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WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0100 — ELECTRICAL TESTING

PART 1 - GENERAL

11

1.2

13

SUMMARY

Section Includes

1. Provide material, equipment, labor and technical supervision to perform and complete
the electrical field acceptance tests for the electrical equipment and distribution systems
specified.

Intent

1. The purpose of the tests outlined is to insure the safety of persons and property

before and after occupancy by the Owner. These tests are to ensure that the methods
and materials used in manufacture, installation and erection have provided equipment
that is safe and in an operable condition.

DEFINITIONS

Acceptance Tests

1. Defined as those tests and inspections required to determine that the equipment
involved may be energized for operational tests.

Operational Tests

1. Defined as those tests and inspections required to determine that equipment
performance characteristics comply with the intended design.

QUALITY ASSURANCE

Testing Company Qualifications

1. Independent testing laboratory regularly engaged in the business of electrical
acceptance testing, similar to the inspections and tests specified, with a minimum of five

years’ experience.
2. Testing under this Section shall not be performed by the installing Contractor.

ELECTRICAL TESTING 26 0100
rev. July 2019



WMU Design Guidelines

3. Provide at least one on-site test leader who is a certified NETA (InterNational
Electrical Testing Association) or NICET (National Institute of Certified Electrical
Technicians) test technician. Provide other test personnel who have had a minimum five
years of supervised field experience in acceptance testing.

a. Equivalence to certified NETA or NICET is acceptable if approved in advance by
WMU Engineering.

B. The testing firm shall be regularly engaged in the testing of electrical equipment devices,
installations, and systems.

C. The testing firm shall only utilize technicians who are regularly employed by the firm on a full-
time basis for electrical services.

D. The Contractor shall submit proof of the above qualifications with bid proposal.

E. Acceptable Testing Firms

1. Utilities Instrumentation Services; Phone (734) 482-1450.
2. Emerson/High Voltage Maintenance Corporation; Phone (248) 305-5596.
3. Powertech Services, Inc.; Phone (810) 720-2280.
4, Michigan Switchgear, Auburn, M1 (989) 662-6075.
5. Solaris Power, Troy, Ml (248) 577-0236.
6. Siemens Service, Grand Rapids, Ml (616) 538-1611.
F. Industry Standards and References
1. All inspections and tests shall be in accordance with the latest version of the following
codes and standards except as provided otherwise herein.
a. National Electrical Manufacturer’s Association — NEMA
b. American Society for Testing and Materials — ASTM
C. Institute of Electrical and Electronic Engineering — IEEE
d InterNational Electrical Testing Association — NETA Acceptance Testing
Specifications — ATS-1996
e. InterNational Electrical Testing Association — NETA Maintenance Testing
Specifications-MTS-1997
f. American National Standards Institute — ANSI C2: National Electrical Safety Code
g. State and Local Codes and Ordinances
h. Insulated Cable Engineers Association — ICEA
i. Association of Edison llluminating Companies — AEIC
j- Occupation Safety and Health Administration
k. National Fire Protection Association
1) ANSI/NFPA 70: National Electrical Code
2) ANSI/NFPA 70B: Electrical Equipment Maintenance
3) NFPA 70E: Electrical Safety Requirements for Employee Workplaces
4) ANSI/NFPA 101: Life Safety Code
14 EXAMINATION

A. Verification of Conditions
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15

1. Review Project electrical documents and ascertain the extent of the Project testing and
the conditions and parameters involved in the work.

2. Prior to testing, visually inspect equipment to determine that there is no physical damage,
loose bolts or missing parts and the equipment is supplied in agreement with the
Contract documents and properly installed and connected.

3. At the option of the Engineer, conduct testing in the presence of the Engineer at the site.
Do not ship equipment off-site for testing without the authorization of the Engineer/ Project
Manager.

4, Report immediately to the Engineer any system, material, or workmanship which is found
defective or not in compliance with the Specifications.

SUBMITTALS

Quality Control Submittals

1.

Submit proof of testing company qualifications including the following:
a. Name of the test leader and proof of certification.
b. Qualifications of testing company.

Membership in NETA may be submitted in addition to the above list to substantiate
qualifications of other test personnel.

Test Report Submittals

1.
2.
3

Incorporate a record of inspections and tests into a test report.

Bind and certify the test report by the testing laboratory.

Furnish 2 copies of test reports in draft form for review and approval prior to submitting
the final reports.

Furnish 3 copies of the complete report to the Engineer no later than thirty days after
completion of Project. At the discretion of the Engineer, due to installation scheduling of
specific items of equipment or for other reasons, testing may be subdivided into several
smaller packages. In that case, submit one copy of a test report no later than thirty days
after completion of each test package and submit an inclusive test report containing the
package reports in the quantity and the time specified above for the complete report.
Include in the test report the following:

a. Project Name.

b. Equipment tested.

C. A list of visual and mechanical inspections required by Division 26 Specification
Sections in a checklist or similar format.

d. Tests performed.

e. Test reports, including test values where applicable, for all required electrical tests.

f. Summary and interpretation of test results detailing problems located and
recommended corrective measures.

g. Record of infrared scan and photos showing potential problem locations.

h. Signed and dated by testing firm field superintendent stating that all required tests

have been completed.
i. List of test equipment used and calibration dates.
j- Conclusions and recommendations, if any.
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6.

Where adjustments, modifications, or repairs are made to equipment in order to meet
the equipment and/or system specifications, indicate the "as left" condition in the test
report.

Report test results for each separate piece of equipment on test forms designed for
the purpose. Include on the test forms the following:

a. Nameplate catalog number, serial number, impedance, and rating.
b. Desired performance or performance range.
C. Measured performance.

Provide electronic copies of all files.
a. Do not password protect information.
b. Provide bound hard copy.

C. Scheduling

1.

Submit schedule of tests, prior to testing, including:
a. Test equipment used,

b. Test personnel and date,

C. Any discrepancies or projected repairs made.

Obtain approval from the Engineer for the use of test forms which are different than NETA-
approved test report forms.

1.6 PROJECT CONDITIONS

A. Environmental Requirements

1.

2.

Correct test results to 20 degrees C (68 degrees F). Report both the actual ambient
temperature test readings and the calculated, corrected to temperature, test values.

Do not test any equipment when the insulation temperature is below 0 degrees C (32
degrees F).

Do not test any equipment where the relative humidity is above 70 percent.
Deviations to this requirement will only be approved by the Architect if the testing
laboratory can demonstrate that the higher humidity will not affect the test or that the
higher humidity can be accounted for adequately in interpreting the test results.

1.7 SEQUENCING AND SCHEDULING

A. General

1.

26 0100
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Schedule tests in cooperation with other affected Contract work. Obtain approval from
the Engineer for the testing schedule. Give three days’ notice prior to testing, unless
otherwise necessary or specified.

Advise manufacturer's representatives of tests to be performed on their equipment.
Give minimum ten days’ time notification to permit the representative of the manufacturer
to witness the equipment under test.
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PART 2 - NOT USED

PART 3 - EXECUTION

3.1

ACCEPTANCE TESTING METHODS

Performance Requirements

1.

2.

The Electrical Contractor shall supply a suitable and stable source of electrical power
to each test site. The testing firm shall specify the power requirements.
The Electrical Contractor shall notify the testing firm when equipment becomes
available for acceptance tests. Work shall be coordinated to expedite project scheduling.
The testing firm shall notify the Owner's Representative prior to commencement of any
testing.
Any system, material or workmanship, which is found defective on the basis of
acceptance tests, shall be reported to the Engineer. The Electrical Contractor shall correct
all defects.
The testing organization shall maintain a written record of all tests and shall
assemble and certify a final test report.
Safety and Precautions
a. Safety practices shall include, but are not limited to, the following requirements:

1) Occupational Safety and Health Act.

2) Accident Prevention Manual for Industrial Operations, National Safety

Council.

3) Applicable state and local safety operating procedures.

4) NETA Safety/Accident Prevention Program.

5) Owner's safety practices.

6) National Fire Protection Association - NFPA 70E.

7) American National Standards for Personnel Protection.

All tests shall be performed with apparatus de-energized except where otherwise
specifically required.

The testing organization shall have a designated safety representative on the project
to supervise operations with respect to safety.

Test Instrument Calibration

1.

Test Instrument Calibration

a. The testing firm shall have a calibration program, which assures that all applicable
test instruments are maintained within rated accuracy.

b. The accuracy shall be directly traceable to the National Institute of Standards and
Technology.

C. Instruments shall be calibrated in accordance with the following frequency
schedule:
1) Field instruments: Analog - 6 months maximum Digital - 12 months

maximum

2) Laboratory instruments: 12 months
3) Leased specialty equipment: 12 months (Where accuracy is guaranteed by
Lessor)
d. Dated calibration labels shall be visible on all test equipment.

ELECTRICAL TESTING 26 0100
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2.

3.

e. Records must be kept up-to-date which show date and results of instruments
calibrated or tested.

f. An up-to-date instrument calibration instruction and procedures shall be
maintained for each test instrument.

g. Calibrating standard shall be of higher accuracy than that of the instrument tested.

Field Test Instrument Standards

a. All equipment used for testing and calibration procedures shall exhibit the following
characteristics:
1) Maintained in good visual and mechanical condition.
2) Maintained in safe, operating condition.

Suitability of Test Equipment

a. All test equipment shall be in good mechanical and electrical condition.

b. Selection of metering equipment should be based on knowledge of the waveform
of the variable being measured. Digital multi-meters may be average of RMS
sensing and may include or exclude the dc component. When the variable
contains harmonics of dc offset and, in general, any deviation from a pure sine
wave, average sensing, average measuring RMS scaled meters may be
misleading. Use of RMS measuring meters is recommended.

C. Field test metering used to check power system meter calibration must have any
accuracy higher than that of the instrument being checked.

d. Accuracy of metering in test equipment shall be appropriate for the test being
performed.

e. Waveshape and frequency of test equipment output waveforms shall be

appropriate for the test and tested equipment.

C. General

1.

Provide necessary test equipment and be responsible for setting-up test equipment,
wire checks of factory wiring and any other preliminary work in preparation for the
electrical acceptance tests.

The testing laboratory shall have a calibration program which maintains applicable test
instrumentation within rated accuracy. Accuracy shall be traceable to the national
bureau of standards. Calibration frequency shall be in accordance with the following
schedule:

a. Field instruments - 6 months minimum,

Laboratory instruments - 12 months minimum.lace dated calibration labels visibly on
equipment.

Certain pieces of equipment have been provided with the services of a manufacturer’s
service engineer who will assist in performing the tests on the equipment. When this
service is provided, the service engineer will also be required to verify and sign each
report form.

Perform tests which do not exceed the manufacturer's recommended limit for the
equipment being tested.

Where required for the validity of tests or safety of equipment and personnel, isolate
equipment to be tested from the system.

Include the ambient temperature and relative humidity existing at the time when
performing insulation resistance, dielectric absorption and high potential tests.

D. Visual Inspections

26 0100
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3.2

3.3

3.4

3.5

3.6

Prior to any testing, perform visual inspections to verify the following:
The equipment is completely and properly installed.

The equipment is free from damage and defects.

Shipping blocks and restraints have been removed.

Electrical terminations are properly tightened.

The equipment is properly aligned.

The equipment is properly lubricated.

The ventilation louvers are open and unobstructed.

The equipment is ready to be tested.

e N

Manual Operation

1.

Prior to any testing, operate mechanical devices to verify that they function properly and
freely.

Insulation Resistance Test

1. Perform test with a voltage source capable of providing a constant direct voltage
for the time intervals as specified below. Do not use hand cranked voltage sources
for direct voltages greater than 2500 volts.

2. The magnitude of applied direct voltage depends upon the voltage system to which the
equipment is connected, as follows:

System Voltage Test Voltage

150 and under 500

151 - 600 1000

601 — 15000 2500

15001 and above 5000

1. Hold 2500-volt and 5000-volt tests for a minimum of five minutes or until three equal
consecutive readings one minute apart are obtained. Take and record readings every
30 seconds during the first two minutes and every minute thereafter.

2. Hold 1000-volt and 500-volt insulation resistance tests for a minimum of one minute or
until the reading reaches a constant value for 15 seconds unless specified otherwise.

3. Apply tests from phase to ground with the other phases grounded. Test each phase
in a similar manner.

4, Check phase matching and phase identification immediately prior to energizing

equipment.

High Potential Tests

ELECTRICAL TESTING 26 0100
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1.

10.
11.

12.

13.
14.

Give cables and bus over 600 volts a high potential dc test after splices, stress cones
and/or potheads are completed.

Test new cables before cables are connected to terminals.

Provide test voltage per the manufacturer's recommendation. Use NETA standards
as listed in

NETA Acceptance Testing Specifications if manufacturer's recommendations are not
available.

Apply the dc test potential in at least eight equal increments until maximum test voltage
is reached.

Do not allow an initial application of voltage greater than the rated voltage of the cable.
Record dc leakage current at each step after a constant stabilization time consistent
with system charging current delay.

Provide a graphic plot of leakage current versus applied potential at each increment.

After reaching test voltage, maintain the potential for ten minutes. Record readings
of leakage current at 30 seconds, one minute and at one-minute intervals thereafter.
Provide a graphic plot of leakage current versus time.

Reduce the conductor test potential to zero at the completion of each conductor test
and apply grounds for a minimum of thirty minutes.

Do not subject switches or other equipment connected to a cable being tested to a
test voltage in excess of their test rating. In case of conflict, the Engineer will determine
whether to lower the test voltage or to disconnect the equipment.

Test each conductor with other conductors grounded and shields grounded.

High pot existing cable extensions only to rated cable voltage.

C. Primary Current Testing

1.

6.

Prior to testing, set overcurrent devices at the value specified. Do not allow testing to
proceed if the set points are not indicated. Obtain set points from the protective device
coordination study.

Determine the time-current characteristics of circuit breakers by primary current
injection whether the device is self-contained or has external current transformers.

With the circuit breaker closed, apply a test current through one pole of the circuit
breaker and any applicable current transformers. Provide sufficient test current to
actuate each mode of the tripping device: long time, short time (if present), and
instantaneous (if present).

Test each pole.

Include in test report, for each pole and each mode:

a. Test current used.
b. Time to interrupt current.
C. Manufacturer’s specification interrupt time.

Test ground fault time-current characteristics, where applicable, similar to the above.

D. Protective Relays and Solid-State Trip Units

1.

26 0100
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Obtain time-current characteristics for each setting or connection. For trip units with long
time, short time and/or instantaneous setting, test each mode at specified settings with
the other mode(s) set at the specified set point.

Determine the time-current characteristics by direct injection of operating current (current
transformers are to be used where current transformer is an integral part of unit.)
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3.

Verify each time-current curve by testing protective relays at a minimum of 2 points and
solid-state trip units at a minimum of one point on that portion of the curve that can be
altered.

Contact Resistance Test

1.
2.

Measure medium voltage switches contacts for micro resistance.
Measure low voltage drawout breakers micro resistance.

Fire Alarm System Test — By Fire Alarm Contractor

1.

2.

3.

Fire alarm and smoke detector systems shall be tested by operating each pull station
and activating all system sensors to verify proper operation.

Any fire voice communications systems shall be tested to verify correct operation of all
voice inputs and all speakers.

Complete system test in presence of WMU and Commissioning Agent.

Ethernet Systems — By Low Voltage Contractor

1.

A complete test shall be performed per TIA/EIA TSB 67 on each cable, end to end. A full
test report shall be submitted for each cable in hard copy and in electronic thumb drive.
Test equipment shall be UL certified for Category 5 testing, fully compliance with TIA
TSB-67 Accuracy Level I, utilizing the most recent version of software for the test
equipment. Submit proposed test method and equipment for approval prior to testing.

Fiber Optic Systems — By Low Voltage Contractor

1.

Upon completion of the system installation, it shall be the responsibility of the Contractor
to perform the necessary tests to insure proper system operation. An authorized Owner
representative shall be involved during the entire testing phase.

Measurement Plan — a plan shall be presented to the Owner for acceptance,

describing the test procedures that the Contractor proposes to follow.

One hundred percent of the optical fibers, splices, and connectors shall meet or

exceed the requirements stated in this specification.

Acceptance of the system by the Owner will be determined by the results of a

sequence of system measurements performed by the Contractor and submitted to the

Owner for approval in an appropriate written report.

The Owner shall receive all original traces.

Testing shall be performed at each building where cable is connectorized. Each

connectorized segment of the cable shall be tested in both directions. The following

measurements shall be made and documented:

a. An OTDR trace for each fiber in both directions after installation. OTDR traces
shall be made for single-mode fiber at 1300 nm and 1550 nm wavelengths and for
multi-mode fiber at 1300 nm wavelength. Traces shall be conducted after all
connectors have been installed and splicing of fibers have been completed.

b. The loss of each splice, connector, and total end-to-end attenuation of each
fiber shall be measured at 1300 nm for multi-mode fiber and at 1300 nm and 1550
nm for single-mode fiber.

ELECTRICAL TESTING 26 0100
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3.7

A.

3.8

26 0100

THERMOGRAPHIC SURVEY
Visual and Mechanical Inspection

1. Remove all necessary covers prior to scanning.
2. Inspect for physical, electrical, and mechanical condition.

Equipment to be Scanned

1. All components of the distribution system down to and including branch circuit
panelboards and motor control centers. Return 3 months after equipment has been
energized and fully loaded to do a final scan of all equipment.

Provide report indicating the following:

Problem area (location of "hot spot").

Temperature rise between "hot spot" and normal or reference area.
Cause of heat rise.

Phase unbalance, if present.

Areas scanned.

agrwNPE

Test Parameters

1. Scanning distribution system with ability to detect 1 C between subject area and
reference at 30 C.

2. Equipment shall detect emitted radiation and convert detected radiation to visual signal.

3. Infrared surveys should be performed during periods of maximum possible loading but
not less than twenty percent (20%) of rated load of the electrical equipment being
inspected.

Test Results

1. Interpretation of temperature gradients requires an experienced technician. Some
general guidelines are:
a. Temperature gradients of 37 F to 44.6 F indicate possible deficiency and warrant
investigation.
b. Temperature gradients of 37 F to 59 F indicate deficiency; repair as time permits.
C. Temperature gradients o 61 F and above indicate major deficiency; repair
immediately.

EQUIPMENT TO BE TESTED

General

1. Drawings and General Provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification sections, apply to work of this section.

2. Independent testing laboratory to provide field acceptance tests for the following
equipment. Installing Contractor may provide field acceptance tests for equipment not
listed below:

ELECTRICAL TESTING 10
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Division 26 Section “Electrical General Requirements.”
Division 26 Section “Conductors and Cables.”

Division 26 Section “Medium Voltage Cables.”

Division 26 Section “Grounding and Bonding.”

Division 26 Section “Packaged Engine Generators.”
Division 26 Section “Secondary Unit Substation.”

Division 26 Section “Enclosed Switches.”

Division 26 Section “Transfer Switch.”

Division 26 Section “Enclosed Controllers.”

Division 26 Section “Surge Protective Devices”

Division 26 Section “Panelboards.”

Division 26 Section “Motor Control Centers.”

Division 26 Section “Dry Type Transformers (600V and Less).”
Division 26 Section “Fuses.”

Division 26 Section “Static Uninterruptible Power Supply.”
Division 26 Section “Electrical Systems Commissioning.”

TOS3ITATTSQ@TOQ0DTY

END OF SECTION 26 0100
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WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0400 — BASIC ELECTRICAL MATERIALS AND METHODS

PART 1 - GENERAL

1.1

1.2

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract. including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

Requirements specified in Division 26 "Basic Electrical Requirements” apply to this section:

Workmanship

1. The contractor shall employ workmen skilled in the various types of work to be
completed. It is intended that the workmen employed shall be the best obtainable, with
suitable experience to allow them to perform work of first-class nature. Any workman
who does not exhibit these qualifications shall be removed at the request of the
University’s Representative

SUMMARY

This Section includes the following electrical materials and methods:

1. Concrete equipment bases.
2. Touchup painting.

Section Includes

1. This Section specifies basic electrical requirements applicable to Divisions 26 and 28
and electrical work specified in other Divisions when referenced to Divisions 26 and 28 for
reguirements.

Design Intent

1. The Contract documents indicate and specify the electrical design intent. The Contract
drawings are schematic and diagrammatic and are not intended to indicate construction
details and routing unless specifically indicated. The specifications establish minimum
performance, product and installation requirements.

BASIC ELECTRICAL MATERIALS AND METHODS 26 0400
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1.3

1.4

1.5

26 0400

2. In addition to the specified and indicated performance and quality requirements, furnish
products and perform installation work consistent with the design intent and necessary to
the provision of complete operating electrical systems.

REFERENCES

American National Standards Institute (ANSI)

1. C2 - National Electrical Safety Code.

National Electrical Contractors Association (NECA)

1. 1 - Standard Practices for Good Workmanship in Electrical Construction
2. 500 - Recommended Practice for Installing Indoor Commercial Lighting Systems.

National Fire Protection Association (NFPA)

1. 70 - National Electrical Code.

SYSTEM DESCRIPTION

Feeder and Branch Circuit Sizing

1. Provide feeder and branch circuits per the circuit sizing schedules indicated on Drawings.
2. Provide feeders and branch circuits for motors and transformers per the circuit sizing
schedules indicated on Drawings.

SUBMITTALS
General

1. Submit each item in this Article according to the Conditions of the Contract and Division 1
Specification Sections.

2. Refer to Section 01 3300, "Shop Drawings, Product Data and Samples”, for basic
definitions and requirements for submittals.

3. Submit information substantiating that the products comply with the specified regulatory,
testing, code, and standards requirements; including independent testing agency
requirements, such as Underwriters Laboratories Inc., and industry standards
organization requirements, such as the National Electrical Manufacturers Association.

4, Product Data for each type of product specified.

5. Submit Shop Drawings, Product Data, Samples and other specified submittals on a
"system" basis. Retain, and assemble drawings and data from manufacturer or
component manufacturers such that each submittal is for a complete system.

6. Shop Drawings detailing fabrication and installation of supports and anchorage for
electrical items.

BASIC ELECTRICAL MATERIALS AND METHODS 2
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1.6

Coordination Drawings for electrical installation in accordance with Division 26 Basic
Electrical Requirements."”

Samples of color, lettering style, and other graphic representation required for each
identification product for Project.

B. Quality Control Submittals

1.
2.

Submit results of factory tests two weeks prior to product shipment from factory.
Submit results of field tests immediately upon completion of the field test.

C. Contract Closeout Submittals

1. Refer to Division 01, "Record Documents"”, for basic definitions and requirements for
record documents.

2. Submit, at the completion of the work, record drawings in hard copy per Division 01 and
in an approved electronic format matching the electronic format in which the construction
documents were produced. Indicate the actual electrical installation, size and
construction details. Include the following information:

a. Lighting layout, type, circuit designation and control, including each conduit
and wire as installed.

b. Power distribution system, including distribution equipment and each conduit
and wire size installed.

C. Layout and circuiting for wiring devices, surface raceways and related
equipment, including location of all outlets, junction boxes, and conduit runs;
including conduit size, circuit numbers, and number of wires in each run.

d. Layout and circuitry for power circuits to mechanical equipment and other
electrified building equipment, including each conduit and wire size.

e. Supporting and mounting details.

f. Special systems layouts such as fire alarm, security, lighting control, and
telecommunications systems.

g. Layout, cabling and circuiting of site electrical systems such as underground
duct banks, manholes, hand holes and site lighting fixtures. Include system
and cable identification of communication systems such as telephone, data, fiber
optic, fire alarm, security system and other cabling systems.

h. Panel schedule drawings consisting of each panelboard. Schedules shall indicate
the “as built” circuiting with loads and room numbers identified. Room numbers on
schedules shall include the architectural room number indicated on the Drawings
and the signage room numbers from the signage schedules. Provide electronic
editable version.

QUALITY ASSURANCE

A. Comply with NFPA 7C for components and installation.

B. Listing and Labeling: Provide products specified in this Section that are listed and labeled.

1.

The Terms ‘"Listed and Labeled": As defined in the National Electrical
Code. Article 100.

BASIC ELECTRICAL MATERIALS AND METHODS 26 0400
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C. Regulatory Requirements

1.

Comply with the applicable requirements of ANSI C2 and the latest NFPA 70, and NFPA
70e.

a. Requirements of ANSI C2, NFPA 70 and NFPA 70e shall be minimum standards
of products and installation work. Furnish products and perform installation work
which exceed the standards of ANSI C2, NFPA 70 and NFPA 70e when specified
or indicated.

Comply with applicable requirements of city, county, and state laws, ordinances and
regulations including modifications and supplements to ANSI C2 and NFPA 70.

Comply with the applicable requirements of U.S. Department of Labor, Occupational
Safety and Health Administration Standards (OSHA).

All materials shall conform with the standards of the Underwriter's Laboratories in every
case where such standards have been established for the particular type of material in
guestion.

All material and equipment shall be UL listed and bear the UL label where such listing
and labeling exists.

The complete electrical installation shall comply with all the requirements of the
MIL.O.S.H.A.

Codes shall be used as minimum requirements, and where the Specifications or Plans
call for an installation hat exceeds and does not violate the Code requirements, the
Specifications and Plans shall be followed.

D. Character of Work

1. The installation shall be executed in a workmanlike manner and shall present a neat
mechanical appearance when completed.
E. Permits and Inspections
1. The Electrical Contractor shall obtain and pay for all permits from the State of
Michigan Labor Department, Electrical Division.
2. The Electrical Contractor shall submit a copy of the Certificate of Electrical Inspection
from the State of Michigan, prior to request for final payment.
F. Utilities Coordination
1. Coordinate work related to utility services with the appropriate utility companies. Comply
with the requirements of the following companies:
a. Electrical power: Western Michigan University — (269) 387-8514
b. Telephone: Western Michigan University — (269) 387-4357.
2. Provide 10 business days’ notice to Owner for any electrical outages.

26 0400
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PROJECT CONDITIONS

Conditions Affecting Selective Demolition: The following project conditions apply:

1.

Protect adjacent materials indicated to remain. Install and maintain dust and noise
barriers to keep dirt, dust, and noise from being transmitted to adjacent areas. Remove
protection and barriers after demolition operations are complete.

Locate, identify, and protect electrical services passing through demolition area and
serving other areas outside the demolition limits. Maintain services to areas outside
demolition limits. When services must be interrupted, install temporary services for
affected areas.

Conditions Affecting Excavations: The following project conditions apply:

1.

2.

Maintain and protect existing building services which transit the area affected by selective
demolition.

Protect structures, utilities, sidewalks, pavements, and other facilities from damage
caused by settlement, lateral movement, undermining, washout, and other hazards
created by excavation operations.

Site Information: Subsurface conditions were investigated during the design of the
Project. Reports of these investigations are available for information only; data in the
reports are not intended as representations or warranties of accuracy or continuity of
conditions. The Owner will not be responsible for interpretations or conclusions drawn
from this information.

Existing Ultilities: Locate existing underground utilities in excavation areas. If utilities are
indicated to remain, support and protect services during excavation operations.

Remove existing underground utilities indicated to be removed.

a. Uncharted or Incorrectly Charted Utilities: Contact utility owner immediately for
instructions.
b. Provide temporary utility services to affected areas. Provide minimum of 48-hour

notice to Engineer prior to utility interruption.

Use of explosives is not permitted.

PROJECT/SITE CONDITIONS

Environmental Requirements

1.

Provide products suitable for operation under the following environmental conditions:

a. Temperature: -18 to 38 degrees C (0 to 100 degrees F).
b. Humidity: 0 to 95 relative percent, non-condensing.
C. Altitude: 2010 meters (6600 feet) above sea level.

SEQUENCING AND SCHEDULING

Coordinate electrical equipment installation with other building components.

Arrange for chases, slots, and openings in building structure during progress of construction to
allow for electrical installations.

BASIC ELECTRICAL MATERIALS AND METHODS 26 0400
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Coordinate installing required supporting devices and set sleeves in poured-in-place concrete
and other structural components as they are constructed.

Sequence. coordinate, and integrate installing electrical materials and equipment for efficient
flow of the Work. Coordinate installing large equipment requiring positioning prior to closing in
the building.

