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WIRE AND CABLES
WOODARD & CURRAN 16120-1

SECTION 16120

WIRE AND CABLES

PART 1 – GENERAL

1.01 SCOPE:

A. The Contractor shall provide the labor, tools, equipment, and materials necessary to
install wires, cables, and connectors in accordance with the plans and as specified herein.

B. This section includes wires, cables, and connectors for power, lighting, signal, control,
and related systems rated 600 volts and less.

1.02 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. Related Sections:

1. Division 16: Section, “Basic Electrical Requirements”.

1.03 QUALITY ASSURANCE:

A. Reference Standards:

1. National Fire Protection Association (NFPA) 70 "National Electrical Code (NEC)

2. Underwriter's Laboratories, Inc. (UL) Compliance.

a. UL Standard 83 Thermoplastic Insulated Wires and Cables.

b. UL Standard 486A Wire Connectors and Soldering Lugs for Use with Copper
Conductors.

c. UL Standard 854 Service Entrance Cable.

3. National Electrical Manufacturers Association (NEMA) Compliance.

a. WC-5 Thermoplastic Insulated Wire and Cable for the
Transmission and Distribution of Electrical Energy.

b. WC-7 Cross Linked Thermosetting Polyethylene Insulated Wire and Cable for
the Transmission and Distribution of Electrical Energy.
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c. WC-8 Ethylene Propylene Rubber Insulated Wire and Cable for the Transmission
and Distribution of Electrical Energy.

4. Institute of Electrical and Electronic Engineers (IEEE) Compliance.

a. Standard 82 Test Procedure for Impulse Voltage Tests on Insulated Conductors.

1.04 SUBMITTALS:

A. Furnish manufacturer's product data, test reports, and materials certifications as required.

B. Submit the following in accordance with Conditions of Contract and Division 1
specification sections:

1. Product data for electrical wires, cables, and connectors.
2. Product data for Megger insulation testing instrument.
3. Report sheets for Megger testing.

1.05 DELIVERY, STORAGE, AND HANDLING:

A. Deliver wire and cable properly packaged in factory fabricated type containers, or wound
on NEMA specified type wire and cable reels.

B. Store wire and cable in clean dry space in original containers. Protect products from
weather, damaging fumes, construction debris, and traffic.

PART 2 – PRODUCTS

2.01 MATERIALS:

A. General:

1. 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,
NEC and NEMA standards. Select from the following UL types those wires with
construction features which fulfill project requirements:

2. Provide color-coding for phase identification as specified herein.

3. Provide factory applied nylon or polyvinyl chloride (PVC) external jackets on wires
and cables for pulls in raceways over 100 feet in length, for pulls in raceways with
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more than three equivalent 90 degree bends, for pulls in conduits underground or
under slabs on grade, and where indicated.

B. Service & Distribution Wiring:

1. 98 percent conductivity copper.

2. 600 volt insulation, type XHHW or XHHW-2.

3. U.L. listed for underground use in wet locations at 75° C.

C. Building Wiring:

1. 98 percent conductivity copper.

2. 600 volt insulation, type, THWN/THHN, XHHW, or XHHW-2.

3. Stranded conductor: #14 AWG and larger.

4. Minimum branch circuit: #12 AWG.

5. Minimum #10 AWG for 120 volt circuits more than 100 feet long.

6. Minimum #10 AWG for 277 volt circuits more than 230 feet long.

D. Control Wiring:

1. Control wiring for digital/discrete signal wiring, shall be 600V, minimum #14AWG,
THHN/THWN, copper stranded, unless specifically indicated otherwise.

2. Instrument cable for analog signal wiring (4-20mA DC) shall be shielded, 2-
conductor, 300 volt rated, minimum #18 AWG, Belden No. 8760, Alpha Wire, or
approved equal. Provide 600 volt rated cable where cable occupies the same enclosure
and/or raceway with voltages greater than 300 volt as specified below.

3. Single Shielded Pair Instrument Cable.

a. Tinned copper, XLPE insulated stranded conductors, No. 18 AWG minimum,
twisted pair with overall shield, stranded tinned No. 18 AWG copper drain wire
and overall PVC jacket. Rated for 600 volts minimum and conforming to UL
1581. Cables shall be rated for tray cable “TC” use where installed within a cable
tray.

1. Belden Company.
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2. Okonite Company.

3. Dekoron Wire and Cable Company.

4. Multi-paired Shielded Instrument Cable.

a. Tinned copper, XLPE insulated stranded conductors, No. 16 AWG minimum,
twisted pairs with shield over each pair, stranded tinned No. 18 AWG copper
drain wire, and overall PVC outer jacket. Rated for 600 volts minimum and
conforming to UL 1581 or UL 13. Cables shall be rated for tray cable “TC” use
where installed within a cable tray.

