


CITY OF FORT WAYNE MASTER 		    	                                                UPDATED: 1/5/15
SECTION 26 05 43

UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS
GENERAL
DESCRIPTION
Scope:
Provide all labor, materials, equipment, and incidentals as shown, specified, and required to furnish and install manholes, handholes, and underground ductbanks for electrical systems Work.
Coordination: 
Coordinate manhole, handhole, and underground ductbank installation with piping, sheeting other excavation supports, and other Underground Facilities, and locate clear of interferences.
Review installation procedures under this and other Sections and coordinate installation of items to be installed with or before manhole, handhole, and underground ductbanks for electrical systems Work.
NTS: Delete paragraph “3” on single prime contract projects.
Notify other contractors in advance of installing manholes, handholes, and underground ductbanks for electrical systems to provide other contractors with sufficient time for installing items included in their contracts that will be installed with or before manhole and handhole for electrical systems Work.
Coordinate locations and elevations from those indicated as required to suit field conditions and to ensure that duct runs drain to manholes and handholes, and as approved by Engineer.
Related Sections:
NTS: List below only sections covering products, construction, and equipment specifically identified in this section and specified in another section and directly referenced in this specification.  Do not list administrative and procedural division 01 sections.
Section 31 00 05, Trenching and Earthwork
Section 03 20 00, Concrete Reinforcing.
Section 03 30 00, Cast‑in‑Place Concrete.
Section 26 05 26, Grounding and Bonding for Electrical Systems.
Section 26 05 53, Identification for Electrical Systems.
Section 26 05 33 Raceways and Boxes for Electrical Systems
REFERENCES
NTS: Retain applicable standards and add others as required.
Standards referenced in this Section are:
AASHTO, Specifications for Highway Bridges.
ANSI/SCTE 77, Specification for Underground Enclosure Integrity.
ASTM A48/A48M, Specification for Gray Iron Castings.
ASTM C478, Specification for Precast Reinforced Concrete Manhole Sections
ASTM C 858, Specification for Underground Precast Concrete Utility Structures
ASTM C 1037, Standard Practice for Inspection of Underground Precast Concrete Utility Structures
QUALITY ASSURANCE
Component Supply and Compatibility:
Obtain all manholes and handholes furnished under this Section from a single Supplier, unless otherwise acceptable to Engineer.
Manhole and handhole Supplier shall review and approve the Shop Drawing submittals for the manholes and handholes furnished.
Comply with NFPA 70.
SUBMITTALS
Submit the following:
Shop Drawings:
Layout of Manhole Electrical Systems: Where manholes have extensive electrical systems and supports for electrical systems, submit for each plans, sections, and details indicating proposed layout of such materials and equipment in each manhole.
Factory-Fabricated Handholes and Boxes Other Than Precast Concrete:  Include dimensioned plans, sections, and elevations, and fabrication and installation details, including the following:
Duct entry provisions, including locations and duct sizes.
Cover design.
Grounding details.
Dimensioned locations of cable rack inserts, and pulling-in and lifting irons.
Precast or Factory-Fabricated Underground Utility Structures:  Include plans, elevations, sections, details, attachments to other work, and accessories, including the following:
Duct entry provisions, including locations and duct sizes.
Reinforcement details.
Frame and cover design and manhole frame support rings.
Ladder and/or Step details.
Grounding details.
Dimensioned locations of cable rack inserts, pulling-in and lifting irons, and sumps.
Joint details.
Duct-Bank Coordination Drawings:  Show duct profiles and coordination with other utilities and underground structures.
Include plans and sections, drawn to scale, and show bends and locations of expansion fittings.
Drawings shall be signed and sealed by a qualified professional engineer.
Typical cross sections for each ductbank.
Product Data:
Manufacturer’s technical information, specifications, and literature for manholes, handholes, castings, and accessories proposed for use.
Duct-bank materials, including separators and miscellaneous components.
Ducts and conduits and their accessories, including elbows, end bells, bends, fittings, and solvent cement.
Warning tape.
