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UTHealth FPE Standard Specification

SECTION 26 05 26

GROUNDING
This Standard Specification Section is controlled by the Office of Facilities Planning and Construction, UT System.  It is to be used as guideline on all UT System projects, unless deviations are approved in writing by the Project Manager.  It is not to be used for bidding, permitting, construction or any other purpose.  This document is the property of UT System, and use of this document, in part or in whole, for any purpose other than for a UT System project may not be done without written permission of UT System.

To receive current updates of standard specification Sections, please go to the web site at: http://www.utsystem.edu/fpc or contact the Office of Facilities Planning and Construction by phone at (512) 499-4600 or by fax at (512) 499-4604.
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SECTION 26 05 26 – GROUNDING
GENERAL
WORK INCLUDED
Power system grounding.
Electrical equipment and raceway grounding and bonding.
RELATED WORK
Section 26 41 00 - Lightning Protection. Systems
Division 27, Communications.
Division 28, Electronic Safety and Security.
REFERENCES
NFPA 70 – National Electrical Code
ANSI/UL 467 – Electrical Grounding and Bonding Equipment
ANSI/IEEE STD 142 – Recommended Practice for Grounding of Industrial and Commercial Power Systems
IEEE 81 – Guide for Measuring Earth Receptivity, Ground Impedance and Earth Surface Potential of a ground System
IEEE 1100 – Recommended Practice for Powering and Grounding Sensitive Electronic Equipment
ANSI/TIA/EIA 607 – Commercial Building Grounding and Bonding Requirements for Telecommunications
NFPA No. 780 - Lightning Protection Code.
UL 96A - Master Labeled Lightning Protection System, Installation Requirements.
ANSI/NEMA GR 1-2007 - Grounding Rod Electrodes and Grounding Rod Electrode Couplings.
SYSTEM DESCRIPTION
Ground the electrical service system neutral at service entrance equipment to grounding electrodes.  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.  Concrete encased electrodes shall be connected as the most effective grounding electrodes.  Provide a completely grounded system in accordance with Article 250 of the NEC.
Ground each separately-derived system neutral to separate ground buses that are installed in nearest electrical rooms.  Transformer, UPS systems, power conditioners, inverters, or other power supplies 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.
Provide communications system grounding conductor connected to separate electrode (ground bus) that is installed in each IT room.
Bond together system neutrals, service equipment enclosures, exposed non-current carrying metal parts of electrical equipment, metal raceway systems, cable trays, auxiliary gutters, meter fittings, boxes, cable armor, cable sheath, ground bus in electrical rooms and IT rooms, metal frame of the building or structure, ground ring, lightning down lead conductor, grounding conductor in raceways and cables, receptacle ground connectors, and metal underground water pipe.  
Bonding jumpers shall be installed around non-metal fittings or insulating joints to ensure electrical continuity.  Bonding shall be provided where necessary to ensure electrical continuity and the capacity to conduct safely any fault current likely to be imposed.
NOTE TO SPEC WRITER:  THE NATIONAL ELECTRICAL CODE IS SPECIFIC ABOUT WHAT IS REQUIRED FOR USE AS GROUNDING ELECTRODES.  EDIT THE FOLLOWING PARAGRAPH TO CONFORM TO THE PARTICULAR PROJECT.
Supplementary Grounding Electrode:  [Use driven ground rod [on exterior of building.] [in main service equipment area.]]  [Install ground rod in suitable recessed well; fill with gravel after connection is made.] [Use effectively grounded metal frame of the building.]  [Use minimum of 20 feet No. 4 bare copper wire embedded in concrete foundation.]
Use minimum 6 AWG copper conductors for communications service grounding conductor.  Leave 10 feet slack conductor at termination [board.] [cabinet.]  Coordinate with Div. 27.
SUBMITTALS
Provide submittals in accordance with and in addition to Section 26 00 00, Basic Electrical Requirements, and  Division 01 for submittal requirement. 
