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PART 1 GENERAL

///

The publications listed below form a part of this specification to the extent referenced. The publications are referred to in the text by

the basic designation only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
ANSI C80.1 (2020) Electrical Rigid Steel Conduit (ERSC)
ANSI C80.3 (2020) Steel Electrical Metallic Tubing (EMT)

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM B1 (2018) Hard-Drawn Copper Wire
ASTM B8 (2011; R2017) Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard, or Soft
ASTM D709 (2017) Laminated Thermosetting Materials

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)
ANSI/NETA ATS (2021) Acceptance Testing Specifications

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)
NEMA 250 (2021) Enclosures for Electrical Equipment (1000 Volts Maximum)
NEMA ICS 1 (2022) Industrial Control and Systems; General Requirements

NEMA ICS 6 (1993; R2016) Industrial Control and Systems: Enclosures

NEMA KS 1 (2013) Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts Maximum)

NEMA ST 20 (2021) Dry-Type Transformers for General Applications
NEMA TC 2 (2020) Electrical Polyvinyl Chloride (PVC) Tubing and Conduit

NEMA TC 3 (2021) Polyvinyl Chloride PVC Fittings for Use with Rigid PVC Conduit and Tubing

NEMA TC 14 (2015) Reinforced Thermosetting Resin Conduit (RTRC) and Fittings
NEMA WD 1 (1999; R2020) General Color Requirements for Wiring Devices
NEMA WD 6 (2021) Wiring Devices - Dimensional Requirements
NEMA Z535.4 (2011; R2017) Product Safety Signs and Labels
NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)
NFPA 70 (2020) National Electrical Code
NFPA 70E (2021) Electrical Safety in the Workplace
UNDERWRITERS LABORATORIES INC. (UL)

UL 1 (2005; Reprint Jan 2020) Flexible Metal Conduit
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UL 5 (15th Edition - May 2016) UL Standard for Safety Surface Metal Raceways and Fittings

UL 6 (2007, Reprint Sep 2019) Electrical Rigid Metal Conduit - Steel

UL 20 (2018; Reprint Jan 2021) General-Use Snap Switches

UL 50 (2015) Enclosures for Electrical Equipment

UL 67 (2018; Reprint Jul 2020) Panelboards

UL 83 (2017, Reprint Mar 2020) Thermoplastic-Insulated Wires and Cables
UL 360 (2013; Reprint Aug 2021) Liquid-Tight Flexible Steel Conduit

UL 467 (11th Edition - Apr 2022) Grounding and Bonding Equipment

UL 486A-486B  (2018; Reprint May 2021) Wire Connectors

UL 486C (2018; Reprint May 2021) Splicing Wire Connectors

UL 489 (2016; Rev 2019) Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures
UL 506 (2017; Reprint Jan 2022) Specialty Transformers

UL 508 (2018; Reprint Jul 2021) Industrial Control Equipment

UL 510 (2020) Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape

UL 514A (2013; Reprint Aug 2017) Metallic Outlet Boxes

UL 514B (2012; Reprint May 2020) Conduit, Tubing and Cable Fittings

UL 651 (2011; Reprint May 2022) Schedule 40 and 80 Rigid PVC Conduit

UL 797 (2007; Reprint Mar 2021) Electrical Metallic Tubing -- Steel

UL 943 (2016; Reprint Feb 2018) Ground-Fault Circuit-Interrupters

UL 1242 (2014; Reprint Aug 2022) Electrical Intermediate Metal Conduit -- Steel

UL 1561 (2011; Reprint Jun 2015) Dry-Type General Purpose and Power Transformers

1.2 RELATED REQUIREMENTS

Section 26 00 00, "Basic Electrical Materials and Methods," applies to this section with additions and modifications specified
herein

1.3 SUBMITTALS:  Submit the following:
A.  Manufacturer’s Catalog Data
1. Surge Protective Devices (SPD)
B.  Drawings

1. Panelboards
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1.4 QUALITY ASSURANCE

In each standard referred to herein, consider the advisory provisions to be mandatory, as though the word "shall" has been
substituted for "should" wherever it appears. Interpret references in these standards to "authority having jurisdiction," or words of
similar meaning, to mean Design Professional.

PART 2 PRODUCTS

2.1 MATERIALS AND EQUIPMENT

Materials, equipment, and devices shall, as a minimum, meet requirements of UL, where UL standards are established for those
items, and requirements of NFPA 70.