Product Certificates:  For concrete and steel used in precast concrete manholes and handholes, as required by ASTM C 858.
Record Drawings:
Include actual routing of underground ductbank runs on record documents in accordance with Section 01 78 39, Project Record Documents.
DELIVERY, STORAGE, AND HANDLING
Deliver ducts to Project site with ends capped.  Store nonmetallic ducts with supports to prevent bending, warping, and deforming.
Store precast concrete and/or other factory-fabricated underground utility structures at Project site as recommended by manufacturer to prevent physical damage.  Arrange so identification markings are visible.
Lift and support precast concrete units only at designated lifting or supporting points.
PROJECT CONDITIONS
Interruption of Existing Electrical Service:  Do not interrupt electrical service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary electrical service according to requirements indicated:
Notify Engineer no fewer than fourteen (14)  days in advance of proposed interruption of electrical service.
Do not proceed with interruption of electrical service without Engineer's written permission.
EXTRA MATERIALS
Furnish cable-support stanchions, arms, insulators,  and associated fasteners in quantities equal to ten (10) percent of quantity of each item installed.
PRODUCTS
MATERIALS
NTS: Edit paragraph “A”, below, to suit the project.  Edit as required to require either precast or cast-in-place construction.  When precast manholes and handholes are desired, coordinate with the structural Engineer for Project requirements.  Manhole and handhole standard details that reflect cast-in-place construction will require editing when precast is specified.  Edit paragraph “A.1”, below, when the “short form” section 03 00 05, Concrete, is used.
Material and Construction:
Material shall be precast or cast‑in‑place reinforced concrete per Contract Drawings.
Provide minimum interior dimensions as shown or indicated.  
Unless otherwise indicated on drawings provide a 12-inch by 12-inch by six-inch deep sump in manhole floor
Duct entrances shall be sized and located to suit the ductbanks.
Precast Manholes:
Except where otherwise specified, precast manhole components shall consist of reinforced concrete pipe sections specially designed and constructed for use as manholes and manufactured in accordance with ASTM C478, except as modified in this Section.
Precast, reinforced concrete manhole bases, riser sections, flat slabs, and other components shall be manufactured by wet-cast methods, using forms that provide smooth surfaces free of irregularities, honeycombing, and other imperfections.
Joints between manhole components shall be tongue-and-groove type employing a single, continuous rubber O-ring gasket.  Circumferential and longitudinal steel reinforcing shall extend into bell and spigot ends of joint without breaking steel continuity.  Joints between base sections, riser sections, and top slabs of manholes six feet in diameter and less shall be rubber and concrete joints.  Joints for manhole components greater than six-foot diameter shall have steel bell and spigot rings.
Precast manhole components shall:
have sufficient strength to withstand loads imposed upon them; and
be constructed for minimum earth cover loading of 130 pounds per cubic foot, AASHTO H-20 wheel loading, and an allowance of 30 percent in roadways and 15 percent in rights-of-way for impact.  
Manhole bases shall have two cages of reinforcing steel in the walls, each reinforcing cage shall be of area equal to that required in the riser sections.  
Wall thickness shall be not less than five inches.
Concrete top slabs shall be not less than eight inches thick.
Lifting holes, when provided, shall be tapered.  Not more than two lifting holes shall be cast into each section.  Provide tapered, solid rubber plugs to seal lifting holes.  Lifting holes shall be made to be sealed by plugs driven from the outside face of section only.
Point of intersection (P.I.) of ductbank centerlines shall be marked with 1/4-inch diameter steel pin firmly enclosed in floor of each manhole base and protruding approximately one-inch above finished floor of base.
Mark date of manufacture and name or trademark of manufacturer on inside of manhole barrel.
Barrel of manhole shall be constructed of various lengths of riser pipe manufactured in increments of one foot to provide correct height with the fewest joints.  Provide not less than one foot clear between openings in barrel of manholes for ductbanks or other penetrations and the nearest joint.  Provide special manhole base or riser sections as required.
Provide at top of manhole barrel a precast or cast-in-place slab, or precast eccentric cone, as shown or approved, to receive manhole frame and cover.