Product Data. Submit product data sheets, including complete descriptive information on materials and installation methods.
Shop Drawings.
Provide detailed plans prepared to 1/8-inch scale with 1/8-inch text which indicate the work to be performed. Details of component mounting and connections shall be included on separate detail drawings. Manufacturer's catalog numbers and generic identification shall be indicated for components shown on the Drawings.
Shop drawings shall include locations of conductors, roof penetrations, floor penetrations, etc., Contractor shall coordinate locations of conductors in walls and penetrations with the appropriate trades.  Failure to coordinate these requirements shall not relieve this Contractor from properly completing this work.  The Contractor shall employ the proper trades to provide the chases in walls and roof and floor penetrations required to install the conductors if not coordinated before the floors, walls and roof are installed.
Coordinated Submittal.
Submit product data and shop drawings for grounding system and lightning protection system at the same time and as one package.  Indicate common components and interconnections between grounding and lightning protection systems.  Refer to Section 26 41 00 for Lightning Protection system.
Coordinate submittal for grounding system with electrical service to building and with electrical service equipment.
NOTE TO SPEC WRITER: CONFIRM THIS REQUIREMENT WITH DIVISION 27 COMMUNICATIONS DESIGNER/SPECIFIER.
Coordinate submittal for grounding system with telecommunications grounding system, as indicated on telecommunications Drawings. Refer to Division 27 telecommunications systems grounding system and grounding requirements.
Approvals: Secure formal approval of shop drawings and product data prior to ordering material. Secure approvals in sufficient time to allow installation of concealed system components without delaying the project.
Testing: Submit documentation for field testing of completed grounding system, as required under paragraph 3.7B of this Section.
NOTE TO SPEC WRITER: EDIT FOR OWNER PREFERENCES ON FILE FORMAT AND MEDIA]
As-Built Record Drawings. The Contractor shall maintain a master set of As Built record drawings that shows changes and deviations from the Drawings, in accordance with Division One requirements and Section 26 00 00. Deliver As-Built record drawings to Owner upon Owner acceptance of project. Deliver one set of As-Built record drawings on CD-Rom or similar electronic media acceptable to the Owner. Drawing files shall be in the editions of AutoCAD (.dwg) and Adobe Acrobat (.pdf) acceptable to the Owner.
PRODUCTS
GROUND RODS
NOTE TO SPEC WRITER -CONFIRM GROUND ROD SIZE
Materials.  Provide [¾][1]-inch by 10-foot long, copper-clad, steel grounding electrodes. Supply a rod to which the copper cladding is permanently and inseparably bonded to a high strength steel core.
Listing.  UL 467.
CONNECTIONS
Materials.  Unless otherwise noted, provide exothermic welded type grounding connections for bonds and connections made below grade, embedded in structure, or otherwise concealed.  Unless noted otherwise, for above grade connections not embedded in structure or otherwise concealed, provide mechanical bolted-type connections utilizing high-conductive copper alloy or bronze lugs or clamps. Where required, provide plated connectors which will not cause electrolytic action between the conductor and the connector.
Listing.  UL 467.
CONDUCTORS
Materials.  Provide grounding conductors fabricated from annealed copper with conductivity > 98 percent International Annealed Copper Standard (IACS) conductivity. 
Use solid conductor for No. 12 and No. 10 AWG.
Use stranded conductor for No. 8 AWG and larger.
Use stranded conductor for applications subject to continuous vibration, such as engine generators and terminations at motors.
Use stranded, tinned, annealed copper cable for #2 AWG or larger installed inside the building or structure. 
Insulation.  Where insulated grounding conductors are specified or required, provide green-colored 600-volt rated insulation, type XHHW, THWN, or RHW.  Insulation type shall be compatible with associated power and lighting system conductors.
Location and Application.
Inside building or structure.  Provide insulated copper grounding conductors, except where bare copper grounding conductors are indicated on Drawings or specified in this or other Sections. 
