 Specification Section 16D - Conduits, Troughs, Boxes and Fittings
1.0	GENERAL 

	This section specifies furnishing and installation of conduits, troughs, boxes and fittings.

1.1	Scope of Work

a.	Furnish and install conduits, troughs, wire-ways, channels, boxes and fittings as specified and as indicated on the Contract documents, and as required for a complete raceway/conduit system.

b.	Rigid, Intermediate Metallic Tubing, Stainless Steel, Electrical Metallic Tubing,  liquid tight flexible metallic conduits, precast channels, troughs, cable runways, boxes and fittings required in the work shall be furnished as specified herein, shall conform to the sizes indicated on the Contract Drawings, or as directed.

1.2	Codes, Standards and Specifications

	Codes, standards and specifications referenced in this Section are to be in effect at the time the final design was completed, unless otherwise noted, and are considered to be a part of this Specification as applicable.....

a.	National Fire Protection Association (NFPA):
NFPA 70, National Electrical Code (NEC).
NFPA 130, Standard for Fixed Guideway Transit and Passenger Rail Systems. 2014

b.	Underwriters Laboratories, Inc. (UL).
UL1 Flexible Metal Conduit
UL4 Armored Cable
UL5 Surface metal Raceways and Fittings
UL6 Rigid Metal Conduit (Rigid Steel Conduit)
UL 514B Fittings
UL360 Flexible Conduit
UL 797 Electrical Metallic Tubing (Steel)

c.	National Electrical Manufacturers Association (NEMA):
NEMA VE1-2009 Metallic Cable Tray Systems.

d.	American Society for Testing and Materials (ASTM):

ASTM A123	Specifications for Zinc (Hot-Dip Galvanized) Coatings on Products Fabricated from Rolled, Pressed, and Forged Steel Shapes, Plates, Bars and Strip.

ASTM A153 Specifications for Zinc Coating (Hot-Dip) on Iron and Steel Hardware.

ASTM B695 Specification for Coating of Zinc Mechanically Deposited on Iron and Steel.

ASTM D2105 Test Method for Longitudinal Tensile Properties of Reinforced Thermosetting Plastic Pipe and Tube.

ASTM D2517 Specification for Reinforced Epoxy Resin Gas Pressure Pipe and Fittings.

ASTM D2996 Specification for Filament Wound Reinforced Thermosetting Resin Pipe.

ASTM E162	Test Method for Surface Flammability of Materials Using a Radiant Heat Energy Source.


e.	American National Standards Institute (ANSI).
ANSI-C12.1  ElectricityC12.1 Electricity Metering.
ANSI-C39.1  ElectricalC39.1 Electrical Analog Indicating Instruments.
ANSI-49  Gray49 Gray Epoxy Paint.
ANSI-C80.1 Electrical Rigid Steel Conduit
ANSI-C80.3 Electrical Metallic Tubing

f.	Occupational Safety and Health Act (OSHA).

g.	American National Standards Institute, Inc. / Institute of Electrical and Electronics Engineers (ANSI/IEEE)

h.	Inter-National Electrical Testing Association (NETA)

i.	National Electrical Safety Code (NESC)

1.3	Submittals

	Submit the following in accordance with Sections 1C, 19C, and the requirements of this Section.

a. Catalog cuts and other product data for each item.  Submit samples as required.

b. Shop drawings of conduits, precast channels, troughs, boxes and fittings indicating the exact location and manner of installation including dimensioned plans, sections, and elevations.  

c. Maintenance data for materials and products, for inclusion in Operating and Maintenance Manual.

d. Wiring diagrams, both elementary and schematic, differentiating between manufacturer-installed and field-installed wiring.

e. Report of Field Tests:  Certified copies of field tests including ground resistance tests.

1.4	Related Work

a.	Painting shall be as specified in Sections 9A / 9AS, Painting or Factory Coated as specified. 

b.	Galvanizing shall be as specified in Section 9M, Galvanizing.

c.	Ducts and Conduit shall be as specified in Section 16A.

1.5 	Quality Assurance

The equipment covered by these Specifications shall be the standard equipment of proven performance as manufactured by reputable concerns.  Equipment shall be designed, constructed and installed in accordance with the best practices of the trade, and operate satisfactorily when installed as shown on the Contract Drawings.


2.0	PRODUCTS

2.1	Rigid Metallic Conduits (RMC) and Electrical Metallic Tubing (EMT), Intermediate Metal Conduits (IMC), and Stainless Steel Conduits (SS)

a.	RMC, except where otherwise indicated on the Contract Drawings shall be of the best grade standard weight steel conduit, galvanized by the hot-dip process, as specified in Section 9M, Galvanizing.  Deliver conduits to the work site in bundles of standard lengths, each length marked with the trademark of the manufacturer.  Conduits shall bend about a radius equal to 10 times the internal diameter of the conduit, without signs of flaw or fracture in either conduit or coating.  RMC conduits shall be as manufactured similar in design, construction, and performance by Wheatland Tube or approved equal.

b.	Required ferrous metal bonding bushings, couplings, sealing locknuts, hangers, clips, etc., shall be protected with a coating of zinc applied by the hot-dip or mechanical method, as specified in Section 9M, Galvanizing.  The use of “3-piece” couplings, as manufactured similar in design, construction, and performance by ABB Installation Products, Erickson or approved equal, shall be minimized and used only where approved by the Engineer.  Threaded rods, nuts, bolts, flat and lock washers shall be protected against corrosion with a coating of zinc applied by the "electrogalvanizing process" as specified in Section 9M, Galvanizing, except when these items are specified to be in stainless steel.

c.	Electrical Metallic Tubing (EMT) shall be hot-dip galvanized steel (outside) with an organic (inside) coating and shall be produced in accordance with UL 797.  All fittings for EMT shall be galvanized steel, rain tight and compression-type.  EMT shall be as manufactured similar in design, construction, and performance by Wheatland Tube, Allied Tube & Conduit Corporation, or approved equal.

d.	IMC or SS conduits, conduit bodies and fittings shall be used only for emergency / life safety circuits.  IMC shall be hot-dip galvanized steel (outside) with an organic (inside) coating as manufactured similar in design, construction, and performance by Wheatland Tube, Allied Tube & Conduit Corporation, or approved equal.  SS conduits shall be as manufactured similar in design, construction, and performance by Calbrite Stainless Steel Conduit Systems or approved equal.


2.2	Reinforced Thermosetting Resin Conduit (Fiberglass) and Sleeves

	Reinforced Thermosetting Resin Conduit (RTRC) (Fiberglass) and sleeves shall be as per section 16A, except as noted in paragraph 2.3.

2.3	Physical Properties of Reinforced Thermosetting Resin Conduit   
          (Fiberglass)

a.	Ultimate tensile strength shall be 11,400 psi using ASTM-D2105.

b.	Ultimate compressive strength shall be 15,700 psi using ASTM-D695.

c.	Ultimate beam bending strength shall be 18,300 psi.

d.	Conduit shall have a bending radius of 12 in. for a two inch diameter, 18 in. for a three inch, 24 in. for a four inch, 30 in. for a five inch, and 36 in. for a six inch diameter.


2.4	Flexible Metal Conduit

a.	Flexible metal conduit shall be of the best grade interlocking spiral strip steel, non-PVC/non-halogen, low smoke, sunlight resistant jacket, liquid-tight, UL listed and of approved type and quality.  Steel strips used in the construction of flexible conduits shall be thoroughly annealed and fully coated with metallic zinc or shall be protected with other approved rust-resisting coating.  Interlocking spiral strip construction shall be such as to permit bending of the conduit to a radius of five times its diameter without spreading the strips so that they will open on the outside of the bend or compressing them so that rough surfaces will result on the inside of the bend or in any other way distorting or reducing the internal diameter of the flexible conduit at the bend.  Interior and exterior surfaces of the flexible conduits shall be smooth and free from any burrs, sharp edges and any other defects which may damage the wires to be pulled into the flexible conduits.  Flexible metal conduit shall be delivered in coils of standard length, each coil marked with the inscription stamp of the National Electrical Code and the trade-mark of the manufacturer. Flexible metal conduit shall be non-halogen type as manufactured similar in design, construction, and performance by AFC A Division of Atkore Liquid Tight, Liquatite ZHLA, ABB Installation Products LTZU, or approved equal.  Sizes 1-1/2 -inch to 4- inch, inclusive, shall be installed using an internal ground wire.

b.	Necessary ferrous metal bushings, couplings, locknuts, hangers, clips, etc., shall be of an approved type and shall be protected with a coating of zinc as specified in Section 9M, Galvanizing.  Flex conduit fittings for outdoor or other wet locations shall have additional protection from corrosion, such as mechanical galvanizing finish or triple coating (electrogalvanized-primer-powder coat)  or stainless steel when specified to be made of stainless steel.

c.	Flexible conduit connectors shall be grounding type, liquid tight connectors, with insulated throat, as manufactured similar in design, construction, and performance by ABB Installation Products 5332 Series, Crouse Hinds A Division of Eaton Liquidator / LTQ LiQuik series,  OZ/Gedney A Division of Emerson 4Q-LT series, SEPCO, or approved equal, suitable for wet locations or outdoor use.

