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SECTION 16302PRIVATE 


UNDERGROUND ELECTRICAL WORK

PART 1 - GENERAL


1.1  REFERENCES:  The publications listed below form a part of this specification to the extent indicated by referenced.  The publications are referred to in the text by the basic designation only.


1.1.1  American National Standards Institute (ANSI) Publication:



C2-93

National Electrical Safety Code


1.1.2  National Fire Protection Association (NFPA) Publication:



No.70-96

National Electrical Code


1.1.3  The Ministory of International Trade and Industry (MITI), (Japanese Go vernment) Ordinance:



No. 61  

Technical Standards for Electrical 



(Jun 1965)
Facilities (Denki Setsubi Gijutsu Kijun)


1.1.4  Underwriters' Laboratories Inc. (UL) Publication:



467

Grounding and Bonding Equipment


1.1.5  Japanese Architectural Standard Specifications:



JASS 5

Reinforced Concrete Work



JASS 102

Electrical Power Facilities Construction


1.1.6  Japanese Cable Makers' Association Standard:



JCS 226-B

Annealed Copper Strand Conductors 


1.1.7  Japanese Industrial Standards (JIS):



A 1210-90

Test Method for Soil Compaction Using a Rammer



A 5001-88

Crushed Stone for Road Construction



A 5005-93

Crushed Stone and Manufactured Sand Concrete



A 5308-96

Ready-Mixed Concrete



A 5321-94

Reinforced Concrete Cable Troughs



A 5506-95

Manhole Covers for Sewerage Works



C 1102-97

Electrical Indicating Instruments



C 1731-88

Instrument Transformers for Testing Purpose and Used with General Instrument



C 2336-91

Pressure-Sensitive Adhesive Polyvinyl Chloride Tapes for Electrical Insulation



C 2806-91

Non-Insulated Crimp-Style Connecting Sleeves for Copper Conductor



C 2810-95

General Rules on Non-separable Type Wire Connectors for Interior Wiring



C 3307-93

600V Polyvinyl Chloride Insulated Wires



C 3317-93

600V Grade Heat-Resistant Polyvinyl Chloride Insulated Wires



C 3401-92

Control Cables



C 3605-93

600V Polyethylene Insulated Cables and 600V Cross-Linked Polyethylene Insulated Cables



C 3606-93

High-Voltage Cross-Linked Polyethylene Insulated Cables



C 3611-91

Insulated Wires for Cubicle Type Unit Substation for 6.6 KV Receiving



C 4620-92

Cubicle Type High Voltage Power Receiving Unit



C 8305-92

Rigid Steel Conduits



C 8330-91

Fittings for Rigid Metal Conduits



C 8430-93

Unplasticized Polyvinyl Chloride (UPVC) Conduits



C 8432-77

Couplings for Unplasticized Polyvinyl Chloride (UPVC) Conduit



C 8433-77

Connectors for Unplasticized Polyvinyl Chloride (UPVC) Conduit



C 8434-77

Normal Bends for Unplasticized Polyvinyl Chloride (UPVC) Conduit



C 8435-88

Boxes for Unplasticized Polyvinyl (UPVC) Conduit



G 3101-95

Rolled Steel for General Structure



G 3112-87

Steel Bars for Concrete Reinforcement



G 3551-93

Welded Steel Wire Fabrics



G 5525-75

Cast-Iron Soil Pipes and Fittings



H 3140-92

Copper Bus Bars



H 8641-82

Zinc Hot Dip Galvanizings



K 2207-96

Petroleum asphalts



K 2208-93

Emulsified Asphalt



K 6741-95

Unplasticized Polyvinyl Chloride (PVC) Pipes



R 5210-92

Portland Cement



Z 1901-88

Pressure Sensitive Adhesive Polyvinyle Chloride Tapes for Corrosion Protection


1.1.8  Japanese Power Cable Accessories Association (JCAA) Standards:



JCAA A 301-80

Terminating Materials in Cubicle for 6,600V Cross-Linked Polyethylene Insulated Power Cables



JCAA C 4102-78

Indoor and Outdoor Terminating Materials 600V to 11 KV Rubber - or Plastic - Insulated Power Cables (Tapes Terminations)


1.1.9  Japan Road Association (JRA) Publication:



Manual for Asphalt Pavement ("Asphalt Hosoh Yohkoh")


1.1.10  Japanese Water Works Association Standards (JWWA):



K 118-79

High-Impact-Strength Polyvinyl-Chloride Pipes for Waterworks



S 101-67

Adhesives for Unplasticized Polyvinyl-Chloride Pipes for Water works


1.1.11  United States Army Corps of Engineers (COE) Publication:



EM-385-1-1
Safety and Health Requirements Manual



April 1981


1.1.12  Heating Air-Conditioning and Sanitary Standards (HASS):  



HASS 209-72 
Manhole Cover


1.2  GENERAL:  Section "ELECTRICAL GENERAL REQUIREMENTS" with following additions and modifications shall apply to this section.


1.2.1  Laboratory Test:



a.



b.


1.3  SUBMITTALS:  


1.3.1  SD-02, Manufacturer's Catalog Data:  



a.
Conduits



b.
Splice Box



c.
Insulating Tape



d.
Low (High) Voltage Cables



e.
Low (High) Voltage Splice Kits



f.
Low (High) Voltage Terminating Kits



g.
Pothead


1.3.2  SD-04, Shop Drawings:  



a.
Manhole Frame and Cover



b.
Handhole Frame and Cover



c.
Cable Lubricants


1.3.3  SD‑06, Instructions:



a. 
Manufacturer's directions for use of ground megger with proposed method indicated.



b. 
Terminator manufacturer's installation instructions.



c.
Typical installation instructions for splicing and terminating kits.