1. Belden Company.

2. Okonite Company.

3. Dekoron Wire and Cable Company.

E. VFD Cable:

1. VFD load-side power cable shall be shielded type specifically listed for use with
Variable Frequency Drives.

2. VFD cable shall be UL listed with 600V black XLPE insulation.

3. Cable shall be equipped with 100% foil shield.

4. Cables shall be stranded type with number and sizes of conductors as indicated on the
Drawings.

5. Cables shall include full-sized, insulated ground.

6. Cable shall be equal to Belden Series 295XX, or Engineer approved equal.

F. Splices:

1. No. 10 and smaller with 600-volt pressure type insulated connector of wire-nut type,
or equal; soldered and crimped type not allowed. Ideal type “wire nut” Buchanan type
“B-Cap” and Minnesota Mining (3M) type “Scotchlok”.

2. No. 8 and larger with solderless lugs or solderless connectors of Lock-tite or similar
type properly taped with plastic insulating tape, Minnesota Mining Co. #33, or equal,
then two half-lap servings of friction tape, Manson, or equal.’
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3. Wire connector systems for use with underground conductors shall be UL listed
specifically for such use.

4. Service entrance conductors shall be installed without splices. Electrical equipment
feeders shall be spliced only where shown or specifically approved. Control and
metering conductors shall be installed without splices.

5. All splices shall be made only by specific permission of the Engineer and then only in
manholes or pull boxes and shall be sealed watertight with a heat-shrunk insulation.

6. Tighten electrical connectors and terminals in accordance with manufacturer’s
published torque tightening values. Where manufacture’s torqueing requirements are
not indicated, tighten connectors and terminals to comply with tightening torques
specified in UL Standards 486A and 486B.

7. Use UL listed splice for all underground wires, ducts buried, in conduit and in ducts.
Connectors and splices shall be waterproof.

PART 3 – EXECUTION

3.01 WIRE AND CABLE INSTALLATION:

A. All wire and cables shall be installed in conduit of size and type indicated on the drawing
and specifications.

B. Install electrical cables, wires, and connectors in compliance with NEC.

C. Pull conductors simultaneously where more than one is being installed in same raceway.
Use UL listed pulling compound or lubricant, where necessary.

D. Use pulling means including, fish tape, cable, rope, and basket weave wire/cable grips
which will not damage cables or raceways. Do not use rope hitches for pulling
attachment to wire or cable.

E. Conceal all cable in finished spaces.

F. Install exposed cable parallel and perpendicular to surfaces or exposed structural
members, and follow surface contours, where possible.

G. Conductors shall be sized such that voltage drop does not exceed 3 percent for branch
circuits or 5 percent for feeder/branch circuit combination.

H. Provide adequate length of conductors within electrical enclosures and train the
conductors to terminal points with no excess. Bundle multiple conductors, with
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conductors larger than No. 10 AWG cabled in individual circuits. Make terminations so
there is no bare conductor at the terminal.

I. All feeder and branch circuit wiring shall be color coded at all termination and splice
locations. System neutrals shall be designated in addition to phase conductors.
Equipment grounds shall be green.

J. The number of conductors shown on the Drawings is not necessarily the correct number
required. As many conductors as are required in each case shall be installed. In general,
grounding conductors are not scheduled.

K. In general, wiring for the following systems shall be installed in separate conduits. Do not
mix categories in a single raceway.

1. 120 volt power wiring.
2. 120 volt control wiring, including, digital input and output signals.
3. 24 volt DC control wiring, including, digital input and output signals.
4. 24 volt DC analog control wiring (4-20mA).
5. Communications wiring.
6. Special & Emergency Systems

L. Conductors 600 volts and below shall be color coded in accordance with the following:

120/208 480/277
CONDUCTOR COLOR COLOR
Phase A Black Brown
Phase B Red Orange
Phase C Blue Yellow
Neutral White White/Gray
Equipment Grounds Green Green

3.02 FIELD QUALITY CONTROL:

A. The Contractor shall test each electrical circuit after permanent cables are in place with
terminators installed, but before cable or wire is connected to equipment or devices to
demonstrate that each circuit is free from improper grounds and short circuits.

B. The Contractor shall Megger Test, the insulation resistance between phases and from
each phase to ground for each of the following feeder and motor branch circuits:

1. Secondary Service Entrance
2. Distribution Equipment
3. Generator and ATS
4. Transformers
5. Variable Frequency Drives.
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6. Motors.

