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SECTION 26 05 19    CABLE, WIRE AND CONNECTORS, 600 VOLT
GENERAL
WORK INCLUDED
Building wire:
Power distribution circuitry. 
Control system circuitry.
Lighting circuitry.
Appliance and equipment circuitry.
Motor-branch circuitry.
Outdoors lighting and power.
Other systems circuitry as designated.
Cable.
Wiring connections and terminations.
Electrical/control portion of HVAC work covered by Division 23 pertaining 600 volt cable, wire and connectors shall follow the requirement set forth by this specification.
REFERENCES
NFPA 70 – National Electrical Code, latest edition.
NEFA – Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems.
Where application of National Electrical Code, trade association standards or publications appears to be in conflict with the requirements of this Section, the Architect/Engineer shall be asked for an interpretation.
SUBMITTALS
Provide submittals in accordance with and in additional to Section 26 00 00, Basic Electrical Requirements, and   Division 01 for submittal requirement.
Submit manufacturer's literature and specification data sheets for each item of cable, wire connectors.
Qualification of cable and wire manufacturer:  Company specializing in manufacturing products specified in this Section with minimum ten years’ experience.
DELIVERY, STORAGE AND HANDLING
Provide factory-wrapped waterproof flexible barrier material for covering wire and cable wood reels, where applicable; and weather resistant fiberboard containers for factory packaging of cable, wire and connectors, to protect against physical damage in transit.  Damaged cable, wire or connectors shall be removed from project site.
Store cable, wire and connectors in a clean, dry indoor space in their factory-furnished coverings, which provides protection against the weather.
PRODUCTS
GENERAL REQUIREMENTS
Generally, cable, wire and connectors shall be of manufacturer's standard materials, as indicated by published product information. 
Provide factory-fabricated wire of the size, rating, material and type as indicated for each service.  Where not indicated, provide proper selection as required to comply with installation requirements and with NEC standards.  The minimum size wire to be used for power or lighting circuits shall be #12 copper with insulation as noted below.  Minimum size for control shall be #14 copper.
The conductors of wires and cables shall be of copper (tinned where specified), and have conductivity in accordance with the standardization rules of the IEEE. The conductor and each strand shall be round and free of kinks and defects.
Grounding conductors, where insulated, shall be colored solid green or identified with green color as required by the NEC.  Conductors intended as a neutral shall be colored solid white, or identified as required by the NEC.  All motor or equipment power wiring shall be colored according to Section 26 05 53, Electrical Identification.  
All cable specified for use in tray shall be multiconductor and shall have an outer jacket of flame-retardant, moisture and sunlight resistant polyvinyl chloride (PVC) and shall be UL and NEC approved type for tray installation.  
All low voltage power and control cable installed in open cable tray above ceilings used for return air shall be plenum rated.  Where tray cable is not available in size and type required, conductors shall be installed in conduit.
Use compression lugs for all wiring terminations, except on breakers or terminal strips in panel boards.
Provide factory applied color coded insulation unless otherwise approved per section 26 05 53 Electrical Identification, Part 2.1C.
BUILDING WIRE
WC 70/ICEA S-95-658-1999, Non-shielded 0-2kV Cables
Feeders and Branch Circuits-All sizes:  98% conductivity copper, soft-drawn, 600-volt insulation, THHN/THWN-2 Use XHHW-2 conductors where installed in conduit underground.
SPEC WRITER NOTE – CHOOSE ONE OPTION FROM BELOW 
[No. 12 AWG and smaller: Provide solid conductor 
No. 10 and larger: Provide stranded conductor]
[Provide stranded conductor for all sizes.]
REMOTE CONTROL AND SIGNAL CABLE
600 Volt Insulation Control Cable for Class 1 Remote Control and Signal Circuits, Type TC: 
Individual Conductors:  14 AWG, stranded copper, XHHW insulation.  Rated 90°C dry, 75°C wet, color-coded per ICEA Method 1 plus one green equipment grounding conductor.
Assembly:  Bundle wrapped with cable tape and covered with an overall PVC jacket.  Cable shall pass IEEE-1202 vertical tray ribbon-burner flame test (210,000 BTU) VW-1.
Instrumentation Cable:
300 Volt Instrumentation Cable, Multiple Pairs, Overall Shield, Type PLTC:
Individual Conductors: 18 AWG, stranded, tinned copper, flame retardant polyethylene or PVC insulated, rated 105°C, black and white numerically printed and coded pairs.
Assembly: Individual twisted pairs having a 100 percent coverage aluminum‑polyester shield and 20 AWG stranded tinned copper drain wire.  Conductor bundle shall be shielded with 100 percent coverage overall aluminum‑polyester shield complete with 20 AWG drain wire.  All group shields completely isolated from each other.  Bundle wrapped with cable tape and covered with an overall flame retardant PVC jacket.  Cable shall pass IEEE-383 vertical tray flame test (70,000 BTU) UL1581.
Life Safety Systems Cable:
All life safety system wiring shall be installed in dedicated conduit or raceway with adequate separation/shielding from all other systems.
Life safety systems wiring shall be as specified in the Section 28 31 00 - Fire Alarm and Smoke Detection Systems.
Security/Access Control/CCTV Cable:
All security/access control wiring shall be installed in dedicated conduits.
Security/access control wiring shall be rated and as specified below:

	
Circuit Type
	No. of Conductors
	
Conductor Specifications
	
Cable Specifications

	20 mA Current Loop
	2
	18-gauge, stranded copper
	2 cables, 1 twisted pair each required

	Card Reader Coaxial
	--
	18-gauge, solid copper, center conductor
	Schlage Model No. SE9284PL or Anicom 5910PL

	Contact Circuits
	2
	18-gauge, stranded copper
	Nonshielded, twisted

	CCTV Coaxial
	--
	--
	Belden 89259 plenum rated, or approved equal


All security/access control power circuit wiring shall comply with paragraph 2.2. Building Wire of this Section.
Plenum Cable for Class 3 Remote Control and Signal Circuits: 98% conductivity copper conductor, 300-volt insulation, rated 60-degree C, UL listed for use in air handling ducts, hollow spaces used as ducts, and plenums.
WIRING CONNECTIONS AND TERMINATIONS
Provide factory-fabricated, metal connectors of the size, rating, material, type and class as indicated for each service.  Where not indicated, provide proper selection as required to comply with installation requirements and with NEC standards.  Select from only following types, classes, kinds and styles.
Type:
Solderless pressure connectors.
Crimp.
Threaded. 
Insulated spring wire connectors with plastic caps for 10 AWG and smaller.
Class:	Insulated.
Material: Copper (for CU to CU connection).
Style:	
Insulated terminals.  Use ring-terminal for control wiring.  Use flange (fork) spade compression terminal for termination of stranded conductors at wiring devices, including ground connection.
Split bolt-parallel connector.
Pigtail connector.
Pre-insulated multi-tap connector.
EXECUTION
INSPECTION
Installer must examine the areas and conditions under which cable, wire and connectors are to be installed and notify the Contractor in writing of conditions detrimental to the proper and timely completion of the work.  Inspect wire and cable for physical damage.  Do not proceed with the work until unsatisfactory conditions have been corrected.
GENERAL WIRING METHODS
Install electrical cable, wire and connectors as indicated, in accordance with the manufacturer's written instructions, the applicable requirements of NEC and the National Electrical Contractors Association's "Standard of Installation", and as required to ensure that products serve the intended functions.
Coordinate cable and wire installation work with electrical raceway and equipment installation work, as necessary for proper interface.  Do not install the conductors until raceway system is complete and properly cleaned.
Cables shall be selected on the basis of their purpose and UL listing.  Generally, use Types THWN-2 and THHN-2 in building interiors and other dry locations.  Outdoors and underground in raceways, use Type XHHW-2.  Conductors subject to abrasion, such as in lighting poles, shall be Type XHHW-2.
No conductor smaller than No. 12 wire shall be used for lighting purposes.  In the case of "home runs" over 50' in length (100' for 277 volt) no conductor smaller than a No. 10 wire shall be used.  The sizing of all wire except remote control wire shall be accomplished in the case of both feeder and branch circuits by conforming to the following provisions.  Separate neutral conductors shall be provided for each phase of the same size for 120V/277V single-phase application for heavy electrical loads, computer loads, loads fed from isolated transformers, lab equipment, clinic equipment, dedicated circuits, unless noted otherwise on drawings.  Voltage drop on feeders and branch circuits shall not exceed NEC requirement. 