2.2 CONDUIT AND FITTINGS

Shall be rigid steel (zinc-coated) conduit, rigid nonmetallic conduit, intermediate metal conduit (IMC), electrical metallic tubing
(EMT), flexible metal conduit, and liquid-tight flexible conduit, conforming to the following:

A. Rigid Steel Conduit (Zinc-Coated): ANSI C80.1, UL 6.
B. Rigid Nonmetallic Conduit: PVC Type EPC-40 in accordance with NEMA TC 2.
C. Intermediate Metal Conduit (IMC): UL 1242, zinc-coated steel only.
D. Electrical Metallic Tubing (EMT): UL 797, ANSI C80.3.
E. Flexible Metal Conduit: UL 1.
1. Liquid-Tight Flexible Metal Conduit, Steel: UL 360.

F. Fittings for Metal Conduit, EMT, and Flexible Metal Conduit: UL 514B. Ferrous fittings shall be cadmium or zinc-
coated in accordance with UL 514B.

1. Fittings for Rigid Metal Conduit and IMC: Threaded-type. Split couplings unacceptable.
2. Fittings for EMT: Steel or Die Cast compression type.
G. Fittings for Rigid Nonmetallic Conduit: NEMA TC 3.

2.3 SURFACE RACEWAY

Surface raceway shall be UL 5, two-piece painted steel, totally enclosed, snap-cover type.

2.4 OUTLET BOXES AND COVERS

UL 514A, cadmium- or zinc-coated.

2.5 CABINETS, JUNCTION BOXES, AND PULL BOXES

Volume greater than 100 cubic inches, UL 50, hot-dip, zinc-coated, if sheet steel.

2.6 WIRES AND CABLES

Wires and cables shall meet applicable requirements of NFPA 70 and UL for type of insulation, jacket, and conductor specified or
indicated. Wires and cables manufactured more than 12 months prior to date of delivery to site shall not be used.

A. Conductors: Conductors No. 8 AWG and larger diameter shall be stranded. Conductors No. 10 AWG and smaller
diameter shall be solid, except that conductors for remote control, alarm, and signal circuits, classes 1, 2, and 3, shall be
stranded unless specifically indicated otherwise. Conductor sizes and ampacities shown are based on copper, unless
indicated otherwise. All conductors shall be copper.
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1.  Minimum Conductor Sizes: Minimum size for branch circuits shall be No. 12 AWG.

B. Color Coding: Provide for service, feeder, branch, control, and signaling circuit conductors. Color shall be green for
grounding conductors and white for neutrals; except where neutrals of more than one system are installed in same
raceway or box, other neutral shall be white with colored (not green) stripe. Color of ungrounded conductors in different
voltage systems shall be as follows:

1. 208/120 volt, 3-phase (1) Phase A - black (2) Phase B - red (3) Phase C - blue

C. Insulation: Unless specified or indicated otherwise or required by NFPA 70, power and lighting wires shall be 600-volt,
Type THWN/THHN conforming to UL 83, except that grounding wire may be type TW conforming to UL 83; remote-
control and signal circuits shall be Type TW or TF, conforming to UL 83. Where lighting fixtures require 90-degree
Centigrade (C) conductors, provide only conductors with 90-degree C insulation or better.

D. Bonding Conductors: ASTM B 1, solid bare copper wire for sizes No. 8 AWG and smaller diameter; ASTM B 8, Class
B, stranded bare copper wire for sizes No. 6 AWG and larger diameter.

2.7 SPLICES AND TERMINATION COMPONENTS

UL 486A-UL486B for wire connectors and UL 510 for insulating tapes. Connectors for No. 10 AWG and smaller diameter wires
shall be insulated, pressure-type in accordance with UL 486A-UL486B or UL 486C (twist-on splicing connector). Provide
solderless terminal lugs on stranded conductors.

A. Temperature Limitations: Contractor shall comply with the temperature limitations included in NEC Article 110-14(c).
Ampacity rating of conductors shall be computed at the temperature rating of the equipment termination.