C. The Megger Testing shall be witnessed by the Engineer/Architect. The
Engineer/Architect shall be notified at least 48 hours in advance of testing.

D. Measure the insulation resistance with a digital "Megger" insulation testing instrument in
accordance with manufacturer’s recommendations. All test instruments are to be
provided by the Contractor.

E. If any insulation resistance measures less than 50 megohms, the cable shall be considered
faulty with the cable failing the insulation test. In moist environments, bag the ends of
the cable to prevent a faulty Megger test.

F. Any cable which fails the insulation tests or which fails when tested under full load
conditions shall be replaced with new cable for the full length and retested at no
additional cost to Owner.

G. The below grade service or feeder splice shall be water immersion Megger tested in the
presence of the Engineer. Each splice shall be immersed in a grounded water immersion
bath for 24 continuous hours prior to and during the test. Criteria for failure shall be as
described for cable above.

END OF SECTION
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SECTION 16130

RACEWAYS, BOXES AND SUPPORTING DEVICES

PART 1 – GENERAL

1.00 SCOPE

The Contractor shall provide the labor, tools, equipment, and materials necessary
to furnish and install raceways, boxes and supporting devices in accordance with
the plans and as specified herein.

Types of products specified in this section include:

1. Conduit, Raceways & Fittings

2. Supporting Devices.

3. Boxes and fittings.

1.01 RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division 1 specification sections, apply to this
section.

Related Sections:

1. Section 16050, “Basic Electrical Requrements".

2. Section 16120, “Wires and Cables”.

1.02 QUALITY ASSURANCE

Reference Standards.

1. Underwriter's Laboratories, Inc. (UL) Listing and Labeling. Items
provided under this section shall be listed and labeled by UL.

2. National Electrical Code (NEC).

3. National Electrical Manufacturers Association (NEMA).

1.03 SUBMITTALS

Furnish manufacturer's product data, test reports, and material certifications as
required.

In accordance with Conditions of Contract and Division 1 specification sections:
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1. Product data for cabinets and enclosures with classification higher than
NEMA 1.

2. Shop drawings for floor boxes and boxes, enclosures and cabinets that are
to be shop fabricated (non-stock items).

PART 2 – PRODUCTS

2.01 CONDUIT, RACEWAYS & FITTINGS

Provide conduit with ¾-inch diameter minimum, except where specifically shown
smaller on the Contract Drawings.

Conduit, connectors, and fittings shall be approved for the installation of electrical
conductors.

Refer to Table 3.01A for approved conduit installation guidelines.

1. Rigid Galvanized Steel Conduit:

a. Rigid steel conduit (RGS), including couplings, elbows, bends, and
nipples, shall conform to the requirements of UL 6 and NEMA
C80.1 Steel fittings shall be galvanized by the hot-dip process.

b. Fittings for rigid steel conduit shall be threaded and shall conform
to NEMA FB 1.

c. Gaskets shall be solid for fittings sized 1-1/2 inches and less.
Conduit fittings with blank covers shall have gaskets except in
clean, dry areas or at the lowest point of a conduit run where
drainage is required.

d. Covers shall have captive screws and be accessible after the Work
has been completed.

2. PVC-Coated Rigid Metal Conduit:

a. Rigid galvanized metal conduit coated with 40 mils thick
polyvinylchloride coating.

b. Fittings, elbows, supporting devices and accessories shall include
factory applied 20 mils thick polyvinylchloride coating and be
manufactured by the same as that of the conduit.

c. Use tools as recommended by the manufacturer so as not to
damage PVC coating. Where coating is damaged, touch-up with
PVC paint in the field after installation.
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3. Conduit Seals:

a. Provide factory fabricated watertight conduit sealing bushing
assemblies suitable for sealing around conduit, or tubing passing
through concrete floors and walls. Provide a cast in place water
stop wall sleeve with a mechanical pipe seal between the conduit
and the sleeve. Construct seals with steel sleeve, malleable iron
body, neoprene sealing grommets or rings, metal pressure rings,
pressure clamps, and cap screws.

b. Provide E.Y.S. seal fittings with appropriate potting material
where conduits enter or leave a Class 1, Division 1 or 2
environments or a Class 2, Division 1 or 2 environment, and
chemical rooms.

2.02 SUPPORTING DEVICES

Supports, support hardware, and fasteners shall be protected with zinc coating or
with treatment of equivalent corrosion resistance using approved alternative
treatment, finish, or inherent material characteristic. Products for use outdoors
shall be hot dip galvanized unless material is inherently corrosion resistant

Refer to Table 2.02A for approved supporting device installation guidelines.

