
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, signal, control, and related systems rated 600 volts and less.

1.02 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract shall apply to this section.

B. Related Sections:

1. Specification Section 16050 - Basic Electrical Requirements.
2. Specification Section 16110 - Raceways.
1.03 QUALITY ASSURANCE

A. Reference Standards  

1. National Fire Protection Association (NFPA) 70 "Massachusetts Electrical Code (MEC)”.
2. Underwriter's Laboratories, Inc. (UL) Compliance.  

3. UL Standard 83 Thermoplastic Insulated Wires and Cables.

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

5. UL Standard 854 Service Entrance Cable.

6. National Electrical Manufacturers Association (NEMA) Compliance.  

7. WC‑5:  Thermoplastic Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy.

8. WC‑7:  Cross Linked Thermosetting Polyethylene Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy.

9. WC‑8:  Ethylene Propylene Rubber Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy.
10. Institute of Electrical and Electronic Engineers (IEEE) Compliance.  

11. 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 Section 01300 Submittals:

1. Product data for electrical wires, cables, and connectors.
2. Product data for Megger insulation Testing instrument and equipment.
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 in accordance with requirements in Division 16.

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 more than three equivalent 90 degree bends, for pulls in conduits underground or under slabs on grade, and where indicated.

4. Provide properly rated cables for all classified spaces. Where cables are installed in classified areas, provide adequately rated cables, seals and installation methods to meet requirements.
B. Service and Distribution Wiring:
1. 98 Percent conductivity copper

2. 600 volt insulation, type XHHW

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

C. Building Wire

1. 98 percent conductivity copper.

2. 600 volt insulation, type THWN/ THHN or XHHW.
3. Stranded conductor: #14 AWG and larger.

4. Minimum branch circuit: #12 AWG.

5. Minimum control wiring:  #14 AWG, unless otherwise indicated.

6. Minimum #10 AWG for 120 VAC circuits more than 100 feet long.

7. Minimum #10 AWG for 277 VAC circuits more than 100 feet long.

8. Wire installed in underground ductbanks shall be XHHW.

D. Control Wiring
1. Control wiring for digital/ discrete signal wiring shall be 600V, minimum #14AWG, THHN/THWN, copper stranded, unless specifically indicated otherwise. Solid wire shall not be accepted.
2. Instrument cable for analog signal wiring (4-20mA DC) shall be shielded, 2-conductor, 300Volt rated, minimum #18 AWG, Belden No. 8760, Alpha Wire, or approved equal. Provide 600Volt rated cable where cable occupies the same enclosure and or same raceway with voltages greater than 300volt as specified.

3. Single Shielded Pair Instrument Cable

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

1. Belden Company.

2. Okonite Company.

3. Dekoron Wire and Cable Company.

4. Multi-paired Shielded Instrument Cable
a.
 Tinned copper, XLPE insulated stranded conductors, No. 16AWG minimum, twisted pairs with a shield for each pair, stranded #16AWG copper drain wire, and overall PVC outer jacket. Rated for 600volts minimum and conforming to UL 1581 or UL 13. Cables shall be rated for tray cable (T.C.) use where installed within a cable tray.

1. Belden Company.

2. Okonite Company.

3. Dekoron Wire and Cable Company.

E. VFD Motor Feeder Cable
1. VFD load-side power cable shall be shielded, typed specifically for use with Variable Frequency Drives.
2. VFD cables 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 contract drawings.

5. Cables shall be equal to Belden Series 295XX, or engineer approved equal.

6. Cables shall be rated for tray cable (T.C.) use where installed within a cable tray.

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 “Scotchiok”.

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.’

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.
G. Local Area Network (LAN) Ethernet cable and terminations shall be designed for use with a Gigabit Ethernet (1000BASE-T) communications network as defined in ANSIlEIAffIA-568B and shall be installed according to Category 6 standards. 

