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SECTION 26 05 26 – grounding
PART 1 -  GENERAL

1.01 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
B. Specifications throughout all Divisions of the Project Manual are directly applicable to this Section, and this Section is directly applicable to them.

1.02 SUMMARY

A. Ground the electrical service system neutral at service entrance equipment to ground​ing counterpoise loop.  Electrical systems that are grounded shall be connected to earth in a manner that will limit the voltage imposed by lightning, line surges, or unintentional contact with higher-voltage lines and that will stabilize the voltage to earth during normal operations.  Provide a completely grounded system in accordance with Article 250 of the NEC.

B. Metal water piping system(s) installed in or attached to a building or structure shall be bonded to the service equipment enclosure, the grounded conductor at the service.  Where installed in or attached to a building or structure, a metal piping system(s), including gas piping, that is likely to become energized shall be bonded to the service equipment enclosure, the grounded conductor at the service.  The bonding jumper(s) shall be sized in accordance with Article 250 of the NEC.
C. Ground each separately-derived system neutral to separate ground buses that are installed in nearest electrical rooms.  Transformers, UPS systems, power conditioners, inverters, or other power supplies that are separately derived systems.  Standby or emergency generators are separately derived systems if the neutral is bonded to the generator frame and if there is no direct connection of the generator neutral conductor to the service neutral conductor.
D. Concrete reinforcing bars shall be permitted for grounding.  Connect the structural metal frame to the reinforcing bars of concrete-encased electrode.  Concrete-encased electrodes of existing buildings or structures shall not be required to be part of the grounding electrode system where the steel reinforcing bars or rods are not accessible for use without disturbing the concrete. 
E. Provide communications system-grounding conductor at point of service entrance and connect to Telecommunications Main Grounding Busbar (TMGB).  Bond together the communications system grounding.
F. Bond together system neutrals, service equipment enclosures, exposed non-current carrying metal parts of electrical equipment, metal raceway systems, metal cable trays, auxiliary gutters, meter fittings, boxes, cable armor, cable sheath, ground bus in electrical rooms, metal frame of the building or structure, ground ring, lightning down lead conductor, grounding conductor in raceways and cables, receptacle ground connectors, and metallic plumbing systems.

G. The major components of the Telecommunications Grounding and Bonding infrastructure are as follows:

1. The Telecommunications Main Grounding Busbar (TMGB).

2. The Telecommunications Grounding Busbar (TGB).

3. The Telecommunications Bonding Backbone (TBB).

4. The Telecommunications Bonding Conductor (TBC).
5. Grounding Equalizer (GE).
1.03 REFERENCE STANDARDS
A. The latest published edition of a reference shall be applicable to this Project unless identified by a specific edition date.

B. All reference amendments adopted prior to the effective date of this Contract shall be applicable to this Project.

C. All design, materials, installation and testing pertaining to grounding and bonding system shall comply with the latest edition of applicable requirements and standards addressed within the following references:
1. ANSI/IEEE Standard 142 - Recommended Practices for Grounding of Industrial and Commercial Power Systems.

2. UL 467 - Grounding and Bonding Equipment.

3. IEEE 81 - Guide for Measuring Earth Resistivity, Ground Impedance and Earth Surface Potentials of a Ground System.

4. IEEE 1100 - Recommended Practice for Powering and Grounding Electronic Equipment (IEEE Emerald Book).

5. NFPA 70 - National Electrical Code (NEC).

6. NFPA 780 - Standard for the Installation of Lightning Protection Systems.

7. LPI (Lightning Protection Institute) 175- Standard of Practice for the Design - Installation - Inspection of Lightning Protection Systems.

8. UL 96 - Lightning Protection Components.

9. UL 96A - Standard for Safety Installation Requirements for Lightning Protection Systems. 

10. BICSI Telecommunications Distribution Methods Manual (TDMM), Latest Edition.

11. ANSI J-STD-607-A – Commercial Building Grounding and Bonding Requirements for Telecommunications.

12. IEEE C2 - National Electrical Safety Code (NESC).

13. UL 497 - Protectors for Paired-Conductor Communications Circuits.
14. UL 497A - Secondary Protectors for Communications Circuits.
15. UL 497B - Protectors for Data Communications and Fire-Alarm Circuits. 

16. UL 1449 - Standard for Safety Surge Protective Devices. 

PART 2 -  PRODUCTS

2.01 GENERAL

A. All materials shall meet or exceed all applicable referenced standards, federal, state and local requirements, and conform to codes and ordinances of authorities having jurisdiction.

2.02 MATERIALS AND EQUIPMENT

A. Grounding system components shall be as required to comply with the design and construction of the system indicated.  Components shall be as indicated in manufacturer's submittal data.