1.3.4  SD-13, Certificates:  Submit for the following:


1.3.4.1  Material and Equipment:  Provide manufacturer's statement certifying that the product supplied meets or exceeds contract requirements.



a.
[Manhole] [Handhole] frame and cover.



b.
High voltage cable.



c.
High voltage terminator.


1.3.4.2  Workmen's Competency:  Submit high voltage cable Splicer's/Terminator certification of competency and experience 30 days before splices or terminations are made in high voltage cables.  Splicer/Terminator experience during the immediate past 3 years shall include performance in splicing and terminating cables of the type and classification being provided under this contract.


1.3.4.3  Before assigning any cable splicer to work covered by this specification, the Contractor shall provide the Contracting Officer with the names of the cable splicers to be employed, together with satisfactory proof that each splicer has had at least 3 years experience in splicing high-voltage cables and is experienced with the type and rating of cables to be spliced.  In addition, each cable splicer may be required to make an approved dummy splice in the presence of the Contracting Officer in accordance with cable manufacturer's instructions, before the splicer is approved to splice cable covered by this specification.  All material for dummy splices shall be furnished by the Contractor.


1.3.4.4  Test Reports:  Submit for approval [7] [14] days before the materials are used, copies of laboratory test reports for the following:



a.  Arc-proofing test for cable fireproofing materials



b.  [High voltage cables of X-Y corona discharge plot]



c. 


1.3.4.5  Shoring and Sheeting Plan:  Before starting work submit a shoring and sheeting plan.


1.4  CRITERIA FORBIDDING:  Base bids on the criteria listed below.



a.  That the surface elevations are as indicated.



b.
That no pipes or other artificial obstructions, except those indicated, will be encountered.



[c.
That the character of the material to be removed is as exists.]



[ c.
That no hard materials are to be encountered.]




Hard materials are difined under paragraph "EARTHWORK".


1.5  PROTECTION:


1.5.1  Shoring and Sheeting:  Provide shoring and sheeting where required.


1.5.1.1  In addition to Section XXIII A and B of the Army Corps Engineer Manual EM-385-1-1 any other requirements set forth in this contract meet the following requirements:



a.  Prevent undermining of pavements and slabs.



b.  Banks may be sloped where space permits and as directed.


1.5.1.2  Shoring and Sheeting Plan:  Shall include detailed drawings and the following:



a.
Calculations by a Registered Professional Engineer with all data and references used.



b.
The sequence and methods of installation and removal.



c.
The materials, sizes, and arrangement of members proposed for use as shoring, and sheeting.

PART 2 - PRODUCTS


2.1  MATERIALS AND EQUIPMENT:  Materials and equipment shall conform to the respective specification and standards and to the specifications herein.  Electrical ratings shall be as indicated.


2.2  CONDUITS:


2.2.1  Rigid Plastic Conduit:  Quality of high-impact type plastic conduit shall be JWWA K 118.  Conduit sizes shall conform to JIS C 8430 except inside diameter 100 mm and 150 mm shall be JWWA K 118. [JIS K 6741, type VP].


2.2.1.1  Fittings for Rigid Plastic Conduit:  Quality of high-impact type fittings shall be JWWA K 118.  Fittings sizes and configulation shall conform to JIS C 8432, C 8433 and C 8434.  JWWA S-101 for adhesive.


2.2.2  Rigid Steel Conduit:  JIS C 8305, thick wall, zinc coated, threaded type.


2.2.2.1  Fittings:  JIS C 8330.  All ferrous fittings shall be zinc-coated and shall be threaded type.


2.3  TAPE:  JIS C 2336.  Plastic insulating tape shall be capable of performing in a continuous temperature environment of 80 degrees C.


2.4  POWER WIRE AND CABLE:


2.4.1  Wire and Cable Conductor Sizes:  Wire and cable conductor sizes are designated by Japanese designation and/or American Wire Gauge (AWG).  Conductors shall be copper.  Insulated conductors shall bear the date of manufacture imprinted on the wire insulation with other identification.  Wire and cable manufactured more than 6 months before delivery to the job site shall not be used.  Provide conductor identification within each enclosure where a tap, a splice or a termination is made.


2.4.2  High Voltage Cable:  Cables rated for 6.6 KV shall be shielded.  Insulation shall be cross-linked polyethylene, [either unfilled or noncarbon filled,] and shall be PVC jacketed, conforming to JIS C 3606, "CV".  [JIS C 3611, "KIP", "KIC" for use inside cubicle type substation.]


2.4.3  Low Voltage Cable:  JIS C 3605, 600V grade, type CV.


[2.4.4  Control Cable:  JIS C 3401, type CVV.]


2.4.4  High Voltage Cable Terminations:  [Except as otherwise indicated, terminators for solid insulation nonmetallic jacketed cables shall be provided up to a maximum of 15 kV.]  Terminators shall be applied to single conductor cables or to each conductor of multiple conductor cables, which are exposed to the weather.  The terminator and all components shall be the product of one manufacturer and finished in a package or kit form compatible with the insulation and conductor material.  The kit shall include complete assembly and installation instructions.  Supply one complete copy of all manufacturer's instructions and information.  The terminator shall comply with all requirements of [IEEE 48 class 1 [2]] except that the requirements of design tightness test need not be met.  However, the terminator shall not exude any filler compound under either test or service.  [The terminator shall have a wet process porcelain insulator for outside weather service.]