2.5	Boxes and Fittings

a.	Pull boxes and outlet boxes, 10-inch by 10-inch and less, shall be made of cast or malleable iron with sides perpendicular to the bottom, conforming to the sizes indicated on the Contract Drawings, as manufacture similar in design, construction, and performance by Crouse-Hinds A Division of Eaton WAB series or approved equal. Exposed boxes shall have mounting lugs and hubs for 5 full threads.  Concealed boxes shall have slip holes.  No box shall be drilled for more than the number of conduits which enter it.  Boxes and covers shall be protected inside and outside by a coating of zinc, applied by the hot-dip process, as specified in Section 9M, Galvanizing.  Boxes 4 inch by 4 inch shall have 1/8-inch recessed covers, as manufactured similar in design, construction, and performance by Crouse-Hinds Aa Division of Eaton, or approved equal.  Secure covers to the boxes with No. 10-24 flat head countersunk, stainless steel machine screws.  A 1/8-inch thick, continuous, full surface neoprene gasket of an approved type, properly cut, shall be furnished and installed between each box and its cover.  Secure gaskets with an approved compound.  Gaskets having a self-adhesive backing will not be accepted.

b.	Pull boxes and concealed outlet boxes shall be sized as per applicable codes.  In non-public, back of house areas, and where not surface mounted, concealed sheet steel boxes may be used.   The minimum size shall be 4-inch by 4-inch by 3-inch, unless otherwise indicated on the Contract Drawings.  Surface mounted outlet boxes shall be 4-inch by 4-inch by 3-inch, as manufactured similar in design, construction, and performance by Crouse-Hinds A Division of Eaton “FD" series or approved equal, unless otherwise indicated on the Contract Drawings.  In general, bottomless boxes shall be 4-inch by 4-inch by 3-inch or as required to fit existing boxes.  Install bottomless boxes wherever new conduit connections to existing concealed boxes are required.  Covers shall have hubs for five full threads, where pendant fixtures are mounted on outlet boxes.

c.	Conduit bodies and moguls with covers shall be as indicated on the Contract Drawings, and galvanized by the "hot-dip process" as specified in Section 9M, Galvanizing, with stainless steel cover screws and shall be fitted with solid neoprene gaskets.  Covers shall be cast or malleable iron.  For 1-1/4 inch conduits and smaller, the conduit bodies shall be Form 35 or “Mogul” Type   without rollers, as manufactured similar in design, construction, and performance by OZ/ Gedney Company, A Division of Emerson, Killark, A Division of Hubbell Inc, or approved equal.  For 1-1/2 inch conduits and larger, the conduit bodies shall be “Mogul” Type (constructed in accordance with article 314.28 of the NEC for straight and angle pulls), with integral pulling rollers and captive cover screws, as manufactured similar in design, construction, and performance by OZ/ Gedney Company, A Division of Emerson, Killark A Division of Hubbell Inc., SEPCO, or approved equal.

d.	All boxes larger than 10- inch by 10- inch, including panelboard boxes, sheet steel boxes, troughs, etc., shall conform to the sizes indicated on the Contract Drawings or as directed and shall be constructed of No. 10 U.S.S. gauge sheet steel with continuously welded corners, unless otherwise indicated on the Contract Drawings.  The covers shall be No. 10 U.S.S. gauge sheet steel secured to the box with No. 10-24 round-head, stainless steel machine screws on 8 inch centers, maximum.  Boxes, troughs and covers shall be electrogalvanized after fabrication, finished with baked enamel as specified in Section 9AS, Painting, unless stainless steel is specified.  A 1/8- inch thick neoprene gasket of an approved type, properly cut to the width of the box flange, shall be furnished and installed between each box and its cover.  The gasket shall be bonded to the cover with an approved adhesive compound.

e.	Where vapor-proof fixtures are installed, hub type boxes of cast or malleable iron, shall be used, as manufactured similar in design, construction, and performance GUF series by Crouse Hinds, A Division of Eaton or approved equal.  Hubs shall be an integral part of the box and accommodate five full threads of the conduit.

f.	Fittings for rigid steel conduit shall be of cast or malleable iron, threaded, and be protected by hot dip galvanizing.  The use of split fittings or fittings which are attached to the rigid steel conduit with a clamping action shall not be permitted.  Fittings shall be complete with gaskets, and approved blank or nipple covers, or composition outlet covers, as required, held in place with approved screws.

g.	Junction, pull and outlet boxes shall be cast iron watertight and of ample size to permit pulling of cables without damage to the cable.  The length of the pull boxes shall be at least ten times the diameter of the conduit entering the box.

h.	Conduit fittings required shall include condulets, condulet unions, conduit junction boxes, “L” s, tees, bushings, watertight hubs, insulating bushings, grounding bushings, grounding locknuts, grommets, lock nuts, chase nipples, flanges, weatherheads, couplings, conduit bells and expansion fittings.

i.	Approved fiberglass boxes and fittings shall be used with fiberglass conduit.  Where steel conduit connects to fiberglass conduit, cast or malleable iron fittings to fiberglass fittings shall be used.

j.	Splice boxes for branch circuit wiring feeding station lighting fixtures (normal, reserve, emergency) and speakers shall be 1/8 inch thick extruded aluminum boxes (one, two or three compartment) with individual compartment cover and shall be installed on the main trough.  The boxes shall be rigidly and securely fastened in place and wiring shall be readily accessible.  The dimensions of the box are governed by the number of the trough compartments and number of feeds to the lighting fixture and determined as follows:
1. Length shall be 2 inches for one feed and 9.75 inches for two or more feeds to the fixture.
2. Width shall be 4 inches, 6 inches, or 8 inches depending upon the cross section.
3. Height shall be 2 inches.



2.6	Expansion Fittings

a.	Furnish and install conduit expansion fittings to compensate for linear thermal expansion and contraction of raceways.
Expansion fittings shall be installed as follows:

1. A conduit expansion fitting shall be installed at every location where the raceway crosses a structural expansion joint and at tube and tunnel portals.
2. Every 300 feet in all raceways which are more than 300 feet in length and which may include boxes and fittings.
3. At locations deemed necessary by the Engineer to provide for expansion and contraction of the raceway.

b.	Conduit expansion fittings shall consist of a hot-dip galvanized or zinc plated, malleable or ductile iron body and head which permits a conduit to telescope back and forth within the body.  The head shall provide a concrete-tight and weatherproof seal over the conduit.  Conduit expansion fittings shall be as manufactured similar in design, construction, and performance by OZ/Gedney A Division of Emerson, type AXB, ABB Installation Products type XJG-TB or approved equal all with an internal bonding jumper cable.  Conduits installed in the expansion fitting shall not be painted within four inches of the expansion fitting.  For station areas, tunnels and wet locations, the expansion joints shall be coated as per 16D3.24.

c.	Design conduit installations to withstand deflection.  Where raceways cross station canopies and at other locations where they are subject to deflection, install a length of flexible conduit in the raceway.  The installation shall include all required boxes, couplings, bushings and related items.

2.7	Wireway and Trough

a.	Wireway and trough shall be NEMA 4X with stainless steel hinge, clamp cover type of the sizes indicated on the Contract Drawings, complete with necessary elbows, tees, crosses, transition sections, adapter plates, transposition sections, bracket and mounting hardware for interconnecting power and control circuit feeders.  Wireway and trough layout indicated on the Contract Drawings is diagrammatic.  Actual field conditions may require modifications to quantities and lengths of wireway and trough.  Make necessary field inspections in order to prepare accurate shop drawings in accordance with existing conditions. Wireway and trough equal to or smaller in size than 12-inches by 12-inches shall be as manufactured similar in design, construction, and performance by Square "D" Company, A Division of Schneider type LJB, class 5200 Trench Duct, Hoffman Engineering Co., A Division of nVent Bulletin F-10 Lay-in series or approved equal. Wireway and trough larger than 12-inches by 12-inches shall be fabricated as specified hereinafter.  Wireway and trough shall open with hinge bottom front to permit access or position as directed.  Where conduit feeder runs interconnecting equipment are restricted by existing equipment, clearances or available space, wireway and trough layouts shall be submitted for approval for the indicated wire and cable sizes.  Wireway and trough shall have flanges and mounting surfaces compatible with equipment enclosures interconnected.  Modify enclosures to suit the installation of wireway and trough in an approved manner.  Conduit may be connected to trough using seal type locknuts on the outside and grounding bushings on the inside or watertight grounding hubs.  Submit details of fabrication, layout and enclosure modification for approval.

b.	Wireway and trough shall be constructed of No. 12 U.S.S. gauge stainless steel.  Seams shall be continuously welded without holes and knockouts.  Sections and fittings shall have smooth rounded edges to prevent damage to insulation.  Covers shall have oil resistant neoprene gaskets attached with an oil resistant adhesive.  Heavy butt hinges and latches shall be welded to covers and bodies.  Hand operated, quick release cover latches shall permit access to the wireway interior.  A solid oil resistant neoprene gasket shall be positioned between flanges when sections and fittings are bolted together.  Fabricate mounting brackets to suit local conditions.

c.	Station lighting fixture trough size and number of compartments shall be as indicated on the contract drawings and shall be constructed of extruded aluminum 0.125 inches thick.  The trough shall be a one piece construction with a removable individual cover for each compartment of 0.093 inch thick aluminum.  The cover(s) shall engage the wireway via slots or notches, and shall be fastened with flathead (countersunk) captive stainless steel TORX tamperproof screws.  The cover shall be 5 feet or 7.5 feet in standard length or as indicated in the contract drawing.  An individual compartment cover design shall be capable of accepting a 3/4” conduit with locknut and bushing.  The cover shall be gasketed to prevent steel dust from entering the compartments.  All wireways shall accommodate pendant mounted fixtures and surface mounted fixtures.  Troughs shall be connected with standard three sided couplers to make it dust proof and weather proof.  A No. 10 insulated copper ground wire, with insulation colored dark green, shall be installed throughout the troughs and shall be terminated in the rigid conduit system in an approved manner.  The wireway shall be furnished and installed with integral mounting ears and have the same finish as the lighting fixture.  The thickness of the extruded compartments shall be 0.125 (+0.030,-0.000) inches.
	The standard trough size shall be as follows:
		2 inch X 2 inch		one compartment
		2 inch X 4 inch		two compartment
		2 inch X 6 inch		three compartment
		2 inch X 8 inch		four compartment
		4 inch X 6 inch		five compartment

d.	Troughs for traction power substations have the following requirements:

1. Furnish and install steel troughs to house wires and cables interconnecting equipment and distribution boxes in power substations. Troughs shall conform to the National Electrical Manufacturers Associations standard for general‑purpose enclosures NEMA type 1.

