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DRAINAGE – BACKFLOW PREVENTER STANDARD SPECIFICATION 

 
1. GENERAL 

 

1.1. The Contractor shall furnish and install backflow preventer for 54” discharge pipe into Lake Erie, in 

accordance with the requirements of the plans and contract documents. This device is intended 

to prohibit lake water from entering the system at the discharge point of the closed sewer 

system and having adverse effects on the gravity and water treatment components. 

 

1.2. The backflow preventer shall be placed inline prior to the pipe terminus. The backflow 

preventer shall be selected based on the proposed pipe size, discharge and or velocity and on-

line and back pressure at the chosen location. 

 

1.3. The backflow preventer shall be of a type that has been installed and in use for a minimum of five (5) 

consecutive years preceding the date of installation of the system. The manufacturer shall have 

been, during the same consecutive five (5) year period, engaged in the engineering design and 

production of systems deployed for the treatment of storm water runoff and which have a history 

of successful production, acceptable to the Engineer of Record and/or the approving Jurisdiction. 

 

1.4. Shop drawings for the structure and performance are to be submitted with each order to the 

contractor. Contractor shall forward shop drawing submittal to the consulting engineer for 

approval. Shop drawings are to detail the structure’s precast concrete and call out or note the 

internals/components. 

 

1.5. The backflow preventer shall satisfy the Buy American Act, 41 U.S.C. 8301-8305. 

 
2. MATERIALS 

 

2.1. Materials shall be rust and corrosion resistant. 

2.1.1. Metallic pieces shall be stainless steel. 

 

2.2. Pliable material shall resist warping and freezing. 

2.2.1. Materials shall be either heavy duty elastomer, neoprene, Hypalon, Buna-A, EPDM or approved 

equal. 

 

3. PERFORMANCE 
 

3.1. Backflow preventer shall be monitored after installation during wet periods to confirm the gravity 

system can drain through the device against the back pressure of Lake Erie. Dry periods shall be 

monitored as well to ensure no backwater form the lake is entering the closed gravity system. 

 

3.2. All connections shall be watertight. 

 

3.3. The backflow preventer shall be passive and not require any outside source of power for operation 

and or mechanical parts. 

 

3.4. The life expectancy shall be no less than 25 years. 

  



 

4. INSPECTION AND MAINTENANCE 
 

4.1. Maintenance and Inspection shall be performed in accordance with the manufacturer’s 

recommendations for maintenance and inspection. 

 
4.2. Maintenance and inspection intervals shall be per the manufacturer’s recommendations, or per the 

approving/local jurisdiction/agency requirements; whichever is more frequent. 

 

4.3. Operation and Maintenance manual(s) shall be left with the Operator once system is made operational 

by the Contractor. 

 

5. PAYMENT 

 

5.1. The items covered under this specification shall be paid as part of the base bid. 



 

 

DRAINAGE – TRENCH DRAIN STANDARD SPECIFICATION 

 
1. GENERAL 

 

1.1. The Contractor shall furnish and install trench drain, in accordance with the requirements of the 

plans and contract documents. Trench drain is intended to intercept surface drainage from 

upstream contributing drainage areas and discharge into the closed gravity storm sewer system. 

 

1.2. The trench drain shall be of a type that has been installed and in use for a minimum of five (5) 

consecutive years preceding the date of installation of the system. The manufacturer shall have 

been, during the same consecutive five (5) year period, engaged in the engineering design and 

production of systems deployed for the treatment of storm water runoff and which have a history 

of successful production, acceptable to the Engineer of Record and/or the approving Jurisdiction. 

 

1.4. Shop drawings for the structure and performance are to be submitted with each order to the 

contractor. Contractor shall forward shop drawing submittal to the consulting engineer for 

approval. Shop drawings are to detail the structure’s precast concrete and call out or note the 

internals/components. 

 

1.5. The trench drain system shall satisfy the Buy American Act, 41 U.S.C. 8301-8305. 

 
2. MATERIALS 

 

2.1. Channel shall be polymer concrete or equal as approved by the Engineer. 

 

2.2. Chosen grate material shall classify as Load Class F per EN 1433 and be rust and corrosion resistant. 

 

2.3. All joints shall be sealed with a flexible sealant and made watertight. 

 

3. PERFORMANCE 

 

3.1. Channel slope of trench drain shall be a minimum of 0.50%. 

 

3.2. Trench drain grate and internal widths shall be a minimum of 12 inches. 

 

3.3. Trench drain shall outfall to the closed system at a catch basin as shown in the plan set. 

 

3.4. Special consideration should be given to allow for under drain to outfall into trench drain channel, 

or, catch basin if outfall into channel is not feasible. 

 
4. INSPECTION AND MAINTENANCE 

 

4.1. Maintenance and Inspection shall be performed in accordance with the manufacturer’s 

recommendations for maintenance and inspection. 

 
4.2. Maintenance and inspection intervals shall be per the manufacturer’s recommendations, or per the 

approving/local jurisdiction/agency requirements; whichever is more frequent. 

 

4.3. Operation and Maintenance manual(s) shall be left with the Operator once system is made operational 

by the Contractor. 



 

5. PAYMENT 

 

5.1. The items covered under this specification shall be paid as part of the base bid. 



 

STORMWATER QUALITY – WATER QUALITY TREATMENT BMP STANDARD SPECIFICATION 

 
1. GENERAL 

 

1.1. The Contractor shall furnish and install a passive stormwater filtration system, Aquip Enhanced 

Stormwater Filtration System, or equivalent, complete, and operable as shown and as specified 

herein, in accordance with the requirements of the plans and contract documents. The water 

quality treatment flow shall be as determined and approved by the Engineer of Record. 

 

1.2. The stormwater filtration system shall consist of an aboveground precast concrete, steel or plastic 

structure that houses replaceable filtration media. Filter media shall operate at a predetermined 

flow rate using an inlet distributor. The media shall have the ability to filter, adsorb and absorb 

pollutants such as dissolved metals (chiefly lead, zinc, and aluminum), nutrients, and 

hydrocarbons. 

 

1.3. The stormwater filtration system shall be of a type that has been commercially available for a 

minimum of five (5) consecutive years preceding the date of installation of the system. The 

manufacturer shall have been, during the same consecutive five (5) year period, engaged in the 

engineering design and production of systems deployed for the treatment of storm water runoff 

and have a history of successful installations, acceptable to the Engineer of Record and/or the 

approving Jurisdiction. 

 

1.4. Shop drawings for the structure and performance are to be submitted with each order to the 

contractor. Contractor shall forward shop drawing submittal to the consulting engineer for 

approval. Shop drawings are to detail the structure precast concrete and call out or note the 

internals/components. 

 

1.5. The filtration system shall satisfy the Buy American Act, 41 U.S.C. 8301-8305. 

 

1.6. American Society for Testing and Materials (ASTM) Reference Specifications 

 
1.6.1. ASTM C857: Standard Practice for Minimum Structural Design Loading for Underground Precast 

Concrete Utility Structures 

 

1.6.2. ASTM C858: Standard Specification of Underground Precast Concrete Utility Structures 

1.6.3. ASTM C478: Standard Specification for Circular Precast Reinforced Concrete Manhole Sections 

1.6.4. ASTM C497: Standard Test Methods for Concrete Pipe, Manhole Sections or Tile 

1.6.5. ASTM C109: Standard Test Method for Compressive Strength of Hydraulic Cement Mortars 

 
1.6.6. ASTM D1785: Standard Specification for PVC Plastic Pipe, Schedules 40, 80 & 120 

 
1.6.7. ASTM D2466: Standard Specification for PVC Plastic Pipe Fittings, Schedule 40 

 
1.6.8. ASTM A36: Standard Specification for Carbon Structural Steel 

 
1.7. American Association of State Highway and Transportation Officials (AASHTO) Reference 

Specifications 



 

 
1.7.1. AASHTO M199: Standard Specification for Precast Reinforced Concrete Manhole Sections 

 
2. MATERIALS 

 

2.1. Internal Components: 

 
2.1.1. All internal components including ABS and PVC piping, oil skimmer, flow meters, valves and 

filter media (as specified on the plans in the Stormwater filtration system data block or by the 

Engineer of Record) shall be provided by the manufacturer. 

 

2.1.2. The inlet distributor shall be of adequate size to match the flowrate of pumped water from 

the vault. 

 
2.1.3. Filter media shall be provided by the same manufacturer as the Stormwater filtration system or 

an approved alternate source. At a minimum, filter media shall remove the following 

pollutants from stormwater runoff: 

 

2.1.3.1. Suspended solids, turbidity, total and dissolved zinc, aluminum, lead, BOD, COD and 

total phosphorus. 

 

2.2. The device shall be watertight. Welding, gaskets and/or sealants to provide watertight seal 

between joints. If other than welded, joints shall be sealed with preformed joint sealing 

compound conforming to ASTM C990. 

 

2.3. Contractor shall work with the manufacturer to determine pump size based on contributing 

drainage area and desired flow rate as provided by the Engineer and provide pumps as needed to 

meet those requirements. 

 

2.4. Contractor shall provide the design and installation of the control panel per the manufacture’s 

recommendation on pump operation. 

 

2.5. Aboveground filtration device(s) shall not be compromised due to seasonal fluctuations in ambient air 

temperature. As shown in the plans, heat trace wire and insulation shall be provided on vertical 

ductile iron pipe(s) and exposed PVC inlet pipe(s) to the treatment device to ensure these pipes do not 

freeze. See Sections 220553 and 230716 for further information. 

 

2.6. Aboveground filtration device(s) shall not occupy more than 0.10 acres of surface area; including 

room for maintenance and access and will fit within the fenced area provided in the plans. 

 
2.7. Above ground filtration device(s) to have: 

 

2.7.1.  Inline flow meter to monitor the influent flow rate, and flow totalizer to monitor 

cumulative flow volume processed by the filtration system. 

 

2.7.2. Inlet flow control valve to meter the flow rate through the system. 

 

2.7.3. Inlet and outlet sample ports. 

 

 



 

3. PERFORMANCE 
 

3.1. Treatment Flux Rate (Surface Loading Rate): The filtration system shall treat 100% of the 

required water quality treatment (first 1” SCS TR-20 Type II Storm across the drainage area) flow 

based on a maximum design flux rate across the filtration media not to exceed 1 g.p.m/1 S.F. of 

media surface area. 

 

3.1.1. Pump servicing the aboveground treatment filtration device(s) shall be sized and programmed 

accordingly based on this flux rate and to ensure detention vault does not reach maximum 

capacity during a 1” SCS TR-55 Type II Storm Event. System selection shall be based on the 

following contributing drainage areas: Dock 26W treatment system shall treat 6 acres while 

Dock 24W shall be sized to treat 19.30 acres. 

 

3.1.2. Stormwater treatment system shall have a history of producing the following median removal 

rates: 

 

Parameter (mg/L) 
Median Removal 

Efficiency (%) 

TSS 81 

Turbidity 69 

Total Zinc 86 

Total Aluminum 78 

Total Lead 77 

Total Phosphorus 58 

 

3.1.3. Filtered water shall discharge at the same rate it is applied under steady state operating 

conditions. 

 
3.2. Overflow: 

 
3.2.1. An Emergency Overflow outlet shall be provided in the aboveground filtration device(s) and 

shall be an upturned PVC elbow which is connected to the gravity discharge pipe into Lake Erie. 

 

3.3. Selected system shall meet the requirements of the current Construction General Permit. Flexibility of 

components and or media shall not inhibit the removal of other contaminates as mentioned in Section 

2.1.4 if required at a future date. 

 

3.4. Aboveground filtration device(s) shall discharge into Lake Erie via gravity discharge pipe. 

 

3.5. Stormwater treatment system shall be passive and not require attendance of an operator. 

 
3.6. Clean Up: 

 
3.6.1. Remove all excess materials, rocks, roots, or foreign material, leaving the site in a clean, complete 

condition approved by the engineer. The project site shall be clean and free of dirt and debris 

and the filter chamber shall be free of construction debris and sediment before allowing 

runoff to enter and place the system in operation. This includes all gravity driven 

conveyance systems. All filter components shall be free of any foreign materials including 

concrete and excess sealant. Contact the manufacturer to assist with system activation and/or 

inspect the system for proper installation once site is clean and stabilized. 

 



 

3.7. Testing 

3.7.1. Water quality samples shall be taken and tested before and after treatment to determine the 

effectiveness of the filtering system in meeting the minimum median removal rates. 

 

3.7.2. Water quality sampling and testing shall be repeated every 3 months for a period of 1 year 

to establish a trend of filter media occlusion. This performance testing shall be independent 

of the discharge permit compliance testing to allow for maintenance, i.e. change of media, if 

required for permit compliance. 

 

3.7.2.1. Performance testing shall include subjective and objective tests; all which should be 

documented to establish the maintenance trend but not a substitute to sampling and 

testing schedule in Section 3.7.2. Subjective tests are recommended for quick visual 

inspection and should not be sole inspection and maintenance procedures. These 

include discoloration of filter media, stacked water on the surface of the treatment bed 

during dry periods, overtopping of the inlet distributor during operation, settling or 

consistency of filter media and turbidity of treated water. Objective test includes but is 

not limited to solids loading. Percent of solids capacity reached shall be determined and 

compared against manufacturer’s recommendation of Percent Exhausted vs. 

recommended remedy. 

 

3.7.2.2. If the testing results show the filtering system is not meeting the minimum median 

removal rates required, the filter media will be adjusted and the sampling and testing 

period restarted. 

 

3.8. Warranty 

3.8.1. Permanent features of the water quality treatment system shall be warrantied for a period of at 

least 1 year after installation is complete against leaks or defective equipment. Pursuit of 

extended warranty inquiry is expected of the Contractor to the manufacturer. 

 
4. INSPECTION AND MAINTENANCE 

 

4.1. Maintenance and Inspection shall be performed in accordance with the manufacturer’s 

recommendations for maintenance and inspection. Level of maintenance shall be determined by 

the results of the performance testing described in Section 3.7. 

 
4.2. Maintenance and inspection intervals shall be per the manufacturer’s recommendations, or per the 

approving/local jurisdiction/agency requirements; whichever is more frequent. This generally 

falls into quarterly and (semi/bi) annually frequencies. 

 

4.3. Surface access for personnel and equipment for inspection and maintenance activities shall be 

provided. This area shall be delineated with chain link fence with visual screens. 

 

4.4. Aboveground filtration device(s) shall be enclosed to prohibit unwanted contaminates from entering 

the media bed. 

 

4.5. Operation and Maintenance manual(s) shall be left with the Owner once system is made operational 

by the manufacturer. 

 

5. PAYMENT 

5.1. Item 611 Drainage Structure, Misc.: Water Quality Treatment BMP will be paid on a lump sum basis.  

Payment is full compensation for all labor, equipment, tools, materials, and incidentals needed for the 



 

complete installation of a water quality treatment system as described in this specification and as 

shown in the plans. 

5.2. The items covered under this specification shall be paid outside of the base bid as an add alternate. 

 



  
   
 

HEAT TRACING FOR PLUMBING PIPING 
 

- 
 

SECTION 220533 - HEAT TRACING FOR PLUMBING PIPING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes plumbing piping heat tracing for pipe freeze prevention with the following 
electric heating cables: 

1. Self-regulating, parallel resistance. 

B. Related Requirements: 
1. Section 230533 "Heat Tracing for HVAC Piping." 
2. Section 260519 "Low-Voltage Electrical Power Conductors and Cables." 
3. Section 260526 "Grounding and Bonding for Electrical Systems." 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include the following: 

a. Heating cable data sheet. 
b. Plumbing piping freeze protection design guide 
c. System installation and operation manual. 
d. System installation details. 
e. Connection kits and accessories data sheet. 
f. Controller data sheet. 
g. Controller wiring diagram. 

2. Include rated capacities, operating characteristics, and furnished specialties and 
accessories. 

3. Schedule heating capacity, length of cable, and electrical power requirement for each 
electric heating cable required. 

4. Include heat loss calculations for each pipe including pipe and insulation characteristics, 
heat loss, and watts per foot supplied by the heating cable. 

B. Shop Drawings: For electric heating cable. 

1. Include plans, elevations, sections, and attachment details. 
2. Include diagrams for power, signal, and control wiring. 
3. Manufacturer to produce detailed design as described below. 
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HEAT TRACING FOR PLUMBING PIPING 
 

- 
 

C. Delegated-Design Submittal: For installed products indicated to comply with performance 
requirements and design criteria, including analysis data signed and sealed by the qualified 
professional engineer responsible for their preparation. Delegated design submittals include the 
following: 

1. Heat Trace Circuit Layout Drawings, including: 

a. Location/identification of area to be traced. 
b. Heater circuit number. 
c. Electrical load. 
d. Heater catalog numbers. 
e. Heater termination points. 
f. Start-up temperature. 
g. Location of all components. 
h. Material list and quantities of all components. 
i. Heating cable layout. 

2. Heat Trace Isometric, including the following: 

a. Location of line. 
b. Piping line numbers 
c. Valves, pumps, flanges, fittings, and instruments. 
d. Heat loss and heater output. 
e. Electrical load. 
f. Heater catalog number. 
g. Heater termination points. 
h. Design parameters. 
i. Insulation type and thickness. 
j. Position of all components. 
k. Material schedule listing all components and quantities used. 
l. Panel ID number. 

3. Pipe Freeze Protection Detail Drawings: Project-specific Detail Drawings, including 
details showing the following: 

a. Installation and positioning of all components. 
b. Proper amounts of tracing for valves, pumps, flanges, fittings, instruments, etc. 
c. Junction box layouts. 

4. Control Panel Drawings: Drawings for each control panel shall include the following: 

a. Physical arrangement and structural detail drawings. 
b. Complete power and control wiring diagrams showing all internal wiring 

connections for electrical and instrument components in each control panel. All 
wires, terminals, and devices shall be numbered and tagged in accordance with 
system elementary diagrams. 

5. System Wiring Diagram: Project-specific Drawings (if applicable) including: 

a. Interconnect of all major components. 
b. Assignment of circuiting. 
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HEAT TRACING FOR PLUMBING PIPING 
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c. Connection of circuit wiring in terminal blocks. 
d. Connection of sensor wiring. 
e. Connection of external alarm wiring. 

6. Controller Setpoint Schedule (if applicable) showing the following: 

a. Circuit addresses. 
b. Circuit set points, 
c. Circuit alarms and settings. 

D. Testing Instructions and Reporting Form: Provide documentation for use in preinstallation testing 
of heat-tracing system. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

B. Sample Warranty: For special warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For electric heating cables to include in operation and 
maintenance manuals. 

B. Testing: Completed system test report. 

1.6 QUALITY ASSURANCE 

A. Manufacturer Qualifications: 

1. ISO-09001 registered. 
2. Provide products consistent with UL 515, CSA 22.2 No 130-03, and IEEE 515.1 

requirements. 

B. Installer Qualifications: 

1. System Installer to have complete understanding of product and product literature from 
manufacturer or authorized representative prior to installation. 

2. Electrical connections to be performed by licensed electrician. 

C. Certification - System (Heating Cable, Connection Kits, and Controller): UL Listed, CSA 
Certified, or FM Approved for freeze protection of metallic and non-metallic piping associated 
with Plumbing systems. 

D. Testing: Self-regulating heating cable for pipe freeze protection/flow maintenance to be qualified 
and tested to demonstrate a useful lifetime in excess of 20 years. 
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HEAT TRACING FOR PLUMBING PIPING 
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1.7 DELIVERY, STORAGE, AND HANDLING 

A. Deliver products to site in original, unopened containers or packages with intact and legible 
manufacturers' labels identifying the following: 

1. Product and manufacturer. 
2. Length/quantity. 
3. Lot number. 
4. Installation and operation manual. 
5. Material safety data sheet (MSDS). 

B. Store heating cable in clean, dry location with a temperature range of 0 to 140 deg F. 

C. Protect heating cable ends from moisture ingress until final termination of the heating cable is 
complete. 

1.8 WARRANTY 

A. Manufacturer's Limited Warranty: Manufacturer agrees to repair or replace heat tracing products 
listed below that fail in materials or workmanship within specified warranty period, when such 
goods are properly installed, operated, and maintained in accordance with product documentation. 

1. Covered Products include the following: 

a. Heating cables, connection kits, and accessories. 
b. Thermostats, controllers, panels, contactors, sensors, and accessories. 

2. Warranty Period: Two years from date of Substantial Completion. 

B. Manufacturer's Extended Warranty: Provide Owner an extended product warranty for heat tracing 
products described below. 

1. Contractor must complete and forward to Owner the Installation, Inspection, or 
Commissioning Record(s), and complete manufacturer's online warranty registration form 
within 30 days from date of installation, otherwise only standard limited warranty applies. 

2. Heating Cable Warranty Period: 10 years from date of Substantial Completion. 
3. Heating cables, connection kits, and accessories not automatically offered with a 10-year 

manufacturer's warranty, as a standard matter of course, will not be allowed. Warranty 
information must be published on manufacturer's website. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Complete pipe freeze protection system for insulated pipes exposed to the risk of freezing. System 
consists of a self-regulating heating cable, connection kits, accessories, and energy-efficient 
control, monitoring, and Building Management System (BMS) communication capabilities. The 

11 01/22/21



  
   
 

HEAT TRACING FOR PLUMBING PIPING 
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heating cable shall have a polyolefin jacket for above ground, water piping, and a fluoropolymer 
jacket for below ground grease waste or fuel piping. 

1. Pipe freeze protection of above ground water piping. 

2.2 PERFORMANCE REQUIREMENTS 

A. Delegated Design: Engage manufacturer to design complete and functional heat-tracing system 
as required by Project documents. 

2.3 SELF-REGULATING, PARALLEL-RESISTANCE HEATING CABLES FOR PIPE FREEZE 
PROTECTION  

A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the following: 
1. Raychem a product of nVent 
2. Nelson a product of Emerson 

B. Source Limitations: Obtain heat-tracing components and controllers from single manufacturer. 
To ensure system integrity and meet warranty requirements, only components and controllers 
supplied by cable manufacturer are to be used. 

C. Heating cable and connection kit shall be included in a UL Listed, CSA Certified, and FM 
Approved system. 

D. Heating Element: Pair of parallel No. 16 AWG, nickel-coated, stranded copper bus wires 
embedded in crosslinked conductive polymer core, which varies heat output in response to 
temperature along its length. Terminate with waterproof, factory-assembled, nonheating leads 
with connectors at one end, and seal the opposite end with a watertight end seal. Cable shall be 
capable of crossing over itself without overheating. 

E. Electrical Insulating Jacket: Flame-retardant modified polyolefin. 

F. Ground Braid: Tinned-copper braid. Minimum 70 percent for ground path and mechanical 
ruggedness. 

G. Outer Jacket Requirements. 

1. For aboveground freeze protection of water lines use a modified polyolefin with ultraviolet 
inhibitor. Outer jacket to be printed with cable model number, agency listings, batch 
number, and meter marks (for ease of installation within maximum circuit length). 

H. Maximum Operating Temperature (Power On): 150 deg F. 

I. Maximum Exposure Temperature (Power Off): 150 deg F. 

J. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 
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2.4 CONTROLS 

A. Multi-Circuit Distributed Digital Control System: 
1. Control and monitor pipe freeze protection using a centralized control system with 

distributed power and control modules. 

2. Multi-Application: Distributed digital control system shall be pre-programmed parameters 
to provide concurrent control for heating cables used for pipe freeze protection. 

3. Central User Interface Terminal: For all programming. 

a. Certification: c-CSA-us Certified. 
b. Terminal Display: Color LCD display with password protection to prevent 

unauthorized system access. 
c. Capable of communicating with up to 52 power control panels, where each panel 

can control up to five circuits and accept up to five temperature inputs. 
d. Digital control system shall be capable of assigning up to four temperature inputs 

per heat-tracing circuit. 
e. Capable of communicating with up to 16 remote monitoring modules, where each 

module can accept up to eight temperature inputs. 
f. USB port to allow for quick and easy software update. 
g. Programmable Alarm Contacts: Three, including alarm light on enclosure cover. 
h. Provide separate offline software tool to allow users to preprogram digital control 

system and transfer program via USB drive or Ethernet. 
i. Enclosure: NEMA 4 for indoor or outdoor locations. 

4. Power Control Panels: 

a. Certification: c-UL-us Listed. 
b. Enclosure: NEMA 4/12 enclosure approved for nonhazardous indoor and outdoor 

locations. 
c. Provide ground-fault and line current sensing alarming, switching and temperature 

inputs for five heat-tracing circuits. 
d. Contactors: 3-pole, 30A contactors, EMR type. Quantity: Five. 
e. Capable of operating at 120 to 277 V. 
f. Alarm contact, including alarm light on panel cover. 

5. Digital Controller: 

a. Integrated adjustable GFPD (10 to 200 mA). 
b. Capable of being configured for On/Off, ambient sensing, PASC, and timed duty 

cycle control modes based on application. PASC control proportionally energizes 
power to heating cable to minimize energy based on ambient sensed conditions. 

c. Upon communication loss with user interface terminal, panels shall control with the 
last downloaded set point. 

d. Include built-in self-test feature to verify proper functionality of heating cable 
system. 

e. Variables monitored by digital controller and reported back to BMS include the 
following: 

1) Temperature. 
2) Ground-fault. 
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3) Current draw. 
4) Power consumption. 
5) Associated alarms. 

6. Approval: Complete heat trace system (heating cable, connection kits, and controller) shall 
be listed by an NRTL, and marked for intended freeze protection of metallic and non-
metallic piping associated with HVAC & Plumbing. 

2.5 HEATING CABLE CONNECTION KITS 

A. Provide power connections, splices/tees, and end seal kits to properly connect and terminate 
heating cable circuit along specified length of the piping. 

B. Install splices, tees, and crosses underneath the pipe insulation with service loops installed to 
allow for future service of piping. 

C. Connection kits shall be rated NEMA 4X to prevent water ingress and corrosion. All components 
shall be UV stabilized and shall not require cutting into heating-cable core to expose bus wires. 

D. Certification: UL Listed, CSA Certified, and FM approved. 

E. Locate connection kits above grade for buried applications. 

2.6 ACCESSORIES 

A. Cable Installation Accessories: Fiberglass tape, cable ties, connection kits, and end seals all 
furnished by manufacturer, or as recommended in writing by manufacturer. 

B. Identification: Provide and install "Electric Heat Traced" labels on exterior of pipe insulation 
every 10 ft. on opposite sides of pipe, and on all splices, tees, crosses, and power connections for 
the entire length of heat traced piping. 

C. Warning Labels: Refer to Section 220553 "Identification for Plumbing Piping and Equipment." 

D. Thermal Pipe Insulation: 

1. Pipes to be thermally insulated in accordance with manufacturer's written requirements. 
2. Thermal Insulation: Flame retardant, closed-cell with waterproof covering. 

2.7 SYSTEM APPROVAL 

A. Complete heat trace system (heating cable, connection kits, and controller) shall be listed by an 
NRTL, and marked for intended freeze protection of metallic and non-metallic piping associated 
with HVAC, Plumbing, Domestic Hot-Water-Temperature Maintenance, and Fire Suppression 
systems. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine surfaces and substrates to receive electric heating cables for compliance with 
requirements for installation tolerances and other conditions affecting performance. 

1. Prior to installation of heating cable system, verify that all piping that will be heat traced 
has passed all hydrostatic/pressure test and is signed off by plumbing inspector. 

2. Ensure surfaces and pipes in contact with electric heating cables are free of burrs and sharp 
protrusions. 

B. Preinstallation Testing: 

1. Prior to installing heating cable on piping, an insulation resistance test shall be performed 
by installing contractor to ensure integrity of heating cable as described in the installation 
and maintenance manual. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Protect all heating cable ends from moisture ingress until cable is terminated with end seals. 

3.3 INSTALLATION 

A. All heat-tracing components including power connections, splices, tees, crosses or end seal, must 
be installed above grade and protected from abuse or damage. In accordance with NEC and CEC, 
electrical connections are not permitted to be installed below grade. 

B. In the field, all heating cables shall be meggered with a minimum of 2,500 V dc for self-
regulating cable. The following field megger readings shall be taken on each heating cable: 

1. Heating cable shall be meggered when received at Project site before installation. 
2. Heating cable shall be meggered after installation, but before insulation is installed. 
3. Heating cable shall be meggered after insulation is installed. 
4. Heating cable shall be meggered at final commissioning prior to being energized. 
5. Insulation resistance must exceed 1.000 megohms at 2,500 V dc. 
6. All results must meet manufacturer’s specification. 

C. Install electric heating cables after piping has been tested and before insulation is installed. 

D. Install electric heating cables in accordance with IEEE 515.1. 

E. Install insulation over piping with electric heating cables in accordance with Section 220719 
"Plumbing Piping Insulation." 

F. Install warning labels on piping insulation where piping is equipped with electric heating cables. 
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G. Set field-adjustable switches and circuit-breaker trip ranges. 

3.4 CONNECTIONS 

A. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 
Systems." 

B. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors 
and Cables." 

3.5 FIELD QUALITY CONTROL 

A. Manufacturer's Field Service: Initial start-up and field testing (commissioning) of system shall 
be performed by factory technician in accordance with Owner's requirements. 

B.  Contractor to perform the following tests and inspections during installation: 

1. Heating cable shall be meggered when received at Project site before installation. 
2. Heating cable shall be meggered after installation, but before insulation is installed. 
3. Heating cable shall be meggered after insulation is installed. 
4. Insulation resistance must exceed 1,000 megohms at 2,500 V dc. 
5. All results must meet manufacturer's specification. 
6. Test cables for electrical continuity during installation. 
7. Test insulation integrity before energizing. 
8. Test cables to verify rating and power input. Energize and measure voltage and current 

simultaneously. 

C. Repeat tests for continuity, insulation resistance, and input power after applying thermal 
insulation on pipe-mounted cables. 

D. Cables will be considered defective if they do not pass tests and inspections in accordance with 
manufacturer's testing requirements. 

E. Prepare test and inspection reports. 

3.6 PROTECTION 

A. Protect installed heating cables, including nonheating leads, from damage and moisture ingress 
during construction. 

B. Remove and replace damaged heat-tracing cables. 

END OF SECTION 220533 
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SECTION 230716  

MECHANICAL PIPING AND EQUIPMENT INSULATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and 
Supplementary Conditions and Division 01 Specification Sections, apply to this 
Section. 

1.2 SUMMARY 

A. Section includes insulating the following piping systems: 

1. Storm Water piping. 

B. Related Sections: 

1. Section 220533 Heat Tracing 

1.3 SUBMITTALS 

A. Product Data:  For each type of product indicated.  Include thermal conductivity, 
water-vapor permeance thickness, and jackets (both factory and field applied if 
any). 

B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to 
other work. 

1. Detail application of protective shields, saddles, and inserts at hangers. 
2. Detail insulation application at elbows, fittings, flanges, valves, and 

specialties. 
3. Detail removable insulation at piping specialties. 
4. Detail application of field-applied jackets. 

C. Samples:  For each type of insulation and jacket indicated.  Identify each Sample, 
describing product and intended use. 

1. Preformed Pipe Insulation Materials:  12 inches long by NPS 2. 
2. Sheet Form Insulation Materials:  12 inches square. 
3. Jacket Materials for Pipe:  12 inches long by NPS 2. 
4. Sheet Jacket Materials:  12 inches square. 

D. Qualification Data:  For qualified Installer. 
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E. Material Test Reports:  From a qualified testing agency acceptable to authorities 
having jurisdiction indicating, interpreting, and certifying test results for 
compliance of insulation materials, sealers, attachments, cements, and jackets, with 
requirements indicated.  Include dates of tests and test methods employed. 

F. Field quality-control reports. 

1.4 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have successfully completed an 
apprenticeship program or another craft training program certified by the 
Department of Labor, Bureau of Apprenticeship and Training. 

B. Surface-Burning Characteristics:  For insulation and related materials, as 
determined by testing identical products according to ASTM E 84, by a testing and 
inspecting agency acceptable to authorities having jurisdiction.  Factory label 
insulation and jacket materials and adhesive, mastic, tapes, and cement material 
containers, with appropriate markings of applicable testing agency. 

1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-
developed index of 50 or less. 

2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-
developed index of 150 or less. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Insulation material containers shall be marked by manufacturer with 
appropriate ASTM standard designation, type and grade, and maximum use 
temperature. 

1.6 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields. 

B. Coordinate clearance requirements with piping installer for piping insulation 
application.  Before preparing piping Shop Drawings, establish and maintain 
clearance requirements for installation of insulation and field-applied jackets and 
finishes and for space required for maintenance. 

