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USE WITH 2006 STANDARDS.

Use with all Electrical SSPs.

Include SSP 16010.

12-16.__  BASIC MATERIALS AND METHODS

2

PART 1 - GENERAL

3

SUMMARY

4.  Electrical materials are not eligible for LEED materials and resources (MR) Credits 3 through 7.  However, choice of materials can affect energy performance.   

Scope:  This work shall consist of furnishing and installing the basic materials of the electrical work, including conduits, conductors, fittings, and wiring devices, in accordance with the details shown on the plans and these special provisions.  The basic materials shall include those accessories and appurtenances, not mentioned, that are required for the proper installation and operation of the electrical system.
5

Related Work:

6


Roof penetrations shall be flashed and sealed watertight in conformance with the provisions in "Sheet Metal Flashing" in Section 12‑7, "Thermal and Moisture Protection," of these special provisions.

7


Where conduits pass through fire rated walls, floor or ceiling assemblies, the penetrations shall be protected in conformance with the provisions in "Through‑Penetration Firestopping" in Section 12‑7, "Thermal and Moisture Protection," of these special provisions.

8

SUBMITTALS

9

Product Data:

10


A list of all materials and equipment to be installed and the manufacturer's descriptive data shall be submitted for approval.

11


Manufacturer's descriptive data shall include catalog cuts, complete description, performance data and installation instructions for the materials and equipment specified herein.

11a

LEED Submittals:  Submit under "LEED Requirements" in Section 5-1 of these special provisions.

11b.  Use when seeking EA Credit 5, Measurement and Verification.


EA Credit 5, Measurement and Verification:  Submit product data and wiring diagrams for sensors and data collection system to provide continuous metering of building energy consumption performance.

11c

QUALITY ASSURANCE

11d.  Use for LEED projects and other projects to be commissioned.  Under LEED, commissioning is mandatory for lighting controls, daylighting controls, and renewable energy systems.  Commissioning may extend to other electrical systems as well.

If no commissioning, delete paragraph and insert "Not Used."

Commissioning:  Comply with requirements under Section 5-1, "Commissioning, or these special provisions and coordinate with the CxA to carry out commissioning of electrical systems.

12

PART 2 - PRODUCTS

13

CONDUITS AND FITTINGS

14

Rigid Steel Conduit and Fittings:  Rigid steel conduit and fittings shall be Type 1 in conformance with the provisions in Section 86-2.05A, Subparagraph A, "Material," of the Standard Specifications.

15

PVC Coated Rigid Steel Conduit and Fittings:  PVC coated rigid steel conduit and fittings shall be Type 2 in conformance with the provisions in Section 86-2.05A, Subparagraph B, "Material," of the Standard Specifications.

16

Electrical Metallic Tubing (EMT) and Fittings:

17


EMT shall be formed of cold rolled strip steel, zinc coated, and interior lined in conformance with the requirements in UL Standard 797 and ANSI C 80.3.

18


Couplings shall be electroplated, rain and concrete tight, gland compression type, steel body couplings with malleable iron nuts.

19


Connectors shall be electroplated, rain and concrete tight, gland compression type, steel body connectors with male hub, malleable iron nut and insulated thermoplastic throat.

20

Flexible Metallic Conduit and Fittings:

21


Flexible metallic conduit shall be fabricated in continuous lengths from galvanized steel strip, spirally wound and formed to provide an interlocking design.

22


Fittings shall be electroplated screw‑in type with malleable cast iron body and threaded male hub with insulated throat.

23

Rigid Non-Metallic Conduit and Fittings:  Rigid non-metallic conduit and fittings shall be Type 3 in conformance with the provisions in Section 86-2.05A, Subparagraph C, "Material," of the Standard Specifications.

24

Liquidtight Flexible Metallic Conduit and Fittings:  Liquidtight flexible metallic conduit and fittings shall be Type 4 in conformance with the provisions in Section 86-2.05A, Subparagraph D, "Material," of the Standard Specifications.

25

CABLES AND CONDUCTORS

26.  Use when District is NOT installing incoming telephone cables.

25 Pair Telephone Cable:  25 pair telephone cable shall be 24-AWG, unshielded twisted pair (UTP), solid copper conductor cable with Cat 3, MPR/CMR designation and polyvinylchloride insulation jacket.  Cable shall be capable of voice, T1 fractional, and 10 Base-T, in conformance with the requirements in IEEE 802.3, and 4 Mbps Token Ring.

