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2.	 Provide all wiring to and between motors, starters, line voltage (120-600 volt) 
control devices, disconnect switches, and other related electrical equipment, ex­
cept where such items are factory wired. 

3.	 Terminate power wiring for elevator systems at the respective controller, and be 
in compliance with the manufacturer's approved shop drawings. 

4.	 Provide power and wiring connections to the control devices for electrically oper­
ated overhead doors, door operators, and control devices which will be provided 
under other divisions. 

F. Maximum Branch Circuit Lengths 

1.	 The following indicates maximum installed length a circuit can have and still 
maintain an adequate voltage level at the last point of use. If the circuit length 
exceeds the length listed, use the next largest wire size. Multiple circuit runs in 
the same raceway shall have all conductors sized the same based on worst case 
circuit lengths. 

2.	 The following table is based on copper conductors, 85% pf, and steel conduit. 

CIRCUIT FEET (LENGTH -- < 20/0 VOLTAGE DROP) 

WIRE SIZE 
(AMPS) 

1-PHASE 
(1P CIRCUIT 
BREAKER) 

1-PHASE 
(2P CIRCUIT 
BREAKER) 

3-PHASE 
(3P CIRCUIT 
BREAKER) 

120V 277V 208V 480V 208V 480V 

#12 75' 175' 125' 300' 75' 175' 
(20ACB-1 6A) .(~..:.Q.~?J. (?~.Q.~C?J............. . ..t1 :.~.~?.t f?~.Q~~~J.. ..t1..~.~.~C?.t............ (2.0

% 
) 

#10 75' 200' 150' 325' 85' 175' 
(30ACB-24A) J.1 ~..?~{?J.. , , (?~.Q~C?J.,........... .. (?:.Q.~{?..t (1 ~..~~~J.. (?~.Q.~C?.t............ (1 .8

% 
) 

#6 200' 450' 125' 275' 
(50ACB-40A) .. ..t1 ~.~.~~C?J. J1 ~..~~.~{?) (?~.Q.~C?).............. (1 .9

% 
) 

#6 175' 400' 100' 225' 
~(6_0_AC_B_-_48_A...L..-') , {1 ~.~.?~{?J.. ,(J..~..~.§.!:.?t _--->.(_1._95_ok 

--L. 
0 )--,--~(_1._9°_~),--, 

G. Field Quality Control 

1.	 Testing: On installation of wires and cables and before electrical circuitry has 
been energized, demonstrate product capability and compliance with require­
ments. 

2.	 Procedures: Perform each visual and mechanical inspection and electrical test 
stated in NETA ATS, Section 7.3.1. Certify compliance with test parameters. 

3.	 Correct mal'functioning conductors and cables at Project site, where possible, 
and retest to demonstrate compliance; otherwise, remove and replace with new 
units and retest. 
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3.11 INSTALLATION OF ELECTRICAL WIRING DEVICES 

A.	 Comply with NECA 1-2006, including the mounting heights listed in that standard, unless 
otherwise noted. 

B.	 Coordination with Other Trades: 

1.	 Take steps to insure that devices and their boxes are protected. Do not place 
wall finish materials over device boxes and do not cut holes for boxes with rou­
ters that are guided by riding against outside of the boxes. 

2.	 Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, con­
crete, dust, paint, and other material that may contaminate the raceway system, 
conductors, and cables. 

3.	 Install device boxes in brick or block walls so that the cover plate does not cross 
a joint unless the joint is troweled flush with the face of the wall. 

4.	 Install wiring devices after all wall preparation, including painting, is complete. 

C. Conductors: 

1.	 Do not strip insulation from conductors until just before they a.re spliced or termi­
nated on devices. 

2.	 Strip insulation evenly around the conductor using tools designed for the pur­
pose. Avoid scoring or nicking of solid wire or cutting strands from stranded wire. 

3.	 The length of free conductors at outlets for devices shall meet provisions of 
NFPA 70, Article 300, without pigtails. 

4.	 Existing Conductors: 

a.	 Cut back and pigtail, or replace all damaged conductors. 
b.	 Straighten conductors that remain and remove corrosion and foreign mat­

ter. 
c.	 Pigtailing existing conductors is permitted provided the outlet box is large 

enough. 

D. Device Installation: 

1.	 Replace all devices that have been in temporary use during construction or that 
show signs that they were installed before building finishing operations were 
complete. 

2.	 Keep each wiring device in its package or otherwise protected until it is time to 
connect conductors. 

3.	 Do not remove surface protection, such as plastic film and smudge covers, until 
the last possible moment. 

4.	 Connect devices to branch circuits using pigtails that are not less than 6 inches 
(152 mm) in length. 

5.	 When there is a choice, use side wiring with binding-head screw terminals. Wrap 
solid conductor tightly clockwise, 2/3 to 3/4 of the way around terminal screw. 

6.	 Use a torque screwdriver when a torque is recommended or required by the 
manufacturer. 
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7.	 When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, 
splice No. 12 AWG pigtails for device connections. 

8.	 Tighten unused terminal screws on the device. 
9.	 When mounting into metal boxes, remove the fiber or plastic washers used to 

hold device mounting screws in yokes, allowing metal-to-metal contact. 

E.	 Receptacle Orientation: 

1.	 Install ground pin of vertically mounted receptacles up, and on horizontally 
mounted receptacles to the right. 

F.	 Device Plates: Do not use oversized or extra-deep plates. Repair wall finishes and 
remount outlet boxes when standard device plates do not fit flush or do not cover 
rough wall opening. 

G.	 Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimen­
sion vertical and with grounding terminal of receptacles on top. Group adjacent 
switches under single, multigang wall plates. 