1.7 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where required, 
after installing and testing heat tracing.  Insulation application may begin on 
segments that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in 
each area of construction. 
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PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor 
Piping Insulation Schedule," articles for where insulating materials shall be applied. 

B. Products shall not contain asbestos, lead, mercury, or mercury compounds. 

C. Products that come in contact with stainless steel shall have a leachable chloride 
content of less than 50 ppm when tested according to ASTM C 871. 

D. Insulation materials for use on austenitic stainless steel shall be qualified as 
acceptable according to ASTM C 795. 

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the 
manufacturing process. 

F. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber 
materials.  Comply with ASTM C 534, Type I for tubular materials. 

1. Products:  Subject to compliance with requirements, available products that 
may be incorporated into the Work include, but are not limited to, the 
following: 

a. Aeroflex USA, Inc.; Aerocel. 
b. Armacell LLC; AP Armaflex. 
c. K-Flex USA; Insul-Lock, Insul-Tube, and K-FLEX LS. 

2.2 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and 
for bonding insulation to itself and to surfaces to be insulated unless otherwise 
indicated. 

B. Flexible Elastomeric and Polyolefin Adhesive:  Comply with MIL-A-24179A, 
Type II, Class I. 

1. Products:  Subject to compliance with requirements, available products that 
may be incorporated into the Work include, but are not limited to, the 
following: 

a. Aeroflex USA, Inc.; Aeroseal. 
b. Armacell LLC; Armaflex 520 Adhesive. 
c. K-Flex USA; R-373 Contact Adhesive. 

2. For indoor applications, use adhesive that has a VOC content of 50 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
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3. Use adhesive that complies with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using Small-
Scale Environmental Chambers," including 2004 Addenda. 

C. PVC Jacket Adhesive:  Compatible with PVC jacket. 

1. Products:  Subject to compliance with requirements, available products that 
may be incorporated into the Work include, but are not limited to, the 
following: 

a. Dow Corning Corporation; 739, Dow Silicone. 
b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding 

Adhesive. 
c. P.I.C. Plastics, Inc.; Welding Adhesive. 
d. Speedline Corporation; Polyco VP Adhesive. 

2. For indoor applications, use adhesive that has a VOC content of 50 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

3. Use adhesive that complies with the testing and product requirements of the 
California Department of Health Services' "Standard Practice for the 
Testing of Volatile Organic Emissions from Various Sources Using Small-
Scale Environmental Chambers," including 2004 Addenda. 

2.3 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; 
comply with MIL-PRF-19565C, Type II. 

1. For indoor applications, use mastics that have a VOC content of 50 g/L or 
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

B. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below-ambient 
services. 

1. Products:  Subject to compliance with requirements, available products that 
may be incorporated into the Work include, but are not limited to, the 
following: 

a. Childers Brand, Specialty Construction Brands, Inc., a business of 
H. B. Fuller Company; Encacel. 

b. Eagle Bridges - Marathon Industries; 570. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. 

B. Fuller Company; 60-95/60-96. 

2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm at 30-mil dry film 
thickness. 

3. Service Temperature Range:  Minus 50 to plus 220 deg F. 
4. Solids Content:  ASTM D 1644, 33 percent by volume and 46 percent by 

weight. 
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5. Color:  White. 

2.4 SEALANTS 

A. ASJ Flashing Sealants, and Vinyl, PVC Jacket Flashing Sealants: 

1. Materials shall be compatible with insulation materials, jackets, and 
substrates. 

2. Fire- and water-resistant, flexible, elastomeric sealant. 
3. Service Temperature Range:  Minus 40 to plus 250 deg F. 
4. Color:  White. 

2.5 FIELD-APPLIED JACKETS 

B. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise 
indicated. 

C. Metal Jacket:  

1. Aluminum Jacket:  Comply with ASTM B 209 (ASTM B 209M), 
Alloy 3003, 3005, 3105, or 5005, Temper H-14. 

a. Sheet and roll stock ready for shop or field sizing or Factory cut and 
rolled to size. 

b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier for Indoor Applications:  3-mil-thick, heat-bonded 

polyethylene and kraft paper. 
d. Moisture Barrier for Outdoor Applications:  3-mil-thick, heat-

bonded polyethylene and kraft paper. 
e. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 
2) Preformed 2-piece or gore, 45- and 90-degree, short- and 

long-radius elbows. 
3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting 

covers are not available. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for 
installation tolerances and other conditions affecting performance of insulation 
application. 
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1. Verify that systems to be insulated have been tested and are free of defects. 
2. Verify that surfaces to be insulated are clean and dry. 
3. Proceed with installation only after unsatisfactory conditions have been 

corrected. 

3.2 PREPARATION 

A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove 
materials that will adversely affect insulation application. 

B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, 
apply a corrosion coating to insulated surfaces. 

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and 
even surfaces; free of voids throughout the length of piping including fittings, 
valves, and specialties. 

B. Install insulation materials and thicknesses required for each item of pipe system as 
specified in insulation system schedules. 

C. Install accessories compatible with insulation materials and suitable for the service.  
Install accessories that do not corrode, soften, or otherwise attack insulation or 
jacket in either wet or dry state. 

D. Install insulation with longitudinal seams at top and bottom of horizontal runs. 

E. Install multiple layers of insulation with longitudinal and end seams staggered. 

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and 
specialties. 

G. Keep insulation materials dry during application and finishing. 

H. Install insulation with tight longitudinal seams and end joints.  Bond seams and 
joints with adhesive recommended by insulation material manufacturer. 

I. Install insulation with least number of joints practical. 

J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage 
rate and wet and dry film thicknesses. 

K. Cut insulation in a manner to avoid compressing insulation more than 75 percent 
of its nominal thickness. 

L. Finish installation with systems at operating conditions.  Repair joint separations 
and cracking due to thermal movement. 
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M. Repair damaged insulation facings by applying same facing material over damaged 
areas.  Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and 
seal patches similar to butt joints. 

N. For above-ambient services, do not install insulation to the following: 

1. Testing agency labels and stamps. 
2. Nameplates and data plates. 

3.4 PENETRATIONS 

A. Insulation Installation at Interior Wall and Partition Penetrations:  Install insulation 
continuously through walls and partitions.  Provide for fire stopping as specified in 
Division 7 “Joint Sealants”. 

3.5 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials except where 
more specific requirements are specified in various pipe insulation material 
installation articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 

1. Install insulation over fittings, valves, strainers, flanges, unions, and other 
specialties with continuous thermal and vapor-retarder integrity unless 
otherwise indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings 
made from same material and density as adjacent pipe insulation.  Each 
piece shall be butted tightly against adjoining piece and bonded with 
adhesive.  Fill joints, seams, voids, and irregular surfaces with insulating 
cement finished to a smooth, hard, and uniform contour that is uniform with 
adjoining pipe insulation. 

3. Insulate tee fittings with preformed fitting insulation or sectional pipe 
insulation of same material and thickness as used for adjacent pipe.  Cut 
sectional pipe insulation to fit.  Butt each section closely to the next and 
hold in place with tie wire.  Bond pieces with adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe 
insulation of same material, density, and thickness as used for adjacent pipe.  
Overlap adjoining pipe insulation by not less than two times the thickness 
of pipe insulation, or one pipe diameter, whichever is thicker.  For valves, 
insulate up to and including the bonnets, valve stuffing-box studs, bolts, and 
nuts.  Fill joints, seams, and irregular surfaces with insulating cement. 
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5. Insulate strainers using preformed fitting insulation or sectional pipe 
insulation of same material, density, and thickness as used for adjacent pipe.  
Overlap adjoining pipe insulation by not less than two times the thickness 
of pipe insulation, or one pipe diameter, whichever is thicker.  Fill joints, 
seams, and irregular surfaces with insulating cement.  Insulate strainers so 
strainer basket flange or plug can be easily removed and replaced without 
damaging the insulation and jacket.  Provide a removable reusable 
insulation cover.  For below-ambient services, provide a design that 
maintains vapor barrier. 

6. Insulate flanges and unions using a section of oversized preformed pipe 
insulation.  Overlap adjoining pipe insulation by not less than two times the 
thickness of pipe insulation, or one pipe diameter, whichever is thicker. 

7. Cover segmented insulated surfaces with a layer of finishing cement and 
coat with a mastic.  Install vapor-barrier mastic for below-ambient services 
and a breather mastic for above-ambient services.  Reinforce the mastic with 
fabric-reinforcing mesh.  Trowel the mastic to a smooth and well-shaped 
contour. 

8. Stencil or label the outside insulation jacket of each union with the word 
"union."  Match size and color of pipe labels. 

C. Insulate instrument connections for thermometers, pressure gages, pressure 
temperature taps, test connections, flow meters, sensors, switches, and transmitters 
on insulated pipes.  Shape insulation at these connections by tapering it to and 
around the connection with insulating cement and finish with finishing cement, 
mastic, and flashing sealant. 

D. Install removable insulation covers at locations indicated in paragraph B above.  
Installation shall conform to the following: 

1. Make removable flange and union insulation from sectional pipe insulation 
of same thickness as that on adjoining pipe.  Install same insulation jacket 
as adjoining pipe insulation. 

2. When flange and union covers are made from sectional pipe insulation, 
extend insulation from flanges or union long at least two times the insulation 
thickness over adjacent pipe insulation on each side of flange or union.  
Secure flange cover in place with stainless-steel or aluminum bands.  Select 
band material compatible with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges, 
except divide the two-part section on the vertical center line of valve body. 

4. Finish exposed surfaces with a metal jacket. 

3.6 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive 
to eliminate openings in insulation that allow passage of air to surface being 
insulated. 

B. Insulation Installation on Pipe Flanges: 
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1. Install pipe insulation to outer diameter of pipe flange. 
2. Make width of insulation section same as overall width of flange and bolts, 

plus twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with cut sections of sheet 
insulation of same thickness as pipe insulation. 

4. Secure insulation to flanges and seal seams with manufacturer's 
recommended adhesive to eliminate openings in insulation that allow 
passage of air to surface being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 

1. Install mitered sections of pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow 
passage of air to surface being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 

1. Install preformed valve covers manufactured of same material as pipe 
insulation when available. 

2. When preformed valve covers are not available, install cut sections of pipe 
and sheet insulation to valve body.  Arrange insulation to permit access to 
packing and to allow valve operation without disturbing insulation. 

3. Install insulation to flanges as specified for flange insulation application. 
4. Secure insulation to valves and specialties and seal seams with 

manufacturer's recommended adhesive to eliminate openings in insulation 
that allow passage of air to surface being insulated. 

3.7 FIELD-APPLIED JACKET INSTALLATION 

A. Install metal jackets on all above grade pipe and equipment. Install with 1-inch 
overlap at longitudinal seams and end joints; for horizontal applications.  Seal with 
manufacturer's recommended adhesive. 

1. Apply two continuous beads of adhesive to seams and joints, one bead under 
lap and the finish bead along seam and joint edge. 

3.8 FINISHES 

A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two 
coats of insulation manufacturer's recommended protective coating. 

B. Color:  Final color as selected by Owner.  Vary first and second coats to allow 
visual inspection of the completed Work. 

C. Do not field paint PVC jackets. 
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3.9 FIELD QUALITY CONTROL 

A. Perform inspections. 

B. Inspections: 

1. Inspect pipe, fittings, strainers, and valves, randomly selected by Owner, by 
removing field-applied jacket and insulation in layers in reverse order of 
their installation.  Extent of inspection shall be limited to three locations 
pipe service defined in the "Piping Insulation Schedule, General" Article. 

C. All insulation applications will be considered defective work if sample inspection 
reveals noncompliance with requirements. 

3.10 PIPING INSULATION SCHEDULE, GENERAL 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are 
identified for each piping system and pipe size range.  If more than one material is 
listed for a piping system, selection from materials listed is Contractor's option. 

B. Items Insulated:  Unless otherwise indicated, install insulation on the following: 

1. Above-ground storm water piping 

C. Coordinate with Division 26 for heat tracing associated with outdoor piping and 
stilling well. 

3.11 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE 

A. Storm water piping: 

1. Flexible Elastomeric: 2 inches thick. 

3.12 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE 

A. Install jacket over insulation material.   

B. Above ground stormwater piping. 

1. Aluminum, Dimpled with Z-Shaped Locking Seam: 0.020 inch thick 

END OF SECTION 230716 
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SECTION 260519 

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Copper building wire rated 600 V or less. 
2. Connectors, splices, and terminations rated 600 V and less. 

1.3 DEFINITIONS 

A. VFC: Variable-frequency controller. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Product Schedule: Indicate type, use, location, and termination locations. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For testing agency. 

B. Field quality-control reports. 

1.6 QUALITY CONTROL 

A. Testing Agency Qualifications: Member company of NETA. 

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing. 
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PART 2 - PRODUCTS 

2.1 COPPER BUILDING WIRE 

A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with 
an overall insulation layer or jacket, or both, rated 600 V or less. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

1. Cerro Wire LLC. 
2. Encore Wire Corporation. 
3. General Cable Technologies Corporation. 
4. Service Wire Co. 
5. Southwire Company 
6. Or Equal, as determined by Project Manager. Contractor is responsible for proving 

equivalency. 

C. Standards: 

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for 
intended location and use. 

2. Conductor and Cable Marking: Comply with wire and cable marking according to UL's 
"Wire and Cable Marking and Application Guide." 

D. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8  
for stranded conductors. 

E. Conductor Insulation: 

1. Type THHN and Type THWN-2: Comply with UL 83. 
2. Type XHHW-2: Comply with UL 44. 

2.2 CONNECTORS AND SPLICES 

A. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material, 
type, and class for application and service indicated; listed and labeled as defined in NFPA 70, 
by a qualified testing agency, and marked for intended location and use. 

B. Jacketed Cable Connectors: For steel jacketed cables, zinc die-cast with set screws, designed to 
connect conductors specified in this Section. 

C. Lugs: One piece, seamless, designed to terminate conductors specified in this Section. 

1. Material: Copper. 
2. Type: Two hole with long barrels. 
3. Termination: Compression. 

http://www.specagent.com/Lookup?ulid=12724
http://www.specagent.com/Lookup?uid=123457116648
http://www.specagent.com/Lookup?uid=123457116646
http://www.specagent.com/Lookup?uid=123457116649
http://www.specagent.com/Lookup?uid=123457116650
http://www.specagent.com/Lookup?uid=123457116647
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PART 3 - EXECUTION 

3.1 CONDUCTOR MATERIAL APPLICATIONS 

A. Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger. 

3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND 
WIRING METHODS 

A. Service Entrance: XHHW-2, single conductors in raceway. 

B. Exposed Feeders: Type THHN/THWN-2, single conductors in raceway. 

C. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type XHHW-2, 
single conductors in raceway. 

D. Exposed Branch Circuits: Type THHN/THWN-2, single conductors in raceway. 

E. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Metal-clad cable, Type MC. 

F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: 
Type XHHW-2, single conductors in raceway. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated. 

B. Complete raceway installation between conductor and cable termination points according to 
Section 260533 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and 
cables. 

C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used 
must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended 
maximum pulling tensions and sidewall pressure values. 

D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will 
not damage cables or raceway. 

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and 
follow surface contours where possible. 

3.4 CONNECTIONS 

A. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in 
UL 486A-486B. 
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B. Make splices, terminations, and taps that are compatible with conductor material and that 
possess equivalent or better mechanical strength and insulation ratings than unspliced 
conductors. 

C. Wiring at Outlets: Install conductor at each outlet, with at least 12 inches (300 mm) of slack. 

3.5 IDENTIFICATION 

A. Identify and color-code conductors and cables according to Section 260553 "Identification for 
Electrical Systems." 

B. Identify each spare conductor at each end with identity number and location of other end of 
conductor, and identify as spare conductor. 

3.6 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Perform tests and inspections. 

1. After installing feeder conductors and before electrical circuitry has been energized, test 
service entrance and feeder conductors for compliance with requirements. 

2. Perform each of the following visual and electrical tests: 

a. Inspect exposed sections of conductor and cable for physical damage and correct 
connection according to the single-line diagram. 

b. Test bolted connections for high resistance using each of the following: 

1) A low-resistance ohmmeter. 
2) Calibrated torque wrench. 

c. Inspect compression-applied connectors for correct cable match and indentation. 
d. Inspect for correct identification. 
e. Inspect cable jacket and condition. 
f. Insulation-resistance test on each feeder and site lighting conductor for ground and 

adjacent conductors. Apply a potential of 500-V dc for 300-V rated cable and 
1000-V dc for 600-V rated cable for a one-minute duration. 

g. Continuity test on each conductor and cable. 
h. Uniform resistance of parallel conductors. 

C. Cables will be considered defective if they do not pass tests and inspections. 

D. Prepare test and inspection reports to record the following: 

1. Procedures used. 
2. Results that comply with requirements. 
3. Results that do not comply with requirements, and corrective action taken to achieve 

compliance with requirements. 
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PART 4 - COMPENSATION  

4.1 MEASUREMENT 

A. Low-Voltage Electrical Power Conductors and Cables shall not be measured. 

4.2 PAYMENT 

A. Payment for "Low-Voltage Electrical Power Conductors And Cables", complete in place, 
including all work described in this Section regarding furnishing and installing equipment as 
shown on the Contract Drawings and/or specified herein, shall be taken to be included in and 
covered by the Lump Sum Price Bid under Item SPECIAL – ELECTRICAL WORK BASE on 
the Project Bid Form.     

B. The above price(s) shall include all the work described in this Section and shown on the 
Contract Drawings including all labor, materials, services, and equipment necessary to complete 
the work in every respect to the satisfaction of the Engineer. 

END OF SECTION 260519 



GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 260526 - 1 

SECTION 260526 

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section includes grounding and bonding systems and equipment. 

B. Section includes grounding and bonding systems and equipment, plus the following special 
applications: 

1. Underground distribution grounding. 
2. Ground bonding common with lightning protection system. 
3. Foundation steel electrodes. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: Plans showing dimensioned locations of grounding features specified 
in "Field Quality Control" Article, including the following: 

1. Test wells. 
2. Ground rods. 
3. Ground rings. 
4. Grounding arrangements and connections for separately derived systems. 

B. Qualification Data: For testing agency and testing agency's field supervisor. 

C. Field quality-control reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For grounding to include in emergency, operation, and 
maintenance manuals. 
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1. In addition to other submitted items include the following: 

a. Plans showing as-built, dimensioned locations of system described, including the 
following: 

1) Ground rods. 
2) Ground rings. 
3) Grounding arrangements and connections for separately derived systems. 

1.6 QUALITY CONTROL 

A. Testing Agency Qualifications: Certified by NETA. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. Comply with UL 467 for grounding and bonding materials and equipment. 

2.2 CONDUCTORS 

A. Insulated Conductors: Copper wire or cable insulated for 600 V unless otherwise required by 
applicable Code or authorities having jurisdiction. 

B. Bare Copper Conductors: 

1. Solid Conductors: ASTM B3. 
2. Stranded Conductors: ASTM B8. 
3. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in 

diameter. 
4. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor. 

C. Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches (6.3 by 100 
mm) in cross section, with 9/32-inch (7.14-mm) holes spaced 1-1/8 inches (28 mm) apart. 
Stand-off insulators for mounting shall comply with UL 891 for use in switchboards, 600 V and 
shall be Lexan or PVC, impulse tested at 5000 V. 

2.3 CONNECTORS 

A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in 
which used and for specific types, sizes, and combinations of conductors and other items 
connected. 
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B. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for 
materials being joined and installation conditions. 

C. Bus-Bar Connectors: Compression type, copper or copper alloy, with two wire terminals. 

D. Cable-to-Cable Connectors: Compression type, copper or copper alloy. 

E. Conduit Hubs: Mechanical type, terminal with threaded hub. 

F. Lay-in Lug Connector: Mechanical type, copper rated for direct burial terminal with set screw. 

G. Service Post Connectors: Mechanical type, bronze alloy terminal, in short- and long-stud 
lengths, capable of single and double conductor connections. 

H. Straps: Solid copper, copper lugs. Rated for 600 A. 

I. U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial. 

J. Water Pipe Clamps: 

1. Mechanical type, two pieces with stainless-steel bolts. 

a. Material: Die-cast zinc alloy. 
b. Listed for direct burial. 

2. U-bolt type with malleable-iron clamp and copper ground connector rated for direct 
burial. 

2.4 GROUNDING ELECTRODES 

A. Ground Rods: Copper-clad steel, sectional type; 3/4 inch by 10 feet (19 mm by 3 m). 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for 
No. 6 AWG and larger unless otherwise indicated. 

B. Underground Grounding Conductors: Install bare copper conductor, No. 2/0 minimum. 

1. Bury at least 30 inches (750 mm) below grade. 
2. Duct-Bank Grounding Conductor: Bury below duct bank. 

C. Grounding Conductors: Green-colored insulation. 

D. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, and 
elsewhere as indicated. 
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1. Install bus horizontally, on insulated spacers 2 inches (50 mm) minimum from wall, 6 
inches (150 mm) above finished floor unless otherwise indicated. 

2. Where indicated on both sides of doorways, route bus up to top of door frame, across top 
of doorway, and down; connect to horizontal bus. 

E. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 
2. Underground Connections: Welded connectors except as otherwise indicated. 
3. Connections to Structural Steel: Welded connectors. 

3.2 GROUNDING AT THE SERVICE 

A. Equipment grounding conductors and grounding electrode conductors shall be connected to the 
ground bus. Install a main bonding jumper between the neutral and ground buses. 

3.3 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS 

A. Comply with IEEE C2 grounding requirements. 

B. Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole 
floor, close to wall, and set rod depth so 4 inches (100 mm) will extend above finished floor. If 
necessary, install ground rod before manhole is placed and provide No. 1/0 AWG bare, tinned-
copper conductor from ground rod into manhole through a waterproof sleeve in manhole wall. 
Protect ground rods passing through concrete floor with a double wrapping of pressure-sensitive 
insulating tape or heat-shrunk insulating sleeve from 2 inches (50 mm) above to 6 inches (150 
mm) below concrete. Seal floor opening with waterproof, nonshrink grout. 

C. Grounding Connections to Manhole Components: Bond exposed-metal parts such as inserts, 
cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to 
ground rod or grounding conductor. Make connections with No. 4 AWG minimum, stranded, 
hard-drawn copper bonding conductor. Train conductors level or plumb around corners and 
fasten to manhole walls. Connect to cable armor and cable shields according to written 
instructions by manufacturer of splicing and termination kits. 

D. Pad-Mounted Transformers and Switches: Install two ground rods and ground ring around the 
pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with 
substations by connecting them to underground cable and grounding electrodes. Install tinned-
copper conductor not less than No. 2/0 AWG for ground ring and for taps to equipment 
grounding terminals. Bury ground ring not less than 6 inches (150 mm) from the foundation. 

3.4 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all feeders and branch circuits. 

B. Install insulated equipment grounding conductors with the following items, in addition to those 
required by NFPA 70: 

1. Feeders and branch circuits. 
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2. Lighting circuits. 
3. Receptacle circuits. 
4. Single-phase motor and appliance branch circuits. 
5. Three-phase motor and appliance branch circuits. 
6. Flexible raceway runs. 
7. Armored and metal-clad cable runs. 

C. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated 
equipment grounding conductor to each electric water heater and heat-tracing cable. Bond 
conductor to heater units, piping, connected equipment, and components. 

D. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate 
insulated equipment grounding conductor in addition to grounding conductor installed with 
branch-circuit conductors. 

E. Metallic Fences: Comply with requirements of IEEE C2. 

1. Grounding Conductor: Bare copper, not less than No. 6 AWG. 
2. Gates: Shall be bonded to the grounding conductor with a flexible bonding jumper. 
3. Barbed Wire: Strands shall be bonded to the grounding conductor. 

3.5 FENCE GROUNDING 

A. Fence Grounding: Install at maximum intervals of 1500 feet (450 m)  except as follows: 

1. Fences within 100 Feet (30 m) of Buildings, Structures, Walkways, and Roadways: 
Ground at maximum intervals of 750 feet (225 m). 

a. Gates and Other Fence Openings: Ground fence on each side of opening. 

1) Bond metal gates to gate posts. 
2) Bond across openings, with and without gates, except at openings indicated 

as intentional fence discontinuities. Use No. 2 AWG wire and bury it at least 
18 inches (460 mm) below finished grade. 

B. Protection at Crossings of Overhead Electrical Power Lines: Ground fence at location of 
crossing and at a maximum distance of 150 feet (45 m) on each side of crossing. 

C. Fences Enclosing Electrical Power Distribution Equipment: Ground as required by IEEE C2 
unless otherwise indicated. 

D. Grounding Method: At each grounding location, drive a grounding rod vertically until the top is 
6 inches (150 mm) below finished grade. Connect rod to fence with No. 6 AWG conductor. 
Connect conductor to each fence component at grounding location. 

E. Bonding Method for Gates: Connect bonding jumper between gate post and gate frame. 

F. Bonding to Lightning-Protection System: If fence terminates at lightning-protected building or 
structure, ground the fence and bond the fence grounding conductor to lightning-protection 
down conductor or lightning-protection grounding conductor, complying with NFPA 780. 
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3.6 INSTALLATION 

A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise 
indicated or required by Code. Avoid obstructing access or placing conductors where they may 
be subjected to strain, impact, or damage. 

B. Ground Bonding Common with Lightning Protection System: Comply with NFPA 780 and 
UL 96 when interconnecting with lightning protection system. Bond electrical power system 
ground directly to lightning protection system grounding conductor at closest point to electrical 
service grounding electrode. Use bonding conductor sized same as system grounding electrode 
conductor, and install in conduit. 

C. Ground Rods: Drive rods until tops are 2 inches (50 mm) below finished floor or final grade 
unless otherwise indicated. 

1. Interconnect ground rods with grounding electrode conductor below grade and as 
otherwise indicated. Make connections without exposing steel or damaging coating if 
any. 

2. Use exothermic welds for all below-grade connections. 
3. For grounding electrode system, install at least two rods spaced at least two-rod lengths 

from each other and located at least the same distance from other grounding electrodes, 
and connect to the service grounding electrode conductor. 

D. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance 
except where routed through short lengths of conduit. 

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate 
any adjacent parts. 

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install 
bonding so vibration is not transmitted to rigidly mounted equipment. 

3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection 
is required, use a bolted clamp. 

E. Grounding and Bonding for Piping: 

1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit, 
from building's main service equipment, or grounding bus, to main metal water service 
entrances to building. Connect grounding conductors to main metal water service pipes; 
use a bolted clamp connector or bolt a lug-type connector to a pipe flange by using one of 
the lug bolts of the flange. Where a dielectric main water fitting is installed, connect 
grounding conductor on street side of fitting. Bond metal grounding conductor conduit or 
sleeve to conductor at each end. 

2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water 
meters. Connect to pipe with a bolted connector. 

3. Bond each aboveground portion of gas piping system downstream from equipment 
shutoff valve. 

F. Grounding for Steel Building Structure: Install a driven ground rod at base of each corner 
column and at intermediate exterior columns at distances not more than 60 feet (18 m) apart. 
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G. Ground Ring: Install a grounding conductor, electrically connected to each building structure 
ground rod and to each corner, extending around the perimeter of area or item indicated. 

1. Install tinned-copper conductor not less than No. 2/0 AWG for ground ring and for taps 
to building steel. 

2. Bury ground ring not less than 24 inches (600 mm) from building's foundation. 

H. Connections: Make connections so possibility of galvanic action or electrolysis is minimized. 
Select connectors, connection hardware, conductors, and connection methods so metals in direct 
contact are galvanically compatible. 

1. Use electroplated or hot-tin-coated materials to ensure high conductivity and to make 
contact points closer in order of galvanic series. 

2. Make connections with clean, bare metal at points of contact. 
3. Make aluminum-to-galvanized-steel connections with tin-plated copper jumpers and 

mechanical clamps. 
4. Coat and seal connections having dissimilar metals with inert material to prevent future 

penetration of moisture to contact surfaces. 

3.7 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Perform tests and inspections. 

C. Tests and Inspections: 

1. After installing grounding system but before permanent electrical circuits have been 
energized, test for compliance with requirements. 

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 
electrical connections with a calibrated torque wrench according to manufacturer's 
written instructions. 

3. Test completed grounding system at each location where a maximum ground-resistance 
level is specified, at service disconnect enclosure grounding terminal. Make tests at 
ground rods before any conductors are connected. 

a. Measure ground resistance no fewer than two full days after last trace of 
precipitation and without soil being moistened by any means other than natural 
drainage or seepage and without chemical treatment or other artificial means of 
reducing natural ground resistance. 

b. Perform tests by fall-of-potential method according to IEEE 81. 

4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod 
assembly, and other grounding electrodes. Identify each by letter in alphabetical order, 
and key to the record of tests and observations. Include the number of rods driven and 
their depth at each location, and include observations of weather and other phenomena 
that may affect test results. Describe measures taken to improve test results. 

D. Grounding system will be considered defective if it does not pass tests and inspections. 
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E. Prepare test and inspection reports. 

F. Report measured ground resistances that exceed the following values: 

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 25 ohms. 
2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms. 
3. Power Distribution Units or Panelboards Serving Electronic Equipment: 3 ohm(s). 
4. Substations and Pad-Mounted Equipment: 5 ohms. 
5. Manhole Grounds: 10 ohms. 

G. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect 
promptly and include recommendations to reduce ground resistance. 

PART 4 - COMPENSATION  

4.1 MEASUREMENT 

A. Grounding and Bonding for Electrical Systems shall not be measured. 

4.2 PAYMENT 

A. Payment for "Grounding and Bonding for Electrical", complete in place, including all work 
described in this Section regarding furnishing and installing equipment as shown on the 
Contract Drawings and/or specified herein, shall be taken to be included in and covered by the 
Lump Sum Price Bid under Item SPECIAL – ELECTRICAL WORK BASE on the Project Bid 
Form.     

B. The above price(s) shall include all the work described in this Section and shown on the 
Contract Drawings including all labor, materials, services, and equipment necessary to complete 
the work in every respect to the satisfaction of the Engineer. 

END OF SECTION 260526 
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SECTION 26053 

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits and fittings. 
2. Nonmetallic conduits and fittings. 
3. Boxes, enclosures, and cabinets. 

B. Related Requirements: 

1. Section 260543 "Underground Ducts and Raceways for Electrical Systems" for exterior 
ductbanks, manholes, and underground utility construction. 

2. Section 270528 "Pathways for Communications Systems" for conduits, wireways, 
surface pathways, innerduct, boxes, faceplate adapters, enclosures, cabinets, and 
handholes serving communications systems. 

1.3 DEFINITIONS 

A. GRC: Galvanized rigid steel conduit. 

B. IMC: Intermediate metal conduit. 

1.4 ACTION SUBMITTALS 

A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover 
enclosures, and cabinets. 

B. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, and 
attachment details. 

C. Source quality-control reports. 
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PART 2 - PRODUCTS 

2.1 METAL CONDUITS AND FITTINGS 

A. Metal Conduit: 

1. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing 
agency, and marked for intended location and application. 

2. GRC: Comply with ANSI C80.1 and UL 6. 
3. EMT: Comply with ANSI C80.3 and UL 797. 
4. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360. 

B. Metal Fittings: 

1. Comply with NEMA FB 1 and UL 514B. 
2. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing 

agency, and marked for intended location and application. 
3. Fittings, General: Listed and labeled for type of conduit, location, and use. 

C. Joint Compound for GRC: Approved, as defined in NFPA 70, by authorities having jurisdiction 
for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit 
joints from corrosion and to enhance their conductivity. 

2.2 NONMETALLIC CONDUITS AND FITTINGS 

A. Nonmetallic Conduit: 

1. Listing and Labeling: Nonmetallic conduit shall be listed and labeled as defined in 
NFPA 70, by a qualified testing agency, and marked for intended location and 
application. 

2. RNC: Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise 
indicated. 

3. LFNC: Comply with UL 1660. 

B. Nonmetallic Fittings: 

1. Fittings, General: Listed and labeled for type of conduit, location, and use. 
2. Fittings for RNC: Comply with NEMA TC 3; match to conduit or tubing type and 

material. 

a. Fittings for LFNC: Comply with UL 514B. 

3. Solvents and Adhesives: As recommended by conduit manufacturer. 

2.3 BOXES, ENCLOSURES, AND CABINETS 

A. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets 
installed in wet locations shall be listed for use in wet locations. 
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B. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A. 

C. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy Type FD, with 
gasketed cover. 

D. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C. 

E. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, 
galvanized, cast iron with gasketed cover. 

F. Box extensions used to accommodate new building finishes shall be of same material as 
recessed box. 

G. Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm 
deep). 

H. Gangable boxes are prohibited. 

I. Cabinets: 

1. NEMA 250, Type 3R galvanized-steel box with removable interior panel and removable 
front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 
3. Key latch to match panelboards. 
4. Metal barriers to separate wiring of different systems and voltage. 
5. Accessory feet where required for freestanding equipment. 
6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

2.4 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING 

A. See Section 260543 “Underground Ducts and Raceways for Electrical Systems” for general 
requirements for handholes and boxes: 

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors: Apply raceway products as specified below unless otherwise indicated: 

1. Exposed Conduit: GRC. 
2. Underground Conduit: RNC, Type EPC-40-PVC, Concrete Encased. See 26 05 43 

“Underground Ducts and Raceways for Electrical Systems.” 
3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): LFMC. 
4. Boxes and Enclosures, Aboveground: NEMA 250, Type 4X stainless steel. 

B. Indoors: Apply raceway products as specified below unless otherwise indicated: 
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1. Exposed, Not Subject to Physical Damage: RGS. 
2. Concealed in Ceilings and Interior Walls and Partitions: RGS 
3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, 

Electric Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet 
locations. 

4. Boxes and Enclosures: NEMA 250, Type 1 

C. Minimum Raceway Size: 3/4-inch (21-mm) trade size. 

D. Raceway Fittings: Compatible with raceways and suitable for use and location. 

1. Rigid Steel Conduit: Use threaded rigid steel conduit fittings unless otherwise indicated. 
Comply with NEMA FB 2.10. 

2. EMT: Use set-screw, steel fittings. Comply with NEMA FB 2.10. 
3. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with 

NEMA FB 2.20. 

E. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F (49 deg C)  

3.2 INSTALLATION 

A. Comply with NECA 1 and NECA 101 for installation requirements except where requirements 
on Drawings or in this article are stricter. Comply with NFPA 70 limitations for types of 
raceways allowed in specific occupancies and number of floors. 

B. Do not fasten conduits onto the bottom side of a metal deck roof. 

C. Keep raceways at least 6 inches (150 mm) away from parallel runs of hot-water pipes. Install 
horizontal raceway runs above water piping. 

D. Complete raceway installation before starting conductor installation. 

E. Arrange stub-ups so curved portions of bends are not visible above finished slab.  Stub-ups will 
be RMC to six inches (150 mm) above slab. 

F. Install no more than the equivalent of three 90-degree bends in any conduit run except for 
control wiring conduits, for which fewer bends are allowed. Support within 12 inches (300 mm) 
of changes in direction. 

G. Make bends in raceway using large-radius preformed ells. Field bending shall be according to 
NFPA 70 minimum radii requirements. Use only equipment specifically designed for material 
and size involved. 

H. Conceal conduit within finished walls, ceilings, and floors unless otherwise indicated. Install 
conduits parallel or perpendicular to building lines. 

I. Support conduit within 12 inches (300 mm) of enclosures to which attached. 

J. Raceways Embedded below Slabs: 
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1. Run conduit larger than 1-inch (27-mm) trade size, below slab. Secure raceways to 
reinforcement. 

2. Arrange raceways to keep a minimum of 2 inches (50 mm) of concrete cover in all 
directions. 

3. Do not embed threadless fittings in concrete unless specifically approved by Architect for 
each specific location. 

4. Change from RNC to GRC before rising above floor. 

K. Stub-Ups to Above Recessed Ceilings: 

1. Use RMC for raceways. 
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or 

in an enclosure. 

L. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply 
listed compound to threads of raceway and fittings before making up joints. Follow compound 
manufacturer's written instructions. 

M. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings 
to protect conductors including conductors smaller than No. 4 AWG. 

N. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes 
or cabinets. Install bushings on conduits up to 1-1/4-inch (35mm) trade size and insulated throat 
metal bushings on 1-1/2-inch (41-mm) trade size and larger conduits terminated with locknuts. 
Install insulated throat metal grounding bushings on service conduits. 

O. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install 
locknuts hand tight plus 1/4 turn more. 

P. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in 
the locknut area prior to assembling conduit to enclosure to assure a continuous ground path. 

Q. Cut conduit perpendicular to the length. For conduits 2-inch (53-mm) trade size and larger, use 
roll cutter or a guide to make cut straight and perpendicular to the length. 

R. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not 
less than 200-lb (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end 
of pull wire. Cap underground raceways designated as spare above grade alongside raceways in 
use. 

S. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with 
listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a 
blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway 
sealing fittings according to NFPA 70. 

T. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or 
boxes are between the seal and the following changes of environments. Seal the interior of all 
raceways at the following points: 

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated 
spaces. 
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2. Where an underground service raceway enters a building or structure. 
3. Conduit extending from interior to exterior of building. 
4. Where otherwise required by NFPA 70. 

U. Comply with manufacturer's written instructions for solvent welding RNC and fittings. 

V. Expansion-Joint Fittings: 

1. Install in each run of aboveground RNC that is located where environmental temperature 
change may exceed 30 deg F (17 deg C) and that has straight-run length that exceeds 25 
feet (7.6 m). Install in each run of aboveground RMC conduit that is located where 
environmental temperature change may exceed 100 deg F (55 deg C) and that has 
straight-run length that exceeds 100 feet (30 m). 

2. Install type and quantity of fittings that accommodate temperature change listed for each 
of the following locations: 

a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F (70 deg C) 
temperature change. 

b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F (86 deg C) temperature 
change. 

c. Indoor Spaces Connected with Outdoors without Physical Separation: 125 deg F 
(70 deg C) temperature change. 

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot 
of length of straight run per deg F (0.06 mm per meter of length of straight run per deg C) 
of temperature change for PVC conduits. Install fitting(s) that provide expansion and 
contraction for at least 0.000078 inch per foot of length of straight run per deg F 
(0.0115 mm per meter of length of straight run per deg C) of temperature change for 
metal conduits. 

4. Install expansion fittings at all locations where conduits cross building or structure 
expansion joints. 

5. Install each expansion-joint fitting with position, mounting, and piston setting selected 
according to manufacturer's written instructions for conditions at specific location at 
ambient temperature at time of installation. Install conduit supports to allow for 
expansion movement. 

W. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches (1830 
mm) of flexible conduit for recessed and semi recessed luminaires, equipment subject to 
vibration, noise transmission, or movement; and for transformers and motors.  

X. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not 
individually indicated, give priority to ADA requirements. Install boxes with height measured to 
center of box unless otherwise indicated. 

Y. Horizontally separate boxes mounted on opposite sides of walls, so they are not in the same 
vertical channel. 

Z. Locate boxes so that cover or plate will not span different building finishes. 

AA. Support boxes of three gangs or more from more than one side by spanning two framing 
members or mounting on brackets specifically designed for the purpose. 
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BB. Fasten junction and pull boxes to or support from building structure. Do not support boxes by 
conduits. 

3.3 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and deterioration. 

1. Repair damage to galvanized finishes with zinc-rich paint recommended by 
manufacturer. 

2. Repair damage to paint finishes with matching touchup coating recommended by 
manufacturer. 

PART 4 - COMPENSATION  

4.1 MEASUREMENT 

A. Raceways and Boxes for Electrical Systems shall not be measured. 

4.2 PAYMENT 

A. Payment for "Raceways and Boxes for Electrical Systems", complete in place, including all 
work described in this Section regarding furnishing and installing equipment as shown on the 
Electrical Sheets of the Contract Drawings and/or specified herein, shall be taken to be included 
in and covered by the Lump Sum Price Bid under Item SPECIAL – ELECTRICAL WORK 
BASE on the Project Bid Form.   

B. Payment for "Raceways and Boxes for Electrical Systems", complete in place, including all 
work described in this Section regarding furnishing and installing equipment as shown on the 
Utility Sheets of the Contract Drawings and/or specified herein, shall be taken to be included in 
and covered by the Unit Price Bid under Item 625 CONDUIT, CONCRETE ENCASED on the 
Project Bid Form.   

C. The above price(s) shall include all the work described in this Section and shown on the 
Contract Drawings including all labor, materials, services, and equipment necessary to complete 
the work in every respect to the satisfaction of the Engineer. 

END OF SECTION 260533 
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SECTION 260543 

UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits and fittings, including GRC 
2. Rigid nonmetallic duct. 
3. Duct accessories. 
4. Precast concrete handholes and boxes 

1.3 DEFINITIONS 

A. Direct Buried: Duct or a duct bank that is buried in the ground, without any additional casing 
materials such as concrete. 

B. Duct: A single duct or multiple ducts. Duct may be either installed singly or as component of a 
duct bank. 

C. Duct Bank: 

1. Two or more ducts installed in parallel, with or without additional casing materials. 
2. Multiple duct banks. 

D. GRC: Galvanized rigid (steel) conduit. 

E. Trafficways: Locations where vehicular or pedestrian traffic is a normal course of events. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include duct-bank materials, including spacers and miscellaneous components. 
2. Include duct, conduits, and their accessories, including elbows, end bells, bends, fittings, 

and solvent cement. 
3. Include accessories for manholes, handholes, boxes. 
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B. Shop Drawings: 

1. Factory-Fabricated Handholes and Boxes Other Than Precast Concrete: 

a. Include dimensioned plans, sections, and elevations, and fabrication and 
installation details. 

b. Include duct entry provisions, including locations and duct sizes. 
c. Include cover design. 
d. Include grounding details. 
e. Include dimensioned locations of cable rack inserts, and pulling-in and lifting 

irons. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For professional engineer and testing agency responsible for testing 
nonconcrete handholes and boxes. 

1.6 MAINTENANCE MATERIALS SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1.7 QUALITY CONTROL 

A. Testing Agency Qualifications: Qualified according to ASTM E329 for testing indicated. 

1.8 FIELD CONDITIONS 

A. 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: 

1. Notify Construction Manager no fewer than 14 days in advance of proposed interruption 
of electrical service. 

2. Do not proceed with interruption of electrical service without Owner's written 
permission. 

B. Ground Water: Assume ground-water level is less than 6 inches (150mm) below ground surface 
and fluctuates with level of Lake. 

PART 2 - PRODUCTS 

2.1 METAL CONDUIT AND FITTINGS 

A. GRC: Comply with ANSI C80.1 and UL 6. 
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B. Metal Conduit: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Allied Tube & Conduit; a part of Atkore International. 
b. Calconduit. 
c. NEC, Inc. 
d. Picoma Industries, Inc. 
e. Or Equal, as determined by Project Manager. Contractor is responsible for proving 

equivalency. 

C. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, and 
marked for intended location and application. 

2.2 RIGID NONMETALLIC DUCT 

A. Underground Plastic Utilities Duct: Type EPC-40-PVC RNC, complying with NEMA TC 2 and 
UL 651, with matching fittings complying with NEMA TC 3 by same manufacturer as duct. 

B. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, and 
marked for intended location and application. 

C. Solvents and Adhesives: As recommended by conduit manufacturer. 

D. Nonmetallic Conduit: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. CANTEX INC. 
b. Electri-Flex Company. 
c. Kraloy. 
d. Lamson & Sessions. 
e. Thomas & Betts Corporation; A Member of the ABB Group. 
f. Or Equal, as determined by Project Manager. Contractor is responsible for proving 

equivalency. 

2.3 DUCT ACCESSORIES 

A. Duct Spacers: Factory-fabricated, rigid, PVC interlocking spacers; sized for type and size of 
duct with which used and selected to provide minimum duct spacing indicated while supporting 
duct during concreting or backfilling. 

B. Underground-Line Warning Tape: Comply with requirements for underground-line warning 
tape specified in Section 260553 "Identification for Electrical Systems." 

http://www.specagent.com/Lookup?ulid=12972
http://www.specagent.com/Lookup?uid=123457087067
http://www.specagent.com/Lookup?uid=123457087069
http://www.specagent.com/Lookup?uid=123457102297
http://www.specagent.com/Lookup?uid=123457087078
http://www.specagent.com/Lookup?ulid=12970
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2.4 PRECAST CONCRETE HANDHOLES AND BOXES 

A. 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. 

B. Manufactures acceptable for use: 

1. Christy Concrete Products 
2. Oldcastle Precast, Inc. 
3. Or Equal, as determined by Project Manager. Contractor is responsible for proving 

equivalency. 

C. Comply with ASTM C858 for design and manufacturing processes. 

D. Frame and Cover: Weatherproof Galvanized Steel frame, with gasketed, Galvanized Steel cover 
with recessed cover hook eyes and tamper-resistant, captive, cover-securing bolts. 

E. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 

F. Cover Legend: Molded lettering, "ELECTRIC."  

G. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise 
indicated. 

H. Extensions and Slabs: Designed to mate with bottom of enclosure. Same material as enclosure. 

1. Extension shall provide increased depth of 12 inches (300 mm). 
2. Slab: Same dimensions as bottom of enclosure and arranged to provide closure. 

I. 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. 

J. Knockout Panels: Precast openings in walls, arranged to match dimensions and elevations of 
approaching duct, plus an additional 12 inches (300 mm) vertically and horizontally to 
accommodate alignment variations. 

1. Center window location. 
2. Knockout panels shall be located no less than 6 inches (150 mm) from interior surfaces of 

walls, floors, or frames and covers of handholes, but close enough to corners to facilitate 
racking of cables on walls. 

3. Knockout panel opening shall have cast-in-place, welded-wire fabric reinforcement for 
field cutting and bending to tie into concrete envelopes of duct. 

4. Knockout panels shall be framed with at least two additional No. 3 steel reinforcing bars 
in concrete around each opening. 

5. Knockout panels shall be 1-1/2 to 2 inches (38 to 50 mm) thick. 

K. Duct Entrances in Handhole Walls: Cast end-bell or duct-terminating fitting in wall for each 
entering duct. 
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1. Type and size shall match fittings to duct to be terminated. 
2. Fittings shall align with elevations of approaching duct and be located near interior 

corners of handholes to facilitate racking of cable. 

L. Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long) and larger shall 
have inserts for cable racks and pulling-in irons installed before concrete is poured. 

2.5 UTILITY STRUCTURE ACCESSORIES 

A. Accessories for Utility Structures: Utility equipment and accessory items used for utility 
structure access and utility support, listed and labeled for intended use and application. 

B. Pulling Eyes in Concrete Walls: Eyebolt with reinforcing-bar fastening insert, 2-inch- (50-mm-) 
diameter eye, and 1-by-4-inch (25-by-100-mm) bolt. 

1. Working Load Embedded in 6-Inch (150-mm), 4000-psi (27.6-MPa) Concrete: 13,000-
lbf (58-kN) minimum tension. 

C. Bolting Inserts for Concrete Utility Structure Cable Racks and Other Attachments: Flared, 
threaded inserts of noncorrosive, chemical-resistant, nonconductive thermoplastic material; 1/2-
inch (13-mm) ID by 2-3/4 inches (69 mm) deep, flared to 1-1/4 inches (31 mm) minimum at 
base. 

1. Tested Ultimate Pullout Strength: 12,000 lbf (53 kN) minimum. 

D. Ground Rod Sleeve: 3-inch (75-mm) PVC sleeve in manhole floors 2 inches (50 mm) from the 
wall adjacent to, but not underneath, the ducts routed from the facility. 

E. Expansion Anchors for Installation after Concrete Is Cast: Zinc-plated, carbon-steel-wedge type 
with stainless-steel expander clip with 1/2-inch (13-mm) bolt, 5300-lbf (24-kN) rated pullout 
strength, and minimum 6800-lbf (30-kN) rated shear strength. 

F. Cable Rack Assembly: Nonmetallic. Components fabricated from nonconductive, fiberglass-
reinforced polymer. 

1. Stanchions: Nominal 36 inches (900 mm) high by 4 inches (100 mm) wide, with 
provisions to connect to other sections to form a continuous unit, with minimum of nine 
holes for arm attachment. 

2. Arms: Arranged for secure, drop-in attachment in horizontal position at any location on 
cable stanchions, and capable of being locked in position. Arms shall be available in 
lengths ranging from 3 inches (75 mm) with 450-lb (204-kg) minimum capacity to 20 
inches (500 mm) with 250-lb (114-kg) minimum capacity. Top of arm shall be nominally 
4 inches (100 mm) wide, and arm shall have slots along full length for cable ties. 

G. Duct-Sealing Compound: Nonhardening, safe for contact with human skin, not deleterious to 
cable insulation, and workable at temperatures as low as 35 deg F (2 deg C). Capable of 
withstanding temperature of 300 deg F (150 deg C) without slump and adhering to clean 
surfaces of plastic ducts, metallic conduit, conduit and duct coatings, concrete, masonry, lead, 
cable sheaths, cable jackets, insulation materials, and common metals. 
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H. Cover Hooks: Heavy duty, designed for lifts 60 lbf (270 N) and greater. Two required. 

2.6 SOURCE QUALITY CONTROL 

A. Test and inspect precast concrete utility structures according to ASTM C1037. 
1. Strength tests of complete boxes and covers shall be by an independent testing agency or 

manufacturer. A qualified registered professional engineer shall certify tests by 
manufacturer. 

2. Testing machine pressure gages shall have current calibration certification, complying 
with ISO 9000 and ISO 10012, and traceable to NIST standards. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Coordinate layout and installation of duct, duct bank, manholes, handholes, and boxes with final 
arrangement of other utilities, site grading, and surface features as determined in the field. 
Notify Architect if there is a conflict between areas of excavation and existing structures or 
archaeological sites to remain. 

B. Coordinate elevations of duct and duct-bank entrances into manholes, handholes, and boxes 
with final locations and profiles of duct and duct banks, as determined by coordination with 
other utilities, underground obstructions, and surface features. Revise locations and elevations 
as required to suit field conditions and to ensure that duct and duct bank will drain to manholes 
and handholes, and as approved by Architect. 

C. Clear and grub vegetation to be removed and protect vegetation to remain according to 
Section 201 "Clearing and Grubbing." Remove and stockpile topsoil for reapplication according 
to Section 651 "Topsoil Stockpiled." 

3.2 UNDERGROUND DUCT APPLICATION 

A. Duct for Electrical Feeders 600 V and Less: Type EPC-40-PVC RNC, encased in reinforced 
concrete, unless otherwise indicated. 

B. Duct for Electrical Branch Circuits: Type EPEC-80 HDPE RNC, direct-buried unless otherwise 
indicated. 

C. Stub-ups: Concrete-encased PVC-coated GRC. 

3.3 UNDERGROUND ENCLOSURE APPLICATION 

A. Handholes and Boxes for 600 V and Less: 

1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete. 
AASHTO HB 17, rated for use in runways (Airfield Rated) 



UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 260543 - 7 

2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, 
Nondeliberate Loading by Heavy Vehicles: Precast concrete, AASHTO HB 17, H-20 
structural load rating. 

3. Cover design load shall not exceed the design load of the handhole or box. 

3.4 EARTHWORK 

A. Excavation and Backfill: Comply with Section 200 "Earthwork," but do not use heavy-duty, 
hydraulic-operated, compaction equipment. 

B. Restoration: Replace area after construction vehicle traffic in immediate area is complete. 

C. Restore surface features at areas disturbed by excavation and re-establish original grades unless 
otherwise indicated. Replace removed sod immediately after backfilling is completed. 

D. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore 
vegetation and include necessary top soiling, fertilizing, liming, seeding, sodding, sprigging, 
and mulching. Comply with Section 659 " Seeding and Mulching." 

E. Cut and patch existing pavement in the path of underground duct, duct bank, and utility 
structures according to the "Removal of Existing Pavement" and “Placement of Asphalt 
Concrete” Articles in Section 253 "Pavement Repair." 

3.5 DUCT AND DUCT-BANK INSTALLATION 

A. Where indicated on Drawings, install duct, spacers, and accessories into the duct-bank 
configuration shown. Duct installation requirements in this Section also apply to duct bank. 

B. Install duct according to NEMA TCB 2. 

C. Slope: Pitch duct a minimum slope of 1:300 down toward manholes and handholes and away 
from buildings and equipment. Slope duct from a high point between two manholes, to drain in 
both directions. 

D. Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use 
manufactured long sweep bends with a minimum radius of 48 inches (1200 mm), both 
horizontally and vertically, at other locations unless otherwise indicated. 

1. Duct shall have maximum of three 90-degree bends or the total of all bends shall be no 
more 270 degrees between pull points. 

E. Joints: Use solvent-cemented joints in duct and fittings and make watertight according to 
manufacturer's written instructions. Stagger couplings so those of adjacent duct do not lie in 
same plane. 

F. Terminator Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use 
manufactured, cast-in-place duct terminators, with entrances into structure spaced 
approximately 6 inches (150 mm) o.c. for 4-inch (100-mm) duct and vary proportionately for 
other duct sizes. 
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1. Begin change from regular spacing to terminator spacing 10 feet (3 m) from the 
terminator, without reducing duct line slope and without forming a trap in the line. 

G. Pulling Cord: Install 200-lbf- (1000-N-) test nylon cord in empty ducts. 

H. Concrete-Encased Ducts and Duct Bank: 

1. Excavate trench bottom to provide firm and uniform support for duct. Prepare trench 
bottoms as specified in Section 200 Earthwork. 

2. Width: Excavate trench 3 inches (75 mm) wider than duct on each side. 
3. Depth: Install so top of duct envelope is at least 24 inches (600 mm) below finished grade 

in areas not subject to deliberate traffic, and at least 30 inches (750 mm) below finished 
grade in deliberate traffic paths for vehicles unless otherwise indicated. 

4. Support duct on duct spacers coordinated with duct size, duct spacing, and outdoor 
temperature. 

5. Spacer Installation: Place spacers close enough to prevent sagging and deforming of duct, 
with not less than four spacers per 20 feet (6 m) of duct. Place spacers within 24 inches 
(600 mm) of duct ends. Stagger spacers approximately 6 inches (150 mm) between tiers. 
Secure spacers to earth and to duct 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. 

6. Elbows: Use manufactured PVC coated GRC elbows for stub-ups, at building entrances, 
and at changes of direction in duct run. 

a. Couple RNC duct to GRC with adapters designed for this purpose and encase 
coupling with 3 inches (75 mm) of concrete. 

b. Stub-ups to Outdoor Equipment: Extend concrete-encased GRC horizontally a 
minimum of 60 inches (1500 mm) from edge of base. Install insulated grounding 
bushings on terminations at equipment. 

1) Stub-ups shall be minimum 4 inches (100 mm) above finished floor and 
minimum 6 inches (150 mm) from conduit side to edge of slab. 

c. Stub-ups to Indoor Equipment: Extend concrete-encased GRC horizontally a 
minimum of 60 inches (1500 mm) from edge of wall. Install insulated grounding 
bushings on terminations at equipment. 

1) Stub-ups shall be minimum 6 inches (150 mm) above finished floor and no 
less than 6 inches (150 mm) from conduit side to edge of slab. 

7. Reinforcement: Reinforce concrete-encased duct. Arrange reinforcing rods and ties 
without forming conductive or magnetic loops around ducts or duct groups. 

8. Forms: Use walls of trench to form side walls of duct bank where soil is self-supporting 
and concrete envelope can be poured without soil inclusions; otherwise, use forms. 

9. Concrete Cover: Install a minimum of 3 inches (75 mm) of concrete cover between edge 
of duct to exterior envelope wall, 2 inches (50 mm) between duct of like services, and 12 
inches (300 mm) between power and communications ducts. 

10. Concreting Sequence: Pour each run of envelope between manholes or other terminations 
in one continuous operation. 
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a. Start at one end and finish at the other, allowing for expansion and contraction of 
duct as its temperature changes during and after the pour. Use expansion fittings 
installed according to manufacturer's written instructions or use other specific 
measures to prevent expansion-contraction damage. 

b. If more than one pour is necessary, terminate each pour in a vertical plane and 
install 3/4-inch (15-mm) reinforcing-rod dowels extending a minimum of 18 
inches (450 mm) into concrete on both sides of joint near corners of envelope. 

11. Pouring Concrete: Comply with requirements in "Class QC Misc." Article in Section 499 
Concrete-General “Concrete Mix Design Requirements” of the ODOT Construction and 
Material Specifications. Place concrete carefully during pours to prevent voids under and 
between duct and at exterior surface of envelope. Do not allow a heavy mass of concrete 
to fall directly onto ducts. Allow concrete to flow around duct and rise up in middle, 
uniformly filling all open spaces. Do not use power-driven agitating equipment unless 
specifically designed for duct-installation application. 

I. Underground-Line Warning Tape: Bury conducting underground line specified in 
Section 260553 "Identification for Electrical Systems" no less than 12 inches (300 mm) above 
all concrete-encased duct and duct banks. Align tape parallel to and within 3 inches (75 mm) of 
centerline of duct bank. Provide an additional warning tape for each 12-inch (300-mm) 
increment of duct-bank width over a nominal 18 inches (450 mm). Space additional tapes 12 
inches (300 mm) apart, horizontally. 

3.6 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES 

A. Precast Concrete Handhole and Manhole Installation: 

1. Comply with ASTM C891 unless otherwise indicated. 
2. Install units’ level and plumb and with orientation and depth coordinated with connecting 

duct, to minimize bends and deflections required for proper entrances. 
3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, 

graded from 1-inch (25-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same 
density as adjacent undisturbed earth. 

B. Elevations: 

1. Install handholes with bottom below frost line, 6” below grade. 
2. Handhole Covers: In paved areas and trafficways, set surface flush with finished grade. 

Set covers of other handholes 1 inch (25 mm) above finished grade. 
3. Where indicated, cast handhole cover frame integrally with handhole structure. 

C. Hardware: Install removable hardware, including pulling eyes, cable stanchions, and cable 
arms, and insulators, as required for installation and support of cables and conductors and as 
indicated. 

D. Field-Installed Bolting Anchors in Manholes and Concrete Handholes: Do not drill deeper than 
3-7/8 inches (97 mm) for manholes and 2 inches (50 mm) for handholes, for anchor bolts 
installed in the field. Use a minimum of two anchors for each cable stanchion. 
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3.7 GROUNDING 

A. Ground underground ducts and utility structures according to Section 260526 "Grounding and 
Bonding for Electrical Systems." 

3.8 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Demonstrate capability and compliance with requirements on completion of installation 
of underground duct, duct bank, and utility structures. 

2. Pull solid aluminum or wood test mandrel through duct to prove joint integrity and 
adequate bend radii, and test for out-of-round duct. Provide a minimum 12-inch- (300-
mm-) long mandrel equal to duct size minus 1/4 inch (6 mm). If obstructions are 
indicated, remove obstructions and retest. 

3. Test manhole and handhole grounding to ensure electrical continuity of grounding and 
bonding connections. Measure and report ground resistance as specified in 
Section 260526 "Grounding and Bonding for Electrical Systems." 

B. Correct deficiencies and retest as specified above to demonstrate compliance. 

C. Prepare test and inspection reports. 

3.9 CLEANING 

A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of duct 
until duct cleaner indicates that duct is clear of dirt and debris. Follow with rubber duct swab for 
final cleaning and to assist in spreading lubricant throughout ducts. 

B. Clean internal surfaces of manholes, including sump. 

1. Sweep floor, removing dirt and debris. 
2. Remove foreign material. 

PART 4 - COMPENSATION  

4.1 MEASUREMENT 

A. Underground Ducts and Raceway for Electrical Systems shall not be measured. 

4.2 PAYMENT 

A. Payment for "Underground Ducts and Raceway for Electrical Systems", complete in place, 
including all work described in this Section regarding furnishing and installing equipment as 
shown on the Contract Drawings and/or specified herein, shall be taken to be included in and 
covered by the Lump Sum Price Bid under Item SPECIAL – ELECTRICAL WORK BASE on 
the Project Bid Form.     
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B. Payment for "Underground Ducts and Raceway for Electrical Systems", complete in place, 
including all work described in this Section regarding furnishing and installing equipment as 
shown on the Contract Drawings and/or specified herein, shall be taken to be included in and 
covered by the Lump Sum Price Bid under Item 625 CONDUIT, CONCRETE ENCASED on 
the Project Bid Form 

C. The above price(s) shall include all the work described in this Section and shown on the 
Contract Drawings including all labor, materials, services, and equipment necessary to complete 
the work in every respect to the satisfaction of the Engineer. 

END OF SECTION 260543 
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SECTION 260553 

IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Color and legend requirements for raceways, conductors, and warning labels and signs. 
2. Labels. 
3. Tapes and stencils. 
4. Signs. 
5. Cable ties. 
6. Fasteners for labels and signs. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for electrical identification products. 

B. Identification Schedule: For each piece of electrical equipment and electrical system 
components to be an index of nomenclature for electrical equipment and system components 
used in identification signs and labels. Use same designations indicated on Drawings. 

C. Delegated-Design Submittal: For arc-flash hazard study. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Comply with ASME A13.1 

B. Comply with NFPA 70. 

C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145. 
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D. Comply with ANSI Z535.4 for safety signs and labels. 

E. Comply with NFPA 70E requirements for arc-flash warning labels. 

F. Thermal Movements: Allow for thermal movements from ambient and surface temperature 
changes. 

1. Temperature Change: 120 deg F (67 deg C), ambient; 180 deg F (100 deg C), material 
surfaces. 

2.2 COLOR AND LEGEND REQUIREMENTS 

A. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use colors listed 
below for ungrounded feeder and branch-circuit conductors. 

1. Color shall be factory applied or field applied for sizes larger than No. 8 AWG if 
authorities having jurisdiction permit. 

2. Colors for 208/120-V Circuits: 

a. Phase A: Black. 
b. Phase B: Red. 
c. Phase C: Blue. 

3. Colors for 480/277-V Circuits: 

a. Phase A: Brown. 
b. Phase B: Orange. 
c. Phase C: Yellow. 

4. Color for Neutral: White (120v) or gray (277v). 
5. Color for Equipment Grounds: Green. 

B. Warning labels and signs shall include, but are not limited to, the following legends: 

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - 
EQUIPMENT HAS MULTIPLE POWER SOURCES." 

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN 
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES." 

C. Equipment Identification Labels: 

1. Black letters on a white field. 

2.3 LABELS 

A. Self-Adhesive Labels: Vinyl, thermal, transfer-printed, 3-mil- (0.08-mm-) thick, multicolor, 
weather- and UV-resistant, pressure-sensitive adhesive labels, configured for intended use and 
location. 

1. Minimum Nominal Size: 



IDENTIFICATION FOR ELECTRICAL SYSTEMS 260553 - 3 

a. 1-1/2 by 6 inches (37 by 150 mm) for raceway and conductors. 
b. 3-1/2 by 5 inches (76 by 127 mm) for equipment. 
c. As required by authorities having jurisdiction. 

2.4 TAPES AND STENCILS 

A. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils 
(0.08 mm) thick by 1 to 2 inches (25 to 50 mm) wide; compounded for outdoor use. 

B. Underground-Line Warning Tape: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Brady Corporation. 
b. Ideal Industries, Inc. 
c. LEM Products Inc. 
d. Marking Services, Inc. 
e. Seton Identification Products. 

2. Tape: 

a. Recommended by manufacturer for the method of installation and suitable to 
identify and locate underground electrical and communications utility lines. 

b. Printing on tape shall be permanent and shall not be damaged by burial operations. 
c. Tape material and ink shall be chemically inert and not subject to degradation 

when exposed to acids, alkalis, and other destructive substances commonly found 
in soils. 

3. Color and Printing: 

a. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI Z535.4, and 
ANSI Z535.5. 

b. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE“. 
c. Inscriptions for Orange-Colored Tapes: "COMMUNICATIONS CABLE, 

OPTICAL FIBER CABLE". 

2.5 SIGNS 

A. Laminated Acrylic or Melamine Plastic Signs: 

1. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 

a. Brady Corporation. 
b. Carlton Industries, LP. 
c. emedco. 
d. Marking Services, Inc. 

http://www.specagent.com/Lookup?ulid=11484
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e. Or Equal, as determined by Project Manager. Contractor is responsible for proving 
equivalency. 

2. Engraved legend. 
3. Thickness: 

a. For signs up to 20 sq. in. (129 sq. cm), minimum 1/16 inch (1.6 mm) thick. 
b. For signs larger than 20 sq. in. (129 sq. cm), 1/8 inch (3.2 mm) thick. 
c. Engraved legend with black letters on white background. 
d. Punched or drilled for mechanical fasteners with 1/4-inch (6.4-mm) grommets in 

corners for mounting. 
e. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment. 

