wiring devices of types and with ganging and cutouts as required. 

Provide metal screws for securing plates to devices; screw heads colored to 

match color of plates.  

  b. Shall accept data, telephone, fax, modem and blank insert modules; 

  c. Shall have the capability to accept up to three individual ports; 

d. Inserts shall snap in and out from the front of the Data/Communication 

 Station Outlet; 

  e. Face plates shall be supplied with pressure-sensitive icon labels; 

  

 2. Inserts: 

 

a. Data/Communications Port inserts shall be as follows: SMP P/N UMJEFS-XX 

with Red color Bezzel P/N BE-08-03D. Data jack must be located on the top 

of the face plate. 

b. Telephone Inserts shall be as follows: SMP P/N UMJEFS-XX with Green 

color Bezzel P/N BE-08-04V. Telephone jack must be located in the center of 

the face plate. 

c. Fax/Modem Inserts shall be as follows: SMP P/N UMJEFS-XX with Blue 

color Bezzel P/N BE-08-05F. Fax/Modem jack must be located on the bottom 

of the face plate. 

   d. Blank inserts shall be Mod-Tap 17-0433-01, or equivalent. 

 

F. Patch Panels: 

 

 1. Patch panels shall be provided at each Data wall cabinet and telephone wall cabinet. 

Provide a minimum of 10 future data, telephone and fax/modem connections in each 

data and telephone cabinets. Provide number of patch panels as required to terminated 
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all cables indicated on the contract document plus 10 future connections in each 

cabinet. Patch panels shall meet the following specifications: 

 

  a. 24 port 568B patch panel, SMP DCC2488/EFS01. 

  b. 32 port 568B patch panel, SMP DCC3288/EFS01. 

  c. 64 port 568B patch panel, SMP DCC6488/EFS01. 

  d. 48 port 568B patch panel, SMP DCC4888/EFS01. 

  e. 64 port 568B patch panel, SMP DCC6488/EFS01. 

 

 2. Provide a three (3) foot minimum patch cable for every Category 5E UTP data cable 

terminated to a patch panel. Install and neatly route patch cables between the panel and 

the concentrators utilizing cable management hardware. 

 

G. Data and Telephone Racks: Provide 36" x 19" wall-mounted, swing-out rack, HUBBELL 

MCC-36WMR19, with swing gate bracket kit for above rack HUBBELL MCCSGBK, or 

equal. 

 

H. Telephone Cable Termination Box: 200 pair direct burial, 22 GA, Copper-type telephone 

cable shall be terminated on Circa 1880-ENA-110-200 gas-protected cable termination 

boxes. One box will be located in the basement of Newport News City Hall Building. The 

second box will be located in the new Juvenile Detention Center, Room C125. The two 

termination boxes shall be grounded in accordance with manufacturer’s requirements for 

lightning and surge protection.  All used and unused pair positions shall have gas protection 

units in place.   

 

I. Certification: 

 

 1. Contractor shall be factory certified to install the Data Cabling Infrastructure. The 

Contractor shall include a copy of the factory-provided certification with his submittal. 

 2. The manufacturer of the passive, data connectivity components shall warrant the 

passive components of the Data Cabling Infrastructure for a period of fifteen (15) 

years, if installed by its factory certified contractor. 

 

 

PART 3 - EXECUTION 

 

 

3.1 GENERAL 

 

A. Perform the work in accordance with acknowledged industry and professional standards and 

practices, and the procedures specified herein. 

 

B. Furnish and install all materials, devices, components, and equipment for complete 

operational systems. 

 

C. Maintain a competent supervisor and supporting technical personnel, acceptable to the 

Architect/Engineer during the entire installation. Change of the supervisor during the project 

shall not be acceptable without prior written approval from the Architect/Engineer. 
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D. Coordinate all efforts with those of related trades. In the event of any conflicts, delayed or 

improper preparatory work by others, notify the Architect/Engineer. The 

Architect’s/Engineer’s decision shall be binding. Verify all field conditions. 

 

 

3.2 INSTALLATION OF SYSTEMS 

 

A. Device Locations: Locate all apparatus requiring adjustments, cleaning, or similar attention 

so that is shall be accessible for such attention. Equipment racks shall be positioned to permit 

full access for operation and service. 

 

B. Blank and Custom Panels: Finish of blank panels and custom assembly panels shall match 

adjacent equipment panels as closely as possible. 

 

C. Markings: Ports, cables, and cable terminations shall be logically and permanently marked. 

Hand-written tags will not be accepted. 

 

D. Environment: The equipment specified herein is designed to operate in environments of 

normal humidity, dust, and temperature. Protect equipment and related wiring during 

installation where extreme environmental conditions can occur. 

 

E. Conduit: The Contractor shall be responsible for reviewing and coordinating conduit 

installation for the system with the Division 26 Prime Contractor. All wiring shall be in 

conduit as indicated on the drawings unless specifically authorized by the Engineer and 

permitted by Code. 