1. Conduit Supports:

a. Single run hangers: Galvanized steel conduit straps or clamps, or
cast metal beam clamps. Perforated straps and spring steel clips
and clamps will not be permitted.

b. Group run hangers: Minimum 12-gauge galvanized preformed U-
channel rack with conduit fittings; 25 percent spare capacity.

c. Hanger rods: Threaded steel, 3/8-inch diameter, or as identified on
the Drawings.

d. Vertical run supports: Minimum 12-gauge galvanized preformed
U-channel struts with conduit fittings.

2. Equipment Supports:

a. U-channel: 12-gauge galvanized preformed U-channel struts with
fixture and conduit fittings, as applicable, unless indicated
otherwise on the Drawings.

3. Corrosive Area Supports:

a. Clamp Hangers, Pipe Straps, and Clamp Back Spacers for use with
PVC-coated rigid metal conduit shall have 40mil gray PVC
exterior coating.
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b. Hanger Rods: 20mil gray PVC exterior coated rod with threaded
ends only 3/8” and 1/2” sizes as required.

c. Strut Support: 20mil gray PVC exterior coating strut. Standard
channel, slotted channel, and back to back channel are acceptable.

Location/Equipment Acceptable Support Type
Electrical Rooms Galvanized Steel U-Channel
All Other Areas PVC Coated Steel U-Channel

TABLE 2.02A – Supporting Devices

2.03 BOXES AND FITTINGS

Boxes must have sufficient volume to accommodate the number of conductors
entering the box in accordance with the requirements of NFPA 70 and UL 514A.

Boxes that are exposed to weather, process areas, normally wet locations, and
locations exposed in mechanical spaces shall be cast-metal. Boxes in all other
finished areas shall be sheet metal. Refer to Table 2.03A for approved enclosure
types.

1. Cast Outlet Boxes:

a. Type FS shallow and type FD deep, cast feralloy.

b. Provide number of threaded hubs as required.

c. Use in all exterior, damp and locations exposed in mechanical
spaces.

d. Provide gasketed cover and accessories by box manufacturer for
complete weatherproofing. Provide correct box to accept
weatherproof covers as specified.

e.

Location/Equipment Acceptable Enclosure Type
Electrical Room NEMA 12
All Other Areas NEMA 7 Hazardous Location

TABLE 2.03A – Electrical Enclosure Types

PART 3 – EXECUTION

3.01 CONDUIT

Uses Permitted:

1. Use liquid tight flexible metal conduit for the final 24 inches of
connections to motors or control items subject to movement or vibration.
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2. Use PVC Coated RGS for all interior installations unless otherwise noted.

3. Refer to Table 3.01A below for approved conduit types:

Location/Equipment Approved Conduit Type
Electrical Room Rigid Galvanized Steel
All Other Areas PVC Coated Rigid Galvanized

Steel

TABLE 3.01A – Conduit Types

Any run of conduit between outlet and outlet, between fitting and fitting, or
between outlet and fitting shall contain not more than the equivalent of three 90-
degree bends, including those bends located immediately at the outlet or fitting.
Field bends shall be made in accordance with the manufacturer's
recommendations, which normally require use of a one-size-larger bender than
would be required for uncoated conduit. Installed conduit and fittings shall be
free of dirt and trash and shall not be deformed or crushed. Empty conduit shall
have a pull rope stalled.

Conduit shall be installed with a minimum of 3 inches of free air space separation
from mechanical piping.

Install exposed conduits, parallel or perpendicular to walls, ceilings, or structural
members. Do not run through structural members. Avoid horizontal runs within
partitions or sidewalls. Avoid ceiling inserts, lights, or ventilation ducts or outlets.
Do not run conduits across pipe shafts or ventilation duct openings and keep
conduits a minimum of 6 inches from parallel runs of flues, hot water pipes, or
other sources of heat. Wherever possible, install horizontal raceway runs above
water and steam piping.

Do not run conduits exposed on the exterior surface of buildings. Conduits
penetrating exterior walls below grade, at grade floors, or below grade floors shall
be sealed to prevent moisture migration. The exterior of the conduit shall be
sealed with a mechanical pipe seal. The interior conduit seal shall be a gland type
sealing bushing or RTV closed cell silicone foam. Ensure that conduits do not
retain water against these seals.

Raceways penetrating fire rated walls, floors, and partitions shall be sealed with a
fire rated sealant.

All conduits shall be supported with materials specifically made for this purpose.
Do not use wire hangers. Do not attach any parts of the raceway system to
ventilation ducts. Conduit supports shall be attached to the building. Support
conduits on each side of bends and on a spacing not to exceed the following: 6
feet for conduits smaller than 1 1/4 inches and 8 feet for conduits 1 1/4 inches and
larger. Support riser conduits at each floor level with clamp hangers. All
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underground conduits shall be securely anchored to prevent movement during
placement of concrete or backfill. Use precast separators and heavy gauge wire
ties or other approved fasteners.

