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SECTION 260519.12 – METAL CLAD CABLE
GENERAL
SUMMARY
Related Documents:
Drawings and general provisions of the Subcontract apply to this Section.
Review these documents for coordination with additional requirements and information that apply to work under this Section.
Section Includes:
Metal Clad (Type MC) Cable - Power, Control and Lighting Systems.
Wiring connections and terminations.
Related Sections:
Division 01, Section 010000, General Requirements.
Division 01, Section 013500, Special Procedures.
Division 07, Section 078413, Penetration Firestopping.
Division 26, Section 260500, Common Work Results for Electrical.
Division 26, Section 260501, Inspections and Testing for Electrical Work.
Division 26, Section 260526, Secondary Grounding for Electrical Systems.
Division 26, Section 260533, Electrical Conduit.
Division 26, Section 260533.13, Boxes for Electrical Systems.
Division 26, Section 260536, Cable Trays for Electrical Systems.
REFERENCES
General:
The following documents form part of the Specifications to the extent stated.  Where differences exist between codes and standards, the one affording the greatest protection shall apply.
Unless otherwise noted, the edition of the referenced code or standard that is current at the time of the “date of record” for the Work shall be considered the effective code or standard for the duration of the project.
Refer to Division 01, Section 010000, General Requirements, for the list of applicable regulatory requirements.
Refer to specific Division 26 Sections for additional referenced codes and standards.
ANSI/NFPA 70 - National Electrical Code.
ANSI – American National Standards Institute:
ANSI/UL 1569 – Metal-Clad Cables.
ANSI/UL 514B – Conduit and Cable Fittings.
ANSI/NEMA FB 1 – Fittings, Cast Metal Boxes and Conduit Bodies For Conduit and Cable.
ASTM International.
Institute of Electrical and Electronics Engineers (IEEE).
Insulated Cable Engineers Association (ICEA).
LBNL Construction Details and Design Guidelines (CDDG), Vol. 3 – Construction Details, Part VI – Electrical Details.
LBNL Electrical Authority having Jurisdiction: Standard Procedure for Safe Electrical Installations (IAHJ Program).
LBNL Electrical Safety Manual.
LBNL Facilities Department Lateral Force Design Criteria.
LBNL Pub-3000 Chapter 8 - Electrical Safety Program.
LBNL Pub-3000 Chapter 14 – Electrical Equipment Safety Program.
LBNL Pub-3000 Chapter 18 - Lockout/Tagout Program.
NEMA – National Electrical Manufacturers Association:
NEMA WC 70 	Non Shielded Power Cables rated 2000Volts or Less for the Distribution of Electrical Energy.
NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems.
UL – Underwriters' Laboratories.
SUBMITTALS
Submit under provisions of Division 01, Section 010000, General Requirements, “Submittals”; Division 01, Section 013500, Special Procedures, “Drawings and Specifications”; Division 26, Section 260500, Common Work Results for Electrical, “Submittals"; and as required by other sections of the Specifications.
Shop Drawings:  The Subcontractor shall submit for approval Shop Drawings prepared in accordance with Division 01, Section 010000, General Requirements, “Submittals”, and as required by other sections of the Specifications.
All submittals and shop drawings shall be reviewed and approved by the LBNL Facilities Division Utility Group Electrical Engineer before procurement or fabrication of material and equipment.
Submit shop drawings and product data for metal clad cable and fittings.
QUALITY ASSURANCE
Products shall be tested, approved and labeled/listed by Underwriters Laboratories, Inc., or by a nationally recognized testing laboratory (NRTL) as listed in Division 26, Section 260500, Common Work Results for Electrical.
Electrical equipment and materials shall be new and within one year of manufacture, complying with the latest codes and standards.  No used, re-built, refurbished and/or re-manufactured electrical equipment and materials shall be furnished on this project.
COORDINATION
Refer to Division 01, Section 010000, General Requirements, “Coordination of Work”.
Refer to Division 01, Section 013500, Special Procedures, “Coordination”; and Section 013500A, Supplement for Equipment Energization Plan: Energization Validation & Authorization Package (EVAP).