 

 

3.3 ELECTRICAL POWER 

 

A. Grounding: Review and coordinate electrical power system installation, including grounding, 

to ensure proper operation of the system. 

 

B. Verification: Verify that all AC power circuits designated for the system are properly wired, 

phased, and grounded. 

 

C. Equipment Rack: Provide distribution of electrical power within the equipment racks with a 

minimum of two spare AC receptacles per branch circuit, used in the racks. 

 

 

3.4 CLEANING 

 

A. Clean all junction and terminal box interiors thoroughly before installing plates, panels, or 

covers. 

 

 

3.5 WIRING METHODS AND PRACTICES 

 

A. Identification: All wires shall be permanently identified at each wire by marking with “E-Z” 

tape marker or equivalent. 
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B. Terminal Blocks: All terminal block connections shall be readily accessible. Not more than 

two wires connected to one terminal. Spare terminal blocks, equivalent to 10% of those in 

actual use, shall be provided. 

 

C. Splicing: Splicing of cables shall not be permitted between terminations at specified 

equipment. 

 

D. Pulling Cable: Do not pull wire or cable through any box fitting or enclosure where change 

of raceway alignment or direction occurs. Do not bend conductors to less than recommended 

radius. Employ temporary guides, sheaves, rollers, and other necessary items to protect 

cables from excess tension, abrasion, or damaging bending during installation. 

 

E. Cable Tie: Form in a neat and orderly manner all conductors in enclosures and boxes, 

wireways, and wiring troughs, providing circuit and conductor identification. Tie as required 

using T & B “Ty-Raps” (or equivalent) of appropriate size and type. Limit spacing between 

ties to 6" and provide circuit and conductor identification at least once in each enclosure. 

 

F. Service Loops: Provide ample service loops at each termination so that plates, panels, and 

equipment can be demounted for service and inspection. 

 

G. Wiring Harnesses: 

 

 1. All wires and cables entering equipment racks shall be formed into harnesses which 

are tied and supported in accordance with accepted Engineering practice. 

 2. Harnessed cables shall be formed in either a vertical or horizontal relationship to 

equipment, components, or terminations. 

 

 

3.6 EQUIPMENT RACKS 

 

A. General: The equipment racks shall be considered as custom assemblies and shall be 

assembled, wired, and tested in a properly equipped shop maintained by the Contractor. 

Assembly of racks on site shall not be permitted. 

 

B. Equipment Location: Placement of equipment in equipment racks, as indicated in the 

drawings, is for maximum operator convenience. Verify any changes in placement prior to 

assembly. All system components and related wiring shall be located with due regard for the 

minimization of induced electromagnetic and electrostatic noise, for the minimization of 

wiring length, for proper ventilation, and to provide reasonable safety and convenience for 

the operator. 

 

C. Rack Installation: Racks shall be installed plumb and square without twists in the frames or 

variations in level between adjacent racks. 

 

D. Identification: All terminal blocks and rack-mounted equipment shall be clearly and logically 

labeled as to their function, circuit, or system as appropriate.  Labeling on manufactured 

equipment shall be engraved plastic laminate with white lettering on black or dark 

background that is similar to panel finish. 
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3.7 ACCEPTANCE TESTING 

 

A. The Acceptance Testing shall be performed by the Owner or the Owner’s agent.  Coordinate 

this period so that free access, work lighting, and electrical power is available on the site. 

 

B. Be prepared to verify the performance of any portion of the DCS system by demonstration 

and instrumented measurements. 

 

 

3.8 SYSTEM DOCUMENTATION 

 

A. Prior to Final Acceptance Tests, submit to the Architect three (3) copies of an operating and 

maintenance manual for the system that has been installed. These manuals shall be used 

during the Final Acceptance Testing of the system. Each manual shall contain the following 

information: 

 

 1. Record drawings  

 2. Operations and maintenance manuals  

 3. Single line diagrams showing levels throughout system and impedances 

 4. Provide test certification for CAT-5E at 350 Mpbs and Fiber cable at 850nm. Provide 

one hard copy and one disk compatible with Microsoft Office Excel for these test 

results to the City’s Project Manager.  

 

 

3.9 WARRANTY 

 

A. The Contractor shall guarantee all components and labor of the work defined in this 

Specification for a period of one year after Final Acceptance by the Owner.  The following 

conditions shall apply: 

 

 1. The Contractor shall provide service within eight (8) hours, after notification by the 

Owner or his representative, within the hours of 8:00 a.m. to 5:00 p.m. from Monday 

through Friday. Service Request forms shall be supplied to the Owner and the faxing 

or mailing of such a request form shall constitute notification by the Owner of a service 

request. 

 

 

END OF SECTION 271500 
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SECTION 275125 - IN-BUILDING BI-DIRECTIONAL AMPLIFIER SYSTEM (BDA) 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section.   

