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GROUNDING AND BONDING
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PART 1 - GENERAL
1.01 SUMMARY
A.	Provide and install an effective grounding and bonding system.
B.	Related Requirements:
1. Refer to related sections for their system grounding requirements.
2. Division 01 - General Requirements.
3. Division 26 – Electrical.
4. Division 27 – Communications.
5. Division 28 - Electronic Safety and Security.
1.02 QUALITY ASSURANCE
A.	Reference Standards:
1.	IEEE 142 Green Book.
2.	Underwriter's Laboratories (UL).
3.	California Electrical Code. 
4.	Building Industry Consultant Services International (BICSI).
5.	EIA/TIA (Signal and power).
6.	Nationally Recognized Testing Laboratory (NRTL).
1.03 SYSTEM DESCRIPTION
A.	Equipment, components, or materials that enclose electrical conductors, or are likely to be energized by electrical currents shall be effectively grounded.
B.	Metal equipment parts such as switchboards, panelboards, metal enclosures, raceways, equipment grounding conductors, and earth grounding electrodes shall be effectively bonded into a continuous grounding path.
C.	Metallic systems or electrically conductive materials shall be effectively bonded to the building’s grounding electrode system. 
D.	A separately derived AC system shall be grounded to the equipment grounding conductor and to a separate “made” electrode of building grounding electrode system. 
E.	Provide effective electrical equipment bond continuity to all metal raceways and enclosures. Grounding shall be achieved  through a code sized green insulated grounding conductor provided within each raceway. 
1. Each flexible conduit over six feet in length shall be provided with a green insulated grounding conductor of required size. 
2. Provide code sized equipment grounding conductor in all flexible conduits as required by CEC.
3. The length of flexible conduit installations shall not be less than six feet.
4. Effectively ground metal raceways and enclosures at each end.
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F.	Cold water, or other utility piping systems, shall not be utilized as grounding electrodes. In addition to bonding to cold water pipe provide at least one of the following made grounding electrodes:
1.	A dedicated “made” electrode, fabricated of at least 20 feet of uncoated galvanized 1/2 inch  diameter rebar encased by at least two inches of concrete, and placed next to the bottom of a concrete foundation, or footing in direct contact with earth A welded extended portion shall surface at the location of the common grounding electrode bus bar and be extended by a 3/0 exothermic welded bare copper cable, or be welded directly to the bus.  The exothermic weld shall be at least four inches above finished floor in a dry location.  The main grounding electrode and associated grounding conductors shall be in an enclosure and in conduit.
2.	Concrete enclosed electrode, fabricated of at least 20 feet of No. 2 AWG, minimum size, bare copper conductor, encased by at least two inches of concrete, located within or near bottom of a concrete foundation, or footing, which is in direct contact with earth.  Footing rebar shall be connected to copper wire with approved connectors. 
3.	An external grounding electrode, as specified hereafter or as required by the CEC shall be installed and connected to foundation or footing rebar.
G.	Non-current carrying metal parts of high-voltage (1000 Volts or more) equipment enclosures, signal and power conduits, switchboard and panelboard enclosures, motor frames, equipment cabinets, and metal frames of buildings shall be permanently and effectively bonded to the grounding system. Provide a CEC sized equipment grounding conductor in every raceway. 
H.	Metallic or semi-conducting shields and lead sheaths of cables operating above 1000 Volts shall be permanently and effectively grounded at each splice and termination.
I.	Neutral of service conductors shall be grounded as follows:
1.	Neutral shall be solidly grounded at only one point within the Project site for that particular service. Preferable location of grounding point shall be at the service switchboard, or main switch.
2.	Equipment and conduit grounding conductors shall be bonded to that grounding point.
3.	If other buildings or structures on the Project site are served from a switchboard or panelboard in another building, power supply is classified as a feeder and not as a service.