2.4.5  High Voltage Cable Terminations:  Interior high voltage terminations shall comply with the requirements of [IEEE Standard 48, class 3,] hand-wrapped stress cones, tapes or pennant type, or slip-on stress cones rated for use with cable provided.  The termination material shall be the product of one manufacturer who shall furnish all components in the form of a kit which includes complete instructions which shall be followed for fabrication and installation except that two half lapped layers of self-adhesive silicone tape shall be applied overall.  Termination shall include stress-relief cones and shield grounding.


2.4.6  Terminator for CV Cable:  Standard commercial product conforming to JCAA C 4102 [ A 301.]


2.4.7  Bare Wire for Ground:  JCS 226-B.


2.4.8  Insulated Wire for Ground:  JIS C 3307, type IV.


2.4.9  Insulated Wires for Low Voltage:  JIS C 3317, type HIV.


2.4.10  Wire Connectors for Low Voltage Wires:  JIS C 2810 and C 2806.


2.5  WARNING PLASTIC TAPE FOR UNDERGROUND CABLE:  Yellow or similar color of standard commercial product manufactured specifically for electrical underground construction.  Tape shall be printed with integral warning legend repeated continuously throughout entire length of the tape.  Warning and identification shall be "CAUTION BURIED ELECTRICAL LINE BELOW" or similar wording, code, and letters.  Coloring shall be permanent, unaffected by moisture and other substances contained in trench backfill material.


2.6  UNDERGROUND STRUCTURES:  [Cast-in-place] [and] [Precast] [Manholes] [and] [Handholes].  [Cast-in-place concrete manholes 
shall have a smooth trowel finish for floors and horizontal surfaces.  Concrete shall conform to [JASS 5] Section "CAST-IN-PLACE CONCRETE"].  [Construct walls on a footing of cast-in-place concrete except that precast concrete base sections may be used for precast concrete manhole risers].  [Manholes] [and] [Handholes] shall be the type noted on the drawings and shall be constructed in accordance with the applicable details as indicated.  Top, walls, and bottom shall consist of reinforced concrete.  Walls and bottom shall be of monolithic concrete construction.  Duct entrances and windows shall be located near the corners of structures to facilitate cable racking.  Covers shall fit the frames without undue play.  Steel and iron shall be formed to shape and size with sharp lines and angles.  Castings shall be free from warp and blow holes that may impair their strength or appearance.  Exposed metal shall have a smooth finish and sharp lines and arrises.  Provide all necessary lugs, rabbets, and brackets.  Set pulling-in irons and other built-in items in place before depositing concrete.  A pulling-in iron shall be installed in the wall opposite each duct line entrance.  The [letters "E" and "T"] words "ELECTRIC" [and "TELEPHONE"] shall be cast in the top face of all power [and telephone] manhole covers, [respectively.]  Cable racks, including rack arms and insulators, shall be adequate to accommodate the cable.  All pulling-in irons and other steel items shall be galvanized after fabrication.


2.6.1  Metal Frames, Covers, and Gratings:  Frames, covers, and gratings shall conform to HASS 209, class T-20, and shall be of cast iron, JIS A 5506, FC-C or FCD-C and as indicated.  Steel gratings shall conform to HASS 209, class T-20, and be of welded construction.  Steel materials shall conform to JIS G 3101, type SS 400, galvanized.


2.6.2  Drainage Pipe and Fittings:  Cast-iron, extra strength, JIS G 5525.  Drains shall be cast-iron, coated or uncoated, plain pattern, bottom outlet with perforated or slotted hinged cover.


2.7  GROUNDING:  UL 467.  Ground rods shall be copper clad steel with diameter adequate to permit driving to full length of the rod, but not less than 19 mm (3/4 inch) in diameter and 3 m (10 feet) long unless otherwise indicated.


2.8  HARD WARE FOR HAND HOLE [AND MAN HOLE]:  Pulling-in iron and cable rack shall be galvanized steel material.  Feature and sizes shall be as indicated.


2.9  GALVANIZING:  JIS H 8641.  Unless otherwise indicated, weight of zinc shall be not less than 550 g per sq. m.


2.10  ASPHALT PAVEMENT MATERIALS:


2.10.1  Emulsified Asphalt:  JIS K 2208, Class PK-4 or PA-4 for tack coat and class PK-3 or PA-3 for prime coat.


2.10.2  Asphalt Concrete Materials:  Asphalt cement shall be JIS K 2207.  Design and materials shall be in accordance with JRA "Manual for Design and Construction of Asphalt Pavement (2, Dense Grade Asphalt Concrete (13) of Table 5.3)."


2.11  CONCRETE CABLE TROUGH:  JIS A 5321.  Size shall be as indicated.


2.12  MATERIALS FOR CONCRETE:


2.12.1  Cement:  JIS R 5210, Class 1.  All cement for exposed concrete surfaces shall be of the same manufacture.


2.12.2  Water:  JASS 5, paragraph 3.4.c.  Water, including free moisture and water in the aggregates, shall be fresh, clean, and potable.


2.12.3  Aggregates:  Fine Aggregates shall be JIS A 5004, or JASS 5, Table Nos. 5.3.1 and 5.3.2, Class 1.  Coarse Aggregates shall be JIS A 5005, and JASS 5, Table Nos. 5.3.1 and 5.3.2, Class 1.  Maximum aggregate size shall be 25 mm unless indicated otherwise.