H.	 Adjust locations of floor service outlets and service poles to suit arrangement of parti­
tions and furnishings. 

I.	 IDENTIFICATION 

1.	 Comply with Division 16 Section "Identification for Electrical Systems." 
2.	 Receptacles: Identify panelboard and circuit number from which served. Use 

hot, stamped or engraved machine printing with [black] [white] [red]-filled letter­
ing on face of plate, and durable wire markers or tags inside outlet boxes. 

J.	 FIELD QUALITY CONTROL 

1.	 Perform tests and inspections and prepare test reports. 

a.	 Test Instruments: Use instruments that comply with UL 1436. 
b.	 Test Instrument for Convenience Receptacles: Digital wiring analyzer with 

digital readout or illuminated LED indicators of measurement. 

2.	 Tests for Convenience Receptacles: 

a.	 Line Voltage: Acceptable range is 105 to 132 V. 
b.	 Percent Voltage Drop under 15-A Load: A value of 6 percent or higher is 

not acceptable. 
c.	 Ground Impedance: Values of up to 2 ohms are acceptable. 
d.	 GFCI Trip: Test for tripping values specified in UL 1436 and UL 943. 
e.	 Using the test plug, verify that the device and its outlet box are securely 

mounted. 
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f.	 The tests shall be diagnostic, indicating damaged conductors, high resis­
tance at the circuit breaker, poor connections, inadequate fault current path, 
defective devices, or similar problems. Correct circuit conditions, remove 
malfunctioning units a.nd replace with new ones, and retest as specified 
above. 

3.12 INSTALLATION OF RACEWAYS AND BOXES 

A.	 Examine surfaces to receive raceways, boxes, enclosures, and cabinets for com­
pliance with installation tolerances and other conditions affecting performance of race­
way installation. Do not proceed with installation until unsatisfactory conditions have 
been corrected. 

B.	 WIRING METHODS 

1.	 Outdoors: Use the following wiring methods: 

a.	 Exposed: RMC. 
b.	 Concealed: RMC. 
c.	 Connection to Vibrating Equipment (Including Transformers and Hydrau­

lic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment): LFMC. 
d.	 Boxes and Enclosures: NEMA 250, Type 3R or Type 4. 

2.	 Indoors: Use the following wiring methods: 

a.	 Exposed: EMT. 
b.	 Concealed: EMT. 
c.	 Connection to Vibrating Equipment (Including Transformers and Hydrau­

lic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment): FMC; ex­
cept in wet or damp locations, use LFMC. 

d.	 Damp or Wet Locations: RMC. 
e.	 Boxes and Enclosures: NEMA 250, Type 1, except as follows: 

1). Damp or Wet Locations: NEMA 250, Type 4, stainless steel. 
2). Damp or Wet Locations: NEMA 250, Type 4, nonmetallic. 

C.	 Installation 

1.	 Install raceways, boxes, enclosures, and cabinets as indicated, according to 
manufacturer's written instructions. 

2.	 Minimum Raceway Size: 3/4-inch trade size (DN21). 
3.	 Conceal conduit and EMT, unless otherwise indicated, within finished walls, ceil­

ings, and 'floors. 
4.	 Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and 

steam or hot-water pipes. Install horizontal raceway runs above water and steam 
piping. 

5.	 Install raceways level and square and at proper elevations. Provide adequate 
headroom. 
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6.	 Complete raceway installation before starting conductor installation. 
7.	 Support raceways as specified in Division 16 Section IIBasic Electrical Materials 

and Methods. 1I 

8.	 Use temporary closures to prevent foreign matter from entering raceways. 
9.	 Protect stub-ups from damage where conduits rise through floor slabs. Arrange 

so curved portion of bends is not visible above the finished slab. 
10.	 Make bends and offsets so ID is not reduced. Keep legs of bends in the same 

plane and straight legs of offsets parallel, unless otherwise indicated. 
11.	 Use raceway fittings compatible with raceways and suitable for use and location. 

For intermediate steel conduit, use threaded rigid steel conduit fittings, unless 
otherwise indicated. 

12.	 Run concealed raceways, with a minimum of bends, in the shortest practical dis­
tance considering the type of building construction and obstructions, unless oth­
erwise indicated. 

13.	 Install exposed raceways parallel to or at right angles to nearby surfaces or struc­
tural members, and follow the surface contours as much as practical. 

a.	 Run parallel or banked raceways together, on common supports where 
practical. 

b.	 Make bends in parallel or banked runs from same centerline to make bends 
parallel. Use factory elbows only where elbows can be installed parallel; 
otherwise, provide field bends for parallel raceways. 

14.	 Join raceways with fittings designed and approved for the purpose and make 
joints tight. 

a.	 Make raceway terminations tight. Use bonding bushings or wedges at con­
nections subject to vibration. Use bonding jumpers where joints cannot be 
made tight. 

b.	 Use insulating bushings to protect conductors. 

15.	 Tighten set screws of threadless 'fittings with suitable tools. 
16.	 Terminations: Where raceways are terminated with locknuts and bushings, align 

raceways to enter squarely and install locknuts with dished part against the box. 
Where terminations are not secure with 1 locknut, use 2 locknuts: 1 inside and 1 
outside the box. 

17.	 Where raceways are terminated with threaded hubs, screw raceways or fittings 
tightly into the hub so the end bears against the wire protection shoulder. Where 
chase nipples are used, align raceways so the coupling is square to the box and 
tighten the chase nipple so no threads are exposed. 

18.	 Install pull wires in empty raceways. Use No. 14 AWG zinc-coated steel or mo­
nofilament plastic line with not less than 200-lb (90-kg) tensile strength. Leave at 
least 12 inches (300 mm) of slack at each end of the pull wire. 

19.	 Install raceway sealing fittings according to manufacturer's written instructions. 
Locate fittings at suitable, approved, and accessible locations and fill them with 
UL-listed sealing compound. For concealed raceways, install each fitting in a 
flush steel box with a blank cover plate having a finish similar to that of adjacent 
plates or surfaces. Install raceway sealing fittings at the following points: 
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a.	 Where conduits pass from warm to cold locations, such as the boundaries 
of refrigerated spaces. 

b.	 Where otherwise required by NFPA 70. 

