6016

Special Specification 6016
Intelligent Transportation System (ITS) Multi-Duct
Conduit
1.

DESCRIPTION
Furnish and install Intelligent Transportation System (ITS) multi-duct conduit identified for fiber optic
communication use of the type and size specified. Provide conduit suitable for installation in an outdoor
underground environment including constant immersion in water, mounted to retaining walls, and mounted
above ground on the underside of a bridge without any degradation to the conduit.

2.

MATERIALS
Provide new materials that comply with the details shown on the plans, the requirements of this Item, and the
requirements of the following Items:
 Item 400, “Excavation and Backfill for Structures,”
 Item 401, “Flowable Fill,”
 Item 402, “Trench Excavation Protection,”
 Item 421, “Hydraulic Cement Concrete,”
 Item 445, “Galvanizing,”
 Item 476, “Jacking, Boring, or Tunneling Pipe or Box,”
 Item 618, “Conduit,” and
 Item 620, “Electrical Conductors”.
In addition, provide ITS multi-duct conduit meeting the requirements of the following Items:
 Underwriters Laboratories (UL) 651,2420, and 2515,
 National Electrical Manufacturers Association (NEMA) Standard TC-2,
 NEMA TC-7,
 NEMA TC-14B,
 National Electrical Code (NEC), and
 Departmental Materials Specification DMS 11030, “Conduit”.
Provide underground ITS multi-duct conduit materials that have been tested and listed as defined in the NEC
for the specific use to meet the following industry standards:
 Bellcore/Telcordia Technologies document GR-356,
 American Society for Testing and Materials (ASTM)-D1784, Standard Specification for Rigid (PolyVinyl
Chloride) (PVC) Compounds and (Chlorinated Poly Vinyl Chloride) (CPVC) Compounds,
 ASTM-D1785, Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80,
and 120,
 ASTM-D2122, Standard Test Method for Determining Dimensions of Thermoplastic Pipe and Fittings,
 ASTM-F2160, Standard Specification for Solid Wall High Density Polyethylene (HDPE) Conduit Based
in Controlled Outside Diameter,
 ASTM-D2412, Standard Test Method for Determination of External Loading, and
 ASTM-D3350, Standard Specification for Polyethylene Plastic Pipe and Fittings Materials.
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Provide above ground ITS multi-duct conduit materials that have been tested and listed as defined in the
NEC for the specific use to meet the following industry standards:
 ASTM-A90, Standard Test Method for Weight of Coating on Iron and Steel Articles with Zinc-Alloy
Coatings,
 ASTM-D2105, Standard Test Method for Longitudinal Tensile Properties of “Fiberglass” (Glass-FiberReinforced Thermoplastic-Resin) Pipe and Tube, and
 ASTM-D2444, Standard Test Method for Determination of the Impact Resistance of Thermoplastic Pipe
and Fittings by Means of a Tup (Falling Weight).

3.

EQUIPMENT

3.1.

General Requirements.

3.1.1.

Pre-Assembled Multi-Duct. Provide a pre-assembled multi-duct conduit system of the material type
specified with a nominal 4 in. inner diameter round outer duct containing 4 factory installed 1.25 in. nominal
diameter round inner ducts. Inner ducts must be held together in a square configuration by a system of
spacers. The design of the spacers, which hold the individual conduits in formation, must be capable of
locking them tightly together to prevent free twisting of the inner ducts.
For pre-assembled multi-duct, provide a single protective end cap for each bundled 10 ft. or 20 ft. conduit
sections, factory bends, and fittings.

3.1.2.

Fittings. Provide all required sweeps, bends, repair couplings, ground box termination kits, alternative outer
ducts, adapters, preassembled split repair kits, lubrication access fittings, tug-plugs, slit-inner duct plugs,
hangers, brackets, expansion joints, and accessories to complete the conduit system as incidentals.

3.1.3.

Flexural Modulus. Do not exceed the ovality of the conduit system by 5%.

3.1.4.

Environmental Requirements.
For underground construction, provide conduit that will perform in an ambient temperature range of -30ºF to
122ºF without degradation of material properties In accordance with the NEC.
For above ground conduit construction, provide conduit that performs in an ambient temperature range of
-60ºF to 200ºF without degradation of material properties.

