Specification Section 16C - Wire and Cable
1. 0	General
	This section includes furnishing and installation of 600V Specification TU and 1000V Specifications TR-LS and TT wire and cable.
1.1	Scope of Work
	Furnish all labor, materials, tools and equipment necessary to furnish and install all wire and cable work.
1.2	Codes, Standards and Specifications
a.	Codes, standards and specifications referenced in this Specification are to be the edition in effect at the time of the award unless otherwise noted, and to be are considered a part of this Specification as applicable.
1.	New York City Transit Authority Wire and Cable Specifications, Spec. TGN, "General Provisions and Definitions", dated July 19, 2018.
2.	The New York City Transit Authority Wire and Cable Specifications, Spec. TGN, referred to above shall be modified as follows:
 (a)	Article IV, "Patent Protection and Guarantee" shall not apply since these subjects are covered in the Contract forming a part thereof.
(b) The word "Contractor's" should be substituted for the word "Authority's" in the section providing for the marking of tags on reels and coils in Article III, "Shipment". 

b.  Uniformity of Equipment: Any two or more pieces of wires or apparatus or materials or electrical equipment of the same kind, type or classification and being used for identical types of service, shall be made by the same manufacturer. 
1.3	Submittals
	Submit the following in accordance with Sections 1C, 16B, 16BA and the requirements of this Section:
a.	Product data for each product specified.
b.	Wire and Cable Samples and Test Reports.
[bookmark: _Hlk18480085] 1.   For all wire and cable specified under Specification TR-LS:
[bookmark: _Hlk17972779]           (a)  Submit Product data (catalog cut) for conditional approval.
[bookmark: _Hlk18495649]           (b)  Prior to delivery, submit for approval two copies of the notarized certified test     
                  reports of each type and size of wire and cable to be furnished. 
(c)  Submit a minimum twenty four‑inch sample of the wire or cable showing all 
    required surface markings including sequential footage markings, if applicable, and a copy of the conditional approval to the Department of Subway’s Maintenance of Way (MOW) cable group located at 130 Livingston St. Brooklyn, N.Y. 11201 Cubicle 8002A.
 2.   For all NEC type wire and cable (Specification TU):
           (a) Submit Product data (catalog cut) for conditional approval.
[bookmark: _Hlk18480219]           (b) Prior to delivery, submit two copies of a notarized Certificate of   
                 Conformance / Compliance from the manufacturer or distributor 
                            stating that the wire or cable has been tested and conforms to the requirements of  
                            the Underwriters' Laboratories Standards. 
[bookmark: _Hlk17972362]           (c)  Submit a minimum twenty four‑inch sample of the wire or cable showing all required  
                   surface markings and a copy of the conditional approval to the Department of 
                            Subway’s Maintenance of Way (MOW) cable group located at 130 Livingston St.  
                            Brooklyn, N.Y. 11201 Cubicle 8002A.                
3.   For all wire and cable specified under Specification TT:
           (a)  Submit Product data (catalog cut) for approval.
           (b)  Prior to delivery, submit for approval two copies of a notarized certified test     
                  reports of each type and size of wire and cable to be furnished. 
(c)  Submit a minimum twenty four‑inch sample of the wire or cable showing all 
    required surface markings. 
 c.    Manufacturer's Certification:  Signed by the manufacturer certifying that they comply with  
the Specification requirements.   Upon request submit evidence of experience	 
d. Report of Field Tests:  Certified copies of field tests.
e. Maintenance data for materials and products, for inclusion in Operating and Maintenance Manual.

2.0   Products
2.1  Lighting and Power Wire and Cables

a. 	Installations for nominal 600V services shall be as follows:

1.  	Spec TT, Table A, Issue #5, dated 08/01/2001 shall be used for branch circuit wiring for 600V fluorescent emergency lighting fixtures. 

2. 	Spec TR-LS, Table B, Issue #2, dated 10/15/2004 shall be used for electrical power wiring for feeders. 

b. Installations for 208Y/120V AC and 480Y/277V AC services shall be as follows:

1. Spec TU, Table E, Issue #12, dated 1/16/20 shall be used for normal / reserve feeder and branch circuit wiring. When installed in underground ducts, see Paragraph 2.1(b) (3). 

2. Spec TU, Table F, Issue #12, dated 1/16/20 shall be used for NFPA Standard 130 fire resistive cable for emergency/life-safety feeder and branch circuit wiring. 