20.	 Stub-up Connections: Extend conduits through concrete floor for connection to 
freestanding equipment. Install with an adjustable top or coupling threaded in­
side for plugs set flush with the finished floor. Extend conductors to equipment 
with rigid steel conduit; FMC may be used 6 inches (150 mm) above the 'floor. 
Install screwdriver-operated, threaded flush plugs flush with floor for future 
equipment connections. 

21.	 Flexible Connections: Use maximum of 6 feet (1830 mm) of FMC for recessed 
and semirecessed luminaires; for equipment subject to vibration, noise transmis­
sion, or movement; and for all motors. Use LFMC in wet or damp locations. In­
stall separate ground conductor across flexible connections. 

22.	 Surface Raceways: Install a separate, green, ground conductor in raceways 
from junction box supplying the raceways to receptacle or Luminaire ground ter­
minals. 

a.	 Select each surface raceway outlet box, to which a luminaire is attached, of 
sufficient diameter to provide a seat for the Luminaire canopy. 

b.	 Where a surface raceway is used to supply a fluorescent luminaire having 
central-stem suspension with a backplate and a canopy (with or without ex­
tension ring), no separate outlet box is required. 

c.	 Provide surface metal raceway outlet box, and the backplate and canopy, 
at the feed-in location of each fluorescent luminaire having end-stem sus­
pension. 

d.	 Where a surface metal raceway extension is made from an existing outlet 
box on which a luminaire is installed, no additional surface-mounted outlet 
box is required. Provide a backplate slightly smaller than the Luminaire ca­
nopy. 

23.	 Install hinged-cover enclosures and cabinets plumb. Support at each corner. 

D. Protection 

1.	 Provide final protection and maintain conditions, in a manner acceptable to man­
ufacturer and Installer, that ensure coatings, finishes, and cabinets are without 
damage or deterioration at the time of Substantial Completion. 

a.	 Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer. 

b.	 Repair damage to PVC or paint finishes with matching touchup coating rec­
ommended by manufacturer. 

E. Cleaning 

1.	 On completion of installation, including outlet fittings and devices, inspect ex­
posed finish. Remove burrs, dirt, and construction debris and repair damaged 
finish, including chips, scratches, and abrasions. 
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F.	 Protection 

1.	 Provide final protection and maintain conditions, in a manner acceptable to man­
ufacturer and Installer, to prevent entrance of moisture into the cables and to en­
sure medium-voltage cables are without damage or deterioration at the time of 
Substantial Completion. 

3.13 INSTALLATION OF ELECTRICAL IDENTI FICATION 

A.	 Install identification devices according to manufacturer1s written instructions. 

B.	 Install labels where indicated and at locations for best convenience of viewing without 
interference with operation and maintenance of equipment. 

C.	 Lettering, Colors, and Graphics: Coordinate names, abbreviations, colors, and other 
designations used for electrical identification with corresponding designations used in 
the Contract Documents or required by codes and standards. Use consistent designa­
tions throughout the Project. 

D.	 Sequence of Work: Where identification is to be applied to surfaces that require finish, 
install identification after completion of finish work. 

E.	 Self-Adhesive Identification Products: Clean surfaces of dust, loose material, and oily 
films before applying. 

F.	 Identify feeders over 600 V with IIDANGER--HIGH VOLTAG Ell in black letters 2 inches 
(51 mm) high, stenciled with paint at 10-foot (3-m) intervals over a continuous, painted 
orange background. Identify the following: 

1.	 Entire floor area directly above conduits running beneath and within 12 inches 
(305 mm) of a basement or ground floor that is in contact with earth or is framed 
above unexcavated space. 

2.	 Wall surfaces directly external to conduits concealed within wall. 
3.	 All accessible surfaces of concrete envelope around conduits in vertical shafts, 

exposed in the building, or concealed above suspended ceilings. 
4.	 Entire surface of exposed conduits. 

G.	 Install painted identi"fication as follows: 

1.	 Clean surfaces of dust, loose material, and oily films before painting. 
2.	 Prime Surfaces: For galvanized metal, use single-component, acrylic vehicle 

coating formulated for galvanized surfaces. For concrete masonry units, use 
heavy-duty, acrylic-resin block filler. For concrete surfaces, use clear, alkali­
resistant, alkyd binder-type sealer. 

3.	 Apply one intermediate and one finish coat of silicone alkyd enamel. 
4.	 Apply primer and "finish materials according to manufacturer1s instructions. 
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H.	 Identify Raceways and Exposed Cables of Certain Systems with Color Banding: Band 
exposed and accessible raceways of the systems listed below for identification. 

1.	 Bands: Pretensioned, snap-around, colored plastic sleeves; colored adhesive 
tape; or a combination of both. Make each color band 2 inches (51 mm) wide, 
completely encircling conduit, and place adjacent bands of 2-color markings in 
contact, side by side. 

2.	 Locate bands at changes in direction, at penetrations of walls and floors, at 50­
foot (15-m) maximum intervals in straight runs, and at 25 feet (7.6 m) in con­
gested areas. 

3.	 Colors: To match facility standards or as follows: 

a.	 Fire-Alarm System: Red. 
b.	 Fire-Suppression Supervisory and Control System: Red and yellow. 
c.	 Combined Fire-Alarm and Security System: Red and blue. 
d.	 Security System: Blue and yellow. 
e.	 Mechanical and Electrical Supervisory System: Green and blue. 
f.	 Telecommunications System: Green and yellow. 

I.	 Install Caution Signs for Enclosures Over 600 V: Use pressure-sensitive, self­
adhesive label indicating system voltage in black, preprinted on orange field. Install on 
exterior of door or cover. 