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 DESCRIPTION OF WORK 

 

A. It is the intent this specification to provide an in-building bi-directional amplifier (BDA) 

system to ensure proper operation of the City’s trunked radio system within the existing 

and the new addition. 

 

B. The purpose of this system is to provide communication coverage for public safety 

personnel when performing their duties in the building. The intent of this system is to 

provide the necessary coverage, so that these personnel will be able to communicate 

anywhere within the building, to exterior commanders, personnel, and dispatchers under 

the worst of conditions. 

 

C. Scope: 

 

 1.  Distributed Antenna System: 

 

 The contractor shall design and provide a distributed antenna system, capable of 

delivering a minimum –95 dBm signal to the antenna of a belt-worn portable radio. 

This system may use any technology desired by the contractor and approved by the 

City. It will be the responsibility of the contractor to provide proof of adequate 

coverage. 

 

2. The contractor shall also consider building construction in the design of this system, 

and ensure maximum system gain and coverage, while providing maximum transmits 

to receive isolation, guarding against system feedback and self-oscillation. 

 

3.  Coordination: 

 

 The BDA system contractor shall coordinate his design and propose locations for 

placement of hardware, cable-runs and wall penetrations.  Locations shall be 

approved by the City of Suffolk prior to commencing installation.  The BDA system 

contractor shall repair any and all damage to the work in place caused by the BDA 

system contractor at no cost to the Suffolk School System. 
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 4.  System Testing and Acceptance: 

 

  Testing criteria shall be as follows: 

 

a. A minimum received signal level from either the amplifier or directly from 

the radio system shall be a minimum of –95 dBm as read by a calibrated field 

strength meter on the control and voice channels of the city radio system. 

b. Talk-back signal level, to the 800 MHz system from a portable radio located 

within the building areas of the basement, first, second floors (including 

corridors).  The system will be designed to ensure that a minimum input 

signal at the bi-directional amplifier receive port of –95 dBm is received in 

the event that a person is down on the floor with a portable on their hip. 

 

 5.  City Radio System: 

 

 The amplifier is to be designed to pass only the City of Suffolk radio system 

channels, as is practical. The operating frequencies and site information for the city 

system are available from the City of Suffolk Radio Engineer. 

 

 6.  Installation Locations: 

 

 The amplifier and rooftop antenna shall be installed in the best practical location, 

pursuant to applicable building codes and approval by the Suffolk School System.  

Design and installation of the support and/or attachment of the exterior antenna to the 

building structure shall be the responsibility of the BDA system contractor.  Roof 

and/or wall penetration(s) and repair(s) shall be provided by general contractor. 

 

 7.  Public Safety Rated Signal Booster Specifications:  

 

  a. FCC Approved:  

 

 All equipment must include a valid Federal Communications Commission 

issued certification number.  

 

  b. Pass band Frequencies and Emission:  

 

 The signal booster shall be optimized to pass the following frequency bands 

for the City of Suffolk Radio System.  Filtering necessary to protect the City 

of Suffolk frequencies from adjacent channel interference will be provided, 

with a minimum of 30 dB rejection of potential interfering channels. 

Certified filter characteristic curves shall be provided upon request.  

Generalized curves from brochures are not acceptable.   

 

 8. The amplifier should be designed to accommodate Motorola signals used by City of 

Suffolk.  

 

 9. Gain:  
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 The amplifier shall have a minimum gain of 80 dB in both directions or gain 

sufficient to produce a -95 dBm signal throughout the building and provide reliable 

communications to the closest radio system site. Gain shall be adjustable without the 

use of external programmers or portable computers. 

 

 10. RF Connectors: 

 

  The BDA shall have N-Type female located on the cabinet. 

 

 11. Output control:  

 

 An automatic output leveling circuit shall be included for both pass bands with a 

minimum dynamic range of 35 dB each. This circuit shall be designed to assure Out-

of-band performance as specified by the FCC. 

 

 12. Power:  

 

   The signal booster panel shall operate from 120 VAC source using internal power 

supplies and regulators. Connect the panel to a separate dedicated branch circuit, 

maximum 20 amperes.  Circuit breaker shall be provided with Red color handle and 

Red color lockout device with BDA label.   

 

 13. Cabinet:  

 

 The signal booster and all associated filters shall be housed in a single, NEMA 1 

rated, painted steel box, or equivalent. The cabinet shall be large enough to dissipate 

internal heat without venting the inside of the cabinet to the outside atmosphere.  

External or exposed filters or openings are unacceptable. 

 

 14. Degraded performance in emergencies:  

 

 The signal booster shall be designed to allow degraded performance in adverse 

conditions, such as high temperatures in the event heat from a nearby fire, voltage 

fluctuations or other abnormal conditions that may occur during an emergency. 