3. Spec TU, Table G, Issue #12, dated 1/16/20 shall be used for service entrance conductors and conductors installed in underground ducts. All conductors #6 AWG and larger shall incorporate internal water blocking barriers to impede longitudinal water penetration. Seal the cable interstices of the conductors with super absorbent polymers, tapes and yarns.

4. Spec TU, Table H, Issue #12, dated 1/16/20 Multi-Conductor, Copper-Armored (Metal Clad Cable), LSZH Polyolefin Jacketed Cables (UL1569). UL Type MC, 90 Degrees C, 600V, NFPA 130, Min.1-Hr Fire-Rated (UL 2196).

c. Instrumentation & Controls Wiring shall be as indicated in the I&C specifications. 






2.2	Spec TT, TABLE A
 
SINGLE CONDUCTOR FLUOROCARBON (FEP) INSULATED
 TYPE ‘KK’ WIRE
Rated Circuit Voltage 601 - 1000 VOLTS

	Size of
Conductors
AWG
	Number
of
Strands
	Strand Diameter,
Inch
	Max. Lgt. of Lay,
inch
	Nominal Diameter over Conductor
Inch
	Max. Direct Current Conductor Resistance,
Ohms/1000 Feet
	Max. Dia. over Insulation,
Inch
	Max. Dia. over Insulation,
Inch

	12
	19
	0.0179
	1.5
	0.090
	1.92
	0.117
	0.133

	10
	37
	0.0159
	1.8
	0.111
	1.26
	0.137
	0.153



1. All conductors shall be copper.

2.3	Spec TR-LS, TABLE B

LOW SMOKE, LOW TOXICITY, NO HALOGEN,
ETHYLENE PROPYLENE RUBBER (EPR) INSULATED AND
LOW SMOKE, LOW TOXICITY, NO HALOGEN,
CROSSLINKED POLYOLEFIN JACKETED WIRE AND CABLES
Rated Circuit Voltage 1000 Volts

	Number
of
Conductors
	Size of
Conductors
AWG or
kcmil
	Number
of
Strands
	Nominal Direct Current Coated Conductor
Resistance,
Ohms per 1000 Feet of Cable at 25 C
	Average
Insulation
Thickness,
mils
	Minimum
Insulation
Resistance,
Megohm-
1000 Feet
at 15.6 C
	Potential
Test, AC Kilovolts
	Thickness
Of Jacket,
mils
	Maximum
Overall
Diameter,
Inches

	1
	10
	7
	1.08
	62
	3815
	5.0
	30
	0.33

	1
	8
	7
	0.678
	62
	3230
	5.0
	30
	0.36

	1
	6
	7
	0.427
	78
	3204
	6.0
	30
	0.44

	1
	4
	7
	0.269
	78
	2688
	6.0
	30
	0.49

	1
	2
	7
	0.169
	78
	2232
	6.0
	45
	0.59



1. All conductors shall be copper.

2.4 	Not Used

2.5	Spec. TU, TABLES E, F, G & H

2.5.1 Not Used.






2.5.2 Spec TU, TABLE E

LSZH CROSSLINKED POLYOLEFIN INSULATED WIRES AND CABLES
UNDERWRITERS’ LABORATORIES STANDARD – UL44/ 1581/ 1685
UL TYPE – XHHW-2 / ST 1, 90OC 
RATED CIRCUIT VOLTAGE 600 VOLTS 
	Number of
Conductors 
	Size of
Conductors 
AWG or kcmil
	Minimum
Number of Strands
	Nominal Insulation Thickness, 
mils
	Nominal Overall Diameter, 
mils

	1
	14
	7
	30
	130

	1
	12
	7
	30
	150

	1
	10
	7
	30
	180

	1
	8
	7
	45
	240

	1
	6
	7
	45
	270

	1
	4
	7
	45
	320

	1
	2
	7
	45
	380

	1
	1
	19
	55
	440

	1
	1/0
	19
	55
	480

	1
	2/0
	19
	55
	520

	1
	3/0
	19
	55
	570

	1
	4/0
	19
	55
	630

	1
	250
	37
	65
	700

	1
	300
	37
	65
	748

	1
	350
	37
	65
	800

	1
	400
	37
	65
	843

	1
	500
	37
	65
	930



1. All conductors shall be copper.



2.5.3 Spec TU, TABLE F

RUBBER INSULATED, CROSSLINKED POLYOLEFIN JACKETED WIRES AND CABLES
UNDERWRITERS’ LABORATORIES STANDARD – UL 44/ UL 2196
UL TYPE – RHH / RHW-2, 90OC 
RATED CIRCUIT VOLTAGE 600 VOLTS – NFPA STANDARD 130
(FIRE RESISTIVE WIRE AND CABLE FOR EMERGENCY / LIFE SAFETY SERVICE)