Coordinate connecting electrical service to components furnished under other Sections.

Coordinate connecting electrical systems with exterior underground and overhead utilities and
services. Comply with requirements of governing regulations, franchised service companies,
and controlling agencies.

Coordinate requirements for access panels and doors where electrical items requiring access
are concealed by finished surfaces. Access panels and doors are specified in Division 8 Section
"Access Doors."

Coordinate installing electrical identification after completion of finishing where identification is
applied to field-finished surfaces.

Coordinate installing electrical identifying devices and markings prior to installing acoustical
ceilings and similar finishes that conceal such items.

Coordinate the shut-off and disconnection of electrical service with the Owner and the utility
company.

Perform demolition in phases as indicated.

MAINTENANCE
General

1. Retain portable and detachable portions of the installation such as tool, tool Kkits,
instruction books, wiring diagrams, service manuals, operating handles and keys until the
completion of work.

2. Transmit the above items to the Owner when the work has been accepted and an
itemized receipt obtained.

Operations and Maintenance Manuals
1. Prior to final acceptance of Project, furnish and deliver to Owner three set(s) of bound

manual(s) of instructions for operation and maintenance of all pieces of equipment and
systems furnished under this Division of Specifications.

2. Bind manuals in a hard-backed, three-hole binder and assemble as follows:
a. First page: title of job, Owner, address, date of submittal, name of Contractor and
Architect.
b. Second page: index.
C. Third page: introduction to First Section containing a complete description of the
system.
d. First Section: written description of system contents, location in building, how each

part functions individually, how system works as whole. Conclude with list of items

BASIC ELECTRICAL MATERIALS AND METHODS 6
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3.

requiring service and either state the service needed or refer to the manufacturer's
data, in binder, that describes the proper service.

1) Routine maintenance procedures.

2) Lubrication chart listing all types of lubricants to be used for each piece of
equipment and the recommended frequency of lubrication.

3) Trouble-shooting procedures.

4) Recommended spare parts lists.

e. Second Section: a copy of each Product Data and Shop Drawing submittal with an
index at the beginning of the Section.

f. Third Section: a copy of each manufacturer's operating instructions with an index
at the beginning of the Section.

g. Fourth Section: a list of all equipment used on the job, Contractor's purchase order

numbers, supplier's name, address and telephone numbers.

Provide a separate binder(s) for each system.

Extra Materials

1.

Furnish keys to the Owner together with any duplicates which may have been made.
Securely wire keys for each lock together and plainly tag and mark the keys to indicate
the lock number or piece of equipment they operate. Also indicate the physical location
of the lock by building name or number, panel number, or room name or number.

Provide wiring diagrams, instruction books, installation books, and service manuals to the
Owner. Clearly identify each item as to which product it applies and the equipment
location.

Provide special tools as specified and required for equipment maintenance to the Owner.
Clearly identify each item as to which piece of equipment it applies and the equipment
location.

SYSTEMS INTEGRATION

Coordinate with equipment suppliers and ensure integration of systems comprised of
disparate equipment which work together to form a complete system.

Provide systems which maintain the U.L. rating of the individual pieces of equipment.

Submit system integration wiring diagrams, control diagrams and sequence of operation as
needed for the following systems.

1.

Lighting Control Systems including all devices comprising the system (e.g. occupancy
sensor, photocells, dimming ballasts, etc).

BASIC ELECTRICAL MATERIALS AND METHODS 26 0400
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2.4
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PRODUCTS

CONCRETE EQUIPMENT BASES

Forms and Reinforcing Materials: As specified in Division 3 Section "Cast-in-Place Concrete."
Concrete: 3000-psi (20.7-MPa), 28-day compressive strength as specified in Division 3 Section
"Cast-in-Place Concrete."

TOUCHUP PAINT

For Equipment: Provided by equipment manufacturer and selected to match equipment finish.
For Nonequipment Surfaces: Matching type and color of undamaged, existing adjacent finish.

For Galvanized Surfaces: Zinc-rich paint recommended by item manufacturer.

MANUFACTURERS
General
1. Furnish products by one of the equipment manufacturers listed under the heading

"Manufacturers" within the applicable sections. When given, furnish the specified product
model or brand for the selected manufacturer.

2. Provide products, for which quantities of two or more are to be furnished, from the same
manufacturer and of the same product or model series.
3. Furnish product components designed to be used together and which are physically and

electrically compatible.
Product Substitutions
1. Product substitutions may be requested when the "or as approved" clause is

specified under the heading "Manufacturers”. Submit product substitutions for approval
per Division 01, "Product Options and Substitutions".

PRODUCTS

Product Listing and Labeling

1. Provide listed and labeled product for which listings and labelings exist by
Underwriters Laboratories Inc. (UL), Factory Mutual (FM), or similar independent
testing organizations recognized by the authorities having jurisdiction. For products for
which there are no such listings and labelings, provide listed and labeled components of
those products, for which component listing and labelings exist.

BASIC ELECTRICAL MATERIALS AND METHODS 8
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PCB Content Prohibited

1. Provide products which do not contain any amounts of polychlorinated biphenyl (PCB)
compounds.

Asbestos Content Prohibited

1. Provide products which do not contain any amounts of asbestos.

Firestop Systems

1. Provide products suitable for the application as specified in Division 07, unless otherwise

specified or indicated.
2. Cable Pathway Firestop Device

a. Provide heavy gauge galvanized steel pathway, per UL 1479, with wall plates lined
with intumescent material.

b. Provide unit with a built-in firestopping system that automatically adjusts to the
number of cables installed and provides maximum fire resistance at any fill
percentage.

C. Provide fire rating as required for installation complete with wall plate, positioning
clamps and other needed hardware.

d. Manufacturers

1) Specified Technologies, Inc. (STI): EZ-Path System.
2) Wiremold Flame Stopper: Thru-wall/floor fittings.

3. Firestop for Sleeved and Core-Drilled Holes
a. Provide firestop plugs in sleeved and core-drilled holes in walls and floors. Install
in accordance with manufacturer’s recommendations.
b. Plug un-used sleeves and holes.
C. Plug around cables after installation of all cables.
d. Manufacturers

1) Hilti CP 658T Firestop Plug.
Access Doors
1. Provide access doors necessary to access devices, whether for control or maintenance,

governed by these Basic Electrical Materials and Methods. Comply with access door
requirements specified in Division 08.

SOURCE QUALITY CONTROL
Factory Tests
1. Permit Architect, Engineer (and Owner) to observe factory tests. Provide minimum
five working days’ notice of factory tests.
2. Schedule no more than one equipment or system factory test per week, unless approved
in advance.
BASIC ELECTRICAL MATERIALS AND METHODS 26 0400
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EQUIPMENT INSTALLATION REQUIREMENTS

Install components and equipment to provide the maximum possible headroom where mounting
heights or other location criteria are not indicated.

Install items level, plumb, and parallel and perpendicular to other building systems and
components, except where otherwise indicated.

Install equipment to facilitate service, maintenance, and repair or replacement of components.
Connect for ease of disconnecting, with minimum interference with other installations.

Give right of way to raceways and piping systems installed at a required slope.

INSTALLATION

Wiring Installation

1. Install wiring for control systems, power feeder and branch circuits, lighting branch
circuits, communication and auxiliary systems, such as fire alarm and security, in
separate raceways unless otherwise indicated.

Device Location

1. Allow for relocation prior to installation of wiring devices and other control devices, for
example, receptacles, switches, occupancy sensors, fire alarm devices and access
control devices, within a 10- foot radius of indicated location without additional cost.

NECA Compliance

1. Install products in accordance with NECA 1 and 500, unless otherwise specified or

indicated.

Wet, Damp, or Dry Location Work

1. Provide products as appropriate for wet, damp, or dry locations as defined by NFPA 70.
Manufacturer Installation Instructions

1. Install equipment in  accordance with the manufacturer's  installation
instructions and recommendations.

Fire and Smoke Barrier Penetrations

BASIC ELECTRICAL MATERIALS AND METHODS 10
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1. Install firestopping to raceways, boxes and electrical equipment installed in or
penetrating fire-rated floor and wall assemblies and smoke barrier assemblies, in a
manner which maintains the fire resistance rating or barrier intent.

Field Painting

1. Refer to Division 09 for prime and finish field painting requirements.

2. In a manner satisfactory to the Owner, touch-up or refinish factory-applied paints or

finishes which are chipped, defaced, scratched, or in any other way disturbed due to
handling, installation, or general construction work.

Personnel Protection From Suspended Work

Where suspended equipment, piping or ductwork or any of their supporting or reinforcing
members extend 2.1 meters (7 feet) or less above the floor or any other walking
surface, cover all edges, projecting surfaces and sharp corners with pre-fabricated soft
rubber pads, elastomeric insulation, caps or equivalent to prevent injury to personnel.

Sleeves: Install for cable and raceway penetrations of concrete slabs and walls, except where
core-drilled holes are used. Install for cable and raceway penetrations of masonry and fire-rated
gypsum walls and of all other fire-rated floor and wall assemblies. Install sleeves during erection
of concrete and masonry walls

1.

2.

3.

Where outside lighting raceways cross under sidewalks install a spare, straight, empty
conduit the width of the sidewalk.

Where outside lighting raceways cross under roads, provide at least one spare 2” PVC
conduit across road and identify its location.

Comply with Req of 260500

Fastening: Unless otherwise indicated, securely fasten electrical items and their supporting
hardware to the building structure. Perform fastening according to the following:

Fasten by means of wood screws or screw-type nails on wood: toggle bolts on hollow
masonry units; concrete inserts or expansion bolts on concrete or solid masonry; and by
machine screws, welded threaded studs, or spring-tension clamps on steel.

Threaded studs driven by a powder charge and provided with lock washers and nuts may
be used instead of expansion bolts, machine screws. or wood screws.

Welding to steel structure may he used only for threaded studs, not for conduits, pipe
straps, or any other items.

In partitions of light steel construction use sheet-metal screws.

Drill holes in concrete beams so holes more than 1-1/2 inches (38 mm) deep do not cut
main reinforcing bars.

Drill holes in concrete so holes more than 3/4 inch (19 mm) deep do not cut main
reinforcing bars.

Fill and seal holes drilled in concrete and not used.

Select fasteners so the load applied to any fastener does not exceed 25 percent of the
proof-test load.

BASIC ELECTRICAL MATERIALS AND METHODS 26 0400
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9. “E-Z Anchor” type drywall anchors shall not be used in ceiling applications or subject to
downward forces.

CONCRETE EQUIPMENT BASES

All switchgear (primary and secondary), transformers, motor control centers, and large
distribution panels shall sit on a 4” high concrete mop base.

Install concrete pads and bases according to requirements of Division 3 Section "Cast-in-Place
Concrete."

DEMOLITION WORK

All demolition of existing electrical equipment and materials will be done by this Contractor
unless otherwise indicated. Include all items such as, but not limited to, electrical equipment,
devices, lighting fixtures, conduit, and wiring called out on the Drawings and as necessary
whether such items are actually indicated on the Drawings or not in order to accomplish the
installation of the specified new work.

In general, demolition work is indicated on the Drawings. However, the Contractor shall visit the
job site to determine the full extent and character of this work.

Unless specifically noted to the contrary, removed materials shall not be reused in the work.
Salvaged materials that are to be reused shall be stored safe against damage and turned over
to the appropriate trade for reuse. Salvaged materials of value that are not to be reused
shall remain the property of the Owner unless such ownership is waived. Items on which the
Owner waives ownership shall become the property of the Contractor, who shall remove and
legally dispose of same, away from premises.

Where equipment or fixtures are removed, outlets shall be properly blanked off, and conduits
capped. After alterations are done, the entire installation shall present a “finished” look, as
approved by the Architect/Engineer. The original function of the present electrical work to be
modified shall not be changed unless required by the specific revisions to the system as
specified or as indicated.

Reroute signal wires, lighting and power wiring as required to maintain service. All dead-end
conduit runs shall be plugged at the remaining line outlet boxes or at the panelboards.

Where new walls and/or floors are installed which interfere with existing outlets, devices,
etc., adjust, extend and reconnect such items as required to maintain continuity of same.
TOUCHUP PAINTING

Thoroughly clean damaged areas and provide primer, intermediate, and finish coats to suit the
degree of damage at each location.

Follow paint manufacturer's written instructions for surface preparation and for timing and
application of successive coats.

BASIC ELECTRICAL MATERIALS AND METHODS 12
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FIELD QUALITY CONTROL

Field Tests

1. Permit Architect (and Owner) to observe field tests. Provide minimum three working
days’ notice of field test.

2. Schedule tests in coordination with other Contract work. Schedule no more than one

equipment or system field test per day, unless scheduled in advance.

TRAINING

General

1. Provide training for Owner's personnel in the operation and maintenance of equipment as
specified in the applicable Section for the particular equipment and system.

2. Develop training schedule which is acceptable to the Owner. Submit schedule for
approval.

3. Provide instruction books, manuals, and other classroom material required as part of the
training sessions.

4. Provide instructors who are certified by the equipment and system manufacturers.

5. Provide training for a minimum of three of the Owner's personnel, or as specified in the
applicable section.

6. Provide additional training at the Project site after initial training at manufacturer's training

center and after the equipment has been installed.

Operations and Maintenance Training

1. Train personnel in all aspects of normal operation of the equipment, including starting,
adjustments while running, and shutdown.

a. Train personnel to recognize incipient problems, including inefficient or
dangerous modes of operation, and provide instruction in corrective actions to be
taken.

2. Train personnel to perform all recommended maintenance on the equipment.
EXCAVATION

Slope sides of excavations to comply with local codes and ordinances. Shore and brace as
required for stability of excavation.

Shoring and Bracing: Establish requirements for trench shoring and bracing to comply with local
codes and authorities. Maintain shoring and bracing in excavations regardless of time period
excavations will be open.

1. Remove shoring and bracing when no longer required. Where sheeting is allowed to
remain, cut top of sheeting at an elevation of 30 inches below finished grade elevation.

BASIC ELECTRICAL MATERIALS AND METHODS 26 0400
rev. July 2019



WMU Design Guidelines

C.

D.

26 0400

Install sediment and erosion control measures m accordance with local codes and ordinances.

Dewatering: Prevent surface water and subsurface or ground water from flowing into
excavations and from flooding project site and surrounding area.

1. Do not allow water to accumulate in excavations. Remove water to prevent softening of
bearing materials. Provide and maintain dewatering system components necessary to
convey water away from excavations.

2. Establish and maintain temporary drainage ditches and other diversions outside
excavation limits to convey surface water to collecting or run-off areas. Do not use trench
excavations as temporary drainage ditches.

Material Storage: Stockpile satisfactory excavated materials where directed, until required for
backfill or fill. Place, grade, and shape stockpiles for proper drainage.

1. Locate and retain soil materials away from edge of excavations. Do not store within drip-
line of trees indicated to remain.
2. Remove and legally dispose of excess excavated materials and materials not acceptable

for use as backfill or fill.

Excavation for Underground Vaults and Electrical Structures: Conform to elevations and
dimensions shown within a tolerance of plus or minus 0.10 foot; plus a sufficient distance to
permit placing and removal of concrete formwork, installation of services, other construction,
and for inspection.

1. Take care not to disturb bottom of excavation. Excavate by hand to final grade just before
concrete reinforcement is placed.

Trenching: Excavate trenches for electrical installations as follows:

1. Excavate trenches to the uniform width, sufficiently wide to provide ample working room
and a minimum of 6 to 9 inches clearance on both sides of raceways and equipment.

2. Excavate trenches to depth indicated or required.

3. Limit the length of open trench to that in which installations can be made and the trench
backfilled within the same day.

4, Where rock is encountered, carry excavation below required elevation and backfill with a

layer of crushed stone or gravel prior to installation of raceways and equipment. Provide
a minimum of 6 inches of stone or gravel cushion between rock bearing surface and
electrical installations.

Protection: Protect excavation bottoms against freezing when atmospheric temperature is less
than 35 deg F (1 deg 2 C).

Backfilling and Filling: Place soil materials in layers to required subgrade elevations for each
area classification listed below, using materials specified in Pan 2 of this Section.

BASIC ELECTRICAL MATERIALS AND METHODS 14
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1. Under walks and pavements, use a combination of subbase materials and excavated or
borrowed materials.

2. Under building slabs, use drainage fill materials.

3. Under piping and equipment, use subbase materials where required over rock bearing
surface and for correction of unauthorized excavation.

4. For raceways less than 30 inches below surface of roadways, provide 4-inch-thick

concrete base slab support. After installation of raceways, provide a 4-inch thick concrete
encasement (sides and top) prior to backfilling and placement of roadway subbase.
5. Other areas, use excavated or borrowed materials.

Backfill excavations as promptly as work permits, but not until completion of the following:

Inspection, testing, approval, and locations of underground utilities have been recorded.
Removal of concrete formwork.

Removal of shoring and bracing, and backfilling of voids.

Removal of trash and debris.

el

Placement and Compaction: Place backfill and fill materials in layers of not more than 8 inches
in loose depth for material compacted by heavy equipment, and not more than 4 inches in loose
depth for material compacted by hand-operated tampers.

Before compaction, moisten or aerate each layer as necessary to provide optimum moisture
content. Compact each layer to required percentage of maximum dry density or relative dry
density for each area classification specified below. Do not place backfill or fill material on
surfaces that are muddy, frozen, or contain frost or ice.

Place backfill and fill materials evenly adjacent m structures, piping, and equipment to required
elevations. Prevent displacement of raceways and equipment by carrying material uniformly
around them to approximately same elevation in each lift.

Compaction: Control soil compaction during construction, providing minimum percentage of
density specified for each area classification indicated below.

1. Percentage of Maximum Density Requirements: Compact soil to not less than the
following percentages of maximum density for soils which exhibit a well-defined moisture-
density relationship (cohesive soils), determined in accordance with ASTM D 1557 and
not less than the following percentages of relative density, determined in accordance with
ASTM D 2049, for soils which will not exhibit a well-defined moisture-density relationship
(cohesionless soils).

a. Areas Under Structures. Building Slabs and Steps, Pavements: Compact top 12
inches of subgrade and each layer of backfill or fill material to 90 percent maximum
density for cohesive material, or 95 percent relative density for cohesionless
material.

b. Areas Under Walkways: Compact top 6 inches Of subgrade and each layer of
backfill or fill material to 90 percent maximum density for cohesive material, or 95
percent relative density for cohesionless material.

C. Other Areas: Compact top 6 inches of subgrade and each layer of backfill or fill
material to 85 percent maximum density for cohesive soils, and 90 percent relative
density for cohesionless soils.

BASIC ELECTRICAL MATERIALS AND METHODS 26 0400
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2. Moisture Control: Where subgrade or layer of soft material must be moisture conditioned
before compaction, uniformly apply water. Apply water in minimum quantity necessary m
achieve required moisture content and to prevent water appearing on surface during, or
subsequent to, compaction operations.

O. Subsidence: Where subsidence occurs at electrical installation excavations during the period 12
months after Substantial Completion, remove surface treatment (i.e., pavement, lawn, or other
finish), add backfill material, compact to specified conditions, and replace surface treatment.
Restore appearance. quality, and condition of surface or finish to match adjacent areas.

END OF SECTION 26 0400
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WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0500 - COMMON WORK RESULTS FOR ELECTRICAL
PART 1 - GENERAL
1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary

Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

DESIGNER NOTE: The information presented herein for the Electrical section of the Construction
Standards is, with few exceptions, the Electrical Specification of the WMU Maintenance and Engineering
Department in its entirety. In some places, opposite or contradictory statements may appear. These
paragraphs are alternatives from which selections are intended to be made by the designer. In other
cases items of equipment are not specified in detail, only guidance being given. This equipment is typi-
cally a part of major new construction and not specified during the customary design activity of WMU
Campus Maintenance and Engineering

A. This section Includes requirements for providing Electrical Systems and materials specified
herein. The Electrical System supplier shall provide a complete “Turnkey” package including all
materials, labor, equipment, services and incidental work, including cutting, channeling,
excavating and backfilling, required to provide complete functional electrical systems.

B. The following requirements are included in this Section to expand the requirements specified in
Division 1:

Scope of work

Submittals

Coordination

Sleeves for raceways and cables.

Grout.

Rough-in

Electrical Demolition

Common electrical installation requirements.
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SCOPE OF WORK

Provide compete installation of the electrical systems indicated on the Drawings and specified
herein including but not limited to the following:

1. Obtain all electrical construction permits and inspections from State of Michigan.

2. Remove existing electrical equipment and transport to Owners storage.

3. Install primary switch, may be owner supplied.

4, Install unit substation equipment, switchboards and all associated auxiliary equipment.
May be owner supplied. Refer to bid documents for details.

5. Modify and extent existing circuits to new switchgear as required.

6. Provide new 15kV primary cable and revise existing distribution as indicated on the
Drawings.

7. Provide raceway and wiring for metering.

8. Modify and extend existing metering and monitoring system as required.

9. Provide complete electrical installation including all components, i.e. conduit, wire, etc. as

indicated on the drawings and specified herein.
10. The Work shall be phased as indicated herein and on the Drawings.

11. Provide selective demolition of electrical systems and equipment as indicated on the
drawings.

12. Submit documentation such as shop drawings, record documents, maintenance manuals,
infrared scan results, systems test results, etc. as specified.

13. Provide Short Circuit, Coordination and Arc-Flash Analysis and apply all labels.

SUBMITTALS
General: Follow the procedures specified in Division 1 Section "Product Requirements".

Submittal of shop drawings, product data, and samples will be accepted only when submitted by
The Contractor. Data submitted from subcontractors and material suppliers directly to the
Architect/Engineer will not be processed. Do not submit copied facsimile (fax) material for
review. Only original first-generation copies are acceptable.

Submittals shall be provided for the following (refer to specific specification section for submittal
requirements):

Primary Switchgear.

Primary Cable and Termination and splice kits
Medium Voltage Cables

Low Voltage Cable

Enclosed Switches and Circuit Breakers
Enclosed Controllers

Panelboards

Transformers

Interior Lighting

Electricity Monitoring and Control Equipment
Medium Voltage Splices

220Nk w2
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12. Disconnect Switches

13. Fuses

14. Secondary Unit Substation

15.  Fire Alarm equipment with wiring in raceway.
16. Others as specified

RECORD DOCUMENTS

Prepare record documents in accordance with the requirements in Division 1 Section "Closeout
Procedures." Provide record documents within 30 days after date of system acceptance.
Indicate installed conditions for:

1. Major raceway systems, size and location, for both exterior and interior; locations of
control devices; distribution and branch electrical circuitry; and fuse and circuit breaker
size and arrangements.

2. Equipment locations (exposed and concealed), dimensioned from prominent building
lines.

3. Approved substitutions, Contract Modifications, and actual equipment and materials
installed.

COORDINATION

Coordinate outages of any system with Owner. Coordinate any outage of main electrical
service with Owner. Provide minimum fourteen (14) days written notice to Owner.

Coordinate all work to minimize down time of systems during conversion from old system to
new.

Coordinate all Phased Work. Protect all initial work and existing systems during performance
of subsequent phased work. Provide all temporary equipment, connections, supports,
protection, etc. as necessary to provide safe, workman like transition between Phases.

Coordinate arrangement, mounting, and support of electrical equipment:

1. To allow maximum possible headroom unless specific mounting heights that reduce
headroom are indicated.

2. To provide for ease of disconnecting the equipment with minimum interference to other
installations.

3. To allow right of way for piping and conduit installed at required slope.

4, So connecting raceways, cables, wireways, cable trays, and busways will be clear of

obstructions and of the working and access space of other equipment.

Coordinate electrical systems, equipment and materials installation with other building
components.

Coordinate connection of electrical systems with exterior underground work.

Coordinate sleeve selection and application with selection and application of firestopping.

COMMON WORK RESULTS FOR ELECTRICAL 26 0500
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Coordinate installation of panelboard tubs, backboxes and concealed conduit and tubing with
masonry/concrete work.

Coordinate connection of electrical systems with exterior underground and overhead utilities
and services. Comply with requirements of governing regulations, franchised service
companies and controlling agencies. Provide required connection for each service.

Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete,
masonry walls, and other structural components as they are constructed.

Coordinate location of access panels and doors for electrical items that are behind finished
surfaces or otherwise concealed. Access doors and panels are specified in Division 08 Section
“Access Doors and Frames.”

DELIVERY, STORAGE AND HANDLING
Deliver all materials in original, unbroken brand marked containers or wrapping as applicable.

Handle and store materials in a manner which will prevent deterioration or damage,
contamination with foreign matter, damage by weather or elements, and in accordance with
Manufacturer’s directions.

Store materials indoors and protect from weather. When necessary to store outdoors, elevate
materials above grade and enclose with durable, watertight wrapping.

Reject damaged, deteriorated or contaminated materials and immediately remove from the Site.
Replace rejected materials with new materials at no additional cost to Owner.

REFERENCES

Except as herein specified or as indicated on the Drawings, the work of this Section shall
comply with the standards of the following organizations as applicable to materials, construction
and testing of wire cables.

NEMA — National Electrical Manufacturer Association Standards.
IEEE Standards

Insulated Cable Engineers Association — Standards.

ASTM Standards

NEC — National Electric Code

abrwnN -~

INTERPRETATIONS

It is the intent of these Drawings and Specifications to result in a complete electrical installation
in complete accordance with applicable code and ordinances.

Drawings are diagrammatic in character and do not necessarily indicate every required junction

box, pull box, ell, etc. Items not specifically mentioned in the specification or noted on the
Drawings, but which are necessary to make a complete working installation, shall be included.
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Drawings and Specifications are complimentary. Whatever is called for in either is binding as
though called for in both. The more stringent requirement shall govern.

RECORD DRAWINGS
Submit record drawings in compliance with Division 1.

Contractor shall submit to the Architect/Engineer, record drawings on electronic media which
have been neatly marked to represent as-built conditions for all new electrical work.

The Contractor shall keep accurate note of all deviations from the construction documents and
discrepancies in the underground concealed conditions and other items of construction on field
drawings as they occur. The marked-up field documents shall be available for review by the
Architect, Engineer and Owner at their request.

WARRANTY

Warranty: Comply with the requirements in Division 1 Specification Sections. Contractor shall
warranty that the electrical installation is free from defects and agrees to replace or repair, to the
Owner’s satisfaction, any part of this electrical installation which becomes defective within a
period of one year (unless specified otherwise in other Division 26 sections) from the date of
substantial completion following final acceptance, provided that such failure is due to defects in
the equipment, material, workmanship or failure to follow the contract documents.

Contractor shall be responsible for any temporary services including equipment and installation
required to maintain operation as a result of any equipment failure or defect during warranty
period.

File with the Owner any and all warranties from the equipment manufacturers including
operating conditions and performance capacities that they are based on.

USE OF EQUIPMENT

The use of any equipment, or any part thereof for purposes other than testing even with the
Owner’s consent, shall not be construed to be an acceptance of the work on the part of the
Owner, nor be construed to obligate the Owner in any way to accept improper work or defective
materials.

Do not use Owner’s lamps for temporary lighting except as allowed and directed by the Owner.
Equip lighting fixtures with new lamps when the project is turned over to the Owner.
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PRODUCTS

SLEEVES FOR RACEWAYS AND CABLES

Coordinate sleeve selection and application with selection and application of firestopping
specified in Division 07 Section "Penetration Firestopping."

Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel,
bushings on both ends.

Cast-Iron Pipe Sleeves: Cast or fabricated “wall pipe”, equivalent to ductile-iron pressure pipe,
with plain ends and integral water stop, unless otherwise indicated.

Sleeves for Rectangular Openings: Galvanized sheet steel

SLEEVE SEAL SYSTEMS

Description: Modular sealing device, designed for field assembly, to fill annular space between
sleeve and raceway or cable.

1. Manufacturers.  Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

a. Advance Products Systems Inc.
b. Calpico, Inc.

C. Metraflex Co.

d. Pipeline Seal and insulator, inc.

2. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit.
Include type and number required for material and size of raceway or cable.
3. Pressure Plates: Plastic

4, Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length
required to secure pressure plates to sealing elements. Include one for each sealing
element.

GROUT

Nonshrink: recommended for interior and exterior for sealing openings in non-fire-rated walls or
floors.