2. Troughs shall be 2 ½ x 2 ½ inch square, 4 x 4 inch square, 6 x 6 inch square and 8 x 8 inch square, manufactured from 16 gauge steel (up to 6 inch square) and 14 gauge steel (for 8 inch square). Troughs shall be as manufactured similar in design, construction, and performance by Square “D” company A Division of Schneider, LDB series (2 & 1/2 inch x 2 & 1/2 inch),(4 inch x 4 inch), (6 inch x 6 inch) and (8 inch x 8 inch) or approved equal. Finish troughs with ANSI 61Gray Polyester finish over a corrosion resistant phosphate primer. Trough shall be UL listed.  For underground substations trough shall be rain tight (NEMA 3R), as manufactured similar in design, construction, and performance by Square “D” Company RDB series or approved equal.

3. Trough fittings shall have removable covers and sides to permit complete "lay‑in" of conductors throughout the entire run. The covers shall have keyhole slots to accept captive screws which shall lock the covers securely when closed.  Furnish and install sealing ears on both the trough lengths and connector covers to seal the entire run completely.

4. Fittings for troughs, including sweep elbows, tees, connectors, adapters, barriers, etc., shall be best quality as manufactured similar in design, construction, and performance by Square D Company, A Division of Schneider or approved equal.

5. Trough sections, elbows, tees, barriers connectors etc., shall be bonded and grounded as recommended by the trough manufacturer

2.8	Cable Bars - Subway

a.	Cable bars (arch bars) for supporting 600 Volt DC cables crossing the trackway shall be furnished and installed at locations as required and approved.  Cable bars supporting cable shall be made of 1/2 inch by two inch hot dipped galvanized steel bars.  Cable bars shall be equipped with fire-resistant, non-halogen, low smoke, reinforced fiberglass polyester blocks, material or approved equal. The blocks shall be fastened to the cable bar by bolts equipped with lock washers.  Design of the cable bars and details of the fiberglass block shall be similar to that used at present on Division B-2 (formerly known as the IND Division).  Where the depth of the arch is too shallow to permit the use of the bars described above and wooden blocks, install the cable on saddle type bars of an approved design, and, if necessary, Micarta strips or other approved material in a satisfactory manner.  Ends of the cable bars shall rest on the flanges of adjacent ceiling beams of the ceiling bay for a distance as determined by the engineer.  The concrete about the flange of the beams shall be cut out for the installation of the cable bar and after the cable bar has been installed the cut out portion shall be cemented in, to securely fasten the cable bar in place.  In portions of the subway it may be necessary to support saddle type cable bars from bolts slugged into the ceiling.  Cable bars shall be placed sufficiently close together to prevent sagging of the cable below the edge of the roof beams.  Five equally spaced cable bars shall be required for each track crossed where track centers are 13 feet six inches or less.  Where track centers are greater than 13 feet six inches, the maximum spacing between cable bars shall be two feet six inches.

b.	A maximum of three cable bundles will be permitted on each cable crossing.  Unless otherwise permitted, the weight of a cable bundle installed on a cable block shall not exceed ten pounds per foot.

2.9	Wire Chases

a.	Furnish wire chases for use within enclosures complete with associated material, as specified herein, as indicated on the Contract Drawings and as approved.

b.	Wire chases shall be furnished as indicated on the Contract Drawings and as described herein.  Wire chases shall be made of 1/8 inch thick aluminum.  The aluminum shall be bent or extruded to form three sides of the chase in one piece.  The fourth side shall consist of removable covers.

c.	Construct each wire chase with sufficient capacity to leave 60 per cent of the cross sectional area as free air space after the full number of wires are in place.  Sufficient space shall be available after installation, when covers are removed, to permit cables or wires to be installed or inspected.  Metal shall not protrude inside of the wire chase.

d.	The chase may be constructed in sections; sections shall be joined by a two inch lap, butt or joiner joint.

e.	Prior to fabrication of the chases, submit shop drawings showing designs and details for approval. The entire chase layout shall be as approved.

f.	Conduits may also be used as chaseways between the chase and other associated rooms, where approved.  Equip conduit entering chaseways with insulating bushings.

g.	Where applicable, the design of the chase shall be such that any wire from equipment shall reach its destination without passing through any other piece of equipment.

h.	Submit detailed drawings of the proposed layout of wire chases for each of the locations where installation is required to install a wire chase.

i.	In lieu of the 45 degree corner indicated on the standard drawings for horizontal and vertical turns, the Contractor will be permitted to provide a rounded corner with a minimum radius of six inches. Covers for the horizontal chases shall have the ends turned down about 3/4 of an inch to act as stiffeners. On wide chases, an additional steel angle shall be fastened or welded to the cover for reinforcement as required. Follow the requirements of standard drawings S-1701-B, Structural Angle Support for Relay Racks, Wire Chases and Fluorescent Lights; S-1702, Typical Details of Aluminum Wire Chase.  These drawings are available for inspection at the offices of Signal Engineering NYC Transit, 2 Broadway, 2nd Floor, New York, N.Y.

j.	Vertical chases shall have covers with a lap joint on the upper end to provide a rest for the adjacent cover until fastened.

k.	Chases shall be disassembled before shipping and shall be reassembled at the site of work. Certain wire chases, due to conditions requiring that the wires be installed prior to the installation of the wire chases, shall be designed so as to permit assembly of the chase around the wires.

l.	Where required, suitable openings and covers shall be furnished and installed to permit future expansion of the chase.

m.	Wire chase shall be inspected at the factory at the discretion of the Engineer. The Contractor shall notify the Engineer of the factory's scheduled fabrication and shipping dates.

2.10	Cable Trays for Station Platform Overhangs

a.	Furnish, complete with associated material, approved cable trays for installation under station platform overhangs and for crossing under the structure, as indicated on the Contract Drawings.

b.	Fabricate trays in ten foot sections, each section having two five-foot covers. Join sections with three foot wide wrap-around connecting plates. Form the sides and bottom from one piece of No. 10 gauge "Cor-ten" steel. Welded sections will not be permitted. Form the top of the sides into a lip, perpendicular to the sides, for the purpose of locking the hinged cover or, as applicable, for machine screw fastening.

c.	Trays for station platform overhangs shall have wrap-around covers hinged on the outside. Furnish and install covers with rotating locking devices that lock against the underside of the lip.  All hinges and locking devices shall be constructed of rust proof material.  Hinged covers shall be equipped to prevent them from opening beyond 180 degrees. 

d.	Trays for under structure shall have removable covers that shall be fastened to both side lips with machine screws.

e.	Form covers from one piece of No. 10 gauge "Cor-ten" steel.

f.	The size of the trays shall comply with NEC requirements of the cross sectional area and shall in no case have less than 60% free air space, after all required cables and wires are in place.

g.	Provide weep holes as required in cable trays.

h.	Submit for approval detail drawings of each type of tray.

2.11	Cable Runway Systems and Solid Bottom Trays at Locations Other than Station Platform Overhangs

1. Furnish approved cable runways and solid bottom trays (troughs) at locations indicated on the Contract Drawings.  Cable runways and solid bottom trays shall meet the requirements of NEMA standard number VE 1 (latest revision), Metallic Cable Tray Systems, and comply with Class Designation NEMA 12C requirements for loading and span.

1. Submit calculations showing percentage of fill and loading weight per foot.  The support span shall not exceed 8 feet unless otherwise approved.

1. The size shall comply with NEC requirements for the cross sectional area and shall in no case have less than 60% free air space after all required cables and wires are in place.

1. In general, cable runway systems shall be furnished in ten foot sections; other section lengths may be permitted if approved, depending on field conditions and design factors.  Join sections with approved wrap-around connecting plates.

1. For cable runways, stringers shall be 2”x3/8” solid bar. Rung shall be 1”x1/2” and spacing shall be nine inches on center.  Cable runway material shall be ASTM A36 structural steel.  Stringers shall have 13/32” holes for installation splice kits. All splice kits shall be made of ASTM 570 steel.  Finish all cable runways with black powder coat.  Cable runways shall be manufactured similar in design, construction, and performance by B-Line, series SB16, or approved equal.

1. Furnish solid bottom trays with covers.  In general, form covers from one piece and hot dip galvanize after fabrication (HDGAF). For indoor installations, in secure non-public areas, secure covers with cover connector clips.  For outdoor and vertical installations and indoor installations in public areas, secure covers with channel type cover connectors fastened with the manufacturer’s recommended tamper-resistant stainless steel screws spaced not more than 18 inches apart.

1. Furnish and install dividers for solid bottom trays as required.  Dividers shall be HDGAF flat steel of the proper size for the tray, and be installed in accordance with the manufacturer's recommendations.

1. Submit for approval detail drawings from the manufacturer for each type of cable tray system. Submit drawings showing the method of mounting the cable tray system for each different type of installation. Do not purchase or manufacture the cable tray until the mounting methods have been approved.

1. Submit sample calculations for thermal expansion/contraction to illustrate how adjustments/settings will be made at the time of installation.