27.  Use when District is NOT installing data cable and/or telephone cable.
Data Cable and Telephone Cable:

28


Data cable and telephone cable shall be Cat 6, 4 pair, 24-AWG, UTP, extended frequency type cable.  Cable shall be in conformance with the requirements in ANSI/TIA/EIA 568-B, "Commercial Building Telecommunication Cabling Standards."  Data cable shall be colored blue and telephone cable shall be colored white or ivory.

29


Cable shall support the following Application Standards: IBase5, 10 Base‑T, IEEE 802.5, and 4 Mbps Token Ring at 328 feet, 104 workstations and TP‑PMD minimum.  Cable shall be capable of 1000 Base‑T and 52/155 Mbps ATM.

30

Conductors:

31


Conductors shall be stranded copper wire of the size shown on the plans.  Conductors shall conform to the requirements in ASTM B3 and ASTM B8.  Conductor size shall be based on AWG, except that conductor diameter shall be not less than 98 percent of the specified AWG diameter.

32


Conductor insulation types shall be as follows:

1.
Conductors in control panel enclosures shall be Type MTW.

2.
Conductors in wet, underground, or outdoor locations shall be Type XHHW-2.

3.
All conductors other than Type MTW and XHHW-2 shall be Type THHN.

33

Wire Connections and Devices:  Wire connections and devices shall be pressure or compression type, except that connectors for No. 10 AWG and smaller conductors in dry locations may be preinsulated spring‑pressure type.

34

ELECTRICAL BOXES

35

Outlet, Device and Junction Boxes:

36


Boxes shall be galvanized steel boxes with knock‑outs and shall be the size and configuration best suited to the application indicated on the plans.  Minimum size of outlet, device, or junction boxes shall be 4 inches square by 1-1/2 inches deep.  Flush‑mounted single device and surface mounted light fixture boxes shall have four inch square single raised device covers.

37


Flush-mounted boxes shall have stainless steel covers, 0.04 inches thick.  Surface-mounted boxes shall have galvanized steel covers with metal screws.  Cover screws shall be metal with finish to match cover finish.

38


Sectional device plates will not be permitted.

39


Cast boxes and weatherproof boxes shall be cast iron boxes with threaded hubs in conformance with the requirements in NEMA FB-1, and shall be of the size and configuration best suited to the application shown on the plans.  Minimum size of outlet, device, or junction boxes shall be 4 inches square by 1-7/8 inches deep.

40


Cast boxes and weatherproof boxes shall have cast iron covers with gaskets.

41


Weatherproof device boxes shall have gasketed covers with gasketed hinged flaps to cover switches and receptacles.

Use paras 42, 43, 44, and 122 in salt or chemical storage buildings.  Delete if not shown on the plans.

42


All PVC boxes in salt or chemical storage buildings shall be PVC with hubs or equivalent means for conduit entry and shall be the size and configuration best suited to the application indicated on the plans.  Minimum size of outlet, device, or junction boxes shall be 4 inches square by 1-1/2 inches deep.  Flush‑mounted single device and surface mounted light fixture boxes shall have four inch square single raised device covers.

43


All PVC boxes shall have PVC covers with gaskets.

44


All PVC device boxes shall have gasketed covers with gasketed hinged flaps to cover switches and receptacles.

45

Communication Outlet Box:

46


Communication outlet box shall be 4‑inch square box with faceplate.  Boxes on stud walls shall have raised device covers.

47


Faceplate shall accommodate modular type communication outlet jacks and include tear‑resistant icons showing computer icon for data jacks and telephone icon for telephone jacks.

48.  Use when District is NOT installing building telephone or data cables.  Edit third sentence if number and type of jacks is different than shown on the plans.

Communication Outlet Jack:  Communication outlet jack shall be either data or telephone jacks.  Color shall be ivory unless otherwise shown on the plans.  Each communication outlet jack shall include two data jacks and two telephone jacks installed in the faceplate.  Jacks shall be as follows:

1.
Data jack shall be color-coded, eight-position modular receptacle units with integral IDC-type terminals and shall snap into Cat 6 faceplates or termination boxes.  Data jack shall be UL approved.