Provide E.Y.S. seal fittings with appropriate potting material where conduits enter
or leave a Class 1, Division 1 or 2 environments or a Class 2, Division 1 or 2
environment, and chemical rooms.

Conduit connections to boxes and fittings shall be supported not more than 36
inches from the connection point. Conduit bends shall be supported not more
than 36 inches from each change in direction. Conduit shall be installed in neat
symmetrical lines parallel to the centerlines of the building construction and the
building outline. Multiple runs shall be parallel and grouped whenever possible
on common supports. Exposed ends of conduit without conductors shall be
sealed with watertight caps or plugs.

Bonding wires shall be used in flexible conduit for all circuits. Flexible conduit
shall not be considered a ground conductor.

Liquid tight flexible metallic conduits shall be used in wet and oily locations and
to complete the connection to motor-driven equipment.

Electrical connections to vibration-isolated equipment shall be made with flexible
metallic conduit in a manner that will not impair the function of the equipment.

A polypropylene pull rope with a tensile strength not less than 130 pounds shall
be installed in empty conduit.

Installation of Rigid Metal Conduit:

1. Ends of conduit shall be cut square, reamed and threaded, and joints shall
be brought butt-to-butt in the couplings. Joints shall be mechanically
tight. Conduit shall be protected against damage and the entrance of water
or foreign material during construction.

2. Ninety-degree bends of conduit with a diameter larger than 1 inch shall be
made with factory-made elbows. Conduit elbows larger than 2 ½ inches
shall be long radius. Field-made bends and offsets shall be made with an
approved hickey or conduit-bending machine. Changes in directions of
runs shall be made with symmetrical bends or cast-metal fittings.

3. At connections to sheet metal enclosures and boxes, a sufficient number of
threads shall project through to permit the bushing to be drawn tight
against the end of the conduit, after which the locknut shall be pulled up
sufficiently tight to draw the bushing into firm electrical contact with the
box. Conduit shall be fastened to sheet metal boxes and cabinets with two
locknuts where required by NFPA 70 where insulating bushings are used,
where bushings cannot be brought into firm contact with the box, and
where indicated.
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4. Conduit joints shall be made with tapered threads set firmly. Each length
of conduit cut in the field shall be reamed before installation. Where
conduit is threaded in the field, each threaded end shall consist of at least
five full threads. Corrosion-inhibitive compound (cold galvanizing paint)
shall be used on all conduit threads or any locations where the original hot
galvanized surface has been compromised.

5. Conduit stubbed-up through concrete floors for connections to free-
standing equipment except motor-control centers, cubicles, and other such
items of equipment shall be provided with a minimum of a 12” riser above
the floor slab is of sufficient thickness; if not, a floor box shall be provided
and set flush with the finished floor. Conduits installed for future use shall
be terminated with a coupling and plug set flush with the floor.

3.02 SUPPORTING DEVICES

Install supporting devices to fasten electrical components securely and
permanently in accordance with NEC requirements.

Coordinate with the building structural system and with other electrical
installations.

Conform to manufacturer's recommendations for selection and installation of
supports.

Install individual and multiple (trapeze) raceway hangers and riser clamps as
necessary to support raceways. Provide U-bolts, clamps, attachments, and other
hardware necessary for hanger assembly and for securing hanger rods and
conduits.

Support parallel runs of horizontal raceways together on trapeze type hangers.

Support individual horizontal raceways by separate pipe hangers. Spring steel
fasteners may be used in lieu of hangers only for 1 1/2 inch and smaller raceways
serving lighting and receptacle branch circuits above suspended ceilings only. For
hanger rods with spring steel fasteners, use 1/4 inch diameter or larger threaded
steel. Use spring steel fasteners that are specifically designed for supporting
single conduits or tubing.

In vertical runs, arrange support so the load produced by the weight of the
raceway and the enclosed conductors is carried entirely by the conduit supports
with no weight load on raceway terminals.

Support miscellaneous electrical components as required to produce the same
structural safety factors as specified for raceway supports. Install metal channel
racks for mounting cabinets, panelboards, disconnects, control enclosures, pull
boxes, junction boxes, transformers, and other devices.
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Install sleeves in concrete slabs and walls and all other fire rated floors and walls
for raceways and cable installations. For sleeves through fire rated wall or floor
construction, apply UL listed fire-stopping sealant in gaps between sleeves and
enclosed conduits and cables.