4.	Equipment grounding conductor shall be installed from switchboard to each individual building. At building, grounding conductor shall be bonded with power equipment enclosures, metal frames of building, etc., to “made” electrode for that building.
5.	Feeder neutrals shall be bonded at service entrance point only; neutrals of separately derived systems shall be bonded at the source only.
J.	If there is a distribution transformer at a building the secondary neutral conductor shall be grounded to “made” electrode serving the building.
K.	Within every building, the main switchboard or panelboard, shall be bonded to the cold water line. Metallic piping systems such as gas, fire sprinkler, or other systems shall be bonded to the cold water line.
1.04 SUBMITTALS
A.	Provide in accordance with Division 01.
PART 2 - PRODUCTS
2.01 MATERIALS
A. Furnished yard boxes shall be precast concrete and shall be approximately 14 inches wide by 19 inches long by 12 inches deep or larger. 
a. Boxes shall be furnished with bolt-down, checkered, cast iron covers and cast-iron frames cast into the yard boxes.  
b. Yard boxes shall be Brooks 36, or equal. 
c. Provide yard boxes with hinged Frame Locking Cover. 
d. Approved products include Brooks No. 36 HFL, Jensen Precast, Oldcastle Precast, Western Precast, Kistner, or equal.
B. Made external ground electrodes shall be copper-clad steel ground rods, minimum 3/4-inch diameter by ten feet long.
C. Clamps and fittings used in ground boxes below grade shall be listed for direct burial.
PART 3 - EXECUTION
3.01 INSTALLATION
A.	Grounding electrodes shall be installed in the nearest suitable planting area, where not otherwise indicated on Drawings, and each electrode shall terminate within a concrete yard box installed flush with finish grade. In planting areas, finish elevation of concrete yard boxes shall be two inches above planting surfaces.
B.	If concrete enclosed electrode is provided, grounding wire shall be terminated to a suitable copper plate with grounding lugs and must be enclosed in a raceway or box.
C.	Grounding rods shall be driven to a depth of not less than ten feet.  Permanent ground enhancement material, (GEM) as manufactured by Erico Electrical Products, or equal, shall be installed at each ground rod to improve grounding effectiveness. Install in accordance with manufacture's installation instructions.
D.	Grounding electrodes shall provide a resistance to ground of not more than 25 ohms.
E.	When installing grounding rods, if resistance to ground exceeds 25 ohms, two or more rods connected in parallel, or coupled together shall be provided to meet CEC grounding resistance requirements.
F.	Ground rods shall be separated from one another by not less than six feet.
G.	Parallel grounding rods shall be bonded together with listed fittings and grounding conductors in galvanized rigid steel conduit, buried not less than 30 inches below finish grade.
3.02 TESTING
A.	Provide the services of an approved independent testing laboratory to test grounding resistance of “made” electrodes, ground rods, bonding of building steel, water pipes, gas pipes and other utility piping.  Tests shall be performed as follows:
1.	Visually and mechanically examine ground system connections for completeness and adequacy.
2.	Perform fall of potential tests on each ground rod or ground electrode where suitable locations are available per IEEE Standard No. 81, Section 8.2.1.2.  Where suitable locations are not available, measurements will be referenced to a known dead earth or reference ground.
3.	Perform the two-point method test per IEEE No. 81, Section 8.2.1.1 to determine ground resistance between ground rod and building steel, and utility piping - such as water, gas and panelboard grounds.  Metal hand railings at building entrances and at handicapped ramps shall also be tested.
4.	Test shall be performed in the presence of the Inspector.
B.	Submit 3 copies of test results to the Architect. Test results shall be submitted on an official form from the independent testing laboratory recording Project location, test engineer, test conditions, test equipment data, ground system layout or diagram, and final test results.
3.03 PROTECTION
A.	Protect the Work of this section until Substantial Completion.
3.04 CLEANUP
A.	Remove rubbish, debris, and waste materials and legally dispose of off the Project site.
END OF SECTION
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