	Number of
Conductors
	Size of
Conductors
AWG or kcmil
	Minimum
Number of Strands
	Nominal Insulation Thickness, 
mils
	Nominal Overall Diameter, 
mils

	1
	14
	7
	45
	165

	1
	12
	7
	45
	180

	1
	10
	7
	45
	205

	1
	8
	7
	60
	265

	1
	6
	7
	75
	330

	1
	4
	7
	75
	375

	1
	2
	7
	75
	435

	1
	1
	19
	100
	525

	1
	1/0
	19
	100
	565

	1
	2/0
	19
	100
	605

	1
	3/0
	19
	100
	660

	1
	4/0
	19
	100
	715

	1
	250
	37
	130
	820

	1
	300
	37
	130
	870

	1
	350
	37
	130
	925

	1
	400
	37
	130
	988

	1
	500
	37
	130
	1050



1. All conductors shall be copper.
2. All conductors shall have a color stripping according to the NEC voltage colors.


2.5.4 Spec TU, TABLE G

Spec TU, TABLE G
RUBBER INSULATED CABLE WITH WATER BLOCKING BARRIER(s)
UNDERWRITERS' LABORATORIES STANDARD ‑ UL 44/854
UL TYPE – RHH / RHW-2 / USE-2 / Jacket / XLPO
Rated Circuit Voltage 600 Volts  

	Number of Conductors
	Size of Conductors
	Minimum Number of Strands
	Thickness (nominal)
	Nominal Outside Diameter

	
	AWG or kcmil
	
	Insulation
	Jacket
	

	
	
	
	mils
	mils
	mils

	1
	6
	7
	45
	30
	370

	1
	4
	7
	45
	30
	420

	1
	2
	7
	45
	30
	480

	1
	1
	19
	55
	45
	560

	1
	1/0
	19
	55
	45
	610

	1
	2/0
	19
	55
	45
	650

	1
	3/0
	19
	55
	45
	710

	1
	4/0
	19
	55
	45
	760

	1
	250
	37
	65
	65
	870

	1
	350
	37
	65
	65
	980

	1
	500
	37
	65
	65
	1120



	1. 	All conductors shall be copper.
	2. 	All cables shall contain a water blocking barrier(s). This water blocking barrier(s) shall be 10-12 mils thick and helically applied over the cable’s conductor with 25% minimum overlap. 
3. 	“VW-1” Flame Test is required for sizes #6 AWG to #1 AWG. 
4. 	Vertical-Tray Flame Test is required for sizes 1/0 AWG to 500kcmil and that the outer surface of the finished cable shall be marked “For Use In Cable Trays” or “For CT Use”. 


2.5.5 Spec TU, TABLE H (Metal-Clad Cable)

SILICON RUBBER INSULATED, COPPER-ARMORED, CROSSLINKED POLYOLEFIN JACKETED CABLES
UNDERWRITERS' LABORATORIES STANDARD –  UL1569 / UL2196
UL TYPE MC – RHH / RHW-2, 90ºC
RATED CIRCUIT VOLTAGE 600 VOLTS - NFPA STANDARD 130
(FIRE RESISTIVE)


	Number of
Conductors



	
	Size of
Conductors
AWG or kcmil
	Minimum
Number of Strands per conductor
	Nominal Thermoset LSZH Silicon Rubber Insulation Thickness, 
mils
	Nominal Thermoset LSZH Silicon Rubber Inner Jacket Thickness, 
mils
	Nominal Black LSZH XLPO Outer Jacket Thickness, 
mils
	Nominal Copper Armor Thickness, mils
	Normal Overall Diameter, mils

	5
(See Note 4)
	10
	7
	60
	50
	50
	25
	1185

	4
(See Note 5)
	2
	7
	70
	50
	50 
	25
	1605

	5
(See Note 
4)
	8
	7
	70
	50
	50
	25
	1320



NOTES:

(1)	These cables shall have a minimum fire rating of 1-hour when tested  in accordance with UL Standard 2196, 

(2)	The overall cable copper armor (metallic sheath) shall be impervious, continuously welded corrugated copper applied over the inner jacket.