Outside building or structure.  Use bare copper grounding conductors, including below-grade building grounding ring (counterpoise).  
Bonding jumpers.  Use bare copper conductor.
Listing.  UL 83.
GROUND BUS
Where a field-provided ground bus-bar is required or indicated, provide bus-bar drilled and tapped with double-lug terminations for the quantity of ground connections indicated on the Drawings plus 25% spare capacity, wall-mounted on insulated supports. Use round-edge copper bar with > 98 percent International Annealed Copper Standard (IACS) conductivity. Size the bus-bar for not less than 25 percent of the aggregated cross-sectional area of the related feeders.  A minimum cross-sectional size of 1/4 inch by 2 inches is required.  Where a ground bus-bar of larger dimensions is indicated on the plans or specifications provide the bus-bar with the larger dimensions.
chemical GROUND TEST WELL/ROD
General
Self-contained Grounding System(s) using electrolytic action to enhance the grounding performance shall be provided where specifically indicated on the drawings.
Ground rod system shall be U.L. listed and manufactured for ten years or more.
Ground rod system shall be 100% self-activating, sealed and maintenance free. No additions of chemical or water solutions required.

MANUFACTURER
Copperweld.
Cadweld.
Burndy.
Harger.
Lyncole

EXECUTION
INSTALLATION
Install ground system as indicated, in accordance with the applicable requirements of the National Electrical Code and the National Electrical Contractors Association's "Standard of Installation".
Install grounding conductors continuous, without splice or connection, between equipment and grounding electrodes.  Install test wells as required per drawings.
In feeder and branch circuits, provide a separate, insulated equipment grounding conductor.  Terminate each end on a grounding lug, bus, or bushing.
Connect grounding electrode conductors to metal water pipe where metal pipe is available and accessible using suitable ground clamp.  Make connections to flanged piping at street side of flange.  Provide bonding jumper around water meter.
Install fusion welded ground connectors where they are concealed or inaccessible. 
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.
No strap grounding clamps shall be used; connections 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.
Install external ground wire on liquid tight flexible metal conduit with grounding bushings.
Conductor connections shall be made by means of solderless connectors such as serrated bolted clamps or split bolt and nut type connectors.  .
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.
Connect grounding conductors to ground rods at the upper end of the rod with the end of the rod and the connection points below finished grade.  Below grade connection shall be exothermic-welded type connectors as manufactured by Cadweld, Thermoweld. In manhole, install ground rods with 4 to 6 inches above the floor with connections of grounding conductors fully visible and accessible.
NOTE TO SPEC WRITER:  USE THE FOLLOWING PARAGRAPH WHERE ISOLATED GROUNDING SYSTEMS ARE REQUIRED.
Isolated Grounding Systems:  Use separate, insulated equipment grounding conductor and connect only to separate grounding bus.
NOTE TO SPEC WRITER:  USE THE FOLLOWING PARAGRAPH FOR PROJECTS WHICH INCLUDE A UTILITY SERVICE.
Provide grounding and bonding at Utility Company's metering equipment and pad-mounted transformer in accordance with Utility Company's requirements.
SYSTEM DESCRIPTION
Ground the electrical service neutral at service entrance equipment. Provide a main bonding jumper between the neutral and ground bus of the service entrance equipment where permitted per NEC. Provide a separate grounding electrode conductor in conduit with grounding bushings on both conduit ends from the switchgear to the master ground bus-bar (MGBB) at the main electrical room. Bond MGBB to cold water metallic service pipe in contact with at least 10 feet of earth, and connect to opposite points of the building grounding ring (i.e. counterpoise) system by two main grounding conductors.
Provide ground bus-bar, wall-mounted on insulated supports at [xx’-xxx”] AFF in electrical rooms, and radially connected to a master ground bus-bar in the main electrical room.  
Separately Derived Systems: Ground the neutral of each separately derived system in accordance with NEC-250.
