DIVISION 26 - ELECTRICAL

Section 26 05 19 - 600 Volt or Less Wire and Cable


READ THIS FIRST

Notice to the Design Engineer, please refer to the Port of Seattle, Facilities and Infrastructure standards for reference before editing this specification.

This Project Spec Document may need additional modifications to suit your project. It is recommended that you proofread each section, paying attention to any “Notes” boxes such as this one--you should remove these “Notes” sections as you go. Also, do a search for all bracket characters “ [ ] “ as they are used to show you areas containing options or project specific details (you can use Microsoft Word’s Find feature {Ctrl-F} to jump to an open bracket “ [ “ character quickly). Again, these bracket characters should be removed.

It is important that every paragraph be numbered to allow for easy referencing. If you use the document’s built in styles and formatting your outline should be fine (turn on the formatting toolbar by going to View > Toolbars > Formatting). Most paragraphs will use the style “Numbered Material” and can be promoted (Shift) or demoted (Shift-Tab).

You should not have to manually enter extra spaces, carriage returns or outline characters such as A, B, C, or 1.01, 1.02; the formatting will do this for you. The entire document is 11 pt. Arial. If you paste items in, you may need to reapply the “Numbered Material” format.

PART 1   GENERAL

1.1 SUMMARY OF WORK
A. The extent and location of “600 Volt or Less Wire and Cable” Work is shown in the Contract Documents. This section includes requirements for insulated copper stranded conductors and associated connections for general power and control use at voltages below 600 volts, for sizes #14 AWG through 750 kcmil.

B. Refer to Section 26 32 29 - Rotary 400 Hz Converters for 400 hertz systems.
1.2 GOVERNING CODES, STANDARDS AND REFERENCES
A. ASTM B3 (American Society for Testing and Materials) – Standard Specification for Soft or Annealed copper Wire

B. ASTM B8 (American Society for Testing and Materials) – Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard, or Soft

C. NECA (National Electrical Contractors Association) - National Electrical Installation Standards

D. ANSI/NEMA WC 70/ICEA S-95-658 – Power Cables Rated 2,000 V or Less for the Distribution of Electrical Energy

E. NFPA 70 (National Fire Protection Association) - National Electrical Code

F. NETA (International Electrical Testing Association) – Acceptance Testing Specifications

G. UL 44 (Underwriters Laboratories) - Thermoset-Insulated Wires and Cables

H. UL 62 (Underwriters Laboratories) – Flexible Cords and Cables

I. UL 82 (Underwriters Laboratories) – Electric Gardening Appliances

J. UL 854 (Underwriters Laboratories) – Service-Entrance Cables

1.3 SUBMITTALS

A. Submit materials data in accordance with of Section 01 33 00 - Submittals. Furnish manufacturers’ technical literature, standard details, product specifications, and installation instructions for each type of product.
B. Submittals shall include the following:

1. Product Data: For each type of product.

2. Field Test Reports: Submit reports on tests required in Part 3.

1.4 QUALITY ASSURANCE

A. All wire and cable shall be new and made of copper. No aluminum wire and cable allowed, unless otherwise noted. 
B. Listing and Labeling: Provide wire and cable that are Listed and Labeled as defined in NFPA 70, Article 100 and marked for specific types, sizes, and combinations of conductors and connected items.

C. Comply with NFPA 70, as adopted and administered by F&I.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Deliver wire and cables according to NEMA WC 26.

PART 2   PRODUCTS
A.
If only one product is acceptable (single or sole source product), obtain an approved Competition Waiver and submit to the CPO Construction, Contract Administrator.  The language shall read as: “Manufacturer Name, Product # XXXXX, No Equal.”  Refer to CPO-6 Competition Waiver Policy for more information.

B.
If a Competition Waiver is not approved or more than one product is acceptable, this section must list a minimum of 2 products plus the language “Or Approved Equal,” along with salient characteristics.  Refer to CPO Construction’s Salient Characteristics Guidelines for more information.

2.1 MANUFACTURERS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 
1. Allied Wire and Cable

2. Brand-Rex Division of Leviton.

3. General Cable: Carol Brand.

4. Southwire Company.

5. Or Approved Equal

2.2 PRODUCTS

A. Provide wire and cable with conductor material and insulation type as specified in Part 3.

B. Copper Conductors: Comply with NEMA WC 70/ICEA S-95-658.

C. Conductor Insulation: Comply with NEMA WC 70/ICEA S-95-658 for Type THW-2, Type THHN-2-THWN-2, Type XHHW-2, Type UF, Type USE, and Type SO.