1. Balanced twisted-pair cable shall have nominal impedance of 100 ohms at 1 Mhz. The twisted pair cable shall be plenum rated where installed within air handling spaces and shall have four pairs of solid copper conductors 22 A WG to 24 A WG. Category 6 cable sha1l be as manufactured by Belden, Berk-Tek, Mohawk or equal.
2. All terminations on the twisted pair cable shall be made using 8-position 8"contact (8P8C) modular connectors connected according to ANSIlEIAfTIA-568B and as specified by the manufacturer. Terminations shall provide strain relief on the cable jacket. Strain relief on the wire and/or wire insulation shall not be acceptable. Terminations shall be as manufactured by Ortronics, Panduit, Siemon or equal.
H. Multi-pair Telephone Cable for interconnection between telephone cross-connect blocks and telecommunications racks shall be Non-plenum with PVC jacket, 100 non-bonded pairs of 24 A WG wire. Telephone cable shall be third-party verified to ANSIlEIAffIA-568A Category 3, Belden 24501897 or equal. 

I. Tray Cable

1. Wire for process instrumentation signals (i.e. 1-5 VDC, 4-20 mA), R.T.D., potentiometer and similar signals shall be:

a) Individual Conductors: UL Listed Type XHHW-2, Rome VW-1, XHHW-2, FR-XLP insulation, 600 volts, sunlight resistant, rated for use in cable tray in accordance NEC Article 392.
b) Multi-conductor cable assemblies: UL 1277 Listed Type TC, Rome Type TC, XLP XHHW-2, 600 volts. Three Class B stranded copper conductor with XLP insulation, surface print phase identification, with a Class B stranded annealed copper grounding conductor and suitable fillers, cable tape and overall sunlight resistant PVC jacket surface printer.

c) Control Cable: UL 1277 Listed Type TC, 600 volts, Rome Type TC, stranded copper conductors, 30 mils FR-XLP flame retardant cross-linked polyethylene insulation, color coded, two conductors flat, three or more conductors twisted with suitable fillers, cable tape, CPE overall jacket, surface printed.
2.02 ACCEPTABLE MANUFACTURERS

A. Wire and Cable
1. American Insulated Wire Corp.

2. Brintec Corp.

3. Carol Cable Co., Inc.

4. Pirelli Cable Corp.
5. General Cable.

6. Rome.

7. Okonite Co.
8. Or Approved Equal.

B. Connectors and Terminals for Wires and Cable Conductors
1. AMP.

2. Burndy Corporation.

3. Ideal Industries, Inc.

4. 3M Company

5. O‑Z/Gedney Co.

6. Raychem.

7. Thomas and Betts Corp.

8. Or Approved Equal.

C. Ethernet Cable and Connectors
1. Black Box.

2. AMP.

3. Or Approved Equal.
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. Coordinate cable installation with other work.

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

E. 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.

F. Conceal all cable in finished spaces.

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

H. Power conductors shall be No. 12 AWG minimum.  Control conductors may be No. 14 AWG where circuit amperes and the NEC allow and when length does not pose a voltage drop problem.

I. Where more than 3 power conductors are installed in a common raceway ampacities of conductors shall be adjusted per NEC 310.15.

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

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

L. 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, or green with yellow stripe.

M. 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.  Grounding conductors may not all be scheduled.

N. In general, wiring for the following systems shall be run in separate conduits. Do not mix categories in a single raceway, busway, pull box or cable tray. Note that 24 volt DC digital and analog control wiring may be combined in single raceways.

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. 277, 480 VAC power wiring

O. 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. Panelboards and Distribution Equipment
2. Transformers

3. Motors.

4. Variable Frequency Drives
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 at 500 volts dc with a hand cranked or motor driven “Megger” insulation testing instrument. Battery operated test instruments are not permitted. All test instruments are to be provided by the Contractor.

E. If any insulation resistance measures less then 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. Any below grade service or feeder splices shall be water immersion Megger tested in the presence of the engineer. Each splice shall be immersed in a grounded water bath for 24 continuous hours prior to and during the test. Criteria for failure shall be as described above.
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