(3) The outer covering of each conductor shall be identified by printing, in a legible and durable manner, its conductors circuit identification listed below, throughout its entire length.

a) The words “ONE, “TWO”. “THREE”, “NEUTRAL” shall be printed on the conductors outer covering for cable for conductor sized # 2.
b) The words “ONE, “TWO”. “THREE”, “NEUTRAL” and “GREEN” shall be printed on the conductors outer covering for cable for conductor sized # 10.  In addition to printing the word “GREEN” on the ground conductor, a green stripe shall be longitudinally applied on the opposite side of the conductors covering, 180 degrees apart from the words “GREEN”.



(4) One (1) conductor in this cable is circuit identified “GREEN” with a longitudinal green strip and is used as a Ground wire.

(5) This cable contains four (4) stranded bare copper #10 AWG wires.

(6) The conductors shall be copper and shall resist high temperature embrittlement when tested at 850  
      degrees C in accordance with ASTM B 170.

2.6	Wire and Cable Identification.
All equipment and all cable/wires in manholes and cable chambers pull boxes and electrical enclosures shall be identified/tagged as described herein:

a. All wires shall be color coded.

b. Cables in cable chambers and manholes shall be identified with stamped (embossed) brass tags, Seton, or approved equal, at the end of each duct fastened to the cable with two loops of #18 Monel wire.  The identification shall be as follows:
Line 1:  Voltage
Line 2:  Destination
Line 3:  Origin (Panel and Circuit)

c. Cables in pull/junction boxes shall be identified with wraparound type snap-on cable markers, Seton, or approved equal.  Lettering shall be black on yellow background.  The identification shall be:
Line 1:  Source, Circuit, Phase
	The neutral wire shall be marked only when there are multiple neutrals in the same pull/junction box.

d.	Cables in electrical enclosures shall be identified with wrap-around type snap-on cable markers, Seton, or approved equal.  Lettering shall be black on yellow background.  The identification shall be:
Line 1:  Destination, Circuit, Phase
The neutral wire shall be marked only when there are multiple neutrals in the same enclosure.

2.7    Solderless Lugs
     Solderless cast copper alloy body lugs shall be used for all wire and cable connections to all switches, switchboards, panelboards, etc.  and shall comply with UL 486.  For No. 4 cable or larger, use lugs with hex head brass screws.  For No. 6 wire or smaller, use one‑hole brass lugs with socket set screw. Install with copper bus lug stops for copper bus to prevent lugs from turning and decreasing electrical clearances between live parts. The lugs shall be similar in design, construction, and performance as manufactured by Burndy, T&B, or O-Z/Gedney company or approved equal. 




3.0	EXECUTION
3.1	Wiring
a.	Wire and cable shall be of the quantity and size indicated on the Contract Drawings, and in accordance with these Specifications.  All wire and cable shall be continuous without splices between pull boxes and termination of runs.  Sufficient slack shall be left in all boxes for splicing wires and making proper connections, as indicated on the Contract Drawings and as directed.

b. All wire or cable to be installed in one conduit shall be pulled in at the same time and directly from reels.  A vegetable compound, or any other lubricant approved, may be used for pulling wire and cable into the conduit. 

c. Wire to be used for metering shall be insulated for 0‑600 volt service and shall be single conductor No. 10 solid wire, color coded in accordance with the requirements of the Consolidated Edison Company. The single conductor shall be sized No.8 wire when the distance between CT cabinet and meter pan exceed 25 feet.

d. Within enclosures, troughs, wireways, etc., all phase conductors (and neutral, if any) of a feeder or branch circuit shall be grouped and tied together with marlin or other approved material.  If a feeder or branch circuit consists of parallel conductors, each set of conductors (one of each phase and neutral, if any) shall be of equal length and grouped and tied together.

e. Wiring for systems rated nominal 600 volts shall not occupy the same conduit with wiring systems rated less than nominal 600 volts.  A separate conduit or enclosure shall be used for each system, unless otherwise indicated on the Contract Drawings.  Wiring shall have 1000-volt insulation where the combination of systems is required.

f.	The insulation rating and solid color coding of all cables, unless otherwise indicated on the drawings, shall be as indicated below:  The Contractor shall mark all 480/277 volt equipment with a nameplate label indicating the phase and color wire used.  Nameplate label details shall conform with E-2052 - Typical Details for Equipment Identification and Wire Tags. 