Refer to the LBNL Electrical Authority Having Jurisdiction: Standard Procedure for Safe Electrical Installations (IAHJ Program) in regards to the Facilities Energization Validation and Authorization Package (EVAP) process necessary before equipment energization.
Refer to construction drawings for the type of the cables to be furnished and installed under this project.
DELIVERY, STORAGE, AND HANDLING
Deliver materials to site in unopened cartons or bundles as appropriate, clearly identified with manufacturer's name, Underwriter's or other approved label, grade or identifying number.
Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas or heavy plastic cover to protect equipment and material from dirt, water, construction debris, and traffic.
PRODUCTS
MANUFACTURERS
Cablec Continental Cable Co.
General Cable Corp.
Okonite Co.
Or equal.
cable assembly
Metal clad cable assemblies shall consist of 2, 3 or 4 current carrying conductors and an equipment ground conductor as specified on the Construction Drawings.
Conductors:  Class B stranded copper conductor, No. 12 AWG minimum or No. 10 AWG maximum.  Installation methods shall be as specified under Part 3 - Execution.
Insulation:  Conductor insulation shall be 600 volt, Type XHHW, 900C.  Insulation color of conductors shall be as listed in Article 2.4, Color Codes
Fillers:  Fillers shall be non-hygroscopic and non-wicking.
Binder:  Core binder shall be corrugated polyester.
Sheath:  The metal sheath shall be galvanized steel or aluminum.  The metal sheath shall be extruded onto the cable or applied longitudinally, then wrapped and welded.  The sheath shall then be corrugated for greater flexibility.
Jacketing:  When PVC jacketing is required, the jacket shall be flame-retardant PVC with a temperature range of -400C to 900C.
Equipment Grounding Conductor:  The equipment ground wire shall be of the same construction as specified in 2.02.A and 2.02.B and be the same size as the current carrying conductors.  The insulation color shall be green.
fittings
Fittings shall be UL listed and identified for such use with metal clad continuous corrugated sheath cable, with or without PVC jacketing, as is appropriate for the installation.
Connectors shall be of steel or malleable iron and shall be a squeeze type clamp connector with a locknut for non-jacketed metal clad cable.  Compression gland type connectors shall be used for jacketed metal clad cable.
Color Codes
Conductors are to be identified to preserve the following color code.

	
	480Y/277 System
	208Y/120V System

	Phase A
	Brown
	Black

	Phase B
	Yellow
	Red

	Phase C
	Purple
	Blue

	Neutral
	Gray
	White


Equipment Grounding:  Conductors intended solely for equipment grounding purposes shall be Green in color.  Conductors with White or Gray insulation shall be used only for the grounded neutral conductors.
EXECUTION
INSTALLATION – POWER AND LIGHTING SYSTEMS WIRING
Wiring shall be installed in compliance with the latest version of the National Electrical Code and other applicable codes and standards as indicated elsewhere in these specifications.
Use of metal clad cable shall be permitted only for lighting, equipment and receptacle branch circuits indicated on the Construction Drawings.  Metal clad cable shall not be permitted in locations designated to be laboratories or hazardous Class I, II or III.
Metal clad cable shall be permitted only for motor circuits where the motor being served is less than ½ HP and rated for 120V, single phase.  Metal clad cable is not permitted for HVAC equipment and controls.
Metal clad cable shall only be installed concealed within walls and above ceiling interstitial spaces.  Where there is no ceiling interstitial space, metal clad cable may be installed exposed if called for on the Construction Drawings and in compliance with the installation requirements of this Section.  Exposed metal clad cable shall have PVC jacketing.
Bends in corrugated sheath metal clad cable shall be made so that the cable will not be damaged.  The radius of the curve of the inner edge of a bend shall not be less than 7 times the diameter of the metallic sheath.
Metal clad cable is not permitted to connect branch circuits to fume hoods, glove boxes, gas storage cabinets, or chemical storage cabinets.
No metal clad cable shall be installed in ventilation ducts or plenums.