2.6 CABLE TIES 

A. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, 
self-extinguishing, one piece, self-locking, and Type 6/6 nylon. 

1. Minimum Width: 3/16 inch (5 mm). 
2. Tensile Strength at 73 Deg F (23 Deg C) according to ASTM D638: 12,000 psi (82.7 

MPa). 
3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 
4. Color: Black. 

2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws.  

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Self-Adhesive Identification Products: Before applying electrical identification products, clean 
substrates of substances that could impair bond, using materials and methods recommended by 
manufacturer of identification product. 

3.2 INSTALLATION 

A. Verify and coordinate identification names, abbreviations, colors, and other features with 
requirements in other Sections requiring identification applications, Drawings, Shop Drawings, 
manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent 
designations throughout Project. 

B. Install identifying devices before installing acoustical ceilings and similar concealment. 

C. Verify identity of each item before installing identification products. 



IDENTIFICATION FOR ELECTRICAL SYSTEMS 260553 - 5 

D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation 
and maintenance manual. 

E. Apply identification devices to surfaces that require finish after completing finish work. 

F. Install signs with approved legend to facilitate proper identification, operation, and maintenance 
of electrical systems and connected items. 

G. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, 
and signal connections. 

H. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for 
viewing from the floor. 

I. Self-Adhesive Wraparound Labels: Secure tight to surface at a location with high visibility and 
accessibility. 

J. Self-Adhesive Labels: 

1. On each item, install unique designation label that is consistent with wiring diagrams, 
schedules, and operation and maintenance manual. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high 
letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are required, use labels 
2 inches (50 mm) high. 

K. Self-Adhesive Vinyl Tape: Secure tight to surface at a location with high visibility and 
accessibility. 

1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum 
distance of 6 inches (150 mm) where splices or taps are made. Apply last two turns of 
tape with no tension to prevent possible unwinding. 

L. Underground Line Warning Tape: 

1. During backfilling of trenches, install continuous underground-line warning tape directly 
above cable or raceway at 12 inches (300 mm) below finished grade. Use multiple tapes 
where width of multiple lines installed in a common trench or concrete envelope exceeds 
16 inches (400 mm) overall. 

2. Install underground-line warning tape for direct-buried cables and cables in raceways. 

M. Laminated Acrylic or Melamine Plastic Signs: 

1. Attach signs with mechanical fasteners appropriate to the location and substrate. 
2. Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high 

letters on 1-1/2-inch- (38-mm-) high sign; where two lines of text are required, use labels 
2 inches (50 mm) high. 
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3.3 IDENTIFICATION SCHEDULE 

A. Install identification materials and devices at locations for most convenient viewing without 
interference with operation and maintenance of equipment. Install access doors or panels to 
provide view of identifying devices. 

B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, 
and locations of high visibility. Identify by system and circuit designation. 

C. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and 
junction boxes, manholes, and handholes, use self-adhesive vinyl tape to identify the phase. 

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-
foot (15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum 
intervals in congested areas. 

D. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, 
manholes, and handholes, use self-adhesive labels with the conductor or cable designation, 
origin, and destination. 

E. Control-Circuit Conductor Termination Identification: For identification at terminations, 
provide self-adhesive labels with the conductor designation. 

F. Locations of Underground Lines: Underground-line warning tape for power, lighting, 
communication, and control wiring and optical-fiber cable. 

G. Instructional Signs: Self-adhesive labels, including the color code for grounded and ungrounded 
conductors. 

H. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Self-
adhesive labels. 

1. Apply to exterior of door, cover, or other access. 
2. For equipment with multiple power or control sources, apply to door or cover of 

equipment, including, but not limited to, the following: 

a. Power-transfer switches. 
b. Controls with external control power connections. 

I. Arc Flash Warning Labeling: Self-adhesive labels. 

J. Operating Instruction Signs: Laminated acrylic or melamine plastic signs. 

K. Equipment Identification Labels: 

1. Equipment: Laminated acrylic or melamine sign. 
2. Equipment to Be Labeled: 

a. Panelboards: Typewritten directory of circuits in the location provided by 
panelboard manufacturer. Panelboard identification shall be in the form of a 
laminated acrylic or melamine label. 

b. Enclosures and electrical cabinets. 
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c. Transformers: Label that includes tag designation indicated on Drawings for the 
transformer, feeder, and panelboards or equipment supplied by the secondary. 

d. Enclosed switches. 
e. Enclosed circuit breakers. 
f. Contactors. 
g. Remote-controlled switches and control devices. 
h. Monitoring and control equipment. 

PART 4 - COMPENSATION  

4.1 MEASUREMENT 

A. Identification for Electrical Systems shall not be measured. 

4.2 PAYMENT 

A. Payment for "Identification for Electrical Systems", complete in place, including all work 
described in this Section regarding furnishing and installing equipment as shown on the 
Contract Drawings and/or specified herein, shall be taken to be included in and covered by the 
Lump Sum Price Bid under Item SPECIAL – ELECTRICAL WORK BASE on the Project Bid 
Form.     

B. The above price(s) shall include all the work described in this Section and shown on the 
Contract Drawings including all labor, materials, services, and equipment necessary to complete 
the work in every respect to the satisfaction of the Engineer. 

END OF SECTION 260553 
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SECTION 270526 

GROUNDING AND BONDING FOR COMMUNICATIONS SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Grounding conductors. 
2. Grounding connectors. 
3. Grounding busbars. 
4. Grounding rods. 
5. Grounding labeling. 

1.3 DEFINITIONS 

A. BCT: Bonding conductor for telecommunications. 

B. TGB: Telecommunications grounding busbar. 

C. TMGB: Telecommunications main grounding busbar. 

D. Service Provider: The operator of a service that provides telecommunications transmission 
delivered over access provider facilities. 

1.4 INFORMATIONAL SUBMITTALS 

A. As-Built Data: Plans showing as-built locations of grounding and bonding infrastructure, 
including the following: 

1. Ground rods. 
2. Ground and roof rings. 
3. BCT, TMGB, TGBs, and routing of their bonding conductors. 

B. Qualification Data: For installation supervisor, and field inspector. 

C. Field quality-control reports. 
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1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For grounding to include in emergency, operation, and 
maintenance manuals. 

1.6 QUALITY CONTROL 

A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff. 

1. Installation Supervision: Installation shall be under the direct supervision of ITS 
Technician, who shall be present at all times when Work of this Section is performed at 
Project site. 

2. Field Inspector: Currently registered by BICSI as a designer RCDD to perform the on-
site inspection. 

PART 2 - PRODUCTS 

2.1 SYSTEM DESCRIPTION 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. Comply with UL 467 for grounding and bonding materials and equipment. 

C. Comply with TIA-607-B. 

2.2 CONDUCTORS 

A. Comply with UL 486A-486B. 

B. Insulated Conductors: Stranded copper wire, green insulation, insulated for 600 V, and 
complying with UL 83. 

1. Ground wire for custom-length equipment ground jumpers shall be No. 6 AWG, 19-
strand, UL-listed, Type THHN wire. 

C. Bare Copper Conductors: 

1. Solid Conductors: ASTM B3. 
2. Stranded Conductors: ASTM B8. 
3. Tinned Conductors: ASTM B33. 
4. Bonding Cable: 28 kcmils (14.2 sq. mm), 14 strands of No. 17 AWG conductor, and 1/4 

inch (6.3 mm) in diameter. 
5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor. 
6. Bonding Jumper: Tinned-copper tape, braided conductors terminated with two-hole 

copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick. 
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2.3 CONNECTORS 

A. Irreversible connectors listed for the purpose. Listed by an NRTL as complying with NFPA 70 
for specific types, sizes, and combinations of conductors and other items connected. Comply 
with UL 486A-486B. 

B. Compression Wire Connectors: Crimp-and-compress connectors that bond to the conductor 
when the connector is compressed around the conductor. Comply with UL 467. 

1. Electroplated tinned copper, C and H shaped. 

C. Signal Reference Grid Connectors: Combination of compression wire connectors, access floor 
grounding clamps, bronze U-bolt grounding clamps, and copper split-bolt connectors, designed 
for the purpose. 

D. Busbar Connectors: Cast silicon bronze, solderless compression-type, mechanical connector; 
with a long barrel and two holes spaced on 5/8- or 1-inch (15.8- or 25.4-mm) centers for a two-
bolt connection to the busbar. 

E. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for 
materials being joined and installation conditions. 

2.4 GROUNDING BUSBARS 

A. TMGB: Predrilled, wall-mounted, rectangular bars of hard-drawn solid copper, 1/4 by 4 inches 
(6.3 by 100 mm) in cross section, length as indicated on Drawings. The busbar shall be NRTL 
listed for use as TMGB and shall comply with TIA-607-B. 

1. Predrilling shall be with holes for use with lugs specified in this Section. 
2. Mounting Hardware: Stand-off brackets that provide a 4-inch (100-mm) clearance to 

access the rear of the busbar. Brackets and bolts shall be stainless steel. 
3. Stand-off insulators for mounting shall be Lexan or PVC. Comply with UL 891 for use in 

600-V switchboards, impulse tested at 5000 V. 

B. Rack and Cabinet Grounding Busbars: Rectangular bars of hard-drawn solid copper, accepting 
conductors ranging from No. 14 to No. 2/0 AWG, NRTL listed as complying with UL 467, and 
complying with TIA-607-B. Predrilling shall be with holes for use with lugs specified in this 
Section. 

1. Cabinet-Mounted Busbar: Terminal block, with stainless-steel or copper-plated hardware 
for attachment to the cabinet. 

2. Rack-Mounted Vertical Busbar: 72 or 36 inches (1827 or 914 mm) long, with stainless-
steel or copper-plated hardware for attachment to the rack. 

2.5 GROUND RODS 

A. Ground Rods: Copper-clad; 3/4 inch by 10 feet (19 mm by 3 m) in diameter. 
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2.6 IDENTIFICATION 

A. Comply with requirements for identification products in Section 270553 "Identification for 
Communications Systems." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine the ac grounding electrode system and equipment grounding for compliance with 
requirements for maximum ground-resistance level and other conditions affecting performance 
of grounding and bonding of the electrical system. 

B. Inspect the test results of the ac grounding system measured at the point of BCT connection. 

C. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of 
the Work. 

D. Proceed with connection of the BCT only after unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Bonding shall include the ac utility power service entrance, the communications cable entrance, 
and the grounding electrode system. The bonding of these elements shall form a loop so that 
each element is connected to at least two others. 

B. Comply with NECA 1. 

C. Comply with TIA-607-B. 

3.3 APPLICATION 

A. Conductors: Install solid conductor for No. 8 AWG and smaller and stranded conductors for 
No. 6 AWG and larger unless otherwise indicated. 
1. The bonding conductors between the TMGB and structural steel of steel-frame buildings 

shall not be smaller than No. 6 AWG. 

B. Underground Grounding Conductors: Install bare copper conductor, No. 2 minimum. 

C. Conductor Terminations and Connections: 

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors. 
2. Underground Connections: Welded connectors except at test wells and as otherwise 

indicated. 
3. Connections to Ground Rods at Test Wells: Bolted connectors. 
4. Connections to Structural Steel: Welded connectors. 

D. Conductor Support: 
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1. Secure grounding and bonding conductors at intervals of not less than 36 inches (900 
mm). 

E. Grounding and Bonding Conductors: 

1. Install in the straightest and shortest route between the origination and termination point, 
and no longer than required. The bend radius shall not be smaller than eight times the 
diameter of the conductor. No one bend may exceed 90 degrees. 

2. Install without splices. 
3. Support at not more than 36-inch (900-mm) intervals. 
4. Install grounding and bonding conductors in 3/4-inch (21-mm) PVC conduit until conduit 

enters a telecommunications room. The grounding and bonding conductor pathway 
through a plenum shall be in EMT. Conductors shall not be installed in EMT unless 
otherwise indicated. 

a. If a grounding and bonding conductor is installed in ferrous metallic conduit, bond 
the conductor to the conduit using a grounding bushing that complies with 
requirements in Section 270528 "Pathways for Communications Systems," and 
bond both ends of the conduit to a TGB. 

3.4 GROUNDING ELECTRODE SYSTEM 

A. The BCT between the TMGB and the ac service equipment ground shall not be smaller than 
No. 1/0 AWG. 

3.5 GROUNDING BUSBARS 

A. Indicate locations of grounding busbars on Drawings. Install busbars horizontally, on insulated 
spacers 2 inches (50 mm) minimum from wall, 12 inches (300 mm) above finished floor unless 
otherwise indicated. 

B. Where indicated on both sides of doorways, route bus up to top of door frame, across top of 
doorway, and down; connect to horizontal bus. 

3.6 CONNECTIONS 

A. Bond metallic equipment in a telecommunications equipment room to the grounding busbar in 
that room, using equipment grounding conductors not smaller than No. 6 AWG. 

B. Stacking of conductors under a single bolt is not permitted when connecting to busbars. 

C. Assemble the wire connector to the conductor, complying with manufacturer's written 
instructions and as follows: 

1. Use crimping tool and the die specific to the connector. 
2. Pretwist the conductor. 
3. Apply an antioxidant compound to all bolted and compression connections. 

D. Primary Protector: Bond to the TMGB with insulated bonding conductor. 
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E. Telecommunications Enclosures and Equipment Racks: Bond metallic components of 
enclosures to the telecommunications bonding and grounding system. Install vertically mounted 
rack grounding busbar unless the enclosure and rack are manufactured with the busbar. Bond 
the equipment grounding busbar to the TGB No. 2 AWG bonding conductors. 

F. Electrical Power Panelboards: Where an electrical panelboard for telecommunications 
equipment is located in the same room or space, bond each TGB to the ground bar of the 
panelboard. 

G. Shielded Cable: Bond the shield of shielded cable to the TGB in communications rooms and 
spaces. Comply with TIA-568-C.1 and TIA-568-C.2 when grounding shielded balanced 
twisted-pair cables. 

H. Rack- and Cabinet-Mounted Equipment: Bond powered equipment chassis to the cabinet or 
rack grounding bar. Power connection shall comply with NFPA 70; the equipment grounding 
conductor in the power cord of cord- and plug-connected equipment shall be considered as a 
supplement to bonding requirements in this Section. 

3.7 IDENTIFICATION 

A. Labels shall be preprinted or computer-printed type. 

1. Label TMGB(s) with "fs-TMGB," where "fs" is the telecommunications space identifier 
for the space containing the TMGB. 

2. Label the BCT and each telecommunications backbone conductor at its attachment point: 
"WARNING! TELECOMMUNICATIONS BONDING CONDUCTOR. DO NOT 
REMOVE OR DISCONNECT!" 

3.8 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, 
electrical connections with a calibrated torque wrench according to manufacturer's 
written instructions. 

2. Test the bonding connections of the system using an ac earth ground-resistance tester, 
taking two-point bonding measurements in each telecommunications equipment room 
containing a TMGB and a TGB and using the process recommended by BICSI TDMM. 
Conduct tests with the facility in operation. 

a. Measure the resistance between the busbar and the nearest available grounding 
electrode. The maximum acceptable value of this bonding resistance is 100 
milliohms. 

3. Test for ground loop currents using a digital clamp-on ammeter, with a full-scale of not 
more than 10 A, displaying current in increments of 0.01 A at an accuracy of plus/minus 
2.0 percent. 
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a. With the grounding infrastructure completed and the communications system 
electronics operating, measure the current in every conductor connected to the 
TMGB. Maximum acceptable ac current level is 1 A. 

C. Excessive Ground Resistance: If resistance to ground at the BCT exceeds 5 ohms, notify 
Construction Manager promptly and include recommendations to reduce ground resistance. 

D. Grounding system will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

PART 4 - COMPENSATION  

4.1 MEASUREMENT 

A. Grounding and Bonding for Communications Systems shall not be measured. 

4.2 PAYMENT 

A. Payment for "Grounding and Bonding for Communications", complete in place, including all 
work described in this Section regarding furnishing and installing equipment as shown on the 
Contract Drawings and/or specified herein, shall be taken to be included in and covered by the 
Lump Sum Price Bid under Item SPECIAL - FIBER OPTIC CABLE AND COMPONENTS, 
BACKBONE AND CONNECTIONS on the Project Bid Form.     

B. The above price(s) shall include all the work described in this Section and shown on the 
Contract Drawings including all labor, materials, services, and equipment necessary to complete 
the work in every respect to the satisfaction of the Engineer. 

END OF SECTION 270526 
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SECTION 270528 

PATHWAYS FOR COMMUNICATIONS SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits and fittings. 
2. Nonmetallic conduits and fittings. 
3. Optical-fiber-cable pathways and fittings. 
4. Boxes, enclosures, and cabinets. 
5. Concrete handholes and boxes for exterior underground cabling. 

1.3 DEFINITIONS 

A. ARC: Aluminum rigid conduit. 

B. GRC: Galvanized rigid conduit. 

C. IMC: Intermediate metal conduit. 

D. RTRC: Reinforced thermosetting resin conduit. 

1.4 ACTION SUBMITTALS 

A. Product data for the following: 

1. Surface pathways 
2. Wireways and fittings. 
3. Boxes, enclosures, and cabinets. 

B. Shop Drawings: For custom enclosures and cabinets and custom underground handholes and 
boxes. Include plans, elevations, sections, and attachment details. 

C. Source quality-control reports. 
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PART 2 - PRODUCTS 

2.1 METAL CONDUITS AND FITTINGS 

A. Description: Refer to section 26 05 33 “Raceways and Boxes for Electrical Systems” and 26 05 
43 “Underground Ducts and Raceways for Electrical Systems.” 

2.2 NONMETALLIC CONDUITS AND FITTINGS 

A. Description : Refer to section 26 05 33 “Raceways and Boxes for Electrical Systems” and 26 05 
43 “Underground Ducts and Raceways for Electrical Systems.” 

2.3 OPTICAL-FIBER-CABLE PATHWAYS AND FITTINGS 

A. Description: Comply with UL 2024; flexible-type pathway with a circular cross section, 
approved for plenum installation unless otherwise indicated. 

B. Listed and labeled as defined in NFPA 70, by an NRTL, and marked for intended location and 
application. 

C. Comply with TIA-569-D. 

2.4 BOXES, ENCLOSURES, AND CABINETS 

A. Description: Enclosures for communications. 

B. General Requirements for Boxes, Enclosures, and Cabinets: 

1. Comply with TIA-569-D. 
2. Boxes, enclosures, and cabinets installed in wet locations shall be listed and labeled as 

defined in NFPA 70, by an NRTL, and marked for use in wet locations. 
3. Box extensions used to accommodate new building finishes shall be of same material as 

recessed box. 
4. Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 

60 mm deep). 
5. Gangable boxes are prohibited. 

C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A. 

D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, Type FD, with 
gasketed cover. 

E. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1. 

F. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, 
galvanized, cast iron with gasketed cover. 

G. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C. 
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H. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 3R, with continuous-
hinge cover with flush latch unless otherwise indicated. 

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel. 
2. Nonmetallic Enclosures: 

a. Material: Plastic. 
b. Finished inside with radio-frequency-resistant paint. 

3. Interior Panels: Steel; all sides finished with manufacturer's standard enamel. 

I. Cabinets: 

1. NEMA 250, Type 3R galvanized-steel box with removable interior panel and removable 
front, finished inside and out with manufacturer's standard enamel. 

2. Hinged door in front cover with flush latch and concealed hinge. 
3. Metal barriers to separate wiring of different systems and voltage. 
4. Accessory feet where required for freestanding equipment. 
5. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified 

testing agency, and marked for intended location and application. 

2.5 PRE-CAST CONCRETE HANDHOLES 

A. Description: Comply with requirements under 27 05 43 “Underground Pathways and Structures 
for Communication Systems.” 

PART 3 - EXECUTION 

3.1 PATHWAY APPLICATION 

A. Outdoors: Apply pathway products as specified below unless otherwise indicated: 

1. Exposed Conduit: GRC. 
2. Underground Conduit: RNC, Type EPC-40-PVC, concrete encased. 
3. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R. 

B. Indoors: Apply pathway products as specified below unless otherwise indicated: 

1. Exposed, Not Subject to Physical Damage: EMT. 
2. Exposed and Subject to Severe Physical Damage: GRC.  
3. Pathways for Concealed General-Purpose Distribution of Optical-Fiber or 

Communications Cable: EMT. 
4. Boxes and Enclosures: NEMA 250, Type 1 

C. Minimum Pathway Size: 3/4-inch (21-mm) trade size. 

D. Pathway Fittings: Compatible with pathways and suitable for use and location. 
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1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless 
otherwise indicated. Comply with NEMA FB 2.10. 

2. EMT: Use set-screw, steel fittings. Comply with NEMA FB 2.10. 

E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth. 

3.2 INSTALLATION 

A. Comply with installation requirements found in section 26 05 33 “Raceways and Boxes for 
Electrical Systems” and 26 05 43 “Underground Ducts and Raceways for Electrical Systems” in 
addition to the requirements listed here. 

B. Comply with the following standards for installation requirements except where requirements 
on Drawings or in this Section are stricter: 
1. NECA/BICSI 568. 
2. NECA 101 

C. Pathways for Optical-Fiber and Communications Cable: Install pathways, metal and 
nonmetallic, rigid and flexible, as follows: 

1. 3/4-Inch (21-mm) Trade Size and Smaller: Install pathways in maximum lengths of 50 
feet (15 m). 

2. 1-Inch (25-mm) Trade Size and Larger: Install pathways in maximum lengths of 75 feet 
(23 m). 

3. Install with a maximum of two 90-degree bends or equivalent for each length of pathway 
unless Drawings show stricter requirements. Separate lengths with pull or junction boxes 
or terminations at distribution frames or cabinets where necessary to comply with these 
requirements. 

PART 4 - COMPENSATION  

4.1 MEASUREMENT 

A. Pathways for Communications Systems shall not be measured. 

4.2 PAYMENT 

A. Payment for "Pathways for Communications", complete in place, including all work described 
in this Section regarding furnishing and installing equipment as shown on the Contract 
Drawings and/or specified herein, shall be taken to be included in and covered by the Lump 
Sum Price Bid under Item SPECIAL - FIBER OPTIC CABLE AND COMPONENTS, 
BACKBONE AND CONNECTIONS on the Project Bid Form.     

B. The above price(s) shall include all the work described in this Section and shown on the 
Contract Drawings including all labor, materials, services, and equipment necessary to complete 
the work in every respect to the satisfaction of the Engineer. 
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END OF SECTION 270528 
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SECTION 270543 

UNDERGROUND PATHWAYS AND STRUCTURES FOR COMMUNICATION SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduit and fittings 
2. Rigid nonmetallic duct. 
3. Duct accessories 
4. Precast concrete manholes. 

1.3 DEFINITIONS 

A. Direct-Buried: Duct or a duct bank that is buried in the ground, without any additional casing 
materials, such as concrete. 

B. Duct: A single duct or multiple ducts. Duct may be either installed singly or as component of a 
duct bank. 

C. Duct Bank: 

1. Two or more ducts installed in parallel, with or without additional casing materials. 
2. Multiple duct banks. 

D. GRC: Galvanized rigid conduit. 

E. RNC: Rigid nonmetallic conduit. 

F. Trafficways: Locations where vehicular or pedestrian traffic is a normal course of events. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include duct-bank materials, including spacers and miscellaneous components. 
2. Include duct and conduits and their accessories, including elbows, end bells, bends, 

fittings, duct spacers and solvent cement. 
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3. Include accessories for manholes, handholes, and boxes. 
4. Include underground-line warning tape. 

1.5 INFORMATIONAL SUBMITTALS 

A. Product Certificates: For concrete and steel used in precast concrete handholes, as required by 
ASTM C858. 

B. Qualification Data: For professional engineer and testing agency responsible for testing 
nonconcrete handholes and boxes. 

C. Source quality-control reports. 

D. Field quality-control reports. 

1.6 QUALITY CONTROL 

A. Testing Agency Qualifications: Qualified according to ASTM E329 for testing indicated. 

1.7 FIELD CONDITIONS 

A. Ground Water: Assume ground-water level is less than 6 inches (150mm) below ground surface 
and fluctuates with level of Lake. 

PART 2 - PRODUCTS 

2.1 METAL CONDUITS AND FITTINGS 

A. Description: Refer to section 26 05 33 “Raceways and Boxes for Electrical Systems” and 26 05 
43 “Underground Ducts and Raceways for Electrical Systems.” 

2.2 RIGID NONMETALLIC DUCTS 

A. Description : Refer to section 26 05 33 “Raceways and Boxes for Electrical Systems” and 26 05 
43 “Underground Ducts and Raceways for Electrical Systems.” 

2.3 DUCT ACCESSORIES 

A. Underground-Line Warning Tape: Underground-line warning tape specified in Section 270553 
"Identification for Communications Systems." 
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2.4 PRECAST CONCRETE MANHOLES, HANDHOLES AND BOXES 

A. Description: Monolithically poured, factory-fabricated, reinforced-concrete 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. 

B. Comply with ASTM C858 for design and manufacturing processes. 

C. Frame and Cover: Weatherproof cast-iron frame, with cast-iron cover with recessed cover hook 
eyes and tamper-resistant, captive, cover-securing bolts. 

D. Frame and Cover: Weatherproof steel frame, with steel cover with recessed cover hook eyes 
and tamper-resistant, captive, cover-securing bolts. 

E. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50. 

F. Cover Legend: Molded lettering, "COMMUNICATIONS" 

G. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise 
indicated. 

H. Extensions and Slabs: Designed to mate with bottom of enclosure, and made of same material 
as enclosure. 

1. Extension shall provide increased depth of 12 inches (300 mm). 
2. Slab: Same dimensions as bottom of enclosure, and arranged to provide closure. 

I. 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. 

J. Knockout Panels: Precast openings in walls, arranged to match dimensions and elevations of 
approaching duct and duct banks, plus an additional 6 inches (150 mm) vertically and 
horizontally to accommodate alignment variations. 

1. Knockout panels shall be located no less than 6 inches (150 mm) from interior surfaces of 
walls, floors, or frames and covers of handholes, but close enough to corners to facilitate 
racking of cables on walls. 

2. Knockout panel opening shall have cast-in-place, welded-wire fabric reinforcement for 
field cutting and bending to tie in to concrete envelopes of duct banks. 

3. Knockout panel openings shall be framed with at least two additional No. 3 steel 
reinforcing bars in concrete around each opening. 

4. Knockout panels shall be 1-1/2 to 2 inches (38 to 50 mm) thick. 

K. Duct Entrances in Handhole Walls: Cast end-bell or duct-terminating fitting in wall for each 
entering duct. 

1. Type and size shall match fittings to duct or conduit to be terminated. 
2. Fittings shall align with elevations of approaching duct and be located near interior 

corners of handholes to facilitate racking of cable. 
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2.5 SOURCE QUALITY CONTROL 

A. Test and inspect precast concrete utility structures according to ASTM C1037. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Coordinate layout and installation of duct, duct bank, manholes, handholes, and boxes with final 
arrangement of other utilities, site grading, and surface features as determined in the field. 
Notify Construction Manager if there is a conflict between areas of excavation and existing 
structures or archaeological sites to remain. 

B. Coordinate elevations of duct and duct-bank entrances into manholes, handholes, and boxes 
with final locations and profiles of duct and duct banks, as determined by coordination with 
other utilities, underground obstructions, and surface features. Revise locations and elevations 
as required to suit field conditions and to ensure that duct runs drain to manholes and handholes, 
and as approved by Construction Manager. 

C. Clear and grub vegetation to be removed and protect vegetation to remain according to 
Section 201 "Clearing and Grubbing." Remove and stockpile topsoil for reapplication according 
to Section 651 "Topsoil Stokpiled." 

3.2 UNDERGROUND DUCT APPLICATION 

A. Duct for Communications: Type EPC-40-PVC RNC, in concrete-encased duct bank unless 
otherwise indicated. 

B. Stub-Ups for Communications: Concrete-encased GRC. 

3.3 UNDERGROUND ENCLOSURE APPLICATION 

A. Handholes and Boxes for Communications: 

1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete. 
AASHTO HB 17, H-20 structural load rating. 

2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, 
Nondeliberate Loading by Heavy Vehicles: H-20 structural load rating. 

3. Cover design load shall not exceed the design load of the handhole or box. 

3.4 EARTHWORK 

A. Excavation and Backfill: Comply with Section 200 "Earthwork," but do not use heavy-duty, 
hydraulic-operated, compaction equipment. 
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B. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore 
vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and 
mulching. Comply with Section 659 "Seeding and Mulching." 

C. Cut and patch existing pavement in the path of underground duct, duct bank, and utility 
structures according to the "Removal of Existing Pavement" and “Placement of Asphalt 
Concrete” Articles in Section 253 "Pavement Repair." 

3.5 DUCT AND DUCT-BANK INSTALLATION 

A. Refer to installation requirements found in Section 26 05 43 “Underground Ducts and 
Raceways for Electrical Systems.”  Additional requirements defined below: 

B. Install duct and duct bank according to NEMA TCB 2 and TIA-758-C. 

C. Underground-Line Warning Tape: Bury conducting underground-line warning tape specified in 
Section 270553 "Identification for Communication Systems" no less than 12 inches (300 mm) 
above all concrete-encased duct and duct bank. Align tape parallel to and within 3 inches (75 
mm) of centerline of duct bank. Provide an additional warning tape for each 12-inch (300-mm) 
increment of duct-bank width over a nominal 18 inches (450 mm). Space additional tapes 12 
inches (300 mm) apart, horizontally. 

3.6 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES 

A. Refer to installation requirements found in Section 260543 “Underground Ducts and Raceways 
for Electrical Systems.”  Additional requirements defined below: 

1. Comply with ASTM C891 unless otherwise indicated. 

3.7 GROUNDING 

A. Ground underground duct, duct bank, and utility structures according to Section 270526 
"Grounding and Bonding for Communications Systems." 

3.8 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections and prepare test reports: 

1. Demonstrate capability and compliance with requirements on completion of installation 
of underground duct, duct bank, and utility structures. 

2. Pull solid aluminum or wood test mandrel through duct to prove joint integrity and 
adequate bend radii, and test for out-of-round duct. Provide a minimum 12-inch- (300-
mm-) long mandrel equal to duct size minus 1/4 inch (6 mm). If obstructions are 
indicated, remove obstructions and retest. 

3. Test manhole and handhole grounding to ensure electrical continuity of grounding and 
bonding connections. Measure and report ground resistance as specified in 
Section 270526 "Grounding and Bonding for Communications Systems." 
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B. Correct deficiencies and retest as specified above to demonstrate compliance. 

3.9 CLEANING 

A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of duct 
until duct cleaner indicates that duct is clear of dirt and debris. 

B. Clean internal surfaces of manholes, including sump. 

1. Sweep floor, removing dirt and debris. 
2. Remove foreign material. 

PART 4 - COMPENSATION  

4.1 MEASUREMENT 

A. Underground Pathways and Structures for Communications Systems shall not be measured. 

4.2 PAYMENT 

A. Payment for "Underground Pathways and Structures for Communications Systems", complete 
in place, including all work described in this Section regarding furnishing and installing 
equipment as shown on the Contract Drawings and/or specified herein, shall be taken to be 
included in and covered by the Lump Sum Price Bid under Item SPECIAL - FIBER OPTIC 
CABLE AND COMPONENTS, BACKBONE AND CONNECTIONS on the Project Bid Form.     

B. The above price(s) shall include all the work described in this Section and shown on the 
Contract Drawings including all labor, materials, services, and equipment necessary to complete 
the work in every respect to the satisfaction of the Engineer. 

END OF SECTION 270543 
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SECTION 270553 

IDENTIFICATION FOR COMMUNICATIONS SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Color and legend requirements for labels and signs. 
2. Labels. 
3. Bands and tubes. 
4. Tapes. 
5. Signs. 
6. Cable ties. 
7. Fasteners for labels and signs. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for communications identification products. 

B. Identification Schedule: 

1. Outlets: Scaled drawings indicating location and proposed designation. 
2. Backbone Cabling: Riser diagram showing each communications room, backbone cable, 

and proposed backbone cable designation. 
3. Racks: Scaled drawings indicating location and proposed designation. 
4. Patch Panels: Enlarged scaled drawings showing rack row, number, and proposed 

designations. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Comply with NFPA 70 and TIA 606-B. 
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B. Comply with ANSI Z535.4 for safety signs and labels. 

C. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks 
used by label printers, shall comply with UL 969. 