Circuits that intentionally disable the signal booster in such situations (i.e. under/over 

voltage, over/under current, over/under temperature, high VSWR, etc.) are not 

acceptable.  It is the purpose of this specification to assure the maximum possible 

level of communications to public safety personnel depending upon the signal 

booster even to the extent of damaging the signal booster as long as some 

communications benefit can be provided during the emergency.   

 

 15. MTBF:  

 

 Under normal operating conditions, the signal booster design shall have a minimum 

of 5 years Mean Time Between Failure (MTBF) as determined by U.S. industry 

accepted statistical calculations for electronic equipment.  

 

 16. Serviceability: 
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 The signal booster shall include permanently mounted decoupled RF test ports 

(samplers) so routine performance tests may be made without disconnecting coaxial 

cables and without removing the signal booster from service. 

  

 17. Test Points: 

 

 Independent DC Voltage test points for each amplifier section shall be included. 

Output level control voltage test points for each direction shall be included along 

with a calibrated chart of attenuation in dB corresponding to the control voltage 

measured.  The output level control voltage shall be calibrated to provide a simple 

and effective method of amplifier gain adjustment at the time of installation, etc. 

without the need for programming devices, programming manuals, portable 

computers etc. 

 

 18. Service Outlet: 

 

 A standard duplex 120 VAC electrical receptacle shall be mounted inside the case for 

testing and servicing.  

 

 19. Modularity:  

 

 The signal booster shall be modular in design to simplify troubleshooting and allow 

rapid emergency service restoration with a minimum of spare parts. The modularity 

shall consist of independently selectable low-level amplifier stages, driver amplifiers, 

output level controllers, power amplifiers and independent power regulators for each 

direction of amplification. In the event of an RF amplifier failure, it shall be possible 

to bypass single amplifier stages to restore service at a reduced level.  Modules that 

incorporate multiple, inseparable amplifier stages on a common printed circuit board 

assembly are not acceptable. 

 

 20. Fuses and Circuit Breakers:  

 

 All fuses and circuit breakers shall be accessible without disassembly of the signal 

booster or any module in the signal booster.  Fuses located on printed circuit boards 

located within closed modules that require disassembly to replace are not acceptable. 

 

 21. Communications: 

 

 The signal booster shall be capable of transmitting alarms by the City’s monitoring 

system.  Additionally, the signal booster shall have the capability for remote access to 

check the booster’s status and to disable the booster’s transmission. 

 

 22. Proven design:  

 

 The equipment type offered shall be in current production with at least 5 years field 

service history. Upon request, the signal booster supplier shall furnish at least three 

public safety references using similar equipment in service for at least 5 years.  

  

 23. Performance Certification:  
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 Each signal booster shall be supplied with a written record of performance tests for 

each specific unit by serial number.  Generalized specification sheets are not 

acceptable. 

 

 24. Record Documents: 

 

 Concurrent with completion of the work and prior to Owner Training, the BDA 

contractor shall provide the Owner three (3) complete sets of Service Manuals and 

Record Drawings of the installation. All drawings shall be created in Microsoft Visio 

format (.vsd).  One additional set of Record Drawings shall be provided to Virginia 

Beach Radio Systems Engineer.  

 

 25. Service Manuals: 

 

 Service manuals shall be supplied for each signal booster. The minimum contents of 

each manual shall include: 

 

a. Operating and installation detail. 

b. Block (sub assembly) overall circuit diagram with assembly number detail. 

c. Mechanical assembly drawing with part number detail. 

d. Detailed schematic circuit diagrams listing all components and locations. 

e. Detailed parts list. 

 

NOTE:  Equipment provided without detailed schematics and parts lists are unacceptable. 

 

 26. Technical Assistance: 

 

 The equipment vendor must have a service department that will respond to telephone 

or written requests for technical support at no charge to the Owner for a period on 

one year.  This department shall be available during all normal working hours at the 

factory's location. Vendors are encouraged to have local technical support and shall 

list the nearest technical support field location and telephone numbers. 

 

 27. Warranty: 

 

 BDA vendor shall provide the Suffolk School System with a one year warranty for 

installation and operation of the BDA system from date of system acceptance. All 

equipment shall have a minimum one-year in-factory repair or replacement warranty 

from date of system acceptance. 

 

 

END OF SECTION 275125 
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SECTION 275313 - GPS WIRELESS CLOCK SYSTEMS 

 

 

PART 1 - GENERAL 

 

 

1.1 RELATED DOCUMENTS 

 

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

Conditions, Division 1 Specification Sections, and Section 260100, “Electrical General 

Provisions,” apply to this Section. 

 

B. Comply with Section 018113 "Sustainable Design Requirements" for Green Globes 

requirements. 

