SECTION 26 05 19
WIRE AND CABLE

PART 1: GENERAL

1.1 SCOPE

This section includes the following:

A. Power, lighting, multiconductor control and instrument wire and cable (600 volt and below).

B. Terminating de​vices, splice kits, labeling, and appurtenances.

1.2 QUALITY ASSURANCE

Reference Standards - Wire and Cable shall conform to the latest a​pplicable standards published by the following agencies:

A. National Fire Protection Association (NFPA)

B. National Electrical Code (NEC).

C. Underwriters Laboratories, Inc. (UL):

D. Insulated Cable Engineers Association (ICEA)

E. National Electrical Manufacturers Association (NEMA)

1.3 SUBMITTALS  AND  SHOP DRAWINGS

A. Process catalog submittals for the following:

1. Power cable 

2. Control cable 

3. Instrument cable 

4. Conductor Connectors 

5. Tape Products 

6. Labels

B. Submit the following additional information obtained from the manufacturer:

1. Acknowledgment that products submitted meet requirements of standards referenced.

2. Manufacturer's installation instructions.

3. Test reports

C. Samples

1. Provide sample of largest size of each type of cable for review before installation.

2. Sample shall have a legible and complete surface printing of cable identification.

PART 2: PRODUCTS

2.1 WIRE AND CABLE

A. All conductors shall be soft-drawn, stranded annealed copper that meets ANSI 44, ASTM B3/B8.  Copper conductors shall be uncoated, except as otherwise speci​fied.  Acceptable manufacturers are as follows:

1. American Insulated Wire Corp.

2. Belden

3. Cablec Corp.

4. Dekoron

5. Southwire.

6. Okonite Co.

7. Pirelli Cable Corp.

8. Rome Cable Corp.

9. Triangle PWC, Inc. 

B. Insulation for all single-conductor power wires in sizes larger than #1/0 AWG that are used on 480 V circuits shall be insulated with ethylene propylene rubber and shall be PVC insulated with nylon sheath.  Furnish type XHHW-2 w​ire.

C. Insulation for all single-conductor power wires in sizes #1 AWG, and smaller, that are used on 120/240 V power circuits and control wiring shall be PVC insulated with nylon sheath.  Furnish type THHN w​ire. 
D. Ground conductors and neutrals shall have the same type of insulation as the power wiring serving the electrical load being served by the neutral or ground.

E. All single conductor THHN power cables #6 AWG and XHHW power cables #10 AWG and smaller shall be factory pigmented color coded. All power single conductor cables in larger sizes may be color coded or have factory pigment​ed black insulation.

F. Instrumentation and signal cable shall be shielded multi​conductor type with tin-plated stranded copper conductors insulated with PVC.  Wires shall be twisted pairs or triads shielded with aluminum-polyester shield.  A drain wire of two wire gauges less than the conductor size, shall be continuous and integral with the shield.  Furnish #18 AWG wire size in twisted pair, unless triads or other types or larger sizes are indicated.

G. Multiconductor control cable shall be 7 or 19 strands, concentric-lay, uncoated copper.  Conductors shall have type THHN insulation and have an overall jacket of not less than 15 mils average of PVC insulation.

H. Multiconductor cords shall consist of rubber insulated high-stranded copper conductors contained within neo​prene jacket. Furnish Type SO/600V class for 480V appli​cations and furnish Type SJO/300V class for 120/240V class appli​cations.

2.2 CONNECTORS

A. Mechanical connectors shall be tin-plated copper alloy bolted pressure type with bronze tin-plated hardware.  Furnish connec​tors equal to those specified as follows:

	
	Man​u​fac​turer

	Type
	Square D
	O-Z/Gedney
	Blac​kb​urn 

	Single conductor to flat-plate con​nec​tor (one-hole)
	   LUTP
	     XLH
	   LH

	Single conductor to flat-plate con​nec​tor (two-hole)
	   LU2TP
	     XLH
	   L2H

	Multiple conductor to flat-plate con​nector
	   LU3TP
	
	   TLH

	Two-bolt parallel con​nec​tor
	   KRTP
	     XTP
	   2BPW

	Cross connector
	   XPTP
	     XTP
	   XT

	Splice connector
	   SSTP
	     XW
	   S


B. Connectors for control conductor connections to screw termi​nals shall be crimp-type with vinyl insulated barrel and tin-plated copper ring-tongue style connec​tor. 

C. Terminal strip terminal connectors for control wiring shall consist of an array of channel mounted box lug terminals com​plete with mounting hardware, and closures and fitments that snap into metal mounting rail.

Terminal unit insulation shall be polyamide material that is non​hygroscopic and has a voltage rating of 300V.  Terminal unit metallic connectors shall be chromated zinc plated steel and current-carrying parts shall be addition​ally plated with tin.

All terminals shall be Square D class 9080 Type GM3, or equal, and that have wire capacity range of 22 AWG through 12 AWG. Furnish all rails, plastic partitions and end closures, and fitments to make a complete installa​tion.  Furnish fuses unit terminals where indicat​ed.  Each array of terminals shall consist of number required to accom​modate indicated control and/or signal functions plus at least 10% spares. For each terminal, furnish a plastic num​bered label that shall have capacity for two numbers.