2.8 DEVICE PLATES

Provide UL listed, one-piece device plates for outlets to suit the devices installed. For metal outlet boxes, plates on unfinished walls
shall be of zinc-coated sheet steel or cast metal having round or beveled edges. Plates on finished walls shall be nylon or lexan,
minimum 0.03 inch wall thickness. Plates shall be same color as receptacle or toggle switch with which they are mounted. Screws
shall be machine-type with countersunk heads in color to match finish of plate. Sectional type device plates will not be permitted.
Plates installed in wet locations shall be gasketed and UL listed for "wet locations."

2.9 SWITCHES

A. Toggle Switches: UL 20, totally enclosed with bodies of thermosetting plastic and mounting strap. Handles shall be
ivory. Wiring terminals shall be screw-type, side-wired. Switches shall be rated quiet-type AC only, 120/277 volts, with
20 amp current rating and number of poles indicated.

B. Disconnect Switches: NEMA KS 1. Provide heavy duty-type switches where indicated, where switches are rated higher
than 240 volts, and for double-throw switches. Switches serving as motor-disconnect means shall be horsepower rated.
Provide switches in NEMA enclosure per NEMA ICS 6.

2.10  RECEPTACLES

UL 498 and NEMA WD 1, specification grade, heavy-duty, grounding-type. Ratings and configurations shall be as indicated.
Bodies shall be of ivory thermosetting plastic supported on a metal mounting strap. Dimensional requirements shall be per NEMA
WD 6. Provide screw-type, side-wired wiring terminals. Connect grounding pole to mounting strap.

A. Weatherproof Receptacles: Provide in cast metal box with gasketed, weatherproof, cast-metal cover plate and gasketed
cap over each receptacle opening. Provide caps with a spring-hinged flap. Receptacle shall be UL listed for use in "wet
locations with plug in use."

B. Ground-Fault Circuit Interrupter (GFI) Receptacles: UL 943, duplex type for mounting in standard outlet box. Device
shall be capable of detecting current leak of 6 milliamperes or greater and tripping per requirements of UL 943 for Class
A GFI devices.

C. Dryer Receptacles: NEMA 14-30 configuration, rated 30 amperes, 125/250 volts. Furnish one matching plug with each
receptacle. Hubbell #HBL 9430A, Leviton #278, or equal.
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D. USB Charger Type Duplex Convenience Receptacles: NEMA WD 1, NEMA WD 6 for standard configurations and
UL498. Comply with USB batter charging spec USB BC1.2. Duplex, 20A, 125V, 2P, 3W, grounded with dual USB, type
A and C, solid state charging ports, equal to Hubbell #USB20ACSW, or Leviton #T5833.

E. Surge Protective Receptacles: UL 1449, duplex type for mounting in standard outlet box. Devices shall be capable of
EMI/RFI noise filtering and point-of-use surge protection up to 18,000 amp total surge current.

2.11 PANELBOARDS

UL 67 and UL 50. Panelboards for use as service disconnecting means shall additionally conform to UL 869. Panelboards shall be
circuit breaker-equipped. Design shall be such that individual breakers can be removed without disturbing adjacent units or without
loosening or removing supplemental insulation supplied as means of obtaining clearances as required by UL. Where "space only" is
indicated, make provisions for future installation of breaker sized as indicated. Panelboard locks shall be keyed same. Directories
shall indicate load served by each circuit of panelboard. Directories shall also indicate source of service (upstream panel,
switchboard, motor control center, etc.) to panelboard. Type directories and mount in holder behind transparent protective covering.

A. Panelboard Buses: Support bus bars on bases independent of circuit breakers. Main buses and back pans shall be
designed so that breakers may be changed without machining, drilling, or tapping. Provide isolated neutral bus in each
panel for connection of circuit neutral conductors. Provide separate ground bus identified as equipment grounding bus per
UL 67 for connecting grounding conductors; bond to steel cabinet.

B. Circuit Breakers: UL 489, thermal magnetic-type having a minimum short-circuit current rating equal to the short-circuit
current rating of the panelboard in which the circuit breaker shall be mounted. Breaker terminals shall be UL listed as
suitable for type of conductor provided. Series rated circuit breakers and plug-in circuit breakers are unacceptable.

1. Multipole Breakers: Provide common trip-type with single operating handle. Breaker design shall be such that
overload in one pole automatically causes all poles to open. Maintain phase sequence throughout each panel so that
any three adjacent breaker poles are connected to Phases A, B, and C, respectively.