Comply with ASTM C 858 and with interlocking mating sections, complete with accessories, hardware, and features.
Windows:  Precast openings in walls, arranged to match dimensions and elevations of approaching ducts and duct banks plus an additional 12 inches (300 mm) vertically and horizontally to accommodate alignment variations.
Windows shall be located no less than 6 inches (150 mm) from interior surfaces of walls, floors, or roofs of manholes, but close enough to corners to facilitate racking of cables on walls.
Window opening shall have cast-in-place, welded wire fabric reinforcement for field cutting and bending to tie in to concrete envelopes of duct banks.
Window openings shall be framed with at least two additional No. 4 steel reinforcing bars in concrete around each opening.
Duct Entrances in Manhole Walls:  Cast end-bell or duct-terminating fitting in wall for each entering duct.
Type and size shall match fittings to duct or conduit to be terminated.
Fittings shall align with elevations of approaching ducts and be located near interior corners of manholes to facilitate racking of cable.
Concrete Knockout Panels:  1-1/2 to 2 inches (38 to 50 mm) thick, for future conduit entrance and sleeve for ground rod.
Joint Sealant:  Asphaltic-butyl material with adhesion, cohesion, flexibility, and durability properties necessary to withstand maximum hydrostatic pressures at the installation location with the ground-water level at grade.
Cast-In-Place Manholes
NTS: Coordinate this Article with Drawings for manhole designs, indicating locations, dimensions, features, accessories, and installation conditions.  See Evaluations.
Description:  Underground utility structures, constructed in place, complete with accessories, hardware, and features.  Include concrete knockout panels for conduit entrance and sleeve for ground rod.
Materials:  Comply with ASTM C 858 and with Division 03 Section "Cast-in-Place Concrete."
Structural Design Loading:  As specified in Part 3 "Underground Enclosure Application" Article.
Accessories:
Frames and Covers:
Manufacturers: Provide products of one of the following:
Neenah Foundry Company.
East Jordan Iron Works.
Material: Cast iron complying with ASTM A48/A48M, Class 30A.
Covers: Watertight, sealed type marked “ELECTRICAL” in raised two-inch letters.  Identify covers as shown or indicated on the Drawings.
Grout the frame to the manhole or handhole.
Pulling Irons:
Material: Galvanized steel.
Cast in the wall opposite to centerline of each incoming ductbank and 12 inches below centerline of bottom line of ducts.
Cable Racks:
Material: Galvanized steel cast in the wall.
NTS: Determine future capacity and size manholes and handholes accordingly.
Cable racks shall adequately support cables with space allowed for future cables.
Each rack shall be a vertical assembly of two-foot cable racks extending from within six inches of manhole roof slab to within six inches of manhole floor.
Cable Hooks: 
Material: Galvanized steel.
Length: 7.5‑inch minimum.
Insulators:
Material: Porcelain.
NTS: Edit conduit types in paragraph “C” to address other systems included in or encountered on the project.  In paragraph “C.2” below, rigid steel conduit is not required for fiber-optic cable applications.  Rigid steel conduit may be desirable for medium voltage distributions and other SCADA and communications systems.
Duct: Provide conduit and fittings in accordance with Section 26 05 33, Raceways and Boxes for Electrical Systems.  Conduit types shall be as follows:
Schedule 40 PVC conduits for power circuits.
Galvanized rigid steel conduits for the following types of circuits: low voltage status, analog, and communication.
Backfill: Provide backfill, including select backfill, in accordance with Section 31 00 05 Trenching and Earthwork.
NTS: Provide ductbank reinforcing in accordance with the Contract Drawings.
Reinforcing: Provide Ductbank reinforcing in accordance with Section 03 20 00, Concrete Reinforcing.
NTS: Provide ductbank concrete in accordance with the Contract Drawings.
Concrete: Provide ductbank concrete in accordance with Section 03 30 00, Cast-in-Place Concrete.
Grounding: Provide ground cable in accordance with Section 26 05 26, Grounding and Bonding for Electrical Systems.