D. Thermal Movements: Allow for thermal movements from ambient and surface temperature 
changes. 

1. Temperature Change: 120 deg F (67 deg C), ambient; 180 deg F (100 deg C), material 
surfaces. 

2.2 COLOR AND LEGEND REQUIREMENTS 

A. Equipment Identification Labels: 

1. Black letters on a white field. 

2.3 LABELS 

A. Self-Adhesive Wraparound Labels: Preprinted, 3-mil- (0.08-mm-) thick, vinyl flexible labels 
with acrylic pressure-sensitive adhesive. 
1. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating protective 

shields over the legend. Labels sized such that the clear shield overlaps the entire printed 
legend. 

2. Marker for Labels: Machine-printed, permanent, waterproof black ink recommended by 
printer manufacturer. 

B. Self-Adhesive Labels: Vinyl, thermal, transfer-printed, 3-mil- (0.08-mm-) thick, multicolor, 
weather- and UV-resistant, pressure-sensitive adhesive labels, configured for intended use and 
location. 
1. Minimum Nominal Size: 

a. 1-1/2 by 6 inches (37 by 150 mm) for raceway and conductors. 
b. 3-1/2 by 5 inches (76 by 127 mm) for equipment. 
c. As required by authorities having jurisdiction. 

2.4 UNDERGROUND-LINE WARNING TAPE 

A. Tape: 

1. Recommended by manufacturer for the method of installation and suitable to identify and 
locate underground communications utility lines. 

2. Tape shall be conductive for ease of underground locating. 
3. Printing on tape shall be permanent and shall not be damaged by burial operations. 
4. Tape material and ink shall be chemically inert and not subject to degradation when 

exposed to acids, alkalis, and other destructive substances commonly found in soils. 

B. Color and Printing: 
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1. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, and ANSI Z535.4. 
2. Inscriptions for Orange-Colored Tapes: "COMMUNICATIONS CABLE, OPTICAL-

FIBER CABLE". 

2.5 SIGNS 

A. Laminated-Acrylic or Melamine-Plastic Signs: 
1. Engraved legend. 
2. Thickness: 

a. For signs up to 20 sq. in. (129 sq. cm), minimum 1/16 inch (1.6 mm) thick. 
b. For signs larger than 20 sq. in. (129 sq. cm), 1/8 inch (3.2 mm) thick. 
c. Engraved legend with black letters on white face. 
d. Punched or drilled for mechanical fasteners with 1/4-inch (6.4-mm) grommets in 

corners for mounting. 
e. Framed with mitered acrylic molding and arranged for attachment at applicable 

equipment. 

2.6 CABLE TIES 

A. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, 
self-extinguishing, one piece, self-locking, and Type 6/6 nylon. 

1. Minimum Width: 3/16 inch (5 mm). 
2. Tensile Strength at 73 deg F (23 deg C) according to ASTM D638: 12,000 psi (82.7 

MPa). 
3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C). 
4. Color: Black. 

2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Self-Adhesive Identification Products: Before applying communications identification products, 
clean substrates of substances that could impair bond, using materials and methods 
recommended by manufacturer of identification product. 

3.2 INSTALLATION 

A. Verify and coordinate identification names, abbreviations, colors, and other features with 
requirements in other Sections requiring identification applications, Drawings, Shop Drawings, 
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manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent 
designations throughout Project. 

B. Install identifying devices before installing acoustical ceilings and similar concealment. 

C. Verify identity of each item before installing identification products. 

D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation 
and maintenance manual. 

E. Apply identification devices to surfaces that require finish after completing finish work. 

F. Install signs with approved legend to facilitate proper identification, operation, and maintenance 
of communications systems and connected items. 

G. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for 
viewing from the floor. 

H. Self-Adhesive Wraparound Labels: 

1. Secure tight to surface at a location with high visibility and accessibility. 
2. Provide label 6 inches (150 mm) from cable end. 

I. Self-Adhesive Labels: 

1. On each item, install unique designation label that is consistent with wiring diagrams, 
schedules, and operation and maintenance manual. 

2. Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high 
letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are required, use labels 
2 inches (50 mm) high. 

J. Underground-Line Warning Tape: 

1. Install warning tape no less than 12 inches (300 mm) above all concrete-encased duct and 
duct bank and approximately 12 inches (300 mm) below grade. 

2. Align tape parallel to and within 3 inches (75 mm) of centerline of duct bank.  

3. Provide an additional warning tape for each 12-inch (300-mm) increment of duct-bank 
width over a nominal 18 inches (450 mm).  

4. Space additional tapes 12 inches (300 mm) apart, horizontally. 

5. Use multiple tapes where width of multiple lines installed in a common trench or 
concrete envelope exceeds 16 inches (400 mm) overall. 

K. Cable Ties: General purpose, except as listed below: 

1. Outdoors: UV-stabilized nylon. 
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3.3 IDENTIFICATION SCHEDULE 

A. Install identification materials and devices at locations for most convenient viewing without 
interference with operation and maintenance of equipment. Install access doors or panels to 
provide view of identifying devices. 

B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, 
and locations with high visibility. Identify by system and circuit designation. 

C. Accessible Fittings for Raceways and Cables within Buildings: Identify covers of each junction 
and pull box with self-adhesive labels containing wiring system legend. 

1. System legends shall be as follows: 

a. Telecommunications. 

D. Equipment Room Labeling: 

1. Racks, Frames, and Enclosures: Identify front and rear of each with self-adhesive 
labels containing equipment designation. 

2. Patch Panels: Label individual rows and outlets, starting at to left and working down, 
with self-adhesive labels. 

E. Locations of Underground Lines: Underground-line warning tape for copper, coaxial, hybrid 
copper/fiber, and optical-fiber cable. 

F. Instructional Signs: Self-adhesive labels. 

G. Warning Labels for Indoor Cabinets, Boxes, and Enclosures: Self-adhesive labels. 

1. Apply to exterior of door, cover, or other access. 

H. Equipment Identification Labels: 

1. Equipment: Laminated-acrylic or melamine-plastic sign. 
2. Equipment to Be Labeled: 

a. Communications cabinets. 

PART 4 - COMPENSATION  

4.1 MEASUREMENT 

A. Identification for Communications Systems shall not be measured. 

4.2 PAYMENT 

A. Payment for "Identification for Communications", cocomplete in place, including all work 
described in this Section regarding furnishing and installing equipment as shown on the 
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Contract Drawings and/or specified herein, shall be taken to be included in and covered by the 
Lump Sum Price Bid under Item SPECIAL - FIBER OPTIC CABLE AND COMPONENTS, 
BACKBONE AND CONNECTIONS on the Project Bid Form.     

B. The above price(s) shall include all the work described in this Section and shown on the 
Contract Drawings including all labor, materials, services, and equipment necessary to complete 
the work in every respect to the satisfaction of the Engineer. 

END OF SECTION 270553 
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SECTION 271116 

COMMUNICATIONS RACKS, FRAMES, ENCLOSURES AND LAN SWICTHES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. 24-inch or free-standing equipment cabinets. 
2. Power strips. 
3. Uninterruptible Power Supply (UPS) Equipment 
4. Network LAN Switches 

B. Related Requirements: 
1. Section 270526 "Grounding and Bonding for Telecommunications Equipment" for 

TMGBs and TGBs. 

1.3 DEFINITIONS 

A. Access Provider: An operator that provides a circuit path or facility between the service 
provider and user. An access provider can also be a service provider. 

B. BICSI: Building Industry Consulting Service International. 

C. LAN: Local area network. 

D. RCDD: Registered communications distribution designer. 

E. Service Provider: The operator of a telecommunications transmission service delivered through 
access provider facilities. 

F. TGB: Telecommunications grounding bus bar. 

G. TMGB: Telecommunications main grounding bus bar. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 
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1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes for equipment racks and cabinets. 

2. Include rated capacities, operating characteristics, electrical characteristics, certifications, 
standards compliance, and furnished specialties and accessories. 

B. Shop Drawings: For communications racks, frames, and enclosures. Include plans, elevations, 
sections, details, and attachments to other work. 

1. Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each field 
connection. 

2. Equipment Racks and Cabinets: Include workspace requirements and access for cable 
connections. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer, qualified layout technician, installation supervisor, and field 
inspector. 

1.6 QUALITY CONTROL 

A. Installer Qualifications: Cabling installer must have personnel certified by BICSI on staff. 

1. Layout Responsibility: Preparation of Shop Drawings shall be under direct supervision of 
RCDD. 

2. Installation Supervision: Installation shall be under direct supervision of Installer 2, 
Copper or Fiber, who shall be present at all times when Work of this Section is 
performed at Project site. 

3. Field Inspector: Currently registered by BICSI as RCDD to perform on-site inspection. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. UL listed. 

B. RoHS compliant. 

2.2 24-INCH EQUIPMENT CABINETS 

A. Description: Manufacturer-assembled four-post frame enclosed by side and top panels and front 
and rear doors, designed for mounting telecommunications equipment. Width is compatible 
with 24-inch equipment mounting. 

B. The following manufactures are acceptable if compliant with the remainder of this specification: 
1. Hubbell 
2. Hoffman 
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3. Tripp-lite 
4. Dell Inc. 

C. General Cabinet Requirements: 

1. Modular units designed for telecommunications terminal support and coordinated with 
dimensions of units to be supported. 

2. Material: Extruded steel. 
3. Finish: Manufacturer's standard, baked-polyester powder coat. 
4. Color: Black. 

D. Modular Cabinets: 

1. Height: Maximum 96” 
2. Depth: 18 inches minimum  
3. Load Rating: 250 lb (105 kg). 
4. Number of Rack Units: 45. 
5. Threads: Universal square. 
6. Lockable front and rear doors. 
7. Louvered side panels. 
8. Cable access provisions top and bottom. 
9. Grounding lug. 
10. Roof-mounted, 100-cfm (50-L/s) fan. 
11. Power strip. 
12. All cabinets keyed alike. 
13. Lockable wheeled base 

E. Cable Management: 

1. Metal, with integral wire retaining fingers. 
2. Baked-polyester powder coat finish. 
3. Vertical cable management panels shall have front and rear channels, with covers. 
4. Hinged door for access to the back while open 
5. Provide horizontal crossover cable manager at top of each relay rack, with a minimum 

height of two rack units each. 

2.3 GROUNDING 

A. Comply with requirements in Section 270526 "Grounding and Bonding for Communications 
Systems" for grounding conductors and connectors. 

2.4 LABELING 

A. Comply with TIA-606-B and UL 969 for a system of labeling materials, including label stocks, 
laminating adhesives, and inks used by label printers. 
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PART 3 - EXECUTION 

3.1 INSTALLATION 

A. Comply with NECA 1. 

B. Comply with BICSI TDMM for layout of communications equipment spaces. 

C. Comply with BICSI ITSIMM for installation of communications equipment spaces. 

D. Provide enough slack in all cabling within equipment rack to have the ability to roll equipment 
rack away from wall and access the back panel.    

E. Bundle, lace, and train conductors and cables to terminal points without exceeding 
manufacturer's limitations on bending radii. Install lacing bars and distribution spools. 

F. Coordinate layout and installation of communications equipment in racks and room. Coordinate 
service entrance configuration with service provider. 

G. Coordinate location of power raceways and receptacles with locations of communications 
equipment requiring electrical power to operate. 

3.2 GROUNDING 

A. Comply with NECA/BICSI 607. 

B. Install grounding according to BICSI ITSIMM, "Bonding, Grounding (Earthing) and Electrical” 

3.3 IDENTIFICATION 

A. Coordinate system components, wiring, and cabling complying with TIA-606-B. Comply with 
requirements in Section 270553 "Identification for Electrical Systems." 

B. Paint and label colors for equipment identification shall comply with TIA-606-B for Class 2 
level of administration. 

C. Labels shall be machine printed. Type shall be 1/4 inch (6 mm) in height. 

3.4 FIELD QUALITY CONTROL 

 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections. 
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D. Tests and Inspections: 
1. Perform tests as specified in Section 271323 “Communications Optical Fiber Bacbone 

Cabling” and 27 “Communications Copper Horizontal Cabling” 
2. Conduct performance based testing by accessing CUY network and public domain 

internet.  Conduct system performance tests as specified in BISCI and TIA standards.  
Test connections at New Guardbooth, relocated International Longshoreman’s 
Association Office, and Unites States Customs and Border Patrol Office. 

PART 4 - COMPENSATION  

4.1 MEASUREMENT 

A. Communications Racks, Frames, and Enclosures shall not be measured. 

4.2 PAYMENT 

A. Payment for "Communications Racks, Frames, and Enclosures", complete in place from new 
Loop to Building 24, Warehouse A, ESROC, , including all work described in this Section 
regarding furnishing and installing equipment as shown on the Contract Drawings and/or 
specified herein, shall be taken to be included in and covered by the Lump Sum Price Bid under 
Item SPECIAL - FIBER OPTIC CABLE AND COMPONENTS, BACKBONE AND 
CONNECTIONS on the Project Bid Form.    

B. The above price(s) shall include all the work described in this Section and shown on the 
Contract Drawings including all labor, materials, services, and equipment necessary to complete 
the work in every respect to the satisfaction of the Engineer. 

END OF SECTION 271116 
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SECTION 271323 

COMMUNICATIONS OPTICAL FIBER BACKBONE CABLING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 
1. 9/125 micrometer single-mode, loose-tube, gel free, outside plant optical fiber cable 

(OS2). 
2. Optical fiber cable connecting hardware, patch panels, and cross-connects. 
3. Cabling identification products. 

1.3 DEFINITIONS 

A. BICSI: Building Industry Consulting Service International. 

B. Cross-Connect: A facility enabling the termination of cable elements and their interconnection 
or cross-connection. 

C. RCDD: Registered Communications Distribution Designer. 

1.4 OPTICAL FIBER BACKBONE CABLING DESCRIPTION 

A. Optical fiber backbone cabling system shall provide interconnections between communications 
equipment rooms, main terminal space, and entrance facilities in the telecommunications 
cabling system structure. Cabling system consists of backbone cables, intermediate and main 
cross-connects, mechanical terminations, and patch cords or jumpers used for backbone-to-
backbone cross-connection. 

B. Backbone cabling cross-connects may be located in communications equipment rooms or at 
entrance facilities. Bridged taps and splitters shall not be used as part of backbone cabling. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: Reviewed and stamped by RCDD. 
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1. System Labeling Schedules: Electronic copy of labeling schedules, in software and 
format selected by Owner. 

2. System Labeling Schedules: Electronic copy of labeling schedules that are part of the 
cabling and asset identification system of the software. 

3. Cabling administration drawings and printouts. 
4. Wiring diagrams to show typical wiring schematics including the following: 

a. Telecommunications rooms plans and elevations. 
b. Telecommunications pathways. 
c. Telecommunications system access points. 
d. Telecommunications grounding system. 
e. Cross-connects. 
f. Patch panels. 
g. Patch cords. 

5. Cross-connects and patch panels. Detail mounting assemblies, and show elevations and 
physical relationship between the installed components. 

C. Optical fiber cable testing plan. 

1.6 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For Installer, installation supervisor, and field inspector. 

B. Source quality-control reports. 

C. Product Certificates: For each type of product. 

D. Field quality-control reports. 

1.7 CLOSEOUT SUBMITTALS 

A. Maintenance Data: For optical fiber cable, splices, and connectors to include in maintenance 
manuals. 

1.8 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective 
covering for storage and identified with labels describing contents. 

1. Patch-Panel Units: One of each type. 
2. Plugs: Ten of each type. 
3. Jacks: Ten of each type. 

1.9 QUALITY ASSURANCE 

A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff. 
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1. Layout Responsibility: Preparation of Shop Drawings by an RCDD. 
2. Installation Supervision: Installation shall be under the direct supervision of Technician, 

who shall be present at all times when Work of this Section is performed at Project site. 
3. Testing Supervisor: Currently certified by BICSI as an RCDD to supervise on-site 

testing. 

B. Testing Agency Qualifications: Testing agency must have personnel certified by BICSI on staff. 

1. Testing Agency's Field Supervisor: Currently certified by BICSI as an RCDD. 

1.10 DELIVERY, STORAGE, AND HANDLING 

A. Test cables upon receipt at Project site. 

1. Test optical fiber cable to determine the continuity of the strand end to end. Use optical 
loss test set. 

2. Test optical fiber cable while on reels. Use an optical time domain reflectometer to verify 
the cable length and locate cable defects, splices, and connector, including the loss value 
of each. Retain test data and include the record in maintenance data. 

1.11 PROJECT CONDITIONS 

A. Environmental Limitations: Do not deliver or install cables and connecting materials until wet 
work in spaces is complete and dry, and temporary HVAC system is operating and maintaining 
ambient temperature and humidity conditions at occupancy levels during the remainder of the 
construction period. 

1.12 COORDINATION 

A. Coordinate layout and installation of telecommunications pathways and cabling with Owner's 
telecommunications and LAN equipment and service suppliers. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. General Performance: Backbone cabling system shall comply with transmission standards in 
TIA-568-C.1, when tested according to test procedures of this standard. 

B. Surface-Burning Characteristics: As determined by testing identical products according to 
ASTM E84 by a qualified testing agency. Identify products with appropriate markings of 
applicable testing agency. 

1. Flame-Spread Index: 25 or less. 
2. Smoke-Developed Index: 450 or less. 

C. Telecommunications Pathways and Spaces: Comply with TIA-569-D. 
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D. Grounding: Comply with TIA-607-B. 

2.2 9/125 MICROMETER SINGLE-MODE, OUTSIDE PLANT OPTICAL FIBER CABLE (OS2) 

A. Description:  
1. Single mode, 9/125-micrometer, 144 fibers, single loose tube, gel free, optical fiber cable. 
2. Single mode, 9/125-micrometer, 12 fibers, single loose tube, gel free, optical fiber cable. 

B. Standards: 

1. Comply with TIA-492CAAB for detailed specifications. 
2. Comply with TIA-568-C.3 for performance specifications. 
3. Comply with ICEA S-87-640 for mechanical properties. 

C. Maximum Attenuation: 0.5 dB/km at 1310 nm; 0.5 dB/km at 1550 nm. 

D. Jacket: 

1. Jacket Color: Black. 
2. Cable cordage jacket, fiber, unit, and group color shall be according to TIA-598-D. 
3. Imprinted with fiber count, fiber type, and aggregate length at regular intervals not to 

exceed 40 inches (1000 mm). 

2.3 OPTICAL FIBER CABLE HARDWARE 

A. Standards: 

1. Comply with Fiber Optic Connector Intermateability Standard (FOCIS) specifications of 
the TIA-604 series. 

2. Comply with TIA-568-C.3. 

B. Cross-Connects and Patch Panels: Modular panels housing multiple-numbered, duplex cable 
connectors. 

1. Number of Connectors per Field: One for each fiber of cable or cables assigned to field, 
plus spares and blank positions adequate to suit specified expansion criteria. 

C. Patch Cords: Factory-made, dual-fiber cables in 36-inch (900-mm) lengths. 

D. Connector Type: Type SC complying with TIA-604-3-B, connectors. 

E. Plugs and Plug Assemblies: 

1. Male; color-coded modular telecommunications connector designed for termination of a 
single optical fiber cable. 

2. Insertion loss not more than 0.25 dB. 
3. Marked to indicate transmission performance. 

F. Jacks and Jack Assemblies: 
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1. Female; quick-connect, simplex and duplex; fixed telecommunications connector 
designed for termination of a single optical fiber cable. 

2. Insertion loss not more than 0.25 dB. 
3. Marked to indicate transmission performance. 
4. Designed to snap-in to a patch panel or faceplate. 

2.4 GROUNDING 

A. Comply with requirements in Section 270526 "Grounding and Bonding for Communications 
Systems" for grounding conductors and connectors. 

B. Comply with TIA-607-B. 

2.5 IDENTIFICATION PRODUCTS 

A. Comply with TIA-606-B and UL 969 for a system of labeling materials, including label stocks, 
laminating adhesives, and inks used by label printers. 

2.6 SOURCE QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to evaluate cables. 

B. Factory test multimode optical fiber cables according to TIA-526-14-B and TIA-568-C.3. 

C. Factory test pre-terminated optical fiber cable assemblies according to TIA-526-14-B and TIA-
568-C.3. 

D. Cable will be considered defective if it does not pass tests and inspections. 

E. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.1 ENTRANCE FACILITIES 

A. Coordinate backbone cabling with the protectors and demarcation point provided by 
communications service provider. 

3.2 WIRING METHODS 

A. Wiring Method: Install cables in raceways and cable trays except within consoles, cabinets, 
desks, and counters. Conceal raceway and cables except in unfinished spaces. 

1. Install plenum cable in environmental air spaces, including plenum ceilings. 
2. Comply with requirements for pathways specified in Section 270528 "Pathways for 

Communications Systems." 
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B. Wiring Method: Conceal conductors and cables in accessible ceilings, walls, and floors where 
possible. 

C. Wiring within Enclosures: Bundle, lace, and train cables within enclosures. Connect to terminal 
points with no excess and without exceeding manufacturer's limitations on bending radii. 
Provide and use lacing bars and distribution spools. 

3.3 INSTALLATION OF OPTICAL FIBER BACKBONE CABLES 

A. Comply with NECA 1, NECA 301, and NECA/BICSI 568. 

B. General Requirements for Optical Fiber Cabling Installation: 

1. Comply with TIA-568-C.1 and TIA-568-C.3. 
2. Comply with BICSI ITSIMM, Ch. 6, "Cable Termination Practices." 
3. Terminate all cables; no cable shall contain unterminated elements. Make terminations 

only at indicated outlets, terminals, cross-connects, and patch panels. 
4. Cables may not be spliced. Secure and support cables at intervals not exceeding 30 inches 

(760 mm) and not more than 6 inches (150 mm) from cabinets, boxes, fittings, outlets, 
racks, frames, and terminals. 

5. Install lacing bars to restrain cables, to prevent straining connections, and to prevent 
bending cables to smaller radii than minimums recommended by manufacturer. 

6. Bundle, lace, and train cable to terminal points without exceeding manufacturer's 
limitations on bending radii, but not less than radii specified in BICSI ITSIMM, "Cabling 
Termination Practices" Chapter. Use lacing bars and distribution spools. 

7. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable 
between termination, tap, or junction points. Remove and discard cable if damaged 
during installation and replace it with new cable. 

8. Cold-Weather Installation: Bring cable to room temperature before dereeling. Heat lamps 
shall not be used for heating. 

9. In the communications equipment room, provide a 10-foot- (3-m-) long service loop on 
each end of cable. 

10. Pulling Cable: Comply with BICSI ITSIMM, Ch. 4, "Pulling Cable." Monitor cable pull 
tensions. 

11. Cable may be terminated on connecting hardware that is rack or cabinet mounted. 

C. Open-Cable Installation: 

1. Install cabling with horizontal and vertical cable guides in telecommunications spaces 
with terminating hardware and interconnection equipment. 

2. Cable shall not be run through structural members or in contact with pipes, ducts, or other 
potentially damaging items. 

D. Installation of Cable Routed Exposed under Raised Floors: 

1. Install plenum-rated cable only. 
2. Install cabling after the flooring system has been installed in raised floor areas. 
3. Coil cable 6 feet (1800 mm) long not less than 12 inches (300 mm) in diameter below 

each feed point. 
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E. Group connecting hardware for cables into separate logical fields. 

3.4 FIRESTOPPING 

A. Comply with requirements in Section 078413 "Penetration Firestopping." 

B. Comply with TIA-569-D, Annex A, "Firestopping." 

C. Comply with BICSI ITSIMM, "Firestopping" Chapter. 

3.5 GROUNDING 

A. Install grounding according to BICSI ITSIMM, "Grounding (Earthing), Bonding, and Electrical 
Protection" Chapter. 

B. Comply with TIA-607-B and NECA/BICSI-607. 

C. Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall 
allowing at least 2-inch (50-mm) clearance behind the grounding bus bar. Connect grounding 
bus bar with a minimum No. 4 AWG grounding electrode conductor from grounding bus bar to 
suitable electrical building ground. 

D. Bond metallic equipment to the grounding bus bar, using not smaller than No. 6 AWG 
equipment grounding conductor. 

3.6 IDENTIFICATION 

A. Identify system components, wiring, and cabling complying with TIA-606-B. Comply with 
requirements for identification specified in Section 270553 "Identification for Communications 
Systems." 

1. Administration Class: Class 1. 
2. Color-code cross-connect fields and apply colors to voice and data service backboards, 

connections, covers, and labels. 

B. Paint and label colors for equipment identification shall comply with TIA-606-B for Class 2 
level of administration. 

C. Comply with requirements in Section 271523 "Communications Optical Fiber Horizontal 
Cabling" for cable and asset management software. 

D. Cable Schedule: Install in a prominent location in each equipment room and wiring closet. List 
incoming and outgoing cables and their designations, origins, and destinations. Protect with 
rigid frame and clear plastic cover. Furnish an electronic copy of final comprehensive schedules 
for Project. 

E. Cabling Administration Drawings: Show building floor plans with cabling administration-point 
labeling. Identify labeling convention and show labels for telecommunications closets, 
backbone pathways and cables, entrance pathways and cables, terminal hardware and positions, 
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horizontal cables, work areas and workstation terminal positions, grounding buses and 
pathways, and equipment grounding conductors. 

F. Cable and Wire Identification: 

1. Label each cable within 4 inches (100 mm) of each termination and tap, where it is 
accessible in a cabinet or junction or outlet box, and elsewhere as indicated. 

2. Each wire connected to building-mounted devices is not required to be numbered at 
device if color of wire is consistent with associated wire connected and numbered within 
panel or cabinet. 

3. Exposed Cables and Cables in Cable Trays and Wire Troughs: Label each cable at 
intervals not exceeding 15 feet (4.5 m). 

4. Label each unit and field within distribution racks and frames. 
5. Identification within Connector Fields in Equipment Rooms and Wiring Closets: Label 

each connector and each discrete unit of cable-terminating and connecting hardware. 
Where similar jacks and plugs are used for both voice and data communication cabling, 
use a different color for jacks and plugs of each service. 

G. Labels shall be preprinted or computer-printed type with printing area and font color that 
contrasts with cable jacket color but still complies with requirements in TIA 606-B, for the 
following: 

1. Flexible vinyl or polyester that flexes as cables are bent. 

3.7 FIELD QUALITY CONTROL 

 

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections. 

B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and 
inspect components, assemblies, and equipment installations, including connections. 

C. Perform tests and inspections. 

D. Tests and Inspections: 

1. Visually inspect optical fiber jacket materials for NRTL certification markings. Inspect 
cabling terminations in communications equipment rooms for compliance with color-
coding for pin assignments, and inspect cabling connections for compliance with TIA-
568-C.1. 

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment 
and patch cords, and labeling of all components. 

3. Optical Fiber Cable Tests: 

a. Test instruments shall meet or exceed applicable requirements in TIA-568-C.1. 
Use only test cords and adapters that are qualified by test equipment manufacturer 
for channel or link test configuration. 

b. Link End-to-End Attenuation Tests: 
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1) Horizontal and multimode backbone link measurements: Test at 850 or 1300 
nm in one direction according to TIA-526-14-B, Method B, One Reference 
Jumper. 

2) Attenuation test results for backbone links shall be less than 2.0 dB. 
Attenuation test results shall be less than those calculated according to 
equation in TIA-568-C.1. 

E. Data for each measurement shall be documented. Data for submittals shall be printed in a 
summary report that is formatted similar to Table 10.1 in BICSI TDMM, or transferred from the 
instrument to the computer, saved as text files, and printed and submitted. 

F. Remove and replace cabling where test results indicate that it does not comply with specified 
requirements. 

G. End-to-end cabling will be considered defective if it does not pass tests and inspections. 

H. Prepare test and inspection reports. 

PART 4 - COMPENSATION  

4.1 MEASUREMENT 

A. Communications Optical Fiber Backbone Cabling shall not be measured. 

4.2 PAYMENT 

A. Payment for "Communications Optical Fiber Backbone Cabling", complete in place, including 
all work described in this Section regarding furnishing and installing equipment as shown on the 
Contract Drawings and/or specified herein, shall be taken to be included in and covered by the 
Lump Sum Price Bid under Item SPECIAL - FIBER OPTIC CABLE AND COMPONENTS, 
BACKBONE AND CONNECTIONS on the Project Bid Form.    

B. The above price(s) shall include all the work described in this Section and shown on the 
Contract Drawings including all labor, materials, services, and equipment necessary to complete 
the work in every respect to the satisfaction of the Engineer. 

END OF SECTION 271323 


	271323 - Communications Optical Fiber Backbone Cabling.pdf
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. 9/125 micrometer single-mode, loose-tube, gel free, outside plant optical fiber cable (OS2).
	2. Optical fiber cable connecting hardware, patch panels, and cross-connects.
	3. Cabling identification products.


	1.3 DEFINITIONS
	A. BICSI: Building Industry Consulting Service International.
	B. Cross-Connect: A facility enabling the termination of cable elements and their interconnection or cross-connection.
	C. RCDD: Registered Communications Distribution Designer.

	1.4 OPTICAL FIBER BACKBONE CABLING DESCRIPTION
	A. Optical fiber backbone cabling system shall provide interconnections between communications equipment rooms, main terminal space, and entrance facilities in the telecommunications cabling system structure. Cabling system consists of backbone cables...
	B. Backbone cabling cross-connects may be located in communications equipment rooms or at entrance facilities. Bridged taps and splitters shall not be used as part of backbone cabling.

	1.5 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: Reviewed and stamped by RCDD.
	1. System Labeling Schedules: Electronic copy of labeling schedules, in software and format selected by Owner.
	2. System Labeling Schedules: Electronic copy of labeling schedules that are part of the cabling and asset identification system of the software.
	3. Cabling administration drawings and printouts.
	4. Wiring diagrams to show typical wiring schematics including the following:
	a. Telecommunications rooms plans and elevations.
	b. Telecommunications pathways.
	c. Telecommunications system access points.
	d. Telecommunications grounding system.
	e. Cross-connects.
	f. Patch panels.
	g. Patch cords.

	5. Cross-connects and patch panels. Detail mounting assemblies, and show elevations and physical relationship between the installed components.

	C. Optical fiber cable testing plan.

	1.6 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For Installer, installation supervisor, and field inspector.
	B. Source quality-control reports.
	C. Product Certificates: For each type of product.
	D. Field quality-control reports.

	1.7 CLOSEOUT SUBMITTALS
	A. Maintenance Data: For optical fiber cable, splices, and connectors to include in maintenance manuals.

	1.8 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Patch-Panel Units: One of each type.
	2. Plugs: Ten of each type.
	3. Jacks: Ten of each type.


	1.9 QUALITY ASSURANCE
	A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff.
	1. Layout Responsibility: Preparation of Shop Drawings by an RCDD.
	2. Installation Supervision: Installation shall be under the direct supervision of Technician, who shall be present at all times when Work of this Section is performed at Project site.
	3. Testing Supervisor: Currently certified by BICSI as an RCDD to supervise on-site testing.

	B. Testing Agency Qualifications: Testing agency must have personnel certified by BICSI on staff.
	1. Testing Agency's Field Supervisor: Currently certified by BICSI as an RCDD.


	1.10 DELIVERY, STORAGE, AND HANDLING
	A. Test cables upon receipt at Project site.
	1. Test optical fiber cable to determine the continuity of the strand end to end. Use optical loss test set.
	2. Test optical fiber cable while on reels. Use an optical time domain reflectometer to verify the cable length and locate cable defects, splices, and connector, including the loss value of each. Retain test data and include the record in maintenance ...


	1.11 PROJECT CONDITIONS
	A. Environmental Limitations: Do not deliver or install cables and connecting materials until wet work in spaces is complete and dry, and temporary HVAC system is operating and maintaining ambient temperature and humidity conditions at occupancy level...

	1.12 COORDINATION
	A. Coordinate layout and installation of telecommunications pathways and cabling with Owner's telecommunications and LAN equipment and service suppliers.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. General Performance: Backbone cabling system shall comply with transmission standards in TIA-568-C.1, when tested according to test procedures of this standard.
	B. Surface-Burning Characteristics: As determined by testing identical products according to ASTM E84 by a qualified testing agency. Identify products with appropriate markings of applicable testing agency.
	1. Flame-Spread Index: 25 or less.
	2. Smoke-Developed Index: 450 or less.

	C. Telecommunications Pathways and Spaces: Comply with TIA-569-D.
	D. Grounding: Comply with TIA-607-B.

	2.2 9/125 MICROMETER SINGLE-MODE, OUTSIDE PLANT OPTICAL FIBER CABLE (OS2)
	A. Description:
	1. Single mode, 9/125-micrometer, 144 fibers, single loose tube, gel free, optical fiber cable.
	2. Single mode, 9/125-micrometer, 12 fibers, single loose tube, gel free, optical fiber cable.