Provide communications system-grounding conductor at point of service entrance and connect to separate grounding electrode. Bond together the communications system grounding electrode and the electrical service-grounding electrode. Separate grounding systems without interconnecting bonds or jumpers are prohibited.
Bond together system neutrals, service equipment enclosures, exposed non-current carrying metal parts of electrical equipment, metal raceway systems, grounding conductor in raceways and cables, receptacle ground connectors, and plumbing systems.
SYSTEM GROUND
System Neutral.  Where a system neutral is used, ground the system neutral as required by NEC Article 250 and as indicated on Drawings.  Ground the system neutral only at the point of service and isolate it from ground at all other points in the system.
Size.  Size the system grounding electrode conductors as indicated on plans.
Install grounding electrodes around exterior perimeter of building, a minimum of 3 feet outside the foundation of the building or facility. Space grounding electrodes at a distance between electrodes of at least twice their driven depth. Bond ground rods together with the  building ground ring (counterpoise). Install grounding electrode conductor in undisturbed earth, a minimum of 2 feet below excavated depth of building structural mat, crawlspace, or sub-grade.
Depth:  Bury grounding electrode conductors below grade to comply with NEC 250.  Minimum depth 30 inches unless noted otherwise.
Provide grounding electrode conductor pigtails at each ground rod for connection to building structural steel. Place PVC sleeves through foundation at column locations. Provide minimum 12 feet of excess pigtail above the building foundation or structural mat, prior to placement of concrete. Coil pigtail conductors and support above finished level of mat or foundation during concrete pour to prevent excess pigtail from being embedded or cemented in concrete.
Provide main grounding electrode conductor pigtails at two locations on opposite sides of building for connection to power system neutral. Size main grounding electrode conductors as indicated on Drawings, minimum 4/0 AWG green-insulated copper conductor with Class-B stranding where not otherwise indicated. Provide larger conductors where indicated on Drawings. Place PVC sleeves through foundation and structure. Provide a minimum of 12 feet of excess pigtail above the building foundation or structural mat, as finally installed. Coil and support main grounding electrode conductor pigtails above finished level of mat or foundation during concrete pour to prevent excess conductor from being embedded or cemented in concrete. Connect grounding electrode conductors to main ground bus-bar at main electrical room. Connect power system neutral to main ground bus-bar at main electrical room. Provide test well for main grounding electrode conductor at each connection to ground rod, with reversible compression-type clamp.  
Separately Derived Systems.  Ground neutrals of separately derived systems such as generators and transformers in accordance with NEC 250.30 and as indicated on Drawings.
For each separately derived system, ground the neutral to system ground via the nearest ground busbar specifically provided for the purpose of grounding power distribution systems. Use unspliced grounding conductor from the neutral of the separately derived system to the ground busbar. 
Grounding conductors shall be as short and straight as possible, protected from mechanical damage, without splice or joint except as permitted by NEC 250.
Transformers: Bond the center point (neutral or X0 terminal) of each wye-connected transformer to system ground at one point only.  This point shall be ahead of the first overcurrent protective device (OCPD) connected to the secondary winding of the transformer. Refer to the applicable transformer specification for additional requirements.

SUPPLEMENTAL GROUND
Supplementary Grounding Electrode:  Where indicated on Drawings, provide supplementary grounding electrodes (ground rods) and bond to equipment grounding conductors per NEC-250. Where larger bonding jumpers and/or conductors are indicated on Drawings, provide the size shown.
EQUIPMENT GROUND
Electrical Rooms:  Provide a ground bus in electrical rooms, and at other locations indicated on Drawings.  
Mount busbar 8 feet above finished floor and a minimum of 1 inch from wall.  
Connect busbar by grounding conductor to the main ground busbar at the main electrical room. Size grounding conductor as shown on Drawings. Where size is not indicated, use grounding conductor with cross-sectional area equivalent to the ground busbar.