2.12.4  Reinforcement:  Reinforcing bars shall be JIS G 3112, class SD 30.  Welded wire mesh shall be JIS G 3551.


2.13  BASE COURSE:  Base course shall conform to JIS A 5001.  Grade of base course shall be as indicated.

PART 3 - EXECUTION


3.1  INSTALLATION:  Underground cable installation shall conform to ANSI C2 and NFPA 70 except as otherwise specified or indicated.


3.2  CONCRETE:  Concrete for electrical requirements shall be at least 210 kgf/sq. cm (3000 psi), with 25 mm (one-inch) maximum aggregate, conforming to the requirements [specified in Section "CAST-IN-PLACE CONCRETE".] [of JASS 5.]


3.3  EARTHWORK:  Excavation for underground cable lines shall be to depth indicated.  If hard material is encountered, the provisions of the contract respecting an adjustment for changed conditions shall apply, subject to the requirements of notification thereunder being given.  Hard material shall be defined as solid rock, firmly cemented unstratified masses or conglomerate deposits possessing the characteristics of solid rock not ordinarily removed without systematic drilling and blasting, and any boulder, masonry, or concrete (except pavement), exceeding 0.4 cubic meter (1/2 cubic yard) in volume.


3.3.1  Excavated materials not required or suitable for backfilling shall be disposed of off the base.


3.3.2  Backfilling:  Provide a plastic warning tape about 30 cm below the top of the trench in the backfill.  Backfill shall be placed in layers not more than 15 cm (6 inches) thick as rapidly as the construction, testing, and acceptance of the work permits.  Backfill shall be [sand] [excavated soil material] free from roots, woodscrap material, and other vegetable matter and refuse.  Compaction of backfills for unpaved area, and roads and paved areas shall be to 90, and 95 percent of maximum density of JIS A 1210, respectively.


3.3.3  Reconditioning of Surface:


3.3.3.1  Unpaved surfaces disturbed during the installation of duct or direct burial cable shall be restored to their original elevation and condition.  Sod or top soil shall be preserved carefully and replaced after the backfilling is completed.  Sod that is damaged shall be replaced by sod of equal quality to that removed.  Where the surface is disturbed in a newly seeded area, the restored surface shall be reseeded with the same quantity and formula of seed as that used in the original seeding.


3.3.3.2  Patch pavement, sidewalks, curbs and gutters where existing surface are removed for construction.  Cut pavement edges shall be sawn.  Graded aggregate base course shall have a maximum aggregate size of 35 mm.  Thickness of base course shall match existing but shall be at least 15 cm (6 inches).  Asphalt concrete 

(AC) shall be hot plant mixed and hot laid and shall be provided in accordance with [the JRA "Manual for Design and Construction of Asphalt Pavement" and] as indicated.  [Maximum aggregate size shall be 13 mm (1/2 inch) and the thickness of AC pavement shall match existing, but shall be at least 50 mm (2 inches).]  Portland cement concrete pavement, sidewalks, curbs, and gutters, shall be repaired using 210 kg/sq cm (3,000 psi) concrete.  Pavement thickness shall match existing thickness but shall be at least 150 mm (6 inches).  Sidewalk thickness and curb and gutter cross-section shall match the existing.  One-way traffic must be maintained at all times and streets shall be fully opened to traffic as quickly as possible.


3.4  DIRECT BURIAL SYSTEM:  Bury the cables directly in earth, except that under paved areas, and roadways, install the cables in conduit encased in concrete.  Slope ducts to drain.  Trenches in which the cables are placed shall be excavated by hand or with mechanical trenching equipment, and provided a minimum cable cover of 60 cm below finished grade for power conductors operated at less than 600 volts, and 76 cm (30 inches) to the top of the cables for over 600 volts, shall be not less than 15 cm (6 inches) wide and shall be in straight lines between cable markers.  Cable plows shall not be used.  Bends in trenches shall have a radius of not less than 91 cm (36 inches).  Where two or more cables are laid parallel in the same trench, they shall be spaced laterally at least 7.6 cm (3 inches) apart.  When rock is encountered, remove to a depth of at least 76 mm (3 inches) below the cable and fill the space with sand or clean earth free from particles larger than 6 mm (1/4 inch).  Do not unreel and pull cables into the trench from one end.  However, the cable may be unreeled on grade and lifted into position on a 7.6 cm (3-inch) sand bedding with 7.6 cm more sand placed on top of the cable and a [concrete plate] placed on top of the sand as indicated.  Concrete plate shall be as indicated. [specified.]  [Cable bedding and cover shall consist of material which would pass a 6 mm (1/4 inch) screen with no sharp material.]  Provide a plastic warning tape in the backfill approximate 30 cm (12 inches) below finished grade.  Tape shall be as specified hereinbefore.


3.4.1  Separate cables crossing other cables or metal piping from the other cables or pipe by not less than 7.6 cm (3 inches) of well tamped earth.


3.4.2  Cables shall be in one piece without splices between connections except where the distance exceeds the lengths in which the cable is furnished.


3.4.3  Bends in cables shall have an inner radius not less than 12 times the cable diameter.


3.4.4  Leave a horizontal slack of approximately 91 cm in the ground on each end of cable runs, on each side of connection boxes, and at all points where connections are brought above ground.  Where cable is brought above ground, leave additional slack to make necessary connections.  [Enclose splices in lead-sheathed or armored cables in split-type cast-iron splice boxes; after completion of the connection, tightly clamp the box.]