	B. Standards:
	1. Comply with TIA-492CAAB for detailed specifications.
	2. Comply with TIA-568-C.3 for performance specifications.
	3. Comply with ICEA S-87-640 for mechanical properties.

	C. Maximum Attenuation: 0.5 dB/km at 1310 nm; 0.5 dB/km at 1550 nm.
	D. Jacket:
	1. Jacket Color: Black.
	2. Cable cordage jacket, fiber, unit, and group color shall be according to TIA-598-D.
	3. Imprinted with fiber count, fiber type, and aggregate length at regular intervals not to exceed 40 inches (1000 mm).


	2.3 OPTICAL FIBER CABLE HARDWARE
	A. Standards:
	1. Comply with Fiber Optic Connector Intermateability Standard (FOCIS) specifications of the TIA-604 series.
	2. Comply with TIA-568-C.3.

	B. Cross-Connects and Patch Panels: Modular panels housing multiple-numbered, duplex cable connectors.
	1. Number of Connectors per Field: One for each fiber of cable or cables assigned to field, plus spares and blank positions adequate to suit specified expansion criteria.

	C. Patch Cords: Factory-made, dual-fiber cables in 36-inch (900-mm) lengths.
	D. Connector Type: Type SC complying with TIA-604-3-B, connectors.
	E. Plugs and Plug Assemblies:
	1. Male; color-coded modular telecommunications connector designed for termination of a single optical fiber cable.
	2. Insertion loss not more than 0.25 dB.
	3. Marked to indicate transmission performance.

	F. Jacks and Jack Assemblies:
	1. Female; quick-connect, simplex and duplex; fixed telecommunications connector designed for termination of a single optical fiber cable.
	2. Insertion loss not more than 0.25 dB.
	3. Marked to indicate transmission performance.
	4. Designed to snap-in to a patch panel or faceplate.


	2.4 GROUNDING
	A. Comply with requirements in Section 270526 "Grounding and Bonding for Communications Systems" for grounding conductors and connectors.
	B. Comply with TIA-607-B.

	2.5 IDENTIFICATION PRODUCTS
	A. Comply with TIA-606-B and UL 969 for a system of labeling materials, including label stocks, laminating adhesives, and inks used by label printers.

	2.6 SOURCE QUALITY CONTROL
	A. Testing Agency: Engage a qualified testing agency to evaluate cables.
	B. Factory test multimode optical fiber cables according to TIA-526-14-B and TIA-568-C.3.
	C. Factory test pre-terminated optical fiber cable assemblies according to TIA-526-14-B and TIA-568-C.3.
	D. Cable will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.


	PART 3 -  EXECUTION
	3.1 ENTRANCE FACILITIES
	A. Coordinate backbone cabling with the protectors and demarcation point provided by communications service provider.

	3.2 WIRING METHODS
	A. Wiring Method: Install cables in raceways and cable trays except within consoles, cabinets, desks, and counters. Conceal raceway and cables except in unfinished spaces.
	1. Install plenum cable in environmental air spaces, including plenum ceilings.
	2. Comply with requirements for pathways specified in Section 270528 "Pathways for Communications Systems."

	B. Wiring Method: Conceal conductors and cables in accessible ceilings, walls, and floors where possible.
	C. Wiring within Enclosures: Bundle, lace, and train cables within enclosures. Connect to terminal points with no excess and without exceeding manufacturer's limitations on bending radii. Provide and use lacing bars and distribution spools.

	3.3 INSTALLATION OF OPTICAL FIBER BACKBONE CABLES
	A. Comply with NECA 1, NECA 301, and NECA/BICSI 568.
	B. General Requirements for Optical Fiber Cabling Installation:
	1. Comply with TIA-568-C.1 and TIA-568-C.3.
	2. Comply with BICSI ITSIMM, Ch. 6, "Cable Termination Practices."
	3. Terminate all cables; no cable shall contain unterminated elements. Make terminations only at indicated outlets, terminals, cross-connects, and patch panels.
	4. Cables may not be spliced. Secure and support cables at intervals not exceeding 30 inches (760 mm) and not more than 6 inches (150 mm) from cabinets, boxes, fittings, outlets, racks, frames, and terminals.
	5. Install lacing bars to restrain cables, to prevent straining connections, and to prevent bending cables to smaller radii than minimums recommended by manufacturer.
	6. Bundle, lace, and train cable to terminal points without exceeding manufacturer's limitations on bending radii, but not less than radii specified in BICSI ITSIMM, "Cabling Termination Practices" Chapter. Use lacing bars and distribution spools.
	7. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable between termination, tap, or junction points. Remove and discard cable if damaged during installation and replace it with new cable.
	8. Cold-Weather Installation: Bring cable to room temperature before dereeling. Heat lamps shall not be used for heating.
	9. In the communications equipment room, provide a 10-foot- (3-m-) long service loop on each end of cable.
	10. Pulling Cable: Comply with BICSI ITSIMM, Ch. 4, "Pulling Cable." Monitor cable pull tensions.
	11. Cable may be terminated on connecting hardware that is rack or cabinet mounted.

	C. Open-Cable Installation:
	1. Install cabling with horizontal and vertical cable guides in telecommunications spaces with terminating hardware and interconnection equipment.
	2. Cable shall not be run through structural members or in contact with pipes, ducts, or other potentially damaging items.

	D. Installation of Cable Routed Exposed under Raised Floors:
	1. Install plenum-rated cable only.
	2. Install cabling after the flooring system has been installed in raised floor areas.
	3. Coil cable 6 feet (1800 mm) long not less than 12 inches (300 mm) in diameter below each feed point.

	E. Group connecting hardware for cables into separate logical fields.

	3.4 FIRESTOPPING
	A. Comply with requirements in Section 078413 "Penetration Firestopping."
	B. Comply with TIA-569-D, Annex A, "Firestopping."
	C. Comply with BICSI ITSIMM, "Firestopping" Chapter.

	3.5 GROUNDING
	A. Install grounding according to BICSI ITSIMM, "Grounding (Earthing), Bonding, and Electrical Protection" Chapter.
	B. Comply with TIA-607-B and NECA/BICSI-607.
	C. Locate grounding bus bar to minimize the length of bonding conductors. Fasten to wall allowing at least 2-inch (50-mm) clearance behind the grounding bus bar. Connect grounding bus bar with a minimum No. 4 AWG grounding electrode conductor from gro...
	D. Bond metallic equipment to the grounding bus bar, using not smaller than No. 6 AWG equipment grounding conductor.

	3.6 IDENTIFICATION
	A. Identify system components, wiring, and cabling complying with TIA-606-B. Comply with requirements for identification specified in Section 270553 "Identification for Communications Systems."
	1. Administration Class: Class 1.
	2. Color-code cross-connect fields and apply colors to voice and data service backboards, connections, covers, and labels.

	B. Paint and label colors for equipment identification shall comply with TIA-606-B for Class 2 level of administration.
	C. Comply with requirements in Section 271523 "Communications Optical Fiber Horizontal Cabling" for cable and asset management software.
	D. Cable Schedule: Install in a prominent location in each equipment room and wiring closet. List incoming and outgoing cables and their designations, origins, and destinations. Protect with rigid frame and clear plastic cover. Furnish an electronic c...
	E. Cabling Administration Drawings: Show building floor plans with cabling administration-point labeling. Identify labeling convention and show labels for telecommunications closets, backbone pathways and cables, entrance pathways and cables, terminal...
	F. Cable and Wire Identification:
	1. Label each cable within 4 inches (100 mm) of each termination and tap, where it is accessible in a cabinet or junction or outlet box, and elsewhere as indicated.
	2. Each wire connected to building-mounted devices is not required to be numbered at device if color of wire is consistent with associated wire connected and numbered within panel or cabinet.
	3. Exposed Cables and Cables in Cable Trays and Wire Troughs: Label each cable at intervals not exceeding 15 feet (4.5 m).
	4. Label each unit and field within distribution racks and frames.
	5. Identification within Connector Fields in Equipment Rooms and Wiring Closets: Label each connector and each discrete unit of cable-terminating and connecting hardware. Where similar jacks and plugs are used for both voice and data communication cab...

	G. Labels shall be preprinted or computer-printed type with printing area and font color that contrasts with cable jacket color but still complies with requirements in TIA 606-B, for the following:
	1. Flexible vinyl or polyester that flexes as cables are bent.


	3.7 FIELD QUALITY CONTROL
	A. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform tests and inspections.
	D. Tests and Inspections:
	1. Visually inspect optical fiber jacket materials for NRTL certification markings. Inspect cabling terminations in communications equipment rooms for compliance with color-coding for pin assignments, and inspect cabling connections for compliance wit...
	2. Visually inspect cable placement, cable termination, grounding and bonding, equipment and patch cords, and labeling of all components.
	3. Optical Fiber Cable Tests:
	a. Test instruments shall meet or exceed applicable requirements in TIA-568-C.1. Use only test cords and adapters that are qualified by test equipment manufacturer for channel or link test configuration.
	b. Link End-to-End Attenuation Tests:
	1) Horizontal and multimode backbone link measurements: Test at 850 or 1300 nm in one direction according to TIA-526-14-B, Method B, One Reference Jumper.
	2) Attenuation test results for backbone links shall be less than 2.0 dB. Attenuation test results shall be less than those calculated according to equation in TIA-568-C.1.



	E. Data for each measurement shall be documented. Data for submittals shall be printed in a summary report that is formatted similar to Table 10.1 in BICSI TDMM, or transferred from the instrument to the computer, saved as text files, and printed and ...
	F. Remove and replace cabling where test results indicate that it does not comply with specified requirements.
	G. End-to-end cabling will be considered defective if it does not pass tests and inspections.
	H. Prepare test and inspection reports.


	PART 4 -  COMPENSATION
	4.1 MEASUREMENT
	A. Communications Optical Fiber Backbone Cabling shall not be measured.

	4.2 PAYMENT
	A. Payment for "Communications Optical Fiber Backbone Cabling", complete in place, including all work described in this Section regarding furnishing and installing equipment as shown on the Contract Drawings and/or specified herein, shall be taken to ...
	B. The above price(s) shall include all the work described in this Section and shown on the Contract Drawings including all labor, materials, services, and equipment necessary to complete the work in every respect to the satisfaction of the Engineer.



	271116 - Communications Racks, Frames, and Enclosures and LAN Switches.pdf
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. 24-inch or free-standing equipment cabinets.
	2. Power strips.
	3. Uninterruptible Power Supply (UPS) Equipment
	4. Network LAN Switches

	B. Related Requirements:
	1. Section 270526 "Grounding and Bonding for Telecommunications Equipment" for TMGBs and TGBs.


	1.3 DEFINITIONS
	A. Access Provider: An operator that provides a circuit path or facility between the service provider and user. An access provider can also be a service provider.
	B. BICSI: Building Industry Consulting Service International.
	C. LAN: Local area network.
	D. RCDD: Registered communications distribution designer.
	E. Service Provider: The operator of a telecommunications transmission service delivered through access provider facilities.
	F. TGB: Telecommunications grounding bus bar.
	G. TMGB: Telecommunications main grounding bus bar.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for equipment racks and cabinets.
	2. Include rated capacities, operating characteristics, electrical characteristics, certifications, standards compliance, and furnished specialties and accessories.

	B. Shop Drawings: For communications racks, frames, and enclosures. Include plans, elevations, sections, details, and attachments to other work.
	1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	2. Equipment Racks and Cabinets: Include workspace requirements and access for cable connections.


	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For Installer, qualified layout technician, installation supervisor, and field inspector.

	1.6 QUALITY CONTROL
	A. Installer Qualifications: Cabling installer must have personnel certified by BICSI on staff.
	1. Layout Responsibility: Preparation of Shop Drawings shall be under direct supervision of RCDD.
	2. Installation Supervision: Installation shall be under direct supervision of Installer 2, Copper or Fiber, who shall be present at all times when Work of this Section is performed at Project site.
	3. Field Inspector: Currently registered by BICSI as RCDD to perform on-site inspection.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. UL listed.
	B. RoHS compliant.

	2.2 24-INCH EQUIPMENT CABINETS
	A. Description: Manufacturer-assembled four-post frame enclosed by side and top panels and front and rear doors, designed for mounting telecommunications equipment. Width is compatible with 24-inch equipment mounting.
	B. The following manufactures are acceptable if compliant with the remainder of this specification:
	1. Hubbell
	2. Hoffman
	3. Tripp-lite
	4. Dell Inc.

	C. General Cabinet Requirements:
	1. Modular units designed for telecommunications terminal support and coordinated with dimensions of units to be supported.
	2. Material: Extruded steel.
	3. Finish: Manufacturer's standard, baked-polyester powder coat.
	4. Color: Black.

	D. Modular Cabinets:
	1. Height: Maximum 96”
	2. Depth: 18 inches minimum
	3. Load Rating: 250 lb (105 kg).
	4. Number of Rack Units: 45.
	5. Threads: Universal square.
	6. Lockable front and rear doors.
	7. Louvered side panels.
	8. Cable access provisions top and bottom.
	9. Grounding lug.
	10. Roof-mounted, 100-cfm (50-L/s) fan.
	11. Power strip.
	12. All cabinets keyed alike.
	13. Lockable wheeled base

	E. Cable Management:
	1. Metal, with integral wire retaining fingers.
	2. Baked-polyester powder coat finish.
	3. Vertical cable management panels shall have front and rear channels, with covers.
	4. Hinged door for access to the back while open
	5. Provide horizontal crossover cable manager at top of each relay rack, with a minimum height of two rack units each.


	2.3 GROUNDING
	A. Comply with requirements in Section 270526 "Grounding and Bonding for Communications Systems" for grounding conductors and connectors.

	2.4 LABELING
	A. Comply with TIA-606-B and UL 969 for a system of labeling materials, including label stocks, laminating adhesives, and inks used by label printers.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1.
	B. Comply with BICSI TDMM for layout of communications equipment spaces.
	C. Comply with BICSI ITSIMM for installation of communications equipment spaces.
	D. Provide enough slack in all cabling within equipment rack to have the ability to roll equipment rack away from wall and access the back panel.
	E. Bundle, lace, and train conductors and cables to terminal points without exceeding manufacturer's limitations on bending radii. Install lacing bars and distribution spools.
	F. Coordinate layout and installation of communications equipment in racks and room. Coordinate service entrance configuration with service provider.
	G. Coordinate location of power raceways and receptacles with locations of communications equipment requiring electrical power to operate.

	3.2 GROUNDING
	A. Comply with NECA/BICSI 607.
	B. Install grounding according to BICSI ITSIMM, "Bonding, Grounding (Earthing) and Electrical”

	3.3 IDENTIFICATION
	A. Coordinate system components, wiring, and cabling complying with TIA-606-B. Comply with requirements in Section 270553 "Identification for Electrical Systems."
	B. Paint and label colors for equipment identification shall comply with TIA-606-B for Class 2 level of administration.
	C. Labels shall be machine printed. Type shall be 1/4 inch (6 mm) in height.

	3.4 FIELD QUALITY CONTROL
	A. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform tests and inspections.
	D. Tests and Inspections:
	1. Perform tests as specified in Section 271323 “Communications Optical Fiber Bacbone Cabling” and 27 “Communications Copper Horizontal Cabling”
	2. Conduct performance based testing by accessing CUY network and public domain internet.  Conduct system performance tests as specified in BISCI and TIA standards.  Test connections at New Guardbooth, relocated International Longshoreman’s Associatio...



	PART 4 -  COMPENSATION
	4.1 MEASUREMENT
	A. Communications Racks, Frames, and Enclosures shall not be measured.

	4.2 PAYMENT
	A. Payment for "Communications Racks, Frames, and Enclosures", complete in place from new Loop to Building 24, Warehouse A, ESROC, , including all work described in this Section regarding furnishing and installing equipment as shown on the Contract Dr...
	B. The above price(s) shall include all the work described in this Section and shown on the Contract Drawings including all labor, materials, services, and equipment necessary to complete the work in every respect to the satisfaction of the Engineer.



	270553 - Identification for Communications Systems.pdf
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Color and legend requirements for labels and signs.
	2. Labels.
	3. Bands and tubes.
	4. Tapes.
	5. Signs.
	6. Cable ties.
	7. Fasteners for labels and signs.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for communications identification products.

	B. Identification Schedule:
	1. Outlets: Scaled drawings indicating location and proposed designation.
	2. Backbone Cabling: Riser diagram showing each communications room, backbone cable, and proposed backbone cable designation.
	3. Racks: Scaled drawings indicating location and proposed designation.
	4. Patch Panels: Enlarged scaled drawings showing rack row, number, and proposed designations.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Comply with NFPA 70 and TIA 606-B.
	B. Comply with ANSI Z535.4 for safety signs and labels.
	C. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label printers, shall comply with UL 969.
	D. Thermal Movements: Allow for thermal movements from ambient and surface temperature changes.
	1. Temperature Change: 120 deg F (67 deg C), ambient; 180 deg F (100 deg C), material surfaces.


	2.2 COLOR AND LEGEND REQUIREMENTS
	A. Equipment Identification Labels:
	1. Black letters on a white field.


	2.3 LABELS
	A. Self-Adhesive Wraparound Labels: Preprinted, 3-mil- (0.08-mm-) thick, vinyl flexible labels with acrylic pressure-sensitive adhesive.
	1. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating protective shields over the legend. Labels sized such that the clear shield overlaps the entire printed legend.
	2. Marker for Labels: Machine-printed, permanent, waterproof black ink recommended by printer manufacturer.

	B. Self-Adhesive Labels: Vinyl, thermal, transfer-printed, 3-mil- (0.08-mm-) thick, multicolor, weather- and UV-resistant, pressure-sensitive adhesive labels, configured for intended use and location.
	1. Minimum Nominal Size:
	a. 1-1/2 by 6 inches (37 by 150 mm) for raceway and conductors.
	b. 3-1/2 by 5 inches (76 by 127 mm) for equipment.
	c. As required by authorities having jurisdiction.



	2.4 UNDERGROUND-LINE WARNING TAPE
	A. Tape:
	1. Recommended by manufacturer for the method of installation and suitable to identify and locate underground communications utility lines.
	2. Tape shall be conductive for ease of underground locating.
	3. Printing on tape shall be permanent and shall not be damaged by burial operations.
	4. Tape material and ink shall be chemically inert and not subject to degradation when exposed to acids, alkalis, and other destructive substances commonly found in soils.

	B. Color and Printing:
	1. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, and ANSI Z535.4.
	2. Inscriptions for Orange-Colored Tapes: "COMMUNICATIONS CABLE, OPTICAL-FIBER CABLE".


	2.5 SIGNS
	A. Laminated-Acrylic or Melamine-Plastic Signs:
	1. Engraved legend.
	2. Thickness:
	a. For signs up to 20 sq. in. (129 sq. cm), minimum 1/16 inch (1.6 mm) thick.
	b. For signs larger than 20 sq. in. (129 sq. cm), 1/8 inch (3.2 mm) thick.
	c. Engraved legend with black letters on white face.
	d. Punched or drilled for mechanical fasteners with 1/4-inch (6.4-mm) grommets in corners for mounting.
	e. Framed with mitered acrylic molding and arranged for attachment at applicable equipment.



	2.6 CABLE TIES
	A. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, self-extinguishing, one piece, self-locking, and Type 6/6 nylon.
	1. Minimum Width: 3/16 inch (5 mm).
	2. Tensile Strength at 73 deg F (23 deg C) according to ASTM D638: 12,000 psi (82.7 MPa).
	3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).
	4. Color: Black.


	2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS
	A. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Self-Adhesive Identification Products: Before applying communications identification products, clean substrates of substances that could impair bond, using materials and methods recommended by manufacturer of identification product.

	3.2 INSTALLATION
	A. Verify and coordinate identification names, abbreviations, colors, and other features with requirements in other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and operation and maintenance ...
	B. Install identifying devices before installing acoustical ceilings and similar concealment.
	C. Verify identity of each item before installing identification products.
	D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation and maintenance manual.
	E. Apply identification devices to surfaces that require finish after completing finish work.
	F. Install signs with approved legend to facilitate proper identification, operation, and maintenance of communications systems and connected items.
	G. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for viewing from the floor.
	H. Self-Adhesive Wraparound Labels:
	1. Secure tight to surface at a location with high visibility and accessibility.
	2. Provide label 6 inches (150 mm) from cable end.

	I. Self-Adhesive Labels:
	1. On each item, install unique designation label that is consistent with wiring diagrams, schedules, and operation and maintenance manual.
	2. Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are required, use labels 2 inches (50 mm) high.

	J. Underground-Line Warning Tape:
	1. Install warning tape no less than 12 inches (300 mm) above all concrete-encased duct and duct bank and approximately 12 inches (300 mm) below grade.
	2. Align tape parallel to and within 3 inches (75 mm) of centerline of duct bank.
	3. Provide an additional warning tape for each 12-inch (300-mm) increment of duct-bank width over a nominal 18 inches (450 mm).
	4. Space additional tapes 12 inches (300 mm) apart, horizontally.
	5. Use multiple tapes where width of multiple lines installed in a common trench or concrete envelope exceeds 16 inches (400 mm) overall.

	K. Cable Ties: General purpose, except as listed below:
	1. Outdoors: UV-stabilized nylon.


	3.3 IDENTIFICATION SCHEDULE
	A. Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment. Install access doors or panels to provide view of identifying devices.
	B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, and locations with high visibility. Identify by system and circuit designation.
	C. Accessible Fittings for Raceways and Cables within Buildings: Identify covers of each junction and pull box with self-adhesive labels containing wiring system legend.
	1. System legends shall be as follows:
	a. Telecommunications.


	D. Equipment Room Labeling:
	1. Racks, Frames, and Enclosures: Identify front and rear of each with self-adhesive labels containing equipment designation.
	2. Patch Panels: Label individual rows and outlets, starting at to left and working down, with self-adhesive labels.

	E. Locations of Underground Lines: Underground-line warning tape for copper, coaxial, hybrid copper/fiber, and optical-fiber cable.
	F. Instructional Signs: Self-adhesive labels.
	G. Warning Labels for Indoor Cabinets, Boxes, and Enclosures: Self-adhesive labels.
	1. Apply to exterior of door, cover, or other access.

	H. Equipment Identification Labels:
	1. Equipment: Laminated-acrylic or melamine-plastic sign.
	2. Equipment to Be Labeled:
	a. Communications cabinets.




	PART 4 -  COMPENSATION
	4.1 MEASUREMENT
	A. Identification for Communications Systems shall not be measured.

	4.2 PAYMENT
	A. Payment for "Identification for Communications", cocomplete in place, including all work described in this Section regarding furnishing and installing equipment as shown on the Contract Drawings and/or specified herein, shall be taken to be include...
	B. The above price(s) shall include all the work described in this Section and shown on the Contract Drawings including all labor, materials, services, and equipment necessary to complete the work in every respect to the satisfaction of the Engineer.



	270543 - Underground Pathways and Structures for Communication Systems.pdf
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Metal conduit and fittings
	2. Rigid nonmetallic duct.
	3. Duct accessories
	4. Precast concrete manholes.


	1.3 DEFINITIONS
	A. Direct-Buried: Duct or a duct bank that is buried in the ground, without any additional casing materials, such as concrete.
	B. Duct: A single duct or multiple ducts. Duct may be either installed singly or as component of a duct bank.
	C. Duct Bank:
	1. Two or more ducts installed in parallel, with or without additional casing materials.
	2. Multiple duct banks.

	D. GRC: Galvanized rigid conduit.
	E. RNC: Rigid nonmetallic conduit.
	F. Trafficways: Locations where vehicular or pedestrian traffic is a normal course of events.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include duct-bank materials, including spacers and miscellaneous components.
	2. Include duct and conduits and their accessories, including elbows, end bells, bends, fittings, duct spacers and solvent cement.
	3. Include accessories for manholes, handholes, and boxes.
	4. Include underground-line warning tape.


	1.5 INFORMATIONAL SUBMITTALS
	A. Product Certificates: For concrete and steel used in precast concrete handholes, as required by ASTM C858.
	B. Qualification Data: For professional engineer and testing agency responsible for testing nonconcrete handholes and boxes.
	C. Source quality-control reports.
	D. Field quality-control reports.

	1.6 QUALITY CONTROL
	A. Testing Agency Qualifications: Qualified according to ASTM E329 for testing indicated.

	1.7 FIELD CONDITIONS
	A. Ground Water: Assume ground-water level is less than 6 inches (150mm) below ground surface and fluctuates with level of Lake.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUITS AND FITTINGS
	A. Description: Refer to section 26 05 33 “Raceways and Boxes for Electrical Systems” and 26 05 43 “Underground Ducts and Raceways for Electrical Systems.”

	2.2 RIGID NONMETALLIC DUCTS
	A. Description : Refer to section 26 05 33 “Raceways and Boxes for Electrical Systems” and 26 05 43 “Underground Ducts and Raceways for Electrical Systems.”

	2.3 DUCT ACCESSORIES
	A. Underground-Line Warning Tape: Underground-line warning tape specified in Section 270553 "Identification for Communications Systems."

	2.4 PRECAST CONCRETE MANHOLES, HANDHOLES AND BOXES
	A. Description: Monolithically poured, factory-fabricated, reinforced-concrete 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.
	B. Comply with ASTM C858 for design and manufacturing processes.
	C. Frame and Cover: Weatherproof cast-iron frame, with cast-iron cover with recessed cover hook eyes and tamper-resistant, captive, cover-securing bolts.
	D. Frame and Cover: Weatherproof steel frame, with steel cover with recessed cover hook eyes and tamper-resistant, captive, cover-securing bolts.
	E. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.
	F. Cover Legend: Molded lettering, "COMMUNICATIONS"
	G. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise indicated.
	H. Extensions and Slabs: Designed to mate with bottom of enclosure, and made of same material as enclosure.
	1. Extension shall provide increased depth of 12 inches (300 mm).
	2. Slab: Same dimensions as bottom of enclosure, and arranged to provide closure.

	I. 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.
	J. Knockout Panels: Precast openings in walls, arranged to match dimensions and elevations of approaching duct and duct banks, plus an additional 6 inches (150 mm) vertically and horizontally to accommodate alignment variations.
	1. Knockout panels shall be located no less than 6 inches (150 mm) from interior surfaces of walls, floors, or frames and covers of handholes, but close enough to corners to facilitate racking of cables on walls.
	2. Knockout panel opening shall have cast-in-place, welded-wire fabric reinforcement for field cutting and bending to tie in to concrete envelopes of duct banks.
	3. Knockout panel openings shall be framed with at least two additional No. 3 steel reinforcing bars in concrete around each opening.
	4. Knockout panels shall be 1-1/2 to 2 inches (38 to 50 mm) thick.

	K. Duct Entrances in Handhole Walls: Cast end-bell or duct-terminating fitting in wall for each entering duct.
	1. Type and size shall match fittings to duct or conduit to be terminated.
	2. Fittings shall align with elevations of approaching duct and be located near interior corners of handholes to facilitate racking of cable.


	2.5 SOURCE QUALITY CONTROL
	A. Test and inspect precast concrete utility structures according to ASTM C1037.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Coordinate layout and installation of duct, duct bank, manholes, handholes, and boxes with final arrangement of other utilities, site grading, and surface features as determined in the field. Notify Construction Manager if there is a conflict betwe...
	B. Coordinate elevations of duct and duct-bank entrances into manholes, handholes, and boxes with final locations and profiles of duct and duct banks, as determined by coordination with other utilities, underground obstructions, and surface features. ...
	C. Clear and grub vegetation to be removed and protect vegetation to remain according to Section 201 "Clearing and Grubbing." Remove and stockpile topsoil for reapplication according to Section 651 "Topsoil Stokpiled."

	3.2 UNDERGROUND DUCT APPLICATION
	A. Duct for Communications: Type EPC-40-PVC RNC, in concrete-encased duct bank unless otherwise indicated.
	B. Stub-Ups for Communications: Concrete-encased GRC.

	3.3 UNDERGROUND ENCLOSURE APPLICATION
	A. Handholes and Boxes for Communications:
	1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete. AASHTO HB 17, H-20 structural load rating.
	2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, Nondeliberate Loading by Heavy Vehicles: H-20 structural load rating.
	3. Cover design load shall not exceed the design load of the handhole or box.


	3.4 EARTHWORK
	A. Excavation and Backfill: Comply with Section 200 "Earthwork," but do not use heavy-duty, hydraulic-operated, compaction equipment.
	B. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and mulching. Comply with Section 659 "Seeding and Mulching."
	C. Cut and patch existing pavement in the path of underground duct, duct bank, and utility structures according to the "Removal of Existing Pavement" and “Placement of Asphalt Concrete” Articles in Section 253 "Pavement Repair."

	3.5 DUCT AND DUCT-BANK INSTALLATION
	A. Refer to installation requirements found in Section 26 05 43 “Underground Ducts and Raceways for Electrical Systems.”  Additional requirements defined below:
	B. Install duct and duct bank according to NEMA TCB 2 and TIA-758-C.
	C. Underground-Line Warning Tape: Bury conducting underground-line warning tape specified in Section 270553 "Identification for Communication Systems" no less than 12 inches (300 mm) above all concrete-encased duct and duct bank. Align tape parallel t...

	3.6 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES
	A. Refer to installation requirements found in Section 260543 “Underground Ducts and Raceways for Electrical Systems.”  Additional requirements defined below:
	1. Comply with ASTM C891 unless otherwise indicated.


	3.7 GROUNDING
	A. Ground underground duct, duct bank, and utility structures according to Section 270526 "Grounding and Bonding for Communications Systems."

	3.8 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections and prepare test reports:
	1. Demonstrate capability and compliance with requirements on completion of installation of underground duct, duct bank, and utility structures.
	2. Pull solid aluminum or wood test mandrel through duct to prove joint integrity and adequate bend radii, and test for out-of-round duct. Provide a minimum 12-inch- (300-mm-) long mandrel equal to duct size minus 1/4 inch (6 mm). If obstructions are ...
	3. Test manhole and handhole grounding to ensure electrical continuity of grounding and bonding connections. Measure and report ground resistance as specified in Section 270526 "Grounding and Bonding for Communications Systems."

	B. Correct deficiencies and retest as specified above to demonstrate compliance.

	3.9 CLEANING
	A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of duct until duct cleaner indicates that duct is clear of dirt and debris.
	B. Clean internal surfaces of manholes, including sump.
	1. Sweep floor, removing dirt and debris.
	2. Remove foreign material.



	PART 4 -  COMPENSATION
	4.1 MEASUREMENT
	A. Underground Pathways and Structures for Communications Systems shall not be measured.

	4.2 PAYMENT
	A. Payment for "Underground Pathways and Structures for Communications Systems", complete in place, including all work described in this Section regarding furnishing and installing equipment as shown on the Contract Drawings and/or specified herein, s...
	B. The above price(s) shall include all the work described in this Section and shown on the Contract Drawings including all labor, materials, services, and equipment necessary to complete the work in every respect to the satisfaction of the Engineer.



	270528 - Pathways for Communications Systems.pdf
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Metal conduits and fittings.
	2. Nonmetallic conduits and fittings.
	3. Optical-fiber-cable pathways and fittings.
	4. Boxes, enclosures, and cabinets.
	5. Concrete handholes and boxes for exterior underground cabling.


	1.3 DEFINITIONS
	A. ARC: Aluminum rigid conduit.
	B. GRC: Galvanized rigid conduit.
	C. IMC: Intermediate metal conduit.
	D. RTRC: Reinforced thermosetting resin conduit.

	1.4 ACTION SUBMITTALS
	A. Product data for the following:
	1. Surface pathways
	2. Wireways and fittings.
	3. Boxes, enclosures, and cabinets.

	B. Shop Drawings: For custom enclosures and cabinets and custom underground handholes and boxes. Include plans, elevations, sections, and attachment details.
	C. Source quality-control reports.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUITS AND FITTINGS
	A. Description: Refer to section 26 05 33 “Raceways and Boxes for Electrical Systems” and 26 05 43 “Underground Ducts and Raceways for Electrical Systems.”

	2.2 NONMETALLIC CONDUITS AND FITTINGS
	A. Description : Refer to section 26 05 33 “Raceways and Boxes for Electrical Systems” and 26 05 43 “Underground Ducts and Raceways for Electrical Systems.”