3.03 BOXES AND FITTINGS

Pullboxes shall be furnished and installed where necessary in the conduit system
to facilitate conductor installation. Conduit runs longer than 100 feet or with
more than three right-angle bends shall have a pull box installed at a convenient
intermediate location.

Boxes and enclosures shall be securely mounted to the building structure with
supporting facilities independent of the conduit entering or leaving the boxes.

Bonding jumpers shall be used around concentric or eccentric knockouts.

Installation of Outlet Boxes:

1. Use explosion proof boxes in Hazardous areas as identified on the
Drawings.

2. Use cast metal boxes in all other locations. Each box with associated
covers and fittings shall have a NEMA rating for each location installed.

END OF SECTION
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SECTION 16450

GROUNDING

PART 1 – GENERAL

1.01 SCOPE:

A. The Contractor shall provide the labor, tools, equipment, and materials necessary to
furnish and install grounding materials in accordance with the plans and as specified
herein.

B. This section includes solid grounding of electrical systems and equipment.

1.02 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. Related Sections:

1. Division 16: Section, "Basic Electrical Requirements".

1.03 QUALITY ASSURANCE:

A. Reference Standards.

1. "National Electrical Code" (NEC), as applicable to electrical grounding and bonding,
Art. 250. Use of conduit system for ground conductor shall not be allowed.

2. Underwriters' Laboratories, Inc. (UL). UL 467 "Electrical Grounding and Bonding
Equipment."

3. Institute of Electrical and Electronic Engineers (IEEE) IEEE 81 and 142.

a. 1-1983, "IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and
Earth Surface Potentials of a Grounded System (Part 1)."

b. 141-1993, "IEEE Recommended Practice for Electric Power Distribution for
Industrial Plants."

c. 142-1991, "IEEE Recommended Practice for Grounding of Industrial and
Commercial Power Systems."

1.04 SUBMITTALS:

A. Submit the following in accordance with Conditions of Contract and Division 1
specification sections:
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1. Product data for each type of product specified.

PART 2 – PRODUCTS

2.01 MATERIALS:

A. Provide each electrical grounding system with assembly of materials required for
complete installation including wires/cables, connectors, lugs, clamps, ground rods,
bonding jumpers and accessories.

B. Provide electrical grounding conductors for grounding connections matched to power
supply wiring materials and sized according to NEC.

C. Provide electrical connectors, lugs, clamps, boding jumpers and accessories as
recommended by the respective manufacturer for the particular application, unless other
indicated.

D. Ground rods; Solid copper clad, 3/4-inch diameter by 10 feet long.

E. Insulated conductors: Green in color.

F. Ground Bus. Bare annealed copper bars of rectangular cross section, ¼-inch x 3-inch x
length as required, with 98 percent conductivity, rigidly attached to structure.

G. Bonding Strap Conductor/Connectors. Soft copper, 0.05 inch thick and 2-inches wide,
except as indicated.

H. Pressure Connectors. High conductivity plated units.

I. Bolted Clamps. Heavy-duty units listed for the application.

J. Exothermic Welded Connections. Provided in kit form and selected for the specific
types, sizes, and combinations of conductors and other items to be connected.

PART 3 – EXECUTION

3.01 GROUNDING AND BONDING:

A. Provide and install 600 volt insulated bonding conductors throughout the distribution
system with connection to bonding (or grounding) terminal on each panel and panelboard
with connections to other equipment where specifically indicated and noted.
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B. Bonding conductors shall be continuous where possible. Where splices are required,
provide T & B, or equal, compression connectors of approved pattern. Insulate connectors
to equivalent thickness of conductors.

C. Provide grounding system for grounded circuit conductors of dry type transformer
secondaries as indicated and required. Use exothermic style ground connections to
building steel. Enclose grounding conductors in schedule 40 PVC conduit.

D. Provide equipment grounding conductors in all conduits containing power, control, or
instrumentation conductors on the load side of the service equipment or on the load side
of a separately derived system.

E. Comply with NEC Article 250 for sizes and quantities of equipment grounding
conductors, except that larger sizes indicated or shown on the Contract Documents shall
take precedence. Use of metallic conduit systems for equipment grounding as recognized
by the NEC shall not be permitted under this specification.

F. Install grounding bushings on conduits at both primary and secondary entrances to
transformers. Ground transformer enclosures to bushings.

G. Install bonding jumper for flexible metal conduit unless fittings are approved for
grounding or otherwise comply with NEC.

1. Size jumper to match over-current device.

2. Green insulation.

3. Connect to grounding bushing at each end.

H. Ensure that entire electrical system is electrically continuous and permanently and
effectively grounded, including all electrical equipment and motors.