3.4.5  Identification Slabs (Markers):  Provide a slab each change of direction of the cable, over the ends of ducts or conduits which are installed under paved areas and roadways, and over each splice.  Identification markers shall be of concrete approximately 50 cm square by 15 cm thick and shall be set flat in the ground so that the top surface projects not less than 19 mm (3/4 inch), nor more than 31 mm (1-1/4 inches) above ground.  The concrete shall have a compressive strength of not less than 210 kgf/sq cm (3000 psi) and have a smooth troweled finish on exposed 

surface.  An identifying legend such as "cable", "duct", "splice", or other applicable designations shall be inscribed on the top surface before the concrete hardens.  Circuit identification symbols shall also be inscribed on slabs as directed.  The letters and/or figures shall be approximately 50 mm (2 inches) high and the grooves shall be approximately 6 mm (1/4 inch) in width and depth.  The slabs shall be installed so that the side nearest the inscription on the top shall include an arrow indicating the side nearest the cable.

 [3.4.6  Soil treatment for cable trenches shall be accomplished using one of the following insecticides in uniform concentration by weight as follows:



a.  Chlordane, 1.0 percent



b.  Dieldrin, 0.5 percent



c.  Aldrin, 0.5 percent



d.  Heptachlor, 0.5 percent

Diluent shall contain no pesticide rinsate or residues.  Containers shall be delivered in manufacturer's sealed containers complete with application instructions and bearing current Japanese Government registration.]

 [3.4.6.1  Emulsion shall be applied in accordance with directions and precautions on the label except as follows:



a.  Immediately prior to laying the cable, the trench bottom shall be uniformly treated at the rate of 3.78 liters (one gallon) of the emulsion per 1.5 (five) lineal m (feet) of trench.



b.  The cable shall be laid and covered as stated herein under paragraph, Direct Burial System.  After the first 15 cm (6 inches) of cable cover, apply an additional application of insecticide emulsion at the rate of 7.57 liters (2 gallons) per 1.5 m (5 feet) of trench before compaction and complete the backfill, compaction and reconditioning of the surface.]


3.5  RISERS OF CABLE:  Riser of underground cable shall be in galvanized rigid steel conduit for mechanical protection.  The conduit shall be as specified herein.


3.6  UNDERGROUND DUCT WITHOUT CONCRETE ENCASEMENT:


3.6.1  Conduits shall be [high-impact strength PVC] [UPVC] [rigid galvanized steel] specified hereinbefore.


3.6.2  The top of the duct shall be not less than 60 cm (24 inches) below grade, shall have a minimum slope of 76.2 mm in each 30.48 meters (3 inches in each 100 feet) away from buildings and toward manholes and other necessary drainage points, and shall run in straight lines except where a change of direction is necessary.  As each conduit run is completed, a testing mandrel not less than 30 cm (12 inches) long with a diameter 6 mm (1/4 inch) less than the inside diameter of the duct; after which a brush, having stiff bristles, shall be drawn through until the conduit is clear of all particles of earth, sand or gravel; conduit plugs shall then immediately be installed.  There shall be not less than 7.6 cm (3 inches) clearance from the conduit to each side of the trench.  Provide a plastic warning tape in the backfill approximately 30 cm below grade.  Tape shall be as specified hereinbefore.


3.6.3  Under Roads and Paved Areas:  Ducts shall be encased in concrete and installed as specified for underground duct lines encased in concrete.  The concrete encasement shall extend at least 1.5 m (5 feet) beyond the edges of paved areas and roads.


3.6.4  Separate cables crossing other cables or metal piping from the other cables or pipe by not less than 7.6 cm (3 inches) of well tamped earth.


3.6.5  Cables shall be in one piece without splices between connections except where the distance exceeds the lengths in which the cable is furnished.


3.6.6  Bends in cables shall have an inner radius not less than 12 times the cable diameter.


3.6.7  Leave a horizontal slack of approximately 91 cm in the ground on each end of cable runs, on each side of connection boxes, and at all points where connections are brought above ground.  Where cable is brought above ground, leave additional slack to make necessary connections.  [Enclose splices in lead-sheathed or armored cables in split-type cast-iron splice boxes; after completion of the connection, tightly clamp the box.]


3.6.8  Identification Slabs (Markers):  Provide a slab each change of direction of the cable, over the ends of ducts or conduits which are installed under paved areas and roadways, and over each splice.  Identification markers shall be of concrete approximately 50 cm square by 15 cm thick and shall be set flat in the ground so that the top surface projects not less than 19 mm (3/4 inch), nor more than 31 mm (1-1/4 inches) above ground.  The concrete shall have a compressive strength of not less than 210 kgf/sq cm (3000 psi) and have a smooth troweled finish on exposed surface.  An identifying 

legend such as "cable", "duct", "splice", or other applicable designations shall be inscribed on the top surface before the concrete hardens.  Circuit identification symbols shall also be inscribed on slabs as directed.  The letters and/or figures shall be approximately 50 mm (2 inches) high and the grooves shall be approximately 6 mm (1/4 inch) in width and depth.  The slabs shall be installed so that the side nearest the inscription on the top shall include an arrow indicating the side nearest the cable.


3.7  UNDERGROUND DUCT WITH CONCRETE ENCASEMENT:  Construct underground duct lines of individual conduit encased in concrete. The conduit shall be as indicated and as hereinbefore specified.  Ducts shall not be smaller than 10 cm (4 inches) in diameter unless otherwise indicated.  Do not mix the kind of conduit used in any one duct bank.  The concrete encasement surrounding the bank shall be rectangular in cross-section and shall provide at least 75 mm (3 inches) of concrete cover for ducts.  Separate conduit by a minimum concrete thickness of 50 mm (2 inches), except separate light and power conduits from control, signal, and telephone conduits by a minimum concrete thickness of 75 mm (3 inches).