1. Cable tray system shall be steel, hot-dip galvanized after fabrication in accordance with ASTM Specification A123.  Hardware shall be type 304 stainless steel.  Cable tray system shall be as manufactured similar in design, construction, and performance by Cooper B-Line, T.J. Cope, Inc., or approved equal.

2.12	Wall-Surface Metal Raceway System

a. 	Furnish a wall-surface metal raceway-system (raceway) as described herein,   indicated on the Contract Drawings.

b.	Furnish the raceway complete with all supports, bushings, couplings, fittings, elbows, connection covers, ground clamps, outlets, and related items for a complete raceway system.

c.	Raceway shall be as manufactured similar in design, construction, and performance  bby The Wiremold Company, series 500, 700, and 2000 or approved equal and listed by Underwriters' Laboratories, Inc.

2.13	Precast Polymer Concrete Cable Trough

a. The cable trough shall be similar in design, construction, and performance to Plastibeton® as manufactured by Oldcastle Moulded Products, or approved equal.

b. Material for cable trough and cover shall be a dielectric material, High Density Polymer Concrete. Material shall conform to the Suggested Material Speciﬁcations.

	Property
	Test Method
	Test Result

	Compressive strength
	ASTM C-170
	Min. 17,000 psi

	Modulus of elasticity in compression
	ASTM C-469
	Min. 6.0 x 106 psi

	Modulus of rupture
	ASTM C-99
	Min. 5,800 psi

	Direct tensile strength
	ASTM C-190
	Min. 1,600 psi

	Punching shear
	ASTM D-617
	Min. 6,000 psi

	Creep behavior in ﬂexure
	
	No effect at 60% of rupture after 2 months

	Impact strength
	ASTM B-95
	Min. 34 in-lb

	Coefﬁcient of expansion/contractor
	ASTM C-97
	Max. 7 x 106 ºF-1

	Water absorption
	ASTM C-97
	Max. 0.31%

	Speciﬁc gravity
	ASTM E-84
	150 lb/ft3    2.40

	Fire resistance
	NFPA 130
	FSI 5    SD 30

	Freeze/thaw resistance 1000 cycles
	ASTM C-666
	No Change

	Scaling resistance 100 cycles
	ASTM C-672
	No Change



c. The cable trough shall be totally nonporous and shall resist the degrading action of freeze/thaw cycles. The material shall also be unaffected by grease, oil, and salt.

d. The cover material shall be of a dielectric characteristic, non-metallic, and shall be reinforced with Sheet Moulding Compound for impact resistance. Cover shall be designed to withstand excessive loadings and not shatter under duress. covers for precast channel to provide a complete and secure channel installation.  The top outside surface of the covers shall have a slip resistant finish.  Furnish two (2) locking devices for each cover.  Locking devices shall be staggered from the center of the cover and shall be two (2) feet apart. The cover shall be marked with either the letter 'S" or “P” at fifty (50) foot intervals in a manner approved by the Engineer to identify the channel as carrying either signal cables or power cables.  Furnish fifty (50) cover unlocking devices for use by Authority maintenance forces before the work is placed in service.

e. The weight of each cover shall not exceed the allowable handling weight as per OSHA requirements

f. Cover shall sit inside the trench to allow ﬂush to grade installation.

g. The cable trough system shall include the U-shaped channel, covers and all necessary ﬁttings.

	Model 68-cover
	27 lb.

	Model 128 / 1216 - Cover
	82 lb.

	Model 2012 / 2016 - Cover
	115 lb.

	Model 3012 / 3016 - Cover
	123 lb.

	Model 4016 - Cover
	201 lb.



h. The cable trough shall be of the self-supporting type equipped with easy access covers. Channel size shall be sufficient to leave sixty percent (60%) of the cross-sectional area as free air space in each compartment after all cables are installed in that compartment

i. Cable trough shall have no interior permanent exposed steel components to support the cable trough sidewalls or cable trough covers.  Cable trough must be able to support vehicular sidewall pressures and loads during initial installation and during the entire construction period without additional interior permanent exposed steel components.

j. The cable trough including the Polymer Concrete covers shall be rated to support a minimum load of 40,000 lb. without failure, H20 loading.

k. Cable trough and cover shall be subjected to cycle testing to simulate vehicular trafﬁc. Cover shall support 20,800 lb. over a 10 x 10 sq. in., load applied 50 times and then ﬁnal load applied anywhere on the cover until failure.  Minimum failure point to be no less than 40,000 lb.

l. The cable trough can be furnished and installed with integral dividers installed in accordance with the contract drawings. Divider shall be manufactured utilizing Sheet Moulding Compound and be designed to support lateral loads from cables without any structural warping or deﬂections. Installation hardware shall be stainless bolts, round head, and countersunk to prevent any damage to cable sheathing.

m. Do not use precast channel for crossing under tracks.

n. Channel system furnished shall be complete with all fittings and components including, but not limited to, covers, splice plates, cover locks, right angle corners, single "T" intersections, horizontal and vertical deviations, cable exits, 

o. four-way junctions, any special junctions, end plugs and concrete support blocks at each joint.  Cable exits shall be factory made.



2.14	Communications Wireway for Station Environment

a. Wireway is the preferred raceway for runs along platforms and mezzanines, except for paths crossing tracks.  See Contract Drawings for details.  Where wireway trough is shown on the Contract Drawings, the wireway trough shall be a 1x4 compartment wireway approximately 2” x 9” in size (H x W) unless otherwise noted on the Contract Drawings.

b. Wireway shall be 1/8-inch thick. Wireway shall be extruded to 15-ft. lengths from T6063 aluminum material.  Wireway shall have multiple compartments (2, 3 or 4).  Each compartment shall be 2-inches x 2-inches. Wireway shall have a continuous screw channel at each compartment for securing a cover, with continuous U shape detail to accept the cover.  Wireway shall be drilled and tapped in several locations to accept installation of couplers & continuity jumpers.  Wireway shall have integral mounting ears on two sides to allow for vertical and horizontal installation.

c. Wireway Couplers shall be fabricated from minimum 0.090 aluminum.  Couplers shall have holes and slots punched in them for installation and alignment travel. Furnish and install one coupler per cell.

d. Furnish and install lugs at each end of the wireway continuity jumpers for securing to pre-drilled and tapped holes on the wireway.  Wireway continuity jumpers shall be braided copper for strength.  Jumpers shall be a minimum of 8-inches in length.

e. Furnish and install wireway compartment covers.  Each compartment on the wireway shall have its own cover.  The cover shall be 1/8-inch thick T6063 aluminum extrusion.  The cover shall have clearance holes 18-inches on center on one side for securing with screws to the wireway.  The other side of the cover shall have a continuous offset that engages the wireway detail to secure the cover.  The compartment cover shall be fully gasketed.

f. Wireway and wireway covers shall be painted per NYCT specifications.

g. Furnish and install wireway transitions sized to meet the individual needs per station and location. The transitions shall be fabricated from the wireway material when possible. To meet the need of routing the cable in locations where a large radius is required, transitions shall be roll form from aluminum, with dividers to meet the field conditions. The roll formed transitions shall be continuously welded and ground smooth to form a watertight compartment.

h. Tap Boxes shall be fabricated from .090 aluminum.  Covers shall be .090 thick and fully gasketed.  Boxes shall meet all the field requirements and be inconspicuous when possible.  The boxes shall have as many dividers as needed to complete splicing requirements.

i. Furnish and install Hanging Brackets to meet the project requirements, pendant, surface or corner mounting.  Brackets shall be fabricated or extruded from minimum 156 thick aluminum. Either standard slide on type or tip tilt type supplied per NYCT installer's request.  Brackets shall be installed per NYCT standard 5-ft on center.

j. All hardware shall be stainless steel.  All screws shall be T15 Torx center pin.

k. Furnish and install Expansion Joints where required at elevated stations.

l. Wireway shall be:

a. Two-Compartment – 1x2 configuration (approximately 2” x 4”)
i. Apogee Translite (99/19103B); horizontal or vertical mount per Contract Drawings
ii. Or approved equal

b. Three-Compartment – 1x3 configuration (approximately 2” x 6”)
i. Apogee Translite (99/19686B); horizontal or vertical mount per Contract Drawings
ii. Or approved equal

c. Four-Compartment – 1x4 configuration (approximately 2” x 9”)
i. Apogee Translite (99/19643B); horizontal or vertical mount per Contract Drawings
ii. Or approved equal

d. Four-Compartment – 2x2 configuration (approximately 4” x 6”)
i. Apogee Translite (99/19978B); horizontal or vertical mount per Contract Drawings
ii. Or approved equal



3.0	EXECUTION
	
3.1	Installation of Conduits, Troughs, Boxes and Fittings

Electrical or communications equipment over vehicular roadways shall be installed above the lowest point of the cross girders or comply with the latest issue of the National Electrical Safety Code (NESC) requirements for clearances over roadways, or these specifications, whichever is more restrictive. Conduits, troughs, boxes and fittings installed over roadways shall be a minimum of 16 feet above the roadway.  Wires, cables and conductors installed over roadways, shall be a minimum of 16.5 feet above the roadway.

a. Perform all survey work required to ascertain the exact installation locations, within the parameters set forth in the Contract Drawings.  Use the utmost care when drilling or cutting concrete.  Before commencing work, inspect any drawings and prints pertinent to the area where work is to be performed.

b. The exact location of wire, cable, conduit and related items shall be shown on the shop drawings to be approved.  Conduit fittings or mounting hardware shall not be installed on station mosaic tiles.  Any conduit that has been installed under this Contract in such a manner that it creates a tripping hazard or interferes with the safety of the maintenance forces or interferes with a train operator’s visibility of a signal shall be immediately relocated, as directed at no additional cost to the Contracting Party or the Authority.