3.1.5.

Corrosion Resistance. Provide a conduit system that is resistant to most harsh chemicals and protected
against degradation due to oxidation or general corrosion.

3.1.6.

Direct Bury. Provide a conduit system capable of being installed by trenching or boring as shown on the
plans.

3.1.7.

Free of Defects. Provide a conduit system free of visible cracks, holes, or other physical defects that would
degrade its performance.

3.1.8.

Uniformity. Provide conduit that is uniform as practical in respect to overall dimensions, color, density, and
thickness.

3.1.9.

Stabilization. Provide conduit with a UV light stabilizer which will protect it, for a minimum of 12 mo., from
degradation due to prolonged exposure to direct sunlight.

3.1.10.

Conduit Identification. Provide conduit with a durable identification labeling showing the name and
trademark of the manufacturer, conduit size, date of manufacture and "TxDOT - Fiber Optic Cable System"
identification.
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3.1.11.

Grounding. Provide a bare copper No. 8 AWG system grounding conductor, in accordance with Item 620,
“Electrical Conductors”, in 1 inner duct of the conduit duct system if no other cable is to be installed in the
conduit system for use as a grounding conductor between ground boxes.

3.2.

Outer Duct.

3.2.1.

PVC Multi-Duct. Provide heavy walled Schedule 40 polyvinyl chloride (PVC) or heavy walled Schedule 80
PVC outer duct with a nominal inside diameter (ID) of 4 in. as shown on the plans or as directed for
underground construction. Provide minimum 20 ft. sections of conduit.
Incorporate a longer integral bell in place of the standard 3-1/2 in. bell to accommodate the length of the
coupling body.
Provide 4 in. Schedule 40 conduit with an average outside diameter (OD) of 4.5 in. and a minimum wall
thickness of 0.237 in..
Provide 4 in. Schedule 80 conduit, or equivalent with an average OD of 4.75 in. and a minimum wall
thickness of 0.337 in. When providing an equivalent to Schedule 80, provide independent laboratory testing
certifications showing the equivalent product meets or exceeds performance and testing requirements to that
of Schedule 80.

3.2.2.

Rigid Metal Multi-Duct. Provide galvanized rigid metal conduit (RMC) outer duct with a nominal ID of 4 in.
as shown on the plans or as directed. Provide a minimum 10 ft. section of conduit.
Provide 4 in. RMC with an average OD of 4.5 in. and a minimum wall thickness of 0.225 in.

3.2.3.

Fiberglass Multi-Duct. Provide, bullet resistant, pure, high grade, reinforced thermosetting resin conduit
outer duct with a nominal ID of 4 in. as shown on the plans or as directed. Provide a minimum 10 ft. section
of conduit.
Provide 4 in. fiberglass conduit with a minimum OD of 4.25 in. and a minimum wall thickness of 0.250 in.

3.3.

Inner ducts. Provide inner duct Schedule 40 PVC or High Density Polyethylene (HDPE) conduit with a 1.25
in. nominal diameter. Extrude inner ducts in a controlled OD fashion.

3.3.1.

Spacers. Hold together the inner ducts with spacers located throughout each section of conduit. Factory
install the system of spacers to hold inner ducts in place during transport and maintain alignment within the
outer duct. Mold spacers from high impact plastic, and be factory certified to withstand all handling pressures
and stresses.

3.3.2.

Longitudinal Ribbing. For HDPE inner ducts, incorporate longitudinal ribbing and permanent dry lubricant
that is extruded to provide friction reduction in cable installation.

3.3.3.

Identification by Color. Provide inner ducts that are uniquely defined by the extrusion of a different color for
each of the inner ducts; colors must be orange, yellow, red, and black.
Provide black inner duct that is placed directly in line with the manufacturer's identification on the outer duct
for ease of identification and installation.
Duct designated for backbone fiber will be black in color; duct designated for distribution fiber will be orange
and red in color; and duct designated for drop (field cabinet) fibers cable will be yellow in color.

3.3.4.

Pull Cord. Provide a flat pull cord in all empty inner ducts. Provide a pull cord with a tensile strength of 1,250
lb. minimum and have foot markings to determine length installed.
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3.4.