Connect noncurrent-carrying metallic parts of electrical equipment and enclosures in the room, to the ground bus. 
Bond grounding conductors to the bus as further indicated on Drawings.

Raceway Systems and Equipment Enclosures.
Bond cabinets, cable trays, junction boxes, outlet boxes, motors, controllers, raceways, fittings, switchgear, switchboards, panelboards, transformer enclosures, other electrical equipment and metallic enclosures.  Bond equipment and enclosures to the continuous-grounded, metallic raceway system in addition to other specific grounding shown. Ground each outlet by the use of an approved grounding clip attached to the outlet box in such a position to be readily inspected upon removal of the cover plate, or by the use of an approved grounding yoke type receptacle.
Provide bonding jumpers and grounding conductors throughout the raceway system to ensure electrical continuity of the grounding system and the raceway.
Provide grounding-type insulated bushings for metal conduits 1-1/2 inches and larger terminating in equipment enclosures containing a ground bus. Connect the bushing to the ground bus in the equipment enclosure.
Provide a green insulated equipment grounding conductor for each feeder and branch circuit. Terminate each end of grounding conductor on a grounding lug, bus, or bushing.
Provide internal grounding conductor on liquid tight flexible metal conduit ("sealtite") with ground bushings.
Provide a flexible bonding jumper for isolated metallic piping and ductwork and around expansion fittings and joints.

Size.  Where grounding and bonding conductors are not sized on Drawings, size the grounding conductors in accordance with NEC Table 250.122.  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 Table 250.122.
Taps, Splices and Connections:  Make grounding (earth) conductor approximately 2 inches longer than the ungrounded (phase) conductors at both ends.
Manholes:  Unless indicated otherwise on Drawings, provide a No. 1/0 AWG bare stranded copper ground bus in manholes.  Mount bus 12 inches above floor using one-hole pipe straps 3'-0" on center.  Connect bus to ground rod with a No. 1/0 AWG conductor.  Bond metallic components and electrical grounding conductors to the bus using lugs or clamps.
Underground Duct Bank:  Provide bare copper grounding conductor embedded in concrete of underground duct bank for communications, utility and power systems. Bond conductor to ground lug or ground bus at each end of duct bank and within manholes.
LIGHTNING PROTECTION SYSTEM
Bond together lightning protection system ground rods to building ground ring (i.e. counterpoise). Provide bonding conductors for lightning protection ground rods separate from power system grounding electrode conductors.
Bond together the lightning protection system ground rods and the power system grounding electrodes (i.e., ground rods) by connecting ground rods to the building ground ring (i.e. counterpoise). Make bonds at ground rods.
Refer to Section 26 41 00, Lightning Protection System.
FIELD QUALITY CONTROL
Inspect grounding and bonding system conductors and connections for tightness and proper installation.
Testing: Test the completed grounding system by fall-of-potential method. Measure ground resistance from system grounding electrode main conductors to convenient ground reference point using suitable ground testing equipment.
Prepare test procedures and test forms to be used for field testing of completed grounding system. Procedures and forms shall include documentation of test equipment proposed for use in field testing of completed grounding system.
Resistance shall not exceed [1][5] ohm.
Testing points shall include measurement of ground resistance from system neutral at electrical service entrance to convenient ground reference point using suitable ground testing equipment.
Where measured resistance to ground exceeds [1][5] ohm, add additional ground rods to grounding system to achieve system resistance to ground of [1][5] ohm or less, and document measured resistance to ground after ground rods are added.  Repeat as required to achieve resistance to ground of 1 ohm or less, at no additional cost to Owner.
Test isolated power systems per NFPA 99.
Documentation: Submit report of field testing of completed grounding system to Architect/Engineer and to Owner's Representative.
CONFLICTS
[bookmark: _GoBack]In the event a conflict exists between this specification and the referenced standards, most restrictive is to be followed. Identify any necessary variances required to be made in order to obtain a UL Master label for the lightning protection system.
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