	CABLE
	600 Volt Insulation
	1000 Volt insulation

	
	208Y/120 VAC
	480Y/277 VAC
	600 VAC
	600 VDC

	Phase A
Phase B
Phase C
Neutral
Positive
Negative
Service Gnd
Equipment Gnd
	Black
Red
Blue
White
----
----
Green
Green
	Brown
Orange
Yellow
Gray
----
----
Green
Green
	Black
Black
Black
Red
----
----
Green
Green
	----
----
----
----
Black
White
----
Green



g.	If no solid color for cables are available, color taping at the exposed end of each cable may be allowed, with the turns of the color taping overlapping one half.
3.2 Arrangements of Lighting Circuits
a. The wiring of lighting circuits for incandescent lighting shall be in accordance with the Contract Drawings.
 
b. The wiring of multiple lighting circuits shall be in accordance with the Contract Drawings and shall be connected to the 60 hertz, alternating current distribution systems.

3.3	Splices
a. Joints for No. 10 wire or smaller shall be made using electrical spring connectors, similar in design, construction and performance as manufactured by Minnesota Mining & Mfg. Co.  "Scotchlok" type or approved equal.  The insulation shall be stripped black, care being taken not to ring or notch the conductors.  The wires shall be twisted around each other and carefully inserted into the electrical spring connector.  Not less than five layers of vinyl plastic tape, .0085 inches thick, as manufactured by Minnesota Mining & Mfg. Co. No. 88, or approved equal, shall be wrapped around the flexible flare skirt of the electrical spring connector and the wire insulation, under tension, with the turns overlapping one half.  The connections shall have a conductivity and insulation resistance at least equal to that of the wire itself.

b. All joints for No. 8 cable or larger shall be made using copper solderless connectors made of high strength cast silicon bronze similar in design, construction, and performance as manufactured by O.Z. Gedney Company types "XTP" or "XTPC", Minnesota Mining & Mfg. Co., Burndy vinyl, or approved equal. All parts shall be assembled with steel socket head screws. The connectors shall be furnished and installed with covers which are made of high-dielectric and mechanical strength and will not support combustion. The connections shall have a conductivity and insulation resistance at least equal to that of the wire itself.

3.4	Installation of Cables and Wires in Conduits and Ducts
a.	Wires and cables shall be installed in conduits and duct lines, racked on walls, on columns, between columns, and suspended on insulators, as specified herein, as indicated on the Contract Drawings and as directed by the Engineer. 

b. Ducts shall be rodded and conduits shall be cleared by the use of proper tools.  Before any cable is pulled into a duct, a rigid mandrel of the same shape as the duct but approximately one‑quarter inch smaller, except as otherwise provided, and not less than eight inches long, shall be pulled through said duct from one end to the other.  Where offsets do not permit the use of an eight‑inch mandrel, a ball, the diameter of which is approximately 85 percent of the duct diameter, may be substituted upon approval.  Before any wire or cable is pulled into a conduit, a ball, the diameter of which is approximately 85 percent of the inside diameter of the conduit, shall be pulled through said conduit from one end to the other.  Before installing cables, break away all projecting pieces of ducts which may cause injury to the cables and place approved 6‑inch nylon or zinc duct shields beneath the cable at the ends of ducts for the purpose of cushioning the cable and protecting its sheath.  Clean ducts and install drag lines before installing wires and cables.  Drag lines shall be of an approved non‑combustible material.
If any of the existing ducts that are rodded in accordance with this Section are obstructed so that more than fifteen minutes is required to clear an obstruction in any one duct, the Contractor will 
be paid for the time spent in excess of fifteen minutes per duct as specified in Article 4.05, EXTRA WORK DIRECTIVE of the Contract Term and Conditions.

c.	The method of pulling cable through ducts or conduits shall be subject to approval.  Cable reels shall be set upon jacks in such position that the cable can be fed from them freely, without distortion or injury, into the ducts or conduits through an approved type bell or shield.  Extreme care shall be used in installing cable so as to avoid twisting, kinking, or in any way injuring the cable or its sheath.