 

 

1.2 SECTION INCLUDES 

 

A. Transmission Systems 

 

 1. GPS Receiver 

 2. Primary Transmitter 

 3. Satellite Transmitter 

 

B. Clocks 

 

 1. Analog (battery) 

 2. Analog (AC) 

 3. Digital 

 

 

1.3 REFERENCES 

 

A. This Technical Specification and Associated Drawings. 

 

B. Primex Wireless GPS Satellite Time System User Manual. 

 

 

1.4 DEFINITIONS 

 

A. GPS: Global Positioning System, a worldwide system that employs 24 satellites in an 

integrated network to determine geographic location anywhere in the world, and which 

employs and transmits atomic time, the most accurate and reliable time. 

 

 

1.5 SYSTEM DESCRIPTION 

 

A. GPS wireless clock system shall continually synchronize clocks throughout the facility, and 

shall be capable of clock readouts in multiple time zones where desired. 
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B. The system shall synchronize all clocks to each other. The system shall utilize GPS 

technology to provide atomic time. The system shall not require hard wiring.  Clocks shall 

automatically adjust for Daylight Savings Time. 

 

C. Analog Clocks shall be synchronized to within 10 milliseconds 6 times per day, and the 

system shall have an internal oscillator that maintains plus or minus one second per day 

between synchronizations, so that clock accuracy shall not exceed plus or minus 0.2 

seconds. 

 

D. The system shall include an internal clock reference so that failure of the GPS signal shall 

not cause the clocks to fail in indicating time.   

 

E. The system shall incorporate a “fail-safe” design so that failure of any component shall not 

cause failure of the system. Upon restoration of power or repair of failed component, the 

system shall resume normal operation without the need to reset the system or any 

component thereof. 

 

F. Clock locations shall be as indicated, and clocks shall be fully portable, capable of being 

relocated at any time. 

 

 

1.6 REGULATORY REQUIREMENTS 

 

A. Equipment and components furnished shall be of manufacturer’s latest model. 

 

B. Transmitter and receiver shall comply with Part 90 of FCC rules as follows: 

 

 1. This device may not cause harmful interference, and 

 2. This device must accept interference received, including interference that may cause 

undesired operation. 

 3. Transmitter frequency shall be governed by FCC Part 90.35. 

 4. Transmitter output power shall be governed by FCC Part 90 257 (b) 

 

C. System shall be installed in compliance with local and state authorities having jurisdiction. 

 

 

1.7 SUBMITTALS 

 

A. Product Data: Submit complete catalog data for each component, describing physical 

characteristics and method of installation. Submit brochure showing available colors and 

finishes of clocks. 

 

B. Operating License: Submit evidence of application for operating license prior to installing 

equipment. Furnish the license, or if the license has not been received, a copy of the 

application for the license, to the Owner prior to operating the equipment. When license is 

received, deliver original license to Owner. 

 

C. Samples: Submit one clock for approval. Approved sample shall be tagged and shall be 

installed in the work at location directed.   
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D. Manufacturer’s Instructions: Submit complete installation, setup and maintenance 

instructions.   

 

E. Floor plans indicating the location of system transmitter(s), approved by manufacturer, will 

be submitted to Owner prior to installation. 

 

 

1.8 SUBSTITUTIONS 

 

A. Proposed substitutions, to be considered, shall be manufactured of equivalent materials that 

meet or exceed specified requirements of this Section. 

 

B. Proposed substitutions shall be identified not less than 10 days prior to bid date.  

 

C. Other systems requiring wiring and/or conduit between master and clocks will not be 

accepted. 

 

D. Other systems using wireless technology in an unlicensed frequency range will not be 

accepted. 

 

 

1.9 QUALITY ASSURANCE 

 

A. Permits: Obtain operating license for the transmitter from the FCC. 

  

B. Qualifications: 

 

1. Manufacturer: Company specializing in manufacturing commercial time system 

products with a minimum of 30 continuous years of documented experience, 

including 4 years’ experience producing GPS wireless time systems. 

2. Installer: Company with documented experience in the installation of commercial 

time systems.  

 

C. Prior to installation, a site survey must be performed to determine proper transmitter 

placement. 

 

 

1.10 DELIVERY STORAGE AND HANDLING 

 

A. Deliver all components to the site in the manufacturer’s original packaging.  Packaging 

shall contain manufacturer’s name and address, product identification number, and other 

related information. 

 

B. Store equipment in finished building, unopened containers until ready for installation. 

 

 

1.11 PROJECT SITE CONDITIONS 

 

A. Clocks shall not be installed until painting and other finish work in each room is complete. 
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B. Coordinate installation of GPS receiver for access to the roof or exterior side wall so that 

the bracket and related fasteners are watertight. 

 

 

1.12 SYSTEM STARTUP 

 

A. At completion of installation and prior to Final Acceptance, turn on the equipment; ensure 

that all equipment is operating properly, and that all clocks are functioning. 

 

 

1.13 WARRANTY 

 

A. Manufacturer will provide a 5-year warranty on GPS receiver, transmitter, and satellite 

transmitter.  All other components will have a 1-year warranty. 