B. Ground Conductors:
1. Materials:
a. Provide 600-volt insulated conductors having a green-colored insulation for grounding electrode and equipment grounding conductors.  Use stranded conductors.  

b. Conduit grounding conductors shall be insulated copper conductor, green in color to size #6 AWG.  Insulated conductors larger than #6 AWG shall be same as phase conductors but identified with green tape at each accessible opening or location in raceway. 

c. Provide bare conductors for bonding jumpers.

d. Cable tray grounding conductors shall be a minimum of 1/0 bare copper conductors.  

C. Connections:
1. Materials:  
a. Unless otherwise noted, for below-grade connections provide exothermic welded type.  
b. For above-grade connections provide mechanical bolted-type connections utilizing high conductive copper alloy or bronze lugs or clamps.  
c. Where required, provide plated connectors that will not cause electrolytic action between the conductor and the connector.  

D. Grounding clips shall be O-Z Gedney, Steel City (Thomas & Betts) Type G.

E. Grounding Electrodes:
1. Grounding electrodes shall not be smaller than ¾-inch diameter, with minimum length ten (10) feet.  
2. Grounding electrodes shall be copper-clad steel for corrosion protection. 


F. Grounding Busbar: 
1. Where a field-provided ground bus or ground bar is required, use round-edge copper bar with 98 percent International Annealed Copper Standard (IACS) conductivity. 
2. Size the bus for not less than 25 percent of the cross-sectional areas of the related feeder.  A minimum size of ¼-inch thick by 2-inch depth by 6-inch length (minimum) is required.

a. The ground bar shall be a predrilled copper busbar provided with standard NEMA bolt hole sizing and spacing for the type of connectors to be used.

b. The ground bar shall be tin-plated for reduced contact resistance.

c. The ground bar shall be insulated from its support.  A minimum of 2 inches separation is required.  Mount the grounding busbars on insulated standoffs to ensure isolation from ground potential or stray potentials.    
PART 3 -  EXECUTION

3.01 INSTALLATION

A. Installation shall meet or exceed all applicable federal, state and local requirements, referenced standards and conform to codes and ordinances of authorities having jurisdiction.
B. All installations shall be in accordance with manufacturer’s published recommendations.

C. Install ground system as indicated, in accordance with the applicable requirements of the NEC.  Coordinate installation of grounding and lightning protection system components with structural and civil Drawings and placement of building structure.

D. Install grounding conductors continuous, without splice or connection, between equipment and grounding electrodes.

E. Size:  When grounding and bonding conductors are not sized on Drawings, size the grounding conductors in accordance with NEC.  Size bonding jumper so that minimum cross-sectional area is greater than or equal to that of the equivalent grounding conductor as determined from NEC.

F. Connect grounding electrode conductors to metal water pipe using suitable ground clamp.  Make connections to flanged piping at street side of flange.  Provide bonding jumper around water meter.

G. Exothermic welding shall be utilized for ground connections where they are concealed, or inaccessible.

H. Strap grounding clamps shall not be used.  A connection requiring bolting shall be made up with Monel metal bolts, washers and nuts.  Connections shall be made only after surfaces have been cleaned, or ground to expose virgin metal.  

I. Supplementary Grounding Electrode:  Use effectively grounded metal frame of the building.

J. Provide grounding and bonding at Utility Company’s metering equipment in accordance with Utility Company’s requirements.

K. Provide an internal insulated grounding conductor in all conduits and raceways.  Size grounding conductors in accordance with the NEC.  Where grounding conductor sizes are shown in excess of code requirements, provide conductor sizes as indicated.  

L. In feeder and branch circuits, provide a separate, green, insulated equipment-grounding conductor with the circuit conductors.  Terminate each end of the grounding conductor on a grounding lug, bus, or bushing. 

M. Ground each outlet by the use of an approved grounding clip attached to the junction box in such a position to be readily inspected on removal of the cover plate, or by the use of an approved grounding yoke type receptacle.  

N. Install an insulated grounding conductor internally to all flexible metal conduits. All flexible metal conduit containing power circuits shall utilize grounding bushings. The grounding bushing shall contain a bonding jumper and shall be terminated at the equipment ground bus. The grounding conductor shall terminate at the equipment ground bus.  Install external ground wire on liquid tight flexible metal conduit.  Provide suitable grounding bushing at each end of liquid tight flexible metal conduit at transformers.  External ground wire shall be in addition to grounding conductors installed internal to raceway system.

O. Where accessible, conductor connections shall be made by means of solder-less connectors such as serrated bolted clamps or split bolt and nut type connectors.  