	2.3 OPTICAL-FIBER-CABLE PATHWAYS AND FITTINGS
	A. Description: Comply with UL 2024; flexible-type pathway with a circular cross section, approved for plenum installation unless otherwise indicated.
	B. Listed and labeled as defined in NFPA 70, by an NRTL, and marked for intended location and application.
	C. Comply with TIA-569-D.

	2.4 BOXES, ENCLOSURES, AND CABINETS
	A. Description: Enclosures for communications.
	B. General Requirements for Boxes, Enclosures, and Cabinets:
	1. Comply with TIA-569-D.
	2. Boxes, enclosures, and cabinets installed in wet locations shall be listed and labeled as defined in NFPA 70, by an NRTL, and marked for use in wet locations.
	3. Box extensions used to accommodate new building finishes shall be of same material as recessed box.
	4. Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm deep).
	5. Gangable boxes are prohibited.

	C. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.
	D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy, Type FD, with gasketed cover.
	E. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.
	F. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, galvanized, cast iron with gasketed cover.
	G. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C.
	H. Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 3R, with continuous-hinge cover with flush latch unless otherwise indicated.
	1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.
	2. Nonmetallic Enclosures:
	a. Material: Plastic.
	b. Finished inside with radio-frequency-resistant paint.

	3. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.

	I. Cabinets:
	1. NEMA 250, Type 3R galvanized-steel box with removable interior panel and removable front, finished inside and out with manufacturer's standard enamel.
	2. Hinged door in front cover with flush latch and concealed hinge.
	3. Metal barriers to separate wiring of different systems and voltage.
	4. Accessory feet where required for freestanding equipment.
	5. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.


	2.5 PRE-CAST CONCRETE HANDHOLES
	A. Description: Comply with requirements under 27 05 43 “Underground Pathways and Structures for Communication Systems.”


	PART 3 -  EXECUTION
	3.1 PATHWAY APPLICATION
	A. Outdoors: Apply pathway products as specified below unless otherwise indicated:
	1. Exposed Conduit: GRC.
	2. Underground Conduit: RNC, Type EPC-40-PVC, concrete encased.
	3. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R.

	B. Indoors: Apply pathway products as specified below unless otherwise indicated:
	1. Exposed, Not Subject to Physical Damage: EMT.
	2. Exposed and Subject to Severe Physical Damage: GRC.
	3. Pathways for Concealed General-Purpose Distribution of Optical-Fiber or Communications Cable: EMT.
	4. Boxes and Enclosures: NEMA 250, Type 1

	C. Minimum Pathway Size: 3/4-inch (21-mm) trade size.
	D. Pathway Fittings: Compatible with pathways and suitable for use and location.
	1. Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless otherwise indicated. Comply with NEMA FB 2.10.
	2. EMT: Use set-screw, steel fittings. Comply with NEMA FB 2.10.

	E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.

	3.2 INSTALLATION
	A. Comply with installation requirements found in section 26 05 33 “Raceways and Boxes for Electrical Systems” and 26 05 43 “Underground Ducts and Raceways for Electrical Systems” in addition to the requirements listed here.
	B. Comply with the following standards for installation requirements except where requirements on Drawings or in this Section are stricter:
	1. NECA/BICSI 568.
	2. NECA 101

	C. Pathways for Optical-Fiber and Communications Cable: Install pathways, metal and nonmetallic, rigid and flexible, as follows:
	1. 3/4-Inch (21-mm) Trade Size and Smaller: Install pathways in maximum lengths of 50 feet (15 m).
	2. 1-Inch (25-mm) Trade Size and Larger: Install pathways in maximum lengths of 75 feet (23 m).
	3. Install with a maximum of two 90-degree bends or equivalent for each length of pathway unless Drawings show stricter requirements. Separate lengths with pull or junction boxes or terminations at distribution frames or cabinets where necessary to co...



	PART 4 -  COMPENSATION
	4.1 MEASUREMENT
	A. Pathways for Communications Systems shall not be measured.

	4.2 PAYMENT
	A. Payment for "Pathways for Communications", complete in place, including all work described in this Section regarding furnishing and installing equipment as shown on the Contract Drawings and/or specified herein, shall be taken to be included in and...
	B. The above price(s) shall include all the work described in this Section and shown on the Contract Drawings including all labor, materials, services, and equipment necessary to complete the work in every respect to the satisfaction of the Engineer.



	270526 - Grounding and Bonding for Communications Systems.pdf
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Grounding conductors.
	2. Grounding connectors.
	3. Grounding busbars.
	4. Grounding rods.
	5. Grounding labeling.


	1.3 DEFINITIONS
	A. BCT: Bonding conductor for telecommunications.
	B. TGB: Telecommunications grounding busbar.
	C. TMGB: Telecommunications main grounding busbar.
	D. Service Provider: The operator of a service that provides telecommunications transmission delivered over access provider facilities.

	1.4 INFORMATIONAL SUBMITTALS
	A. As-Built Data: Plans showing as-built locations of grounding and bonding infrastructure, including the following:
	1. Ground rods.
	2. Ground and roof rings.
	3. BCT, TMGB, TGBs, and routing of their bonding conductors.

	B. Qualification Data: For installation supervisor, and field inspector.
	C. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For grounding to include in emergency, operation, and maintenance manuals.

	1.6 QUALITY CONTROL
	A. Installer Qualifications: Cabling Installer must have personnel certified by BICSI on staff.
	1. Installation Supervision: Installation shall be under the direct supervision of ITS Technician, who shall be present at all times when Work of this Section is performed at Project site.
	2. Field Inspector: Currently registered by BICSI as a designer RCDD to perform the on-site inspection.



	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTION
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with UL 467 for grounding and bonding materials and equipment.
	C. Comply with TIA-607-B.

	2.2 CONDUCTORS
	A. Comply with UL 486A-486B.
	B. Insulated Conductors: Stranded copper wire, green insulation, insulated for 600 V, and complying with UL 83.
	1. Ground wire for custom-length equipment ground jumpers shall be No. 6 AWG, 19-strand, UL-listed, Type THHN wire.

	C. Bare Copper Conductors:
	1. Solid Conductors: ASTM B3.
	2. Stranded Conductors: ASTM B8.
	3. Tinned Conductors: ASTM B33.
	4. Bonding Cable: 28 kcmils (14.2 sq. mm), 14 strands of No. 17 AWG conductor, and 1/4 inch (6.3 mm) in diameter.
	5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.
	6. Bonding Jumper: Tinned-copper tape, braided conductors terminated with two-hole copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.


	2.3 CONNECTORS
	A. Irreversible connectors listed for the purpose. Listed by an NRTL as complying with NFPA 70 for specific types, sizes, and combinations of conductors and other items connected. Comply with UL 486A-486B.
	B. Compression Wire Connectors: Crimp-and-compress connectors that bond to the conductor when the connector is compressed around the conductor. Comply with UL 467.
	1. Electroplated tinned copper, C and H shaped.

	C. Signal Reference Grid Connectors: Combination of compression wire connectors, access floor grounding clamps, bronze U-bolt grounding clamps, and copper split-bolt connectors, designed for the purpose.
	D. Busbar Connectors: Cast silicon bronze, solderless compression-type, mechanical connector; with a long barrel and two holes spaced on 5/8- or 1-inch (15.8- or 25.4-mm) centers for a two-bolt connection to the busbar.
	E. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.

	2.4 GROUNDING BUSBARS
	A. TMGB: Predrilled, wall-mounted, rectangular bars of hard-drawn solid copper, 1/4 by 4 inches (6.3 by 100 mm) in cross section, length as indicated on Drawings. The busbar shall be NRTL listed for use as TMGB and shall comply with TIA-607-B.
	1. Predrilling shall be with holes for use with lugs specified in this Section.
	2. Mounting Hardware: Stand-off brackets that provide a 4-inch (100-mm) clearance to access the rear of the busbar. Brackets and bolts shall be stainless steel.
	3. Stand-off insulators for mounting shall be Lexan or PVC. Comply with UL 891 for use in 600-V switchboards, impulse tested at 5000 V.

	B. Rack and Cabinet Grounding Busbars: Rectangular bars of hard-drawn solid copper, accepting conductors ranging from No. 14 to No. 2/0 AWG, NRTL listed as complying with UL 467, and complying with TIA-607-B. Predrilling shall be with holes for use wi...
	1. Cabinet-Mounted Busbar: Terminal block, with stainless-steel or copper-plated hardware for attachment to the cabinet.
	2. Rack-Mounted Vertical Busbar: 72 or 36 inches (1827 or 914 mm) long, with stainless-steel or copper-plated hardware for attachment to the rack.


	2.5 GROUND RODS
	A. Ground Rods: Copper-clad; 3/4 inch by 10 feet (19 mm by 3 m) in diameter.

	2.6 IDENTIFICATION
	A. Comply with requirements for identification products in Section 270553 "Identification for Communications Systems."


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine the ac grounding electrode system and equipment grounding for compliance with requirements for maximum ground-resistance level and other conditions affecting performance of grounding and bonding of the electrical system.
	B. Inspect the test results of the ac grounding system measured at the point of BCT connection.
	C. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of the Work.
	D. Proceed with connection of the BCT only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Bonding shall include the ac utility power service entrance, the communications cable entrance, and the grounding electrode system. The bonding of these elements shall form a loop so that each element is connected to at least two others.
	B. Comply with NECA 1.
	C. Comply with TIA-607-B.

	3.3 APPLICATION
	A. Conductors: Install solid conductor for No. 8 AWG and smaller and stranded conductors for No. 6 AWG and larger unless otherwise indicated.
	1. The bonding conductors between the TMGB and structural steel of steel-frame buildings shall not be smaller than No. 6 AWG.

	B. Underground Grounding Conductors: Install bare copper conductor, No. 2 minimum.
	C. Conductor Terminations and Connections:
	1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
	2. Underground Connections: Welded connectors except at test wells and as otherwise indicated.
	3. Connections to Ground Rods at Test Wells: Bolted connectors.
	4. Connections to Structural Steel: Welded connectors.

	D. Conductor Support:
	1. Secure grounding and bonding conductors at intervals of not less than 36 inches (900 mm).

	E. Grounding and Bonding Conductors:
	1. Install in the straightest and shortest route between the origination and termination point, and no longer than required. The bend radius shall not be smaller than eight times the diameter of the conductor. No one bend may exceed 90 degrees.
	2. Install without splices.
	3. Support at not more than 36-inch (900-mm) intervals.
	4. Install grounding and bonding conductors in 3/4-inch (21-mm) PVC conduit until conduit enters a telecommunications room. The grounding and bonding conductor pathway through a plenum shall be in EMT. Conductors shall not be installed in EMT unless o...
	a. If a grounding and bonding conductor is installed in ferrous metallic conduit, bond the conductor to the conduit using a grounding bushing that complies with requirements in Section 270528 "Pathways for Communications Systems," and bond both ends o...



	3.4 GROUNDING ELECTRODE SYSTEM
	A. The BCT between the TMGB and the ac service equipment ground shall not be smaller than No. 1/0 AWG.

	3.5 GROUNDING BUSBARS
	A. Indicate locations of grounding busbars on Drawings. Install busbars horizontally, on insulated spacers 2 inches (50 mm) minimum from wall, 12 inches (300 mm) above finished floor unless otherwise indicated.
	B. Where indicated on both sides of doorways, route bus up to top of door frame, across top of doorway, and down; connect to horizontal bus.

	3.6 CONNECTIONS
	A. Bond metallic equipment in a telecommunications equipment room to the grounding busbar in that room, using equipment grounding conductors not smaller than No. 6 AWG.
	B. Stacking of conductors under a single bolt is not permitted when connecting to busbars.
	C. Assemble the wire connector to the conductor, complying with manufacturer's written instructions and as follows:
	1. Use crimping tool and the die specific to the connector.
	2. Pretwist the conductor.
	3. Apply an antioxidant compound to all bolted and compression connections.

	D. Primary Protector: Bond to the TMGB with insulated bonding conductor.
	E. Telecommunications Enclosures and Equipment Racks: Bond metallic components of enclosures to the telecommunications bonding and grounding system. Install vertically mounted rack grounding busbar unless the enclosure and rack are manufactured with t...
	F. Electrical Power Panelboards: Where an electrical panelboard for telecommunications equipment is located in the same room or space, bond each TGB to the ground bar of the panelboard.
	G. Shielded Cable: Bond the shield of shielded cable to the TGB in communications rooms and spaces. Comply with TIA-568-C.1 and TIA-568-C.2 when grounding shielded balanced twisted-pair cables.
	H. Rack- and Cabinet-Mounted Equipment: Bond powered equipment chassis to the cabinet or rack grounding bar. Power connection shall comply with NFPA 70; the equipment grounding conductor in the power cord of cord- and plug-connected equipment shall be...

	3.7 IDENTIFICATION
	A. Labels shall be preprinted or computer-printed type.
	1. Label TMGB(s) with "fs-TMGB," where "fs" is the telecommunications space identifier for the space containing the TMGB.
	2. Label the BCT and each telecommunications backbone conductor at its attachment point: "WARNING! TELECOMMUNICATIONS BONDING CONDUCTOR. DO NOT REMOVE OR DISCONNECT!"


	3.8 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	1. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, electrical connections with a calibrated torque wrench according to manufacturer's written instructions.
	2. Test the bonding connections of the system using an ac earth ground-resistance tester, taking two-point bonding measurements in each telecommunications equipment room containing a TMGB and a TGB and using the process recommended by BICSI TDMM. Cond...
	a. Measure the resistance between the busbar and the nearest available grounding electrode. The maximum acceptable value of this bonding resistance is 100 milliohms.

	3. Test for ground loop currents using a digital clamp-on ammeter, with a full-scale of not more than 10 A, displaying current in increments of 0.01 A at an accuracy of plus/minus 2.0 percent.
	a. With the grounding infrastructure completed and the communications system electronics operating, measure the current in every conductor connected to the TMGB. Maximum acceptable ac current level is 1 A.


	C. Excessive Ground Resistance: If resistance to ground at the BCT exceeds 5 ohms, notify Construction Manager promptly and include recommendations to reduce ground resistance.
	D. Grounding system will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.


	PART 4 -  COMPENSATION
	4.1 MEASUREMENT
	A. Grounding and Bonding for Communications Systems shall not be measured.

	4.2 PAYMENT
	A. Payment for "Grounding and Bonding for Communications", complete in place, including all work described in this Section regarding furnishing and installing equipment as shown on the Contract Drawings and/or specified herein, shall be taken to be in...
	B. The above price(s) shall include all the work described in this Section and shown on the Contract Drawings including all labor, materials, services, and equipment necessary to complete the work in every respect to the satisfaction of the Engineer.



	260553 - Identification for Electrical Systems.pdf
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Color and legend requirements for raceways, conductors, and warning labels and signs.
	2. Labels.
	3. Tapes and stencils.
	4. Signs.
	5. Cable ties.
	6. Fasteners for labels and signs.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for electrical identification products.

	B. Identification Schedule: For each piece of electrical equipment and electrical system components to be an index of nomenclature for electrical equipment and system components used in identification signs and labels. Use same designations indicated ...
	C. Delegated-Design Submittal: For arc-flash hazard study.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Comply with ASME A13.1
	B. Comply with NFPA 70.
	C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
	D. Comply with ANSI Z535.4 for safety signs and labels.
	E. Comply with NFPA 70E requirements for arc-flash warning labels.
	F. Thermal Movements: Allow for thermal movements from ambient and surface temperature changes.
	1. Temperature Change: 120 deg F (67 deg C), ambient; 180 deg F (100 deg C), material surfaces.


	2.2 COLOR AND LEGEND REQUIREMENTS
	A. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use colors listed below for ungrounded feeder and branch-circuit conductors.
	1. Color shall be factory applied or field applied for sizes larger than No. 8 AWG if authorities having jurisdiction permit.
	2. Colors for 208/120-V Circuits:
	a. Phase A: Black.
	b. Phase B: Red.
	c. Phase C: Blue.

	3. Colors for 480/277-V Circuits:
	a. Phase A: Brown.
	b. Phase B: Orange.
	c. Phase C: Yellow.

	4. Color for Neutral: White (120v) or gray (277v).
	5. Color for Equipment Grounds: Green.

	B. Warning labels and signs shall include, but are not limited to, the following legends:
	1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - EQUIPMENT HAS MULTIPLE POWER SOURCES."
	2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES."

	C. Equipment Identification Labels:
	1. Black letters on a white field.


	2.3 LABELS
	A. Self-Adhesive Labels: Vinyl, thermal, transfer-printed, 3-mil- (0.08-mm-) thick, multicolor, weather- and UV-resistant, pressure-sensitive adhesive labels, configured for intended use and location.
	1. Minimum Nominal Size:
	a. 1-1/2 by 6 inches (37 by 150 mm) for raceway and conductors.
	b. 3-1/2 by 5 inches (76 by 127 mm) for equipment.
	c. As required by authorities having jurisdiction.



	2.4 TAPES AND STENCILS
	A. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils (0.08 mm) thick by 1 to 2 inches (25 to 50 mm) wide; compounded for outdoor use.
	B. Underground-Line Warning Tape:
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	a. Brady Corporation.
	b. Ideal Industries, Inc.
	c. LEM Products Inc.
	d. Marking Services, Inc.
	e. Seton Identification Products.

	2. Tape:
	a. Recommended by manufacturer for the method of installation and suitable to identify and locate underground electrical and communications utility lines.
	b. Printing on tape shall be permanent and shall not be damaged by burial operations.
	c. Tape material and ink shall be chemically inert and not subject to degradation when exposed to acids, alkalis, and other destructive substances commonly found in soils.

	3. Color and Printing:
	a. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI Z535.4, and ANSI Z535.5.
	b. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE“.
	c. Inscriptions for Orange-Colored Tapes: "COMMUNICATIONS CABLE, OPTICAL FIBER CABLE".



	2.5 SIGNS
	A. Laminated Acrylic or Melamine Plastic Signs:
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	a. Brady Corporation.
	b. Carlton Industries, LP.
	c. emedco.
	d. Marking Services, Inc.
	e. Or Equal, as determined by Project Manager. Contractor is responsible for proving equivalency.

	2. Engraved legend.
	3. Thickness:
	a. For signs up to 20 sq. in. (129 sq. cm), minimum 1/16 inch (1.6 mm) thick.
	b. For signs larger than 20 sq. in. (129 sq. cm), 1/8 inch (3.2 mm) thick.
	c. Engraved legend with black letters on white background.
	d. Punched or drilled for mechanical fasteners with 1/4-inch (6.4-mm) grommets in corners for mounting.
	e. Framed with mitered acrylic molding and arranged for attachment at applicable equipment.



	2.6 CABLE TIES
	A. UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight, self-extinguishing, one piece, self-locking, and Type 6/6 nylon.
	1. Minimum Width: 3/16 inch (5 mm).
	2. Tensile Strength at 73 Deg F (23 Deg C) according to ASTM D638: 12,000 psi (82.7 MPa).
	3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).
	4. Color: Black.


	2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS
	A. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Self-Adhesive Identification Products: Before applying electrical identification products, clean substrates of substances that could impair bond, using materials and methods recommended by manufacturer of identification product.

	3.2 INSTALLATION
	A. Verify and coordinate identification names, abbreviations, colors, and other features with requirements in other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and operation and maintenance ...
	B. Install identifying devices before installing acoustical ceilings and similar concealment.
	C. Verify identity of each item before installing identification products.
	D. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation and maintenance manual.
	E. Apply identification devices to surfaces that require finish after completing finish work.
	F. Install signs with approved legend to facilitate proper identification, operation, and maintenance of electrical systems and connected items.
	G. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and signal connections.
	H. Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for viewing from the floor.
	I. Self-Adhesive Wraparound Labels: Secure tight to surface at a location with high visibility and accessibility.
	J. Self-Adhesive Labels:
	1. On each item, install unique designation label that is consistent with wiring diagrams, schedules, and operation and maintenance manual.
	2. Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are required, use labels 2 inches (50 mm) high.

	K. Self-Adhesive Vinyl Tape: Secure tight to surface at a location with high visibility and accessibility.
	1. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum distance of 6 inches (150 mm) where splices or taps are made. Apply last two turns of tape with no tension to prevent possible unwinding.

	L. Underground Line Warning Tape:
	1. During backfilling of trenches, install continuous underground-line warning tape directly above cable or raceway at 12 inches (300 mm) below finished grade. Use multiple tapes where width of multiple lines installed in a common trench or concrete e...
	2. Install underground-line warning tape for direct-buried cables and cables in raceways.

	M. Laminated Acrylic or Melamine Plastic Signs:
	1. Attach signs with mechanical fasteners appropriate to the location and substrate.
	2. Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high letters on 1-1/2-inch- (38-mm-) high sign; where two lines of text are required, use labels 2 inches (50 mm) high.


	3.3 IDENTIFICATION SCHEDULE
	A. Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment. Install access doors or panels to provide view of identifying devices.
	B. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points, and locations of high visibility. Identify by system and circuit designation.
	C. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and junction boxes, manholes, and handholes, use self-adhesive vinyl tape to identify the phase.
	1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-foot (15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum intervals in congested areas.

	D. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, manholes, and handholes, use self-adhesive labels with the conductor or cable designation, origin, and destination.
	E. Control-Circuit Conductor Termination Identification: For identification at terminations, provide self-adhesive labels with the conductor designation.
	F. Locations of Underground Lines: Underground-line warning tape for power, lighting, communication, and control wiring and optical-fiber cable.
	G. Instructional Signs: Self-adhesive labels, including the color code for grounded and ungrounded conductors.
	H. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Self-adhesive labels.
	1. Apply to exterior of door, cover, or other access.
	2. For equipment with multiple power or control sources, apply to door or cover of equipment, including, but not limited to, the following:
	a. Power-transfer switches.
	b. Controls with external control power connections.


	I. Arc Flash Warning Labeling: Self-adhesive labels.
	J. Operating Instruction Signs: Laminated acrylic or melamine plastic signs.
	K. Equipment Identification Labels:
	1. Equipment: Laminated acrylic or melamine sign.
	2. Equipment to Be Labeled:
	a. Panelboards: Typewritten directory of circuits in the location provided by panelboard manufacturer. Panelboard identification shall be in the form of a laminated acrylic or melamine label.
	b. Enclosures and electrical cabinets.
	c. Transformers: Label that includes tag designation indicated on Drawings for the transformer, feeder, and panelboards or equipment supplied by the secondary.
	d. Enclosed switches.
	e. Enclosed circuit breakers.
	f. Contactors.
	g. Remote-controlled switches and control devices.
	h. Monitoring and control equipment.




	PART 4 -  COMPENSATION
	4.1 MEASUREMENT
	A. Identification for Electrical Systems shall not be measured.

	4.2 PAYMENT
	A. Payment for "Identification for Electrical Systems", complete in place, including all work described in this Section regarding furnishing and installing equipment as shown on the Contract Drawings and/or specified herein, shall be taken to be inclu...
	B. The above price(s) shall include all the work described in this Section and shown on the Contract Drawings including all labor, materials, services, and equipment necessary to complete the work in every respect to the satisfaction of the Engineer.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Metal conduits and fittings, including GRC
	2. Rigid nonmetallic duct.
	3. Duct accessories.
	4. Precast concrete handholes and boxes


	1.3 DEFINITIONS
	A. Direct Buried: Duct or a duct bank that is buried in the ground, without any additional casing materials such as concrete.
	B. Duct: A single duct or multiple ducts. Duct may be either installed singly or as component of a duct bank.
	C. Duct Bank:
	1. Two or more ducts installed in parallel, with or without additional casing materials.
	2. Multiple duct banks.

	D. GRC: Galvanized rigid (steel) conduit.
	E. Trafficways: Locations where vehicular or pedestrian traffic is a normal course of events.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include duct-bank materials, including spacers and miscellaneous components.
	2. Include duct, conduits, and their accessories, including elbows, end bells, bends, fittings, and solvent cement.
	3. Include accessories for manholes, handholes, boxes.

	B. Shop Drawings:
	1. Factory-Fabricated Handholes and Boxes Other Than Precast Concrete:
	a. Include dimensioned plans, sections, and elevations, and fabrication and installation details.
	b. Include duct entry provisions, including locations and duct sizes.
	c. Include cover design.
	d. Include grounding details.
	e. Include dimensioned locations of cable rack inserts, and pulling-in and lifting irons.



	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For professional engineer and testing agency responsible for testing nonconcrete handholes and boxes.

	1.6 MAINTENANCE MATERIALS SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

	1.7 QUALITY CONTROL
	A. Testing Agency Qualifications: Qualified according to ASTM E329 for testing indicated.

	1.8 FIELD CONDITIONS
	A. 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 accord...
	1. Notify Construction Manager no fewer than 14 days in advance of proposed interruption of electrical service.
	2. Do not proceed with interruption of electrical service without Owner's written permission.

	B. Ground Water: Assume ground-water level is less than 6 inches (150mm) below ground surface and fluctuates with level of Lake.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUIT AND FITTINGS
	A. GRC: Comply with ANSI C80.1 and UL 6.
	B. Metal Conduit:
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	a. Allied Tube & Conduit; a part of Atkore International.
	b. Calconduit.
	c. NEC, Inc.
	d. Picoma Industries, Inc.
	e. Or Equal, as determined by Project Manager. Contractor is responsible for proving equivalency.


	C. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, and marked for intended location and application.

	2.2 RIGID NONMETALLIC DUCT
	A. Underground Plastic Utilities Duct: Type EPC-40-PVC RNC, complying with NEMA TC 2 and UL 651, with matching fittings complying with NEMA TC 3 by same manufacturer as duct.
	B. Listed and labeled as defined in NFPA 70, by a nationally recognized testing laboratory, and marked for intended location and application.
	C. Solvents and Adhesives: As recommended by conduit manufacturer.
	D. Nonmetallic Conduit:
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	a. CANTEX INC.
	b. Electri-Flex Company.
	c. Kraloy.
	d. Lamson & Sessions.
	e. Thomas & Betts Corporation; A Member of the ABB Group.
	f. Or Equal, as determined by Project Manager. Contractor is responsible for proving equivalency.



	2.3 DUCT ACCESSORIES
	A. Duct Spacers: Factory-fabricated, rigid, PVC interlocking spacers; sized for type and size of duct with which used and selected to provide minimum duct spacing indicated while supporting duct during concreting or backfilling.
	B. Underground-Line Warning Tape: Comply with requirements for underground-line warning tape specified in Section 260553 "Identification for Electrical Systems."

	2.4 PRECAST CONCRETE HANDHOLES AND BOXES
	A. 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.
	B. Manufactures acceptable for use:
	1. Christy Concrete Products
	2. Oldcastle Precast, Inc.
	3. Or Equal, as determined by Project Manager. Contractor is responsible for proving equivalency.

	C. Comply with ASTM C858 for design and manufacturing processes.
	D. Frame and Cover: Weatherproof Galvanized Steel frame, with gasketed, Galvanized Steel cover with recessed cover hook eyes and tamper-resistant, captive, cover-securing bolts.
	E. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.
	F. Cover Legend: Molded lettering, "ELECTRIC."
	G. Configuration: Units shall be designed for flush burial and have open bottom unless otherwise indicated.
	H. Extensions and Slabs: Designed to mate with bottom of enclosure. Same material as enclosure.
	1. Extension shall provide increased depth of 12 inches (300 mm).
	2. Slab: Same dimensions as bottom of enclosure and arranged to provide closure.

	I. 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.
	J. Knockout Panels: Precast openings in walls, arranged to match dimensions and elevations of approaching duct, plus an additional 12 inches (300 mm) vertically and horizontally to accommodate alignment variations.
	1. Center window location.
	2. Knockout panels shall be located no less than 6 inches (150 mm) from interior surfaces of walls, floors, or frames and covers of handholes, but close enough to corners to facilitate racking of cables on walls.
	3. Knockout panel opening shall have cast-in-place, welded-wire fabric reinforcement for field cutting and bending to tie into concrete envelopes of duct.
	4. Knockout panels shall be framed with at least two additional No. 3 steel reinforcing bars in concrete around each opening.
	5. Knockout panels shall be 1-1/2 to 2 inches (38 to 50 mm) thick.

	K. Duct Entrances in Handhole Walls: Cast end-bell or duct-terminating fitting in wall for each entering duct.
	1. Type and size shall match fittings to duct to be terminated.
	2. Fittings shall align with elevations of approaching duct and be located near interior corners of handholes to facilitate racking of cable.

	L. Handholes 12 inches wide by 24 inches long (300 mm wide by 600 mm long) and larger shall have inserts for cable racks and pulling-in irons installed before concrete is poured.

	2.5 UTILITY STRUCTURE ACCESSORIES
	A. Accessories for Utility Structures: Utility equipment and accessory items used for utility structure access and utility support, listed and labeled for intended use and application.
	B. Pulling Eyes in Concrete Walls: Eyebolt with reinforcing-bar fastening insert, 2-inch- (50-mm-) diameter eye, and 1-by-4-inch (25-by-100-mm) bolt.
	1. Working Load Embedded in 6-Inch (150-mm), 4000-psi (27.6-MPa) Concrete: 13,000-lbf (58-kN) minimum tension.

	C. Bolting Inserts for Concrete Utility Structure Cable Racks and Other Attachments: Flared, threaded inserts of noncorrosive, chemical-resistant, nonconductive thermoplastic material; 1/2-inch (13-mm) ID by 2-3/4 inches (69 mm) deep, flared to 1-1/4 ...
	1. Tested Ultimate Pullout Strength: 12,000 lbf (53 kN) minimum.

	D. Ground Rod Sleeve: 3-inch (75-mm) PVC sleeve in manhole floors 2 inches (50 mm) from the wall adjacent to, but not underneath, the ducts routed from the facility.
	E. Expansion Anchors for Installation after Concrete Is Cast: Zinc-plated, carbon-steel-wedge type with stainless-steel expander clip with 1/2-inch (13-mm) bolt, 5300-lbf (24-kN) rated pullout strength, and minimum 6800-lbf (30-kN) rated shear strength.
	F. Cable Rack Assembly: Nonmetallic. Components fabricated from nonconductive, fiberglass-reinforced polymer.
	1. Stanchions: Nominal 36 inches (900 mm) high by 4 inches (100 mm) wide, with provisions to connect to other sections to form a continuous unit, with minimum of nine holes for arm attachment.
	2. Arms: Arranged for secure, drop-in attachment in horizontal position at any location on cable stanchions, and capable of being locked in position. Arms shall be available in lengths ranging from 3 inches (75 mm) with 450-lb (204-kg) minimum capacit...

	G. Duct-Sealing Compound: Nonhardening, safe for contact with human skin, not deleterious to cable insulation, and workable at temperatures as low as 35 deg F (2 deg C). Capable of withstanding temperature of 300 deg F (150 deg C) without slump and ad...
	H. Cover Hooks: Heavy duty, designed for lifts 60 lbf (270 N) and greater. Two required.

	2.6 SOURCE QUALITY CONTROL
	A. Test and inspect precast concrete utility structures according to ASTM C1037.
	1. Strength tests of complete boxes and covers shall be by an independent testing agency or manufacturer. A qualified registered professional engineer shall certify tests by manufacturer.
	2. Testing machine pressure gages shall have current calibration certification, complying with ISO 9000 and ISO 10012, and traceable to NIST standards.



	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Coordinate layout and installation of duct, duct bank, manholes, handholes, and boxes with final arrangement of other utilities, site grading, and surface features as determined in the field. Notify Architect if there is a conflict between areas of...
	B. Coordinate elevations of duct and duct-bank entrances into manholes, handholes, and boxes with final locations and profiles of duct and duct banks, as determined by coordination with other utilities, underground obstructions, and surface features. ...
	C. Clear and grub vegetation to be removed and protect vegetation to remain according to Section 201 "Clearing and Grubbing." Remove and stockpile topsoil for reapplication according to Section 651 "Topsoil Stockpiled."

	3.2 UNDERGROUND DUCT APPLICATION
	A. Duct for Electrical Feeders 600 V and Less: Type EPC-40-PVC RNC, encased in reinforced concrete, unless otherwise indicated.
	B. Duct for Electrical Branch Circuits: Type EPEC-80 HDPE RNC, direct-buried unless otherwise indicated.
	C. Stub-ups: Concrete-encased PVC-coated GRC.

	3.3 UNDERGROUND ENCLOSURE APPLICATION
	A. Handholes and Boxes for 600 V and Less:
	1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete. AASHTO HB 17, rated for use in runways (Airfield Rated)
	2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, Nondeliberate Loading by Heavy Vehicles: Precast concrete, AASHTO HB 17, H-20 structural load rating.
	3. Cover design load shall not exceed the design load of the handhole or box.