3.7.1  The top of the concrete envelope shall not be less than 50 cm (18 inches) below grade [except that under roads and pavement it shall not be less than 60 cm (24 inches) below grade].


3.7.2  Duct lines shall have a continuous slope downward toward manholes and away from building with a pitch of not less than 76.2 mm in each 30.48 meters (3 inches in each 100 feet).  Except at conduit risers, accomplish changes in direction of runs exceeding a total of 10 degrees, either vertical or horizontal, by long sweep bends having a minimum radius of curvature of 7.6 m (25 feet).  Sweep bends may be made up of one or more curved or straight sections or combinations thereof.  Manufactured bends shall have a minimum radius of 50 cm (18 inches) for use with conduits of less than 75 mm (3 inches) in diameter and a minimum radius of 914 mm (36 inches) for ducts of 75 mm (3 inches) in diameter and larger.


3.7.3  Terminate conduits in end-bells where duct lines enter [manholes] [handholes].  Separators shall be of precast concrete, high impact polystyrene, steel, or any combination of these.  Stagger the joints of the conduits by rows and layers so as to provide a duct line having the maximum strength.  During construction, protect partially completed duct lines from the entrance of debris such as mud, sand and dirt by means of suitable conduit plugs.  As each section of a duct line is completed from [manhole] [handhole] to [manhole] [handhole], draw a brush through having the diameter of the duct, and having stiff bristles until the conduit is clear of all particles of earth, sand, and gravel; then immediately install conduit plugs.


3.7.4  Connections to Existing Ducts:  Where connections to existing duct lines are indicated, excavate the lines to the maximum depth necessary.  The lines shall be cut off and loose concrete removed from the conduits before new concrete encased ducts are installed.  A reinforced concrete collar, poured monolithically with the new duct line shall be provided to take the shear at the joint of the duct lines.  Remove existing cables which constitute interference with the work.  [Abandon in place those disused ducts and cables which do not interfere with the work.]


3.7.5  Removal of Ducts:  Where duct lines are removed from existing manholes, close the openings to waterproof the manhole.  Chip out the wall opening to provide a key for the new section of wall.


3.8  UNDERGROUND CONCRETE CABLE TROUGHS:  Install in accordance with JASS 102.2.4, Paragraph b.(iii)1 and as indicated.


3.9  UNDERGROUND CONDUIT FOR SERVICE FEEDERS:  Underground conduit for service feeders into buildings shall be rigid steel from the service equipment to a point 1.5 m (five feet) beyond the building and projections thereof.  Protect the ends of the conduit by threaded metal caps or bushings; coat the threads with graphite grease or other suitable coating.  Clean and plug conduit until [cable] [duct] installation.


3.10  CAST-IN-PLACE [MANHOLES] [HANDHOLES]:  Provide cast-in-place reinforced concrete [handholes] [manholes] [as indicated].  Rate the complete [manholes] [handholes] for [non-traffic] [             ] wheel loading.  


[3.10  PRECAST [MANHOLES] [HANDHOLES]:  Provide precast [manholes] 

[handholes] complete with all accessories, sumps, drains facilities, and strengths as [indicated] [required] for cast-in-place [manholes] [handholes].  Identify each casting by having the manufacturers name and address cast into an interior face or permanently attached thereto.  Rate the complete assembly, including neck, collar, frame, and cover for [non-traffic] [HASS 209, class T-20] [     ] wheel loading.  Submit manufacturer's certificate of compliance with requirements.]


3.11  GROUND RODS:  In each electric [manhole] [and] [handhole], at a convenient point close to the wall, a ground rod specified hereinbefore shall be driven into the earth before the floor is poured so that approximately 10 cm (4 inches) of the ground rod will extend above the [manhole] [and] [handhole] floor.  [When precast concrete [manholes] [and] [handholes] are used, the top of the ground rod may be below the floor and a 50 sq mm (No. 1/0 AWG) tinned ground conductor brought into the [manhole] [and] [handhole] through a watertight sleeve in the [manhole] [and] [handhole] wall.]


3.11.1  Manhole, Handhole, or Concrete Pullbox Grounding:  Ground rods installed in electrical-distribution-system manholes, handholes, or concrete pullboxes shall be properly connected to the cable shielding, metallic sheath, and armor at each cable joint or splice by means of 22 sq mm (No. 4 AWG) or equivalent braided tinned copper wire.  Connections to metallic cable sheaths shall be by means of tinned terminals soldered to ground wires and to cable sheaths.  Care shall be taken in soldering not to damage metallic cable sheaths or shields.  Ground rods shall be protected with a double wrapping of pressure-sensitive plastic tape for a distance of 5 cm (2 inches) above and 15 cm (6 inches) below concrete penetrations.  Ground wires shall be neatly and firmly attached to manhole and handhole walls and the amount of exposed bare wire shall be held to a minimum.


3.12  CABLE PULLING:  (Test existing duct lines with a mandrel and thoroughly swab out to remove foreign material before the pulling of cables.)  Pull cables down grade with the feed-in point at the manhole or buildings of the highest elevation.  Use flexible cable feeds to convey cables through the manhole opening and into the duct runs.  Cable slack shall be accumulated at each manhole or junction box where space permits by training the cable around the interior to form  one complete loop.  Minimum allowable bending radii shall be maintained in forming such loops.