1.	Cables must not be installed until all supports and housings are in place, completely installed.  Where required, shields of heavy fiberglass or approved equal, shall be furnished and installed to prevent cables from touching or rubbing against walls, concrete surfaces or columns.  The heavy phenolic boards shall be painted with two coats of approved fire-retardant paint.
2.	Where more than one wire or cable is installed in any duct or conduit run, all such wires and cables shall be pulled in at the same time.
3.	Cable pulling compounds shall be non‑injurious to the cable and shall be approved.
3. After the cable has been installed, the ends of the cable shall be immediately sealed as directed until such time as the cable is spliced or otherwise terminated.

d.	Cables entering at the top of vertical conduits shall be held rigidly in place by the use of cable wedges, similar in design, construction, and performance as manufactured by O.Z. Gedney Company, or approved equal.  Terminate the ends of all conduits by means of suitable bushings.  Where cables emerge from ducts, said ducts shall be effectively blocked by approved means to prevent access of rodents.
Cables installed in vertical conduit runs of twenty‑five feet or more shall be securely anchored in an approved manner by means of cable cleats in pull boxes.  Cables installed in vertical and inclined runs, not in conduit, shall be securely anchored in an approved manner at not more than five‑foot intervals.

e. Where required for new cables and where necessary to rerack existing cables in manholes and elsewhere as indicated on the Contract Drawings or as directed, furnish and install cable cleats, bushings, heavy galvanized cable racks in overlapping 27‑1/2‑inch sections, one‑, two‑ and three‑cable arms, white glazed porcelain insulators, or approved equal, and square spacers at the lower ends of cable rack assemblies.  Where existing racks can be used, use cable arms equivalent in quality, modified if required, with associated insulators.

1.	Cable cleats and wedges shall be constructed from plastic UTR. Cleats shall firmly clamp but shall not injure or distort the cable.  The cleats, together with steel cover plates, shall be fastened to steel supports by through bolts equipped with lock washers and nuts.  The steel supports shall be securely clamped to steel structural members by approved hook bolts or fastened to other structures by anchor bolts or other approved means.
2.	Rack the cables in the manholes, and elsewhere in an approved manner.  Racks shall be spaced approximately three and one‑half feet on centers.  A two‑cable arm shall be used to support a single large cable and a three‑cable arm shall be used to support two large cables.

f. Where cables pass through walls and floors or enter compartments, without being enclosed in ducts or conduits, approved porcelain tubes shall be furnished and installed for these cables.

g. [bookmark: _Hlk10550694]Where cables pass through bushings or where cables are installed in underground ducts or conduits, immediately after the cables have been installed, the ends of bushings and conduits shall be sealed with mechanical seals, similar in design, construction, and performance as manufactured by Roxtec, or approved equal.
 
h. Pump water out of manholes and removal of mud, silt and debris there from, if required.

i. In manholes and vaults and in the train ways and subway, all steel cable racks, hangers, straps, supporting members and other hardware used in connection with the installation of wires and cables, as specified herein, shall be protected by hot‑dip galvanizing after fabrication.

j. [bookmark: _GoBack]A nonmetallic sheathed cable shall not be bent to a radius less than eight times its diameter, a lead covered cable shall not be bent to a radius less than ten times its diameter and a shielded power or control cable shall not be bent to a radius less than fifteen times its diameter.  Wire and cable less than one‑half inch diameter may be bent to smaller radii if so directed.  Making short bends in any cable, or bending such cable over corners of structures, timbers, or the ends of conduit, will not be permitted.

k.	All wire and cable lengths shall be continuous and without splices in conduits between the points of connections, and sufficient slack shall be provided for the proper make‑up of such connections.  In duct manholes, splices shall be furnished as required.  Where cables are installed in ducts or conduits from manholes to other manholes or enclosures, splices in manholes shall be centrally located, except where otherwise specified or directed.
1.	Splices shall not be made in any wires or cables unless approved.  Every splice shall have a conductivity at least equal to that of the wire or cable.
2.	New and existing cables shall be spliced or otherwise connected as indicated on the Contract Drawings or as directed.
3.	Splices shall be made in accordance with Authority standards, copies of which may be obtained at the office of the Engineer.  Where no such standards exist, splices shall be made in accordance with the cable manufacturer's recommendations and shall be approved.  Submit for approval splicing kits, and also drawings if required, in accordance with such standards or recommendations.