2.
Telephone jack shall be color-coded, modular RJ‑11 receptacle units with integral IDC-type terminals and shall snap into Cat 6 faceplates or termination boxes.

49

Pull Boxes:

50


Pull boxes shall be in conformance with the provisions in Section 86-2.06, "Pull Boxes," of the Standard Specifications.

51


Traffic rated pull boxes shall be in conformance with the provisions in Section 86-2.07, "Traffic Pull Boxes," of the Standard Specifications.

52


Electrical pull box covers and traffic rated pull box covers shall be marked "ELECTRICAL."  Telephone pull box covers shall be marked "COMMUNICATION."

53

RECEPTACLES AND SWITCHES

54

Ground Fault Circuit Interrupter Receptacle, (GFCI):  GFCI receptacle shall be NEMA Type 5‑20R, feed‑through type, ivory color, 3‑wire, 20‑ampere, 125‑volt, specification grade, duplex receptacle suitable for wiring with stranded conductors.  Receptacle shall detect and trip at current leakage of 5 mA and shall have front mounted test and reset buttons.

55

Duplex Receptacle:  Duplex receptacle shall be NEMA Type 5‑20R, 3‑wire, 20‑ampere, 125‑volt, ivory color, specification grade duplex receptacle suitable for wiring with stranded conductors.

56

Management Information System (MIS) Receptacle:  MIS receptacle shall be NEMA Type 5‑20R, 3‑wire, 20‑ampere, 125‑volt, isolated ground, orange color, specification grade duplex receptacle suitable for wiring with stranded conductors.

57

Reel Light Receptacle:  Reel light receptacle shall be NEMA Type L5-20R, 3‑wire, 20‑ampere, 125‑volt, twist‑lock, single, specification grade receptacle suitable for wiring with stranded conductors.

58

Multioutlet Assemblies:  Multioutlet assemblies shall be 3‑wire, 15‑ampere, 125‑volt, 40‑inch long strip, grounding type receptacles spaced 6 inches on center.  The assembly shall be provided with the necessary entrance end fitting and blank end fitting.

59*.  Additional information required.

Welding Receptacle:  Welding receptacle shall be surface-mounted, 600‑volt, 60‑ampere, ___‑wire, ___‑pole, circuit breaking, weather resistant, raintight receptacle with female interior assembly.  The receptacle shall be complete with back box, angle adapter and spring door.  The receptacle shall be grounded through extra pole and shell, and shall have crimp or solder type connections.  A mating plug for each receptacle installed shall be provided.

60*.  Additional information required.

Vehicle Lift Receptacle:  Vehicle lift receptacle shall be surface-mounted, 600‑volt, 60‑ampere, ___‑wire, ___‑pole, circuit breaking, weather resistant, raintight receptacle with female interior assembly.  The receptacle shall be complete with back box, angle adapter and spring door.  The receptacle shall be grounded through extra pole and shell, and shall have crimp or solder type connections.  A mating plug for each receptacle installed shall be provided.

61

Single Pole Switch:  Single pole switch shall be 20‑ampere, 120/277‑volt, quiet type, specification grade, ivory color switch with silver alloy contacts.  Switch shall be suitable for wiring with stranded conductors.

62

Three-way Switch:  Three-way switch shall be 20‑ampere, 120/277‑volt, quiet type, specification grade, ivory color switch with silver alloy contacts.  Switch shall be suitable for wiring with stranded conductors.

63

Four-way Switch:  Four-way switch shall be 20‑ampere, 120/277-volt, quiet type, specification grade, ivory color switch with silver alloy contacts.  Switch shall be suitable for wiring with stranded conductors.

64.  Use when 2 position switch is shown on the plans.  Edit switch position and legend plate if 3 position required.

Selector Switch, SS:  Selector switch shall be rotary action, double‑pole, 2‑position, 10‑ampere, 120‑volt switch.  Switch contacts shall have an inductive pilot duty rating of 60 amperes (make), 6 amperes (break) and 10 amperes (continuous) at 120 volts and 35 percent power factor.  Selector switch shall have legend plate marked MANUAL-AUTO.

65.  Use when unit heaters are shown on the plans.

Timer Switch:  Timer switch shall be a spring wound mechanical timer with a rotary dial.  Contacts shall be rated 20 amperes at 120 volts.  Time adjustments shall range from zero to two hours.