Fittings. Provide fittings with the same material to the connecting conduit unless otherwise shown on the
plans.

3.5.

Coupling Body. Provide a factory installed primary coupling body that is manufactured as a hard plastic
coupling body incorporating conical shaped target areas to accommodate self-alignment of each inner duct
upon field assembly.
Provide a coupling body that incorporates sealing devices to facilitate field assembly and prevent water and
foreign material leakage from outside the multi-duct system and to prevent air leakage from inside the inner
ducts. Assemble solely by hand without use of special tools such that no lubricant will be required for field
assembly of this conduit system.
Provide the coupling body with its sealing members sealing the outer walls of the inner ducts and the inner
wall of the outer duct providing an airtight seal from within the inner duct system and a watertight seal from
the outside of the outer duct.
Provide the gasket or sealing members that is an anti-reversing design in such that the lengths of conduit
stay joined together without the need for solvent cement.
Provide the field connection end of the internal coupling body that incorporates shaped target areas to
accommodate self-alignment of the inner ducts with bore openings during field assembly.
Provide the coupling body that has one of the bore openings on the field assembly side uniquely identified to
facilitate proper continuous inner duct alignment during field assembly.
The coupling body must seal the inner duct so that after the application of 100 psi to an inner duct, the inner
duct must be capable of maintaining a minimum of 15 psi for 24 hr. Employ an approved independent
commercial testing laboratory to perform the above test. Submit certified reports of test to Department.

3.6.

Expansion Joints. Provide expansion joints having a material similar to the connecting conduit unless
otherwise shown on the plans.
Use conduit expansion fittings at structure expansion joint crossings.

3.7.

Termination Kits. Provide end or pass-through termination kits from the same conduit manufacturer for
termination in ground boxes and junction boxes.
Ensure a watertight seal of conduit to structure wall when terminating conduit.

3.8.

Multi-Duct Sweeps. Conduit deflection should not deviate more than 1 in. horizontally or vertically per foot
(1:12) of running length of conduit. Long conduit sweeps should be used wherever possible to change
conduit direction in order to reduce the pulling tension required during cable installation.
For conduit deflection at obstructions, utilities, or transitions to structures where the 1:12 deflection
requirement above or long sweeps are not possible, use complete conduit manufactured minimum 36 in.
radius sweeps (11-1/4º , 22-1/2º, 30º, 45º, and 90º angles) complete with bell and spigot. Do not field bend
conduit.

3.9.

Fiber Optic Cable Route Markers. Furnish tubular delineator markers, minimum 6 ft. in length and a
minimum 3 in. OD, and constructed of Type III HDPE material. Provide marker assemblies that are orange in
color and ultraviolet stabilized to help prevent components from color fading, warping, absorbing water, and
deterioration with prolonged exposure to the elements. Refer to the Standard Details for details of the text on
the decal that should be affixed to each marker. Ensure that all markers furnished on this project are new
and consistent in appearance.
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Install markers using a method that firmly and securely anchors the marker a minimum of 1 ft. into the ground
to prohibit twisting and easy removal. When located at an ITS ground box, marker may be placed within the
concrete riprap apron avoiding rebar reinforcement. Spacing between markers should not exceed 1,000 ft. or
as shown on the plans and placed at significant changes in direction such as a 90º turn. Do not place
markers in any roadway paved surface.

4.

CONSTRUCTION

4.1.

Underground Construction. Place conduit in accordance with the lines, grades, details and dimensions
shown on the plans or as directed. Maintain constant slope to prevent water from being trapped in the
conduit system.
Ream all conduit ends to remove burrs and sharp edges.
Install underground conduit system a minimum of 42 in. from ground surface to the top of the conduit unless
otherwise directed or to avoid utility conflicts or field conditions. When conditions require trench depths
greater than 5 ft., provide trench protection in accordance with Item 402, “Trench Excavation Protection.”
Install conduit in accordance with the requirements of the NEC and USDA RUS.
Fasten all external conduit placed on structures with conduit straps or hangers as shown on the plans or as
directed. Conduit straps, hanger systems, and junction boxes are incidental to this Item.
Fit the conduit terminations with bushings or bell ends with duct plugs. Seal inner ducts with duct plugs within
24 hr. of conduit placement. This includes but is not limited to intermediate or incomplete sections of conduit
system prior to conduit splicing or termination in ground boxes.
Document Global Positioning System (GPS) coordinate points, in NAD83, and provide to the Department for
shifts or deviations of the ITS multi-duct alignment from the plans required to avoid obstructions or utilities.
GPS coordinate points to be recorded at the point of curvature and point of tangent for horizontal of vertical
transitions and include installed depth.