Standard: ASTM C 1107, Grade B, post-hardening and volume-adjusting, dry, hydraulic-
cement grout.

Design Mix: 5,000 psi, 28 day compressive strength.

Packaging: Premix and factory packaged.
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DUCT SEAL

Description: UL listed, pliable, non-hardening, non-corrosive, weather-proof putty material,
designed as a moisture barrier for weather-sealing service entries, electrical cables and conduit
ducts.

1. Manufacturers:  Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the work include, but are not limited to the
following:

a. Lisco Corp. — DS Duct Seal

b. 0Z/Gedney Co. — DUX

C. RectorSeal — Duct Seal Compound.
d. Thomas & Betts Corp. — DX.

PART 3 - EXECUTION

3.1

G.

ELECTRICAL DEMOLITION

Coordinate all service disruptions to systems, with Owner prior to disconnecting and/or
modifying system.

Disconnect, demolish, and remove electrical system equipment and components indicated to be
removed.

Accessible Work: Remove exposed electrical equipment and installations, indicated to be
demolished, in their entirety.

Inaccessible Work: Cut and remove buried raceway and wiring, indicated to be demolished, 2
inches below the surface of adjacent construction. Cap raceways and patch surface to match
existing finish.

All existing fixtures, equipment, etc., that are removed and not indicated to be relocated, or
reused, shall first be offered to the Owner, after Owner has approved, the remaining removed
items shall become property of the Contractor and shall be removed from the building site.

Remove, store, clean, reinstall, reconnect, and make operational components indicated for
relocation.

Protect existing electrical equipment and installations not indicated to be removed. If damaged
or disturbed in the course of the Work, remove damaged portions and install new products of
equal capacity, quality, and functionality.

Contractor shall examine the Drawings and Specifications, and existing conditions. All costs
relating to maintaining existing services or relocating existing circuits and/or equipment shall be
included in the bid. Contractor is required to complete all work necessary to meet these
requirements without additional expense to the Owner or his Representative.
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SALVAGE
University retains right to salvage items from demolition area. This will be coordinated with
contractor.
ROUGH-IN

Verify final locations for rough-ins with field measurements and with the requirements of the
actual equipment to be connected.

Refer to equipment specifications in Divisions 02 through 49 for rough-in requirements.

COMMON REQUIREMENTS FOR ELECTRICAL INSTALLATION
Comply with NECA 1, Standard Practices for Good Workmanship in Electrical Construction.

Contractor shall be responsible for all slots, openings, etc. in building components as required
for electrical installations.

Sequence, coordinate and integrate installations of electrical materials and equipment for
efficient flow of the Work. Give particular attention to installation of large equipment requiring
pre-positioning or blocking of Owners use of building. This work shall be scheduled and
coordinated with Owner to minimize interruption to Owners operations.

Install systems, materials and equipment level and plumb, parallel and perpendicular to other
building systems and components.

Measure indicated mounting heights to bottom of unit for suspended items and to center of unit
for wall-mounting items.

Headroom Maintenance: If mounting heights or other location criteria are not indicated, arrange
and install components and equipment to provide maximum possible headroom consistent with
these requirements.

Equipment: Install to facilitate service, maintenance, and repair or replacement of components
of both electrical equipment and other nearby installations. Connect in such a way as to
facilitate future disconnecting with minimum interference with other items in the vicinity.

Right of Way: Give to piping systems installed at slope.

INSTALLATION OF EQUIPMENT

Install all equipment in strict accordance with all directions and recommendations furnished by
the manufacturer. Where such directions are in conflict with the Drawings and Specifications,
report such conflicts to the Architect/Engineer for resolution.

Device Location:
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1. Allow for relocation prior to installation of wiring devices and other control devices, for
example, receptacles, switches, fire alarm devices, light fixtures and access control
devices within a 10-foot radius of indicated location without additional cost.

WORK IN EXISTING BUILDINGS

The Owner will provide access to existing buildings as required. Access requirements to
occupied buildings shall be identified on the project schedule. The Contractor, once Work is
started in the existing building, shall complete same without interruption so as to return work
areas as soon as possible to Owner.

Adequately protect and preserve all existing and newly installed Work. Promptly repair any
damage to same at Contractor’s expense.

Consult with the Owner’s Representative as to the methods of carrying on the Work so as not to
interfere with the Owner’s operation any more than absolutely necessary. Accordingly, all
service lines shall be kept in operation as long as possible and the services shall only be
interrupted at such time as will be designated by the Owner’s Representative.

TEMPORARY SERVICES

Provide and remove upon completion of the project, in accordance with the general conditions
and as described in Division 1, a complete temporary electrical and telephone service during
construction. Provide temporary emergency power source for remaining buildings connected to
the removed generator. Temporary electrical service shall be metered.

EXTRA WORK

For any extra electrical work which may be proposed, this Contractor shall furnish to the
Construction Manager, an itemized breakdown of the estimated cost of the materials and labor
required to complete this work. The Contractor shall proceed only after receiving a written order
from the Construction Manager establishing the agreed price and describing the work to be
done. Prior to any extra work which may be proposed, the Electrical Contractor shall submit
unit prices (same prices for increase/decrease of work) for the following items: %", 3/, 17, 1-
1/2” conduit; #12, #10, #8, #6, #2 wire; receptacle, l.g. receptacle, data box, fire alarm
combination visual/audible notification appliance, fire alarm visual notification appliance, or
other devices which may be required for any proposed extra work.

DRAWINGS AND MEASUREMENTS

These Specifications and accompanying Drawings are intended to describe and provide for
finished work. They are intended to be cooperative, and what is called for by either shall be as
binding as if called for by both. The contractor understands that the work herein described shall
be complete in every detail.

The Drawings are not intended to be scaled for rough-in measurements nor to serve as Shop
Drawings. Field measurements necessary for ordering materials and fitting the installation to
the building construction and arrangement are the Contractor’s responsibility. The Contractor

COMMON WORK RESULTS FOR ELECTRICAL 26 0500
rev. July 2019



WMU Design Guidelines

3.10

3.11

A

26 0500

shall check latest Architectural Drawings and locate light switches from same where door
swings are different from Electrical Drawings.
SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

Electrical penetrations occur when raceways, cables, wireways, cable trays, or busways
penetrate concrete slabs, concrete or masonry walls, or fire-rated floor and wall assemblies.

Concrete Slabs and Walls: Install sleeves for ALL penetrations. Install sleeves during erection
of slabs and walls.

Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies
unless openings compatible with firestop system used are fabricated during construction of floor
or wall.

Cut sleeves to length for mounting flush with both surfaces of walls.

Extend sleeves installed in floors 2 inches above finished floor level.

Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or
cable, unless indicated otherwise.

Seal space outside of sleeves with grout for penetrations of concrete and masonry

1. Promptly pack grout solidly between sleeve and wall so no voids remain. Tool exposed
surfaces smooth; protect grout while curing.

Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve
and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.

Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings,
and floors at raceway and cable penetrations. Install sleeves and seal raceway and cable
penetration sleeves with firestop materials. Comply with requirements in Division 7.

Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible
boot-type flashing units applied in coordination with roofing work.

Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and
mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space between
pipe and sleeve for installing mechanical sleeve seals.

Underground, Exterior-Wall Penetrations: Install cast-iron pipe sleeves. Size sleeves to allow
for 1-inch annular clear space between raceway or cable and sleeve for installing mechanical
sleeve seals.

SLEEVE-SEAL INSTALLATION

Install to seal exterior wall penetrations.
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B. Use type and number of sealing elements recommended by manufacturer for raceway or cable
material and size. Position raceway or cable in center of sleeve.
3.12 FIRESTOPPING
A. Apply firestopping to penetrations of fire-rated floor and wall assemblies for electrical
installations to restore original fire-resistance rating of assembly. Firestopping materials and
installation requirements are specified in Division 07 Section “Penetration Firestopping.”, when
specification supplied.
3.13 DUCT SEAL INSTALLATION
A. Where conduits penetrate into the building, seal duct openings at conduit termination points with
duct seal for all conduits entering the building to prevent migration of water and gases into the
building and to prevent the condensation of water vapor inside the enclosures where the
conduits terminate.
B. Duct seal shall be applied after all cables have been installed.
C. Install sealing material in strict accordance with the sealant Manufacturer’s printed instructions.
D. Where conduit will be simultaneously exposed to different temperatures, such as where it
passes through the outside wall of a heated building or between two different rooms, the inside
of the conduit shall be sealed with duct seal. Silicone or similar caulking shall not be used as a
substitute for duct seal.
3.14 FIELD QUALITY CONTROL
A. Inspect installed sleeve installations and associated firestopping for damage and faulty work.
END OF SECTION 26 0500
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WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0513 - MEDIUM-VOLTAGE CABLES

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

1.5

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

This Section includes cables, splices, terminations, and accessories for medium-voltage (2,001
to 15,000V) electrical distribution systems.

DEFINITIONS

NETA ATS: Acceptance Testing Specification

ACTION SUBMITTALS
Product Data: For each type of cable, splice, termination and cable accessories.

Samples: 16-inch lengths for each type of cable specified.

INFORMATIONAL SUBMITTALS
Qualification Data: For testing agency.
Source quality-control test reports.

Material Certificates: For each cable and accessory type, signed by manufacturers, certifying
that cables comply with requirements specified in Part 2 Article "Source Quality Control."

Field quality-control test reports.

MEDIUM VOLTAGE CABLES 26 0513
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A.
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QUALITY ASSURANCE

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.

Comply with IEEE C2 and NFPA 70.

Installer: Engage a cable splicer, trained and certified by splice material manufacturer, to install,
splice, and terminate medium-voltage cable.

Testing Agency Qualifications: Testing agency as defined by OSHA in 29 CFR 1910.7 or a
member company of the InterNational Electrical Testing Association (NETA) and that is
acceptable to authorities having jurisdiction and to Owner.

1. Testing Agency's Field Supervisor: Person currently certified by the InterNational
Electrical Testing Association (NETA) to supervise testing specified in Part 3.

Source Limitations: Obtain cables and accessories through one source from a single
manufacturer.

PROJECT CONDITIONS

Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied by

Owner or others unless permitted under the following conditions and then only after arranging to
provide temporary electric service according to requirements indicated:

1. Notify Owner's Construction Manager no fewer than fourteen days in advance of
proposed interruption of electric service.
2. Do not proceed with interruption of electric service without Owner’'s Construction

Manager’s written permission.

PROJECT CONDITIONS

Existing Utilities: Do not interrupt utilities serving facilities occupied by Owner or others unless
permitted under the following conditions and then only after arranging to provide temporary
utility services according to requirements indicated:

1. Notify Architect at least two days in advance of proposed utility interruptions.

2. Do not proceed with utility interruptions without Architect's written permission.

PRODUCTS

MANUFACTURERS

Available Manufacturers: Subject to compliance with requirements, manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:
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Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

1. Cables:
a. General Cable Corporation.
b. Okonite Company (The).
C. Pirelli Cables & Systems NA.
d. Southwire Company.
e. Rome Cable

CABLES
Cable Construction
1. Cable shall be 250 kCMIL as noted on the drawing, 1/C, copper power cable, 15kV

ungrounded (133% insulation level) suitable for normal installation, indoors or outdoors,
in conduit or underground ducts, intermittent or continuous submersion in water and

direct burial.

2. Single-power conductor, 98% conductivity soft drawn bare annealed copper, concentric-
lay, class B, round standard, sized as indicated.

3. Single-ground conductors, 98% conductivity soft drawn bare annealed copper, class B,
standard or compacted strand, sized per NFPA 70 for equipment grounding.

4, Extruded over each conductor shall be a non-conducting energy suppression layer at a

minimum average thickness of 18 mils. The layer shall be tested during manufacture at a
minimum 1 kV DC between electrodes and conductor to prove its electrical integrity.

5. Extruded over the stress control layer shall be the primary insulation at a thickness of 220
mils. The insulation shall be a high-quality ozone and discharge resistant, High
Temperature Kerite ethylene-propylene-rubber compound containing no more than a
maximum of 55% ethylene. The entire insulation system shall be suitable for normal use
at 90 degrees Centigrade continuous conductor temperature, 130 degree C. for
emergency overload conditions, and 250 degree C. for short circuit operation.

Cable Type: MV105, with copper conductor and compact round, concentric lay, class B
stranding.

Comply with UL-1072, AEIC CS8, ICEA S-93-639, and ICEA S-97-682]
Conductor Insulation: Ethylene-propylene rubber.

1. Voltage Rating: 15kV as indicated on the Drawings
2. Insulation Thickness: 133 percent insulation level.

Cable Jacket: Sunlight-resistant PVC.

Conductor: Uncoated soft copper, Class B, stranded compressed compact round, per ASTM B-
8.

Insulation: The insulation shall be a flexible thermosetting dielectric based on an ethylene
propylene elastomer (EPR). The insulation shall be — 15kV cable 220 MILS thick (133%), 5kV
cable 115 MILS thick (133%). The minimum thickness at any point shall not be less than 90%
of the average thickness.
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Insulation Screen: The insulation screen shall be of the same material and qualifications as the
conductor screen. The screen shall be clean stripping. The outer surface of the screen shall be
continuously printed with contrasting colored ink - ~semi-conduction — remove when splicing or
terminating. The thickness of the extruded screen shall be as follows in Table Il with a 80%
minimum point.

Table Il
Dia. Over Insulation Insulation Screen-Thickness
Inches (mils) Minimum Average
0-1.000 30
1.001 - 1.500 40
1.501 - 2.000 50
2.001 & over 50

Metallic Shield: The outer screen/insulated core shall be covered with an uncoated copper tape.
The shield shall have a minimum average thickness of 5 MILS. It shall be applied helically with
20% nominal overlap.

Over the shield apply an 80 mil polyethylene jacket.

Identification: Print the following information on the cable jacket at maximum 36-inch intervals
along the entire length:

Manufacturer’'s name and type.

Conductor size — American wire gauge (AWG) or circular mils (CM).
Conductor material.

Insulation type (not trade name).

Insulation thickness.

Rated voltage.

Jacket type.

Type of insulation shield.

Date of manufacture.

0. Length marker.

SO0 NoOR~WN =

Jacket: The overall jacket shall be PVC and shall have a minimum average thickness in
accordance with the requirements of I.C.E.A. 5-68-516, section 4, Table 4-3 of the Standard.
The minimum thickness at any point shall not be less then 80% of the specified minimum
average thickness.

Identification: The following shall be a minimum requirement for an identifying legend, printed in
contrasting ink on the jacket of two (2) foot intervals.

Company Name

Plant Number

Number of Conductors and Conductor Size
Length in feet

Conductor Material

Voltage Rating

Insulation

Type and Level

Insulation Thickness

0. UL Listing

SOVONoORALON =
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Date of manufacture

Production Tests: The following specific production tests shall be performed:

N —

Each length of cable provided will be tested in accordance with the following tests.

After the application of the primary insulation system, and before any other layers or
coverings are applied, each production length of cable shall be immersed in water at
room temperature and tested at a minimum of 70kV DC for 5 minutes after 16 hours
minimum immersion time, and then a minimum of 35kV AC for 5 minutes after 24 hours
minimum immersion time. While still immersed in water the insulation resistance shall be
measured. The insulation resistance constant shall not be less than 21,000
megohms/1000 ft. at 60 degrees C.

The complete cable, while on the shipping reel, shall be tested at room temperature at a
minimum of 35 kV AC for one minute. The insulation resistance shall also be measured,
and the insulation resistance constant shall not be less than 21,000 megohms/1000 ft.
corrected to 60 degrees C.

The conductor resistance and shield continuity shall be measured on each shipping
length of cable and recorded. Each end of every shipping length shall also be inspected
for water in strands and checked dimensionally for conformance with the above
standards.

Conductors shall meet the electrical resistance requirements of ICEA-69-51 6 Section
2.5.

Insulation Resistance test shall be performed in accordance with the requirements of
ICEA S-68-516, Part 6.28. Each cable shall have an insulation resistance not less than
that corresponding to the insulation resistance constant of at least 25,000 megohms-
1000 ft. at 15.6C.

Perform a high voltage AC and DC test in accordance with Part 6.27 of ICEA 8-68-516 at
35 KV for the 5 minute AC withstand test and at 70 KV for the 15 minute DC withstand
test.

Measure and record shield resistance from end to end on the completed cable.

Corona Test; Each reel of completed shield power cable shall comply with the maximum partial
discharge in picocoulombs specified in Table IlI.

Table IlI
VtNg ration 1.0 1.5 2.0 2.5 3.0 4.0
AEIC CS-6 Regmts(pc) 5 5 20 35 50 No value
Guaranteed values(pc) 5 5 5 5 10 20
Cable Voltage Test Voltages (Vt) in Kv
Rating in KV Corresponding to Vt/Vg Ration
5 3.0 4.5 6.0 7.0 9.0 11.5
8 4.5 7.0 9.0 11.5 14.0 18.5
15 8.5 13.0 17.5 21.5 26.0 35.0
25 14.5 22.0 29.0 36.0 43.5 *57.5
28 16.0 24.0 325 40.5 48.5 *65.0
35 20.0 30.5 40.5 50.5 60.5 *81.0
46 26.5 40.0 53.0 66.5 80.0 *106.0

* The AC test voltages of 200 V/mil for the specified walls shall not be exceeded.
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The partial discharge test shall be performed in accordance with the procedures of Section G of
AEIC CS-6-82 and a X-Y recording graph will be furnished showing the corona test results. The
test shall be made on #2 (7u) AWG copper or aluminum conductor insulated with an 18 mil
stress control layer over the conductor and 175 mils of thermosetting rubber based compound
(insulation as specified above), over the stress control layer.

In lieu of the Partial Discharge Test perform the U-Bend test for discharge resistance in ICEA 8-
68-516, and test production samples to determine compliance with the U-Bend test for
discharge resistance in the appropriate ICEA Publication. For the U-Bend Test. Samples of
insulated cable shall be prepared by either removing the overlying extruded insulation shield
material or using insulated cable before the extruded insulation shield material is applied. The
sample shall be mounted as described in the appropriate ICEA Publication and subjected to a
voltage stress of 250 volts per mu of nominal insulation thickness. The sample shall support this
voltage stress, and not show evidence of erosion on the surface of the insulation, for a minimum
of 100 hours. The test shall be performed at least once on each 5,000 feet of cable produced or
major fraction thereof, or at least once per insulation extruder run.

SPLICE KITS
Manufacturers:

1. RTE Components; Cooper Power Systems, Inc.
2. Thomas & Betts Corporation.

3. 3M; Electrical Markets Division.

4, Tyco Electronics, Raychem Products

Description: Power cable splices for shielded solid dielectric plastic cables shall be factory
engineered kits containing all necessary components to reinstate primary cable insulation,
metallic shielding and grounding systems and overall jacket to the equivalent of the cable itself.
Splices shall be engineered to properly splice conductor sizes indicated.

Splices shall be of a uniform cross-section, heat or cold-shrinkable polymeric construction
utilizing linear stress relief and high dielectric strength insulating layers. The outer insulating
layer shall be bonded to the conducting layer for shielding. The splice shall be rejacketed with a
heavy-wall, heat or cold-shrinkable lined sleeve to provide a waterproof seal.

The splice shall accommodate a range of cable sizes and be completely independent of cable
manufactures’ tolerances.

When assembled on cables, the splice shall be capable of passing the electrical test
requirements of IEEE-48-1 975, IEEE-404-1 986 and water immersion tests of ANSI-C 119.2-
1974.

Splice manufacturer shall provide a test report demonstrating compliance with the above
requirements.

Cable manufacturer shall provide a test report demonstrating compliance with the above
requirements.

Cable splice kit shall include a 60" minimum moisture blocked ground braid and solderless
ground clamp, and cable preparation kit.
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CABLE TERMINATION KITS

Manufacturers:

1. RTE Components; Cooper Power Systems, Inc.
2. Thomas & Betts Corporation.

3. 3M; Electrical Markets Division.

4. Tyco Electronics, Raychem Products

Description: termination kits supplied shall be capable of properly terminating conductors as
indicated. Kits shall meet Class | requirements and be design-proof tested per IEEE 48-1975
and be capable of passing a test sequence per draft and revisions of IEEE 404-1986. Kits as
specified shall accommodate any common form of cable shielding/construction without the need
for special adaptors or accessories and shall accommodate a wide range of cable size and,
also, be capable of being properly installed on out-of-round or out-of-tolerance cable as per
relevant ICEA standards. Kits shall accommodate commercially available connectors.
Termination for single-conductor cables shall consist of heat or cold-shrinkable stress control
and outer silicone non-tracking insulation tubings along with high relative permittivity stress
relief mastic for insulation shield cutback treatment. Three-conductor kits shall contain
necessary materials to seal the cable jacket, phase conductors, and any ground wires, as well
as rejacket phases and ground conductors.

Termination kits shall include skirts for outdoor installations. A 60” minimum moisture blocked
ground braid and solderless ground clamp shall be included with all terminations.

All cable termination kits shall include a cable preparation kit containing solvent wipes and non-
conductive abrasive.

Cable terminations in switchgear shall be outdoor type, Class 1 terminations. Terminations
shall be Raychem HVT-150-SJ series or 3M 7640-T series.
CONNECTORS

Comply with ANSI C119.4 for connectors between aluminum conductors or for connections
between aluminum to copper conductors.

Copper-Conductor Connectors: Copper barrel crimped connectors.

SEPERABLE INSULATED CONNECTORS

Description: Modular system, complying with IEEE 386, with disconnecting, single-pole, cable
terminators and with matching, stationary, plug-in, dead-front terminals designed for cable
voltage and for sealing against moisture.

Terminations at Distribution Points: Modular type, consisting of terminators installed on cables
and modular, dead-front, terminal junctions for interconnecting cables.

Dead-Break Cable Terminators: Elbow-type unit with 600A continuous-current rating; designed
for de-energized disconnecting and connecting; coordinated with insulation diameter, conductor
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2.8
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2.10

A.

26 0513

size, and material of cable being terminated. Include test point on terminator body that is
capacitance coupled.

Dead-Front Terminal Junctions: Modular bracket-mounted groups of dead-front stationary
terminals that mate and match with above cable terminators. Two-, three-, or four-terminal units
as indicated, with fully rated, insulated, watertight conductor connection between terminals and
complete with grounding lug, manufacturer's standard accessory stands, stainless steel
mounting brackets and attaching hardware.

1. Protective Cap: Insulating, electrostatic-shielding, water-sealing cap with drain wire.
Portable Feed-Through Accessory: Two-terminal, dead-front junction arranged for
removable mounting on accessory stand of stationary terminal junction.

3. Grounding Kit: jumpered elbows, portable feed-through accessory units, protective caps,
test rods suitable for concurrently grounding three phase of feeders and carrying case.
4. Standoff Insulator: Portable, single dead-front terminal for removable mounting on

accessory stand of stationary terminal junction. Insulators suitable for fully insulated
isolation of energized cable-elbow terminator.

Test-Point Fault Indicators: Applicable current-trip ratings and arranged for installation in test
points of load-break separable connectors, and complete with self-resetting indicators capable
of being installed with shotgun hot stick and tested with test tool.

Tool Set: Shotgun hot stick with energized terminal indicator, fault-indicator test tool and
carrying case.

ARC-PROOFING MATERIALS

Tape for First Course on Metal Objects: 10-mil- thick, corrosion-protective, moisture-resistant,
PVC pipe-wrapping tape.

Arc-Proofing Tape: Fireproof tape, flexible, conformable, intumescent to 0.3 inch thick,
compatible with cable jacket.

1. Scotch model 77

Glass-Cloth Tape: Pressure-sensitive adhesive type, 1/2 inch wide.

BANDING TAPE

Scotch model 69.

LIVE END SEALS

Live end seals for cable shall be Raychem HVES-1520D series.

CABLE SUPPORTS

Porcelain slotted strut saddles secured in place.

MEDIUM VOLTAGE CABLES 8
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1

A.

SOURCE QUALITY CONTROL

Test and inspect cables according to ICEA S-97-682 before shipping.

PART 3 - EXECUTION

3.1

o

m

G.

INSTALLATION
Minimum conduit size: 4”.

Prior to cutting any cable, cable shall be tested with “Cable Spike” to assure cable is de-
energized.

Install cables according to IEEE 576.

Proof conduits prior to conductor installation by passing a wire brush mandrel and then a rubber
duct swab through the conduit. Separate the wire brush and the rubber swab by 48 to 72
inches on the pull rope.

1. Wire Brush Mandrel: Consists of a length of brush approximately the size of a conduit
inner diameter with stiff steel bristles and an eye on each end for attaching the pull ropes.
If an obstruction is felt, pull the brush back and forth repeatedly to break up the
obstruction.

2. Rubber Duct Swab: Consists of a series of rubber discs approximately the size of the
conduit inner diameter on a length of steel cable with an eye on each end for attaching
the pull ropes. Pull the rubber duct swab through the duct to extract loose debris from
the duct.

Pull Conductors: Do not exceed manufacturer's recommended maximum pulling tensions and
sidewall pressure values.

1. Where necessary, use manufacturer-approved pulling compound or lubricant that will not
deteriorate conductor or insulation.

2. Use pulling means, including fish tape, cable, rope, and basket-weave cable grips that
will not damage cables and raceways. Do not use rope hitches for pulling attachment to
cable.

Install exposed cables parallel and perpendicular to surfaces of exposed structural members
and follow surface contours where possible.

Support cables according to Division 26 Section "Common Work Results for Electrical."

Install “buried-cable” warning tape 12 inches above cables/ducts with metallic strip.

In manholes, handholes, pull boxes, junction boxes, and cable vaults, train cables around walls
by the longest route from entry to exit and support cables at intervals adequate to prevent sag.

Coordinate vault support and accessory requirements with civil trades. All vault accessories
shall be non-metallic or stainless steel.

MEDIUM VOLTAGE CABLES 26 0513
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Install sufficient cable length to remove cable ends under pulling grips. Remove length of
conductor damaged during pulling.

Install cable splices at pull points and elsewhere as indicated; use standard kits.
Install terminations at ends of conductors and seal multiconductor cable ends with standard kits.
Install separable insulated-connector components as follows:

1. Protective Cap: At each terminal junction, with one on each terminal to which no feeder
is indicated to be connected.

2. Portable Feed-Through Accessory: Three.

3. Standoff Insulator: Three.

4 Provide capacitive test point.

Arc Proofing: Unless otherwise indicated, arc proof medium-voltage cable at locations not
protected by conduit, direct burial, or termination materials. In addition to arc-proofing tape
manufacturer's written instructions, apply arc proofing as follows:

Clean cable sheath.

Wrap metallic cable components with 10-mil pipe-wrapping tape, 3M Scotch 77.

Smooth surface contours with electrical insulation putty.

Apply arc-proofing tape in one half-lapped layer with coated side toward cable.

Band arc-proofing tape with 1-inch wide bands of half-lapped, adhesive, glass-cloth tape
2 inches o.c.

arON=

Seal around cables passing through fire-rated elements. Use fittings that match cable contour.

Provide with factory installed fault indicators on each phase where indicated.

1. EO Schweitzer with individual phase and remote alarm contacts.
2. Wire alarm contacts to metering system.

Ground shields of shielded cable at terminations, splices, and separable insulated connectors.
Ground metal bodies of terminators, splices, cable and separable insulated-connector fittings,
and hardware.

Cables shall be tagged at each conduit, junction box and manhole and at building entry points
as follows:

1. Identify cables with 3 inch by 4 inch engraved lamacoid tags with 3/8” high white lettering
on black background indicating the following information.

Feeder name.

Conductor size and insulation.

Cable type.

Date of Installation.

To and From Manhole or switch number where feeder is terminated.

Pao oo

Tags shall be horizontal orientation, tie wrapped to cable.
Tags shall be approved by Owner prior to installation.
a. Refer to specification section “ldentification for Electrical Systems.”

wn
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Arrange cable in manholes to avoid interference with duct entrances.

Fireproof cables in manholes, vaults and in buildings using fireproofing tape in half-lapped
wrapping with a minimum of 4 layers, two layers half lapped in each direction. Extend
fireproofing one inch into duct. Use 3M Scotch 77 arc and fire proofing tape.

Do not install cables if reel of cable has been stored in an area where the ambient temperature
has dropped below 14°F in the past 24 hours.