l.	In each manhole or other enclosure, not less than two approved stamped tags shall be securely affixed to each cable installed under these Specifications.  The tags shall be in accordance with Authority standards.  The tag designations shall properly identify each cable in accordance with the duct assignment drawings, or as directed.  The cable tags shall be fastened to the cable with No. 18 United States Standard Wire Gauge (0.0475-inch diameter) monel wire lead seals, 9/16‑inch in diameter by 3/16‑inch thick, by means of an approved seal press.  The press shall include a die which will emboss the letters NYCTA on one side of the lead seal.

m. Power cables and all stranded conductors larger than No. 4 AWG shall, unless otherwise indicated on the Contract Drawings or directed, be equipped with approved cast copper terminals clamped to the conductors and said terminals shall then be securely fastened to the switch studs, bus bar, or other terminal, as directed.  Care shall be taken not to bend or injure the terminals or conductors in any way during installation.  All terminals or connectors found damaged or making improper contact after installation shall be removed, and new terminals or connectors shall be furnished and installed by the Contractor with no additional expense to the Authority. The ends of the cable shall be carefully prepared.  The jacket and the insulation shall be cut back to approximately one‑quarter inch from the edge of the terminal or connector.  After both the cable and the terminal or connector are cleaned and tinned, the two halves of the terminal or connector shall be securely bolted over the cable.

1.		Solid conductors, and stranded conductors, No. 4 AWG and smaller, shall have their ends neatly stripped of insulation, and the said ends shall be furnished and installed with self‑insulated, mechanical terminals, similar in design, construction and performance as manufactured by T & B "Sta‑Kon", or approved equal, and securely fastened to studs by clamping nuts or other approved means.  An individual nut shall be used for each conductor.  These terminals shall be installed with a tool which automatically ensures the correct depth of indentation, similar in design, construction and performance as manufactured by T & B No. WT‑145A, or approved equal.
2.	Wiring to terminal connectors shall be neatly dressed, and there shall be no nicks in the conductors where the insulation has been stripped.  All terminal connections shall be made up in such manner that no loose connections shall exist or develop when the wires or cables are put into service.  Cable connections shall be made in accordance with the connection diagrams on the Contract Drawings or as may be directed.  Where required, wires shall be bundled together with non‑combustible nylon tie straps, similar in design, construction and performance as manufactured by T & B, or approved equal.

n. Before cutting any existing cable, make sure the cable has been properly identified, de-energized and grounded or otherwise made safe. The ends of cables that are cut, made idle and left in place shall be sealed in an approved manner. Lead covered cables shall be sealed with lead. Cable ends shall be cutoff in order to make splices or other connections. Lead covered splices or other connections shall become the property of the Contractor.  Where necessary, existing cables will be tested before any work is done on them.  These tests, and any phase rotation tests before and proof tests after, will be made by the Authority and with the equipment of the Authority.  Splices failing under proof tests shall be replaced at no additional expense to the contracting Party or the Authority.

o. Heat Shrink shall be installed and is applicable only to Current Limiters. Under no circumstances shall heat shrink be used anywhere else without the explicit prior approval of the engineer.  

p. Cable Pulling Calculations 

1. Perform pulling calculations in accordance with the cable manufacturer’s cable characteristics and recommended pulling tensions.  The calculations shall be made by an Electrical Engineer, registered in the State of New York, and bear the seal and signature of the engineer who is responsible for the calculations.  Calculations shall be made for all conductors including DC traction power cable, 600 volt class power cable, and multiconductor control cable when installed in conduit under any of the following conditions: 
(a)   The conduit run exceeds 100 feet vertically 
(b)   The conduit run exceeds 300 feet horizontally 
(c)   The conduit run contains a total of over 180 degrees of bend. 
(d)   Provide calculations for any other runs when requested by the Engineer. 

2. The calculations shall establish that the Contractor’s cable installation conforms to the cable manufacturer’s maximum pulling requirements such that the pull can be implemented without damage to the wire or cable. 

3.    For pulling calculations, consideration shall be given to the following parameters - fill, coefficient of friction, clearance configuration, jam ratio of the cables and conduit, weight correction factor, bend radii, training of cables on entering and existing the conduits, maximum allowable tension, sidewall load, the method of attaching the conductors to the pulling equipment, and weight of the cables.  These factors shall be calculated for each pull as required.  The contractor shall not exceed the maximum allowable values of sidewall pressure, pulling strain on conductors or sheath, limits of pulling device, and pulling tension.
 