4.1.1.

Proofing. Prior to installation of cables or final acceptance, pull a spherical template having a diameter of not
less than 75% of the inside diameter of the inner duct through the inner duct to insure that the inner duct is
free from obstruction. At the conclusion of proofing, fit ends of all empty inner ducts with duct plugs or caps
within 24 hr.

4.2.

Trench Construction. Provide minimum Schedule 40 PVC conduit when conduit is installed through
trenching method unless otherwise shown on the plans or as directed.
Provide a 2 in. minimum layer of sand at the bottom of the trench to serve as a bedding material for
construction.
Provide conduit spacers made of a non-metallic material designed for installation underground and encased
in concrete. Spacers should be of the type recommended by the conduit manufacturer and designed with an
interlocking device and stackable to relive the conduit of both horizontal and vertical stress. Provide spacers
sized appropriately for the conduit with a minimum height of 2 in. spaced at 5 ft. intervals throughout the
trench. Set conduit spacers directly on the sand bedding. Spacers must be anchored to prevent floating of
conduit system and maintain constant slope.
Conduit system will be encased in the following materials based on depth of trench:

4.2.1.

Greater than 24 in. For trench depths greater than 24 in. from the ground surface to the top of the ITS multiduct conduit, encase the conduits in flowable fill to an elevation of 6 in. above the top of conduit in
accordance with Item 401, “Flowable Backfill,” or ClassB concrete, maximum aggregate size 5, in
accordance with Item 421, “Hydraulic Cement Concrete.” Class B concrete at the discretion of the Engineer
and will be shown on the plans. Backfill above encasement as defined in Section 4.2.3.
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4.2.2.

Less than 24 in. When a trench depth less than 24 in. is required, encase the conduits in Class B concrete,
maximum aggregate size 5, to an elevation of 6 in. above the top of conduit in accordance with Item 421,
“Hydraulic Cement Concrete.” Backfill above encasement as defined in Section 4.2.3.

4.2.3.

Excavation and Backfill. Trench, excavate, and backfill as shown on the plans and in accordance with Item
400, “Excavation and Backfill for Structures.”

4.2.4.

Marking Tape. Place a 4 in. wide detectable underground metalized mylar conduit marking tape over the ITS
conduit at a minimum depth of 1 ft. below grade when no other electrical marking tape required or 8 in. below
electrical marking tape when provisioned under Item 618, “Conduit”.
Imprint the marking tape “TxDOT Conduit and Fiber Optic Cable System - Call TxDOT Before Proceeding”
every 18 in.

4.2.5.

Restoration of Trench Areas. Where existing surfacing is removed for placing conduit, repair by backfilling
with material equal in composition and density to the surrounding areas and by replacing any removed
surfacing, such as asphalt pavement or concrete riprap, with like material to equivalent condition in
accordance with Item 400, “Excavation and Backfill for Structures.”

4.3.

Boring Construction. Jacking and boring when required will be in accordance with Item 476, “Jacking,
Boring, or Tunneling Pipe or Box”..
When boring under pavement shallower than 48 in. from finish grade to top of conduit, provide Schedule 40
steel casing under pavement to encase the conduit system as shown on the plans unless otherwise directed.
Provide steel casing of a size to accommodate all conduits in addition to 20% space capacity for pulling
conduits through the steel casing. Steel casing will be furnished in accordance with this Item.
During boring operation, locate bore head every 10 ft. along the bore path and before traversing underground
utilities or structures. Use digital walkover locating system to track bore head during boring operation.
Ensure locating system is capable of determining pitch, roll, heading, depth, and horizontal position of the
bore head and document this information at the intervals specified above for as-built information..

4.4.