Provide cable-racking system (arms, insulator, racks and inserts) in manholes to support
cabling, maximum spacing between supports is 5 feet and a minimum of 2 points of support (not
including ductbank entrance) for each cable.

Install each cable in the duct in the same relative position throughout the underground system.
Install cable so that spare ducts are accessible for use in the future.

Band the fire proofing tape with % inch wide pressure-sensitive fiberglass cloth banding tape, at
the end and the beginning of a roll with No. 69 tape. Construct bands of not less than six turns
of banding tape so applied that not more than three turns are in contact with the elastomer
backing of the arc-proofing tape.

All cable exposed in buildings shall be supported from cable brackets using porcelain or maple
insulating blocks under cable at each bracket.

Install ground fault indicators on each phase where indicated.

1. EO Schweitzer with individual phase indication and remote alarm contacts, within a single
display.

CABLE ENERGIZING AND LOOP PHASING

Cables shall not be energized without notification and approval of the following individuals:

Campus Construction Project Manager: 269-387-8543

Physical Plant Electrical Engineer: 269-387-8520

Physical Plant Manager — Electrical: 269-387-8547
University Power Plant: 269-387-8686

PN~

Loop phasing, new cables shall be phased to existing system in presence of University Physical
Plant representative. Equipment required to perform this activity shall be provided by electrical
contractor. Written documentation must be provided for this operation.

FIELD QUALITY CONTROL

Testing: Engage a qualified testing and inspecting agency to perform the following field tests
and inspections and prepare test reports:

Testing: Perform the following field quality control tests:

MEDIUM VOLTAGE CABLES 26 0513
rev. July 2019



WMU Design Guidelines

1.

26 0513
rev. July 2019

Visual and Mechanical Inspection

S@ "0 a0 T

Inspect exposed sections for physical damage.

Verify cable is supplied and connected in accordance with one line diagram.
Inspect for shield grounding, cable support, and termination.

Check for visible cable bends against I.C.E.A. minimum allowable bending radius.
Inspect fireproofing in common cable areas.

Visually inspect jacket and insulation condition.

Inspect for proper phase identification and arrangement.

If cables are terminated through window type CT’s, make an inspection to verify
that neutrals and grounds are properly terminated for proper operation of
protective devices.

Electrical Tests

Perform a shield continuity test on each new power cable. Ohmic value shall be
recorded.

Perform a dc high potential test on all cables. Adhere to all precautions and limits
as specified in the applicable NEMNICEA Standard for the specific cable. Perform
tests in accordance with ANSI/IEEE Std. 400. Test procedure shall be as follows
and the results for each cable test shall be recorded as specified herein. Test
voltages for new cables shall not exceed 80% of cable manufacturer’s factory test
value, or maximum test voltage indicated in N.E.T.A. Acceptance Testing
Specifications, Table 10.6 Test voltages for aged cables shall not exceed 60% of
cable manufacturer's factory test value, or maximum test voltage indicated in
N.E.T.A. Maintenance Testing Specifications, Table 10.6.

1) Current sensing circuits in test equipment shall measure only the leakage
current associated with the cable under test and shall not include internal
leakage of the test equipment.

2) Record wet and dry bulb temperatures of relative humidity and temperature.

3) Test each section of cable individually.

4) Individually test each conductor with all other conductors grounded. Ground
all shields.

5) Terminations shall be properly corona suppressed by guard ring, field
reduction sphere, or other suitable methods.

6) Ensure that the maximum test voltage does not exceed the limits for
terminators specified in IEEE Standard 48 or manufacturer’'s Specifications.

7) Apply a dc high potential test in at least five equal increments until maximum
test voltage is reached. No increment shall exceed the voltage rating of the
cable. Record dc leakage current at each step after a constant stabilization
time consistent with system charging current.

8) Raise the conductor to the specified maximum test voltage and hold for a
minimum of fifteen minutes for new power cable and five minutes for aged
power cable. Record readings of leakage current at 30 seconds and one
minute and at one-minute intervals, thereafter.

9) Reduce the conductor test potential to zero and measure residual voltage at
discrete intervals.

10) Apply grounds for a time period adequate to drain all insulation stored
charge. Proper notification must be made to all concerned parties if grounds
are left in place.

11)  When new cables are spliced into existing cables, the dc high-potential test
shall not be performed. After the splice is completed, an insulation-
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resistance test and a shield-continuity test shall be performed on the length
of new and existing cable including the splice. Insulation resistance test
shall be performed at 5kV.

12)  Provide partial discharge test on cables spliced to existing.

13) Prior to energization of any cable perform phase rotation test. Test must be
performed in the presents of the Owner.

14) Infrared Scanning: After Substantial Completion, but not more than 60 days
after Final Acceptance, perform an infrared scan of each splice and
connection. Remove box and equipment covers so splices are accessible
to portable scanner.

a) Instrument: Use an infrared scanning device designed to measure
temperature or to detect significant deviations from normal values.
Provide calibration record for device.

b) Record of Infrared Scanning: Prepare a certified report that identifies
splices and connections checked and that describes scanning results.
Include notation of deficiencies detected, remedial action taken, and
observations after remedial action.

C. Test Reports: Prepare a written report to record the following:

1. Test procedures used.

2. Test results that comply with requirements.

3 Test results that do not comply with requirements and corrective action taken to achieve
compliance with requirements.

4. All test reports shall be submitted to the Owners Engineer prior to energization of cables
or equipment. Tests shall be submitted electronically along with two (2) printed copies.

5. After completion of project submit combined copy of all tests results. Final test report
shall be submitted electronically, clearly indicating cable tested, date of test and
manufacture of cable. Also provide two (2) printed copies in a three ring binder with each
test separated by tabs by feeder number.

D. Test Values

1. Shielding must exhibit continuity. Investigate resistance values in excess of 10 ohms per
1000 feet of cable.

2. A graphic plot shall be made with leakage current (X axis) versus voltage (Y axis) at each
increment.

a. The step voltage slope should be reasonably linear.
b. Absorption slope should be flat or negative. In no case should slope exhibit a
positive characteristic.
C. Compare test results to previously obtained results if applicable.
E. Medium-voltage cables will be considered defective if they do not pass tests and inspections.
F. Remove malfunctioning units, replace with new units, and retest as specified above.
END OF SECTION 26 0513
13 MEDIUM VOLTAGE CABLES 26 0513
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WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

11

1.2

1.3

SUMMARY
This Section includes the following:

1. Building wires and cables rated 600 V and less.
2. Connectors, splices, and terminations rated 600 V and less.

Related Sections include the following:

1. Division 26 Section “Undercarpet Cables” for flat cables for undercabinet installations.

2. Division 26 Section “Medium-Voltage Cables” for single-conductor and multiconductor
cables, cable splices and terminations for electrical distribution systems with 2001 to
35,000V.

3. Division 26 Section “Electrical Identification” for conductor and cable color-coding.

REFERENCES

Except as herein specified or as indicated on the Drawings, the work of this Section shall
comply with the standards of the following organizations as applicable to materials, construction
and testing of wire cables.

NEMS — National Electrical Manufacturer Association Standards
IEEE Standards

Insulated Cable Engineers Association — Standards

ASTM Standards

NEC — National Electric Code

agrLONE

ACTION SUBMITTALS
Product Data: For each type of product indicated.

Qualification Data: For testing agency
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A.

1.6

A.

B.

C.

1.7

O

INFORMATIONAL SUBMITTALS

Field quality-control test reports.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary

Conditions and Division 1 Specification Sections apply to this Section.

QUALITY ASSURANCE

Testing Agency Qualifications: Testing agency as defined by OSHA in 29 CFR 1910.7 or a

member company of the International Electrical Testing Association and that is acceptable to

authorities having jurisdiction.

1. Testing Agency’s Field Supervisor: Person currently certified by the International
Electrical Testing Association or the National Institute for Certification in Engineering
Technologies to supervise on-site testing specified in Part 3.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for

intended use.

Comply with NFPA 70.

DELIVERY, STORAGE AND HANDLING

Deliver all materials in original, unbroken, brand marked containers or wrapping as applicable.
Handle and store materials in a manner which will prevent deterioration or damage,
contamination with foreign matter, damage by weather or elements, and in accordance with

Manufacturer’s directions.

Store materials indoors and protect from weather. When necessary to store outdoors, elevate
materials above grade and enclose with durable, watertight wrapping.

Reject damaged, deteriorated, or contaminated materials and immediately remove from the
Site. Replace rejected materials with new materials at no additional cost to Owner.

PART 2 - PRODUCTS

21

A.

26 0519

MANUFACTURERS

Manufacturers: Subject to compliance with requirements, provide products by the
manufacturers specified.

LOW VOLTAGE ELETRICAL POWER CONDUCTORS AND CABLES 2
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2.2

CONDUCTORS AND CABLES

Manufacturers:

1. Alcan Products Corporation; Alcan Cable Division
2. American Insulated Wire Corp.: a Leviton Company
3. General Cable Corporation

4. Southwire Company.

Refer to Part3 "Conductor and Insulation Applications” Article for insulation type, cable
construction, and ratings.

Conductor Material: Copper complying with NEMA WC 5 or 7 stranded conductor.
Conductor Insulation Types: Type THHN-THWN and SO complying with NEMA WC 5 or 7.
Power Wire:

1. All conductors and cables shall be new with a minimum wire size of No 12 AWG.
Manufacturer’s name, type, and size shall be permanently marked on the outer covering
at regular intervals and delivered in complete coils or reels.

2. Provide factory fabricated conductors of size, rating, material, and type as indicated for
each service. Where not indicated, provide proper selection as determined by installer to
comply with installation requirements and the NEC standards, from only following types
and conductors:

a. Type THHN/THWN, 600 Volt, 75/90 Degrees C Rated with Nylon Jacket: Stranded
copper for all sizes.
b. Bare Conductors: Stranded copper for all sizes.

Metal Clad (Type MC) Cables

1. Type THHN/THWN insulated copper conductors with insulated green grounding
conductor routed with the circuit conductors.

2. High strength, lightweight, galvanized steel flexible interlocking armor, UL listed and
labeled for UL Standards 1569 and 83.
3. Thermoplastic insulated bushing for each cable end.

4. Manufacturers: MCTUFF Lightweight Steel MC Metal Clad Cables by AFC Cable
Systems or equal.

Control Cable: No 14 AWG minimum, type THHN/THWN.
Power Wiring Cable Accessories: For Connectors:

Wing nuts by Ideal

Stan-Kon by Thomas & Betts

Scotchlox Spring by Minnesota Mining & Manufacturing Company
Compression Type 53200 by Thomas & Betts

Insulated multi-cable mechanical connector blocks by Polaris, or lisco.

arwNPE

Power Cable for Variable Frequency Controlled Motors: 600V and 2000V, three conductor,
XLPE cable with three symmetrical positioned ground conductors and a continuous impervious
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A.

B.

C.

PART 3 -

3.1

26 0519

corrugated aluminum armor and overall PVC jacket. Cable shield transfer impedance shall be
less than 10 ohms per meter up to 30 MHZ when tested in accordance with NEMA WC 61.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following approved manufactures for VFC power cables:

a. Southwire Armor-X
b. Draka USA

CONNECTORS AND SPLICES

Manufacturers:

1. Hubbell Power Systems, Inc.

2. 3M; Electrical Products Division.
3. T&B.

4, Burndy.

Taps and splices in all feeder and branch circuit conductors larger than no. 8 AWG shall be
made with approved solderless, pressure type bolted connectors. Splices in conductors no. 8
AWG and smaller may be made with preinsulated Scotchlock or Ideal Wing-Nut spring tension
connectors.

Termination of motor leads to branch circuit conductors shall be made with Burndy Clear

UNITAP inspectable insulated multiple tap connectors sized for the conductors being
terminated.

EXECUTION

CONDUCTOR AND INSULATION APPLICATIONS

Minimum conductor size for power wiring: #12 AWG.

Minimum conductor size for control circuits: #14 AWG supplied by Electrical Contractor.
Service Entrance: Type THHN-2-THWN-2, single conductors in raceway.

Exposed Feeders: Type THHN-2-THWN-2, single conductors in raceway.

Feeders Concealed in Ceilings, Walls, and Partitions: Type THHN-2-THWN-2, single
conductors in raceway.

Feeders Concealed in Concrete, below Slabs-on-Grade, and in Crawlspaces: Type THHN-2-
THWN-2, single conductors in raceway.

Power Feeder and Branch Circuit Wiring

LOW VOLTAGE ELETRICAL POWER CONDUCTORS AND CABLES 4
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1. Install no more than three ungrounded conductors, three grounded (neutral) conductors,
and one equipment grounding conductor, in a single conduit or cable assembly, unless
otherwise indicated.

2. Install dedicated neutral conductor for each 120 and 277 volt branch circuit.

All wiring shall be installed in rigid galvanized conduit, intermediate metal conduit (I.M.C.),
flexible conduit, electrical metallic tubing (E.M.T.) or other approved raceway.

Fire Pump Feeder and Control: Provide a listed electrical circuit protective system with a
minimum 2-hour fire rating. THHN-2 or XHHW as applicable.

Emergency Power Feeder: Provide a listed electrical circuit protective system with a minimum
1-hour fire rating.

Emergency Power Branch Circuits: Provide a listed electrical circuit protective system with a
minimum 1-hour fire rating, where indicated on plans.

Exposed Branch Circuits, including in Crawlspaces: Type THHN-2-THWN-2, single conductors
in raceway.

Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN-2-THWN-2, single
conductors in raceway.

Fixture Whips: Type MC cable may be used for light fixture whips only, with a maximum length
of 6 feet for connecting light fixtures in accessible ceiling space.

Branch Circuits Concealed in Concrete and below Slabs-on-Grade: Type THHN-2-THWN-2,
single conductors in raceway.

Underground Feeders and Branch Circuits: Type XHHW, single conductors in raceway.

Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless-
steel, wire-mesh, strain relief device at terminations to suit application.

Fire Alarm Circuits: Type THHN-2-THWN-2, in raceway or Power-limited, fire-protective,
signaling circuit cable where raceway is not specified.

Class 1 Control Circuits: Type THHN-2-THWN-2, in raceway.

Class 2 Control Circuits: Type THHN-2-THWN-2, in raceway or Power-limited cable, concealed
in building finishes where raceway is not specified.

Cable types AC, MC, MI, NM, NMC or NMS shall not be used unless specifically noted on
drawings or in the specifications.

1. MC cable may be used for lighting fixture whips (maximum six feet), where accessible.
Aluminum conductors shall not be used.

Conductor insulation shall be provided with continuous phase colors as indicated in section 26
0553 for all sizes.
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INSTALLATION

Install electrical conductors, cables and connectors as indicated on the Drawings, in accordance
with the Manufacturer's written instructions, the applicable requirements of NEC and the
National Electrical Contractors Association’s “Standard of Installation,” and in accordance with
recognized industry practices to ensure that products serve the intended functions.

Conductors and cables shall be sized in accordance with the Drawings or, in the absence
thereof, in accordance with NEC requirements. Except where indicated herein, conductor sizes
greater than No. 12 AWG are indicated on the Drawings.

Provide a dedicated grounded conductor (neutral) for each circuit that requires a neutral for
proper operation. Unless indicated otherwise on the Drawings, shared neutrals are not allowed.

Provide an equipment grounding conductor in all raceways. Conductor shall be sized in
accordance with the National Electrical Code.

Install interior conductors after building is enclosed and water tight.

Each conduit shall be free of moisture and debris before conductors are installed.
Remove moisture from conduits by swabbing.

Pull conductors together where more than 1 conductor is being installed in a raceway.
Use heat shrink tubing for all instrument signal cable terminations.

Keep conductor splices to a minimum.

Install splices and taps which have equivalent or better mechanical strength and insulation as
the conductor.

Make all joints, splices, and connections only at accessible junction or outlet boxes, never inside
conduit or fitting. Make splices in No. 10 AWG and smaller wire with insulated spiral
mechanical connectors.

Make splices in No. 6 AWG and larger copper wire with compression type connectors.

All splices located in handholes and wet locations shall be rated for wet locations.

Low voltage and signal cable splices located in handholes and wet locations shall be sealed in
2-part epoxy sealing pack, 3M Scotchcast connector sealing pack 3570G.

Insulate all joints at splices with “Scotch” brand electrical pressure sensitive tape to 150% of
conductor insulation value.

Support conductors in vertical raceways in accordance to Division 26 Section “Hangers and
Supports for Electrical Systems”

Outlets:
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AA.

BB.

CC.

DD.

EE.

FF.

GG.

1. Free ends and loops at boxes and enclosures shall be pushed back into boxes and
protected by blank cover plates or other means until interior painting and decorating work
is completed.

Lights and outlets shall be grouped on circuits as indicated on the Drawings. Different types of
circuits such as feeders, branch circuits, control circuits, and signal circuits, shall not be mixed
in common conduit runs, but shall be run separately, although more than 1 circuit of the same
system may be run in common conduit runs.

Conductor ampacity derating shall be adhered to for all conductors in accordance with the
National Electrical Code.

Tighten electrical connectors and terminals, including screws and bolts, in accordance with
manufacturer’s published torque tightening values. Where manufacturer’s torque requirements
are not indicated, tighten connectors and terminals to comply with tightening torque’s specified
in UL 486A and UL 4868B.

Motor control circuits may be No. 14 AWG.

Do not fill raceways so that conductor derating will exceed 50 percent. Harmonic loading shall
be considered for circuits serving office and or classroom spaces.

Power branch circuits for receptacles in mechanical spaces, rooftop, outside convenience
outlets and other similar locations may use shared grounded conductors.

Where 120 volt, 20 amp, branch circuit wiring from panelboard to first outlet exceeds 100 feet in
length, increase home-run wire size to #10 AWG.

Where 277 volt, 20 amp, branch circuit wiring from panelboard to first light fixture exceeds 200
feet in length, increase home-run wire size to #10 AWG.

Common neutral conductors shall not be used for convenience outlet or lighting branch circuits.

Neutral conductors shall be clearly labeled at the panelboard with the circuit number of
associated phase conductors.

Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated.
Use manufacturer-approved pulling compound or lubricant where necessary; compound used
must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended

maximum pulling tensions and sidewall pressure values.

Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips, that will
not damage cables or raceway.

Install exposed cables parallel and perpendicular to surfaces of exposed structural members
and follow surface contours where possible.

Support cables according to Division 26 Section "Common Work Results for Electrical."
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JJ.
KK.

LL.

MM.

NN.

00.
PP.
QQ.
RR.
SS.

TT.

Uu.

VV.

WW.

XX.

YY.

Z7.

26 0519

Seal around cables penetrating fire-rated elements according to Division 07 Section
"Penetration Firestopping."”

Identify and color-code conductors and cables according to Division 26 Section “Identification
for Electrical Systems." Identify cable phasing left to right or front to back, facing front of
equipment.

1. Color coding bands should only be used when conductor colors are not available.
2. Conductors are to have continuous color-coded insulation factory colored.

Neatly train and tie wrap wiring inside boxes, equipment, and panelboards.
Clean conductor surfaces before installing lugs and connectors.

Make splices, taps, and terminations to carry full ampacity of conductors with no perceptible
temperature rise.

Use solderless pressure irreversible connectors with insulating covers for copper conductor
splices and taps, 8 AWG and larger.

Use insulated spring wire connectors with plastic caps for copper conductor splices and taps, 10
AWG and smaller.

Branch circuits may be combined up to 3 circuits in a homerun conduit.

Provide separate neutral for each circuit.

Electrical Contractor shall be responsible for derating of conductors as required by N.E.C.
Type MC cable shall be supported and secured at intervals not exceeding 4’-0”.

Fittings used for MC cable shall be identified for such use.

Between support, hangers and termination no more than 3” deflection from the bottom of the
cable to a horizontal line between the support/hanger or termination.

Support cables according to Division 26 Section “Hangers and Supports for Electrical Systems.”

Each feeder shall be of the same conductor and insulation material (phase, neutral, and
parallel).

All wiring shall be installed in conduit or approved raceway. All raceways shall be provided with
a ground conductor unless noted otherwise on the Contract Documents.

Support communication cables above accessible ceiling using spring metal clips or plastic cable
ties to support cables from structure. Do not rest cable on ceiling panels.

Clean conductor surfaces before installing lugs and connectors.

Use suitable cable fittings and connectors.

LOW VOLTAGE ELETRICAL POWER CONDUCTORS AND CABLES 8
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3.3

3.4

3.5

3.6

3.7

IDENTIFICATION

Identify and color-code conductors and cables according to Section 26 0553 "Identification for
Electrical Systems."

Identify each spare conductor at each end with identity number and location of other end of
conductor and identify as spare conductor.

CONNECTIONS

Tighten electrical connectors and terminals according to manufacturer’'s published torque-
tightening values. If manufacturer’s torque values are not indicated, use those specified in UL

486A and UL 486B.

Make splices and taps that are compatible with conductor material and that possess equivalent
or better mechanical strength and insulation ratings than unspliced conductors.

1. Use oxide inhibitor in each splice and tap conductor for aluminum conductors.
2. Use compression type terminations for aluminum conductors.

Wiring at Outlets: Install conductor at each outlet, with at least 6 inches of slack.

SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS

Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply
with requirements in Division 26 Section "Sleeves and Sleeve Seals for Electrical Raceways
and Cabling."

FIRESTOPPING

Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore
original fire-resistance rating of assembly according to Division 07 Section "Penetration
Firestopping."

DUCT SEAL INSTALLATION

Where conduits penetrate into the building, seal duct openings at conduit termination points with
duct seal for all conduits entering the building to prevent migration of water and gases into the
building and to prevent the condensation of water vapor inside the enclosures where the
conduits terminate.

Duct seal shall be applied after all cables have been installed.

Install sealing material in strict accordance with the sealant Manufacturer’s printed instructions.

Where conduit will be simultaneously exposed to different temperatures, such as where it
passes through the outside wall of a heated building or between two different rooms, the inside
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of the conduit shall be sealed with duct seal. Silicon or similar caulking shall not be used as a
substitute for duct seal.

3.8 FIELD QUALITY CONTROL

A. Perform tests and inspections and prepare test reports.

B. Tests and Inspections:

1.

2.

6.

After installing conductors and cables and before electrical circuitry has been energized,
test for compliance with requirements.

Perform each visual and mechanical inspection and electrical test stated in NETA
Acceptance Testing Specification. Certify compliance with test parameters.

Test insulation resistance on each conductor with respect to ground and adjacent
conductors. Applied potential to be 1000 volts dc for 1 minute.

Perform continuity test to insure proper cable connection.

Infrared Scanning: After Substantial Completion, but not more than 60 days after Final
Acceptance, perform an infrared scan of each splice in cables and conductors
No. 3 AWG and larger. Remove box and equipment covers so splices are accessible to
portable scanner.

a. Instrument: Use an infrared scanning device designed to measure temperature or
to detect significant deviations from normal values. Provide calibration record for
device.

b. Record of Infrared Scanning: Prepare a certified report that identifies splices

checked and that describes scanning results. Include notation of deficiencies
detected, remedial action taken, and observations after remedial action.

Test Values.
a. Minimum insulation resistance values shall be not less than fifty mega-ohms.

C. Test Reports: Prepare a written report to record the following:

1.
2.
3

Test procedures used.

Test results that comply with requirements.

Test results that do not comply with requirements and corrective action taken to achieve
compliance with requirements.

D. Remove and replace malfunctioning units and retest as specified above.

END OF SECTION 26 0519

26 0519

rev. July 2019
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WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY
Section Includes: Grounding systems and equipment.

Section includes grounding systems and equipment, plus the following special applications:

1. Underground distribution grounding.

2. Ground bonding common with lightning protection system.
ACTION SUBMITTALS

Product Data: For each type of product indicated to be used on project.

Submittals: Plans showing dimensioned as-built locations of grounding features specified in
“Field Quality Control” Article, including the following:

1. Ground rods.

2. Ground rings.

3. Grounding arrangements and connections for separately derived systems.
INFORMATIONAL SUBMITTALS

Field quality-control reports. Submit written test reports to include the following:

1. Test results that comply with requirements.
2. Results of failed tests and corrective action taken to achieve test results that comply with
requirements.
3. Indicate overall system resistance to ground.
4. Indicate overall Telecommunications system resistance to ground.
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 26 0526
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1.5

A.

1.6

1.7

26 0526

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For grounding to include in emergency, operation, and
maintenance manuals.

QUALITY ASSURANCE

Testing Agency Qualifications: Refer to Specification Section “Electrical Testing.”

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
by a qualified testing agency, and marked for intended location and application.

Comply with UL 467 for grounding and bonding materials and equipment.

Comply with NFPA 70: for overhead-line construction and medium-voltage underground
construction, comply with IEEE C2.

Comply with NFPA 780 and UL 96 when interconnecting with lightning protection system.

Comply with ANSI/TIA/EIA-607 “Standard for Commercial Building Grounding and Bonding
Requirements for Telecommunications”.

Comply with ANSI/IEEE 1100 -1992 “Powering and Grounding Sensitive Electronic Equipment”.

REFERENCES

ASTM B 8: Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard
or Soft.

ASTM B 33: Specification for Tinned Soft or Annealed Copper Wire for Electrical Purposes.

ASTM B 187: Specification for Copper, Bus Bar, Rod, and Shapes and General Purpose Rod,
Bar and Shapes.

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

IEEE 142: Grounding of Industrial and Commercial Power Systems
IEEE 837: Qualifying Permanent Connections Used in Substation Grounding.

IEEE 1100 - 1992: Recommended Practice for Powering and Grounding Sensitive Electronic
Equipment.

IEEE C2: National Electrical Safety Code.
IEEE NETA MTS - 2001: Maintenance Testing Specification

NFPA 70: National Electrical Code

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 2
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NFPA 70B: Recommended Practice for Electrical Equipment Maintenance

NFPA 780: Lightning Protection Code

TIA/EIA 607: Commercial Building Grounding and Bonding Requirements Standard.
UL 96: Lightning Protection Components.

UL 467: Grounding and Bonding Equipment.

UL 486A: Wire Connectors and Soldering Lugs for Use with Copper Conductors.

PART 2 - PRODUCTS

21

22

23

A.

A.

A.

C.
D

m

MANUFACTURERS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

1. Grounding Conductors, Cables, Connectors, and Rods:

a. Erico Inc.; Electrical Products Corporation.

b. FCI Burndy Products.

C. ILSCO.

d. Kearney/Cooper Power Systems.

e. 0O-Z/Gedney Co.; a business of the EGS Electrical Group.
GROUND BUS

Grounding Bus: Predrilled (as indicated rectangular bars of annealed copper, 2" by 2” by
length as indicated, with 9/32” holes spaced 1-1/8” apart. Stand-off insulators for mounting shall
comply with UL 891 for use in switchboards, 600V. Lexan or PVC, impulse tested at 5000 V.
GROUNDING CONDUCTORS

For insulated conductors, comply with Division 26 Section "Low-Voltage Electrical Power
Conductors and Cables."

Material: Copper.

Equipment Grounding Conductors: Insulated with green-colored insulation.
Grounding Electrode Conductors: Hard drawn / Stranded cable.
Underground Conductors: Hard drawn / Stranded copper.

Bare Copper Conductors:

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 26 0526
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1. Solid Conductors: ASTM B 3.

2. Stranded Conductors: ASTM B 8.

3. Tinned Conductors: ASTM B 33.

4. Bonding Cable: 28 kemil, 14 strands of No. 17 AWG conductor, 1/4 inch in diameter.

5. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.

6. Bonding Jumper: Copper tape, braided conductors, terminated with copper ferrules; 1-
5/8 inches wide and 1/16 inch thick.

7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors, terminated with

copper ferrules; 1-5/8 inches wide and 1/16 inch thick.
Grounding Bus: Bare, annealed copper bars of rectangular cross section, with insulators.

Bus-bar Connectors: Mechanical type, cast silicon bronze, solderless compression-type wire
terminals, and long-barrel, two-bolt connections to ground bus bar.

Irreversible Connectors (Above Grade Only.)
Compression connectors of pure, wrought copper, per ASTM B187.