66.  Use when digital timer switch is shown on the plans.  Used only in certain styles of maintenance stations.

Digital Timer Switch:  Digital timer switch shall be an electronic interval timer switch with a manually operated toggle switch or pushbutton.  Switch shall be rated 1200‑watt ballast at 120/277 volts.  Time adjustments shall range from 5 minutes to 12 hours, initially set at 2 hours.  Switch shall have an audible warning that beeps every 5 seconds at one minute prior to time out.

67.  Select appropriate occupancy sensors and delete the Types not shown on the plans.  Modify as needed for sensors used in LEED projects.

OCCUPANCY SENSOR SWITCHES

68

Wall Switch Occupancy Sensor, Type 1:

69


Wall switch occupancy sensor, Type 1 shall be a wall‑mounted, passive infrared sensor switch with time delay.

70


The switch shall be rated at 800 watts (minimum) incandescent or 1200‑VA (minimum) fluorescent at 120 volts, operate on 120/277 volts and be installed in a device box with single raised device cover.

71


The switch shall be capable of manual on/automatic off mode.

72


The switch shall cover a minimum of 900 square feet of floor area, and have a field of view of not less than 180 degrees.

73


The switch shall be compatible with all electronic ballasts and have no leakage to load in the “OFF” mode.

74


The time delay off setting shall be adjustable from 30 seconds to 30 minutes, initially set at 10 minutes.  

75


Light level adjustment shall be adjustable from 3 fc to 180 fc, initially set at 75 fc.

76

Wall Switch Occupancy Sensor, Type 2:

77


Wall switch occupancy sensor, Type 2 shall be a wall‑mounted, passive infrared dual relay sensor switch with time delay.

78


Primary relay shall be rated at 800 watts (minimum) incandescent or 1200 VA (minimum) fluorescent at 120 volts.

79


Secondary relay shall be rated at 800 watts (minimum) incandescent or 800 VA (minimum) fluorescent at 120 volts.

80


The relays in the sensor shall be capable of simultaneously controlling 2 different lighting loads or circuits.  The second relay shall be independent allowing for two-circuit control.

81


Switch shall operate on 120/277 volts and be installed in a device box with single raised device cover.

82


The unit shall have dual manual override switches that can be used to toggle manual on/automatic off mode for each lighting load.

83


The switch shall cover a minimum of 1000 square feet of floor area, and have a field of view of not less than 180 degrees.

84


Switch shall be compatible with all electronic ballasts and have no leakage to load in the “OFF” mode.

85


The time delay off setting shall be adjustable from 30 seconds to 30 minutes, initially set at 10 minutes. 

86


Light level adjustment shall be adjustable from 10 fc to 150 fc, initially set at 75 fc.

87


Switch shall have audible alert to indicate impending light shut off.  

88

Ceiling Mounted Occupancy Sensor:

89


Ceiling mounted occupancy sensor shall be a low voltage, ultrasonic occupancy sensor switch with a 32 kHz frequency.  

90


Switch shall operate on 24volts DC and shall include an independent power pack unit.  Switch shall contain angled transmitter and receiver pairs.  

91*.  Additional information required.  Standard square footage is 600: 1,100 or 2,200 sf may be used if required.


The switch shall cover a minimum of ___ square feet of floor area and have a field of view of not less than 360 degrees, conical pattern.

92


The switch shall have LED indicator that remains active at all times in order to verify detection within the area to be controlled.

93


Switch shall be compatible with all electronic ballasts and shall have no leakage to load in the “OFF” mode.

94


The time delay off setting shall be adjustable from 30 seconds to 30 minutes, initially set at 10 minutes.  

95


Ceiling mounted occupancy sensor shall be supplied with power pack unit; a combination 24 volts DC power supply and 20 ampere line voltage relay.  Power supply shall be a self-contained transformer with 24 volts DC and minimum 150 mA output.  Input voltage to power pack unit shall be suitable for 120/277 volts.  Relay shall be Class B insulating material and have a contact rating of 20 amperes at 120/277 volts.  Power pack unit and occupancy sensor shall be from the same manufacturer.  Power pack unit shall be mounted inside a junction box.