3.12.1  Lubricants for assisting in the pulling of jacketed cables shall be those specifically  recommended by the cable manufacturer.  Cable lubricants shall be [petroleum grease for lead covered cables] [soapstone, graphite, or talc for rubber or plastic jacketed cables].  The lubricant shall not be deleterious to the cable sheath, jacket, or outer coverings.


3.12.2  Cable pulling tensions shall not exceed the maximum pulling tension recommended by the cable manufacturer.


3.12.3  Secondary cable runs, 600 volts and less, in non-metallic duct conduit shall, although not indicated, include an insulated copper equipment grounding conductor sized as required by the rating of the overcurrent device supplying the phase conductors.


3.12.4  Installation of Cables in Manholes, Handholes and Vaults:  Do not install cables utilizing the shortest route, but route along those walls providing the longest route and the maximum spare cable lengths.  Form all cables to closely parallel walls, not to interfere with duct entrances, and support on brackets and cable insulators at a maximum of 45 cm (18 inches).  In existing manholes, handholes and vaults where new ducts are to be terminated, or where new cables are to be installed, the existing installation of cables, cable supports and grounding shall be modified as required for a neat and workman-like installation with all cables properly arranged and supported.  Shields shall be provided where cables enter and leave manholes, handholes, vaults, and other duct entrances and shall be of a suitable type manufactured for the purpose.


3.13  CABLE TERMINATING:  Protect terminations of insulated power and lighting cables from accidental contact, deterioration of coverings and moisture by the use of terminating devices and materials.  Install all terminations of insulated power and lighting cables [cable splices] [pot heads] [high voltage terminations] in accordance with the manufacturer's requirements.  Make terminations using materials and methods as indicated or specified herein or as designated by the written instruction of the cable manufacturer and termination kit manufacturer.  Termination for high voltage cables shall be rated, and be capable of withstanding test voltages specified hereinafter.


3.13.1  Splices in Low Voltage Cables:  Splices in underground systems [duct] shall be made [only in accessible locations such as manholes and handholes,] using a compression connector on the conductor and by insulating and waterproofing by one of the following methods suitable for continuous submersion in water.


3.13.1.1  Provide cast-type splice insulation by means of a molded casting process employing a thermosetting epoxy resin insulating material and apply by a gravity poured method.  The component materials of the resin insulation shall be in a packaged form ready for convenient mixing without removing from the package.  Do not allow the cables to be moved until after the splicing material has completely set.


3.13.1.2  Gravity poured method shall employ materials and equipment contained in an approved commercial splicing kit which includes a mold suitable for the cables to be spliced.  When the mold is in place around the joined conductors, prepare the resin mix and pour into the mold.  Do not allow cables to be moved until after the splicing materials have completely set.


3.13.2  Splices in High Voltage Cables:  Splices shall be suitable for continuous immersion in water [and shall be made only in accessible locations in manholes or handholes.]  [Clearly mark splices buried directly in earth by an identification slab.]


3.13.2.1  Cast-Type Splice Methods:  Cast-type splice insulation shall be provided by means of a molded casting process employing a thermosetting epoxy resin insulating material which shall be applied by a gravity poured method or by a pressure injected method.  The component materials of the resin insulation shall be in packaged form ready for convenient mixing without removing from the package.  Do not allow the cables to be moved until after the splicing material has completely set.


3.13.2.2  Kit Methods:  High voltage splices shall be made using a "kit" which shall be the product of one manufacturer and shall have the approval in writing of the manufacturer of the cable which is to be spliced.  Splices shall be made only in manholes and handholes.


3.13.2.3  Splices in Shield Cables:  Splices in shielded cables shall include covering the spliced area with metallic tape, or like material, to the original cable shield and by connecting it to the cable shield on each side of the splice.  Provide a 14 sq mm (#6 AWG) bare copper ground connection brought out in a watertight manner and grounded to a 19 mm by 3.0 m (3/4 inch by 10 feet) ground rod as part of the splice installation.  Wire shall be trained to the sides of the enclosure in a manner to avoid interference with the working area.


3.14  FIREPROOFING (ARC PROOFING) OF CABLES IN MANHOLES, HANDHOLES AND VAULTS:  All wire and cables which will carry current at 2200 volts or more in manholes, handholes, and vaults shall be fireproofed.


3.14.1  Arc-Proofing Test for Cable Fireproofing Materials:  Test [one] [three] sample assemblies consisting of a 75 mm (3-inch) diameter lead tube with a 6.3 mm (1/4 inch) wall thickness, fireproofed as specified.  Tests shall be made at three different points.  At each point the testing shall consist of an arc magnetically blown against the test assembly until melting occurs at the point of arc contact.  The arc shall be struck between two 22.2 mm (7/8-inch) electrodes located one inch from the sample assembly.  Electrodes must be squared off after each test run.  Arc current shall be between 195 and 210 amperes at 40 vdc.  For each test the fireproofing shall prevent damage to the lead for at least 25 seconds at any point and an average time of no less than 30 seconds for the three tests.  In lieu of the above test, the Contractor may submit copies of the report of such a test previously made for the manufacturer, with his certification that the material supplied for this project is the same as that used in the test.  Test elements and requirements shall be essentially as specified in the test above.