C. Manufacturer: GE Spectra bolt-on AVI, Square D Class 2441, Eaton Pow-R-Line series, or equal.

D. Identification: Provide engraved laminated-plastic or metal nameplate for each device, mounted with corrosion-resistant
SCrews.

2.12 SURGE PROTECTIVE DEVICES (SPD)

SPDs shall comply with NFPA 70 and UL 1449 4th Edition, Type 1. SPDs shall be field-mounted (installed external to electrical
equipment) for low-voltage (120 to 600 V) power distribution and control equipment and connected with leads as short as possible
to main lugs or circuit breaker in panel as directed. The SPD for Service Entrance application shall provide temporary overvoltage
protection in addition to surge protection.

A.  Peak Surge Current Rating: The minimum single-pulse surge current withstand rating per mode shall not be less than the
specified SPD rating. The peak surge current rating shall NOT be the arithmetic sum of the ratings of the individual
MOVs in a given mode. SPD manufacturer shall provide independent 3rd party testing validating unit is capable of
surviving a single surge at the specified rating. SPD types shall be provided as follows:

1. Service Entrance Suppressor (Type "A"): SPD shall be rated at 200,000 amps per mode for 120/208V, three phase,
four wire for service entrance switchboards or panelboards.

B.  Protection modes and UL 1449 voltage protection rating (VPR) for grounded wye circuits shall not exceed the following:

208Y/120 V
Line to Neutral: 700 V
Line to Ground: 700 V
Neutral to Ground: 700 V
Line to Line: 1200 V
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C.  SPD monitoring options shall include tri-color protection status indicator lights, audible alarm with silence switch, Form
C contacts rated at 5 A and 250 V (one normally open and one normally closed) for remote monitoring of protection
status, and surge counter which measures, discriminates between, and indicates the level of surges.

D. Install SPDs with conductors between suppressor and points of attachment as short and straight as possible and adjust
circuit-breaker positions to achieve shortest and straightest leads. Do not splice and extend SPD leads unless specifically
permitted by manufacturer. Do not exceed manufacturer's recommended lead length. Do not bond neutral and ground.
Use crimped connectors and splices only. Wire nuts are unacceptable.

E.  Enclosures shall be fiberglass reinforced polyester, rated for outdoor use (NEMA 3R).

F.  Provide start-up and testing services of a factory-authorized and factory-trained local service representative. The tests
shall include:

1. Off-line Testing: Impulse injection to verify the system tolerances as well as verification of proper facility neutral-
to-ground bond. Compare field test results to factory benchmark test parameters supplied with each individual unit.

2. On-line Testing: Verify that suppression and filtering paths are operating with 100% protection as well as
verification of proper facility neutral-to-ground bond by measuring neutral-to-ground current and voltage and by
visual inspection.

3. Voltage measurements from Line-to Ground (L-G), Line-to-Neutral (L-N), Line-to-Line (L-L), and Neutral-to-
Ground (N-G), taken at the time of the testing procedure.

G.  SPD shall be equal to ABB (Current Technologies) "TG3" or Schneider Electric "EM" Series, with warranty support for
fifteen (15) years from date of Substantial Completion. Manufacturer agrees to repair or replace SPDs that fail in
materials or workmanship within specified warranty period.

2.13 GROUNDING AND BONDING EQUIPMENT
UL 467. Ground rods shall be copper-clad steel, with minimum diameter of 3/4 inch and minimum length of 10 feet.
2.14 TRANSFORMERS

NEMA ST 20, general purpose, dry-type, self-cooled, ventilated. Provide transformers in NEMA lor 3R enclosure, as required.
Transformer shall have 220 degrees C insulation system, with temperature rise not exceeding 115 degrees C under full-rated load in
maximum ambient of 40 degrees C. Transformer shall be capable of carrying continuously 115 percent of nameplate kVA without
exceeding insulation rating. Transformers shall be quiet type with maximum sound level at least 3 decibels less than NEMA
standard level for transformer ratings indicated.

2.15 NAMEPLATES
Provide as specified in Section 26 00 00, "Basic Electrical Materials and Methods."
2.16 FIRESTOPPING MATERIALS

Provide asbestos free firestopping system capable of maintaining an effective barrier against flame and gases. System shall be UL
listed and comply with ASTM E 814. Include UL system number, UL listed print from manufacturer for each type of floor, wall,
and ceiling penetration.