Include a separate neutral conductor with each phase conductor for all 120V and 277V circuits. Sharing of neutrals is not permitted. Provide a maximum number of 3 phase conductors in one conduit. 
Remote control wires shall be no smaller than No. 14 conductors.  Control wires shall be run in separate conduits.  Departures from the sizes so determined shall be made only in those cases in which the National Electrical Code requires the use of larger conductors.  The sizes as determined from these tables shall be regarded as the acceptable minimum under all other circumstances.  In no case, however, shall there be a voltage drop greater than that specified in any feeder or branch circuit.  The Contractor may, if he deems it necessary or advisable, use larger sized conductors than those shown.  Under no circumstances, however, shall the Contractor use any conductors sized in a manner which does not conform to the above mentioned tables without having first secured the written approval of the Owner's duly authorized Representative.
Install exposed wire and cable, parallel and perpendicular to surface or exposed structural members and follow the surface contours, where possible.
Splice branch circuits only in accessible junction or outlet boxes.  Control cable shall never be spliced except the final connection to field devices.  Where terminations of cables that are installed under this Section are to be made by others, provide pigtail of adequate length for neat, trained and bundles connections, minimum 5 feet at each location, unless noted otherwise on drawings.
Wiring Within an Enclosure:  Contractor shall bundle ac and dc wiring separately within an enclosure. The Contractor shall utilize panel wire-ways when they are provided.  Where wireways are not provided the Contractor shall neatly tag, bundle wires and secure to sub-panel at a minimum of every three inches with T&B Type TC5355 heavy duty mounting bases.
Do not band any conductor either permanently or temporarily during installation to radii less than four times the outer diameter of 600-volt insulated conductors.  
WIRING INSTALLATION IN RACEWAYS
Wire and cable shall be pulled into clean dry conduit.  Do not exceed manufacturer’s recommended values for maximum pulling tension.
Pull conductors together where more than one is being installed in a raceway.
Use UL listed pulling compound or lubricant, when necessary; compound must not deteriorate conductor and insulation.
Do not use a pulling means, including fish tape, cable or rope, which can damage the raceway.
Install wire in raceway after interior of building has been physically protected from the weather and all mechanical work likely to injure conductors has been completed.
Place an equal number of conductors for each phase of a circuit in same raceway.
Contractor can combine circuits in a common conduit as long as derating of the conductors’ ampacity and other NEC factors accounted for. The dedicated neutral conductor must be included as a current carrying conductor for all dedicated single phase circuits. 
Provide separate conduit or raceway for line and load conductors of motor starters, safety disconnect switches, and similar devices.  Those devices shall not share the same raceway.
All conduits shall contain a green grounding conductor.  Conduit, wireways, or boxes shall not be used as the equipment grounding conductor.
CABLE INSTALLATION
Provide protection for exposed cables where subject to damage during construction.  Do not install cable before the completion of raceway system.
Cable above ceilings shall be in conduit or raceways.  Cables, conduits and raceways shall not be laid on ceiling tiles or strapped to ceiling wire.
Use suitable cable fittings and connectors.
It shall be the Contractor's responsibility to accurately measure all cable runs before the cable is cut.  The Contractor shall furnish all tools and equipment, have sufficient properly trained personnel and shall exercise necessary care to ensure that the cable is not damaged during installation.  Cable found to be damaged before installation shall not be installed.  Cable damage during installation shall be removed and replaced.  Repairs to cables can only be done with written permission from the Owner's Representative and only under special circumstances.
Care shall be exercised with cables entering or leaving cable trays that all cable bend radii shall not be less than the recommended minimum and that cables are not left to rest unprotected on any sharp edge or corner.
PVC jacketed cable shall not be installed or worked in any way at temperatures below 32°F, unless cable has been previously stored in a heated area 48 hours prior to being pulled and transported to a heated pulling area.