NTS: Provide conduit spacers in accordance with the Contract Drawings.
Conduit Spacers: Conduit spacers shall be nonmetallic, interlocking type to maintain spacing between conduits.  Provide spacers suitable for all conduit types used in multiple sizes.
Duct Sealing Compound:
Products and Manufacturers: Provide one of the following:
0-Z/Gedney, Type DUX.
Or equal.
Warning Tape:  Underground-line warning tape specified in Division 26 Section "Identification for Electrical Systems."
PRECAST CONCRETE HANDHOLES AND BOXES
Comply with ASTM C 858 for design and manufacturing processes.
Description:  Factory-fabricated, reinforced-concrete, monolithically poured walls and bottom unless open-bottom enclosures are indicated.  Frame and cover shall form top of enclosure and shall have load rating consistent with that of handhole or box.
NTS: Retain applicable subparagraphs and associated subparagraphs below, and edit to specify features of frame and cover assembly.  Consult with Owner for desired material type and location.
Frame and Cover:  Weatherproof cast-iron frame, with cast-iron cover with recessed cover hook eyes and tamper-resistant, captive, cover-securing bolts.
Frame and Cover:  Weatherproof steel frame, with steel cover with recessed cover hook eyes and tamper-resistant, captive, cover-securing bolts.
Frame and Cover:  Weatherproof steel frame, with hinged steel access door assembly with tamper-resistant, captive, cover-securing bolts.
Cover Hinges:  Concealed, with hold-open ratchet assembly.
Cover Handle:  Recessed.
Frame and Cover:  Weatherproof aluminum frame with hinged aluminum access door assembly with tamper-resistant, captive, cover-securing bolts.
Cover Hinges:  Concealed, with hold-open ratchet assembly.
Cover Handle:  Recessed.
NTS: Coordinate remaining subparagraphs and associated subparagraphs below with Drawings. All closed bottom structures shall have a means to drain. (Sump pit and pump or drain connection to storm sewer.)
Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
Cover Legend:  Molded lettering, "ELECTRIC." "TELEPHONE." “FIBER OPTIC” 
Configuration:  Units shall be designed for flush burial and have [open] [closed] [integral closed] bottom, unless otherwise indicated.
Extensions and Slabs:  Designed to mate with bottom of enclosure.  Same material as enclosure.
Extension shall provide increased depth of minimum of 12 inches.
Slab:  Same dimensions as bottom of enclosure, and arranged to provide closure.
NTS: Windows are project dependent and should be selected appropriately.
Windows:  Precast openings in walls, arranged to match dimensions and elevations of approaching ducts and duct banks plus an additional 12 inches vertically and horizontally to accommodate alignment variations.
Windows shall be located no less than 6 inches from interior surfaces of walls, floors, or frames and covers of handholes, but close enough to corners to facilitate racking of cables on walls.
Window opening shall have cast-in-place, welded wire fabric reinforcement for field cutting and bending to tie in to concrete envelopes of duct banks.
Window openings shall be framed with at least two additional No. 4 steel reinforcing bars in concrete around each opening.
NTS: First subparagraph and associated subparagraphs below specify end-bell or duct-terminating fittings to be factory installed, ready for connection to approaching ducts in the field.  This method reduces installation costs but may increase risk of potential alignment problems.
Duct Entrances in Handhole Walls:  Cast end-bell or duct-terminating fitting in wall for each entering duct.
Type and size shall match fittings to duct or conduit to be terminated.
Fittings shall align with elevations of approaching ducts and be located near interior corners of handholes to facilitate racking of cable.
Handholes 12 inches wide by 24 inches long  and larger shall have inserts for cable racks and pulling-in irons installed before concrete is poured.
HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE
NTS: Retain this Article for installations at locations not subject to deliberate traffic paths of vehicles where enclosures lighter and less costly than those of concrete are desired.  Enclosures specified in this Article range from those suitable only for pedestrian areas to units able to withstand incidental, nondeliberate heavy-vehicle loading.  Coordinate with Part 1 "Submittals" and "Quality Assurance" articles and Part 3 "Underground Enclosure Application" Article.  Coordinate with Drawings for sizes.  See discussion of nonconcrete handhole application in the Evaluations.