1. Locate ground rods with a minimum of two rod length from each other and at least
the same distance from any other grounding electrode. Connect ground conductors to
ground rods by means of exothermic welds except at test wells and as otherwise
indicated. Drive rods until tops are 24 inches below finished floor or final grade
except as otherwise indicated.

I. Route grounding electrode conductors along the shortest and straightest paths possible
without obstructing access or placing conductors where they may be subjected to strain,
impact, or damage, except as indicated.

J. Ensure that grounding electrode conductor connections to interior piping, structural
members, and the like are accessible for periodic inspection during the life of the
structure.
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3.02 BONDING FOR OTHER TRADES:

A. Signal raceways, water piping, heating piping and metallic air ducts shall be bonded
together and to the grounding conductor with No. 8 soft drawn bare solid conductors.
Connections to pipes shall be made with cast clamps of like material as the pipes to
which attached, to ducting terminated in a secure manner by best practical means,
bonding across any flexible or insulated connections.

B. All bonding conductors shall be installed in a neat and workmanlike manner properly
shaped for contour of surface involved and properly supported. At locations remote from
the main service entrance panelboards, bond to the largest raceway nearby.

END OF SECTION
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SECTION 16490

ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

1.01 RELATED DOCUMENTS:

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

B. Division 16, Section “General Electrical Requirements”.

C. Division 16, Section “Grounding”.

1.02 SUMMARY:

A. This Section includes individually mounted enclosed switches and circuit breakers used
for the following:

1. Feeder and branch-circuit protection.

2. Motor and equipment disconnecting means.

1.03 SUBMITTALS:

A. Product Data: For each type of switch, circuit breaker, accessory, and component
indicated. Include dimensions and manufacturers' technical data on features,
performance, electrical characteristics, ratings, and finishes.

B. Shop Drawings: For each switch and circuit breaker.

1. Dimensioned plans, elevations, sections, and details, including required
clearances and service space around equipment. Show tabulations of installed
devices, equipment features, and ratings. Include the following:

a. Enclosure types and details.
b. Current and voltage ratings.
c. Short-circuit current rating.
d. UL listing for series rating of installed devices.
e. Features, characteristics, ratings, and factory settings of individual over-

current protective devices and auxiliary components.
f. Time-current curves, including selectable ranges for each type of circuit

breaker.
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2. Wiring Diagrams: Power, signal, and control wiring. Differentiate between
manufacturer-installed and field-installed wiring.

C. Field Test Reports: Submit written test reports and include the following:

1. Test procedures used.

2. Test results that comply with requirements.

3. Results of failed tests and corrective action taken to achieve test results that
comply with requirements.

D. Manufacturer's field service report.

E. Maintenance Data: For enclosed switches and circuit breakers and for components to
include in maintenance manuals specified in Division 1. In addition to requirements
specified in Division 1 Section "Closeout Procedures," include the following:

1. Routine maintenance requirements for components.

2. Manufacturer's written instructions for testing and adjusting switches and circuit
breakers.

3. Time-current curves, including selectable ranges for each type of circuit breaker.

1.04 QUALITY ASSURANCE:

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction,
and marked for intended use.

B. Comply with NEMA AB 1 and NEMA KS 1.

C. Comply with UL #98, Enclosed Switches and UL #508, Industrial Control Equipment.

D. Federal Specification W-S-865- Heavy Duty Switches.

E. Comply with NFPA 70.

F. Product Selection for Restricted Space: Drawings indicate maximum dimensions for
enclosed switches and circuit breakers, including clearances between enclosures, and
adjacent surfaces and other items. Comply with indicated maximum dimensions.

1.05 PROJECT CONDITIONS:
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A. Environmental Limitations: Rate equipment for continuous operation under the
following conditions, unless otherwise indicated:

1. Ambient Temperature: Not less than minus 22 deg F (minus 30 deg C) and not
exceeding 104 deg F (40 deg C).

2. Altitude: Not exceeding 6600 feet (2000 m).

1.06 COORDINATION:

A. Coordinate layout and installation of switches, circuit breakers, and components with
other construction, including conduit, piping, equipment, and adjacent surfaces.
Maintain required workspace clearances and required clearances for equipment access
doors and panels.

PART 2 - PRODUCTS

2.01 MANUFACTURERS:

A. Manufacturers: Square - D.

2.02 ENCLOSED SWITCHES:

A. Enclosed, Non-fusible Switch: NEMA KS 1, heavy duty type with lockable handle.

B. Rating: Voltage and number of poles as required for motor or equipment circuits being
disconnected. Switches used for service entrance equipment shall bear a UL label and
be rated for service entrance equipment.