c. Ends of conduit runs and the holes in fittings shall be threaded and all burrs and sharp edges thoroughly removed.  Thread less fittings may be used where conduit has been cut and it is impossible to run a thread.  Joints shall be made waterproof by applying a conductive copper paste, anti-seize compound, as manufactured similar in design, construction, and performance by ABB Installation Products., Kopr-Shield or approved equal, to the threads immediately before the parts are screwed together.   Cap ends of conduit runs immediately after installation.

d. Where the conduit run exceeds 80 feet between pulling points, install a “Mogul” series condulet, every 80 feet, as manufactured similar in design, construction, and performance by Crouse-Hinds or approved equal.

e. Where rigid conduits enter a cast-iron box with slip holes, they shall be furnished and installed with 2  locknuts and bushings made of malleable iron or steel, insulated  with bakelite molded and locked into the bushings, such as manufactured similar in design, construction, and performance by OZ/Gedney Company, A Division of Emerson type HBLG or approved equal.  The insulated bushings shall be screwed over the conduit ends inside the box and the 2 locknuts of the sealing type screwed over the conduits against the outside of the box.  All ground lugs shall be copper, tinned copper or copper alloy.  Tinned aluminum or aluminum lugs are not acceptable.

f. Bends or offsets may be made in the field with proper tools but split, deformed or damaged conduit shall not be used.  Bends in rigid conduit shall be made with a radius of not less than 10 times the internal diameter of the conduit, without signs of flaw or fracture in either conduit or coating.  Conform conduit bends to all the applicable requirements of the National Electrical Code.  A run of conduit between outlet and outlet shall not contain more than the equivalent of two right angle bends, nor exceed 80 feet including those bends located immediately at the outlet. Make conduit bends in accordance with the manufacturer's recommended procedure and in a manner as approved.  Bends made by the manufacturer at the factory will be permitted.  Conduit shall be kept clean, with inside surfaces smooth and free from obstructions liable to injure the wire or cable.  Where conduits join any threaded couplings or fittings, the ends shall be reamed.  Paint steel threads with approved thread sealing compound.  Connect fiberglass conduit to fittings with an approved compound.  Install galvanized rigid steel conduit elbows, as manufactured similar in design, construction, and performance by Crouse-Hinds A Division of Eaton type EL, or approved equal, where approved.

g. Unless otherwise specified herein or indicated on the Contract Drawings, fasten each conduit run to the structure by galvanized malleable iron clamps, of approved design, spaced not more than 5 feet when fastened to the steel structure; not more than 7-1/2 feet when fastened to concrete or masonry and not more than 3 feet when fastened over trackways.  Bolts shall be attached in concrete.  Additional or special fastenings may be required, where necessary to provide a safe and permanent installation.  All conduits shall be straight and neatly arranged as approved.  Clamps shall not be installed within 6 inches of couplings, boxes or fittings in conduit runs in which expansion joints are installed.  Conduits shall be so installed as to prevent the collection of water between outlets.

h. Do not drill the steel structure to support conduits, boxes or fittings.  At certain locations, bolted clamps of an approved type, gripping the steel, may be used if approved.  All parts of these supports and fastenings shall be galvanized except the machine screws, nuts and bolts, which shall be made of stainless steel, and which shall have hexagonal heads and shall be furnished and installed with heavy lock washers, unless specified in stainless steel, zinc plated as specified in Section 9M, Galvanizing.  Heavy duty flat washers, zinc plated as specified in Section 9M, Galvanizing, shall be furnished and installed with all screws and bolts.  Bolts and machine screws shall be not less than 1/4 inch in diameter for single runs of conduit one inch in diameter and smaller, not less than 3/8-inch for single runs of conduit between 1-1/2-inches and 2-1/2 inches in diameter and 1/2 inch for conduit, three inches in diameter and larger.

i. Single conduit runs may be fastened to concrete or masonry by means of approved 1/4 inch zinc plated steel stud anchors and straps/clamps for vertical mounting and stainless steel wedge anchors for horizontal mounting, similar in design, construction, and performance for strength and for vibration, as manufactured by Hilti, Kwik Bolt series, ITW/Red Head, or approved equal.  Clamps shall be secured to anchors with lock washers, flat washers and nuts as specified in Paragraph 3.1 (h) above for conduits one inch in diameter and less, 3/8 inch for conduits between 1-1/2 inches and 2-1/2 inches in diameter and 1/2 inch for conduits three inches in diameter and larger.  All anchors installed underground or in outdoor locations shall be furnished in stainless steel.  Anchors shall be rated for appropriate seismic requirements.

j. Double runs of conduit may be fastened to the structure by single straps/clamps, as described for single runs, or may be fastened by means of a hot-dip galvanized malleable iron double strap/clamp, with one bolt between the two conduits.  In the latter construction, the size of the stud anchors shall be 3/8 inch for conduits, one inch in diameter and less and 1/2 inch for conduits between 1 - 1/2 inches and 2-1/2 inches in diameter.  This construction shall not be used for conduits three inches in diameter or larger except under special approval.  Stud anchors shall be as described in Paragraph 3.1 (i) above.

k. Where the work requires several conduits installed side by side, they may be fastened singly as described above, or with special approval, may be group mounted and fastened to steel by not less than one 3/8-inch bolt and washers for each two conduits in a group and fastened to concrete or masonry by not less than one 3/8-inch stud anchor with nuts and washers for each two conduits in a group, except at such locations where heavier fastenings are required for special construction. Where the heavier fasteners are required to be fastened to concrete, stainless steel safety bolts, as manufactured similar in design, construction, and performance by Liebig International Inc., or approved equal, shall be used in lieu of the Phillips Red Head stud anchors specified elsewhere herein.

l. Conduit straps and clamps shall be furnished and installed with approved base fittings or backplates which shall maintain an air space of 1/4 inch between the conduit run and the wall or ceiling surface.  Unless otherwise indicated on the Contract Drawings, sheet steel boxes, including current transformer cabinets, meter pans, panelboard boxes, troughs, etc., shall be mounted 3/4-inch minimum from the wall or ceiling surface with stainless steel spacers and 1/2-inch zinc plated steel stud anchors, as manufactured similar in design, construction, and performance by Hilti Kwikbolt or ITW/Red Head, with a hardened carburized steel expander plug, or approved equal.  Secure clamps to anchors with lock washers, flat washers and nuts as described in Paragraph 3.1 (h) above, a minimum of 4 zinc plated steel stud anchors per box or trough.  A three-inch by 1/2-inch galvanized steel strap mounting shall be welded to each corner of sheet metal boxes to be mounted on tile walls.  Where mounted to steel, use 1/2-inch machine screws and washers.

m. Conduits to be concealed in concrete or other parts of the existing structure, installed under ventilation gratings and in wet areas, shall be of the corrosion resistant type, specified coated conduit (see paragraph 3.24), or approved equal and shall be installed in suitable chases and openings cut by the Contractor as directed.  Such conduits shall be properly protected and supported, to prevent their becoming injured or choked with cement during the restoration of surfaces.  Installation shall be referred to paragraph 3.24 for concealed conduit, except for railroad ducts that required to be PVC-coated, see section 16A - Tunnel and Railroad Ducts.

n. Protect conduits and conduit fittings from the entrance of water or other foreign matter with threaded hot-dip or electrogalvanized cast iron, malleable iron or steel taper threaded plugs, as manufactured similar in design, construction, and performance by Crouse-Hinds, A Division of Eaton type PLG or approved equal.  This shall apply to all installations left unfinished overnight or temporarily suspended or dead-ended.

o. Conduits shall not be embedded in concrete floor construction, except where so indicated on the Contract Drawings or as directed.  Conduits embedded in concrete floor construction shall have not less than two inches of cover except where material buried in the floor makes less cover unavoidable; in the latter case a minimum cover of 1-1/2 inches will be permitted with special approval.  Where conduits enter the floor surface, but do not pass through the floor, cement piers not less than 2 inches high shall encircle the conduits.

p. Boxes and fittings shall be set square with the adjacent ceiling, floor, wall or beam line and all conduits shall enter squarely.  No box shall be drilled for more conduits than actually enter it.  Boxes shall be of ample size to receive, without crowding, all conduits entering them.  Where construction permits, boxes and fittings shall be accessible.  Covers of concealed boxes shall be set flush with the finished surfaces.

q. Holes for conduits in current transformer cabinets, meter pans, service end boxes, sheet steel boxes and troughs, panelboard boxes, etc., shall be drilled in the field.  No current transformer, cabinet, meter pan, service end box, sheet box trough, etc., shall be drilled for more conduits than those actually entering it.

r. Sizes of conduit shall be as indicated on the Contract Drawings.  Wherever conduit sizes are not indicated, these shall meet the requirements of National Electrical Code to accommodate the conductors to be installed therein.  No conduits smaller than 1 inch shall be concealed in the structure.  No conduit smaller than 3/4 shall be installed.  In the case of fixture pendants, permission may be granted for the use of 1/2-inch conduit.

s. Install exposed conduits parallel to, or at right angles to, ceilings, walls and partitions.  Where direction changes of exposed conduits cannot be made with neat bends, such as required around beams or columns, suitable conduit fittings shall be used.

t. Unless otherwise indicated on the Contract Drawings, Furnish and install outlet boxes at concealed and surface mounted receptacle, switch and lighting fixture locations.