Each branch circuit shall have its own neutral conductor from the branch circuit load back to the circuit breaker panelboard.  Shared neutral conductors shall not be installed.
All wiring shall be identified with permanent wire labels, using alphanumeric designations.  Terminations and splices shall be identically labeled for the same wire (i.e., common conductors terminated in multiple locations).  Wire labels shall agree with the circuit designations on the Construction Drawings.
Identify conductors in outlets, pull boxes and similar locations where conductors are accessible with Thomas and Betts, Brady, or equal, printed plastic adhesive tapes to show circuit numbers.  Wrap tapes at least two turns around conductor.  Mark panel identification number with felt tip pen on Patrick and Co. Size 1, Type 11-172, Dennison Co., or equal, cloth or plastic tag and attach to entering conductors with nylon string.
Conductors in Enclosures:  Provide neat and workmanlike installation with conductors tied with T&B Ty-Rap, Virginia Plastics, or equal, nylon wire ties in terminal cabinets, gutters and similar locations.
Splices and Terminations
The following installation methods shall be followed for termination of stranded conductors:
Wire strands shall remain intact after the insulation is removed for the purpose of connecting the stranded wire to an approved lug or device.
When landing wires at a terminal strip approved for stranded wire, all strands shall be enclosed within the terminal.  (No strands shall be clipped off.  No strands shall protrude from the terminal connector).
When using lugs for termination, strands of the wire shall be contained in the barrel of the lug before crimping.
Stranded wire shall be terminated only on devices and terminals approved for stranded wire.  Number of wire shall not exceed 1 per termination.  If the terminal is rated for more than one conductor, the number of wires shall not exceed 2.
In the case of screw type termination points, the wire is required to have an insulated locking fork or ring type lug approved for the wire size, crimped to the stripped conductor with an approved crimping tool for that particular lug.
Only ring type insulated lugs shall be used for the instrument current transformer circuits.
Splices at junction boxes shall be made with an approved, insulated, live spring type connector such as those manufactured by Scotchlock, 3M or Ideal.
fittings
Fittings used for connecting metal clad cable to boxes, light fixtures or other equipment shall be UL listed and identified for such use.
Cable preparation for installation of fittings shall follow manufacturer’s instructions.  The manufacturer’s specialized tools shall be used for preparing cable ends for installation of fittings.
The cable end shall be cut square to ensure flush seating of the cable into the fitting.  Fitting securement screws shall be properly torqued.  Cable ends shall be fitted with insulating bushings intended for the type of metal clad cable being installed.
For jacketed metal clad cable, the outer jacket shall be removed to the length specified by the fitting manufacturer’s instructions.  Remove oils or solvent by-products from the outer jacket of the cable.  The cable end shall be cut square to ensure flush seating of the cable into the fitting.  The fitting gland nut shall be properly torqued to the manufacturer’s specifications.
ARRANGEMENT AND SUPPORT
Where metal clad cables are exposed, run parallel with walls or structural elements.  Vertical runs shall be plumb; horizontal runs level and parallel with structure, as appropriate.  Groups shall be racked together neatly with both straight runs and bends parallel and uniformly spaced.
Metal clad cables shall be securely fastened in place at intervals of not more than six feet, with suitable clamps or fasteners of approved type, and vertical conduits shall be properly supported to present a mechanically rigid and secure installation.
Metal clad cable installed parallel to framing members, such as studs, joist, or rafters, shall be supported so that the nearest outside surface of the cable is not less than 1-1/4 inches (31 mm) from the nearest edge of the framing member.  Where this distance cannot be maintained, the cable shall be protected by a steel plate, sleeve, or equivalent that is at least 1/16-inch thick.
Maintain at least 6‑inch clearance between metal clad cables and other piping systems.  Maintain 12‑inch (300 mm) clearance between metal clad cables and heat sources such as flues, steam pipes, and heating appliances.
No metal clad cable shall be fastened to other conduits or pipes or installed so as to prevent the ready removal of other pipes or ducts for repairs.