Description:  Comply with SCTE 77.
NTS: First option in first subparagraph below facilitates bottom duct entry.  Second option may be provided by a separate slab placed in the excavation under an open-bottom enclosure; third option is obtained by molding or fabricating the bottom integrally with the body of the unit.
Configuration:  Units shall be designed for flush burial and have [open] [closed] [integral closed] bottom, unless otherwise indicated.
Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent with enclosure.
Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
Cover Legend:  Molded lettering, ["ELECTRIC."] ["TELEPHONE."] [“FIBER OPTIC”]
NTS: Retain first subparagraph below if ducts will enter enclosure through the side.  Otherwise, entry will be made through an open bottom or through side openings cut in the field as specified in Part 3.  Coordinate with Drawings.
Duct Entrance Provisions:  Duct-terminating fittings shall mate with entering ducts for secure, fixed installation in enclosure wall.”
Handholes 12 inches wide by 24 inches long and larger shall have factory-installed inserts for cable racks and pulling-in irons.
NTS: Retain applicable subparagraphs below to select enclosure type(s) for areas not subject to deliberate traffic by vehicles.  Coordinate selection with Part 3 "Underground Enclosure Application" Article.  For enclosures with cover options, verify that selected cover is available with the load rating specified in Part 3 "Underground Enclosure Application" Article.
Polymer Concrete Handholes and Boxes with Polymer Concrete Cover:  Molded of sand and aggregate, bound together with a polymer resin, and reinforced with steel or fiberglass or a combination of the two.
Fiberglass Handholes and Boxes with Polymer Concrete Frame and Cover:  Sheet-molded, fiberglass-reinforced, polyester resin enclosure joined to polymer concrete top ring or frame.
Fiberglass Handholes and Boxes:  Molded of fiberglass-reinforced polyester resin, with covers of fiberglass.
SOURCE QUALITY CONTROL
NTS: Retain paragraph below for precast concrete utility structures.
Test and inspect precast concrete utility structures according to ASTM C 1037.
NTS: Retain paragraph below if underground enclosures of polymer concrete, fiberglass-reinforced polyester resin, high-density plastic, or composites of fiberglass and polymer concrete are specified.  See Evaluations.
Nonconcrete Handhole and Pull-Box Prototype Test:  Test prototypes of manholes and boxes for compliance with SCTE 77.  Strength tests shall be for specified tier ratings of products supplied.
NTS: Retain one of first two subparagraphs below.  Retain first to require an independent testing agency to test for compliance with SCTE requirements.  Retain second to require testing by manufacturers' laboratories.  See Evaluations for a discussion about testing.
Strength tests of complete boxes and covers shall be by either an independent testing agency or the manufacturer.  
Testing machine pressure gages shall have current calibration certification complying with ISO 9000 and ISO 10012, and traceable to NIST standards.
EXECUTION
INSPECTION
Examine conditions under which the Work will be installed and notify Engineer in writing of conditions detrimental to proper and timely completion of the Work.  Do not proceed with the Work until unsatisfactory conditions are corrected.
NTS: Edit article “3.2”, below, to suit the Project.
INSTALLATION FOR MANHOLES AND HANDHOLES
Excavation and Backfill for Manholes and Handholes: 
Provide manholes and handholes for electrical systems where shown or indicated and verify at the Site the required locations.
Perform excavation and filling required for installing manholes and handholes for electrical systems, in accordance with Section 31 00 05 Trenching and Earthwork.
Provide manholes and handholes on granular subbase course as shown or indicated.  If not shown, provide layer of compacted select fill not less than six inches deep on which manhole or handhole for electrical systems will be installed.
Carefully set, level, and align at proper grade manhole bases and handholes.
NTS: Delete paragraph “B”, below, when precast concrete manholes are not required.