 

 

PART 2 - PRODUCTS 

 

 

2.1  MANUFACTURER 

 

A. GPS wireless clock system shall be manufactured by PRIMEX WIRELESS, INC., N3211 

County Road H, Lake Geneva WI 53147 (800) 537-0464 FAX (262) 248-0061 

www.primexwireless.com.  [NO SUBSTITUTE] 

 

 

2.2 SEQUENCE OF OPERATION 

 

A. Transmitter Operation: When power is first applied to the transmitter, it checks for and 

displays the software version. It then checks the position of the switches and stores their 

position in memory. The transmitter looks for the GPS time signal. Once the transmitter has 

received the GPS time, it sets its internal clock to that time. The transmitter then starts to 

transmit its internal time once every second. The transmitter updates its internal clock every 

time it receives valid time data from the GPS. 

 

B. Analog Clock Operation:   

 

 1. Apply power or insert batteries. Follow setup procedures detailed in manufacturer’s 

instructions.    

 2. After initial setup, the clock will shut off the receiver. Six times each day, the 

microprocessor will activate the receiver and, starting with the stored channel, it will 

again look for a valid time signal.  If necessary, the clocks will resynchronize to the 

correct time. 

 3. If the clock has not decoded a valid time signal for a pre-determined number of days, 

it will go to a step mode. Non-signal reception can be caused by low battery voltage. 

If this occurs, replace the batteries. 

 

C. Digital Clock Operation: 
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 1. Apply power or insert batteries. Follow setup procedures detailed in manufacturer’s 

instructions.    

 2. After initial setup, the clock will shut off the receiver. Six times each day, the 

microprocessor will activate the receiver and, starting with the stored channel, it will 

again look for a valid time signal. If necessary, the clocks will resynchronize to the 

correct time. 

 3. If the clock has not decoded a valid time signal for a pre-determined number of days, 

it will go to a step mode. Non-signal reception can be caused by low battery voltage.  

If this occurs, replace the batteries. 

 

 

2.3 EQUIPMENT 

 

A. General: The clock system shall include a transmitter, a roof or window mounted GPS 

receiver, indicating clocks, and all accessories for complete operation.   

 

B. GPS Receiver: GPS roof-mounted, with 10-foot cable (3m) attached (additional Primex 

Wireless extension cable available: 50ft (15.25m), 100 ft (30.5m), and 200 ft (61m). 

 

1. The GPS Receiver shall be a complete GPS receiver, including antenna in a 

waterproof case, designed for roof or outdoor mounting. Provide mounting bracket 

for attachment to roof structure. 

2. The GPS Receiver cable must be plenum rated where required by local code. 

 

C. Transmitter: PRIMEX WIRELESS Model 14400, consisting of wireless transmitter with 

GPS receiver, a surge suppressor/battery backup, and a mounting shelf. Unit shall obtain 

current atomic time from satellite. The clock system shall transmit time continuously to all 

clocks in the system. 

 

 1. Transmission: 

 

  a. Frequency Range:  72.100 to 72.400 MHz. 

  b. Transmission Power:  1-watt (30dBm) maximum 

  c. Radio technology:  narrowband FM 

  d. Number of channels:  16 

  e. Channel bandwidth:  20 kHz maximum 

  f. Transition mode:  one-way communication 

  g. Data rate:  2 KBps 

  h. Operating range:  32°F to 158°F (0°C to 70°C). 

  

 2. Transmitter: 

 

  a. Transmitter output power:  +26 to +30 dBm 

  b. Frequency deviation:  ± 4 kHz 

   c. Transmitter power requirements:  120 VAC 60 Hz 

  d. Internal power requirements:  5 VDC 

  e. Carrier frequency stability:  ± 20 ppm 

 

 3. Transmitter shall have 16 selectable channels to assure interference-free reception.  
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 4. Transmitter shall have the following switches: 

 

a. Time zone adjustment switches for all time zones in the world.  Includes:  

Eastern, Central, Mountain, Pacific, Alaska, and Hawaii. 

  b. Daylight Saving Time bypass switch. 

  c. 12-hour or 24-hour display. 

 

 5. Transmitter housing shall be black metal case, 16-3/4" by 12" by 1-7/8" in size. 

 6. Antenna shall be 46" high, commercial type, mounted on top center of transmitter 

housing. Antenna gain shall be < 2.2 dB. Antenna polarization shall be vertical. 

 

 7. Transmitter housing shall incorporate a display which shall include the following: 

 

  a. Time readout 

  b. AM and PM indicator if 12-hour time display is set 

  c. Day and date readout 

  d. Indicator for daylight savings or standard time 

  e. LED which shall flash red in event of reception problem 

  f. GPS reception indicator 

 

 8. Transmitter shall contain an internal clock such that failure of reception from the 

GPS will not disable the operation of the clocks. 