1.
2. Cast connectors of copper base alloy per ASTM B30.
3 Clearly and permanently mark connectors with the following information:

a. Catalog number.
b. Conductors accommodated.
C. Installation die index or die catalog number is required.
d. Underwriters Laboratories “Listing Mark”.
e. The words “Direct Burial” or “Burial” per UL 467.
4, Pre-fill connectors with a corrosion inhibiting compound which is compatible with the
conductors being joined.
5. Provide connectors equivalent in current carrying capacity to the maximum size copper
conductors being joined.
6. Manufacturers
a. Burndy Electrical.

CONNECTOR PRODUCTS

Comply with IEEE 837 and UL 467; listed for use for specific types, sizes and combinations of
conductors and connected items.

Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having
jurisdiction for applications in which used, and for specific types, sizes, and combinations of
conductors and other items connected.

Bolted Connectors for Conductors and Pipes: Copper or copper alloy, bolted pressure-type,
with at least two bolts.

1. Pipe Connectors: Clamp type, sized for pipe.

Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for
materials being joined and installation conditions.
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E.

A.

B.

Compression type Connectors: Pure, wrought copper, per ASTM B187.

GROUNDING ELECTRODES
Ground Rods: Sectional type; copper-clad steel.

1. Size: % inch in diameter by 120 inches long. Solid 98% conductivity, electrical grade
copper.

Chemical Electrodes: Copper tube, straight or L-shaped, filled with nonhazardous chemical
salts, terminated with a 4/0 bare conductor. Provide backfill material recommended by
manufacturer.

PART 3 - EXECUTION

3.1

T

G.

I

APPLICATION

Use only copper conductors for both insulated and bare grounding conductors in direct contact
with earth, concrete, masonry, crushed stone, and similar materials.

In raceways, use insulated equipment grounding conductors.

Exothermic-Welded Connections: Use for connections to structural steel and for underground
connections.

Equipment Grounding Conductor Terminations:

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.

2. Underground Connections: Welded connectors except at test wells and as otherwise
indicated.

3. Connections to Structural Steel: Welded connectors.

Use bolted pressure clamps with at least two bolts.

Isolated Grounding Conductors: Green-colored insulation with continuous yellow stripe. On
feeders with isolated ground, identify grounding conductor where visible to normal inspection,
with alternating bands of green and yellow tape, with at least three bands of green and two
bands of yellow.

Ground Rod Clamps at Test Wells: Use bolted pressure clamps with at least two bolts.

Grounding Bus: Install in electrical service equipment rooms.

1. Size: 1/4 inch by 2 inches bare, annealed copper.

2. Use insulated spacer; space 1 inch from wall and support from wall 6 inches above
finished floor, unless otherwise indicated.

3. At doors, route the bus up to the top of the door frame, across the top of the doorway,

and down to the specified height above the floor or route around door.

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 26 0526
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3.2

3.3

3.4

26 0526

4, Where indicated on both sides of doorways, route bus up to top of door frame, across top
of doorway and down to specified height above floor; connect to horizontal bus.

Underground Grounding Conductors: Use hard drawn copper conductor, No. 4/0 AWG
minimum unless noted otherwise. Bury at least 24 inches below grade.
POWER SYSTEM GROUND

Ground the electric service system neutral at service entrance equipment to grounding
electrodes per NFPA 70.

Ground separately-derived ac power system neutrals, including distribution transformers to
grounding electrodes, per NFPA 70.

Separately ground the emergency generator neutral to grounding electrodes, per NFPA 70.

EQUIPMENT GROUNDING CONDUCTORS

Install insulated equipment grounding conductor in all raceways with circuit conductors.
Terminate each end on suitable lugs, bus or bushing.

Busway Supply Circuits: Install insulated equipment grounding conductor from the grounding
bus in the switchgear, switchboard, or distribution panel to equipment grounding bar terminal on
busway.

Nonmetallic Raceways: Install an equipment grounding conductor in nonmetallic raceways
unless they are designated for telephone or data cables.

Metal Poles supporting outdoor lighting fixtures: Install grounding electrode and a separate
insulated equipment grounding conductor in addition to grounding conductor installed with
branch-circuit conductors.

COUNTERPOISE (PERIMETER GROUND LOOP)

Common Ground Bonding with Lightning protection system: Bond electrical power system
ground directly to lightning protection system grounding conductor at closest point to electrical
service grounding electrode. Use bonding conductor sized same as system grounding
electrode conductor and install in conduit.

1. Install tinned-copper conductor not less than No. 4/0AWG for ground ring and for taps to
building steel.

2. Bury ground ring not less than 24 inches from building’s foundation.
a. Provide underground — line warning tape 12” above cable.

Common Ground Bonding with Lightning Protection System: Bond electrical power system
ground directly to lightning protection system grounding conductor at closest point to electrical
service grounding electrode. Use bonding conductor sized same as system grounding
electrode conductor, and install in conduit.

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 6
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3.5

3.6

COUNTERPOISE (PERIMETER GROUNDING LOOP)

Ground the steel framework of the building with a driven ground rod at the base of every corner
column and at intermediate exterior columns at distances not more than 60 feet apart. Provide
a grounding conductor (counterpoise), electrically connected to each ground rod and to each
steel column, extending around the perimeter of the building. Use tinned-copper conductor not
less than No. 2/0 AWG for counterpoise and for tap to building steel. Bury counterpoise not
less than 18 inches below grade and 24 inches from building foundation. Do not install in
concrete floor.

INSTALLATION

Grounding Conductors: Route along shortest and straightest paths possible, unless otherwise
indicated or required by Code. Avoid obstructing access or placing conductors where they may
be subjected to strain, impact, or damage.

Equipotential Ground: Interconnect grounding electrodes to form one, electrically continuous,
equipotential grounding electrode system. Grounding electrodes to be interconnected include:

1. Ufer ground.

2. Lightning protection system.
3. Metal water service pipe.

4. Building steel.

Ground Rods: Install at least three rods spaced at least one-rod length from each other and
located at least the same distance from other grounding electrodes.

1. Drive ground rods until tops are 6 inches below finished floor or final grade, unless
otherwise indicated.
2. Interconnect ground rods with grounding electrode conductors. Use exothermic welds,

except as otherwise indicated. Make connections without exposing steel or damaging
copper coating.

3. For grounding electrode system, install at least three rods spaced at least one-rod length
from each other and located at least the same distance from other grounding electrodes,
and connect to the service grounding electrode conductor.

Ufer Ground (Concrete-Encased Grounding Electrode): Fabricate according to NFPA 70,
Paragraph 250-81(c):

1. Bond grounding conductor to reinforcing steel in at least four locations and to anchor
bolts.
2. Extend grounding conductor below grade and connect to building grounding grid or to a

grounding electrode external to concrete.

Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance,
except where routed through short lengths of conduit.

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate
any adjacent parts.
2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install so

vibration is not transmitted to rigidly mounted equipment.

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 26 0526
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3. Use exothermic-welded connectors for outdoor locations, but if a disconnect-type
connection is required, use a bolted clamp.
4. Bond cable tray to grounding bus with #6 AWG.

Grounding and Bonding for Piping:

1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit,
from building's main service equipment, or grounding bus, to main metal water service
entrances to building. Connect grounding conductors to main metal water service pipes,
using a bolted clamp connector or by bolting a lug-type connector to a pipe flange, using
one of the lug bolts of the flange. Where a dielectric main water fitting is installed,
connect grounding conductor on street side of fitting. Bond metal grounding conductor
conduit or sleeve to conductor at each end.

2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water
meters. Connect to pipe with a bolted connector.

3. Bond each aboveground portion of gas piping system downstream from equipment
shutoff valve.

4. Bond steam and condensate piping.

Concrete-Encased Electrodes: Connect grounding conductor to the foundation reinforcing bars
or rods and bond the bars together with steel tie wires.

Bonding Straps and Jumpers: Install so vibration by equipment mounted on vibration isolation
hangers and supports is not transmitted to rigidly mounted equipment. Use exothermic-welded
connectors for outdoor locations, unless a disconnect-type connection is required; then, use a
bolted clamp. Bond straps directly to the basic structure taking care not to penetrate any
adjacent parts. Install straps only in locations accessible for maintenance.

Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors of
associated fans, blowers, electric heaters, and air cleaners. Install bonding jumper to bond
across flexible duct connections to achieve continuity.

Grounding Variable-Frequency Motors: Provide copper braided grounding strap between motor
and metallic conduit (EMT or IMC) in addition of the equipment grounding conductor on motors
controlled with a variable-frequency controller.

Ground Bonding Common with Lightning Protection System: Comply with NFPA 780 and UL 96
when interconnecting with lightning protection system. Bond electrical power system ground
directly to lightning protection system grounding conductor at closest point to electrical service
grounding electrode. Use bonding conductor sized same as system grounding electrode
conductor and install in conduit.

Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water meters.
Connect to pipe with grounding clamp connectors.

Bond each aboveground portion of gas piping system upstream from equipment shutoff valve.
Bond all steam and condensate piping upstream from equipment shutoff valve.

Packaged Engine Generator: Separately ground the packaged engine generator neutral to
grounding electrodes per NFPA 70.
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3.8

Grounding Bus:

1. Electrical equipment rooms.

2. Telephone equipment rooms.

3. Rooms housing service equipment.
CONNECTIONS

General: Make connections so galvanic action or electrolysis possibility is minimized. Select
connectors, connection hardware, conductors, and connection methods so metals in direct
contact will be galvanically compatible.

1. Use electroplated or hot-tin-coated materials to ensure high conductivity and to make
contact points closer to order of galvanic series.

2. Make connections with clean, bare metal at points of contact.

3. Make aluminum-to-galvanized steel connections with tin-plated copper jumpers and
mechanical clamps.

4. Coat and seal connections having dissimilar metals with inert material to prevent future

penetration of moisture to contact surfaces.

Exothermic-Welded Connections: Comply with manufacturer's written instructions. Welds that
are puffed up or that show convex surfaces indicating improper cleaning are not acceptable.

Equipment Grounding Conductor Terminations: For No. 8 AWG and larger, use pressure-type
grounding lugs. No. 10 AWG and smaller grounding conductors may be terminated with winged
pressure-type connectors.

Noncontact Metal Raceway Terminations: If metallic raceways terminate at metal housings
without mechanical and electrical connection to housing, terminate each conduit with a
grounding bushing. Connect grounding bushings with a bare grounding conductor to grounding
bus or terminal in housing. Bond electrically noncontinuous conduits at entrances and exits with
grounding bushings and bare grounding conductors, unless otherwise indicated.

Tighten screws and bolts for grounding and bonding connectors and terminals according to
manufacturer's published torque-tightening values. If manufacturer's torque values are not
indicated, use those specified in UL 486A.

Compression-Type Connections:  Use hydraulic compression tools to provide correct
circumferential pressure for compression connectors. Use tools and dies recommended by
connector manufacturer. Provide embossing die code or other standard method to make a
visible indication that a connector has been adequately compressed on grounding conductor.

Moisture Protection: If insulated grounding conductors are connected to ground rods or
grounding buses, insulate entire area of connection and seal against moisture penetration of
insulation and cable.

UNDERGROUND DISTRIBUTION SYSTEM GROUNDING

Comply with IEEE C2 grounding requirements.

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 26 0526
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Duct Banks: Install an equipment grounding conductor with phase conductors with at least 50
percent ampacity of the largest phase conductor in the duct bank.

Manholes and Handholes: Install a driven ground rod close to wall and set rod depth so 4
inches will extend above finished floor. If necessary, install ground rod before manhole is
placed and provide a No. 1/0 AWG bare tinned-copper conductor from ground rod into manhole
through a waterproof sleeve in manhole wall. Protect ground rods passing through concrete
floor with a double wrapping of pressure-sensitive tape or heat-shrunk insulating sleeve from 2
inches above to 6 inches below concrete. Seal floor opening with waterproof, nonshrink grout.
Extend #8 bare copper conductor to the manhole cover ring.

Manholes and Handholes: Install a driven ground rod close to wall and set rod depth so 4
inches will extend above finished floor. If necessary, install ground rod before manhole is
placed and provide a No. 1/0 AWG bare tinned-copper conductor from ground rod into manhole
through a waterproof sleeve in manhole wall. Protect ground rods passing through concrete
floor with a double wrapping of pressure-sensitive tape or heat-shrunk insulating sleeve from 2
inches above to 6 inches below concrete. Seal floor opening with waterproof, nonshrink grout.

Connections to Manhole Components: Connect exposed-metal parts, such as inserts, cable
racks, pulling irons, ladders, and cable shields within each manhole or handhole, to ground rod
or grounding conductor. Make connections with No. 4 AWG minimum, stranded, hard-drawn
copper conductor. Train conductors level or plumb around corners and fasten to manhole walls.
Connect to cable armor and cable shields as recommended by manufacturer of splicing and
termination kits.

Generator Pad: Install two ground rods and counterpoise circling pad. Ground pad-mounted
equipment and noncurrent-carrying metal items associated with substations by connecting them
to underground cable and grounding electrodes. Use tinned-copper conductor not less than No.
2 AWG for counterpoise and for taps to equipment ground pad. Bury counterpoise not less than
18 inches below grade and 6 inches from the foundation.

TRANSFORMER VAULTS AND MAIN ELECTRICAL ROOMS

Ground Rods

1. At each location the rods shall be tied together by means of no. 4/0 AWG THW, stranded
copper cables welded to each rod. Welded connections shall be Cadweld or Burndy
Hyground.

2. The tops of the ground rods shall be below the finished floor slab with the 4/0 AWG THW
ground wire brought up close to the wall.

Ground Bus

1. Ground bus shall be installed approximately 12 inches above the floor. All joints shall be
thoroughly cleaned and trimmed on both sides and edges, wiped smooth and bright, and
bolted in approved manner.

Ground Connections

1. From the ground bus in the electrical room, run two ground cables to the ground rods
located on the drawing and one ground cable to cold water main. Provide jumpers at all

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 10
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11

water meters. Provide ground cable from ground bus to underground duct system
ground. All ground cable shall be 4/0 AWG THW, stranded copper.

2. All conduit, pipe racks, switches, supports, wiring troughs, cable sheaths, cabinets,
transformers, special equipment and non-current carrying parts shall be permanently and
effectively grounded to one of these ground systems.

3. Make ground connections at equipment with grounding devices manufactured for this
purpose equal to Burndy Engineering Co. fittings. No soldered ground connections shall
be used on grounding circuits at any point, except where ground conductor is attached to
the lead sheathed cables. Primary grounds and secondary neutral shall be connected to
ground bus with approved mechanical connectors.

4, Primary and secondary neutrals of transformers shall be connected to the ground bus
with approved mechanical connectors.

5. An equipment grounding conductor shall be installed with feeders and branch circuits and
connected to all devices and equipment.

6. Conductors used for grounding that are installed separately in electrical rooms or other

locations shall be installed in conduit in areas where they are subject to physical damage.
The conduit shall be bonded to the conductor.

COMMUNICATION ROOMS
Install a ¥4” x 4” x 30” copper ground bus with predrilled holes in all communication rooms.

1. Connect each cable tray and equipment cabinet/rack to the ground bus each with a #6
AWG green insulated conductor.

BEF Room

1. Bond each ground bus of the BEF and CDR Room, together with a No. 4 AWG
THWN/THHN bonding conductor in conduit.

2. Install a No. 4 AWG THWN/THHN grounding conductor in conduit from the ground bus
BDF Room to the ground grid in the substation.

CDR Rooms

1. Connect each ground bus of CDR Rooms with a No. 4 AWG THWN/THHN grounding
conductor in conduit to the ground grid in the substation room.

Telecommunications Grounding System: The telecommunications grounding system shall
consist of:

1. A Telecommunications Grounding Busbar (TGB) in each telecommunications room,
cabinets, etc.

2. A Telecommunications Bonding Backbone (TBB) tying together the TMGB and each
TGB.

3. Bonding of all equipment racks, raceways, non-current carrying metallic equipment and
surge protection devices within the telecommunications room to the TGB’s or TMGB
using approved bonding conductors. Each piece of equipment shall be bonded
individually directly to the ground bus.

All bonding connections shall be installed at an accessible location for inspection and
maintenance.

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 26 0526
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All telecommunications bonding connections shall be of an approved mechanical type
connection. Do not use exothermic welds unless specifically indicated on the Drawings.

The physical routing shall, in general, follow the same path as the backbone cable system.
Bond each TGB directly to the electrical grounding electrode system with a 4/0 conductor.

Do not use TGB’s as a power system ground connection unless specifically noted on the
Drawings.

All bonding connectors and conductors shall be UL listed for the purpose intended.
Mount TMGB and TGB bus to backboard or wall using 2” standoff insulators.

Individually bond each piece of non-current carrying metallic equipment in the
Telecommunications Room to the TGB.

Install continuous cable from the TMGB to the furthest TGB. Bond all TGB’s to TBB with bare
No. 3/0 AWG copper ground conductor and T-tap grounding hardware.

OTHER BUILDING SPACES

Install a ¥2” x 2” solid copper ground bus with predrilled holes where shown on the drawing.
Length shall be 12” or longer as noted on the drawings. Connect each ground bus with a No. 4
AWG THWN/THHN grounding conductor in conduit to the ground grid in the main electrical
room.

LABELING

Comply with requirements in Division 26 Section “Identification for Electrical Systems” Article for
instruction signs. The label or its text shall be green.

Install labels at the telecommunications bonding conductor and grounding equalizer and at the
grounding electrode conductor where exposed.

1. Label Text: “If this connector or cable is loose or if it must be removed for any reason,
notify the facility manager.”

Pad-Mounted Transformers and Switches: Install two ground rods and counterpoise circling
pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with
substations by connecting them to underground cable and grounding electrodes. Use tinned-
copper conductor not less than No. 2 AWG for counterpoise and for taps to equipment ground
pad. Bury counterpoise not less than 18 inches below grade and 6 inches from the foundation.

UNDERGROUND DISTRIBUTION SYSTEM GROUNDING

Duct Banks: Install a grounding conductor with at least 50 percent ampacity of the largest
phase conductor in the duct bank.
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Manholes and Handholes: Install a driven ground rod close to wall and set rod depth so
4 inches will extend above finished floor. If necessary, install ground rod before manhole is
placed and provide a No. 1/0 AWG bare, tinned-copper conductor from ground rod into manhole
through a waterproof sleeve in manhole wall. Protect ground rods passing through concrete
floor with a double wrapping of pressure-sensitive tape or heat-shrunk insulating sleeve from 2
inches above to 6 inches below concrete. Seal floor opening with waterproof, nonshrink grout.

Connections to Manhole Components: Connect exposed-metal parts, such as inserts, cable
racks, pulling irons, ladders, and cable shields within each manhole or handhole, to ground rod
or grounding conductor. Make connections with No. 4 AWG minimum, stranded, hard-drawn
copper conductor. Train conductors level or plumb around corners and fasten to manhole walls.
Connect to cable armor and cable shields as recommended by manufacturer of splicing and
termination kits.

Pad-Mounted Transformers and Switches: Install two ground rods and counterpoise circling
pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with
substations by connecting them to underground cable and grounding electrodes. Use tinned-
copper conductor not less than No. 2 AWG for counterpoise and for taps to equipment ground
pad. Bury counterpoise not less than 18 inches below grade and 6 inches from the foundation.

FIELD QUALITY CONTROL

Perform the following tests and inspections and prepare test reports:

1. After installing grounding system but before permanent electrical circuits have been
energized, test for compliance with requirements.

2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted,
electrical connections with a calibrated torque wrench according to manufacturer's written
instructions.

3. Test completed grounding system at each location where a maximum ground-resistance

level is specified, at service disconnect enclosure grounding terminal, and at ground test
wells. Make tests at ground rods before any conductors are connected.

4, Measure ground resistance no fewer than two full days after last trace of precipitation and
without soil being moistened by any means other than natural drainage or seepage and
without chemical treatment or other artificial means of reducing natural ground

resistance.
5. Perform tests by fall-of-potential method according to IEEE 81.
6. Equipment Grounds: Utilize two-point method of IEEE 81. Measure between equipment

ground being testing and known low-impedance grounding electrode or system.

Excessive Ground Resistance: If resistance to ground exceeds specified values, notify
Architect promptly and include recommendations to reduce ground resistance.

Grounding system will be considered defective if it does not pass tests and inspections.
Prepare test and inspection reports.
Report measured ground resistances that exceed the following values:

1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 ohms.
2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms.

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 26 0526
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3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 ohmes.
4, Substations and Pad-Mounted Switching Equipment: 5 ohms.
5. Manhole Ground: 10 ohms.
6. Power Distribution Units or Panelboards Serving Electronic Equipment: 3 ohms.
7. The telecommunications grounding system shall have a maximum resistance of 1 ohm as
measured from the TMGB ground to earth ground.
END OF SECTION 26 0526

26 0526
rev. July 2019
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WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

11

1.2

1.3

14

SUMMARY

Section includes:

1. Hangers and supports for electrical equipment and systems.
2. Construction requirements for concrete bases.
PERFORMANCE REQUIREMENTS

Design supports for multiple raceways capable of supporting combined weight of supported
systems and its contents. Provide capacity for expansion of 25%.

Design equipment supports capable of supporting combined operating weight of supported
equipment and connected systems and components.

Rated Strength: Adequate in tension, shear, and pullout force to resist maximum loads
calculated or imposed for this Project, with a minimum structural safety factor of five times the
applied force.

DEFINITIONS

EMT: Electrical metallic tubing.

IMC: Intermediate metal conduit.

RMC: Rigid metal conduit

INFORMATION SUBMITTALS

Welding certificates

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 26 0529
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ACTION SUBMITTALS

General: Submit the following in accordance with Conditions of Contract and Division 1
Specification Sections:

Product Data for the following:

Steel slotted support systems.
Pipe Hanger

Sleeves

Fastener

Eal

Hanger and support schedule showing manufacturer’s figure number, size, spacing, features,
and applications for each required type of support, hanger, sleeve, seal, and fastener to be
used.

Shop drawings indicating details of fabricated products and materials.

QUALITY ASSURANCE

Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding
Code - Steel."

Comply with NFPA 70.

DELIVERY, STORAGE, AND HANDLING

Deliver all materials in original, unbroken, brand marked containers or wrapping as applicable.
Handle and store materials in a manner which will prevent deterioration or damage,
contamination with foreign matter, damage by weather or elements, and in accordance with

Manufacturer’s directions.

Store materials indoors and protect from weather. When necessary to store outdoors, elevate
materials above grade and enclose with durable, watertight wrapping.

Reject damaged, deteriorated, or contaminated material and immediately remove from the Site.
Replace rejected materials with new materials at no additional cost to Owner.
COORDINATION

Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete,
reinforcement and formwork requirements are specified in Division 03.

Coordinate installation of roof curbs, equipment supports, and roof penetrations. These items
are specified in Division 07 Section “Roof Accessories.”

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 2
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21

SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

Steel Slotted Support Systems: Comply with MFMA-4, factory-fabricated components for field
assembly.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Allied Tube & Conduit.

Cooper B-Line, Inc.; a division of Cooper Industries.

ERICO International Corporation. (except “Caddy B18” combination devices)
Thomas & Betts Corporation.

Unistrut; Tyco International, Ltd.

PoooTp

2. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-4.

3. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester coating
applied according to MFMA-4.

4, Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-
4.

5. Channel Dimensions: Selected for applicable load criteria.

Raceway and Cable Supports: As described in NECA 1 and NECA 101.

Conduit and Cable Support Devices: Steel and malleable-iron hangers, clamps, and associated
fittings, designed for types and sizes of raceway or cable to be supported.

Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded
body and insulating wedging plug or plugs for non-armored electrical conductors or cables in
riser conduits. Plugs shall have number, size, and shape of conductor gripping pieces as
required to suit individual conductors or cables supported. Body shall be malleable iron.

Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M, steel plates,
shapes, and bars; black and galvanized.

Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or their
supports to building surfaces include the following:

1. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel, for use in
hardened Portland cement concrete with tension, shear, and pullout capacities
appropriate for supported loads and building materials in which used.

a. Manufacturers: Subject to compliance with requirements, provide products by one
of the following:

1) Cooper B-Line, Inc.; a division of Cooper Industries.

2) Hilti Inc.

3) ITW Ramset/Red Head; a division of lllinois Tool Works, Inc.
4) MKT Fastening, LLC.

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 26 0529
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2. Concrete Inserts: Steel or malleable-iron, slotted support system units similar to MSS
Type 18; complying with MFMA-4 or MSS SP-58.

3. Clamps for Attachment to Steel Structural Elements: MSS SP-58, type suitable for
attached structural element.

4, Through Bolts: Structural type, hex head, and high strength. Comply with ASTM A 325.

5. Toggle Bolts: All-steel springhead type.

6. Hanger Rods: Threaded steel.

Fittings and boxes: Do not use die cast zinc fittings or combination box/conduit hanger. Do not
use Erico Caddy Series B18 Combination Box/Conduit hanger or_anything similar by other
approved manufacturers.

FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

Description: Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions
of supported equipment.

Materials: Comply with requirements in Division 05 Section "Metal Fabrications" for steel
shapes and plates.

Pipe Sleeves: Provide pipe sleeves of one of the following:

1. Sheet Metal: Fabricate from galvanized sheet metal; round tube closed with snaplock
joint, welded spiral joint, welded spiral seams, or welded longitudinal joint. Fabricate
sleeves from the following gage metal for sleeve diameter noted:

a. 3” and smaller: 20-gage.
b. 4” to 6”: 16-gage.
C. Over 6”: 14-gage.

2. Steel Pipe: Fabricate from Schedule 40 galvanized steel pipe.
3. Plastic Pipe: Fabricate from Schedule 80 PVC plastic pipe.
ROOF MOUNTED CONDUIT AND EQUIPMENT SUPPORTS

General: Shop or field fabricated assemblies made of manufactured corrosion-resistant
components to support roof-mounted conduit and equipment.

Adjustable Compact Stand: Recycled rubber base unit with integral threaded coupling capable
of accepting 3/8-16 threaded rod, or 1 5/8” by 1 5/8” metal strut and various supporting
elements.

1. Manufacturers: Subject to compliance with the requirements, provide products by one of
the following:

a. B-Line Systems, Inc.; a division of Cooper Industries; Dura-Blok.
b. ERICO International Corp.; Caddy Pyramid.
C. Tolco; a brand of Nibco; Pipe Piers

Low-Type, Single-Conduit Stand: Assembly of base and horizontal members, and support, for
roof installation without membrane penetration.
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1. Manufacturers: Subject to compliance with requirements, provide products by one for the
following:

a. B-Line Systems, Inc.; a division of Cooper Industries; Dura-Blok.
b. ERICO International Corp.; Caddy Pyramid.
C. Tolco; a brand of Nibco; Pipe Piers

Base: Plastic, Recycled rubber.
Horizontal Member: Cadmium-plated-steel or galvanized-steel strut designed for use with
standard strut clamps and accessories.

wn

PART 3 - EXECUTION

3.1

3.2

A.

APPLICATION

Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical
equipment and systems, except if requirements in this Section are stricter.

Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space supports for
EMT, IMC, and RMC as scheduled in NECA 1, where Table 1 lists maximum spacing less than
stated in NFPA 70. Minimum rod size shall be 1/4 inch in diameter.

Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted or
other support system, sized so capacity can be increased by at least 25 percent in future
without exceeding specified design load limits.

1. Secure raceways and cables to trapeze member with clamps approved for application.
2. Secure raceways and cables to these supports with single-bolt conduit clamps using
spring friction action for retention in support channel.

Support all electrical items independently of supports provided by the other trades.

Support single runs of MC cable using spring-steel clamps from suspended ceiling hangers,
hanger wire or building structure at intervals not to exceed three feet. Do not support MC cable
from ceiling grid.

Spring-steel clamps designed for supporting single conduits without bolts may be used for 1 V4’
and smaller raceways serving branch circuits and communication systems above suspended
ceilings and for fastening raceways to trapeze supports.

SUPPORT INSTALLATION

Comply with NECA 1 and NECA 101 for installation requirements, except as specified in this
Article.

Raceway Support Methods: In addition to methods described in NECA 1, EMT may be
supported by openings through structure members, as permitted in NFPA 70.

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 26 0529
rev. July 2019



WMU Design Guidelines

C.