Precast Manholes:
Set manhole sections vertical with steps and sections in true alignment.  Butter the base of each bell or groove end at joints between components with one-to-two proportion cement-sand mortar to provide uniform bearing between components.  Seal joints with cement mortar inside and out and trowel smooth to contour of wall surface.  Raised or rough joint finishes are unacceptable.
Install sections, joints, and gaskets in accordance with manufacturer’s recommendations.
Tightly seal each lifting hole with solid rubber plug driven into hole from outside of barrel; fill remaining void with one-to-two proportion cement-sand mortar.
Manhole and handhole structures shall be watertight.  Provide grout collar to seal all penetrations into manholes and handholes for electrical systems.
Cable Supports in Manholes:
Manhole shall be fabricated with cast-in-place galvanized steel cable support racks. Provide cable hooks to support each cable on each rack along the cable run within manholes.  
Individually support each cable at each hook on porcelain insulators.  Provide sufficient slack for each cable.
Securely tie each cable in place at each insulator block to prevent excessive movement of insulators, cables, or fireproof tape.  Tie cables with non‑metallic 3/4‑inch strapping tape manufactured by 3M or equal, or tie down with nylon straps.
Grounding:
Provide 3/4‑inch by 10‑foot copper‑clad ground rod for each manhole.
Bond all exposed metal manhole accessories and concrete reinforcing rods with No. 4 AWG minimum bare copper wire and connect to ground rod and to the ductbank ground cable.
NTS: Delete paragraph “F”, below, when not required.  Segregate analog and power cables by utilizing separate ductbank system for analog and power.
Metal Pull Box:
Provide NEMA 4X, stainless steel, wall-mounted pull box inside each manhole and handhole for electrical systems where analog signal cables are mixed with power cables.
Route conduits for analog cables directly into and out of metal pull box so that analog cables are not exposed.
Riser Rings:
Provide riser rings for manholes when required to adjust cover to proper grade.  Construct riser ring on manhole roof slab or cone section on which manhole frame and cover will be placed.
Height of riser rings shall be as required to bring frame to proper grade and shall not exceed 6 inches in height.
Riser rings shall be precast concrete and shall have a minimum thickness of 2 inches and a maximum thickness of 6 inches.
Grading at Manholes and Handholes:
Unpaved Areas:
Install manholes and handholes in unpaved areas as shown or directed by Engineer to rim elevation higher than finished grade.
Grade the ground surface to drain away from manholes and handholes.
Provide fill around manholes and handholes to level of upper rim of manhole or handhole frame, and evenly grade the surface to a one (vertical)-to-five (horizontal) slope to surrounding grade, unless otherwise shown or directed by Engineer.
Paved or Travelled Areas:
Install manholes and handholes in paved or travelled areas to meet final grade of paved or concrete surface.
Manholes and handholes shall not project above finished roadway pavement.
Contractor shall be solely responsible for proper height of manholes and handholes necessary to reach final grade.  Engineer’s review of Shop Drawings and other submittals for manholes and handholes is general in nature.  Provide random-length precast manhole riser sections to adjust manholes to accommodate field conditions for final grading and final elevations.
INSTALLATION OF HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE
Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting ducts to minimize bends and deflections required for proper entrances.  Use box extension if required to match depths of ducts, and seal joint between box and extension as recommended by the manufacturer.
Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.
Elevation:  In paved areas and trafficways, set so cover surface will be flush with finished grade.  Set covers of other handholes 1 inch  above finished grade.
Install handholes and boxes with bottom below the frost line, 36 inches below grade.
Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as required for installation and support of cables and conductors and as indicated.  Select arm lengths to be long enough to provide spare space for future cables, but short enough to preserve adequate working clearances in the enclosure.
Field-cut openings for ducts and conduits according to enclosure manufacturer's written instructions.  Cut wall of enclosure with a tool designed for material to be cut.  Size holes for terminating fittings to be used, and seal around penetrations after fittings are installed.
For enclosures installed in asphalt paving and concrete paving and subject to occasional, non-deliberate, heavy-vehicle loading, provide concrete ring  encircling, and in contact with, enclosure and with top surface of box cover frame.  Bottom of ring shall rest on manhole.