C. Enclosed, Fusible Switch, 800 A and Smaller: NEMA KS 1, heavy duty type with clips
to accommodate specified fuses, lockable handle with two padlocks, and interlocked
with cover in closed position.

D. Double Throw Safety Switches shall be non-fused double throw with center OFF
position, quick-make, quick-break mechanism, visible blades in the OFF position and
safety handle. Rating, voltage and number of poles as required for the circuits being
disconnected

2.03 ENCLOSED CIRCUIT BREAKERS:

A. Molded-Case Circuit Breaker: NEMA AB 1, with interrupting capacity to meet
available fault currents. Thermal-Magnetic Circuit Breakers: Inverse time-current
element for low-level overloads, and instantaneous magnetic trip element for short
circuits. Adjustable instantaneous, magnetic trip setting for circuit-breaker frame sizes
150 Amp through 400 Amp.
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B. Molded-Case Circuit-Breaker Features and Accessories: Standard frame sizes, trip
ratings, and number of poles. Lugs shall be mechanical style suitable for number, size,
trip ratings, and material of conductors.

C. Application Listing: Appropriate for application; Type SWD for switching fluorescent
lighting loads; Type HACR for heating, air-conditioning, and refrigerating equipment.

D. Electronic Trip Unit Circuit Breakers (Frame sizes 400 Amp and larger): RMS sensing,
interchangeable harmonic trip unit, LED trip indicators with the following field-
adjustable settings:

1. Long-time pickup levels and adjustments (L).

2. Short-time pickup levels adjustments (S).

3. Instantaneous trip adjustments (I).

4. Ground fault pickup level, time delay, I2t response and adjustments (G).

5. Remote trip indication and control.

6. Modbus communication Capability; Integral communication module with
functions and features compatible with power monitoring, harmonic monitoring,
and control system

2.05 DOUBLE THROW SAFETY SWITCHES:

A. Unfused, double throw with center OFF position, quick- make, quick-break mechanism,
visible blades in the OFF position and safety handle. Rating, voltage and number of
poles as required for the circuits being disconnected.

2.06 ENCLOSURES:

A. NEMA AB 1 and NEMA KS 1 to meet environmental conditions of installed location.

1. Outdoor Locations: NEMA Type 4.

2. Corrosive Locations: NEMA Type 4X, stainless steel.

3. Wet or Damp Locations: NEMA Type 4.

4. Indoor Dry Locations: NEMA Type 1.

5. Indoor Dusty Locations: NEMA Type 12.
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6. Reference Specification 16130 “Raceways, Boxes and Supporting Devices” for
approved enclosure types.

2.07 FACTORY FINISHES:

A. Manufacturer's standard prime-coat finish ready for field painting.

B. Finish: Manufacturer's standard grey paint applied to factory-assembled and -tested
enclosures before shipping.

PART 3 - EXECUTION

3.01 EXAMINATION:

A. Examine elements and surfaces to receive enclosed switches and circuit breakers for
compliance with installation tolerances and other conditions affecting performance.
Proceed with installation only after unsatisfactory conditions have been corrected.

3.02 INSTALLATION:

A. Mount equipment so that sufficient access and working space is provided for ready and
safe operation and maintenance.

B. Securely fasten equipment to walls or other structural surfaces on which they are
mounted. Provide independent galvanized steel supports where no wall or other
structural surface exists

C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets
and temporary blocking of moving parts from enclosures and components.

D. Install in conformance with National Electrical Code.

3.03 IDENTIFICATION:

A. Identify field-installed conductors, interconnecting wiring, and components; provide
warning signs as specified in Division 16.

B. Enclosure Nameplates: Label each enclosure with engraved metal or laminated-plastic
nameplate mounted with corrosion-resistant screws.

C. For double throw switches identify source of each service identify source of each
service.

3.04 CONNECTIONS:
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A. Install equipment grounding connections for switches and circuit breakers with ground
continuity to main electrical ground bus.

B. Install power wiring. Install wiring between switches and circuit breakers, and control
and indication devices.

C. Tighten electrical connectors and terminals according to manufacturer's published
torque-tightening values. If manufacturer's torque values are not indicated, use those
specified in UL 486A and UL 486B.

3.05 FIELD QUALITY CONTROL:

A. Testing: After installing enclosed switches and circuit breakers and after electrical
circuitry has been energized, demonstrate product capability and compliance with
requirements.

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

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

3.06 CLEANING:

A. On completion of installation, inspect interior and exterior of enclosures. Remove paint
splatters and other spots. Vacuum dirt and debris; do not use compressed air to assist in
cleaning. Repair exposed surfaces to match original finish.

END OF SECTION
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