	3.4 EARTHWORK
	A. Excavation and Backfill: Comply with Section 200 "Earthwork," but do not use heavy-duty, hydraulic-operated, compaction equipment.
	B. Restoration: Replace area after construction vehicle traffic in immediate area is complete.
	C. Restore surface features at areas disturbed by excavation and re-establish original grades unless otherwise indicated. Replace removed sod immediately after backfilling is completed.
	D. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore vegetation and include necessary top soiling, fertilizing, liming, seeding, sodding, sprigging, and mulching. Comply with Section 659 " Seeding and Mulching."
	E. Cut and patch existing pavement in the path of underground duct, duct bank, and utility structures according to the "Removal of Existing Pavement" and “Placement of Asphalt Concrete” Articles in Section 253 "Pavement Repair."

	3.5 DUCT AND DUCT-BANK INSTALLATION
	A. Where indicated on Drawings, install duct, spacers, and accessories into the duct-bank configuration shown. Duct installation requirements in this Section also apply to duct bank.
	B. Install duct according to NEMA TCB 2.
	C. Slope: Pitch duct a minimum slope of 1:300 down toward manholes and handholes and away from buildings and equipment. Slope duct from a high point between two manholes, to drain in both directions.
	D. Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use manufactured long sweep bends with a minimum radius of 48 inches (1200 mm), both horizontally and vertically, at other locations unless otherwise indicated.
	1. Duct shall have maximum of three 90-degree bends or the total of all bends shall be no more 270 degrees between pull points.

	E. Joints: Use solvent-cemented joints in duct and fittings and make watertight according to manufacturer's written instructions. Stagger couplings so those of adjacent duct do not lie in same plane.
	F. Terminator Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use manufactured, cast-in-place duct terminators, with entrances into structure spaced approximately 6 inches (150 mm) o.c. for 4-inch (100-mm) duct and vary proportionat...
	1. Begin change from regular spacing to terminator spacing 10 feet (3 m) from the terminator, without reducing duct line slope and without forming a trap in the line.

	G. Pulling Cord: Install 200-lbf- (1000-N-) test nylon cord in empty ducts.
	H. Concrete-Encased Ducts and Duct Bank:
	1. Excavate trench bottom to provide firm and uniform support for duct. Prepare trench bottoms as specified in Section 200 Earthwork.
	2. Width: Excavate trench 3 inches (75 mm) wider than duct on each side.
	3. Depth: Install so top of duct envelope is at least 24 inches (600 mm) below finished grade in areas not subject to deliberate traffic, and at least 30 inches (750 mm) below finished grade in deliberate traffic paths for vehicles unless otherwise in...
	4. Support duct on duct spacers coordinated with duct size, duct spacing, and outdoor temperature.
	5. Spacer Installation: Place spacers close enough to prevent sagging and deforming of duct, with not less than four spacers per 20 feet (6 m) of duct. Place spacers within 24 inches (600 mm) of duct ends. Stagger spacers approximately 6 inches (150 m...
	6. Elbows: Use manufactured PVC coated GRC elbows for stub-ups, at building entrances, and at changes of direction in duct run.
	a. Couple RNC duct to GRC with adapters designed for this purpose and encase coupling with 3 inches (75 mm) of concrete.
	b. Stub-ups to Outdoor Equipment: Extend concrete-encased GRC horizontally a minimum of 60 inches (1500 mm) from edge of base. Install insulated grounding bushings on terminations at equipment.
	1) Stub-ups shall be minimum 4 inches (100 mm) above finished floor and minimum 6 inches (150 mm) from conduit side to edge of slab.

	c. Stub-ups to Indoor Equipment: Extend concrete-encased GRC horizontally a minimum of 60 inches (1500 mm) from edge of wall. Install insulated grounding bushings on terminations at equipment.
	1) Stub-ups shall be minimum 6 inches (150 mm) above finished floor and no less than 6 inches (150 mm) from conduit side to edge of slab.


	7. Reinforcement: Reinforce concrete-encased duct. Arrange reinforcing rods and ties without forming conductive or magnetic loops around ducts or duct groups.
	8. Forms: Use walls of trench to form side walls of duct bank where soil is self-supporting and concrete envelope can be poured without soil inclusions; otherwise, use forms.
	9. Concrete Cover: Install a minimum of 3 inches (75 mm) of concrete cover between edge of duct to exterior envelope wall, 2 inches (50 mm) between duct of like services, and 12 inches (300 mm) between power and communications ducts.
	10. Concreting Sequence: Pour each run of envelope between manholes or other terminations in one continuous operation.
	a. Start at one end and finish at the other, allowing for expansion and contraction of duct as its temperature changes during and after the pour. Use expansion fittings installed according to manufacturer's written instructions or use other specific m...
	b. If more than one pour is necessary, terminate each pour in a vertical plane and install 3/4-inch (15-mm) reinforcing-rod dowels extending a minimum of 18 inches (450 mm) into concrete on both sides of joint near corners of envelope.

	11. Pouring Concrete: Comply with requirements in "Class QC Misc." Article in Section 499 Concrete-General “Concrete Mix Design Requirements” of the ODOT Construction and Material Specifications. Place concrete carefully during pours to prevent voids ...

	I. Underground-Line Warning Tape: Bury conducting underground line specified in Section 260553 "Identification for Electrical Systems" no less than 12 inches (300 mm) above all concrete-encased duct and duct banks. Align tape parallel to and within 3 ...

	3.6 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES
	A. Precast Concrete Handhole and Manhole Installation:
	1. Comply with ASTM C891 unless otherwise indicated.
	2. Install units’ level and plumb and with orientation and depth coordinated with connecting duct, to minimize bends and deflections required for proper entrances.
	3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1-inch (25-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent undisturbed earth.

	B. Elevations:
	1. Install handholes with bottom below frost line, 6” below grade.
	2. Handhole Covers: In paved areas and trafficways, set surface flush with finished grade. Set covers of other handholes 1 inch (25 mm) above finished grade.
	3. Where indicated, cast handhole cover frame integrally with handhole structure.

	C. Hardware: Install removable hardware, including pulling eyes, cable stanchions, and cable arms, and insulators, as required for installation and support of cables and conductors and as indicated.
	D. Field-Installed Bolting Anchors in Manholes and Concrete Handholes: Do not drill deeper than 3-7/8 inches (97 mm) for manholes and 2 inches (50 mm) for handholes, for anchor bolts installed in the field. Use a minimum of two anchors for each cable ...

	3.7 GROUNDING
	A. Ground underground ducts and utility structures according to Section 260526 "Grounding and Bonding for Electrical Systems."

	3.8 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	1. Demonstrate capability and compliance with requirements on completion of installation of underground duct, duct bank, and utility structures.
	2. Pull solid aluminum or wood test mandrel through duct to prove joint integrity and adequate bend radii, and test for out-of-round duct. Provide a minimum 12-inch- (300-mm-) long mandrel equal to duct size minus 1/4 inch (6 mm). If obstructions are ...
	3. Test manhole and handhole grounding to ensure electrical continuity of grounding and bonding connections. Measure and report ground resistance as specified in Section 260526 "Grounding and Bonding for Electrical Systems."

	B. Correct deficiencies and retest as specified above to demonstrate compliance.
	C. Prepare test and inspection reports.

	3.9 CLEANING
	A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of duct until duct cleaner indicates that duct is clear of dirt and debris. Follow with rubber duct swab for final cleaning and to assist in spreading lubricant...
	B. Clean internal surfaces of manholes, including sump.
	1. Sweep floor, removing dirt and debris.
	2. Remove foreign material.



	PART 4 -  COMPENSATION
	4.1 MEASUREMENT
	A. Underground Ducts and Raceway for Electrical Systems shall not be measured.

	4.2 PAYMENT
	A. Payment for "Underground Ducts and Raceway for Electrical Systems", complete in place, including all work described in this Section regarding furnishing and installing equipment as shown on the Contract Drawings and/or specified herein, shall be ta...
	B. Payment for "Underground Ducts and Raceway for Electrical Systems", complete in place, including all work described in this Section regarding furnishing and installing equipment as shown on the Contract Drawings and/or specified herein, shall be ta...
	C. The above price(s) shall include all the work described in this Section and shown on the Contract Drawings including all labor, materials, services, and equipment necessary to complete the work in every respect to the satisfaction of the Engineer.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Metal conduits and fittings.
	2. Nonmetallic conduits and fittings.
	3. Boxes, enclosures, and cabinets.

	B. Related Requirements:
	1. Section 260543 "Underground Ducts and Raceways for Electrical Systems" for exterior ductbanks, manholes, and underground utility construction.
	2. Section 270528 "Pathways for Communications Systems" for conduits, wireways, surface pathways, innerduct, boxes, faceplate adapters, enclosures, cabinets, and handholes serving communications systems.


	1.3 DEFINITIONS
	A. GRC: Galvanized rigid steel conduit.
	B. IMC: Intermediate metal conduit.

	1.4 ACTION SUBMITTALS
	A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, and cabinets.
	B. Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, and attachment details.
	C. Source quality-control reports.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUITS AND FITTINGS
	A. Metal Conduit:
	1. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. GRC: Comply with ANSI C80.1 and UL 6.
	3. EMT: Comply with ANSI C80.3 and UL 797.
	4. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360.

	B. Metal Fittings:
	1. Comply with NEMA FB 1 and UL 514B.
	2. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	3. Fittings, General: Listed and labeled for type of conduit, location, and use.

	C. Joint Compound for GRC: Approved, as defined in NFPA 70, by authorities having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from corrosion and to enhance their conductivity.

	2.2 NONMETALLIC CONDUITS AND FITTINGS
	A. Nonmetallic Conduit:
	1. Listing and Labeling: Nonmetallic conduit shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. RNC: Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise indicated.
	3. LFNC: Comply with UL 1660.

	B. Nonmetallic Fittings:
	1. Fittings, General: Listed and labeled for type of conduit, location, and use.
	2. Fittings for RNC: Comply with NEMA TC 3; match to conduit or tubing type and material.
	a. Fittings for LFNC: Comply with UL 514B.

	3. Solvents and Adhesives: As recommended by conduit manufacturer.


	2.3 BOXES, ENCLOSURES, AND CABINETS
	A. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets installed in wet locations shall be listed for use in wet locations.
	B. Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.
	C. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy Type FD, with gasketed cover.
	D. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C.
	E. Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, galvanized, cast iron with gasketed cover.
	F. Box extensions used to accommodate new building finishes shall be of same material as recessed box.
	G. Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm deep).
	H. Gangable boxes are prohibited.
	I. Cabinets:
	1. NEMA 250, Type 3R galvanized-steel box with removable interior panel and removable front, finished inside and out with manufacturer's standard enamel.
	2. Hinged door in front cover with flush latch and concealed hinge.
	3. Key latch to match panelboards.
	4. Metal barriers to separate wiring of different systems and voltage.
	5. Accessory feet where required for freestanding equipment.
	6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.


	2.4 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING
	A. See Section 260543 “Underground Ducts and Raceways for Electrical Systems” for general requirements for handholes and boxes:


	PART 3 -  EXECUTION
	3.1 RACEWAY APPLICATION
	A. Outdoors: Apply raceway products as specified below unless otherwise indicated:
	1. Exposed Conduit: GRC.
	2. Underground Conduit: RNC, Type EPC-40-PVC, Concrete Encased. See 26 05 43 “Underground Ducts and Raceways for Electrical Systems.”
	3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment): LFMC.
	4. Boxes and Enclosures, Aboveground: NEMA 250, Type 4X stainless steel.

	B. Indoors: Apply raceway products as specified below unless otherwise indicated:
	1. Exposed, Not Subject to Physical Damage: RGS.
	2. Concealed in Ceilings and Interior Walls and Partitions: RGS
	3. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet locations.
	4. Boxes and Enclosures: NEMA 250, Type 1

	C. Minimum Raceway Size: 3/4-inch (21-mm) trade size.
	D. Raceway Fittings: Compatible with raceways and suitable for use and location.
	1. Rigid Steel Conduit: Use threaded rigid steel conduit fittings unless otherwise indicated. Comply with NEMA FB 2.10.
	2. EMT: Use set-screw, steel fittings. Comply with NEMA FB 2.10.
	3. Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with NEMA FB 2.20.

	E. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F (49 deg C)

	3.2 INSTALLATION
	A. Comply with NECA 1 and NECA 101 for installation requirements except where requirements on Drawings or in this article are stricter. Comply with NFPA 70 limitations for types of raceways allowed in specific occupancies and number of floors.
	B. Do not fasten conduits onto the bottom side of a metal deck roof.
	C. Keep raceways at least 6 inches (150 mm) away from parallel runs of hot-water pipes. Install horizontal raceway runs above water piping.
	D. Complete raceway installation before starting conductor installation.
	E. Arrange stub-ups so curved portions of bends are not visible above finished slab.  Stub-ups will be RMC to six inches (150 mm) above slab.
	F. Install no more than the equivalent of three 90-degree bends in any conduit run except for control wiring conduits, for which fewer bends are allowed. Support within 12 inches (300 mm) of changes in direction.
	G. Make bends in raceway using large-radius preformed ells. Field bending shall be according to NFPA 70 minimum radii requirements. Use only equipment specifically designed for material and size involved.
	H. Conceal conduit within finished walls, ceilings, and floors unless otherwise indicated. Install conduits parallel or perpendicular to building lines.
	I. Support conduit within 12 inches (300 mm) of enclosures to which attached.
	J. Raceways Embedded below Slabs:
	1. Run conduit larger than 1-inch (27-mm) trade size, below slab. Secure raceways to reinforcement.
	2. Arrange raceways to keep a minimum of 2 inches (50 mm) of concrete cover in all directions.
	3. Do not embed threadless fittings in concrete unless specifically approved by Architect for each specific location.
	4. Change from RNC to GRC before rising above floor.

	K. Stub-Ups to Above Recessed Ceilings:
	1. Use RMC for raceways.
	2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or in an enclosure.

	L. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply listed compound to threads of raceway and fittings before making up joints. Follow compound manufacturer's written instructions.
	M. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings to protect conductors including conductors smaller than No. 4 AWG.
	N. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets. Install bushings on conduits up to 1-1/4-inch (35mm) trade size and insulated throat metal bushings on 1-1/2-inch (41-mm) trade size and lar...
	O. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install locknuts hand tight plus 1/4 turn more.
	P. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.
	Q. Cut conduit perpendicular to the length. For conduits 2-inch (53-mm) trade size and larger, use roll cutter or a guide to make cut straight and perpendicular to the length.
	R. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not less than 200-lb (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end of pull wire. Cap underground raceways designated as spa...
	S. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a blank cover plate having a finish similar to that of ...
	T. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or boxes are between the seal and the following changes of environments. Seal the interior of all raceways at the following points:
	1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
	2. Where an underground service raceway enters a building or structure.
	3. Conduit extending from interior to exterior of building.
	4. Where otherwise required by NFPA 70.

	U. Comply with manufacturer's written instructions for solvent welding RNC and fittings.
	V. Expansion-Joint Fittings:
	1. Install in each run of aboveground RNC that is located where environmental temperature change may exceed 30 deg F (17 deg C) and that has straight-run length that exceeds 25 feet (7.6 m). Install in each run of aboveground RMC conduit that is locat...
	2. Install type and quantity of fittings that accommodate temperature change listed for each of the following locations:
	a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F (70 deg C) temperature change.
	b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F (86 deg C) temperature change.
	c. Indoor Spaces Connected with Outdoors without Physical Separation: 125 deg F (70 deg C) temperature change.

	3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot of length of straight run per deg F (0.06 mm per meter of length of straight run per deg C) of temperature change for PVC conduits. Install fitting(s) that...
	4. Install expansion fittings at all locations where conduits cross building or structure expansion joints.
	5. Install each expansion-joint fitting with position, mounting, and piston setting selected according to manufacturer's written instructions for conditions at specific location at ambient temperature at time of installation. Install conduit supports ...

	W. Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches (1830 mm) of flexible conduit for recessed and semi recessed luminaires, equipment subject to vibration, noise transmission, or movement; and for transformers and motors.
	X. Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not individually indicated, give priority to ADA requirements. Install boxes with height measured to center of box unless otherwise indicated.
	Y. Horizontally separate boxes mounted on opposite sides of walls, so they are not in the same vertical channel.
	Z. Locate boxes so that cover or plate will not span different building finishes.
	AA. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting on brackets specifically designed for the purpose.
	BB. Fasten junction and pull boxes to or support from building structure. Do not support boxes by conduits.

	3.3 PROTECTION
	A. Protect coatings, finishes, and cabinets from damage and deterioration.
	1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.
	2. Repair damage to paint finishes with matching touchup coating recommended by manufacturer.



	PART 4 -  COMPENSATION
	4.1 MEASUREMENT
	A. Raceways and Boxes for Electrical Systems shall not be measured.

	4.2 PAYMENT
	A. Payment for "Raceways and Boxes for Electrical Systems", complete in place, including all work described in this Section regarding furnishing and installing equipment as shown on the Electrical Sheets of the Contract Drawings and/or specified herei...
	B. Payment for "Raceways and Boxes for Electrical Systems", complete in place, including all work described in this Section regarding furnishing and installing equipment as shown on the Utility Sheets of the Contract Drawings and/or specified herein, ...
	C. The above price(s) shall include all the work described in this Section and shown on the Contract Drawings including all labor, materials, services, and equipment necessary to complete the work in every respect to the satisfaction of the Engineer.



	260526 - Grounding and Bonding for Electrical Systems.pdf
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes grounding and bonding systems and equipment.
	B. Section includes grounding and bonding systems and equipment, plus the following special applications:
	1. Underground distribution grounding.
	2. Ground bonding common with lightning protection system.
	3. Foundation steel electrodes.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.

	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Plans showing dimensioned locations of grounding features specified in "Field Quality Control" Article, including the following:
	1. Test wells.
	2. Ground rods.
	3. Ground rings.
	4. Grounding arrangements and connections for separately derived systems.

	B. Qualification Data: For testing agency and testing agency's field supervisor.
	C. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For grounding to include in emergency, operation, and maintenance manuals.
	1. In addition to other submitted items include the following:
	a. Plans showing as-built, dimensioned locations of system described, including the following:
	1) Ground rods.
	2) Ground rings.
	3) Grounding arrangements and connections for separately derived systems.




	1.6 QUALITY CONTROL
	A. Testing Agency Qualifications: Certified by NETA.


	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTION
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with UL 467 for grounding and bonding materials and equipment.

	2.2 CONDUCTORS
	A. Insulated Conductors: Copper wire or cable insulated for 600 V unless otherwise required by applicable Code or authorities having jurisdiction.
	B. Bare Copper Conductors:
	1. Solid Conductors: ASTM B3.
	2. Stranded Conductors: ASTM B8.
	3. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in diameter.
	4. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.

	C. Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches (6.3 by 100 mm) in cross section, with 9/32-inch (7.14-mm) holes spaced 1-1/8 inches (28 mm) apart. Stand-off insulators for mounting shall comply with UL 891 for use in...

	2.3 CONNECTORS
	A. Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in which used and for specific types, sizes, and combinations of conductors and other items connected.
	B. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.
	C. Bus-Bar Connectors: Compression type, copper or copper alloy, with two wire terminals.
	D. Cable-to-Cable Connectors: Compression type, copper or copper alloy.
	E. Conduit Hubs: Mechanical type, terminal with threaded hub.
	F. Lay-in Lug Connector: Mechanical type, copper rated for direct burial terminal with set screw.
	G. Service Post Connectors: Mechanical type, bronze alloy terminal, in short- and long-stud lengths, capable of single and double conductor connections.
	H. Straps: Solid copper, copper lugs. Rated for 600 A.
	I. U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial.
	J. Water Pipe Clamps:
	1. Mechanical type, two pieces with stainless-steel bolts.
	a. Material: Die-cast zinc alloy.
	b. Listed for direct burial.

	2. U-bolt type with malleable-iron clamp and copper ground connector rated for direct burial.


	2.4 GROUNDING ELECTRODES
	A. Ground Rods: Copper-clad steel, sectional type; 3/4 inch by 10 feet (19 mm by 3 m).


	PART 3 -  EXECUTION
	3.1 APPLICATIONS
	A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for No. 6 AWG and larger unless otherwise indicated.
	B. Underground Grounding Conductors: Install bare copper conductor, No. 2/0 minimum.
	1. Bury at least 30 inches (750 mm) below grade.
	2. Duct-Bank Grounding Conductor: Bury below duct bank.

	C. Grounding Conductors: Green-colored insulation.
	D. Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, and elsewhere as indicated.
	1. Install bus horizontally, on insulated spacers 2 inches (50 mm) minimum from wall, 6 inches (150 mm) above finished floor unless otherwise indicated.
	2. Where indicated on both sides of doorways, route bus up to top of door frame, across top of doorway, and down; connect to horizontal bus.

	E. Conductor Terminations and Connections:
	1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
	2. Underground Connections: Welded connectors except as otherwise indicated.
	3. Connections to Structural Steel: Welded connectors.


	3.2 GROUNDING AT THE SERVICE
	A. Equipment grounding conductors and grounding electrode conductors shall be connected to the ground bus. Install a main bonding jumper between the neutral and ground buses.

	3.3 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS
	A. Comply with IEEE C2 grounding requirements.
	B. Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole floor, close to wall, and set rod depth so 4 inches (100 mm) will extend above finished floor. If necessary, install ground rod before manhole is placed and p...
	C. Grounding Connections to Manhole Components: Bond exposed-metal parts such as inserts, cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to ground rod or grounding conductor. Make connections with No. 4 AWG min...
	D. Pad-Mounted Transformers and Switches: Install two ground rods and ground ring around the pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with substations by connecting them to underground cable and grounding electr...

	3.4 EQUIPMENT GROUNDING
	A. Install insulated equipment grounding conductors with all feeders and branch circuits.
	B. Install insulated equipment grounding conductors with the following items, in addition to those required by NFPA 70:
	1. Feeders and branch circuits.
	2. Lighting circuits.
	3. Receptacle circuits.
	4. Single-phase motor and appliance branch circuits.
	5. Three-phase motor and appliance branch circuits.
	6. Flexible raceway runs.
	7. Armored and metal-clad cable runs.

	C. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated equipment grounding conductor to each electric water heater and heat-tracing cable. Bond conductor to heater units, piping, connected equipment, and components.
	D. Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate insulated equipment grounding conductor in addition to grounding conductor installed with branch-circuit conductors.
	E. Metallic Fences: Comply with requirements of IEEE C2.
	1. Grounding Conductor: Bare copper, not less than No. 6 AWG.
	2. Gates: Shall be bonded to the grounding conductor with a flexible bonding jumper.
	3. Barbed Wire: Strands shall be bonded to the grounding conductor.


	3.5 FENCE GROUNDING
	A. Fence Grounding: Install at maximum intervals of 1500 feet (450 m)  except as follows:
	1. Fences within 100 Feet (30 m) of Buildings, Structures, Walkways, and Roadways: Ground at maximum intervals of 750 feet (225 m).
	a. Gates and Other Fence Openings: Ground fence on each side of opening.
	1) Bond metal gates to gate posts.
	2) Bond across openings, with and without gates, except at openings indicated as intentional fence discontinuities. Use No. 2 AWG wire and bury it at least 18 inches (460 mm) below finished grade.



	B. Protection at Crossings of Overhead Electrical Power Lines: Ground fence at location of crossing and at a maximum distance of 150 feet (45 m) on each side of crossing.
	C. Fences Enclosing Electrical Power Distribution Equipment: Ground as required by IEEE C2 unless otherwise indicated.
	D. Grounding Method: At each grounding location, drive a grounding rod vertically until the top is 6 inches (150 mm) below finished grade. Connect rod to fence with No. 6 AWG conductor. Connect conductor to each fence component at grounding location.
	E. Bonding Method for Gates: Connect bonding jumper between gate post and gate frame.
	F. Bonding to Lightning-Protection System: If fence terminates at lightning-protected building or structure, ground the fence and bond the fence grounding conductor to lightning-protection down conductor or lightning-protection grounding conductor, co...

	3.6 INSTALLATION
	A. Grounding Conductors: Route along shortest and straightest paths possible unless otherwise indicated or required by Code. Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
	B. Ground Bonding Common with Lightning Protection System: Comply with NFPA 780 and UL 96 when interconnecting with lightning protection system. Bond electrical power system ground directly to lightning protection system grounding conductor at closest...
	C. Ground Rods: Drive rods until tops are 2 inches (50 mm) below finished floor or final grade unless otherwise indicated.
	1. Interconnect ground rods with grounding electrode conductor below grade and as otherwise indicated. Make connections without exposing steel or damaging coating if any.
	2. Use exothermic welds for all below-grade connections.
	3. For grounding electrode system, install at least two rods spaced at least two-rod lengths from each other and located at least the same distance from other grounding electrodes, and connect to the service grounding electrode conductor.

	D. Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance except where routed through short lengths of conduit.
	1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate any adjacent parts.
	2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install bonding so vibration is not transmitted to rigidly mounted equipment.
	3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection is required, use a bolted clamp.

	E. Grounding and Bonding for Piping:
	1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit, from building's main service equipment, or grounding bus, to main metal water service entrances to building. Connect grounding conductors to main metal water servi...
	2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water meters. Connect to pipe with a bolted connector.
	3. Bond each aboveground portion of gas piping system downstream from equipment shutoff valve.

	F. Grounding for Steel Building Structure: Install a driven ground rod at base of each corner column and at intermediate exterior columns at distances not more than 60 feet (18 m) apart.
	G. Ground Ring: Install a grounding conductor, electrically connected to each building structure ground rod and to each corner, extending around the perimeter of area or item indicated.
	1. Install tinned-copper conductor not less than No. 2/0 AWG for ground ring and for taps to building steel.
	2. Bury ground ring not less than 24 inches (600 mm) from building's foundation.

	H. Connections: Make connections so possibility of galvanic action or electrolysis is minimized. Select connectors, connection hardware, conductors, and connection methods so metals in direct contact are galvanically compatible.
	1. Use electroplated or hot-tin-coated materials to ensure high conductivity and to make contact points closer in order of galvanic series.
	2. Make connections with clean, bare metal at points of contact.
	3. Make aluminum-to-galvanized-steel connections with tin-plated copper jumpers and mechanical clamps.
	4. Coat and seal connections having dissimilar metals with inert material to prevent future penetration of moisture to contact surfaces.


	3.7 FIELD QUALITY CONTROL
	A. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	B. Perform tests and inspections.
	C. Tests and Inspections:
	1. After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.
	2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, electrical connections with a calibrated torque wrench according to manufacturer's written instructions.
	3. Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal. Make tests at ground rods before any conductors are connected.
	a. Measure ground resistance no fewer than two full days after last trace of precipitation and without soil being moistened by any means other than natural drainage or seepage and without chemical treatment or other artificial means of reducing natura...
	b. Perform tests by fall-of-potential method according to IEEE 81.

	4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod assembly, and other grounding electrodes. Identify each by letter in alphabetical order, and key to the record of tests and observations. Include the number of rods dri...

	D. Grounding system will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.
	F. Report measured ground resistances that exceed the following values:
	1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 25 ohms.
	2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms.
	3. Power Distribution Units or Panelboards Serving Electronic Equipment: 3 ohm(s).
	4. Substations and Pad-Mounted Equipment: 5 ohms.
	5. Manhole Grounds: 10 ohms.

	G. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance.


	PART 4 -  COMPENSATION
	4.1 MEASUREMENT
	A. Grounding and Bonding for Electrical Systems shall not be measured.

	4.2 PAYMENT
	A. Payment for "Grounding and Bonding for Electrical", complete in place, including all work described in this Section regarding furnishing and installing equipment as shown on the Contract Drawings and/or specified herein, shall be taken to be includ...
	B. The above price(s) shall include all the work described in this Section and shown on the Contract Drawings including all labor, materials, services, and equipment necessary to complete the work in every respect to the satisfaction of the Engineer.



	260519 - Low-Voltage Electrical Power Conductors and Cables.pdf
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Copper building wire rated 600 V or less.
	2. Connectors, splices, and terminations rated 600 V and less.


	1.3 DEFINITIONS
	A. VFC: Variable-frequency controller.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Product Schedule: Indicate type, use, location, and termination locations.

	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For testing agency.
	B. Field quality-control reports.

	1.6 QUALITY CONTROL
	A. Testing Agency Qualifications: Member company of NETA.
	1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing.



	PART 2 -  PRODUCTS
	2.1 COPPER BUILDING WIRE
	A. Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with an overall insulation layer or jacket, or both, rated 600 V or less.
	B. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Cerro Wire LLC.
	2. Encore Wire Corporation.
	3. General Cable Technologies Corporation.
	4. Service Wire Co.
	5. Southwire Company
	6. Or Equal, as determined by Project Manager. Contractor is responsible for proving equivalency.

	C. Standards:
	1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and use.
	2. Conductor and Cable Marking: Comply with wire and cable marking according to UL's "Wire and Cable Marking and Application Guide."

	D. Conductors: Copper, complying with ASTM B3 for bare annealed copper and with ASTM B8  for stranded conductors.
	E. Conductor Insulation:
	1. Type THHN and Type THWN-2: Comply with UL 83.
	2. Type XHHW-2: Comply with UL 44.


	2.2 CONNECTORS AND SPLICES
	A. Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material, type, and class for application and service indicated; listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intende...
	B. Jacketed Cable Connectors: For steel jacketed cables, zinc die-cast with set screws, designed to connect conductors specified in this Section.
	C. Lugs: One piece, seamless, designed to terminate conductors specified in this Section.
	1. Material: Copper.
	2. Type: Two hole with long barrels.
	3. Termination: Compression.



	PART 3 -  EXECUTION
	3.1 CONDUCTOR MATERIAL APPLICATIONS
	A. Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

	3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING METHODS
	A. Service Entrance: XHHW-2, single conductors in raceway.
	B. Exposed Feeders: Type THHN/THWN-2, single conductors in raceway.
	C. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type XHHW-2, single conductors in raceway.
	D. Exposed Branch Circuits: Type THHN/THWN-2, single conductors in raceway.
	E. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Metal-clad cable, Type MC.
	F. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: Type XHHW-2, single conductors in raceway.

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.
	B. Complete raceway installation between conductor and cable termination points according to Section 260533 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and cables.
	C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.
	D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will not damage cables or raceway.
	E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow surface contours where possible.

	3.4 CONNECTIONS
	A. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values. If manufacturer's torque values are not indicated, use those specified in UL 486A-486B.
	B. Make splices, terminations, and taps that are compatible with conductor material and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors.
	C. Wiring at Outlets: Install conductor at each outlet, with at least 12 inches (300 mm) of slack.

	3.5 IDENTIFICATION
	A. Identify and color-code conductors and cables according to Section 260553 "Identification for Electrical Systems."
	B. Identify each spare conductor at each end with identity number and location of other end of conductor, and identify as spare conductor.

	3.6 FIELD QUALITY CONTROL
	A. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	B. Perform tests and inspections.
	1. After installing feeder conductors and before electrical circuitry has been energized, test service entrance and feeder conductors for compliance with requirements.
	2. Perform each of the following visual and electrical tests:
	a. Inspect exposed sections of conductor and cable for physical damage and correct connection according to the single-line diagram.
	b. Test bolted connections for high resistance using each of the following:
	1) A low-resistance ohmmeter.
	2) Calibrated torque wrench.

	c. Inspect compression-applied connectors for correct cable match and indentation.
	d. Inspect for correct identification.
	e. Inspect cable jacket and condition.
	f. Insulation-resistance test on each feeder and site lighting conductor for ground and adjacent conductors. Apply a potential of 500-V dc for 300-V rated cable and 1000-V dc for 600-V rated cable for a one-minute duration.
	g. Continuity test on each conductor and cable.
	h. Uniform resistance of parallel conductors.


	C. Cables will be considered defective if they do not pass tests and inspections.
	D. Prepare test and inspection reports to record the following:
	1. Procedures used.
	2. Results that comply with requirements.
	3. Results that do not comply with requirements, and corrective action taken to achieve compliance with requirements.



	PART 4 -  COMPENSATION
	4.1 MEASUREMENT
	A. Low-Voltage Electrical Power Conductors and Cables shall not be measured.

	4.2 PAYMENT
	A. Payment for "Low-Voltage Electrical Power Conductors And Cables", complete in place, including all work described in this Section regarding furnishing and installing equipment as shown on the Contract Drawings and/or specified herein, shall be take...
	B. The above price(s) shall include all the work described in this Section and shown on the Contract Drawings including all labor, materials, services, and equipment necessary to complete the work in every respect to the satisfaction of the Engineer.