INSTALLATION OF UNDERGROUND DUCTBANKS
Underground Duct Application
Ducts for Electrical Cables Over 600 V:  RNC, NEMA Type EPC-40 - PVC, in concrete-encased duct bank, unless otherwise indicated.
Ducts for Electrical Feeders and branch circuits 600 V and Less:  RNC, NEMA Type  EPC-40 - PVC, in concrete-encased duct bank, unless otherwise indicated.
Underground Ducts for Telephone, Communications, or Data Utility Service Cables:  RNC, NEMA Type EPC-40 - PVC, in concrete-encased duct bank, unless otherwise indicated.
Underground Ducts for Instrumentation and Control Wiring shall be galvanized rigid conduit installed in direct-buried duct bank, unless otherwise indicated.
Excavation and Backfilling:
Provide excavation and backfilling for ductbank installation in accordance with Section 31 00 05 Trenching and Earthwork.
Do not backfill with material containing large rock, paving materials, cinders, large or sharply angular substances, corrosive material, or other materials that can damage or contribute to corrosion of ducts or cables, or prevent adequate compaction of backfill.
Ductbank Layout:
Depth:  Install top of duct bank at least 36 inches below finished grade in areas not subject to deliberate traffic, and at least 42 inches below finished grade in deliberate traffic paths for vehicles, unless otherwise indicated.
Slope: Pitch ducts a minimum slope of 1:300 down toward manholes and handholes and away from buildings and equipment.  Slope ducts from a high point in runs between two manholes to drain in both directions. Ductbank Assembly:
Assemble ductbanks using non‑magnetic saddles, spacers, and separators.  Position separators to provide minimum three-inch concrete separation between outer surfaces of each conduit.  Provide side forms for each ductbank.
Separator Installation:  Space separators close enough to prevent sagging and deforming of ducts, with not less than 4 spacers per 20 feet  of duct.  Secure separators to earth and to ducts to prevent floating during concreting.  Tie entire assembly together using fabric straps; do not use tie wires or reinforcing steel that may form conductive or magnetic loops around ducts or duct groups.
Stub-Ups:  
Use manufactured PVC Coated Rigid duct elbows for stub-ups at poles and equipment and at building entrances through the floor, unless otherwise indicated.  Extend concrete encasement throughout the length of the elbow.
Stub-Ups:  Use manufactured PVC Coated Rigid steel conduit elbows for stub-ups at poles and equipment and at building entrances through the floor.
Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling with 3 inches of concrete.
Stub-Ups to Equipment:  For equipment mounted on outdoor concrete bases, extend steel conduit horizontally a minimum of 60 inches from edge of base.  Install insulated grounding bushings on terminations at equipment.
Curves and Bends:
Use manufactured long sweep bends with a minimum radius of 48 inches, both horizontally and vertically, at transformer enclosures.
Use manufactured long sweep bends with a minimum radius of 48 inches, both horizontally and vertically, for all fiber optic cable runs.
Use manufactured long sweep bends with a minimum radius of 36 inches, both horizontally and vertically, at other locations, unless otherwise indicated.
Concrete Placing:
Provide minimum four-inch concrete covering on each side, top, and bottom of concrete envelopes around conduits.  Concrete covering shall be as shown or indicated on the Drawings.
Firmly fix conduits in place during concrete placing.  Carefully place and vibrate concrete to fill spaces between conduits.
NTS: Coordinate conduit transitions with the conduit types to be used and edit paragraph “E” to suit the project.  Coordinate fittings required with the structural Engineer and edit below to suit the project.
The need and location of expansion/deflection fittings are a function of the soil conditions that should be determined on a project-by-project basis.
Conduit Transitions:
Conduit installations shall be watertight throughout entire length of ductbank.
Terminate conduits with insulated grounding bushings.
Continue conduits inside buildings in accordance with Section 26 05 33.13, Rigid Conduits, and as shown or indicated in the Contract Documents.
If ducts are not concrete-encased, provide expansion and deflection fittings in accordance with Section 26 05 33.26, Expansion/Deflection Fittings.