96

Corner Mounted Occupancy Sensor: 

97


Corner mounted occupancy sensor shall be a low voltage, passive infrared occupancy sensor with dual element, temperature compensated pyroelectric sensor.  

98


Switch shall operate on 24 volts DC and shall include an independent power pack unit.  

99


The switch shall be suitable for corner mount and shall have a dense wide-angle lens.  

100


The switch shall cover a minimum 2000 square feet of floor area.

101


The switch shall have LED indicator that remains active at all times in order to verify detection within the area to be controlled.

102


Switch shall be compatible with all electronic ballasts and shall have no leakage to load in the “OFF” mode.

103


The time delay off setting shall be adjustable from 30 seconds to 30 minutes, initially set at 10 minutes.

104


Corner mounted occupancy sensor shall be supplied with power pack unit; a combination 24 volts DC power supply and 20 ampere line voltage relay.  Power supply shall be a self-contained transformer with 24 volts DC and minimum 150 mA output.  Input voltage to power pack unit shall be suitable for 120/277 volts.  Relay shall be Class B insulating material and have a contact rating of 20 amperes at 120/277 volts.  Power pack unit and occupancy sensor shall be from the same manufacturer.  Power pack unit shall be mounted inside a junction box.

105

MISCELLANEOUS MATERIALS

106.  Use with ceiling and corner mounted occupancy sensors.  Delete if not shown on the plans.

Auxiliary Relay Pack:  Auxiliary relay pack shall include an additional 20 ampere line voltage relay mounted inside a junction box.  Relay shall be as specified in the occupancy sensor power pack unit.

107

Warning Tape:  Warning tape shall be 4 inches wide and contain the printed warning "CAUTION ELECTRICAL CONDUIT" in bold 3/4‑inch black letters at 30‑inch intervals on bright orange or yellow background.  The printed warning shall be non-erasable when submerged under water and resistant to insects, acids, alkali, and other corrosive elements in the soil.  The tape shall have a tensile strength of not less than 155 pounds per 4‑inch wide strip and shall have a minimum elongation of 700 percent before breaking.

108

Pull Rope:  Pull rope shall be nylon or polypropylene with a minimum tensile strength of 1800 pounds.

109

Watertight Conduit Plug:  Watertight conduit plug shall be a hollow or solid stem expansion plug complete with inner and outer white polypropylene compression plates and red thermoplastic rubber seal.  Seal material shall be non-stick type rubber resistant to oils, salt, and alkaline substances.

110

Anchorage Devices:  Anchorage devices shall be corrosion resistant, toggle bolts, wood screws, bolts, machine screws, studs, expansion shields, or expansion anchors as required by the supporting device.

111

Electrical Supporting Devices:

112


Electrical supporting devices shall be one hole conduit clamps with clamp backs, hot‑dipped galvanized, malleable iron.

113


Construction channel shall be 1-5/8 inches x 1-5/8 inches, 12‑gage galvanized steel channel with 17/32‑inch diameter bolt holes, 1-1/2 inches on center in the base of the channel.

114

Ground Rod:  Ground rod shall be a 3/4‑inch (minimum) galvanized or copper clad steel rod, 10 feet long, and shall conform to the requirements in NEMA GR-1.

115

PART 3 - EXECUTION

116

INSTALLATION

117

Conduit:

118


Conduits shall be installed as specified in Section 86‑2.05C, "Installation," of the Standard Specifications and the following:

1.
All conduits shall be rigid steel except as follows:

a.
EMT may be used in walls and furred spaces and for exposed work indoors above the switch height.

b.
Flexible metallic conduit shall be used to connect suspended lighting fixtures, motors, HVAC equipment, and other equipment subject to vibration in dry locations.

c.
Liquidtight flexible metallic conduit shall be used to connect motors, HVAC equipment, and other equipment subject to vibration in wet or exterior locations.

d.
PVC coated rigid steel conduit shall be used where shown on the plans for fuel islands, salt storage and sand storage buildings, and base elbows and vertical risers through concrete slabs.

e.
Rigid non‑metallic conduit shall be used in underground, exterior locations.

2.
Rigid non‑metallic conduit bends of 30 degrees or greater shall be factory‑made long radius sweeps.  Bends less than 30 degrees shall be made using an approved heat box.