D. Multiconductor Cable: Comply with NEMA WC 70/ICEA S-95-658 for, mineral-insulated, metal-sheathed cable, Type MI, Type SO and, Type USE with ground wire.  
Conductor Material: Copper only. Aluminum is not acceptable unless unique engineering considerations dictate and approval is obtained from Facilities and Infrastructure.  
ALL conductors shall be stranded. This includes all branch circuit wiring in all sizes.

E. Flexible Metal Clad (Type MC) wiring shall not be used for general wiring purposes.  
2.3 CONNECTORS AND SPLICES 
A. UL listed, factory-fabricated wiring connectors of size, ampacity rating, material, type, and class for application and service indicated. Comply with Project’s installation requirements and as specified in Part 3 “Wire and Insulation Applications” Article.

B. For #14 through #10 AWG wire sizes, provide insulated spring wire connectors or insulated compression connectors. 

C. For #8 AWG wire, use solderless pressure connectors with insulating sleeves.
D. For #6 AWG and larger cable, use split bolt connectors with manufactured insulation covers or tape sufficient to provide 150% insulation level. As an option, compression connectors are acceptable using compression dies designed for the exact connector being used. Provide insulating sleeves manufactured specifically for the connector being used. 

PART 3   EXECUTION

3.1 EXAMINATION

A. Examine raceways and building finishes, to receive wire and cable for compliance with requirements for installation tolerances and other conditions affecting performance of wire and cable. Do not proceed with installation until unsatisfactory conditions have been corrected.

3.2 WIRE AND INSULATION APPLICATIONS

The following wire types sized for 75ºC operation are standard. Specify others only when special engineering considerations dictate. Use of the insulation types listed below with a (-2) following the DESIGNATION indicating suitability for 90º application may be used INTERCHANGEABLY with types shown for 75º C applications. Do not size conductors for 90º operating temperature unless special engineering considerations dictate otherwise.

A. Use THHN/THWN stranded copper for all wet and dry interior locations.

B. Use XHHW stranded copper for all exterior locations.

C. Use RHW/USE stranded copper for all underground lighting applications.

D. Service Entrance: Type SE or Type USE multiconductor cable.

E. Exposed Feeders: SE, USE sunlight exposed rated conductors. In addition, F&I will review and approve all catenary systems for strain relief and wind resistance.

F. Grounding conductors: #6 AWG and larger shall be stranded copper, bare soft drawn. #8 and smaller shall be stranded copper with green insulation.

G. Provide plenum and/or tray rated cable where required by the application.  

H. NO ALUMINUM WIRE ALLOWED.

I. Provide lead-free jacketing and/or insulation where available.  

3.3 INSTALLATION

Delete paragraph below for new construction.

A. Remove existing wire from raceway before pulling in new wire and cable.

B. Install wire and cable as indicated and according to manufacturer’s recommendations. Use NECA’s “National Electrical Installation Standards” where applicable.

C. As standard practice, route control conductors in separate raceways from power conductors. When dictated in contract document, control conductors may be routed in power raceway under the following conditions:

1. All conductor insulation shall have a voltage rating for the highest voltage in the raceway.

2. The largest power conductor in the raceway is #4 or smaller.

D. Pull Conductors: Use manufacturer-approved pulling compound or lubricant where necessary. Compound used must not deteriorate conductors or insulation. Do not exceed manufacturer’s recommended maximum pulling tensions and sidewall pressure values.

E. Use pulling means including fish tape, cable, rope, and basket-weave wire/cable grips that will not damage cables or raceway.

F. For parallel conductors of a single phase, insure that conductor lengths are equal by actual length comparison before installation.

G. Minimum conductor size for lighting and power circuits shall be #12 AWG, and for control circuits #14 AWG.

H. Provide dedicated neutrals for branch circuits. Shared neutrals shall not be allowed.  
I. Provide separate raceways for 480/277V feeders/circuits and 208/120V feeders/circuits.  
J. Provide phase testing for proper rotation of all motors.

K. All cables shall have their ends protected during installation.

L. Support cables according to Section 20 05 29 - Hangers and Supports.
M. Seal around cables penetrating fire-rated elements according to Division 7 Thermal and Moisture Protection, Section 07 84 00 - Firestopping.  
N. Restricted Conductors: Contractors in possession of aluminum conductors or solid copper conductors in their vehicles, storage or work areas may be removed from the site until such material is no longer on the premises.  
3.4 CONNECTIONS

A. Splices in raceways are not allowed. Splice only in junction or outlet boxes in accessible locations.

B. 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 (reprinted in the National Electrical Handbook Article 110-14).

1. For bolted connections in equipment, mark lugs after torquing with red paint such that paint will be visibly disturbed if lugs are disturbed. Use copper lugs only on main circuit breakers and feeder breakers. No CU/AL lugs allowed.
C. Connect outlets and components to wiring and to ground as indicated and instructed by manufacturer. 
D. Make splices, terminations, and taps that are compatible with conductor material and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors.