J.	 Install Circuit Identification Labels on Boxes: Label externally as follows: 

1.	 Exposed Boxes: Pressure-sensitive, self-adhesive plastic label on cover. 
2.	 Concealed Boxes: Plasticized card-stock tags. 
3.	 Labeling Legend: Permanent, waterproof listing of panel and circuit number or 

equivalent. 

K.	 Color-Code Conductors: Secondary service, feeder, and branch circuit conductors 
throughout the secondary electrical system. 

1.	 Color code as follows: 

208/120 volt PHASE 480/277 volt 
Black A Brown 
Red B Orange 
Blue C Yellow 
White Neutral Gray 
* or white with colored (other than green) tracer. 

2.	 Factory-apply color the entire length of the conductors, except the following field­
applied, color-coding methods may be used in lieu of factory-coded wire for sizes 
larger than No.1 0 AWG. 
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a.	 Colored, pressure-sensitive plastic tape in half-lapped turns for a distance 
of 6 inches (150 mm) from terminal points and in boxes where splices or 
taps are made. Apply the last 2 turns of tape with no tension to prevent 
possible unwinding. Use 1-inch- (25-mm-) wide tape in colors as speci­
fied. Adjust tape bands to avoid obscuring cable identification markings. 

b.	 Colored cable ties applied in groups of 3 ties of specified color to each 
wire at each terminal or splice point starting 3 inches (76 mm) from the 
terminal and spaced 3 inches (76 mm) apart. Apply with a special tool or 
pliers, tighten to a snug fit, and cut off excess length. 

L.	 Device Coverplate Identification: Engrave with 1/8 inch high black capital letters de­
signating as follows: 

1.	 All receptacle coverplates, both normal and emergency, shall be engraved with 
the following branch circuit source information: 

Panelboard number.
 
Circuit number.
 
Example: "RLNIA - 5"
 

2.	 Emergency NEMA 5-15R and 5-20R receptacle coverplates shall be engraved 
with the following branch circuit source information: 

IIEMERGENCY".
 
Panelboa.rd number.
 
Circuit number.
 
Example: "EMERGENCY"
 
"RLNIA - 5"
 

3.	 Other than NEMA 5-15R and 5-20R receptacle coverplatess shall be engraved 
with the following: 

Voltage
 
Number of phases.
 
Current rating.
 
Example: 1208/3P/50A"
 

4.	 Single outlet type NEMA 5-20R bed receptacle, tied to bedside headwall bedstop 
relay, shall be engraved "BED". 

5.	 Dialysis GFCI receptacle shall be engraved "DIALYSIS ONLY". 
6.	 Receptacles protected upstream on associated branch circuit by a ground fault 

circuit interrupter device shall be engraved "GFCI PROTECTED". 
7.	 Special systems/communication systems devices shall be engraved designating 

device (ie. FIREPHONE, DATA, EKG, TEL, TV, etc.) 

M.	 Power Circuit Identification: Use metal tags or aluminum wraparound marker bands 
for cables, feeders, and power circuits in vaults, pull boxes, junction boxes, manholes, 
and switchboard rooms. 
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1.	 Legend: 1/4-inch- (6.4-mm-) steel letter and number stamping or embossing with 
legend corresponding to indicated circuit designations. 

2.	 Fasten tags with nylon cable ties; fasten bands using integral ears. 

N. Apply identification to conductors as follows: 

1.	 Conductors to Be Extended in the Future: Indicate source and circuit numbers. 
2.	 Multiple Power or Lighting Circuits in the Same Enclosure: Identify each conduc­

tor with source, voltage, circuit number, and phase. Use color coding for voltage 
and phase indication of secondary circuit. 

3.	 Multiple Control and Communications Circuits in the Same Enclosure: Identify 
each conductor by its system and circuit designation. Use a consistent system of 
tags, color coding, or cable marking tape. 

o. Apply warning, caution, and instruction signs and stencils as follows: 

1.	 Install warning, caution, and instruction signs where indicated or required to ensure 
safe operation and maintenance of electrical systems and of items to which they 
connect. Install engraved, plastic-laminated instruction signs with approved legend 
where instructions or explanations are needed for system or equipment operation. 
Install butyrate signs with metal backing for outdoor items. 

2.	 Emergency-Operating Signs: Install engraved laminate signs with white legend on 
red background with minimum 3/8-inch- (9-mm-) high lettering for emergency in­
structions on power transfer, load shedding, and other emergency operations. 

P. Install identification as follows: 

1.	 Apply equipment identification labels of engraved plastic laminate on each major 
unit of equipment, including central or master unit of each system. This includes 
communication, signal, and alarm systems, unless units are speci'fied with their 
own self-explanatory identification. Except as otherwise indicated, provide a sin­
gle line of text with 1/2-inch- (13-mm-) high lettering on 1-1/2-inch- (38-mm-) high 
label; where 2 lines of text are required, use lettering 2 inches (51 rnm) high. 
Use black lettering on white field. Apply labels for each unit of the following cat­
egories of equipment. 

a.	 Panelboards, electrical cabinets, and enclosures. 
b.	 Access doors and panels for concealed electrical items. 
c.	 Motor starters. (NOT FURNISHED WITH EQUIPMENT) 
d.	 Push-button stations. 
e.	 Contactors. 

2.	 Apply designation labels of engraved plastic laminate for disconnect switches, 
breakers, push buttons, pilot lights, motor control centers, and similar items for 
power distribution and control components above, except panelboards and 
alarm/signal components where labeling is specified elsewhere. For panel­
boards, provide framed, typed circuit schedules with explicit description and iden­
tification of items controlled by each individual breaker. 
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3.14 INSTALLATION OF PANELBOARDS 

A.	 Install panelboards and accessory items according to NEMA PB 1.1. 

B.	 Mounting Heights: Top of trim 74 inches (1880 mm) above finished floor, unless oth­
erwise indicated. 

C.	 Mounting: Plumb and rigid without distortion of box. Mount flush panelboards uniform­
ly flush with wall finish. 

D.	 Circuit Directory: Type directory to indicate installed circuit loads after balancing pa­
nelboard loads. Obtain approval before installing. 