u. To secure surface mounted boxes firmly and permanently in place on the steel structure, approved hot dipped galvanized clamps and angle iron shall be utilized. Secure surface mounted boxes on encased columns and beams with stainless steel screw anchors, stainless steel machine screws and washers.

v. Existing pull boxes, bottomless boxes, outlet boxes and fittings in the work area under this Contract shall be supplied with suitable covers and gaskets as shown on the contract drawings.  Covers required shall be made to fit existing boxes and shall be of No. 10 U.S.S. gauge sheet steel, galvanized, with 1/8-inch thick neoprene gaskets.  Covers shall be drilled to fit the boxes and secured with countersunk stainless steel T-25/Torx tamper-resistant machine screws.  Finish each cover to match the adjacent structure.

w. Furnish and install  12-gage channel struts necessary to mount fixtures, conduits and boxes, etc., as manufactured similar in design, construction, and performance by ABB  InstallationABB Installation Products ,Products, Atkore Power Strut series, or approved equal, in locations where no mounting surface is available, as indicated on the Contract Drawings and as directed.  All channels shall be galvanized and painted.  For additional protection in station wet areas, outdoor locations, roofs, or vents, use Atkore Power Strut Defender Coating with self-healing properties. In all tunnels, or other wet locations, channels shall be 300 series stainless steel.

x. Install conduits, boxes and fittings so that a minimum of 1/2-inch air space is maintained between them and the existing conduits, boxes, fittings, air pipe, messenger wire, etc., and a minimum clearance of one inch shall be provided between the above-mentioned apparatus and the existing exposed electrical cables.

y. Rigid steel conduits entering enclosures or boxes shall be installed on the outside with approved mechanical-galvanized or hot-dipped galvanized malleable iron, insulated throat, rain tight hubs, as manufactured similar in design, construction, and performance by OZ/Gedney A Division of Emerson Type CHM-T or approved equal. Secure conduits on the inside of the box with a mechanically galvanized steel or malleable iron, 150 degree C., insulated grounding bushing, with solid copper alloy cradle lug type termination for copper ground conductor and hexagonal head screw (for conductors larger than No. 4) or slotted head screw (for No. 4 conductor or smaller), with a smooth spherical point and screw shank diameter equal in size to the largest diameter of copper conductor within the lug capacity, as manufactured similar in design, construction, and performance by OZ/Gedney A Division of Emerson Type HBLG, or approved equal.

z. Hardware required for the installation of conduits, boxes and fittings shall be as specified in Section 16B Paragraph 2.6, Hardware for Mounting Equipment.

aa. Furnish and install an approved phenolic insulating coupling, as manufactured similar in design, construction, and performance by OZ/Gedney A Division of Emerson, Type ICC or approved equal, between Consolidated Edison Company and New York City Transit Authority conduits in the EDR’s and on conduit connecting to elevated structure.

3.2	Installation of Conduits, Troughs, Boxes and Fittings in Traction Power Substations and Circuit Breaker Houses

a.  	Installation methods described in Paragraph 3.1 are to be followed with the following exception.  All conduits, troughs boxes and fittings shall be electrically insulated from the structural steel of the substation.  Supports may be installed as described in Paragraph 3.1 provided the conduit remains electrically insulated from substation structural steel.  If it is required that conduit and/or trough be supported from structural steel within the substation, Furnish and install insulating supports. Submit insulating support details for review and approval.

b.   	For substations, install insulating couplings in all conduit runs where it is necessary to isolate ground systems or to promote safety.  For example, conduit at one ground potential should not be mounted with or near runs of conduit at a different ground potential. Said conduits should be run apart from each other. Alternatively, subject to approval of the Engineer, paralleled adjacent sections of conduit may be connected together after isolating with insulating couplings, if so required.  Phenolic insulating couplings shall be as manufactured similar in design, construction, and performance by OZ/Gedney A Division of Emerson, Type ICC or approved equal.  Sections of conduit in reach of metal stairs and doorways should be kept at the same ground potential as the metalwork.

c. 	For equipment in substations, install approved insulated couplings in all conduits at the DC switchgear and rectifier cubicles.  Insulated couplings shall not be painted.

d.	For substations, troughs shall run horizontally between major equipment.  Conduits shall have vertical runs to connect the troughs to the major equipment. The layout of the troughs shall be as indicated on the Contract Drawings or as may be directed by the Engineer.  Wires installed in troughs shall be tagged at least once through a trough length or one tag every twenty (20) feet of trough length.

e.  	For circuit breaker houses, all steel conduits entering the circuit breaker house shall have an insulating coupling installed at the point of entry.


3.3	Outlet Box Installation

a.	Where indicated on the Contract Drawings and/or where required by the electrical code having jurisdiction, furnish and install pull boxes, junction boxes and/or mogul condulets.

b.	In centering outlets, allow for overhead pipes, ducts and other obstructions, and for variations in arrangement and  thicknessand thickness of fireproofing, soundproofing and plastering.  Precautions shall be exercised regarding the location of window and door trims, paneling, etc. Mistakes resulting from failure to observe these precautions shall be corrected by the Contractor at no additional cost to the Contracting Party or the Authority.

c.	The exact location of all outlets in finished rooms shall be as directed.  When the interior finish has been applied, make necessary adjustments to properly center the outlets.  Install outlet boxes for local switches near doors located at the strike side of doors as finally hung, whether so indicated on the Contract  Drawings or not.

d.	Install exposed wall outlet boxes neatly and tightly against the walls and securely anchored to same.  Wall outlets of each type shall be set accurately at the same level on each floor, except where otherwise specified herein or directed.  Where special conditions prevail, locate outlet boxes as directed.
 

3.4	Installation of Wire Chases

a.	Install, complete with associated material, wire chases as specified herein, as indicated on the Contract Drawings and as approved.

b.	Wire chases shall be installed and painted in accordance with the Contract Drawings and as described herein.

c.	Install sections of chase in continuous runs without gaps. Install barriers of fiber glass batting at five foot intervals.

d.	Angles for supporting the wire chase, when installed in rooms, need not be galvanized but shall be painted, as described in Sections 9A / 9AS, Painting.

e.	Perform any concrete work required in connection with the installation of the chases. Install chases so that they do not come in contact with concrete. The method of installation shall be as approved.

f.	To permit the installation of the chases, it may be necessary to relocate existing conduit, lighting fixtures, etc.

3.5	Installation of Cable Trays for Station Platform Overhangs

a.	Install the trays, complete, with all associated mounting and fastening materials at the locations indicated on the Contract Drawings.

b.	Trays shall be supported a minimum of every ten feet with approved supporting steel.

c.	Trays shall be painted to match the painted steel structure.

d.	Submit drawings indicating installation details and proposed cable tray run.

3.6	Installation of Cable Tray Systems (Cable runways  and Solid Bottom Trays) at Locations other than Station Platform Overlays

a.	The connecting of conduits to the trays shall be as approved. Holes for conduit fittings shall be made at the work site in order to ensure the shortest and neatest conduit arrangement to the equipment. In general, conduit entry shall not be through the side rails. At each location where the Engineer approves conduit entry through a side rail, install an additional support on both sides of the entry.

b.	Cable tray systems shall be installed to make a continuous ground, as required by the National Electrical Code.

c.	Furnish and install all mounting and fastening materials required for the cable tray system installation, including as required, brackets, hangers, rods, clamps, elbows, connectors, reducers, expansion connectors, standard tees, custom made tees, wall penetration sleeves, and all related items required for a complete installation. Perform all work required in connection with the installation of the cable tray system. Install cable tray sections so that they do not come in contact with masonry. Install the cable tray system concealed in the hung ceiling in areas furnished with such ceilings. Submit installation method for approval.

d.	Paint the portion of the cable tray system that is in public view in an approved manner to match the surroundings. For systems requiring painting, coordinate the factory finish with the manufacturer prior to ordering.

e.	Relocate existing equipment and material that are in interference with the installation of the cable tray system.

f.	Where cables for different types of electrical systems are installed together in the same cable tray or runway, cables shall be bundled together with cable straps, system by system, in a neat manner.  Install the cable straps at intervals of 15 inches along the length of the cable bundle.  Submit a cable grouping plan for approval.  Fasten an identifying tag to each cable bundle at intervals of five feet.  Cable ties shall be the DELTEC strap, equipped with locking heads, as manufactured similar in design, construction, and performance by ABB Installation Products, or approved equal.

g.	Furnish and install bridle rings in the ceiling to support cables branching off the cable runways in the areas above the hung ceiling. Bridle rings shall be free from sharp edges and projections. Support each bridle ring above the hung ceiling at two foot intervals.  Bridle rings shall be the 4BRT32, 2” diameter metal screw threaded, as manufactured similar in design, construction, and performance by Caddy A Division of nVent, or approved equal.

h. 	Furnish and install bridle rings to be used solely in conjunction with Telephone Terminal Boxes or Telephone Terminal Boards. Bridle rings shall be free from sharp edges and projections. Bridle rings shall be the 4BRT32WS, 2” diameter wood screw threaded, as manufactured similar in design, construction, and performance by Caddy A Division of nVent, or approved equal. 

3.7	Installation of Wall-Surface Metal Raceway System

a.	Install wall-surface metal raceway-system (raceway) as described herein, indicated on the Contract Drawings, and directed.  Install in accordance with the National Electrical Code.

b.	Raceway shall be installed in room corners and horizontally along the wall and just above the floor to the point on the wall closest to each item of equipment. If required, install one raceway for each piece of equipment, as specified above. In rooms where more than one piece of equipment is to be installed, the Contractor may propose a single raceway of adequate size, as determined by the National Electrical Code.

c.	Install the raceway complete with all supports, bushings, couplings, fittings, elbows, connection covers, ground clamps, outlets etc.

d.	Raceway shall be as manufactured similar in design, construction, and performance by The Wiremold Company A Division of Legrand, or approved equal.