P. Measure ground resistance from neutral connection at service entrance to ground reference point using suitable grounding testing equipment.  Resistance shall not exceed 5 OHMS.

3.02 field quality control
A. System Neutral:  Where a system neutral is used, bond the system neutral to the grounding electrode system in accordance with NEC.  Ground the system neutral only at the point of service and isolate it from ground at all other points in the system.

B. Separately Derived Systems:  Ground neutrals of separately derived systems such as generators, transformers, etc., in accordance with NEC.

C. The neutral of each transformer shall be bonded to system ground at one point only.  This point shall be ahead of the first secondary protective device.

D. Size:  Size the system grounding electrode conductors to comply with NEC.

E. Connect grounding electrode conductor pigtails at each grounding electrode to building structural steel, as indicated.

F. Connect main grounding electrode conductor pigtails to power system neutral, as indicated on Drawings. 

G. Inspect grounding and bonding system conductors and connections for tightness and proper installation.  

3.03 EQUIPMENT GROUND

A. Manholes:  
1. Provide a No. 1/0 AWG bare stranded copper ground bus in all manholes.  Mount bus 12 inches above floor using one-hole pipe straps three (3) feet on center.  
2. Connect bus to ground rod with a No. 1/0 AWG conductor.  Bond all metallic components and electrical grounding conductors to the bus using lugs or clamps.

B. Transformer Rooms, Electric Rooms, Switchgear Rooms, and Generator Rooms:  
1. Provide 4/0 copper ground wire loop in each room for bonding and grounding.  
2. Mount ground loop 12 inches below suspended ceiling or structural ceiling and around the perimeter of room. 
3. Connect ground loop to vertical ground bus (cable) riser grounding plate.  Bond all non-current carrying metallic parts of electrical equipment in the room to the ground loop by bonding jumper(s) sized in accordance with Article 250 of the NEC.

C. Raceway Systems and Equipment Enclosures:
1. Ground cabinets, junction boxes, outlet boxes, motors, controllers, raceways, fittings, switchgear, transformer enclosures, other electrical equipment and metallic enclosures.  Ground equipment and enclosures to the continuous-grounded metallic raceway system in addition to any other specific grounding shown.

2. Provide bonding jumpers and ground wire throughout to ensure electrical continuity of the grounding system,

3. Provide grounding-type insulated bushings for metal conduits 1-1/2 inches and larger terminating in equipment enclosures containing a ground bus and connect the bushing to the ground bus.

4. Provide a green insulated equipment-grounding conductor for each feeder and branch circuit.

D. Taps and Connections:  Make grounding (earth) conductor approximately 2 inches longer than the ungrounded (phase) conductors at both ends.
3.04 TELECOMMUNICATIONS GROUNDING AND BONDING INFRASTRUCTURE

A. Isolated (Single Point) Ground:
1. Purpose:  
a. An isolated single point grounding system is employed for installations utilizing sensitive electronic, data processing or communications equipment.  
b. This single ground bus is not connected in electrical loops, but in a radial configuration between the various electronic equipment locations. 
c. The single ground bus is then connected to the building electrical service equipment ground.  This grounding arrangement thus provides only a single path to ground for any circulating ground currents, which will minimize electromagnetic interference with sensitive electronic equipment.

2. Equipment Requiring Isolated Grounding:  Equipment typically grounded to the isolated single point grounding system includes communications and coaxial cable shields, telephone termination block earth grounds, radio transmitter chassis grounds, and electronic equipment signal grounds which are isolated from the equipment chassis.

3. Grounding Busbars:
a. Install a local isolated ground busbar in each room or area where indicated on the Drawings. Ground all sensitive electronic equipment in the room or area to the local isolated ground bus.

b. Install a master isolated ground busbar for the entire building or plant structure.  Connect radial isolated ground leads from each local isolated ground bus to the master isolated ground bus. 

4. Grounding Conductors:
a. Conductors from individual equipment and cable shields shall be a minimum No. 6 AWG, type THW stranded copper with green insulation.  The conductor from each local isolated ground bus to the master isolated ground bus shall be a minimum of No. 2/0 AWG, type THW stranded copper with green insulation.  The conductor from the master isolated ground bus to the facility ground rod array shall be a minimum of No. 2/0 AWG, type THW stranded copper with green insulation.  Grounding cable with aluminum conductors is not acceptable.  

b. Conductors shall be routed to provide the minimum possible number of cable bends.  The radius of any cable bend shall be not less than 8 inches, and the included angle of any bend shall be a minimum of 90 degrees.