1.	 Circuit Nurnbering: Number each pole permanently using the convention of odd 
numbers on the left, even numbers on the right. Utilize manufacturer's self­
adhering number stickers or if not available provide self-adhering number stick­
ers from Brady, Panduit, Ideal or equal. Hand-written numbering is not accepta­
ble. 

E.	 Install filler plates in unused spaces. 

F.	 Provision for Future Circuits at Flush Panelboards: Stub four 1-inch (27-RMC) empty 
conduits from panelboa.rd into accessible ceiling space or space designated to be ceil­
ing space in the future. Stub four 1-inch (27-RMC) empty conduits into raised floor 
space or below slab not on grade. 

G.	 Wiring in Panelboard Gutters: Arrange conductors into groups, and bundle and wrap 
with wire ties after completing load balancing. 

H.	 IDENTIFICATION 

1.	 Identify field-installed wiring and components a.nd provide warning signs as spe­
cified in Division 16 Section "Basic Electrical Materials and Methods." 

2.	 Identify field-installed wiring and components and provide warning signs as spe­
cified in Division 16 Section II Electrical Identification. II 

3.	 Panelboard Nameplates: Label each panelboard with engraved laminated­
plastic or metal nameplates mounted with corrosion-resistant screws. 

I.	 Grounding 

1.	 Make equipment grounding connections for panelboards as indicated. 
2.	 Provide ground continuity to main electrical ground bus as indicated. 
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J. Connections 

1.	 Tighten electrical connectors and terminals, including grounding connections, ac­
cording to manufacturer's published torque-tightening values. Where manufac­
turer's torque values are not indicated, use those specified in UL 486A and 
UL 486B. 

K.	 Field Quality Control 

1.	 Prepare for acceptance tests as follows: 

a.	 Make insulation-resistance tests of each panelboard bus, component, and 
connecting supply, feeder, and control circuits. 

b.	 Make continuity tests of each circuit. 

2.	 Testing: After installing panelboards and after electrical circuitry has been ener­
gized, demonstrate product capability and compliance with requirements. 

a.	 Procedures: Perform each visual and mechanical inspection and electrical 
test stated in NETA ATS, Section 7.5 for switches and Section 7.6 for 
molded-case circuit breakers. Certify compliance with test parameters. 

b.	 Correct malfunctioning units on-site, where possible, and retest to demon­
strate compliance; otherwise, remove and replace with new units, and ret­
est. 

3.	 Balancing Loads: After Substantial Completion, but not more than 2 months after 
Final Accepta.nce, conduct load-balancing measurements and make circuit 
changes as follows: 

a.	 Perform measurements during period of normal working load as advised by 
Owner. 

b.	 Perform load-balancing circuit changes outside normal occupancy/working 
schedule of the facility. Make special arrangements with Owner to avoid 
disrupting critical 24-hour services such as fax machines and on-line data 
processing, computing, transmitting, and receiving equipment. 

c.	 Recheck loads after circuit changes during normal load period. Record all 
load readings before and after changes and submit test records. 

d.	 Tolerance: Difference exceeding 20 percent between phase loads, within a 
panelboard, is not acceptable. Rebalance and recheck as required to meet 
this minimum requirement. 

4.	 Infrared Scanning: After Substantial Completion, but not more than 2 months af­
ter Final Acceptance, perform an infrared scan of each panelboard. Remove 
fronts to make joints and connections accessible to a portable scanner. 
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a.	 Follow-up In'frared Scanning: Pertorm an additional follow-up infrared 
scanning of each panelboard 11 months after date of Substantial Comple­
tion. 

b.	 Instrument: Use an approved infrared scanning device designed to meas­
ure temperature or detect significant deviations from normal values. Pro­
vide calibration record for device used. 

c.	 Record of Infrared Scanning: Prepare a certified report identifying panel­
boards checked and describing results of scanning. Include notation of de­
ficiencies detected, remedial action taken, and observations after remedial 
action. 

L.	 Adjusting 

1. Set field-adjustable switches and circuit-breaker trip ranges as indicated. 

M.	 Cleaning 

1.	 On completion of installation, inspect interior and exterior of panelboards. Re­
move paint splatters and other spots, dirt, and debris. Touch up scratches and 
mars of finish to match origina.1 finish. 

3.15 INSTALLATION OF DISCONNECTS AND CIRCUIT BREAKERS 

A.	 Install disconnect switches and circuit breakers in locations as indicated, according to 
manufacturer's written instructions. 

B.	 Install disconnect switches and circuit breakers level and plumb. 

C.	 Install wiring between disconnect switches, circuit breakers, control, and indication de­
vices. 

D.	 Connect disconnect switches and circuit breakers and components to wiring system 
and to ground as indicated and instructed by manufacturer. 

1.	 Tighten electrical connectors and terminals according to manufacturer's pub­
lished torque-tightening values. Where manufacturer's torque values are not in­
dicated, use those specified in UL 486A and UL 486B. 

E.	 Identify each disconnect switch and circuit breaker according to requirements specified 
in Division 16 Section "Basic Electrical Materials and Methods. 1I 

F.	 Identify each disconnect switch and circuit breaker according to requirements specified 
in Division 16 Section IIElectricalldentification. 1I 

G.	 FIELD QUALITY CONTROL 

1.	 Testing: After installing disconnect switches and circuit breakers and after elec­
trical circuitry has been energized, demonstrate product capability and com­
pliance with requirements. 
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a.	 Procedures: Perform each visual and mechanical inspection and electrical 
test stated in NETA ATS, Section 7.5 for disconnect switches and Section 
7.6 for molded-case circuit breakers. Certify compliance with test para.me­
ters. 