3.8	Installation of Precast Channel

a.	Open the trench to a minimum width providing free access to both sides of the channel.

b.	Cut the trench to a depth 6 inches greater than the height of the channel.  Install a layer of firm compacted ballast, 6" thick to bring the top of the channel level with top surface of ballast.

c.	Using a transit, prepare a line grade to set the channel at level in the trench.

d.	Using mechanized equipment and a lifting harness or slings, set the units in place and align in the trench.

e.	Butt-joint units to each other with splice plates.  Each unit should be supported on its full length on compacted ground.  Support joint on concrete support blocks.

f.	Use specially designed junction boxes at all intersection or special junctions.

g.	Put protection bars in place before backfilling.

h.	Place backfill material against the sides of channel system.  Backfilling shall be performed simultaneously on both sides of the channel in successive layers of 4" and compacted.

i.	Place cable into the channel.

j.	Finish tamping the earth against the channel side-wall and finish to the final grade level with finish stone.

k.	When cables are installed, place cover on channel.

l.	For length adjustments, channels and covers shall be cut to size on the site with standard concrete cutting equipment.

m.	Backfill material shall be power-tamped and compacted.  Approved fill material shall be free of large rocks, frozen material and organic matter.  Fill material shall not be placed on frozen ground.

n.	Trenches shall be free of construction debris, rock, or earth during construction.  Remove foreign material removed form channels prior to placing cables and/or covers.  Shore and brace trenches in an approved manner.

o.	The maximum length of the open trench prior to the installation of the channel shall be approved.  Cover open trenches in an approved manner at the completion of each days' work.

p.	Backfilling shall be completed to the top of the channel and well compacted prior to allowing traffic over the channels.  This will prevent any accident to the vehicle and prevent chipping of the channels.

q.	Cut existing ties interfering with the installation of the channel.

r.	Remove and dispose of all fill, dirt, ballast and any other materials removed during the trenching and not required in the final layout.


3.9	Cleaning and Snaking of Conduits

	Conduits shall be carefully cleaned before and after installation.  Ends shall be free from burrs and inside surfaces shall be free from all imperfections likely to injure the wires or cables.  Immediately before the wires are pulled into any conduit run, such completed conduit run shall be snaked with a steel band to which shall be attached an approved tube cleaner equipped with an approved spherical mandrel of a diameter not less than 85 percent of the nominal inside diameter of the conduit.  Conduits through which this mandrel does not pass shall be removed and replaced by the Contractor at no additional expense to the Contracting Party or the Authority.


3.10	Conduit and Duct Seals 

a. Conduits terminating in high humidity areas such pump rooms or washing areas and an outside pull box or panel and conduits or ducts including spare conduits or ducts, terminating in property line manholes, or other manholes and service entrance equipment or other equipment shall be sealed at both ends immediately after installation with conduit or duct sealing bushings to provide a watertight seal. Reseal conduits or ducts immediately after the installation of cables. 

b. Provide mechanical seal for cable and conduit similar in design, construction, and performance by  Roxtec, Hauff-Technik, O-Z Gedney, Type CSBI or approved equal.  The mechanical cable and conduit sealing system shall prevent the passage of water, fire, smoke, gasses, rodents, and dust.  The sealing system shall be tested for gas and water tightness up to 58 PSI (4 Bar).


3.11	Mounting Heights

	Unless otherwise indicated on the Contract Drawings, or as otherwise directed due to unforeseen conditions at the time of installation, the wall outlet boxes and other devices shall be installed at the heights specified below. Heights given are from finished floor to bottom of outlet or device.

General convenience outlets 	1'-6"
Wall local switches 	4'-0"
Station weatherproof receptacles 	7'-6"
Electric heaters 	1'-6"


3.12	Connection with Existing Conduits

	Where Contract Drawings indicate existing conduits and boxes that are to be connected to new conduits, provide labor and material to furnish and install all new conduits, new necessary pull, outlet, and bottomless boxes, new supporting steel, and connect the new conduits to the existing conduit system as indicated on the Contract Drawings.  Restore the surface of the structure where it has been damaged or removed to permit conduit connections necessary to make a complete and finished installation as indicated on the Contract Drawings, or specified herein, or as directed.  All splices shall only be made in a junction box.  Contractor shall replace any existing conduits, boxes or other components found to be defective, inadequate or unsuitable for connection of new system.
	

3.13	Conduit Crossings

a.	Conduits over tracks shall be carried close to the ceiling or, if necessary to obtain the standard clearance, shall be installed in chases cut in the ceiling when directed, and through holes drilled in concrete walls of the structure.  Such conduit crossings shall be run as straight as possible so as to prevent the formation of water pockets.  Conduits run parallel to tracks shall be installed as indicated on the Contract Drawings, or as directed. Prior to chasing any floor, ceiling or wall, approval of the Engineer shall be obtained.

b.	Communication Conduit

1. Cables that cross under the tracks shall be installed in heavy duty fiberglass conduit in a cable trench for the entire length of the conduit run.  Furnish and install suitable couplings as required for the steel-to-fiberglass and fiberglass-to-steel sections of the conduit run.

2. All conduits that cross under tracks shall be encased in concrete for the entire length of the conduit run and furnished and installed with three inches (minimum depth) of concrete over above the conduit.  Where multiple conduits cross under the tracks at the same location, supports shall be furnished and installed to prevent them conduits from moving into each other.

3. Restore the surface of the track drainage trough to the original condition.  The restored surface shall be level.

4. Design, furnish and install a concrete pedestal to enclose each curved conduit section.

5. Restore all surfaces as required.  Submit all details for approval.


3.14	Conduit Identification

a.	All conduits within enclosures and running along the tunnel shall be identified by snap-on markers, as manufactured similar in design, construction and performance by Seton, or approved equal.  Tunnel conduits shall have a marker placed every 100 feet.  The lettering and arrow shall be black on an orange background.

b.	The identification shall be an arrow pointing downstream to the equipment from which the cables within the conduit originated and the name of such equipment, i.e., pump room. The arrow for tunnel lighting conduit shall point toward the source of power (station).

c.	The conduits of all feeders and branch circuits shall be properly designated at all panelboards, switches and other equipment, by a round yellow, outdoor grade, plastic tag, 1 ½  inch in diameter, as manufactured similar in design, construction and performance by Seton, or approved equal.  The lettering shall be black and 1/8 inch high capital letters. Doubled no. 18 Monel (corrosion resistant) wire shall be used to secure the tag.

d.	Communication Conduit (Pipe) Markers

1. Furnish pipe markers for all exposed conduit installed under this Division.  Pipe markers shall be made of vinyl and over laminated with acrylic plastic.  The pipe markers shall be inscribed with the abbreviation “COMM.”  followedFollowed by the designation and capacity of the cable (e.g., “M427 100PR”) in each conduit.

2. For conduits carrying fire alarm/detection system conductors, conduit markers shall have a red background with white lettering.  For all other applications under this Division, conduit markers shall have a black background with white lettering.

3. Conduit markers shall be the SetmarkSet mark Pipe Marker System, snap- around markers, as manufactured similar in design, construction and performance by Seton Name Plate Company, or approved equal.  For marker size number 10, lettering size shall be 1/2 inch; for marker size number 15 and higher, lettering size shall be 3/4 inch.  Submit marker, including legend, and size for approval before purchase.

4. In stations, install pipe markers on both sides of an obstruction which either hides the conduit run or makes it difficult for a person to trace the conduit run; e.g., where conduit enters a wall, floor or ceiling.  Conduit markers are not required for long, straight portions of a conduit run where the conduit is continuously visible to a person attempting to follow the run.

5. In facilities other than stations (e.g., bus depots, repair facilities in yards) install pipe markers at intervals of 50 feet and on both sides of walls, floors, and ceilings.


3.15	Grounding

a.	Conduits, and their connections to electrical equipment shall be installed to make a continuous ground, except as indicated on the Contract Drawings, or as directed.  Conduits connected to service end boxes, meter pans, panelboard boxes, current transformer cabinets, motor control cabinets, automatic transfer switch enclosures, safety switch boxes, sheet metal boxes, troughs, etc., shall be installed on the outside of the box with electro galvanized steel or malleable iron watertight conduit locknuts or hubs, as manufactured similar in design, construction and performance by ABB Installation Products or approved equal, and secured inside the box with electro galvanized steel or malleable iron, 150 degree C. insulated grounding bushings, with solid copper alloy cradle lug type termination for copper ground conductor and hexagonal head screw (for conductors larger than No. 4) or slotted head screw (for No. 4 conductor or smaller), with a smooth spherical point and screw shank diameter equal in size to the largest diameter of copper conductor within the lug capacity, as manufactured similar in design, construction and performance by OZ/Gedney A Division of Emerson, Type HBLG, or approved equal.  Stranded copper ground wire, terminated with lugs, shalland shall be used to bond the conduits to the boxes.

b.	Install code size ground wire in all flexible conduit.


3.16	Grounding Requirements for Traction Power Substations and Circuit Breaker Houses (Not Used)


a.	In addition to the requirements of Paragraph 3.15 above, follow the additional requirements as indicated in this paragraph.

b.	In substations, grounding of conduit, troughs, boxes and fittings shall be through equipment enclosure connections to the substation perimeter AC ground bus.  Refer to power “Grounding Plan” drawings for details.  

c.	Terminal boxes installed in substations shall be bonded with a 1" x 1/8" copper bar to be routed and connected to the ac perimeter ground bus.

d.	For circuit breaker houses, furnish and install a ground connection to structural steel located within the circuit breaker house.   Refer to “DC” drawings for details.