5. Grounding Connectors:
a. Connections from individual equipment and cable shields shall use crimp-type connectors of copper or tinned copper construction.  Individual equipment connections to local isolated ground buses shall use copper alloy or bronze machine bolts and lock washers.

b.  No. 2/0 cable connections from local isolated ground buses to the master ground bus shall utilize an exothermic weld or brazing process.  No. 2/0 cable connections from the master ground bus to the facility ground rod array shall utilize an exothermic weld or brazing process. 

c. Paint-piercing grounding washers shall be used. 

d. Connectors utilizing aluminum or steel alloys are not acceptable.

6. Connections to Isolated Grounding Systems:  Use insulated equipment grounding conductor and connect only to service grounding electrode.  Where isolated grounding system is associated with a separately derived system, bond isolated grounding conductor to system neutral at source of separately derived system in accordance with NEC.

B. General:
1. All bonding conductors and connectors shall be listed for the purpose intended and approved by a Nationally Recognized Testing Laboratory (NRTL).

2. All bonding conductors shall be green-insulated copper conductor.  The minimum bonding conductor size shall be a No. 6 AWG.  Leave a minimum of 10 feet slack conductor at termination board.

3. Route ground conductors to provide the shortest, most direct path from point to point. Telecommunications ground must be bonded to the lightning protection system grounding and may need additional bonding depending on: spacing, building dimensions, and construction.

4. Bonding conductors should not be placed in ferrous metallic conduit.  If it is necessary to place bonding conductors in ferrous metallic conduit that exceeds 3 feet in length, the conductors shall be bonded to each end of the conduit with a conductor sized as a No. 6 AWG, minimum (this makes the conduit a parallel path with the cable).

5. A continuous ground path shall be provided in all telecommunications raceways.  Grounded cable trays shall be considered continuous ground path.
6. At each TR all equipment and raceways shall be bonded to the TGB.

7. Any grounding or bonding conductor that is run through a metallic conduit shall be bonded to the conduit.

8. Gas pipes shall not be used as a grounding electrode.

9. Provide dedicated Telecommunications Bonding Backbone (TBB) to interconnect the TRs and related equipment.   

C. Telecommunications Entrance Facility (TEF) Telecommunications Main Grounding Busbar (TMGB):
1. The Telecommunications Main Grounding Busbar (TMGB) serves as the dedicated extension of the building grounding electrode system for the telecommunications infrastructure.  The TMGB also serves as the central attachment point for telecommunications bonding backbones (TBB) and equipment, and is located such that it is accessible to telecommunications personnel.  
2. The TEF is the desirable location for the TMGB.  This TMGB may serve as the TGB for collocated equipment in the TEF.  The TMGB shall be bonded to electrical service equipment ground.
3. Where an electrical panelboard is located in the same room or space as the TMGB, the ground or enclosure of that electrical panelboard shall be bonded to the TMGB.  Locate the TMGB as close to the electrical panelboard as practical to maintain clearances required by applicable electrical codes.
4. Locate the TMGB near the TBB cabling and associated terminations.  The connections of the bonding conductors for telecommunications, and the TBBs to the TMGB shall utilize listed two-hole compression lugs.
5. Telecommunications primary protector grounding conductor shall be bonded to the TMGB.  A minimum of 1 foot separation shall be maintained between this insulated conductor and any DC power cables, switchboard cables, or high frequency cables, even when placed in metal raceway.
6. The TMGB shall have minimum dimensions of ¼-inch thick x 4-inch wide and 12-inch in length with 18 attachment points (two rows of 9 each).  The length may need to be adjusted longer to meet the application requirements with consideration of future growth. The busbar shall be UL Listed as grounding and bonding equipment. 

7. The TMGB shall be a predrilled solid copper busbar provided with standard NEMA bolt hole sizing and spacing for the type of connectors to be used.  The hole pattern for attaching grounding lugs shall meet the requirements of ANSI-J-STD – 607-A and shall accept 15 two-hole grounding lugs with 5/8” hole centers and 3 two-hole lugs with 1” hole centers.  The busbar shall include wall-mount stand-off brackets, assembly screws and insulators creating a 4” standoff from the wall.
8. All metallic raceways for telecommunications cabling located within Equipment Room (ER) shall be bonded to the TMGB.  However for metallic raceways containing grounding conductors where the raceway is bonded to the ground conductor, no additional bonding to the TMGB is required.

9. In buildings where the backbone telecommunications cabling incorporates a shield or metallic member, this shield or metallic member shall be bonded to the TMGB where the cables are terminated or where pairs are broken out. 