26 0529

Install seismic-restraint components using methods approved by the evaluation service
providing required submittals for component.

Strength of Support Assemblies: Where not indicated, select sizes of components so strength
will be adequate to carry present and future static loads within specified loading limits.
Minimum static design load used for strength determination shall be weight of supported
components plus 200 Ib.

Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten
electrical items and their supports to building structural elements by the following methods
unless otherwise indicated by code:

1. To Wood: Fasten with lag screws or through bolts.

2. To New Concrete: Bolt to concrete inserts.

3 To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor
fasteners on solid masonry units.

4, To Existing Concrete: Expansion anchor fasteners, lead anchors.
5. To Steel:
a. Welded threaded studs complying with AWS D1.1/D1.1M, with lock washers and
nuts
b. Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69
C. Spring-tension clamps.
6. To Light Steel: Sheet metal screws.
7. Plastic anchors may be used for mounting 4 inch square boxes.
8. Power actuated anchors may not be used.
9. ltems Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets,

panelboards, disconnect switches, control enclosures, pull and junction boxes,
transformers, and other devices on slotted-channel racks attached to substrate.

10. Enclosures for panelboards, motor starters, motor control centers, enclosed switches and
circuit breakers, enclosed controllers and transfer switches and other similar equipment
shall be mounted on %" spacers when mounted in a room on a below grade exterior wall
and in wet or damp locations.

Slotted support systems applications:

1. Indoor dry and damp Locations: Painted Steel
2. Outdoors and interior wet locations: Galvanized Steel

Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing
bars.

Do not fasten supports to pipes, ducts, mechanical equipment, or other conduit.

Do not use E-Z type anchors.

Obtain permission from Architect/Engineer before drilling or cutting structural members.
Fabricate supports from structural steel or steel channel. Rigidly weld members or use hexagon

head bolts to present neat appearance with adequate strength and rigidity. Use spring lock
washers under all nuts.
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The Contractor shall replace all supports and channels that sag, twist, and/or show signs of not
providing proper structural support to the equipment it is intended for, as determined by the
Owner and Architect/Engineer. All costs associated with replacing supports and steel channels
shall be incurred by the Contractor.

INSTALLATION OF FABRICATED METAL SUPPORTS

Comply with installation requirements in Division 05 Section "Metal Fabrications" for site-
fabricated metal supports.

Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation
to support and anchor electrical materials and equipment.

Field welding: comply with AWS D1.1/D1.1M.

INSTALLATION OF ROOF MOUNTED SUPPORTS

Install in accordance with manufacturer’s instructions.

If gravel top roof, gravel must be removed around and under support.

Consult roofing manufacturer for roof membrane compression capacities. If required, a
compatible sheet of roofing material (rubber pad) may be required under rooftop support to
disperse concentrated loads and add further membrane protection.

Utilize properly sized clamps and accessories to suit conduit sizes.

Field Welding: Comply with AWS D1.1/D1.1M.

CONCRETE BASES
Provide concrete bases for all floor mounted electrical equipment.
Provide concrete bases for all exterior, grade level electrical equipment, and where indicated.

Concrete Bases: Anchor equipment to concrete base according to equipment manufacturer's
written instructions and seismic criteria at Project.

Construct concrete bases of dimensions indicated but not more than 4 inches larger in both
directions than supported unit, and so expansion anchors will be a minimum of 10 bolt
diameters from edge of the base.

1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise
indicated, install dowel rods on 18-inch centers around full perimeter of the base.
2. Install epoxy-coated anchor bolts for supported equipment that extend through concrete

base, and anchor into structural concrete floor for equipment over 500 pounds.

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 26 0529
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3. Place and secure anchorage devices. Use supported equipment manufacturer's setting
drawings, templates, diagrams, instructions, and directions furnished with items to be
embedded.

4, Install anchor bolts to elevations required for proper attachment to supported equipment.

5. Install anchor bolts according to anchor-bolt manufacturer's written instructions.

6. Use 3000-psi, 28-day compressive-strength concrete or as specified in section 03 3000.

PAINTING

Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas
immediately after erecting hangers and supports. Use same materials as used for shop
painting. Comply with SSPC-PA 1 requirements for touching up field-painted surfaces.

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils .
Touchup: Comply with requirements in Division 09 painting Sections for cleaning and touchup
painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous

metal.

Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply
galvanizing-repair paint to comply with ASTM A 780.

END OF SECTION 26 0529

26 0529
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WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0533 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

11

1.2

1.3

14

SUMMARY
Section Includes:

Metal conduits, tubing, and fittings.

Nonmetal conduits, tubing, and fittings.

Metal wireways and auxiliary gutters.

Nonmetal wireways and auxiliary gutters.

Surface raceways.

Boxes, enclosures, and cabinets.

Handholes and boxes for exterior underground cabling.

Nogkrwbr

DEFINITIONS
GRC: Galvanized rigid steel conduit

IMC: Intermediate metal conduit

RELATED REQUIREMENTS

1. Division 26 Section "Underground Ducts and Raceways for Electrical Systems" for
exterior duct banks, manholes, and underground utility construction.

SUBMITTALS

Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover
enclosures and cabinets. For custom enclosures and cabinets. Include plans, elevations,
sections, and attachment details.

Coordination Drawings: Conduit routing plans, drawn to scale, on which the following items are
shown and coordinated with each other, using input from installers of items involved:

1. Structural members in paths of conduit groups with common supports.
2. HVAC and plumbing items and architectural features in paths of conduit groups with
common supports.
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A.

B.

1.6

A.

PART 2 -

21

A.

B.

C.

D.

26 0533

Source quality-control test reports

QUALITY ASSURANCE

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.

Comply with NFPA 70.

COORDINATION

Coordinate layout and installation of raceways, boxes, enclosures, cabinets, and suspension
system with other construction that penetrates ceilings or is supported by them, including light
fixtures, HVAC equipment, fire-suppression system, and partition assemblies.

PRODUCTS

METAL CONDUIT AND TUBING

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Anamet Electrical, Inc.; Anaconda Metal Hose.

Alflex

Grinnell Co./Tyco International; Allied Tube and Conduit Div.
O-Z Gedney; Unit of General Signal.

Wheatland Tube Co.

Shamrock Conduit Products/Thomas and Betts.

oukhwnNE

Manufacturers for Fire Alarm System EMT: Subject to compliance with requirements, provide
products by one of the following:

1. Grinnell Co./Tyco International; Allied Tube and Conduit Div.
2. Republic Conduit
3. Wheatland Tube Co.

General construction:

1. All boxes, brackets, bolts, clamps, etc., shall be galvanized, electro-galvanized,
metalized, or sherardized.

2. All hardware used outdoors shall be hot dipped galvanized.

3. Pull boxes, junction boxes, and outlet boxes installed outdoors shall be heavy duty die

cast aluminum construction powder coat finished with gasketed cover plate.

Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined
in NFPA 70, by a qualified testing agency, and marked for intended location and application.
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GRC: ANSI C80.1 and UL 6.

GRC - PVC Coated: ANSI C80.1 and UL 6.

IMC: ANSI C80.6 and UL 1242.

EMT and Fittings: ANSI C80.3 and UL 797.

1. Fittings: Compression type.

FMC: Zinc-coated steel, comply with UL.

LFMC: Flexible steel conduit with PVC jacket, comply with UL 360.

Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:
NEMA FB 1; listed for type and size raceway with which used, and for application and

environment in which installed.

1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886.
2. Fittings for EMT:

a. Material: Steel.
b. Type: steel compression
C. Do not use die cast zinc fittings.

3. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated for
environmental conditions where installed, and including flexible external bonding jumper.

Threaded Conduit Joints, exposed to wet, damp, corrosive, or outdoor conditions: Apply listed
compound to threads of raceway and fittings before making up joints. Follow compound
manufacturer’s written instructions.

Joint Compound for IMC or GRC: Approved, as defined in NFPA 70, by authorities having
jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect
threaded conduit joints from corrosion and to enhance their conductivity.

All conduits penetrating underground walls into basements, crawlspaces, vaults, etc. shall be
sealed between the conduits and walls with Link-Seal Model “C” modular sealing systems.

Terminations: All conduits.

1. Where raceways are terminated with threaded hubs, screw raceways or fittings tightly
into hub so end bears against wire protection shoulder. Where chase nipples are used,
align raceways so coupling is square to box; tighten chase nipple so no threads are
exposed.

2. Threaded couplings, connectors and conduit bodies shall be used on rigid galvanized
conduit and intermediate metal conduit; set screw or threadless types are not acceptable.

Raceways for Communications Cable: Install metallic raceways as follows:

1. One Inch Trade Size: Install raceways in maximum lengths of 100 feet, without a box.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 26 0533
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2. When conduits are needed to bypass a large interference in a cable tray run, the cross-
sectional area of the conduits shall equal or exceed the cross-sectional area of the cable
tray.

3. Conduit bends and offsets shall be made with sweeps or manufactured elbows. Conduits

shall not have more than the equivalent of two ninety-degree bends between pull points.
Pull boxes shall be provided as required to meet this requirement.

4. Provide nylon pull string in all conduits.

5. Bond the entire raceway system together and connect it to the ground system.

6. Extend telecommunication conduits from outlet boxes to cable tray and fasten by ground
mechanical fasteners.

7. All conduit ends shall have an insulated bushing.

All home run branch circuit conduit shall be sized for additional 25% conductor fill capacity.

All surface mounted device boxes mounted on columns shall be cast FS type.

NONMETALLIC CONDUIT AND TUBING

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Cantex

Lamson & Sessions; Carlon Electrical Products.
RACO:; Division of Hubbell, Inc.

Thomas & Betts Corporation.

Eal

RNC: NEMA TC 2, Schedule 40 and Schedule 80 PVC.
RNC Fittings: NEMA TC 3; match to conduit or tubing type and material.

Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less,
respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

METAL WIREWAYS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

1. Cooper B-Line, Inc.
2. Hoffman.
3. Schneider Electric.

Material and Construction: Sheet metal sized and shaped as indicated, NEMA 1 or 3R as
required.

Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, adapters, hold-

down straps, end caps, and other fittings to match and mate with wireways as required for
complete system.
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Select features, unless otherwise indicated, as required to complete wiring system and to
comply with NFPA 70.

Wireway Covers: Hinged type, Screw-cover type, Flanged-and-gasketed type, as indicated.

Finish: Manufacturer's standard enamel finish.

NONMETALLIC WIREWAYS AND AUXILIARY GUTTERS

Description: PVC plastic, extruded and fabricated to size and shape indicated, with snap-on
cover and mechanically coupled connections with plastic fasteners.

Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, adapters, hold-
down straps, end caps, and other fittings to match and mate with wireways as required for
complete system.

Select features, unless otherwise indicated, as required to complete wiring system and to
comply with NFPA 70.

Provide in Wet Locations.

SURFACE RACEWAYS

Listing and Labeling: Surface raceways and tele-power poles shall be listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for intended location and
application.

Surface Metal Raceways: Galvanized steel with snap-on covers. Finish with manufacturer’s
standard prime coating and ivory finish coat.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Hubbell, Inc.
b. Wiremold Company; Electrical Sales Division

Surface Metal Raceways: Satin anodized extruded aluminum with snap-on covers.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Panduit
b. Hubbell, Inc.
C. Wiremold Company; Electrical Sales Division

Surface Nonmetallic Raceways: Two-piece construction, manufactured of rigid PVC compound
with matte texture ivory color.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Hellermann Tyton
RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 26 0533
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b. Hubbell, Inc.; Wiring Device Division.
C. Panduit Corp.
d. Wiremold Company; Electrical Sales Division

Types, sizes, and channels as indicated and required for each application, with fittings that
match and mate with raceways. Provide concealed support clips or fasten raceway internally.
Do not use external mounting straps.

BOXES, ENCLOSURES, AND CABINETS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Cooper Crouse-Hinds; Div. of Cooper Industries, Inc.
Emerson/General Signal; Appleton Electric Company.
Erickson Electrical Equipment Co.

Hoffman.

Hubbell, Inc.; Killark Electric Manufacturing Co.
O-Z/Gedney; Unit of General Signal.

RACO; Division of Hubbell, Inc.

Thomas & Betts Corporation.

Walker Systems, Inc.; Wiremold Company (The).

CoNoOA~WNE

General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets
installed in wet locations shall be listed for use in wet locations.

Sheet Metal Outlet and Device Boxes: NEMA OS 1 and UL514A. Minimum 2 1/8” deep within
walls or ceilings.

Cast Metal Outlet and Device Boxes: NEMA FB 1 ferrous alloy, Type FD, with gasketed cover
for exposed, non-recessed locations.

Cast Metal Pull and Junction Boxes: NEMA FB 1 cast aluminum with gasketed cover. Shall be
used in areas exposed to water.

Nonmetallic Outlet and Device Boxes: NEMA OS 2 and UL514C. Shall be used in corrosive
areas.

Metal Floor Boxes:

1. Material: Sheet-metal.

2. Type: Fully adjustable.

3. Shape: Rectangular.

4, Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in NFPA
70, by a qualified testing agency, and marked for intended location and application. Floor
box cover shall be brass.

5. See Editing Instruction No. 2 in the Evaluations for discussion of floor boxes.

6. Metal Floor Boxes:

7. Material: [Cast metal] [or] [sheet metal].

8. Type: [Fully adjustable] [Semi-adjustable].

9. Shape: Rectangular.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 6
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2.7

2.8

10.

11.
12.

Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in
NFPA 70, by a qualified testing agency, and marked for intended location and
application.

Nonmetallic Floor Boxes: Nonadjustable, [round] [rectangular].

Listing and Labeling: Nonmetallic floor boxes shall be listed and labeled as defined in
NFPA 70, by a qualified testing agency, and marked for intended location and
application.

Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

Hinged-Cover Enclosures: NEMA 250, Type 1, with continuous hinge cover and flush latch to
match panelboards.

1.
2.
3.
4,

5.

Metal Enclosures: Galvanized Steel, finished inside and out with manufacturer's
standard enamel.

Nonmetallic Enclosures: Plastic, finished inside with radio-frequency-resistant paint.
Removable interior panel and removable front.

Include metal barriers to separate wiring of different systems and voltage and include
accessory feet where required for freestanding equipment.

Finish: Floor box cover finish shall be brass.

Box extensions used to accommodate new building finishes shall be of same material as
recessed box.

Telephone/Data Backboxes: Provide 2-gang, 3 2" deep backboxes with single gang raised
cover unless noted otherwise on plans.

1.

Cabinets: NEMA 250, Type 1, galvanized steel box with removable interior panel and
removable front, finished inside and out with manufacturer's standard enamel. Hinged
door in front cover with flush latch and concealed hinge. Key latch to match panelboards.
Include metal barriers to separate wiring of different systems and voltage and include
accessory feet where required for freestanding equipment.

Telephone/Data Backboxes: Provide 2-gang, 3 ¥z inch deep backboxes with single gang
raised cover unless noted otherwise on plans.

FACTORY FINISHES

Finish: For raceway, enclosure, or cabinet components, provide manufacturer's standard gray
paint applied to factory-assembled surface raceways, enclosures, and cabinets before shipping.

CABLE PATHWAY AND FIRESTOP DEVICE

Manufacturer:

1.
2.

Specified Technologies, Inc., EZ-Path fire rated pathway.
Wiremold, FlameStopper FS Series thru-wall fitting for fire walls.

Description:  Through-the-wall 3’x3” steel wiring channel or 4 EMT equipped with heat
expanding intumescent fire stopping material.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 26 0533
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A.

2.10

2.11

2.12
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SLEEVES FOR RACEWAYS

Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain
ends.

Cast-Iron Pipe Sleeves: Cast or fabricated “wall pipe,” equivalent to ductile-iron pressure pipe,
with plain ends and integral waterstop, unless otherwise indicated.

Sleeves for Rectangular Openings: Galvanized sheet steel with minimum 0.052” or 0.138”
thickness as indicated and of length to suit application.

Coordinate sleeve selection and application with selection and application of firestopping
specified in Division 7 Section “Through-Penetration Firestop Systems”.

SLEEVE SEALS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

1. Advance Products & Systems, Inc.
2. Calpico, Inc.

3. Metraflex Co.

4, Pipeline Seal and Insulator, Inc.

Description: Modular sealing device, designed for field assembly, to fill annular space between
sleeve and cable.

1. Sealing Elements: EPDM interlocking links shaped to fit surface of cable or conduit.
Include type and number required for material and size of raceway or cable.

2. Pressure Plates: Plastic. Include two for each sealing element.

3. Connecting Bolts and Nuts: Carbon steel with corrosion-resistant coating of length
required to secure pressure plates to sealing elements. Include one for each sealing
element.

GROUT

Nonmetallic, Shrinkage-Resistant Grout: ASTM C 1107, factory-packaged, nonmetallic
aggregate grout, noncorrosive, nonstaining, mixed with water to consistency suitable for
application and a 30-minute working time.

HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING

General Requirements for Handholes and Boxes:

1. Boxes and handholes for use in underground systems shall be designed and identified as
defined in NFPA 70, for intended location and application.
2. Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a

qualified testing agency, and marked for intended location and application.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 8
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Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover: Molded of sand and
aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a
combination of the two.

1. Standard: Comply with SCTE 77.

2. Configuration: Designed for flush burial with open bottom unless otherwise indicated.

3 Cover: Weatherproof, secured by tamper-resistant locking devices and having structural
load rating consistent with enclosure and handhole location.

4, Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.
5. Cover Legend: Molded lettering, “ELECTRIC”.
6. Conduit Entrance Provisions: Conduit-terminating fittings shall mate to entering ducts for

secure, fixed installation in enclosure wall.
7. Wall Style: Flared wall assembly.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 26 0533
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2.14

2.15

2.16

2.17
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2.19

2.20

2.21

2.22

2.23

2.24

2.25

2.26

2.27

26 0533

CABLE PATHWAY AND FIRESTOP DEVICE

Manufacturer:

Specified Technologies, Inc., EZ-Path fire rated pathway.

Wiremold, FlameStopper FS Series thru-wall fitting for fire walls.

Description: Through-the-wall 3" x 3” steel wiring channel or 4 EMT equipped with heat
expanding intumescent fire stopping material.

Wiring channel shall be provided with steel wall plates allowing for single or multiple channels to
be ganged together.

Wiring channel shall have an F rating equal to the rating of the barrier in which it is installed.

Wiring channel shall be capable of allowing a 0 to 100 percent visual fill of cable.

Wiring channel shall be tested in accordance with ASTM E 814 (ANSI/UL1479). Channel shall
bear the UL classification marking.

Provide the quantity of devices needed to allow a cable pass cross section capacity of 50
percent of the adjacent cable tray cross section.

HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING

See Editing Instruction No. 3 in the Evaluations. Verify with manufacturers that units of types
specified are available in sizes required. Indicate the size of each enclosure on Drawings, and
use a symbol or other notation to differentiate between handholes and pull boxes.

General Requirements for Handholes and Boxes:

Boxes and handholes for use in underground systems shall be designed and identified as
defined in NFPA 70, for intended location and application.

Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a qualified
testing agency, and marked for intended location and application.
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2.29

2.30

2.31

2.32

2.33

2.34

2.35

2.36

2.37

2.38

2.39
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Retain one or more of three paragraphs below to select enclosure type(s) for areas not subject
to traffic by vehicles. Indicate location of each type in "Raceway Application" Article. For
enclosures with cover options, verify that selected cover is available with load rating specified in
"Raceway Application" Article. If retaining more than one type of box and cover combination,
indicate location of each type on Drawings.

Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover: Molded of sand and
aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a
combination of the two.

Standard: Comply with SCTE 77.

First option in "Configuration" Subparagraph below facilitates bottom conduit entry. Second
option may be provided by a separate slab placed in the excavation under an open-bottom
enclosure; third option is obtained by molding or fabricating the bottom integrally with the body
of unit.

Configuration: Designed for flush burial with open bottom unless otherwise indicated.

Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load
rating consistent with enclosure and handhole location.

Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.

Cover Legend: Molded lettering, "ELECTRIC.".

Retain "Conduit Entrance Provisions" Subparagraph below if conduit enters enclosure through
the side. Otherwise, entry is made through an open bottom or through side openings cut in the
field, as specified in "Installation of Underground Handholes and Boxes" Article. Coordinate
with Drawings.

Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts for
secure, fixed installation in enclosure wall.

Fiberglass Handholes and Boxes: Molded of fiberglass-reinforced polyester resin, with frame
and covers of polymer concrete.

Standard: Comply with SCTE 77.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 26 0533
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2.40
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2.42

2.43

2.44

2.45

2.46

First option in "Configuration" Subparagraph below facilitates bottom conduit entry. Second
option may be provided by a separate slab placed in the excavation under an open-bottom
enclosure; third option is obtained by molding or fabricating the bottom integrally with the body
of unit.

Configuration: Designed for flush burial with open bottom unless otherwise indicated.

Cover: Weatherproof, secured by tamper-resistant locking devices and having structural load
rating consistent with enclosure and handhole location.

Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.

Cover Legend: Molded lettering, "ELECTRIC.".

Retain "Conduit Entrance Provisions" Subparagraph below if conduit enters enclosure through
the side. Otherwise, entry is made through an open bottom or through side openings cut in the
field, as specified in "Installation of Underground Handholes and Boxes" Article. Coordinate
with Drawings.

Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts for
secure, fixed installation in enclosure wall.

PART 3 - EXECUTION

3.1

A.

B.

26 0533

RACEWAY APPLICATION

Outdoors:

1. Exposed: Rigid steel.

2. Concealed, Aboveground: Rigid steel or IMC.

3. Underground: RNC Schedule 80.

4, Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,

Electric Solenoid, or Motor-Driven Equipment): LFMC.
Boxes and Enclosures: NEMA 250, Type 4X Stainless Steel.

o

Indoors:

1. Exposed in Unfinished Utility Spaces: EMT.

2. Exposed in Finished Spaces: All conduit shall be concealed unless specifically indicated
on plans.
3. Exposed and Subject to Severe Physical Damage: Rigid steel conduit or IMC.
4. Exposed below 10’ in the following locations to be Rigid steel conduit or IMC, above shall
be EMT:
RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 12
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a. Loading dock
b. Electrical substation rooms and electrical rooms
C. Mechanical Room

Concrete Floors: RNC.

Concealed in Ceilings and Interior Walls and Partitions: EMT

Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
Electric Solenoid, or Motor-Driven Equipment): LFMC.

Damp or Wet Locations: Rigid steel conduit or IMC.

Boxes and Enclosures: NEMA 250, Type 1, except as follows:

a. Damp or Wet Locations: NEMA 250, Type 4, stainless steel.

Provide separate raceway systems for:

Nougkrwbr

Normal power wiring.

Emergency power wiring.
Data/Communication wiring.

Fire alarm system wiring.

A.C. signal and control wiring.

Low voltage signal and control wiring.
Special systems wiring.

Do not utilize panelboards, motor control centers, distribution equipment or like devices as
raceways.

Provide innerduct in each conduit run that contains fiber optic cable.

Minimum Raceway Size: 3/4-inch trade size (21mm).

1.

2" minimum for flexible conduits.

Raceway Fittings: Compatible with raceways and suitable for use and location.

1.

2.

Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings, unless
otherwise indicated.

PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with that
material. Patch and seal all joints, nicks, and scrapes in PVC coating after installing
conduits and fittings. Use sealant recommended by fitting manufacturer.

Intermediate Steel Conduit: Use threaded rigid steel conduit fittings, unless otherwise
indicated.

Install nonferrous conduit or tubing for circuits operating above 60 Hz. Where aluminum
raceways are installed for such circuits and pass through concrete, install in nonmetallic sleeve.

Do not install aluminum conduits in contact with concrete, soil, or within 10’ of corrosive
locations.

Metal Clad (MC) and Armored (AC) cable.

1.
2.

Shall include a grounding conductor.
May be used for light fixture whips not to exceed 6’-0”.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 26 0533
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26 0533

3. Not to be used for connecting items other than light fixtures.

INSTALLATION

Comply with NECA 1 for installation requirements applicable to products specified in Part 2
except where requirements on Drawings or in this Article are stricter.

Steel conduit for Type RHW 2-hour fire rated cable serving emergency power system
equipment shall be supported on 5 foot centers. Since cable splices are not permitted, use pull
boxes and planning to achieve continuous cable installation.

Provide separate raceways for lighting, receptacle, and motor loads. Do not mix branch circuit
wiring for these different loads in the same raceway.

Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes.
Install horizontal raceway runs above water and steam piping.

Complete raceway installation before starting conductor installation.

Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical
Systems."

Support raceways as specified in Division 26 Section "Common Work Results for Electrical."
Install temporary closures to prevent foreign matter from entering raceways.

Protect stub-ups from damage where conduits rise through floor slabs. Arrange so curved
portions of bends are not visible above finished slab.

Install no more than the equivalent of three 90-degree bends in any conduit run except for
communications conduits, for which fewer bends are allowed.

Make bends and offsets so ID is not reduced. Keep legs of bends in same plane and keep
straight legs of offsets parallel, unless otherwise indicated.

Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise indicated.

1. Install concealed raceways with a minimum of bends in shortest practical distance,
considering type of building construction and obstructions, unless otherwise indicated.

2. Conduit and EMT may be surface mounted in Mechanical and Electrical Rooms.

3. Surface mounted conduit or EMT may be used where specifically approved by
Architect/Engineer. In such situations, the conduit, fastening devices, and junction boxes
shall be painted to match the adjacent surface.

Raceways Embedded in Slabs: Install in middle 1/3 of slab thickness where practical and leave
at least 2 inches of concrete cover.

1. Secure raceways to reinforcing rods to prevent sagging or shifting during concrete
placement.
2. Space raceways laterally to prevent voids in concrete.
RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 14
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3. Run conduit larger than 1-inch trade size parallel or at right angles to main
reinforcement. Where at right angles to reinforcement, place conduit close to slab
support.

4, Change from nonmetallic tubing to rigid steel conduit before rising above floor.

5. Arrange raceways to cross building expansion joints at right angles with expansion
fittings.

6. Conduits shall run flat. Do not allow conduits to cross.

Install exposed raceways parallel or at right angles to nearby surfaces or structural members
and follow surface contours as much as possible.

1. Run parallel or banked raceways together on common supports.
2. Make parallel bends in parallel or banked runs. Use factory elbows only where elbows
can be installed parallel; otherwise, provide field bends for parallel raceways.

Stub-ups to Above Recessed Ceilings:

1. Use EMT, IMC, or RMC for raceways.
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or
in an enclosure.

Join raceways with fittings designed and approved for that purpose and make joints tight.
1. Use insulating bushings to protect conductors.

Tighten set screws of threadless fittings with suitable tools.

Terminations:

1. Where raceways are terminated with locknuts and bushings, align raceways to enter
squarely and install locknuts with dished part against box. Use two locknuts, one inside
and one outside box.

2. Where raceways are terminated with threaded hubs, screw raceways or fittings tightly
into hub so end bears against wire protection shoulder. Where chase nipples are used,
align raceways so coupling is square to box; tighten chase nipple so no threads are
exposed.

3. Telephone, data and fiber optic cable conduits shall be provided with bushings on conduit
ends.

Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not
less than 200-Ib tensile strength. Leave at least 12 inches of slack at each end of pull wire.

Color-Coding: Paint fire alarm system junction boxes and covers red.
Raceways for Optical Fiber and Communications Cable: Install as follows:

1. %" trade size and smaller: Install raceways in maximum lengths of 50 feet.

2. 1” trade size and larger: Install raceways in maximum lengths of 75 feet.

3 Install with a maximum of two 90-degree bends or equivalent for each length of raceway
unless Drawings show stricter requirements. Separate lengths with pull or junction boxes
or terminations at distribution frames or cabinets where necessary to comply with these
requirements.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 26 0533
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BB.

CC.
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Telephone, data, and fiber optic cable system conduit shall be provided with wide sweep bends.
No condulets.

Telephone, data, and fiber optic cable outlets shall be provided with a 1 inch conduit stubbed
into accessible ceiling space unless noted otherwise on the drawings. Provide bushings on the
ends of the conduit.

1. Raceways for Optical Fiber and Communications Cable: Install as follows:

2. 3/4-Inch Trade Size and Smaller: Install raceways in maximum lengths of 50 feet.