3.14.2  Fireproofing Tape:  Strips of fireproofing tape approximately 1.6 mm (1/16 inch) thick by 76 mm (3 inches) wide shall be wrapped tightly around each cable spirally in half-lapped wrapping, or in two butt-joined wrappings with the second wrapping covering the joints in the first.  The tape shall be applied with the coated side toward the cable and shall extend one inch into the ducts.  To prevent unraveling, the fireproofing tape shall be random wrapped the entire length of the fireproofing with pressure sensitive glass cloth tape.  The fireproofing tape shall consist of a flexible, conformable fabric having one side coated with flame retardant, flexible, polymeric coating or a chlorinated elastomer not less than 1.27 mm (0.050 inch) thick and shall weigh not less than 1.13 kg (2.5 pounds) per square yard.  The tape shall be noncorrosive to cable sheath, shall be self-extinguishing, and shall not support combustion.  The tape shall not deteriorate when subjected to oil, water, gases, saltwater, sewage and fungus.


3.15  HIGH VOLTAGE CABLES:  After installation, and before placing in service, perform a d.c. High Potential Test on all cables rated above 600 volts.  All precautions and limits as specified in the applicable standards shall be adhered to.  Current sensing circuits in test equipment shall measure only the leakage current associated with the cable under test, and shall not include internal leakage current of the test equipment.  Test procedures shall be as follows and the results for each cable test shall be recorded.



a.
Record temperature and relative humidity.  Do not perform tests unless weather is clear and relative humidity is below 7 percent.



b.
Each conductor shall be individually tested with all other conductors grounded.  All shields shall be grounded.



c.
Terminations shall be properly corona suppressed by guard ring, field reduction sphere, or other suitable methods.



d.
Perform megger and continuity test prior to high-potential test.



e.
A d.c. high potential shall be applied in at least five equal increments until maximum test voltage is reached.  The d.c. leakage current shall be recorded at each step after a constant stabilization time consistent with system charging current decay.  100 percent voltage shall be reached in a maximum of 60 seconds.



f.
A graphic plot shall be made of leakage current (X axis) versus voltage (Y axis) at each increment.



g.
The test conductor shall be raised to a maximum test voltage and held for a total of 15 minutes.  Readings of leakage current (Y axis) versus time (X axis) shall be recorded and plotted.



h.
The conductor test potential shall be reduced to zero and grounds applied for at least ten minutes.



i.
The d.c. test voltage shall be [as specified in paragraph "FIELD TESTS".] [     ] KV.


3.15.1  When new cables are spliced into existing cables, the high potential test shall be performed on the new cable prior to splicing.  After test results are approved for new cable and splice is made, an insulation resistance test and continuity test shall be performed on the length of cable including the splice; the existing cable shall be tested to the nearest disconnection point.


3.16  GROUNDING:  Noncurrent carrying metallic parts associated with electrical equipment shall have a maximum resistance to solid "earth" ground not exceeding the following values:














Ohms


For grounding metal enclosures of primary voltage 



electrical and electrically operated equipment

 10



Ground in manholes, handholes and vaults


 10



Grounded secondary distribution system neutral and 



noncurrent carrying metal parts associated with 



distribution systems and grounds not otherwise 



covered.
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Provide one additional ground rod when a single ground rod driven does not have a resistance to ground of value stated above.  When work in addition to that indicated and specified is directed, in order to obtain the specified resistance to ground, the provisions of the contract respecting an adjustment for change conditions shall apply.


3.16.1  Grounding electrodes shall be cone pointed driven ground rods driven full depth plus 15 cm, installed when indicated to provide an earth ground of the value before stated for the particular equipment being grounded.


3.16.2  Make grounding connections which are buried or otherwise normally inaccessible, and excepting specifically those connections type process.  Make exothermit welds strictly in accordance with the weld manufacturer's written recommendations.  Welds which have "puffed up" or which show convex surfaces, indicating improper cleaning, are not acceptable.  No mechanical connector is required at thermit weldments.


3.16.3  In lieu of an exothermic type process, a compression ground grid connector of a type which uses hydraulic compression tool to provide the correct circumferential pressure may be used.  Tools and dies shall be as recommended by the manufacturer.  An embossing die code or other standard method shall provide visible indication that a connector has been adequately compressed on the ground wire.


3.16.4  Grounding conductors shall be bare soft-drawn copper wire 22 sq mm (No. 4 AWG) minimum unless otherwise indicated or specified.


3.16.5  Connect [stainless steel] [copper-clad steel] [solid-copper] ground rods only to insulated [IV] [HIV] copper ground conductor and weld the connection.  Insulate the entire area of the rod in the vicinity of the weld and the connecting wire and seal against moisture penetration.


3.17  FIELD QUALITY CONTROL:  As an exception to requirements that may be stated elsewhere in the contract, the Contracting Officer shall be given 5 working days notice prior to each test.


3.17.1  Distribution Conductors 600 Volt Class:  Test all 600 volt class conductors to verify that no short circuits or accidental grounds exist.  Tests shall be made using an instrument which applies a voltage of approximately 500 volts to provide a direct reading of resistance.


3.17.2  High Voltage Cables:  Test the high voltage cables after installation in accordance with the requirements of the [MITI Ordinance No. 61] [appropriate NEMA "Voltage tests after installation"]in the particular requirements for the cable and voltage involved.


3.17.3  Ground Rods:  Test ground rods for ground resistance value before any wire is connected.  Use a portable ground testing megger to test each ground or group of grounds.  The instrument shall be equipped with a meter reading directly in ohms or fractions thereof to indicate the ground value of the ground electrode under test.


3.17.4  Compaction:  Backfill shall be tested in accordance with JIS A 1210.


3.17.5  Field Test Reports:  Submit in triplicate for the followings.



a.
600 volt cables (identify each cable and test result).



b.
High voltage cables (identify each cable and test result).



c.
Grounding electrodes and systems (identify electrodes and systems, each test).


*** END OF SECTION ***
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