D. Ground bus connectors shall be Square D type "LU-TP" or equal.

2.3 INSULATING PRODUCTS

A. Tape products shall be furnished as hereinafter specified and shall by Plymouth, Okonite, 3M, or equal.

B. General purpose electrical tape shall be 7 mil thick stretch​able vinyl plastic, pressure adhesive type, "Slipknot Grey,” 3M Scotch 33+, or equal.

C. Insulating void-filling tape and high voltage bedding tape shall be stretchable ethylene propylene rubber with high-tack and fast fusing surfaces.  Tape shall be rated for 90o C continuous, 130o C overload, and shall be moisture-proof.  Void filling tape shall be "Plysafe,” 3M Scotch 23, or equal.

D. High temperature protective tape shall be rated 180o C con​tinu​ous indoor/outdoor, stretchable, self-bonding silicone rubber.  High temperature tape shall be Plysil #3455, 3M Scotch 70, or equal.

E. Insulation putty filler-tape shall be Plymouth #32074, 3M Scotchfill, or equal.

F. Arc and fireproofing tape shall be Plymouth #3318, 3M Scotch #70 or equal.

2.4 LABELS

A. Colored banding tape shall be 5 mil stretchable vinyl with per​manent solid color.  Colors shall be as hereinafter speci​fied. Tape shall be Plymouth "Slipknot 45", 3M Scotch #35, or equal.

B. Numbered wire marking labels shall be PVC sleeve-type mark​ers, T&B, Brady or equal.

C. Cable identification ties shall be weather resistant polyes​ter with blank write-on space, T&B, Brady or equal.

2.5 MISCELLANEOUS MATERIAL 

A. Cable saddle supports shall be glazed porcelain type assigned to slip into 1 " wide slotted channel or, clamp split type porcelain saddles with stainless straps and hardware.  Fur​nish B-Line or equal porcelain saddles.

B. Cable grips shall be grip-type wire mesh with machined metal sup​port.  Furnish Kellems, Appleton, or equal products.

C. Conduit pullcords shall be glass-fiber reinforced type, foot-marked.  Pull tape for rigid nonmetallic conduit shall be nylon or polyethylene.

D. Wire pulling compound shall be cable manufacturer's standard containing    no petroleum or other products which will deteriorate insulation and be non-crumb​ling and non-com​bustible.

E. Fireproof conduit sealant: Nonhardenin​g, putty-like consistency workable at temperatures as low as 35 deg F. Compound shall not slump at a temperature of 300 deg F and shall readily adhere to clean surfaces of plastic ducts, metallic conduits conduit coatings, concrete, masonry, lead, cable sheaths, cable jackets, insulation materials, and the common metals. Compound shall have no injurious effect on worker's hands or materials.

PART 3: EXECUTION

3.1 POWER,  CONTROL, AND INSTRUMENTATION WIRING

A. Conductors shall be sized as shown and where no size is indi​cated, the minimum conductor size shall be #12 AWG for power conductors and #14 AWG for control and signal conductors.

B. Install all wiring in conduit.  Use multiconductor cords only where shown on the drawings.

C. Install feeders and 480 V branch circuits in individual conduits unless otherwise indicated on Drawings.

D. Do not install 120/208/240 V circuit in same conduit as 480 V circuit, except when the 120 V control circuit and the 480 V circuit are serving and controlling the same equipment.

E. Install instrumentation and control circuits in separate conduits as follows:

1. Do not combine 4-20 mA DC, 24 V DC, or 120 V AC conductors in common conduit.

2. Do not combine 4-20 mA DC, or 24 V DC conductors in common conduit with 240 or 480 V AC conductors.

3. Do not combine 120 V AC feeders or branch circuits in common conduit with 240 or 480 VAC conductors unless specifically called for on the Drawings.

4. Ground drain wire of shielded conductors at one end only.

5. Maintain electrical continuity of the shield when splicing twisted shielded pair conductors.

F. Specified sizes of wire shall be installed with factory​-​pigmen​ted colors.  Phase label black pigmented power wire with colored banding tape.  Color of tape applied shall be that specified as follows:

	Conductor
	120/208/240V Systems
	480V Systems


	Phase A
	Black
	Brown

	Phase B
	Red
	Orange

	Phase C
	Blue
	Yellow

	Neutral
	White
	Grey

	Equipment Ground
	Green
	Green


G. Wiring Support 

1. All cables in large handholes and manholes shall be ade​quate​ly and safety supported.  Loose, sloppy and inade​quately supported cables will not be accep​table.

2. All wiring inside equipment enclosures and inside hand​holes and manholes will be neatly trained and laced with nylon tie​wraps.

3. Cables in vertical risers shall be supported by Kellums, or equal, woven grips where necessary to prevent heavy loading on cable connections.