PART 3 EXECUTION
3.1 INSTALLATION
Electrical installations shall conform to requirements of NFPA 70 and to requirements specified herein.

A. Service Entrance Identification: Service entrance disconnect devices, switches, and enclosures shall be labeled and
identified as such.

1. Labels: Wherever work results in service entrance disconnect devices in more than one enclosure, as permitted by
NFPA 70, each enclosure, new and existing, shall be labeled as one of several enclosures containing service entrance
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disconnect devices. Label, at minimum, shall indicate number of service disconnect devices housed by enclosure and
shall indicate total number of enclosures that contain service disconnect devices. Provide laminated plastic labels
conforming to paragraph entitled "Nameplates." Use lettering of at least 0.25 inch in height, and engrave on black-
on-white matte finish. Service entrance disconnect devices in more than one enclosure, shall be provided only as
permitted by NFPA 70.

B. Wiring Methods: Provide insulated conductors installed in rigid steel conduit, IMC, rigid nonmetallic conduit, or EMT,
except where specifically indicated or specified otherwise or required by NFPA 70 to be installed otherwise. Grounding
conductor shall be separate from electrical system neutral conductor. Provide insulated green equipment grounding
conductor for circuit(s) installed in conduit and raceways. Minimum conduit size shall be 1/2 inch in diameter for low

Vo

Itage lighting and power circuits. Conduit which penetrates fire-rated walls, fire-rated partitions, or fire-rated floors

shall be firestopped in accordance with the paragraph entitled "Firestopping Materials," specified in this section.

1.

Low Voltage Wiring: Low voltage wiring such as telephone, computer, control, etc. which is run open above ceiling
shall be bundled, neatly trained and supported independently from the suspended ceiling system. Wiring shall not be
supported by ceiling tiles, t-bars, or ceiling support wires. Install in accordance with NEC Article 720-11 and
ANSI/EIA/TIA-569. Do not support wiring from conduit, piping, or ductwork.

“Low voltage wiring shall be attached to the building structure at 4' on center (maximum), and routed as high as
possible, free and clear of mechanical equipment, light fixtures, access panels and any other building equipment or
items. Do not use tie straps or wire wraps to support cables. Each cable shall be continuous, with no splices from the
source to the connected device. Routing shall be parallel or perpendicular to building walls. Support arrangement and
tension on cables shall be sufficient to secure cables but shall not cause deformation or exceed minimum cable bending
radius.” Where wiring penetrates walls or ceilings, a metal conduit sleeve with bushings at each end, shall be provided
for the penetration.

Restrictions Applicable to EMT

a. Do not install underground.

b. Do not encase in concrete, mortar, grout, or other cementitious materials.

c. Do not use in areas subject to severe physical damage including but not limited to equipment rooms where
moving or replacing equipment could physically damage the EMT.
Do not use in hazardous areas.

e. Do not use outdoors.

Nonmetallic Conduit

a. Restrictions applicable to PVC Schedule 40
1) Do not use above slab or grade.

Restrictions Applicable to Flexible Conduit: Use only as specified in paragraph entitled "Flexible Connections."

Underground Conduit: Rigid steel; steel IMC; PVC, Type EPC-40. Convert nonmetallic conduit to rigid, or IMC,
steel conduit before rising through floor slab.

C. Conduit Installation: Unless indicated otherwise, conceal conduit under floor slabs and within finished walls, ceilings,

an

d floors. Keep conduit minimum 6 inches away from parallel runs of flues and steam or hot water pipes. Install conduit

parallel with or at right angles to ceilings, walls, and structural members where located above accessible ceilings and
where conduit will be visible after completion of project.

1.

Joe Webb Me

Conduit Support: Support conduit by pipe straps, wall brackets, hangers, or ceiling trapeze. Fasten by wood screws
to wood; by toggle bolts on hollow masonry units; by concrete inserts or expansion bolts on concrete or brick; and
by machine screws, welded threaded studs, or spring-tension clamps on steel work. Threaded C-clamps may be used
on rigid steel conduit only. Do not weld conduits or pipe straps to steel structures. Load applied to fasteners shall not
exceed one-fourth proof test load. Fasteners attached to concrete ceiling shall be vibration resistant and shock-
resistant. Holes cut to depth of more than 1 1/2 inches in reinforced concrete beams or to depth of more than 3/4 inch
in concrete joints shall not cut main reinforcing bars. Fill unused holes. In partitions of light steel construction, use
sheet metal screws. In suspended-ceiling construction, run conduit above ceiling. Do not support conduit by ceiling
support system. Conduit and box systems must be supported independently of both (a) tie wires supporting ceiling
grid system, and (b) ceiling grid system into which ceiling panels are placed. Supporting means shall not be shared
between electrical raceways and mechanical piping or ducts. Installation shall be coordinated with above-ceiling
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mechanical systems to assure maximum accessibility to all systems. Spring-steel fasteners may be used for lighting
branch circuit conduit supports in suspended ceilings in dry locations. Where conduit crosses building expansion
joints, provide suitable expansion fitting that maintains conduit electrical continuity by bonding jumpers or other
means.