3. 1-Inch Trade Size and Larger: Install raceways in maximum lengths of 75 feet.

4. Install with a maximum of two 90-degree bends or equivalent for each length of raceway
unless Drawings show stricter requirements. Separate lengths with pull or junction boxes
or terminations at distribution frames or cabinets where necessary to comply with these
requirements.

5. Telephone, data and fiber optic cable system conduit shall be provided with wide sweep
bends.

6. Telephone, data and fiber optic cable outlets shall be provided with a 1 inch conduit

stubbed into accessible ceiling space unless noted otherwise on the drawings. Provide
bushings on the ends of the conduit.

Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with
UL-listed sealing compound. For concealed raceways, install each fitting in a flush steel box
with a blank cover plate having a finish similar to that of adjacent plates or surfaces. Install
raceway sealing fittings at the following points:

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated
spaces.
2. Where otherwise required by NFPA 70.

Expansion fittings shall be used in all conduits crossing building expansion joints. Fittings shall
be equipped with an external bonding jumper.

Stub-up Connections: Extend conduits through concrete floor for connection to freestanding
equipment. Install with an adjustable top or coupling threaded inside for plugs set flush with
finished floor. Extend conductors to equipment with rigid steel conduit; FMC may be used
6 inches above the floor. Install screwdriver-operated, threaded plugs flush with floor for future
equipment connections.

Flexible Connections: Use maximum of 72 inches of flexible conduit for recessed and semi-
recessed lighting fixtures; for equipment subject to vibration, noise transmission, or movement;
and for all motors. Use LFMC in damp or wet locations. Install separate ground conductor
across flexible connections. Provide adequate length of flexible conduit to allow relocation of
fixture on grid space in any lateral direction.

1. Flexible Connections to Lighting Fixtures: Provide flexible conduit to all recessed lighting
fixtures. For fixtures mounted on grid ceilings, provide adequate length of flexible conduit
to allow relocation of fixture on grid space in any lateral direction.

Equipment Grounding Conductor: Install a green equipment grounding conductor in all flexible
conduit and non-metallic (PVC) conduit.

Surface Raceways: Install a separate, green, ground conductor in raceways from junction box
supplying raceways to receptacle or fixture ground terminals.
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rev. July 2019



WMU Design Guidelines

3.3

17

DD.

EE.

FF.

GG.

HH.

JJ.

Recessed back-to-back boxes are not permitted in the same wall. Arrange boxes with at least
12 inches of horizontal spacing.

Recessed Boxes in Masonry Walls: Saw-cut opening for box in masonry block and install box
flush with surface of wall. Prepare block surfaces to provide a flat surface for a raintight
connection between the box and cover plate or the supported equipment and box.

Locate boxes so that cover or plate will not span different building finishes.

Set floor boxes level and flush with finished floor surface.

Install hinged-cover enclosures and cabinets plumb. Support at each corner.

Provide stainless steel cover plates on all abandoned boxes that remain from selective
demolition.

Cable pathway and firestop device: Install in locations where indicated on the plans. Arrange
singly or in gangs and mounted above accessible ceilings. Install the devices in strict
accordance with the manufacturer’'s recommendations.

INSTALLATION OF UNDERGROUND CONDUIT

Direct-Buried Conduit:

1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench
bottom as specified in Division 31 Section “Earth Moving” for pipe less than 6” in nominal
diameter.

2. Install backfill as specified in Division 31 Section “Earth Moving.”

3. After installing conduit, backfill and compact. Start at tie-in point, and work toward end of

conduit run, leaving conduit at end of run free to move with expansion and contraction as
temperature changes during this process. Firmly hand tamp backfill around conduit to
provide maximum supporting strength. After placing controlled backfill to within 12” of
finished grade, make final conduit connection at end of run and complete backfilling with
normal compaction as specified in Division 31 Section “Earth Moving.”

4. Install manufactured duct elbows for stub-ups at poles and equipment and at building
entrances through the floor, unless otherwise indicated. Encase elbows for stub-up ducts
throughout length elbow.

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and
at building entrances through the floor.

a. Couple steel conduits to ducts with adapters designed for this purpose and encase
coupling with 3” of concrete.
b. For stub-ups at equipment mounted on outdoor concrete bases, extend steel

conduit horizontally a minimum of 60” from edge of equipment pad or foundation.
Install insulated grounding bushings on terminations at equipment.

6. Underground Metallic Warning Tape: Comply with requirements in Section 26 0553
“Identification for Electrical Systems.”

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 26 0533
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3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES

A. Install handholes and boxes level and plumb and with orientation and depth coordinated with
connecting condulits to minimize bends and deflections required for proper entrances.

B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from
2" sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.

C. Elevation: In paved areas, set so cover surface will be flush with finished grade. Set covers of
other enclosures flush with finished grade.

D. Field-cut openings for conduits according to enclosure manufacturer’s written instructions. Cut
wall of enclosure with a tool designed for material to be cut. Size holes for terminating fittings to
be used and seal sound penetrations after fittings are installed. Coordinate with Roofing
Contractor.

26 0533 RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 18
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INSTALLATION OF UNDERGROUND CONDUIT

Retain this Article if Project includes small amounts of exterior underground wiring, 600 V and
less. Delete if Division 26 Section "Underground Ducts and Raceways for Electrical Systems" is
included in the Project Manual. See Editing Instruction No. 3 in the Evaluations.

Direct-Buried Conduit:

Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench bottom
as specified in Division 31 Section "Earth Moving" for pipe less than 6 inches in nominal
diameter.

Install backfill as specified in Division 31 Section "Earth Moving."

After installing conduit, backfill and compact. Start at tie-in point, and work toward end of
conduit run, leaving conduit at end of run free to move with expansion and contraction as
temperature changes during this process. Firmly hand tamp backfill around conduit to provide
maximum supporting strength. After placing controlled backfill to within 12 inches of finished
grade, make final conduit connection at end of run and complete backfilling with normal
compaction as specified in Division 31 Section "Earth Moving."

Retain one of two subparagraphs below to specify type of stub-ups for direct-buried conduits in
Project.

Install manufactured duct elbows for stub-ups at poles and equipment and at building entrances
through the floor, unless otherwise indicated. Encase elbows for stub-up ducts throughout the
length of the elbow.

Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at
building entrances through the floor.

Retain first two subparagraphs below with either subparagraph above.

Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling
with 3 inches of concrete.

For stub-ups at equipment mounted on outdoor concrete bases, extend steel conduit
horizontally a minimum of 60 inches from edge of equipment pad or foundation. Install
insulated grounding bushings on terminations at equipment.
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Warning Tape: Install continuous underground plastic line marker located directly above line at
6 to 8 inches below finished grade. Where width of multiple lines installed in a common trench
or concrete envelope does not exceed 16 inches overall, use a single line marker.

INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES

Retain this article if Project includes small amounts of exterior underground wiring 600 V and
less. Delete if Division 26 Section "Underground Ducts and Raceways for Electrical Systems" is
included in the Project Manual. See Editing Instruction No. 3 in the Evaluations.

Install handholes and boxes level and plumb and with orientation and depth coordinated with
connecting conduits to minimize bends and deflections required for proper entrances.

Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from
1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.

Elevation: In paved areas, set so cover surface will be flush with finished grade. Set covers of
other enclosures 1 inch above finished grade.

Install handholes with bottom below frost line, below grade.

Delete paragraph below if conduits enter enclosure through open bottom.

Field-cut openings for conduits according to enclosure manufacturer's written instructions. Cut
wall of enclosure with a tool designed for material to be cut. Size holes for terminating fittings to
be used, and seal around penetrations after fittings are installed.

SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS

Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply
with requirements in Division 26 Section "Sleeves and Sleeve Seals for Electrical Raceways

and Cabling."

Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed
openings are used. Install sleeves during erection of slabs and walls.

Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
Rectangular Sleeve Minimum Metal Thickness:

1. For sleeve cross-section rectangle perimeter less than 50 inches and no side greater
than 16 inches, thickness shall be 0.052 inch.
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2. For sleeve cross-section rectangle perimeter equal to or greater than 50 inches and 1 or
more sides equal to or greater than 16 inches thickness shall be 0.138 inch.

E. Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies
unless openings compatible with firestop system used are fabricated during construction of floor
or wall.

F. Cut sleeves to length for mounting flush with both surfaces of walls.

G. Extend sleeves installed in floors 2 inches above finished floor level.

H. Roof-Penetration Sleeves: Seal penetration of individual raceways with flexible, boot-type
flashing units applied in coordination with roofing work.

I Aboveground, Exterior-Wall Penetrations: Seal penetrations using sleeves and mechanical
sleeve seals. Select sleeve size to allow for 1-inch annular clear space between pipe and
sleeve for installing mechanical sleeve seals.

J. Underground, Exterior-Wall Penetrations: Install cast-iron “wall pipes” for sleeves. Size sleeves
to allow for 1-inch annular clear space between raceway and sleeve for installing mechanical
sleeve seals.

3.27 FIRESTOPPING

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore
original fire-resistance rating of assembly. Firestopping materials and installation requirements
are specified in Division 07 Section "Penetration Firestopping.”

3.28 PROTECTION

A. Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are

without damage or deterioration at time of Substantial Completion.
1. Repair damage to galvanized finishes with zinc-rich paint recommended by
manufacturer.
2. Repair damage to PVC or paint finishes with matching touchup coating recommended by
manufacturer.
3.29 CLEANING

A. After completing installation of exposed, factory-finished raceways and boxes, inspect exposed

finishes and repair damaged finishes.
END OF SECTION 26 0533
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WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0536 — CABLE TRAYS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

1.2

13

RELATED DOCUMENTS

Drawings and general provisions of the Contract. including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

SUMMARY

This Section includes cable trays and accessories.

Related Sections: The following Sections contain requirements that relate to this Section:
1. Division 7 Section "Firestopping."

2. Division 26 Section "Hangers and Supports For Electrical Systems" for cable tray
supports not specified in this Section.

Submittals

General: Submit the following according to the Conditions of the Contract and Division 1
Specification Sections.

Product data for each product specified. Provide manufacturers catalog cuts for each type of
tray provided, including dimensions and, finish.

Shop Drawings: For each type of cable tray.

CABLE TRAYS FOR ELECTRICAL SYSTEMS 26 0536
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1.4

26 0536

1. Show fabrication and installation details of cable tray, including plans, elevations, and
sections of components and attachments to other construction elements. Designate
components and accessories, including clamps, brackets, hanger rods, splice-plate
connectors, expansion-joint assemblies, straight lengths, and fittings.

Coordination Drawings: Floor plans and sections, drawn to scale. Include scaled cable tray
layout and relationships between components and adjacent structural, electrical, and
mechanical elements. Show the following:

1. Vertical and horizontal offsets and transitions.
2. Clearances for access above and to side of cable trays.
3. Vertical elevation of cable trays above the floor or bottom of ceiling structure

Qualification data for firms and persons specified in "Quality Assurance" Article to demonstrate
their capabilities and experience. Include list of completed projects with project names,
addresses, names of Architects and Owners, and other information specified.
Factory certified test reports of specified products, conforming to NEMA VE 1.
Field test reports indicating and interpreting test results relative to compliance with performance

requirements specified in "Field Quality Control" Article of this Section.

Maintenance data for cable tray, for inclusion in "Operating and Maintenance Manual" specified
in Division 1. Include detailed manufacturer's instructions on tightening connections.

QUALITY ASSURANCE

Manufacturer Qualifications: Select a firm experienced in manufacturing cable trays similar to
those indicated for this Project and which has a record of successful in-service performance

Comply with NFPA 70 "National Electrical Code" for devices and installation.

Listing and Labeling: Provide products that are listed and labeled for their applications and
installation conditions and for the environments in which installed.

1. The Terms "Listed" and "Labeled": As defined in the "National Electrical Code," Article

100.

Single-Source Responsibility: All cable tray components shall be the product of a single
manufacturer.

CABLE TRAYS FOR ELECTRICAL SYSTEMS 2
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A.

1.6

A.

Sequencing and scheduling

Coordination: Coordinate layout and installation of cable tray with other installations.

1. Revise locations and elevations from those indicated as required to suit field conditions
and as approved by the Architect.

DELIVERY, STORAGE, AND HANDLING

Store indoors to prevent water or other foreign materials from staining or adhering to cable
tray. Unpack and dry wet materials before storage.

PART 2 - PRODUCTS

21

A.

B.

2.2

Manufacturers

Available Manufacturers: Subject to compliance with requirements, manufacturers offering
products that may be incorporated in the work include, but are not limited to the following:
Manufacturers: Subject to compliance with requirements, provide products by one of the

following or approved equal:

1. Ceiling Mounted

a. B-Line Systems. Inc.
b. Mono-Systems, Inc.
C. Thomas & Betts

2. Wall Mounted

a. B-Line Systems, Inc.
b. Mono-Systems, Inc.
C. Thomas & Betts

MATERIALS AND FINISHES

CABLE TRAYS FOR ELECTRICAL SYSTEMS 26 0536
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A. Cable Trays, Fittings, and Accessories: Aluminum, complying with NEMA VE 1, Aluminum
Association's Alloy 6063-T6 for rails, rungs, and cable trays, and Alloy 5052-H32 or Alloy 6061-
T6 for fabricated parts.

B. Ladder Cable Tray — Type CT-1

1.

2.

10.

11.

12.

Provide tray with side rails and rungs, tested and manufactured per NEMA VE 1.
Provide rungs which do not protrude below bottom edge of side rails.

Provide side rails, rungs, splice plates and splice bolts which are smooth and free from
rough edges or burrs which might damage cable insulation during installation.

Provide side rail configuration for elbows, risers, tees, and related items which matches
side rails for straight tray sections.

Provide curve and bend fittings with a minimum radius of 600 mm (24 inches). Provide
a 75-mm (three-inch), rigid and square, extension fitting at each end of a curve or bend
tray section, and at each tray termination point, unless otherwise noted.

Provide fittings with 3-inch tangent on the ends for a straight connection point to
straight tray sections.

Provide cable tray dimensions of width as indicated and load depth of 100 mm (4 inches).
Provide rungs with a minimum flat, cable-supporting surface of 16 mm (5/8 inch), not
including a 3- mm (1/8-inch) minimum edge radius. Provide maximum rung spacing of
150 mm (6 inches) on center for straight lengths and 225 mm (9 inches) on center for
fittings. Provide rung configuration which is the same for the full inside width of the tray or
fittings.

Provide ladder cable tray per NEMA VE 1 and constructed of aluminum 6063, natural
finish.

Provide cable tray capable of carrying a minimum, uniformly distributed, allowable
working load of 112 kg/m (75 Ib/ft) with a safety factory of 2.0, when supported as a
simple beam span and tested per NEMA VE 1.

Provide cable tray capable of supporting a minimum of 90 kg (200 pounds) of
concentrated load at mid-point of span in addition to allowable working load without
permanent distortion to the cable tray.

Limit cable tray deflection to not more than 1/75 of the clear span length between
supports.

Provide rungs capable of supporting 90 kg (200 pounds).

C. Fabricate cable tray products with rounded edges and smooth surfaces.

D. Cable Tray shall meet the loading requirements of NEMA 12C.

2.3 SIZES AND CONFIGURATIONS

A. Conform to NEMA VE 1.

B. Ceiling Mounted Type Trays.

1.
2.

26 0536
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Width: As indicated on the drawings.
Inside Depth: 4 inches (102 mm}.
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C.

24

A.

B.

25

A.

3. Cross-Rung Spacing: 6 inches [152 mm) o.c.
4. Minimum Fitting Radius: As shown of the drawings.

Wall Mounted Type Trays.

Width: As indicated on the drawings.

Inside Depth: 4 inches (102 mm).

Cross-Rung Spacing: 4 inches C 102mm).

Minimum Fitting Radius: As shown on the drawings.
Multi-Tier where indicated on the drawings.

agrwONPE

CABLE TRAY ACCESSORIES

Fittings: Tees, crosses, risers, elbows, and other fittings as indicated, manufactured with the
same materials and finishes as the cable trays.

Cable tray supports and ‘connectors, including bonding jumpers, as recommended by Cable
tray manufacturer.

SOURCE QUALITY CONTROL

Perform design and production tests according to NEMA VE 1.

PART 3 - EXECUTION

3.1

A.

3.2

EXAMINATION

Examine surfaces to receive cable tray for compliance with installation tolerances and other
required conditions. Do not proceed with installation until unsatisfactory conditions have been
corrected.

WIRING METHODS

CABLE TRAYS FOR ELECTRICAL SYSTEMS 26 0536
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A.

3.3

26 0536

Use cable tray of indicated types and sizes, complete with manufacturer's recommended
covers, barrier strips, dropouts, fittings, conduit adapters, hold-down devices, grommets, and
blind ends.

CABLE TRAY INSTALLATION

Remove burrs and sharp edges of cable trays.

Fasten cable tray supports securely to the building structure as specified in Division 26 Section
"Hanger and Supports for Electrical Systems" unless otherwise indicated.

1. Locate and install supports according to recommendations of NEMA VE 1.

2. Design supports, including fastenings to the structure, to carry the greater of the
calculated load multiplied by a safety factor of 4. or the calculated load plus 200 Ibs (90
kg).

3. Place supports so that spans do not exceed maximum spans on schedules.

4, Construct supports from channel members, threaded rods, and other appurtenances

furnished by cable tray manufacturer. Arrange supports in trapeze or wall-bracket
form as required by application.

5. Support bus assembly to prevent twisting from eccentric loading.

6. Manufacture center-hung support, designed for 60 percent versus 40 percent
eccentric loading condition, with a safety factor of 3.

Make connections to equipment with flanged fittings fastened to the tray and to the equipment.
Support the tray independently of fittings. Do not carry the weight of the tray on the equipment
enclosure.

Install expansion connectors in cable tray where specified by NEMA VE 1. Space connectors
and set gaps according to NEMA VE 1.

Make changes in direction and elevation using standard fittings.

Make cable tray connections using standard fittings.

Firestop penetrations through fire and smoke barriers according to Division 7 Section
"Firestopping.”

Seal penetrations through fire and smoke barriers according to Division 7.

CABLE TRAYS FOR ELECTRICAL SYSTEMS 6
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3.4

3.5

Workspace: Install cable trays with minimum 6 inches of clear space above and to each side to
permit access to installing cables.

Support cable tray independently of other systems and do not use cable tray or its supports
for supporting other systems.

Balance cable load for center spline supported cable tray evenly on each side to prevent twisting
of tray.

Provide miscellaneous U-channel to support wall rail cable tray when not mounted to wall.

GROUNDING

Connect cable trays to ground as instructed by manufacturer.

Tighten connectors and terminals, including screws and bolts, according to equipment
manufacturer's published torque tightening values for equipment connectors. Where
manufacturer's torque requirements are not indicated, tighten connectors and terminals
according to tightening torques specified in UL Standard 486A.

FIELD QUALITY CONTROL

After installing cable trays and after electrical circuitry has been energized, survey for
compliance with requirements. Perform the following field quality-control survey:

1. Visually inspect cable insulation for damage. Correct sharp corners, protuberances in
cable tray, vibration, and thermal expansion and contraction conditions, which may
cause or have caused damage.

CABLE TRAYS FOR ELECTRICAL SYSTEMS 26 0536
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3.6

3.7

26 0536

2. Verify that there is no intrusion of such items as pipe, hangers, or other equipment that
could damage cables.

3. Remove deposits of dust, industrial process materials, trash of any description, and any
blockage of tray ventilation.

4. Visually inspect each cable tray joint and each ground connection for mechanical

continuity. Check bolted connections between sections for corrosion. Clean and retorque
in suspect areas.

5. Check for missing or damaged bolts, bolt heads, or nuts. When found, replace
with specified hardware.
6. Perform visual and mechanical checks for adequacy of cable tray grounding; verify that

all takeoff raceways are bonded to cable tray.

Grounding: Test cable trays to ensure electrical continuity of bonding and grounding
connections.

Replace damaged or defective components.

Report results in writing.

CLEANING

Upon completion of installation of system, including fittings, inspect exposed finish. Remove
burrs, dirt, and construction debris and repair damaged finishes, including chips, scratches, and
abrasions.

PROTECTION

Provide final protection and maintain conditions in a manner acceptable to manufacturer and
Installer to ensure that the cable tray is without damage or deterioration at Substantial
Completion.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by the tray
manufacturer.

2. Repair damage to PVC or paint finishes with matching touch-up coating recommended
by the tray manufacturer.

3. Install temporary protection for cables in open trays to protect exposed cables from falling

objects or debris during construction. Temporary protection for cables and cable tray
can be constructed of wood or metal materials until the risk of damage is over.

CABLE TRAYS FOR ELECTRICAL SYSTEMS 8
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END OF SECTION 26 0536

9 CABLE TRAYS FOR ELECTRICAL SYSTEMS 26 0536
rev. July 2019



WMU Design Guidelines

WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0539 — UNDERFLOOR RACEWAYS

PART 1 - GENERAL

1.1

1.2

13

14

RELATED DOCUMENTS

1. Drawings and general provisions of Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

2. Requirements of the following Division 26 Sections apply to this section:
a. "Basic Electrical Requirements."”
b. "Basic Electrical Materials and Methods."

SUMMARY

This section includes underfloor duct systems, including the following:

1. Underfloor ducts, junction boxes, and fittings.
2. Trench header ducts and fittings.
DEFINITIONS

Trench Duct: A duct installed with its top flush with the floor and equipped with removable
covers, and its bottom connecting with distribution ducts or
floor cells, arranged to provide paths for wiring from sources to the distribution ducts or cells.

SYSTEM DESCRIPTION

UNDERFLOOR RACEWAYS 26 0539
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A.

15

A.

1.6

A.

B.

C.

D.

The underfloor duct system for this project is a single compartment system using individual,
rectangular cross section, steel ducts for casting in concrete. Trench ducts are equipped with
relocatable 1/4" coverplates, aluminum trim, and 3/4" pre-pour height adjustment.

SUBMITTALS

General: Submit the following in accordance with Conditions of Contract and Division 1
Specification Sections:

1. Product data for underfloor duct, including components, fittings, and accessories

QUALITY ASSURANCE

UL Compliance: Underfloor duct systems and components shall be UL listed and labeled.

National Electrical Code  Compliance: Components  and installation  shall
comply with NFPA 70.

Single-Source Responsibility: All floor electrification components shall be the product of a single
manufacturer.

Coordination of the Work: Coordinate layout and installation of underfloor wiring products with
structural work including slab reinforcing and with floor finish work. Coordinate height of trench
ducts with depth of concrete slab and floor fill. Arrange for thickening of slabs where required for
adequate encasement of system components.

PART 2 - PRODUCTS

21

A.

26 0539

MANUFACTURERS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following or approved equal:

1. Underfloor Duct:

a. Wiremold (Walker Div.)

UNDERFLOOR RACEWAYS 2
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2.2

A.

TRENCH DUCT

Trench Duct: Constructed of welded, 16-gage steel with corrosion resistant finish applied after
fabrication. Types and sizes as indicated, with coupling, including grounding screws, supports,
hold downs, adapters, end-caps, and fittings to form complete installation. Include the following
features:

1. Adjustable to configuration of slab with minimum adjustment of minus 1/8-inch to plus
5/8-inch before and during concrete placement. Provide leveling screws that rigidly
support cover assembly and screed strips at proper elevation without addition of extra
shim material.

2. Cover Plate: Removable steel plates 1/4-inch thick with full gasket and weighing 60
pounds or less. Securely adhere gasket to trench header side adjustable units. Provide
support for cover to limit unsupported spans to 15 inches or less.

3. Screed Strip: Extruded aluminum, along both edges.

4. Trim Strip: Aluminum trim.

PART 3 - EXECUTION

3.1

3.2

A.

3.3

INSTALLATION

Install underfloor duct systems as indicated.

Duct Supports: Adjust to maintain elevation of ducts so coverplate is flush with the finished floor.
Install supports secure at ends and at intervals not to exceed 5-feet so they maintain proper
elevation and alignment of ducts securely in slab or form.

Seals: Seal trenches to prevent entrance of water, concrete, or foreign matter into raceway
system, before and during pouring of slab or placing of fill. Provide tape or sealing compound at
joints, as recommended by duct manufacturer.

GROUNDING

Electrically ground underfloor duct system components and ensure continuous electrical
conductivity of system.

FIELD TESTING

UNDERFLOOR RACEWAYS 26 0539
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A. Grounding: Test underfloor raceway system to ensure electrical continuity of bonding and
grounding connections.

3.4 CLEANING AND FINISH REPAIR

A. Upon completion of installation of system, including outlet fittings and devices, inspect exposed
finish. Remove burrs, dirt, and construction debris and repair damaged finish including chips,
scratches, and abrasions.

END OF SECTION 26 0539
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WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0543 — UNDERGROUND DUCTS AND UTILITY STRUCTURES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following:

1. Conduit, ducts, and duct accessories for concrete-encased duct banks.
2. Direct-buried conduct, ducts and duct accessories.
3. Handholes and boxes.
4, Manholes.
1.3 DEFINITION

A. RNC: Rigid nonmetallic conduit.

1.4 SUBMITTALS

A. Product Data: For the following:

1.
2.

3.

Duct-bank materials, including separators and miscellaneous components.

Ducts and conduits and their accessories, including elbows, end bells, bends, fittings,
and solvent cement.

Accessories for manholes, handholes and boxes.

Warning tape.

UNDERGROUND DUCTS AND UTILITY STRUCTURES 26 0543
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B.

15

1.6

26 0543

Shop Drawings for Factory-Fabricated Manholes, Handholes and Boxes Other Than Precast
Concrete: Include dimensioned plans, sections, and elevations, and fabrication and installation
details, including the following:

Duct entry provisions, including locations and duct sizes.

Support rings.

Grounding details.

Layout Drawings: For manholes, vaults, handholes, underground conduits and duct
bank. Plans shall be to scale and identify invert elevations where conduits enter
handholes and buildings.

el

Duct-Bank Coordination Drawings: Show duct profiles and coordination with other utilities and
underground structures.

1. Include plans and sections, drawn to scale, and show bends and locations of expansion
fittings.
2. Drawings shall be signed and sealed by a qualified professional engineer.

A post construction survey will be required to create actual as-built conditions including duct
bank routing and elevations of duct bank and manholes before backfill.

Source quality-control test reports.
Field quality-control test reports.

1. Photos of finished install in vaults including all sides, grounding, supports, and ladder.

QUALITY ASSURANCE

Comply with ANSI C2.

Comply with NFPA 70.

DELIVERY, STORAGE, AND HANDLING

Deliver ducts to Project site with ends capped. Store nonmetallic ducts with supports to prevent

bending, warping, and deforming.

Store other factory-fabricated underground utility structures at Project site as recommended by
manufacturer to prevent physical damage. Arrange so identification markings are visible.

Lift and support precast concrete units only at designated lifting or supporting points.

UNDERGROUND DUCTS AND UTILITY STRUCTURES 2
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1.7

1.8

A.

A.

B.

PROJECT CONDITIONS

Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities
occupied by Owner or others unless permitted under the following conditions and then only
after arranging to provide temporary electrical service according to requirements indicated:

1. Notify Construction Manager no fewer than two weeks in advance of proposed
interruption of electrical service.
2. Do not proceed with interruption of electrical service without Construction Manager's

written permission.

COORDINATION

Coordinate layout and installation of ducts, manholes, handholes, and boxes with final
arrangement of other utilities, site grading, and surface features as determined in the field.

Coordinate elevations of ducts and duct-bank entrances into, manholes, handholes, and
boxes with final locations and profiles of ducts and duct banks as determined by coordination
with other utilities, underground obstructions, and surface features. Revise locations and
elevations from those indicated as required to suit field conditions and to ensure that duct
runs drain to manholes and handholes, and as approved by Engineer.

PART 2 - PRODUCTS

21

2.2

A.

A.