 

D. Power supply (included): 

 

 1. Input:  120-volt AC 50/60 Hz, 0.4 amp. 

 2. Output:  9-volt DC, 2.0 amp. 

  

E. Surge Protector/Battery Backup (included): 

 

 1. Input:  120-volt AC  60 Hz ± 1 Hz. 

 2. Output:  120-volt AC, 500VA, 300 watts 

 3. Surge Energy Rating:  365 joules 

 

F.  Additional Equipment: 

 

1. Wireless Receiver Switches: Switches shall receive time packets from the Primary 

Transmitter and relay the synchronized time to the Satellite Transmitter connected to 

it. The unit shall include the following:  

 

a. Antenna mounted on top of the switch housing, 11-1/2" long. 

b. Power Supply:   Input:  120 VAC 50/60 Hz, 0.4 amps 

 Output:  9-volt DC, .25 amps 

c. RS 232 data cable, 5' long 

d. Daylight Savings Time bypass switch 

e. Dimensions:  4-1/4" long, 5/-3/4" wide, 1-1/4" deep. 

f. Weight:  12 ounces (.34kg) 

g. Operating Range:  32°F to 158°F (0°C to 70°C) 
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 2. Satellite Transmitters Primex Wireless Model 14401: Satellite Transmitters shall 

receive the signal from the Wireless Receiver Switches and transmit the signal to the 

devices in its vicinity, which are out of the range from the Master Transmitter. The 

unit shall include the following: 

 

  a. Antenna mounted on top of the housing, 46" long. 

  b. Wireless Receiver Switch. 

  c. Power Supply: Input:  120 VAC, 50/60 Hz, 0.4 amp 

    Output:  9-volt DC, 2.0 amps.   

  d. 6-foot cord 

  e. Surge Suppressor/Battery Backup 

  f. Mounting Shelf. 

  g. Transmission Power:  1 watt maximum 

  h. 72 MHz frequency.   

 

G. Traditional Analog Clocks (Battery): Analog clocks shall be wall mounted.  Clocks shall 

have polycarbonate frame and polycarbonate lens. Face shall be white.  Hour and minute 

hands shall be black.  

 

 1. 9" diameter analog clock:  PRIMEX Model 14280 

 2. 12-1/2" diameter analog clock:  PRIMEX Model 14155 

 3. 16" diameter analog clock:  PRIMEX Model 14163 

 4. 24" diameter analog clock:  PRIMEX Model 14346 

 5. Additional colors, finishes, and dial faces are available from manufacturer. 

 6. Analog clocks shall be battery-operated, and shall have minimum 5-year battery life.   

 7. Analog clocks shall be capable of automatically adjusting for Daylight Saving Time. 

An on-off switch located on the transmitter shall disable this function if desired. 

 8. Time shall be automatically updated from the transmitter 6 times per day. 

 9. Analog clocks shall remember the time during changing of batteries. 

 10. 9" and 12.5" analog clocks shall have a tamper-proof/theft-resistant clock lock 

mounting slots. 

 11. Provide two alkaline batteries. (9" C cells, 12.5", 16" D cells and 24" C cells) 

 12. Analog clock receivers shall be as follows: 

 

  a. Receiver sensitivity:  >-110 dBm 

  b. Receiver power:  two alkaline D-cells 

  c. Antenna type:  internal 

  d. Antenna gain:  -7 dBd 

 

13. If transmitter stops transmitting valid time signals due to power failure, the clocks 

will continue to function as accurate quartz clocks until a valid time signal is 

decoded. 

   14. Analog clock faces shall bear Owner’s logo as indicated. 

 

H. Traditional Analog Clocks (AC): Analog clocks shall be wall mounted. Clocks shall have 

polycarbonate frame and polycarbonate lens. Face shall be white. Hour and minute hands 

shall be black.   

 

 1. 12-1/2" diameter analog clock, 24 VAC:  PRIMEX Model 14323 

 2. 12-1/2" diameter analog clock, 24 VAC, non-DST: PRIMEX Model 14324. 
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 3. 12-1/2" diameter analog clock, 120 VAC:  PRIMEX Model 14306 

 4. 12-1/2" diameter analog clock, 120 VAC, non-DST:  PRIMEX Model 14308 

 5. Additional colors, finishes, and dial faces are available from manufacturer. 

 6. Analog clocks shall be AC powered (24 VAC or 120 VAC). Clocks must have an 18" 

pigtail to connect to power source. 

 7. Analog clocks shall be capable of adjusting for Daylight Savings Time.  Non-DST 

models should be selected for areas that do not observe Daylight Savings Time. 

 8. Time shall be automatically updated from the transmitter 6 times per day. 

 9. If power is interrupted, the clock will stop until power resumes. Upon resumption of 

power, the clock will self-correct to the current time. 