3.
Locations of conduit runs shall be planned in advance of the installation and coordinated with the ductwork, plumbing, ceiling and wall construction in the same areas and shall not unnecessarily cross other conduits or pipe, nor prevent removal of ceiling tiles or panels, nor block access to mechanical or electrical equipment.

4.
Where practical, conduits shall be installed in groups of parallel, vertical or horizontal runs and at elevations that avoid unnecessary offsets.

5.
Exposed conduit shall be installed parallel and at right angles to the building lines.

6.
Conduits shall not be placed closer than 12 inches from a parallel hot water or steam pipe or 3 inches from such lines crossing perpendicular to the runs.

7.
All raceway systems shall be secured to the building structures using specified fasteners, clamps and hangers.

8.
All metal conduits, fittings, and elbows in contact with soil or concrete shall be wrapped with a double layer of 20‑mil thick pipe wrapping tape.

9.
Single conduit runs shall be supported by one hole conduit clamps.  Single conduit runs on walls in damp or wet locations shall be installed with clamp backs to space conduit off the surface.

10.
Multiple conduit runs shall be supported with construction channel secured to the building structure.  Conduits shall be fastened to construction channel with channel compatible pipe clamps.

11.
Raceways of different types shall be joined using approved couplings or transition fittings.

12.
Expansion couplings shall be installed where conduit crosses a building separation or expansion joint.

13.
All floor and wall penetrations shall be sealed watertight.

119

Conduit Terminations:

120


Rigid steel conduits shall be securely fastened to cabinets, boxes and gutters using 2 locknuts and insulating metallic bushing.  EMT shall be securely fastened to cabinets, boxes and gutters using connectors.  Conduit terminations at exposed weatherproof and cast boxes shall be made watertight using hubs.

121


Grounding bushings with bonding jumpers shall be installed on all conduits terminating at concentric knockouts and on all conduits containing service conductors, grounding electrode conductor, and conductors feeding separate buildings.

122.  Use when salt storage or chemical storage building is shown on the plans.


Rigid non-metallic conduits shall be securely fastened to PVC boxes and lighting fixtures using connectors.

123


Rigid non-metallic conduit shall be terminated inside the underground pull boxes with an approved conduit bushing or fitting.  All conduits shall enter vertically through the bottom of pull boxes.

124


All future conduits terminated in underground pull boxes or left exposed indoors and outdoors shall be provided with watertight conduit plugs.

125

Warning Tape:  Warning tape shall be placed over each conduit in a trench.  Each warning tape shall be centered over the conduit and shall be placed over the 6 inch layer of sand covering the conduit as specified elsewhere in these special provisions.

126

Conductor and Cable Installation:

127


Conductors shall not be installed in conduits until all work of any nature that may cause injury is completed.  Care shall be taken in pulling conductors so that insulation is not damaged.  An approved non-petroleum base and insulating type pulling compound shall be used as needed.

128


All cables shall be installed and tested in conformance with manufacturer's recommendations.

129


Splices and joints shall be insulated with insulation equivalent to that of the conductor.

130


Six inches of slack shall be provided at each outlet and device connection.  If the outlet or device is not at the end of a run of conductor, connection shall be made with correctly colored pigtails tapped to the runs with splices as specified herein.

131


All pressure type connectors and lugs shall be retightened after the initial set.

132


Splices in underground pull boxes and similar locations shall conform to the provisions in Section 86-2.09C, "Connectors and Terminals," and Section 86-2.09E, "Splice Insulation," of the Standard Specifications.

133


Junction boxes in furred or accessible ceiling spaces shall be identified on the cover plate with permanent marking pen denoting the circuits contained in the box.

134

Conductor Identification:

135


The neutral and equipment grounding conductors shall be identified as follows:

1.
Neutral conductor shall have a white or natural gray insulation except that conductors No. 4 and larger may be identified by distinctive white markers such as paint or white tape at each termination.

2.
Equipment grounding conductor may be bare or insulated.  Insulated equipment grounding conductors shall be green or green with one or more yellow stripes over its entire length.  Conductors No. 4 and larger may be permanently identified by distinctive green markers such as paint or green tape at all accessible locations over the entire exposed conductor.