H. Cable shall not be pulled tight against bushings nor pressed heavily against enclosures.

I. Branch circuits may be spliced for receptacle, lighting and small appliance load inside appropriate junction boxes.  Feeders shall be installed from line-to-line without splices.

J. Spare cable ends shall be taped and coiled unless otherwise specified.

K. Cables shall not be bent to a radius of less than the manufacturer's recommended minimum bending radius.

L. All cables, including grounds, in one conduit over 1 foot long, or with any bends, shall be pulled in or out of raceway simultaneously.

M. All conduits that may allow hazardous or corrosive gasses or water to enter any building, enclosure or equipment shall be completely sealed with fireproof conduit sealant  after the wiring has been installed.

3.2 CONDUCTOR CONNECTIONS


A. Except as otherwise specified, taps and splices with #10 AWG and smaller, shall be made with insulated crimp wire connec​tors or by soldering.  Stranded conductors shall not be connected using twist on connectors.  Connectors in damp or wet locations shall be waterproofed by filling interstices around wires with sili​cone rubber and further insulating with an envelope of stretched piece of EPR tape around each wire.  Then, apply one-half lapped layer of electrical tape over all.

B. Taps, splices, and connections in #8 AWG and larger wires shall be made with copper alloy bolted pressure connec​tors.  Each such connector shall be insulated by means of applying insulation putty over sharp edges so as to present a smooth bonding surface.  Next, apply at least four (4) layers, half-lapped each layer of EPR tape.  Then, make final wrap​ping of at least three (3) lay​ers, half-lapped each layer of electrical tape.

C. Motor connections made with #10 AWG and smaller wire shall be made up with set-screwed copper lugs with threaded-on insu​lating jacket.  After make-up of each connector, install two (2) layers half-lapped, of high temperature tape over connec​tor barrel and down over wires into connector one (1") inch.

D. Motor connections made with #8 AWG and larger wires shall be made up with cast copper alloy splice connector.  Apply over each connector and down 1.5 inches over each wire entry, wrapping of high temperature tape.  Apply at least three (3) layers, half-lapped each layer of such tape with maximum build-up over the connector.  Then, apply final wrapping of at least three (3) layers, half-lapped each layer of electri​cal tape.

E. Terminate instrumentation and control wiring at control panels and motor control centers, at terminal boards mounted inside the equipment.

1. Contractor shall supply terminal boards if equipment is not f​urnished with terminal boards.

2. Do not field wire directly to devices.

3. Ground both ends of spare wires.

F. Control wiring connections to stud type and screw type ter​minals shall be made with ring-tongue type crimp connectors.

G. Each wire connection shall be made up tightly so that resis​tance of connection is as low as equivalent length of assoc​iated conduc​tor resistance.

3.3 MARKING AND LABELING

A. Install PVC sleeve type numbered marking labels to identify cir​cuit numbers from panelboards.  Install labels on each wire in each panelboard, junction, pullbox and device connection.

B. Label each wiring run with write-on waterproof labels inside each motor control center and in service switch​board.  In​stall write-on label ties around wire group at conduit en​trance and write-on label the wire size, conduit size and service.

C. Install PVC sleeve type numbered marking on each control wire termination at each terminal strip and at each device.  Do this in motor control centers, terminal cabi​nets, safety switches, remote controllers, pilot opera​tors, and instrumen​tation equip​ment.  Number selected shall correspond to number on terminal strip.

D. Apply numbered wire marking labels to each sig​nal wire ter​mination.  Use PVC sleeve type labels.

E. Phase band each black pigmented power wire with colored banding tape.  Do this at each termination.

F. Install waterproof plastic write-on labels over each set of power cables, control cables in each motor control center, switch​board, manhole and handhole to identify functions of wiring.  Identification shall show:

1. Wire Size

2. Conduit Trade Size

3. Load Served

4. Source

3.4 GROUND WIRING

A. Each item of equipment shall be adequately and thorough​ly groun​ded.  Comply with Article 250 of N.E.C., except where higher standards of grounding have been specified.

B. Equipment grounding conductors (EGC) shall be installed where indicated.  These wires shall be green colored in sizes #6 AWG and smaller and green banded in larger sizes.

C. EGC runs into equipment shall be grounded to equipment bus where available, or to equipment ground lugs.

D. Where grounding type bushings are installed, bond EGC there​to, and furthermore, ground each bushing lug to equipment ground bus or ground lug, or ground rod. 

E. In each motor terminal box, install equipment ground lug and connect EGC thereto. 

F. In each floodlight pole, install ground connector to pole and to ground rod and bond to conduit bushing and to EGC in branch circuit. 

G. Install ground mat.  Set in excavation at footing and at indicated elevation.  Use specified tin-plated copper conduc​tors for all ground mat and upcomer wiring.  Exo​thermally weld all connections.

H. Terminate upcomers from ground mat to underside of flush floor connectors and make run-back to nearest rebar and exothermally weld thereto. 

I. Bond top side of each flush floor ground connector to equip​ment bus and grounds as shown.  Use tin-plated bronze connec​tor and bolt.



END OF SECTION
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