 10. Clocks shall have a tamper-proof/theft-resistant clock lock mounting slots. 

   

 11. Analog clock receivers shall be as follows: 

 

  a. Receiver sensitivity:  >-110 dBm 

  b. Receiver power: 2 4 VAC or 120 VAC (see model #) 

  c. Antenna type:  internal 

  d. Antenna gain:  -7 dBd    

 

 12. If transmitter stops transmitting valid time signals due to power failure, the clocks 

will continue to function as accurate quartz clocks until a valid time signal is 

decoded. 

 13. Analog clock faces shall bear Owner’s logo as indicated. 

 

I. Wire Guards:  Provide one for each analog clock as follows: 

 

 1. Model No. 14131, 14" by 14" size, for nominal 12-1/2" diameter analog clocks.   

 2. Model No. 14123, 18" by 18" size, for 16" diameter analog clocks. 

 

J. Digital Clocks: Provide PRIMEX WIRELESS Model [_____], [4",] [2.5"] 4-Digit display 

clocks. Clocks shall have polycarbonate frame and polycarbonate lens.  LED digits shall be 

red or green. Overall dimensions: 18" long, 8" wide, 3" deep. 

 

 1. Digital clocks must be able to receive synchronized time signal from PRIMEX 

WIRELESS master or satellite transmitter. 

 2.   Digital clocks must have time and date option. 

 3.   Digital clocks shall be capable of automatically adjusting for Daylight Savings Time. 

 4.   Power Supply:  [120 VAC, 50-60 cycle] [24 VAC or 24 VDC]. 

 5. Digital clocks must be viewable from 150'. 

   6. Provide brackets as required for double face mounting. 

 

K. Cable Connection Sealant: Radio Shack Coaxial Cable Connector Sealant 278-1645, or 

approved electrical grade silicone sealant. 

 

L. Digital Clock Power Supplies: Provide power supplies located throughout building as 

required to serve all clocks. Provide circuit breakers in electrical panels as required to serve 

power supplies, spare circuit breakers shall not be used. Provide low voltage wiring as 

required between power supplies and digital clocks. Provide power supplies as 

recommended by PRIMEX WIRELESS. 
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PART 3 - EXECUTION 

 

 

3.1 EXAMINATION 

 

A. Verify that construction is complete in spaces to receive equipment and that rooms are 

clean and dry. 

 

B. Verify that 120-volt electrical outlet is located within 6' of location of transmitter and the 

outlet is operational and properly grounded. 

 

 

3.2  INSTALLATION 

 

A. GPS Unit: Install on roof in location indicated, in clear view of the sky.  Install unit in 

location free from standing water, and above accumulations of leaves or debris. Seal cable 

connection to GPS with cable connection sealant. Any added cable lengths must be 

protected from outside elements. 

 

B. Transmitter: 

 

 1. Locate the transmitter where indicated, a minimum of 2' to 3' feet above the floor, 

away from large metal objects, such as filing cabinets, lockers or metal framed walls. 

Transmitter(s) will be placed at locations indicated below: 

 2. Attach receiver to transmitter using cable. 

 3. Connect antenna to transmitter, using care not to strip threads. 

 4. Connect power supply to the transmitter. 

 5. Set the channel number on the display to correspond to the FCC license.  

 6. Plug power supply into electrical outlet. 

 

C. Analog clocks (battery): Perform the following operations with each clock: 

 

 1. Install D-cell batteries. 

 2. Set clock to correct time in accordance with manufacturer's instructions. 

 3. Observe analog clock until valid signals are received and analog clock adjusts itself 

to correct time. 

 4. Install the analog clock on the wall in the indicated location, plumb, level and tight 

against the wall.  If using 12-1/2" clock, attach using clock-lock hanging method and 

suitable fasteners as approved by clock manufacturer. 

 

D. Analog clocks (AC): Perform the following operations with each clock: 

 

 1. Apply power (24 VAC or 120 VAC) 

 2. Observe clock until valid time signals are received and analog clock adjusts itself to 

correct time. 

 3. Install the analog clock on the wall in the indicated location, plumb, level, and tight 

against the wall. Attach using clock-lock hanging method and suitable fasteners as 

approved by clock manufacturer. 
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E. Wire Guards: Secure to wall, using approved theft-resistant fasteners. 

 

 

3.3 ADJUSTING 

 

A. Prior to Final Acceptance, inspect each clock, adjust as required, and replace parts which 

are found defective. 

 

 

3.4 CLEANING 

 

A. Prior to Final Acceptance, clean exposed surfaces of clocks, using cleaning methods 

recommended by clock manufacturer. Remove temporary labels from clock faces. Do not 

remove labels from backs of clocks. 

 

 

3.5 DEMONSTRATION 

 

A. Provide training to Owner’s representative on setting and adjusting clocks, replacing 

batteries and routine maintenance. 

 

 

3.6 PROTECTION 

 

A. Protect finished installation until Final Acceptance of the project. 

 

 

3.7 TESTING 

 

A. All devices must be tested at their operational location under normal operational conditions 

to assure reception of signal. 

 

 

END OF SECTION 275313 
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