4. In general, do not exceed the following guidelines: 
(a) 	The maximum pulling tension on the cable with a pulling eye attached to the conductors is a function of the conductor area as follows: TM is equal to 0.008 x n x CM., where TM represents Maximum tension (pounds), n is equal to number of conductors; CM represents area of each conductor circular mils. 
(b) 	When a basket-weave grip is used in lieu of a pulling eye, the maximum tension shall not exceed the value calculated for the pulling eye method or 1000 lbs per grip, whichever is less. 
(c)    The sidewall pressure loads shall not exceed 300 pounds per foot of bend radius, or the Wire and Cable Manufacturer’s recommendation, whichever is less. 
(d)   The jam ratio shall not fall between 2.8 and 3.2. 
(e)   The coefficient of friction for the cables with lubrication shall be taken to be 0.5 

5. Cable shall not be installed until the Contractor receives approval from the Engineer for the pulling calculations and cable installation. 

6.	Record and submit to the Engineer all cable installation pulling tension    
	measurement results within 2 weeks of installation.

3.5	Fireproofing of Cables.
	a.	Fireproof power and communication cables where exposed in manholes containing positive or high-tension feeder cables, or other locations as required. Apply FlameSafe CFR Series, fire retardant arc tape fireproofing, to positive feeder cables, negative cables, high-tension feeder cables, power and communication cables in close proximity to positive feeder cables. All existing Asbestos Abated cables shall be re-fireproofed similar to fireproofing of new cables. 

	b.	FlameSafe CFR Series, fire retardant arc tape, similar in design, construction and performance as manufactured by RectorSeal Corporation or approved equal shall be applied in the following manner:
		1. 	Fasten end of tape (coated side faces out) to cable using a fiberglass cord or standard high temperature glass cloth tape. 
		2.	Wrap cables so that tape overlaps itself (approximately half its width) to provide an effective thickness of two layers. This allows cable to bend and flex without cracking, parting, or exposing the cable jacket. 
		3.	Fasten end of tape to cable as noted in Step 1. Fiberglass tie cord or fiberglass electrical tape is required for securing arc tape. Secure by spiraling around in the opposite direction as arc tape. Application rate is approximately 25 feet (8m) per 100 feet (75mm) wide arc tape.



3.6	Testing
a.	The Engineer reserves the right to require such tests, after installation, as in his opinion may seem adequate and reasonable to demonstrate that the work has been properly performed.  All apparatus, labor and other facilities necessary to make the tests shall be provided.  Any work which, in the opinion of the Engineer, is found to be defective, shall be replaced.

b.	Submit documents and perform tests as required.  Provide, A (certification), B (visual inspection & mechanical tests), and C (electrical tests) for the systems and system components as indicated below.  Where NA (Not Applicable) is indicated, no tests are required by this specification section.
	DESCRIPTION
	A
	B
	C

	SYSTEM COMPONENTS
	
	
	

	Wire, Cables
	Paragraph 1.3
	Paragraph 2.1; 3.1; 3.4
	16Q1.4

	Splices
	NA
	Paragraph 3.3
	16Q1.3o, 1.4

	Solderless Lugs
	NA
	Paragraph 2.7
	16Q1.3n




c.




	Acceptance of installed equipment shall be based on compliance with the specifications and on test results that meet stated values in the specifications or standards.







Submittal Approvals 


	Item
No.
	Paragraph
No.
	Submittal
	Approved By
(Engineer or Designer)

	1
	1.3a
	Wire and cable Product data
	      Designer


	2
	1.3b1(b), 1.3b2(b),
1.3b3(b) 
	Test report; Certificate of Conformance/Compliance
	Designer

	3
	1.3b1(c), 1.3b2(c)
	Wire and cable sample (Spec TRLS, 
Spec TU)
	Engineer (MOW)

	4
	1.3b3(c)
	Wire and cable sample (Spec TT)
	Designer

	5
	1.3c
	Manufacturer’s Certification
	Engineer

	6
	1.3d
	Report of Field Tests
	Engineer

	7
	1.3e
	Maintenance data for materials and products, for inclusion in Operating and  
Maintenance Manual.

	
Engineer

	8
	2.6
	Samples of wire and cable tags.
	 Designer




Notes:

1.	This table does not include approvals for "or equal" proposals.  Approvals for "or‑equal" proposals are covered in Information for Bidders, Paragraph 9 and Specification Section 1 B, Paragraph 1.38.

2.	This table does not include approvals for Operation and Maintenance Manuals. For submittal requirements and approval of manuals refer to Specification Section 1L.
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