2. Directional Changes in Conduit Runs: Make changes in direction of runs with symmetrical bends or cast-metal
fittings. Make field-made bends and offsets with hickey or conduit-bending machine. Do not install crushed or
deformed conduits. Avoid trapped conduits. Prevent plaster, dirt, or trash from lodging in conduits, boxes, fittings,
and equipment during construction. Free clogged conduits of obstructions.

3. Pull Wire: Install pull wires in empty conduits. Pull wire shall be plastic having minimum 200 pound tensile
strength. Leave minimum 36 inches of slack at each end of pull wire.

4. Locknuts and Bushings: Fasten conduits to sheet metal boxes and cabinets with two locknuts where required by
NFPA 70, where insulated bushings are used, and where bushings cannot be brought into firm contact with the box;
otherwise, use at least minimum single locknut and bushing. Locknuts shall have sharp edges for digging into wall of
metal enclosures. Install bushings on ends of conduits, and provide insulating type where required by NFPA 70.

5. Flexible Connections: Provide flexible steel conduit between 3 and 6 feet in length for equipment subject to
vibration, noise transmission, or movement; and for motors. Install flexible conduit to allow 20 percent slack.
Minimum flexible steel conduit size shall be 1/2 inch diameter. Provide liquidtight flexible conduit in wet and damp
locations for equipment subject to vibration, noise transmission, movement or motors. Provide separate ground
conductor across flexible connections.

Boxes, Outlets, and Supports: Provide boxes in wiring and raceway systems wherever required for pulling of wires,
making connections, and mounting of devices or fixtures. Boxes for metallic raceways shall be cast-metal, hub-type when
located in wet locations, when surface mounted on outside of exterior surfaces, and when specifically indicated. Boxes in
other locations shall be sheet steel. Each box shall have volume required by NFPA 70 for number of conductors enclosed
in box. Boxes for mounting lighting fixtures shall be minimum 4 inches square, or octagonal, except that smaller boxes
may be installed as required by fixture configurations, as approved. Boxes for use in masonry-block or tile walls shall be
square-cornered, tile-type, or standard boxes having square-cornered, tile-type covers. Provide gaskets for cast-metal
boxes installed in wet locations and boxes installed flush with outside of exterior surfaces. Provide separate boxes for
flush or recessed fixtures when required by fixture terminal operating temperature; fixtures shall be readily removable for
access to boxes unless ceiling access panels are provided. Support boxes and pendants for surface-mounted fixtures on
suspended ceilings independently of ceiling supports, or make adequate provisions for distributing load over ceiling
support members in an approved manner. Fasten boxes and supports with wood screws on wood, with bolts and
expansion shields on concrete or brick, with toggle bolts on hollow masonry units, and with machine screws or welded
studs on steel. In open overhead spaces, cast boxes threaded to raceways need not be separately supported except where
used for fixture support; support sheet metal boxes directly from building structure or by bar hangers. Where bar hangers
are used, attach bar to raceways on opposite sides of box, and support raceway with approved-type fastener maximum 24
inches from box. When penetrating reinforced concrete members, avoid cutting reinforcing steel.

1. Boxes: Boxes for use with raceway systems shall be minimum 1 1/2 inches deep, except where shallower boxes
required by structural conditions are approved. Boxes shall be minimum 4 inches square, except that 4 by 2 inch
boxes may be used where only one raceway enters outlet.

2. Pull Boxes: Construct of at least minimum size required by NFPA 70 of code-gauge aluminum or galvanized sheet
steel, except where cast-metal boxes are required in locations specified herein. Provide boxes with screw-fastened
covers. Where several feeders pass through common pull box, tag feeders to indicate clearly electrical
characteristics, circuit number, and panel designation.