3.17	Cutting of Concrete

	Wherever necessary, cut and drill concrete as directed, and restore, to the satisfaction of the Engineer, surfaces which are in any way damaged in connection with the work.

3.18	Cutting of Masonry

	Where necessary for the proper installation of conduits, cut away or break through concrete or brick masonry, and, after installation of said conduits, replace and refinish said masonry to the satisfaction of the Engineer.

3.19	Drilling and Welding of Steel

	Drill and tap steel where indicated on the Contract Drawings and as directed.  The drilling of steel or the punching of steel will not be permitted without special approval in each case.  Burning of steel will not be permitted at any time.  No stud welding will be permitted unless approved.



3.20	Surfaces Restored

	Where holes are left in the floors and walls by the removal of existing equipment and conduit and where the existing structure is cut away or broken through under this contract, restore all openings or chases in floors, walls or ceilings and refinish all affected surfaces to match the existing, or as directed.


3.21	Holes for Anchor Bolts

	Holes for anchor bolts in concrete or masonry shall be drilled with their axis perpendicular to the surface of the concrete and shall be of a proper depth and diameter.

3.22	Furnishing and Installing Sleeves

	Furnish and install sleeves for conduit penetrations through walls and floors.  Install a multi-layer mechanical fireproofing and watertight seal, between the conduit and the sleeve similar in design, construction and performance by Roxtec, or approved equal.  Install fireproofing between the conduit and the sleeve.  The fireproofing is to have the same rating as the enclosure.  Fill in and waterproof openings between sleeve and wall or floor as directed.  Submit drawings showing method of installation.

3.23	Furnishing and Installing Ferrules

a.	At entry points for conduit and cable, furnish and install waterproof ferrules in exterior walls or ceilings of the structure.  The mechanical cable and conduit sealing system shall prevent the passage of water, fire, smoke, gasses, rodents, and dust.  The sealing system shall be tested for gas and water tightness up to 58 PSI (4 Bar).  All waterproof ferrules shall be furnished and installed as approved.  Submit drawings showing the ferrules and the proposed method of installation for approval.  Submit product data for all material to be used.

b.	Ferrules shall consist of extra heavy galvanized steel pipe with flanges set in the wall or floor of the enclosures, and waterproofed with brick-in-mastic or four-ply in an approved manner.  Furnish and install sufficient membrane waterproofing to properly overlap the waterproofing of the existing structure and to act as a base for the brick-in-mastic or four-ply.  Membrane waterproofing shall consist of four layers of treated fiberglass fabric mopped with asphalt.  Cables through the wall shall use a compression mechanism and insert modules with removable layers to accommodate various sizes of penetrations.



3.24   Factory Coated Conduit

Use factory coated conduit in tunnel areas and other areas indicated in the contract documents.

a.   Materials and Hardware

1. Base conduit shall consist of a hot-dipped galvanized rigid conduit as per UL6, cleaned and prepared to accept a factory coat of ANSI gray polyurethane powder coating as manufactured similar in design, construction and performance by Sherwin Williams, or approved equal.  Coating shall be low-smoke, non-halogen and self-extinguishing. Powder-coated conduit shall be similar in design, construction and performance by  Robroy, NAMCO, Trojan Conduit Coaters Corp., or approved equal. Paint powder shall be suitable for subway use.  Submit Safety Data Sheet (SDS) for approval. Coated conduit shall comply with UL6 after coating is applied.

2. The outside coating shall be 4-6 mils thick (5 mils nominal) powdered polyurethane paint and shall be capable of field bending of conduit at 30 degrees F or above. All conduit shall have an Inside coating of 2 mils and completely coat the interior without any exposed galvanizing.

3. All coatings shall have UV inhibitors and shall be suitable for outdoor use.

4. The coating shall not propagate flame at 400 degrees F and shall be self-extinguishing upon removing flame as per UL listing.

5. Condulets, fittings and couplings shall be galvanized and coated, except for the threads.  Conduit shall be factory coated with polyurethane paint, except for the threads, which shall not be painted or shall pass UL testing with a thin coating. Condulets and fittings shall comply with UL514B after coating is applied.

6. Conduit straps and boxes shall be hot-dipped and coated as above. All hardware shall be 300 series stainless steel.

7. Painted conduit, fittings, boxes, etc. in station areas shall be color-matched.  Color to be submitted to the Architect for approval.  All other conduit shall be dark gray, as manufactured similar in design, construction, and performance by Sherwin-Williams, or approved equal.

b.   Installation

1. Install conduit as per manufacturer’s recommendation to avoid damage of coating during installation. All installers shall be certified by a manufacturer of coated conduit in proper use of special tools to prevent damage to coating during handling and installation. Installers shall carry an unexpired Installer Certification Card as certified by Robroy or equivalent manufacturer certification. Any damage to the coating shall be touched-up with approved touch-up paint.  Only approved tools shall be used to cut, handle or install coated conduit, such as padded tools or other manufacturer-approved tools/methods.
2. The ends of the conduits entering the expansion joint shall not be coated to provide a clean grounding surface for a bonding jumper and to allow the conduit to slip into the expansion joint. 
3. All conduit threads shall be coated with copper grounding paste, as manufactured similar in design, construction and performance by ABB Installation Products  KoprProducts Kopr Shield, or approved equal.
4. Contractor shall not install expansion joints in active wet locations to protect the first 4-inch of conduit that is not covered.

c. Testing, Quality Control and Warranty

1. All batches of coated conduit shall be tested for coating  adhesion and bending as per industry standards and TA requirements:
Adhesion (Standard Method of Adhesion by Tape Test)  ASTM) ASTM D3359.Chemical Resistance (ASTM D1308). Six wipes with Acetone.
Bend test.  A 10-foot piece from each batch shall be cut in two halves. Each half shall be bent at 90 degrees.  One bent piece with an affixed UL label and bending test certification shall be packaged with each batch to be delivered.  The manufacturer’s warranty shall cover workmanship of the product including coating adhesion at the time of field bends. Any failure, due to manufacturing workmanship, the un-installed conduit shall be replaced by the manufacturer at no additional cost to the Authority.  The Contractor shall not install any conduit that has failed coating adhesion and shall replace conduit accordingly.  Any incidental damage to coating shall be repaired with approved touch-up paint at no additional cost to the Authority.
2. Submit Safety Data Sheets (SDS) for liquid touch-up compound and dry coating.  SDS for liquid touch-up shall be submitted to TA System Safety Office for approval.  SDS for liquid shall indicate high flash point above 100 degrees F and have low VOC as per NYS DEC requirements. (Only SDS will be reviewed, MSDS is not acceptable).
3. Submit burn test reports for toxicity as per ASTM E800.  Coating shall be non-halogen and low toxicity in burn test. PVC shall not be used.
4. All coated conduit shall be tested for corrosion resistance as per industry standards:
    ASTM D1735, ASTM2247 and Salt Spray Test.
5. Smoke density shall be measured as per ASTM E-662.
6. The manufacturer of coated conduit shall maintain a quality control system to assure uniformity of manufacturing and guarantee quality of conduit and conduit finish.
7. [bookmark: _GoBack]Any submittal for ‘approved equal’ shall meet all the above requirements and shall be field tested prior to approval and manufacturing.

3.25 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 perform 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
	
	
	

	Rigid Conduits
	UL6, ASTM A153, 
ASTM B695
	Paragraph 2.1
	NA

	Fiberglass Reinforced Epoxy Ducts
	ASTM D2105, ASTM D2517, ASTM D2996, ANSI-49
	Paragraph 2.2, 2.3
	NA

	Flexible Conduits
	UL1
	Paragraph 2.4
	NA

	Boxes and Fittings
	UL514B
	Paragraph 2.5
	NA

	Expansion Fittings
	LU514B
	paragraph 2.6
	NA

	Wireway and Trough
	UL5
	Paragraph 2.7
	NA

	Cable Bars
	NA
	Paragraph 2.8
	NA

	Wire Chases 
	NA
	Paragraph 2.9
	NA

	Cable Trays
	NEC, UL5
	Paragraph 2.10
	NA

	Metal Raceway
	UL5
	Paragraph 2.12
	NA

	Precast Polymer Concrete Cable Trough
	NA
	Paragraph 2.13
	NA

	Coated Conduit
	UL6
	Paragraph 3.24
	NA




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. 
	1.3
	Wiring Diagrams
	Designer

	2. 
	1.3
	 Tests
	Designer

	3. 
	1.3
	Samples, as required.
	Engineer

	4. 
	1.3
	Drawings showing proposed installations.
	Designer

	5. 
	1.3a, 2.7d
	Catalog cuts and details for all items.
	Designer

	6. 
	3.14
	Catalog cuts and details for conduit markers.
	Designer

	7. 
	2.8
	Detail drawings for cable bars.
	Designer

	8. 
	2.9
	Detail drawings for wire chases.
	Designer

	9. 
	2.10, 11, 2.7d
	Drawings showing each type of cable runway, tray and raceway; catalog cuts as required.
	Designer

	10. 
	2.10, 11, 2.7d
	Wire fill calculations for each type of cable runway, tray and raceway.
	Designer


	11. 
	3.2
	Insulating couplings and supports; catalog cuts and details.
	Designer

	12. 
	3.22
	Details of sleeves and sleeve conduits
	Designer

	13. 
	3.23
	Details of ferrules and ferrule conduits
	Designer

	14. 
	3.24
	Factory Coated Conduit
	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 1B, 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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