Plug and seal empty spare conduits entering structures.  Conduits in use entering structures shall be sealed watertight with duct sealing compound.
Pulling Cord:  Install 100-lbf- (445-N-) test nylon cord in ducts, including spares.
NTS: For each Project, coordinate with the structural Engineer typical ductbank details and roadway reinforcing requirements.  Bar sizes shall be specific to Soil conditions on each project.
Ductbank Reinforcing: 
Provide reinforcing for all ductbanks:
Install ductbank reinforcement as shown or indicated on the Drawings.
Provide maximum clearance of 1.5 inches from bars to edge of concrete encasement.
Connections to Structures:
Firmly anchor ductbanks to structure walls, building walls, or slabs.  Epoxy-grout ductbank rebar into structure concrete to eliminate sheer forces between ductbank and structure wall concrete.
Ductbank penetrations through structure walls shall be watertight.
Grounding:
Provide bare stranded copper ductbank ground cable in each ductbank envelope.  Make ground electrically continuous throughout entire ductbank system.
Connect ground cable to building and station ground grid or to equipment ground buses.  Also, connect ground cable to steel conduit extensions of underground ductbank system.
Provide ground clamp and bonding of each steel conduit extension to maintain continuity of ground system.
Terminate ground cable at last manhole or handhole for outlying structures.
Detectable Underground Warning Tape:
Provide detectable underground warning tapes complying with Section 26 05 53, Identification for Electrical Systems, over the full length of each underground ductbank.
Install warning tapes approximately 12 inches below grade.
Provide multiple tapes across the width of each ductbank.  Locate center of a warning tape above each edge of ductbank, and at intervals across top width of ductbank so that clear space between tapes does not exceed six inches.
Provide an additional warning tape for each 12-inch increment of duct-bank width over a nominal 18 inches.  Space additional tapes 12 inches  apart, horizontally.
Reused Existing Conduits or Ducts:
Pull rag swab through duct to remove water and to clean conduits prior to installing new cable.
Repeat swabbing until all foreign material is removed.
Pull mandrel through duct, if necessary, to remove obstructions.
Direct-Buried Conduits:
Only single run conduit shall be direct buried. 
Conduit shall be PVC coated rigid.
Excavate trench bottom to provide firm and uniform support for conduit.  Prepare trench bottoms as specified in Section 31 00 05 Trenching and Earthwork
After installing conduit, backfill and compact.  Start at tie-in point and work toward end of conduit run, leaving conduit at end of run free to move with expansion and contraction as temperature changes during this process.  Firmly tamp backfill around conduit to provide maximum supporting strength.  Use hand tamper only.  After placing controlled backfill, make final connections at end of run and complete backfilling with normal compaction as specified in Section 31 00 05 Trenching and Earthwork.
Depth:  Install top of conduit at least 36 inches below finished grade, unless otherwise indicated.
Install manufactured PVC Coated Rigid elbows for stub-ups at poles and equipment and at building entrances through the floor, unless otherwise indicated.  
FIELD QUALITY CONTROL
Watertightness:
Manholes and handholes for electrical systems shall be free of visible leakage.  Inspect each manhole and handhole accompanied by Engineer, and repair leaks.
Perform the following tests and inspections and prepare test reports:
Demonstrate capability and compliance with requirements on completion of installation of underground ducts and utility structures.
Pull test mandrel through duct to prove joint integrity and test for out-of-round duct.  Provide mandrel equal to 80 percent fill of duct.  If obstructions are indicated, remove obstructions and retest.
Test manhole and handhole grounding to ensure electrical continuity of grounding and bonding connections.  Measure and report ground resistance as specified in Division 26 Section "Grounding and Bonding for Electrical Systems."
Correct deficiencies and retest as specified above to demonstrate compliance.
CLEANING
Pull rag swab through duct to remove water and to clean conduits prior to installing new cable.
Repeat swabbing until all foreign material is removed.
Clean internal surfaces of manholes, including sump.  Remove foreign material.

+ + END OF SECTION + +
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