10. In a metal frame (structural steel) building, where the steel framework is readily accessible within or external to the ER; each TMGB shall be bonded to the vertical steel metal frame.
D. Telecommunications Room (TR) Telecommunications Grounding Busbar (TGB):
1. The TGB is the grounding connection point for telecommunications systems and equipment in the location served by that TR or ER.  Each TR and ER shall contain a TGB.  Multiple TGBs may be installed within the same TR or ER to aid in minimizing bonding conductor lengths and terminating space.  In all cases, multiple TGBs within the same ER shall be bonded together with a conductor the same size as the TBB.
2. The TGB shall be located near the TBB cabling and associated terminations.

3. The bonding conductor between a TBB and TGB shall be continuous and routed in the shortest possible straight-line path.  The bonding conductor shall be the same size as the TBB.
4. The TGB shall have minimum dimensions of ¼-inch thick x 2-inch wide and 10-inch in length with 7 attachment points (one row).  The length may need to be adjusted longer to meet the application requirements with consideration of future growth. The busbar shall be UL Listed as grounding and bonding equipment.
5. The TGB shall be a predrilled copper busbar provided with standard NEMA bolt hole sizing and spacing for the type of connectors to be used.  The hole pattern for attaching grounding lugs shall meet the requirements of ANSI-J-STD – 607-A and shall accept 4 two-hole grounding lugs with 5/8” hole centers and 3 two-hole lugs with 1” hole centers.  The busbar shall include wall-mount stand-off brackets, assembly screws and insulators creating a 4” standoff from the wall.
6. All metallic raceways for telecommunications cabling located within TR shall be bonded to the TGB.  However for metallic raceways containing grounding conductors where the raceway is bonded to the ground conductor, no additional bonding to the TGB is required.

7. In buildings where the backbone telecommunications cabling incorporates a shield or metallic member, this shield or metallic member shall be bonded to the TGB where the cables are terminated or where pairs are broken out. 

8. In a metal frame (structural steel) building, where the steel framework is readily accessible within or external to the TR; each TGB shall be bonded to the vertical steel metal frame.  When practicable because of shorter distances and other considerations, and where horizontal steel members are permanently electrically bonded to vertical column members, TGBs may be bonded to these horizontal members in lieu of the vertical column members.
E. Telecommunications Bonding Backbone (TBB):
1. A TBB is a conductor that interconnects all TGBs with the TMGB.  A TBB’s basic function is to reduce or equalize potential differences between telecommunications systems bonded to it.  A TBB is not intended to serve as the only conductor providing a ground fault current return path.

2. A TBB shall be designed with consideration given to the type of building construction, building size, the telecommunications requirements, and the configuration of the telecommunications pathways and spaces.  Specifically, the design of a TBB shall: 

a. Be consistent with the design of the telecommunications backbone cabling system.

b. Permit multiple TBBs as dictated by the building size.

c. Address routing to minimize the lengths of the TBB.

3. Whenever two or more TBBs are used within a multistory building, the TBBs are to be bonded together with a Grounding Equalizer (GE) at the top floor and at every third floor in between. The GE is sized the same as the TBB.

4. TBB conductors shall be installed without splices.  Where splices are required, they shall be kept to the minimum quantity necessary, shall be accessible and located in telecommunications spaces.  Joined segments of a TBB shall be connected using irreversible compression-type connectors, exothermic welding, or accepted substitution.  All joints shall be adequately supported and protected from damage.
F. Telecommunications Bonding Conductors (TBC):
1. Provide conductors used to bond components to the TMGB  and the TGBs as follows:

a. The minimum size for this conductor shall be 6 AWG green-insulated, stranded copper cable.

b. Avoid unnecessary connections or splices in TBCs. When necessary, use an approved connection and position it in an accessible location.

c. Typical connections are made by using: bolts or crimps (connectors, clamps, or lugs). Where possible, use irreversible compression-type connections and two-hole lugs. Always use listed hardware that has been laboratory tested.

2. Bonding conductor sizing.  The following table applies to Telecommunications Bonding Backbone (TBB), Grounding Equalizer (GE) and Telecommunications Bonding Conductor (TBC).

	Bonding Conductor Length (ft)
	Bonding Conductor Size (AWG)

	Less than 13
	6

	14 - 20
	4

	21 – 26
	3

	27 – 33
	2

	34 – 41
	1

	42 – 52
	1/0

	53 – 66
	2/0

	Greater than 66
	3/0


G. Testing Telecommunications Grounding and Bonding Infrastructure

1. Inspect grounding and bonding system conductors and connections for tightness and proper installation. 

2. Measure ground resistance from longest grounding path to MTGB or TGB in TR or ER. Resistance shall not exceed 0.1 ohms.
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