Each cable entering an enclosure shall have its conductors bundled together and identified with the cable number.  All groups of conductors within an enclosure shall be shaped and formed to provide a neat appearance to facilitate future additions or rework.  All control conductors shall be numbered and shall be labeled at each termination with this number, using markers designed for the application.
Multi-Conductor Cable Installation:  Power and 120V control cable shall be installed in the same tray.  When cables leave trays, they shall be protected between the trays and the cable terminal points by drawing them through conduits. Do not route 600V cables (power cable and 120V control cable) in the same conduit or cable tray as low voltage cables (less than 50V, communications, security systems, or control conductors).  Do not route security systems, or control cables through communications rooms.  Fire alarm cable shall be routed in a separate conduit only.
Instrument Cable:  Instrument cable shall, when conduit installation is required be installed in rigid steel conduit.  They shall not be spliced at any point.  The shields and drain wires of shielded signal cables shall be grounded only at one point as indicated on the Drawings.
WIRING CONNECTIONS AND TERMINATIONS
Install splices, taps and terminations, which have equivalent-or-better mechanical strength and insulation as the conductor.  Make splices, taps and terminations to carry full ampacity of conductors without perceptible temperature rise.
Keep conductor splices and taps accessible and to a minimum, and in junction boxes only.  Control circuit conductors shall terminate at terminal blocks only.  Splices below grade shall only be in handholes or manholes and shall be made watertight with epoxy resin type splicing kits similar to Scotchcast.
Use splice, tap and termination connectors, which are compatible with the conductor material. 
Thoroughly clean wires before installing lugs and connectors.
Terminate spare conductors with electrical tape and label as spare.
Power and Lighting Circuits:  Use solderless pressure connectors with insulating covers for copper wire splices and taps, 8 AWG and larger.  For 10 AWG and smaller, use insulated spring wire connectors with plastic caps on lighting and receptacle circuits.
Use split bolt connectors for copper wire splices and taps, 6 AWG and larger.  Tape un-insulated conductors and connectors with electrical tape to 150 percent of the insulation value of conductor.
Connections for all wire sizes in motor terminal boxes where the motor leads are furnished with crimped-on lugs shall be made by installing ring type compression terminals on the motor branch circuit ends and then bolting the proper pairs of lugs together.  First one layer of No. 33 scotch tape reversed (sticky side out), then a layer of rubber tape, then two layers of No. 33 half-lapped.
Identify conductors per Section 26 05 53 - Electrical Identification.
FIELD QUALITY CONTROL
Torque test conductor connections and terminations to manufacturer's recommended values.
Perform continuity test on all power and equipment branch circuit conductors.  Verify proper phasing connections.
Conductors in vertical conduits or raceways shall be supported in the manner set forth in the appropriate section of the latest revision of the National Electrical Code.  Lighting fixtures shall not be used for raceways for circuits other than parallel wiring of fixtures.
Conductors may be run in parallel on sizes 1/0 to 500 MCM inclusive provided all paralleled conductors are the same size, length, and type of insulation.  Except as otherwise shown on drawings, no more than three conductors may be run in parallel, and they shall be so arranged and terminated as to insure equal division of the total current between all conductors involved.  Where parallel connection is contemplated, approval of the Owner's Representative must be obtained before installation is made.
TESTING AND ACCEPTANCE
Before final acceptance, the Contractor shall make voltage, insulation, and load tests, necessary to demonstrate to the Owner's Representative the satisfactory installation and proper performance of all circuits.
Test feeder conductors clear of faults. Insulation-resistance test shall be conducted per NETA – Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems.  Test results below 50 megohms shall be cause for rejection of the wiring installation.  Replace and retest all such rejected conductor.
At the completion of this project, the Contractor shall provide for the Owner 3 complete and finally corrected sets of working drawings.  These sets of working drawings shall be new, unused and in good condition, and shall include the nature, destination, path, size and type of wire and all other characteristics for complete identification of each and every conduit and circuit.
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