2.	 Correct malfunctioning units on-site, where possible, and retest to demonstrate 
compliance; otherwise, remove a.nd replace with new units and retest. 

H.	 Adjusting 

1.	 Set field-adjustable disconnect switches and circuit-breaker trip ranges as indi­
cated. 

I.	 Cleaning 

1.	 After completing system installation, including outlet fittings and devices, inspect 
exposed finish. Remove burrs, dirt, and construction debris and repair da.maged 
finish including chips, scratches, and abrasions. 

3.16	 INSTALLATION OF MOTOR CONTROLLERS (NOT FURNISHED WITH 
EQUIPMENT) 

A.	 Install independently mounted motor-control devices according to manufacturer's writ­
ten instructions. 

B.	 Manufacturer's Field Services: Provide services of a factory-authorized service repre­
sentative to supervise the field assembly and connection of components, including the 
pretesting and adjustment of solid-state controllers. 

C.	 Location: Locate controllers within sight of motors controlled, unless otherwise indi­
cated. 

D.	 For control equipment at walls, bolt units to wall or mount on lightweight structural­
steel channels bolted to wall. For controllers not at walls, provide freestanding racks 
conforming to Division 16 Section "Basic Electrica.1 Materials and Methods." 

E.	 Install freestanding equipment on concrete housekeeping bases conforming to Divi­
sion 3 Section "Cast-in-Place Concrete." 

F.	 Motor-Controller Fuses: Install indicated fuses in each fusible switCh. 

G.	 APPLICATIONS 

1.	 Select features of each motor controller to coordinate with ratings and characte­
ristics of supply circuit and motor; required control sequence; duty cycle of motor, 
drive, and load; and configuration of pilot device and control circuit affecting con­
troller functions. 
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2.	 Select horsepower rating of controllers to suit motor controlled. 
3.	 Use fractional-horsepower manual controllers for single-phase motors, unless 

otherwise indicated. 
4.	 Use manual controllers for 3-phase motors up to 5 hp not requiring automatic or 

remote control. 
5.	 Use manual controllers for 3-phase motors up to 7-1/2 hp not requiring automatic 

or remote control. 
6.	 Push-Button Stations: In covers of magnetic controllers for manually started mo­

tors where indicated, start contact connected in parallel with sealing auxiliary 
contact for low-voltage protection. 

7.	 Hand-Off-Automatic Selector Switches: In covers of manual and magnetic con­
trollers of motors started and stopped by automatic controls or interlocks with 
other equipment. 

H. Identification 

1.	 Identify motor-control components and control wiring according to Division 16 
Section "Electrical Identification." 

2.	 Identify motor-control components and control wiring according to Division 16 
Section "Basic Electrical Materials and Methods." 

I. Control Wiring Installation 

1.	 Install wiring between motor-control devices according to Division 16 Section 
"Wires and Cables." 

2.	 Bundle, train, and support wiring in enclosures. 
3.	 Connect hand-off-automatic switch and other automatic control devices where 

available. 

a.	 Connect selector switches to bypass only the manual and automatic control 
devices that have no safety functions when switch is in the hand position. 

b.	 Connect selector switches with motor-control circuit in both hand and auto­
matic positions for safety-type control devices such as low- and high­
pressure cutouts, high-temperature cutouts, and motor overload protectors. 

J. Connections 

1.	 Tighten connectors, terminals, bus joints, and mountings. Tighten field­
connected connectors and terminals, including screws and bolts, according to 
manufacturer's published torque-tightening values. Where manufacturer's torque 
values are not indicated, use those specified in UL 486A a.nd UL 486B. 

K. Field Quality Control 

1.	 Testing: After installing motor controllers and after electrical circuitry has been 
energized, demonstrate product capability and compliance with requirements. 
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a.	 Procedures: Perform each visual and mechanical inspection and electrical 
test stated in NETA ATS, Sections 7.5, 7.6, and 7.16. Certify compliance 
with test parameters. 

2.	 Remove and replace malfunctioning units with new units, and retest. 

L.	 Cleaning 

1.	 Remove paint splatters and other spots, dirt, and debris. Touch up scratches 
and mars of finish to match original finish. Clean devices internally, using me­
thods and materials recommended by manufacturer. 

M.	 Demonstration 

1.	 Training: Engage a factory-authorized service representative to demonstrate sol­
id-state and variable- speed controllers and train Owner·s maintenance person­
nel. 

a.	 Conduct a minimum of 4 hours of training in operation and maintenance as 
specified in Division 1 Section IIContract Closeout. 1I Include training relating 
to equipment operation and maintenance procedures. 

b.	 Schedule training with at least 7 days· advance notice. 

3.17 INSTALLATION OF INTERIOR LIGHTING 

A.	 Set units plumb, square, and level with ceiling and walls, and secure according to 
manufacturer·s written instructions and approved Shop Drawings. Support Luminaires 
according to requirements of Division 16 Section IIBasic Electrical Materials and Me­
thods. 1I 

B.	 Support for Recessed and Semirecessed Grid-Type Fluorescent Luminaires: Units 
may not be supported 'from suspended ceiling support system. Install support system 
rods or wires at a minimum of 4 rods or wires for each Luminaire, located not more 
than 6 inches from Luminaire corners. 

1.	 Install support clips for recessed Luminaires, securely fastened to ceiling grid 
members, at or near each Luminaire corner. 

2.	 Luminaires Smaller than Ceiling Grid: Install a minimum of 4 rods or wires for 
each Luminaire and locate at corner of ceiling grid where Luminaire is located. 
Do not support Luminaires by ceiling acoustical panels. 