Individual metal clad cables hung from roof structure or structural ceiling shall be supported by split-ring hangers and wrought-iron hanger rods.  Where 3 or more metal clad cables are suspended from the ceiling in parallel runs, use steel channels, Kindorf, Unistrut or equal, hung from 1/2-inch (13 mm) rods to support the conduits.  The conduit on these channels shall be held in place with metal clad cable clamps designed for the particular channel that is used.
Secure metal clad cable support racks to concrete walls and ceilings by means of cast-in-place anchors; die-cast, rustproof alloy expansion shields; or cast flush anchors.  Wooden plugs, plastic inserts, or gunpowder driven inserts shall not be used as a base to secure conduit supports.
Metal clad cable shall be supported immediately on each side of a bend and not more that 1 foot (300 mm) from an enclosure where a run of metal clad cable ends.
Use of cable tray:
The sum of the cross-sectional areas of cables shall not exceed the maximum allowable cable fill area allowed by NEC Tables 392.9, 392.9(E) and 392.9(F).
Cables shall be installed in a single layer with a maintained spacing of not less than one cable diameter between cables.
Ampacity of cables installed in cable tray shall meet the requirements of NEC 392.11.
INSPECTION AND TESTS
Tests shall be made in the presence of an LBNL Inspector or the Electrical AHJ’s designated representative.  The application or interruption of power shall be programmed and directed in accordance with the approved EVAP, inclusive of the Equipment Energization Plan and necessary permits, work tasks, and safety compliance steps.
The electrical installation shall be inspected and tested to ensure safety to building occupants and operating personnel and conformity to Code authorities and Subcontract documents.  Field tests shall be performed in conformance with the National Electrical Testing Association (NETA) Standards.
All fittings and locknuts shall be re-examined for tightness.  A continuity test is to be performed at each connection as a final means of inspection for tightness of joints.
Measure and record insulation resistance of power and control wiring installed by or altered by the Subcontractor including insulation resistance of equipment, supplied by either the University or the Subcontractor.  The Subcontractor shall not be responsible for defective insulation in equipment that has been supplied by the University, unless such damage is due to negligence or incorrect handling or installation workmanship of the Subcontractor.
The insulation resistance of each circuit phase-to-phase and phase-to-ground shall be measured.  For circuits rated less than 600 volts, the resistance shall not be less than one megohms.
Systems rated above 240 volts shall be tested with a 1000-volt Megohmeter.  Circuits rated 240 volts and below shall be tested with a 500-volt Megohmeter.  The D.C. potential shall be applied for thirty (30) seconds.
Using a calibrated torque wrench, test and record values at all terminations.
The Subcontractor shall submit to the Project Manager five (5) copies of test results, certified in writing, witnessed, signed and dated, immediately upon completion of work for review and acceptance by the University.  An unsatisfactory condition revealed by these test results, or unsatisfactory methods of tests and/or testing apparatus and instruments, shall be brought to the attention of the Project Manager, Responsible Design Professional (RDP), and the Facilities Division Utilities Group Electrical Engineer and/or the AHJ designated representative.  Corrections by the Subcontractor shall be validated by re-tests to the satisfaction of the Project Manager, the RDP, and the Facilities Division Utilities Group Electrical Engineer and/or the AHJ designated representative.
The Project Manager reserves the right to require that the Subcontractor perform and repeat tests that are deemed necessary to complete or check the tests or the certified records of the Subcontractor at any time during the course of the work.  The Subcontractor shall correct unsatisfactory portion of his work that is revealed by the tests or that may be due to progressive deterioration during this period, unless the item in question was a direct specification.
acceptance and ENERGIZATION
Final acceptance shall depend upon the satisfactory test results as performed in accordance with the manufacturer’s instructions.  After tests have been reviewed and approved by the University, energization may proceed in accordance with the approved Equipment Energization Plan and the Energization Validation and Authorization Package (EVAP).
Upon energization test and record readings for proper voltages, correct (clockwise) phase rotation, and phase sequence (A-B-C) for both incoming and outgoing feeder or branch circuits.  Provide the University with five (5) certified copies of field test reports.
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