Above Ground Construction. Place conduit in accordance with the lines, grades, details and dimensions
shown on the plans or as directed. Maintain constant slope to prevent water from being trapped in the
conduit system.
Provide rigid metal conduit or fiberglass conduit for outer duct when system is mounted externally along a
bridge or above ground structure. Provide fiberglass or other non-corrosive outer duct for coastal Districts
where conduit is exposed to corrosive environments due to salt in the air.
Provide rigid metal conduit outer duct that is hot-dipped galvanized in accordance with Item 445,
“Galvanizing.”
Ground rigid metal conduit in accordance with the Department’s Electrical Details and in accordance with the
NEC.
Provide fiberglass conduit that is bullet resistant, heavy walled, pure, high grade, reinforced thermosetting
resin conduit.
Provide conduit, elbows, and fittings that are manufactured from the same resin, hardener, or glass systems
manufactured by the same filament wound system.

4.5.

Testing. Perform tests in accordance with industry testing requirements identified in Article 2, “Materials.”

4.5.1.

General. Furnish certified documentation from an independent testing laboratory documenting compliance
with all ASTM, NEMA, NEC, UL, and Telcordia Technologies standards as referenced in this Item.
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Provide test procedures and blank test forms and conduct performance tests for all materials and equipment
not previously tested and approved. If technical data is not considered adequate for approval, samples may
be requested for test. The Contract period will not be extended for time lost or delays caused by testing prior
to final approval of any items.
Compare the results of each test with the requirements of this Item. Failure to conform to the requirements of
any test must be identified as a defect and the materials will be subject to rejection by the Engineer. Offer
rejected materials again for retest provided all non-compliances have been corrected and retested by the
Contractor with evidence submitted to the Engineer.
4.5.2.

Examination of Product. Examine each conduit system component prior to installation carefully to verify
that the materials, design, construction, markings, and workmanship comply with the requirements of this
Item.

4.5.3.

References. The ITS multi-duct conduit system supplier must submit 3 references, preferably State
Departments of Transportation, where this supplier's conduit system has functioned successfully for a period
of no less than 1 yr. Include current name and address of organization, and the current name and telephone
number of an individual from the organization who can be contacted to verify system installation. Provide this
information with documentation submittal. Failure to furnish the above references will be sufficient reason for
rejection of the supplier's equipment.

4.6.

Documentation Requirements. Submit documentation of the conduit system consisting of the following for
Engineer approval 30 days prior to installation:
 manufacturer specifications or cut sheets for all components of the conduit duct system,
 laboratory certified material test reports documenting conformance with pertinent standards identified
under Article 2, “Materials”,
 GPS coodinates,
 pre-installation test procedures,
 post-installation test procedures, and
 as-built of installed conduit system.

5.

MEASUREMENT
ITS multi-duct conduit will be measured by the linear foot of the multi-duct conduit system.
Fiber optic cable road marker will be measured by each maker furnished and installed.

6.

PAYMENT
The work performed and materials furnished in accordance with this Item and measured as provided for
under “Measurement” will be paid for at the unit price bid for “ITS Multi-Duct Conduit” of the types and
construction method specified. This price is full compensation for furnishing and installing conduit; for jacking,
boring, steel encasement, excavating, furnishing, and placing backfill; concrete encasement; replacing
pavement structure, sod, riprap, curbs, or other surface; testing of the conduit system; for furnishing and
installing all fittings, clamps, sweeps, bends, repair couplings, adapters, ground box or manhole termination
kits, pre-assembled split repair kits, lubrication access, fittings, hangers, brackets, junction boxes, expansion
joints, concrete, and detectable underground metalized mylar conduit marking tape; pull cords, and for all
labor, tools, equipment and incidentals necessary to complete the work.
The work performed and materials furnished in accordance with this Item and measured as provided under
“Measurement” will be paid for at the unit price bid for “Fiber Optic Cable Road Marker.” This price is full
compensation for furnishing and installing all cable markers; and for materials, equipment, labor, tools,
documentation, warranty, training and incidentals.
Copper grounding conductor will be paid under Item 620, “Electrical Conductors.”
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This Item applies only to ITS multi-duct conduit. Any other conduit for communication or electrical use will be
in accordance with and paid for under Item 618, “Conduit.”
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