3.	 Luminaires of Sizes Less than Ceiling Grid: Center in acoustical panel. Support 
Luminaires independently with at least two 3/4-inch (20-mm) metal channels 
spanning and secured to ceiling tees. 
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C.	 Support for Suspended Luminaires: Brace pendants and rods over 48 inches (1200 
mm) long to limit swinging. Support stem-mounted, single-unit, suspended fluorescent 
Luminaires with twin-stem hangers. For continuous rows, use tubing or stem for wiring 
at one point and tubing or rod for suspension for each unit length of chassis, including 
one at each end. 

D.	 Air-Handling Luminaires: Install with dampers closed. 

E.	 Lamping: Where specific lamp designations are not indicated, lamp units according to 
manufactu rer1s instructions. 

F.	 Emergency Fluorescent Power Supply Unit: 

1.	 Each unit shall have a constant-hot connection in addition to any switch legs. 
This unswitched conductor shall be connected to the same branch circuit as the 
luminaires. 

G.	 CONNECTIONS 

1.	 Ground lighting units. Tighten electrical connectors and terminals, including 
grounding connections, according to manufacturer1s published torque-tightening 
values. Where manufacturer's torque values are not indicated, use those speci­
fied in UL 486A and UL 486B. 

H.	 Field Quality Control 

1.	 Inspect each installed Luminaire for damage. Replaced damaged Luminaires 
and components. 

2.	 Give advance notice of dates and times for field tests. 
3.	 Provide instruments to make and record test results. 
4.	 Tests: Verify normal operation of each Luminaire after Luminaires have been in­

stalled and circuits have been energized with normal power source. Interrupt 
electrical energy to demonstrate proper operation of emergency lighting installa­
tion. Include the following information in tests of emergency lighting equipment: 

a. Duration of supply.
 
b Low battery voltage shutdown.
 
c.	 Normal transfer to battery source and retransfer to normal. 
d.	 Low supply voltage transfer. 

5.	 Replace or repair malfunctioning Luminaires and components, then retest. Re­
peat procedure until all units operate properly. 

6.	 Report results of tests. 
7.	 Replace Lumina.ires that show evidence of corrosion during Project warranty pe­

riod. 

I.	 Adjusting and Cleaning 
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1.	 Clean Luminaires after installation. Use methods and materials recommended 
by manufacturer. 

2.	 'Adjust aimable Luminaires to provide required light intensities. 

3.18 INSTALLATION OF RACEWAY SUPPORT SYSTEMS 

A.	 Furnish and install the trunk riser raceways, outlet box, and outlet box raceways as 
shown on Drawings and specified. 

B.	 Stub trunk riser and homerun outlet box raceways to load cable tray system, or to 
nearest accessible CORRIDOR ceiling. 

C.	 Minimum outlet box conduit sizes shall be as follows: 

Conduit Size 

No. Boxes 
Connected 

1 
2 
3 

Homerun 

3/4 
1 
1-1/4 

Homerun Box to 2nd Box to 
2nd Box 3rd Box 

3/4 
1 3/4 

D.	 Install telephone raceways to within six inches of telephone backboards. 

E.	 Paint telephone backboards with two coats of black enamel paint on all sides. Provide 
1/211 space 

F.	 F. Furnish and install 200 pound test, braided nylon pull-cords in all empty conduits. 

G.	 Mark each conduit end for identification and destination of raceway. 

H.	 Provide system (identifying nameplate centered on ma.in trunk riser boxes and cabi­
nets (ie. TEL, DATA, CCTV, etc.). 

I.	 Coordination 

1.	 Comply with all requirements of the Owner's representative for all raceways, 
boxes, cover plates, etc., and their specific installation considerations. 

3.19 INSTALLATION OF ELECTRIC HEATING CABLES 

A.	 Install heating cables and accessories as indicated, according to manufacturer's writ­
ten instructions, rough-in drawings, the original design, and referenced standards. 

B.	 Cut cable to length required. 

C.	 Do not install heater-to-cold lead connections in concrete or plaster. 
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D.	 Avoid crossing expansion, construction, or control joints with heating cables. Where 
indicated or required, provide sufficient slack conductor in an appropriately arranged 
expansion loop. 

C.	 Do not install heating cable mats across expansion, construction, or control joints. 

D.	 Install cables and mats following application of bituminous binder course to lower base 
and ensure that second bituminous binder is applied to cables prior to pouring of finish 
topping. 

E.	 Connect heating cables and other components to wiring systems and to ground as in­
dicated and instructed by manufacturer. Tighten connectors and terminals, including 
screws and bolts, according to equipment manufacturer's published torque-tightening 
values for equipment connectors. Where manufacturer's torquing requirements are 
not indicated, tighten connectors and terminals according to tightening torques speci­
fied in UL 486A. 

F.	 Do not energize cables ernbedded in concrete, asphalt, or plaster until they are cured, 
except for brief testing. 

G.	 EXAMINATION 

1.	 Examine surfaces and substrates to receive heating cables for compliance with 
requirements for installation tolerances and other conditions affecting perfor­
mance of the heating cables. Do not proceed with installation until unsatisfactory 
conditions have been corrected. 

a.	 Ensure surfaces and pipes in contact with electric heating cables are free 
of burrs and sharp protrusions. 

b.	 Ensure pipe testing is complete. 
c.	 Ensure surfaces and substrates are plumb and level. 

2.	 Test cables for electrical continuity before installing. 

3.	 TEST CABLES FOR INSULATION RESISTANCE BEFORE INSTALLING. 

H.	 Field Quality Control 

1.	 Test installed electric heating cables after installation. Perform tests prior to ap­
plication of coverings, such as insulation, plaster, or concrete. 

a,.	 Test cables for electrical continuity before energizing. 
b.	 Test cables for insulation resistance before energizing. Remove cables if 

measured resistance is less than 10 megohms to ground. 
c.	 Test cables to verify rating and power input. Energize a.nd measure voltage 

and current simultaneously. 
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2.	 Repeat tests for continuity, insulation resistance, and input power after applying 
plaster. 