Mounting Heights: Mount panelboards, circuit breakers, and disconnecting switches so height of operating handle at its
highest position is maximum 78 inches above floor. Mount receptacles 18 inches above finished floor, and other devices,
as indicated. Measure mounting heights of wiring devices and outlets to center of device or outlet.

Conductor Identification: Provide conductor identification within each enclosure where tap, splice, or termination is
made. For conductors No. 6 AWG and smaller diameter, color coding shall be by factory-applied, color-impregnated
insulation. For conductors No. 4 AWG and larger diameter, color coding shall be by plastic-coated, self-sticking markers;
colored nylon cable ties and plates; or heat shrink-type sleeves.
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Splices: Make splices in accessible locations. Make splices in conductors No. 10 AWG and smaller diameter with
insulated, pressure-type connector. Make splices in conductors No. 8 AWG and larger diameter with solderless connector,
and cover with insulation material equivalent to conductor insulation.

Covers and Device Plates: Install with edges in continuous contact with finished wall surfaces without use of mats or
similar devices. Plaster fillings are not permitted. Install plates with alignment tolerance of 1/16 inch. Use of sectional-
type device plates are not permitted. Provide gasket for plates installed in wet locations.

Electrical Penetrations: Seal openings around electrical penetrations through fire resistance-rated walls, partitions, floors,
and ceilings utilizing proper firestopping materials to maintain fire resistive integrity.

Grounding and Bonding: In accordance with NFPA 70. Ground exposed, non-current-carrying metallic parts of electrical
equipment, metallic raceway systems, grounding conductor in metallic and nonmetallic raceways, and neutral conductor
of wiring systems. Make ground connection to driven ground rods on exterior of building.

1. Resistance: Maximum resistance-to-ground of grounding system shall not exceed 5 ohms under dry conditions.
Where resistance obtained exceeds 5 ohms, contact Design Professional for further instructions.

Repair of Existing Work: Repair of existing work, demolition, and modification of existing electrical distribution systems
shall be performed as follows:

1.  Workmanship: Lay out work in advance. Exercise care where cutting, channeling, chasing, or drilling of floors,
walls, partitions, ceilings, or other surfaces is necessary for proper installation, support, or anchorage of conduit,
raceways, or other electrical work. Repair damage to buildings, piping, and equipment using skilled craftsmen of
trades involved.

2.  Existing Concealed Wiring to be Removed: Existing concealed wiring to be removed shall be disconnected from its
source. Remove conductors; cut conduit flush with floor, underside of floor, and through walls; and seal openings.

3. Removal of Existing Electrical Distribution System: Removal of existing electrical distribution system equipment
shall include equipment's associated wiring, including conductors, cables, exposed conduit, surface metal raceways,
boxes, and fittings, back to equipment's power source as indicated.

4. Continuation of Service: Maintain continuity of existing circuits of equipment to remain. Existing circuits of
equipment shall remain energized. Circuits which are to remain but were disturbed during demolition shall have
circuits wiring and power restored back to original condition.

Panelboard Modifications: At the completion of the project, the Contractor shall provide a new typed index for all panels
in this building affected by this work.

3.2 FIELD QUALITY CONTROL

A.

Devices Subject to Manual Operation: Each device subject to manual operation shall be operated at least five times,
demonstrating satisfactory operation each time.

600-Volt Wiring Test: Test wiring rated 600 volt and less to verify that no short circuits or accidental grounds exist.
Perform insulation resistance tests on wiring No. 6 AWG and larger diameter using instrument which applies voltage of
approximately 500 volts to provide direct reading of resistance. Minimum resistance shall be 250,000 ohms.

Transformer Tests: Perform test classified as routine in accordance with NEMA ST 20 on each transformer.

GFI Receptacle Test: Test GFI receptacles with a "load" (such as a plug in light) to verify that the "line" and "load" leads
are not reversed.

Grounding System Test: Test grounding system to ensure continuity, and that resistance to ground is not excessive. Test
each ground rod for resistance to ground before making connections to rod; tie grounding system together and test for
resistance to ground. Make resistance measurements in dry weather, not earlier than 48 hours after rainfall. Submit
written results of each test to Design Professional, and indicate location of rods as well as resistance and soil conditions at
time measurements were made.
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