136


Ungrounded feeder and branch circuit conductors shall be color coded by continuously colored insulation, except conductors No. 6 AWG or larger may be color coded by colored tape at each connection and where accessible.  Ungrounded conductor color coding shall be as follows:

137

	SYSTEM
	COLOR CODE

	
	

	120/240 volt-Single phase
	Black, blue

	120/240 volt-Three phase
	Black, orange, blue

	120/208 volt-Three phase
	Black, red, blue

	277/480 volt-Three phase
	Brown, purple, yellow


138


Once grounded and ungrounded insulated conductors are identified with a specific color code, that color code shall be used for the entire length of the circuit.

139


Where more than one branch circuit enters or leaves a conduit, panel, gutter, or junction box, each conductor shall be identified by its panelboard and circuit number.  All control conductors including control conductors of manufacturer supplied and field wired control devices shall be identified at each termination with the conductor numbers shown on the plans, working drawings, and as directed by the Engineer where deemed necessary.  Identification shall be made with one of the following:

1.
Adhesive backed paper or cloth wrap-around markers with clear, heat shrinkable tubing sealed over either type of marker.

2.
Pre-printed, white, heat‑shrinkable tubing.

140


The identifying numbers of the terminating conductors, as shown on the plans or the working drawings, shall be identified on the terminal block marking strip.

141

Outlet, Device and Junction Box Installation:

142


Where exposed rigid steel conduits are connected to an exposed outlet, device, or junction box at or below switch height, the box shall be a cast box.

143


All boxes shall be finished flush with building walls, ceiling and floors except where exposed work is called for.

144


Raised device covers shall be installed on all boxes concealed in concrete, masonry or stud walls.

145


No unused openings shall be left in any box.  Knockout seals shall be installed to close openings.

146


Adjustments to locations of outlet, device and junction boxes may be made as required by structural conditions and to suit coordination requirements of other trades.

147


Boxes in stud walls and partitions shall not be mounted back to back.  Through-wall boxes will not be allowed.

148


Boxes installed in metal stud walls shall be equipped with brackets designed for attaching directly to the studs or shall be mounted on heavy gauge galvanized steel, snap-in box supports.

149


Fixture outlet boxes installed in suspended ceilings of gypsum board or lath and plaster construction shall be mounted on 16‑gage metal channel bars attached to main ceiling runners.

150


Fixture outlet boxes for pendant-mounted fixtures installed in suspended ceilings supporting acoustical tiles or panels shall be supported directly from the structures above.

151


Multiple switches shall be installed in standard boxes.

152

Pull Box Installation:

153


Pull box installation shall be in conformance with the provisions in Section 86-2.06C, "Installation and Use," of the Standard Specifications and the following:

1.
Top of pull boxes shall be flush with surrounding grade or top of curb.  In unpaved areas where pull box is not immediately adjacent to and protected by a concrete foundation, pole or other protective construction, the top of pull box shall be set at plus one inch above surrounding grade.  Pull boxes shown on the plans in the vicinity of curbs shall be placed adjacent to the back of curb.  Pull boxes shown on the plans adjacent to lighting standards shall be placed on the side of foundation facing away from traffic.

154

Ground Rod Installation:  The ground rod shall be driven vertically until the top is 6 inches above the surrounding surface.  When vertical penetration of the ground rod cannot be obtained, an equivalent horizontal grounding system, approved by the Engineer, shall be installed.

155

Anchorages:

156


Hangers, brackets, conduit straps, supports, and electrical equipment shall be rigidly and securely fastened to surfaces by means of toggle bolts on hollow masonry; expansion shields and machine screws, or expansion anchors and studs or standard preset inserts on concrete or solid masonry; machine screws or bolts on metal surfaces; and wood or lag screws on wood construction.

157


Anchorage devices shall be installed in conformance with the anchorage manufacturer's recommendations.

158

Mounting heights:  Electrical system components shall be mounted at the following mounting heights, unless otherwise shown on the plans.  The mounting height dimensions shall be measured above the finished floor to the bottom of the device or component.

159.  Confirm mounting heights for outlets above counter tops and in Shops are on plans and do not conflict with ADA sheets.

	Thermostats
	3’-10”

	Wall switches
	3’-4”

	Convenience outlets
	1’-6”

	Electric water cooler outlet
	As recommended by the water cooler manufacturer.

	Telephone and radio outlets
	1’-6”