3.	 Repeat tests for continuity, insulation resistance, and input power a.fter applying 
concrete. 

4.	 Repeat tests for continuity, insulation resistance, and input power after applying 
thermal insulation. 

I. Demonstration 

1.	 Train Owner's maintenance personnel on procedures and schedules related to 
startup and shutdown, troubleshooting, servicing, and preventive maintenance. 

2.	 Review data in the operation and maintenance manual. Refer to Division 1 Sec­
tion IIproject Closeout. 1I 

J. Protection 

1.	 Provide final protection and maintain conditions in a manner acceptable to Manu­
facturer and Installer to ensure that installed electric heating cables, including 
leads, are not damaged or crushed prior to Substantial Completion. 

3.20 INSTALLATION OF VIBRATION ISOLATION AND SIESMIC RESTRAINT 

A. GENERAL 

1.	 Isolation and seismic restraint systems must be installed in strict accordance with 
the manufacturer's submittal data. 

2.	 Vibration isolators shall not cause any change of position of equipment resulting 
in stress on equipment connections. 

B. SEISMIC RESTRAINTS 

1.	 Installation 
a.	 All floor mounted equipment whether isolated or not shall be snubbed, anc­

hored, bolted or welded to the structure. Calculations that determine that 
isolated equipment movement may be less than the operating clearance of 
snubbers (restraints) do not preclude the need for snubbers. All equipment 
must be positively attached to the structure. 

b.	 All suspended equipment including, but not limited to transformers, etc. 
shall be two or four point independently braced with TYPE III restraints. In­
stall cable braces taught for non-isolated equipment and slack with 112" ca­
ble deflection for isolated equipment. Rod bracing shall be installed as per 
approved submittals and shop drawings. Equipment connected to ductwork 
weighing less tha.n 75 Ibs. is excluded. 

c.	 All horizontally suspended cable trays, bus duct and conduit shall use 
RESTRAINT TYPE III. Spacing of seismic bracing shall be as per TABLE B 
at the end of this section. 
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d.	 For all trapeze-supported conduit, the individual conduits must be trans­
versely and vertically attached to the trapeze support at the designated re­
straint locations. 

e.	 For overhead supported equipment, over stress of the building structure 
must not occur. Bracing may occur from: 

a. Flanges of structural beams. 
b. Upper truss chords in bar joists. 

3)	 Cast in place inserts or drilled and shielded inserts in concrete struc­
tures. 

f.	 Conduit Risers 

1).	 Where conduits pass through cored holes, holes must be packed with 
resilient material or fire stop as specified in other sections of this spe­
cification and/or state and local codes. No additional horizontal seis­
mic bracing is required at these locations. 

g.	 Luminaires such as panel light shall be attached to lay-in ceilings with 
earthquake clips or other approved means of positive attachment to the T­
bar ceiling structure. 

h.	 A rigid conduit, cable tray or bus duct system shall not be braced to dissimi­
lar parts of a building or two dissimilar building systems that may respond in 
a different mode during an earthquake. Examples: Wall a.nd roof; solid con­
crete wall and a metal deck with lightweight concrete fill, conduit that 
crosses a building expansion joint. 

2.	 Exclusions from seismic requirements on non life safety equipment: 

a.	 All conduit less than 2-1/2" diameter. 
b.	 All clevis or single level trapeze supported conduit, cable tray or bus duct 

suspended by hangers with positive attachment to the structure that are 
less than 12 inches in length as measured from the top of the conduit, cable 
tray or bus duct to the point of attachment to the structure. If any hanger in 
the run exceeds the 12" limit, seismic bracing is required for the run. 

3. Exclusions from seismic requirements on life safety equipment. 

a.	 None 

C.	 INSPECTION 

1.	 If in the opinion of the project engineer the seismic restraint installation does not 
meet with the project requirements, an outside consultant will be retained to in­
spect, verify and submit corrective measures to be taken. The consultant's fees 
and all work associated with such a review shall be borne by the contractor. 
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EQUIPMENT INSTALLATION 
VIBRATION REQUIREMENTS FOR ELECTRICAL lATTACHMENT 
rrABLE A 

EQUIPMENT POINT 
ON GRADE ABOVE 

GRADE 

EQUIPMENT 
SIZE MOUNTI 

ISOL 
DEF BAS 

NG L E 
ISOL DEFL BASE 

GENERAL PURPOSE 
rrRANSFORMERS - DRY TYPE 

ALL 
FLOOR D 
CEILING E 

0.30 - -
0.30 - -

D 
E 

0.30 
0.30 

- ­
- -

GENERATORS ALL FLOOR B 0.75 - ­ B 1.50 - ­
UPS 

Over 15 
Kva FLOOR D 0.30 B-1 B 0.75 B-1 

rrABLE B 
SEISMIC BRACING TABLE 

ON CENTER SPACING 
EQUIPMENT 

TRANSVERSE LONGITUDINAL 
CONDUIT 40 Feet 80 Feet 
BUS DUCT 30 Feet 60 Feet 
CABLE TRAY 40 Feet 80 Feet 

NOTE WELL 

(1) Projects that contain large concentrations of conduit may require that the allowable 
spacing shown in this Table be reduced to minimize structural loading. All associated 
costs shall be the responsibility of the contractor. Close coordination and approval by 
the structural engineer is mandatory for all seismic point loads exceeding 2,000 Ibs. 

3.21 TOUCHUP PAINTING 

A.	 Thoroughly clean damaged areas and provide primer, intermediate, and finish coats to 
suit the degree of damage at each location. 

B.	 Follow paint manufacturer's written instructions for surface preparation and for timing 
and application of successive coats. 

END OF SECTION 16000 
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