E. Wiring at Outlets: Install conductor at each outlet, with at least 6 inches of slack.
3.5 COLOR CODING AND PHASING

A. Provide colored insulation for wires #4 AWG or smaller.  
Engineer to add additional approved manufacturer/product number for colored plastic tape.  A minimum of two items is required otherwise a competition waiver is required.  
B. Color code conductors for all feeders as indicated in subparagraphs below. Provide a 2” wide minimum band of colored plastic tape, at terminations when colored insulation is not available. Tape shall be 3M Scotch No. 33, [        ], Or Approved Equal all weather vinyl plastic tape.  
1. 480Y/277-Volt, 3-phase, 4-wire systems:

	Phase A (left or top)
	Brown

	Phase B (center)
	Orange

	Phase C (right or bottom)
	Yellow

	Neutral
	Gray

	Ground
	Green

	Travelers
	Pink


2. 208Y/120-Volt, 3-phase, 4-wire systems:

	Phase A (left or top)
	Black

	Phase B (center)
	Red

	Phase C (right or bottom)
	Blue

	Neutral
	White

	Ground
	Green

	Isolated ground
	Green with yellow or orange stripe

	Travelers
	Pink


3. 120/240-Volt, 1-phase, 3-wire systems (non-standard):

	Phase A
	Black

	Phase B
	Red

	Neutral
	White

	Ground
	Green


4. 575V, 3Ø, 4-wire systems

	Phase A (left or top):

	Brown with purple stripe

	Phase B (center):
	Orange with purple stripe

	Phase C (right or bottom):
	Yellow with purple stripe

	Neutral:
	Gray with purple stripe

	Ground
	Green


5. For 240-volt delta systems (obsolete) the color of the high leg (approximately 200-Volts to ground) shall be red. Label the interior of panel as follows:

a. “CAUTION - HIGH LEG (RED) IS OVER 120V TO GROUND. DO NOT USE HIGH LEG FOR 120V CIRCUITS”

C. Control system color coding:

	120 VAC Control
	Red

	120 VAC Control Neutral
	White

	DC Control (+)
	Blue

	DC Control (-)
	Blue/White

	Ground
	Green


3.6 IDENTIFICATION

A. Identify wires and cables according to Section 26 05 53 - Electrical Identification.

B. Provide wire markers on each conductor in pull boxes, junction boxes and at all load connections.

3.7 FIELD QUALITY CONTROL

A. Coordinate installation and final testing with the Engineer.

B. Wire and Cable Tests: Test feeder and control circuits before they are placed in service.

1. 600-Volt Power Cable: Perform a continuity test for all cables. Megger testing for one half minute is required for all 600-volt insulated wire #2 AWG and larger using a 500-volt megger for 208- and 240-volt systems, and a 1000-volt megger for 480-volt systems. Test between phase conductors and from each conductor to ground before energizing service equipment, switchgear, switchboards, MCC’s (including all connected motors) and panelboards. Determine the values with cable disconnected at both ends. Megger wire and cable only after installation, not on the cable reel. Replace cables that do not meet Port insulation resistance requirements.

a. Provide phasing tests:

(1) Test and make all changes necessary to assure proper rotation of all motors.

(2) Correct phasing and phase sequence of all circuits susceptible to being paralleled.

(3) Perform other such phasing tests as may be required for the equipment being connected under this Contract.

b. Using a volt/ohm meter, test all power conductors below #2 AWG for possible continuity to ground.

2. Check all control wiring for tightness of terminal contacts and continuity (especially current transformer leads) through each “run” of control circuiting. Thoroughly verify all wiring by means of battery-powered lights, buzzers, bells, or telephones. After completing these continuity checks and tests on a given control circuit, attach a temporary cardboard tag on each end of cable tested which bears the date and name of Contractor’s representative responsible for checking. Follow this procedure for each control circuit cable. 
3. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.  
4. Correct deficiencies and retest to demonstrate compliance.

5. Record test information for all cables tested t, and provide Engineer with a copy.

PART 4   MEASUREMENT AND PAYMENT

4.1 GENERAL

A. No separate measurement or payment will be made for the Work required by this section. The cost for this portion of the Work will be considered incidental to, and included in the payments made for the applicable bid items in the [Schedule of Unit Prices] [Lump Sum price bid for the Project].

End of Section

Revision History:

05/01/2014 Conversion to 2004 CSI Numbering System

10/15/2014 Added Sole Source and Salient Characteristics Note to Part 2 and revisions

01/29/2015 Revised Sole Source
01/22/2018 Added Submittal Requirements
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