CONDUIT

Rigid Non-metallic (RNC): NEMA TC 2, Type EPC-40-PVC, UL 651, with matching fittings by
same manufacturer as the conduit, complying with NEMA TC 3 and UL 514B.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. AFC Cable Systems, Inc.
b. Anamet Electrical, Inc.; Anaconda Metal Hose.
C. CANTEX Inc.
d. RACO; a Hubbell Company.
e. Thomas & Betts Corporation.
f. Carlon

ELECTRICAL/TELECOMMUNICATIONS MANHOLES

Manufacturers

1. Advance Concrete Products Co.

UNDERGROUND DUCTS AND UTILITY STRUCTURES 26 0543
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2. Hartford concrete products Inc.
3. Or as approved.
B. Manholes
1. Manholes shall be either reinforced precast concrete or cast-in-place concrete.
2. Manhole walls, base and roof shall all have a minimum thickness of 6”.
a. Reinforcement will be Grade 60 rebar conforming to ASTM A706
b. Rebar cage shall be designed to meet AASHTO HS-20 loading conditions.

3. Reinforced precast concrete manholes shall be in accordance with the standard
manhole details as shown. Concrete shall be mixed to produce a 28-day minimum
compressive strength of 4500 psi. Manholes shall be transported in such a manner
so as to prevent cracking, chipping, or other damage. Manholes shall be installed
under the manufacturer’s supervision or by installers having a minimum of five years of
experience installing this manufacturer's manholes. They shall be assembled in
accordance with manufacturer’'s recommendations.

4, Reinforced precast concrete manholes shall have integral floor-to-wall construction
and integral roof-to-wall construction. The two-piece precast concrete manholes joints
shall be sealed with two rows of 1” butyl rope mastic per manufacturer’s instructions.

5. Cast-in-place  manholes shall be constructed in accordance with the standard
manhole detail as shown. Concrete shall be ready-mixed conforming to the standard
specifications for ready-mixed concrete ASTM C-94 and mixed to produce a 28-day
minimum compressive strength of 3000 psi.

6. Manhole interior dimensions shall be indicated on the drawings. Openings for duct shall
be beveled.

7. Manholes shall have a minimum 30” diameter clear opening.

a. Manhole covers shall be heavy duty type with machined bearing surfaces and
shall be lettered with words “ELECTRIC”/"TELECOMMUNICATIONS”.

b. Ring and cover shall be Neenah or East Jordan Iron Works heavy-duty cast-iron
frame and cover, with WMU seal. (Refer to drawings for detail.)

C. Provide two hatches.

8. Manhole ring will set on two courses of brick or equivalent in precast concrete rings to
allow for future grade adjustments.

9. Covers on electric manholes will be secured by the Owner, only as required.

10. 10. Beveled duct terminators shall be cast in the walls for conduit. Knockout windows or

clear windows shall be provided as specified or shown on drawings for future conduit.

C. Cable Racks

26 0543
rev. July 2019

Cable racks shall be installed in all manholes to properly support cables.

1/2 inch threaded inserts shall be cast-in walls for cable rack connections with a
horizontal spacing no greater than 24 inches on-center.

Provide porcelain cable supports or nonmetallic supports.

Concrete inserts for cable rack bolts will be hot-dipped galvanized.

In existing manholes plated steel expansion shield equal to “Phillips,” or “A & J” may
be used in lieu of inserts.
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2.3

6. Manhole hardware shall be stainless steel manufactured by Inwesco or approved
equal. Cable racks shall #10A22, corner brackets shall be #10A50, sidewall brackets
shall be #10A37 (10 inch long).

Pull-in Irons
1. Each wall of each manhole will have at least one 1” hot-dipped galvanized pull-in iron.
a. A pull-in irons shall be installed directly across from each set of duct bank
terminators, and new and future duct bank openings.
b. Pull-in irons will be by Advance Concrete or approved equal.

Ground Rods

1. All electric manholes shall have two (2) 5/8” x 10°0” copper-clad steel ground rods
driven in diagonally opposite corners of the manhole exterior. A #4/0 hard drawn bare
ground cable shall connect each ground rod together.

Waterproofing

1. All cast-in-place manholes will be waterproofed with a modified asphalt membrane
waterproofing or Bituthene waterproofing.
a. Acceptable Products and Manufacturers:  Bituthene by Grace Construction

Products Division, Polyguard No. 650 by Polyguard Products, Inc.

2. All precast manholes shall be waterproofed with factory applied exterior damp-proofing
on the top, bottom, and all four sides.

3. All cast-in-place and precast manholes shall have fanhold DOW Protection Board Il
applied over the waterproofing to protect the waterproof membrane during backfill.

4, All joints where the duct enters manholes shall have Durajoint PVC, Type 4 waterstop

or equal. Waterstop shall be continuous, all joints shall be welded together as
recommended by the manufacturer.

Ladder

1. Provide a 3I1-3600 series 8 foot (or as required for safe access) hooked ladder for each
manhole.

Sump

1. Locate near center of hatch.
2. Slope floor to sump.

ELECTRICAL DUCT BANK
Duct Banks

1. All underground duct banks, including conduit, couplings, bends, and bells, and any
special fillings shall have plastic duct.

UNDERGROUND DUCTS AND UTILITY STRUCTURES 26 0543
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2.4

2.5

2.6

26 0543

2. Plastic duct and fittings shall be corrosion-resistant and not adversely affected by acids,
alkalis, salts or organic matter. Fittings shall be of a type especially made for use with
plastic duct for electrical service. All plastic conduit and fittings shall be joined by a
solvent welding cement.

3. Duct end bells shall have a minimum opening diameter of 5”.

4, All joints in the ducts will be made water tight.

5. Factory bends and sharp sweeps in new duct banks shall not be allowed; unless
specifically noted otherwise. If factory bends are installed, the minimum bend radius shall
be 60"

6. Tracer Wire: Tracer wire shall be installed to enable the detection of plastic pipes, fiber

optics, and non-conducting utilities.  Tracer wire shall be 12 AWG (min.), THWN or
RHW conductor embedded in the concrete envelope.

DUCT ACCESSORIES

Manufacturers

1. Underground Devices, Inc Wunpeece

Duct Accessories:

1. Duct Separators: Factory-fabricated rigid PVC interlocking spacers, sized for type
and sizes of ducts with which used, and selected to provide minimum duct spacings
indicated while supporting ducts during concreting or backfilling.

UNDERGROUND-LINEWARNING TAPE

Tape:

1. Recommended by manufacturer for the method of installation and suitable to identify

and locate underground electrical utility lines.

Printing on tape shall be permanent and shall not be damaged by burial operations.

Tape material and ink shall be chemically inert, and not subject to degrading when
exposed to acids, alkalis, and other destructive substances commonly found in soils.

2.
3.

Color and Printing:

1. Comply with ANSI Z535.1 through ANSI Z535.5.
2. Inscriptions for Red-Colored Tapes: ELECTRIC LINE, HIGH VOLTAGE, of
TELECOMMUNICATIONS as appropriate.

HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE
Description: Comply with SCTE 77.

1. Color: Gray.

UNDERGROUND DUCTS AND UTILITY STRUCTURES 6
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B.

2. Configuration: Units shall be designed for flush burial and have open bottom, unless
otherwise indicated.

3. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural
load rating consistent with enclosure. Tier 8

4. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.

5. Cover Legend: Molded lettering, "ELECTRIC," “EMERGENCY,” “CONTROLS,” or
“TELECOMMUNICATIONS” as appropriate.

6. Direct-Buried Wiring Entrance Provisions: Knockouts equipped with insulated bushings
or end-bell fittings, selected to suit box material, sized for wiring indicated, and arranged
for secure, fixed installation in enclosure wall.

7. Duct Entrance Provisions: Duct-terminating fittings shall mate with entering ducts for
secure, fixed installation in enclosure wall.

8. Handholes 18 inches wide by 30 inches long (450 mm wide by 750 mm long).

9. Bottom shall have 2” minimum of pea stone and adequate drainage.

10. Do not install where subject to vehicle traffic.

Polymer Concrete Handholes and Boxes with Polymer Concrete Cover: Molded of sand and
aggregate, bound together with a polymer resin, and reinforced with steel or fiberglass or a
combination of the two.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Armorcast Products Company.
b. Carson Industries LLC.
C. CDR Systems Corporation.
d. NewBasis.
e. Quazite.

PART 3 - EXECUTION

3.1

A.

B.

GENERAL

Coordinate layout and installation of ducts, manholes, handholes, and boxes with final
arrangement of other utilities, site grading, and surface features as determined in the field.
Notify Architect if there is a conflict between areas of excavation and existing structures or
archaeological sites to remain.

Coordinate elevations of ducts and duct-bank entrances into manholes, handholes, and boxes
with final locations and profiles of ducts and duct banks, as determined by coordination with
other utilities, underground obstructions, and surface features. Revise locations and
elevations as required to suit field conditions and to ensure that duct runs drain to manholes
and handholes, and as approved by Architect.

UNDERGROUND DUCTS AND UTILITY STRUCTURES 26 0543
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C.

3.2

3.3

26 0543

The Contractor shall locate existing utilities and confirm elevations prior to construction, as
determined necessary by the Engineer to insure the continued service of these utilities. When
locating such utilities, the Contractor shall proceed with caution, using hand instead of machine
excavation.

Where exterior building walls are cored for conduit penetrations, follow the waterproofing
guidelines described in this specification for manholes. Mechanical seals shall be installed as
to allow future tightening or replacement of devices. Seals shall be sized, selected, and
installed in accordance with Manufacturer’s recommendations.

UNDERGROUND DUCT AND RACEWAY APPLICATION

Electrical Cables Over 600 V: RNC, NEMA Type EPC-40-PVC, in concrete-encased duct
bank, unless otherwise indicated.

Electrical Feeders 600 V and Less: RNC, NEMA Type EPC-80-PVC, in direct-buried duct
bank, unless otherwise indicated.

Electrical Branch Circuits: RNC, NEMA Type EPC-40-PVC, direct-buried duct bank unless
otherwise indicated.

Telephone, Communications, or Data Utility Service Cables: RNC, NEMA Type EPC-40-
PVC, in concrete-encased duct bank, unless otherwise indicated.

Telephone, Communications, or Data Circuits: RNC, NEMA Type EPC-80-PVC, in direct-
buried, duct bank unless otherwise indicated.

Underground Duct Banks Crossing Under Walks, Driveways, Roadways: Rigid steel conduit,
extending 10 feet (3 meters) beyond walks, driveways and roadways and encased in reinforced
concrete.

ELECTRICAL MANHOLES

General

1. Whenever a contractor has work to perform in an existing manhole and it is partially
or entirely filled with water, it shall be the Contractor’s responsibility to pump it out at his
expense.
a. Water must be pumped to sanitary sewer.

2. The Contractor shall be responsible for the removal and proper disposal of any and all

asbestos fire proofing tape on any cables in existing electrical manholes involved in this

UNDERGROUND DUCTS AND UTILITY STRUCTURES 8
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3.4

project. The asbestos removal shall take place prior to performing any work in the
manholes.

Waterproofing

Manhole waterproofing membrane will cover the cove, the top, and sides, down to 8”
below the joint between the wall and floor. Membrane will be flashed tight to conduits
and reinforcing dowels at duct entrance.

2. Membrane waterproofing shall be installed in the following manner:

a. All surfaces shall be primed with a manufacturers approved primer. Roll on
membrane overlapped 2-1/2” min. at seams with primer. Apply elastomeric mastic
to all seams and edges.

b. At all corners, cracks, and construction joints, two layers of membrane shall be
applied.

3. All construction joints will have cast-in waterstops.

4, Waterproofing must be completed at the factory. All joints, grade rings and conduit
penetrations will be completed on site by the contractor.

5. Install protection board on all four sides, top and bottom before backfilling.

6. Any membrane damaged during shipping or installation will be repaired by the contractor.

Drainage

1. Foundation tile will be 4” corrugated polyethylene with drainage slits, ADS, Inc. or
equal. Drain pipe from any extra floor drains and from sump to catch basins, shall be as
indicated on the Civil Plans and Specifications. (See Section 33 4000 Storm Drainage).

2. Electric/communication manholes shall be provided with floor drains as shown.

Manholes and drains shall be provided with Smith no. 2515-S floor drain to be furnished
with cleanout, connected to ductile iron pipe when under manhole floor, then connected
to storm piping as indicated on the Civil plans when outside of manhole perimeter. Use
4 inch to 6 inch adapter between floor drain and drain pipe. Lay drain pipe to sewer
as indicated on the Civil plans and profiles and install in accordance with Section 33
4000 Storm Drainage.

ELECTRICAL DUCT BANK

General

1.

Primary distribution will be run in plastic duct with reinforced concrete encasement. Size,
location, and elevation will be shown on drawings. The duct bank will be pitched to drain
any seepage to a manhole. Duct banks entering buildings will pitch away from the
building. Slope will not be less than 4 in./100 ft. of duct. Grade shots will be taken at
least every 25 ft. to assure uniform pitch.

Duct banks shall have no pull boxes or short radius bends. Long radius sweeps are
allowed as shown on the drawings. Any change in direction (greater than 75° should take
place at a manhole, for electric and communications.

Duct banks shall be marked with a marker tape buried in the trench above the duct.

UNDERGROUND DUCTS AND UTILITY STRUCTURES 26 0543
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B. Duct Bank Encasement

1. Lay concrete blocks at 4 ft. on center to establish grade and tie ducts to blocks to
make secure. Plastic separators shall be used to maintain space between ducts, 3
inches between electric ducts. Install separators approximately five feet on center.
Install plastic separator on top of each row of the highest level of conduits.

2. In lieu of the blocks a 3 inch concrete pad may be poured and leveled to the grade
established, with the wires inserted every four feet to secure ducts.
3. A concrete envelope of 3000 PSI test, using 6-AA limestone, shall be poured around

ducts with low enough slump to be worked into all openings. When concrete is poured,
some method of deflecting the concrete shall be employed to minimize force on the ducts.

4, The concrete shall cover the fiber or plastic duct a minimum of 3 inches on both
sides and top, except as follows:
a. Under roadways, the concrete shall cover the ducts a minimum of 6 inches on top

and the duct bank shall be reinforced with two 5/8 inch steel rods laid parallel to
and below the duct.

b. Where duct enters manholes or buildings, or where duct is to cross new utilities
installed, or indicated as proposed, or where duct is to be installed in fresh fill, the
duct shall have minimum of 4 inches of concrete top and bottom and shall be
reinforced with four 5/8 inch steel bars laid parallel to the duct. Two reinforcing
steel rods shall be laid in the concrete envelope below the duct and two above,
each with one end resting on the building or manhole wall and the other extending
back to undisturbed soil. Where a duct bank crosses a steam line, there shall
be a minimum of 6 inches of sand fill between the outside of the concrete
envelope and the insulation around the steam line.

1) The steel bars shall be extended into the manhole or building wall.
Epoxy shall be applied at all steel bar penetrations.

5. There shall be a minimum separation of 12 inches between the concrete envelope of
the duct bank and any existing or new gas main or line.

6. The concrete envelope of the duct bank shall not come in contact with any water or sewer
line.

7. The minimum distance between the top of the concrete envelope of the duct bank and

final grade shall be 30 inches, unless otherwise specified or special permission is
obtained from the Owner.

8. Excessive amounts of concrete shall not be poured around duct. Concrete covering the
top and sides of the duct shall not exceed 6”, unless special permission is obtained from
the Owner.

9. Pour the concrete in several lifts and vibrate the concrete between lifts to remove air
pockets.

10.  All new duct bank conduits shall be tested by pulling a nominal 4” mandrel through each
4” duct.

C. Pull String

1. Install a heavy-duty nylon pull string in each conduit in the duct bank that is not receiving
new cable on this project.

D. Utility Marker Tape

26 0543 UNDERGROUND DUCTS AND UTILITY STRUCTURES 10
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1. Underground duct banks shall be marked with a plastic identifying tape buried in the
trench directly above the duct bank of 8 to 12 inches below finished grade. The tape
will be vivid opaque red in color with “Caution Electric Line Buried Below” or
“Telecommunications” continuously printed in black letters over the entire length of the
tape. The tape will also be magnetic. Tape will be as manufactured by Allen Systems,
Inc. or Terra Tape.

2. If the duct bank is 18 inches or less in width the tape shall be 3 inches wide. If the duct
bank is over 18 inches in width the tape shall be 6 inches wide.

Tracer Wire

1. All new duct banks shall be installed with tracer wire. The tracer wire shall be installed
continuously along the new duct banks with access points at each manhole. The tracer
wire shall be accessible at the ground surface without entering the manhole. Splices in
the tracer wire shall be connected by means of a split bolt or compression type
connector to ensure continuity. Wire nuts shall not be used. A waterproof or
corrosion-proof connector for direct bury applications shall be used. After installation,
the tracer wire shall be tested to verify continuity of the tracer wire system and a report
indicating continuity shall be submitted to the Owner as part of the construction record
documents.

Grounding Cable

1. The Contractor shall furnish and install two new 4/0 hard drawn, stranded copper
cable in the entire concrete envelope of all new electric duct banks. All joints in the
grounding cable shall be brazed or cadwelded.

2. In manholes, neatly clamp cable to the walls.

3. All ground cables shall be connected by exothermic weld or Burndy Hyground.

DIRECT-BURIED DUCT BANKS

Excavate trench bottom to provide firm and uniform support for duct bank. Prepare trench
bottoms as specified in Division 31 Section “Earth Moving” for pipes less than 6 inches (150
mm) in nominal diameter.

Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor
temperature.

Space separators close enough to prevent sagging and deforming of ducts, with not less than
5 spacers per 20 feet of duct. Secure separators to earth and to ducts to prevent
displacement during backfill and yet permit linear duct movement due to expansion and
contraction as temperature changes. Stagger spacers approximately 6 inches between tiers.

After installing first tier of ducts, backfill and compact. Start at tie-in point and work toward
end of duct run, leaving ducts at end of run free to move with expansion and contraction
as temperature changes. Repeat procedure after placing each tier. After placing last tier,
hand-place backfill to 4 inches over ducts and hand tamp. Firmly tamp backfill around ducts

UNDERGROUND DUCTS AND UTILITY STRUCTURES 26 0543
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3.6

3.7

26 0543

to provide maximum supporting strength. Use hand tamper only. After placing controlled
backfill over final tier, make final duct connections at end of run and complete backfilling with
normal compaction. Comply with Division 31 Section “Earth Moving” for installation of backfill
materials.

1. Place minimum 3 inches (75 mm) of sand as a bed for duct bank. Place sand to a

minimum of 6 inches (150 mm) above top level of duct bank.

Install ducts with a minimum 3 inches (75 mm) of sand as a bed for duct bank. Place sand to a
minimum of 6 inches (150 mm) above top level of duct bank.

Depth: Install top of duct bank at least 36 inches below finished grade, unless otherwise
indicated.
Set elevation of bottom of duct bank below the frost line.

Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at
building entrances through the floor.

1. Couple steel conduits to ducts with adapters designed for this purpose and encase
coupling with 3 inches of concrete.
2. For equipment mounted on outdoor concrete bases, extend steel conduit horizontally a

minimum of 60 inches from edge of equipment pad or foundation. Install insulated
grounding bushings on terminations at equipment.

UNDERGROUND ENCLOSURE APPLICATION
Handholes and Boxes for 600 V and Less, including Telephone, Communications, and Data

Wiring:

1. Units in Sidewalk and Similar Applications with a Safety Factor for Nondeliberate
Loading by Vehicles: Polymer concrete units, SCTE 77, Tier 8 structural load rating.

EARTHWORK

Excavation and Backfill: Comply with Division 31, but do not use heavy-duty, hydraulic-
operated, compaction equipment.

Restore surface features at areas distributed by excavation and reestablish original grades,
unless otherwise indicated. Replace removed sod immediately after backfilling is completed.

Restored areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore

vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and
mulching. Comply with Division 32.

UNDERGROUND DUCTS AND UTILITY STRUCTURES 12
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3.8

3.9

13

Cut and patch existing pavement in the path of underground ducts and utility structures
according to Division 1.
DUCT INSTALLATAION

Slope: Pitch ducts a minimum slope of 1:300 down toward manholes and handholes and away
from buildings and equipment.

Curves and Bends: Minimum bend radius shall be 60 inches.
Joints: Use solvent-cemented joints in ducts and fittings and make watertight according to
manufacturer’s written instructions. Stagger couplings so those of adjacent ducts do not lie in

same plane.

Duct Entrances to Concrete and Polymer Concrete Handholes: Use end bells, spaced
approximately 8 inches (200 mm) o.c. for 4-inch (100-mm) ducts.

Sealing: Provide temporary closure at terminations of ducts that have cables pulled. Seal
spare ducts at terminations. Use sealing compound and plugs to withstand at least 15-psig
(1.03-MPa) hydrostatic pressure.

Pulling Cord: Install 100-Ibf- (445-N-) test nylon cord in ducts, including spares.

Floor Penetration: Use manufactured 60 inch rigid conduit sweeps for stub-up through floor.

1. Stub sweeps for stub-up through floor.
a. Stub conduit 12 inches above finish floor.

INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES

Cast-In-Place Manhole Installation:

1. Finish interior surfaces with a smooth-troweled finish.

2. Windows for Future Duct Connections: Form and pour concrete knockout panels 1-1/2
to 2 inches (38 to 50 mm) thick, arranged as indicated.

3. Cast-in-place concrete, formwork, and reinforcement are specified in Division 03.

Precast Concrete Handhole and Manhole Installation:

1. Comply with ASTM C 891, unless otherwise indicated.

2. Install units level and plumb and with orientation and depth coordinated with
connecting ducts to minimize bends and deflections required for proper entrances.
3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel,

graded with 1- inch (25-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same
density as adjacent undisturbed earth.

Drainage: Install drains in bottom of manholes where indicated. Coordinate with drainage
provisions indicated.

UNDERGROUND DUCTS AND UTILITY STRUCTURES 26 0543
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3.10

3.11
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Manhole Access: Circular opening in manhole roof; sized to match cover size.

1. Manholes with Fixed Ladders: offset access opening from manhole centerlines to align
with ladder.
2. Install chimney, constructed of precast concrete collars and rings to support frame and

cover and to connect cover with manhole roof opening. Provide moisture-tight
masonry joints and waterproof grouting for cast-iron frame to chimney.
3. Provide two openings — second for ventilation.

Hardware: Install removable hardware, including pulling eyes, cable stanchions, and cable
arms, and insulators, as required for installation and support of cables and conductors and as
indicated.

Fixed Manhole Ladders: Arrange to provide for safe entry with maximum clearance from
cables and other items in manholes.

Field-Installed Bolting Anchors in Manholes and Concrete Handholes: Do not drill deeper
than 3-7/8 inches (98 mm) for manholes and 2 inches (50 mm) for handholes, for anchor bolts
installed in the field. Use a minimum of two anchors for each cable stanchion.

Warning Sign: Install “Confined Space Hazard” warning sign on the inside surface of each
manhole cover.

INSTALLATION OF HANDHOLES

Install handholes and boxes level and plumb and with orientation and depth coordinated with
connecting ducts to minimize bends and deflections required for proper entrances. Use box

extension if required to match depths of ducts, and seal joint between box and extension as
recommended by the manufacturer.

Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded
from 1/2-inch (12.7-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as
adjacent undisturbed earth.

Elevation: In paved areas and trafficways, set so cover surface will be flush with finished
grade. Set covers of other handholes 1 inch (25 mm) above finished grade.

Install handholes and boxes with bottom below the frost line, below grade.

Field-cut openings for ducts and conduits according to enclosure manufacturer's written
instructions. Cut wall of enclosure with a tool designed for material to be cut. Size holes for
terminating fittings to be used, and seal around penetrations after fittings are installed.

GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS

Comply with IEEE C2 grounding requirements.
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3.13

3.14

15

Grounding Manholes and Handholes: Install a driven ground rod close to exterior manhole
wall, and set rod depth so 4 inches (100 mm) will extend above finished floor. Install ground
rod before manhole is placed and provide No. 4/0 AWG hard drawn bare, tinned-copper
conductor from ground rod into manhole through the concrete duct bank.

1. Connect #4/0 ground cables from ground rods to ground cables with duct bank.
2. All connection shall be exothermic weld method or Burndy Hyground.

Grounding Connections to Manhole Components: Bond exposed-metal parts such as inserts,
cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to
ground rod or grounding conductor. Make connections with No. 4 AWG minimum, stranded,
hard-drawn copper bonding conductor. Train conductors level or plumb around corners and
fasten to manhole walls. Connect to cable armor and cable shields according to written
instructions by manufacturer of splicing and termination kits.

FIELD QUALITY CONTROL

Perform the following tests and inspections and prepare test reports:

1. Demonstrate capability and compliance with requirements on completion of
installation of underground ducts and utility structures.
2. Pull aluminum or wood test mandrel through duct to prove joint integrity and test for out-

of-round duct. Provide mandrel equal to 80 percent fill of duct. If obstructions are
indicated, remove obstructions and retest.

3. Test handhole grounding to ensure electrical continuity of grounding and bonding
connections.

4, Correct deficiencies and retest as specified above to demonstrate compliance.

CLEANING

Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of
ducts. Follow with rubber duct swab for final cleaning and to assist in spreading lubricant
throughout ducts.

Clean internal surfaces of manholes, including sump. Remove foreign material.

FIELD QUALITY CONTROL

Tests and Inspections:

1. After installing grounding system but before permanent electrical circuits have been
energized, test for compliance with requirements.
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2.

Inspect physical and mechanical condition. Verify tightness of accessible, bolted,

electrical connections with a calibrated torque wrench according to manufacturer’s written

instructions.

Test completed grounding system at each location where a maximum ground-

resistance level is specified, at service disconnect enclosure grounding terminal, and at

individual ground rods. Make tests at ground rods before any conductors are connected.

a. Measure ground resistance no fewer than two full days after last trace of
precipitation and without soil being moistened by any means other than natural
drainage or seepage and without chemical treatment or other artificial means of
reducing natural ground resistance.

b. Perform tests by fall-of-potential method according to IEEE 81.

B. Grounding system will be considered defective if it does not pass tests and inspections.

C. Prepare test and inspection reports.

D. Report measured ground resistances that exceed the following values:

1.

Manhole Grounds: 10 ohms.

E. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect
promptly and include recommendations to reduce ground resistance.

END OF SECTION 26 0543

26 0543
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WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY
A. Section Includes:

Identification for raceways.

Identification of power and control cables.
Identification for conductors.
Underground-line warning tape.

Warning labels and signs.

Instruction signs.

Equipment identification labels.
Miscellaneous identification products.

N>R~ ON =

1.2 ACTION SUBMITTALS

A. Product Data: For each electrical identification product indicated.
1.3 QUALITY ASSURANCE

A. Comply with ANSI A13.1.

B.  Comply with NFPA 70.

C.  Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
D. Comply with ANSI Z535.4 for safety signs and labels.
E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks
used by label printers, shall comply with UL 969.
14 COORDINATION

A. Coordinate identification names, abbreviations, colors, and other features with requirements in
other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer’s
wiring diagrams, and the Operation and Maintenance Manual; and with those required by
codes, standards, and 29 CFR 1910.145. Use consistent designations throughout Project.
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B.

C.

D.

PART 2 -

21

A.

2.2

A.

C.

D.

m
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A.

26 0553

Coordinate installation of identifying devices with completion of covering and painting of
surfaces where devices are to be applied.

Coordinate installation of identifying devices with location of access panels and doors.
Install identifying devices before installing acoustical ceilings and similar concealment.
PRODUCTS

MANUFACTURERS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

1. Brady USA Inc.; Industrial Products Div.
2. Ideal Industries, Inc.

3. Panduit Corp.

4, 3M Company

RACEWAY AND CABLE IDENTIFICATION MATERIALS

Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color
field for each raceway size.

Colors for Raceways Carrying Circuits at 600V or Less:

1. Black letters on an orange field.
2. Legend: Indicate voltage.

Colors for Raceways Carrying Circuits over 600V:

1. Orange letters on a black field.
2. Legend: Indicate voltage.

Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils thick by 1
to 2 inches wide.

Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less: Preprinted,
flexible label laminated with a clear, weather- and chemical-resistant coating and matching
wraparound adhesive tape for securing ends of legend label.

Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600V or Less: Slit,
pretensioned, flexible, solid-colored acrylic sleeve, 2 inches long, with diameter sized to suit
diameter of raceway or cable it identifies and to stay in place with gripping action.

POWER AND CONTROL CABLE IDENTIFICATION MATERIALS

Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color
field for each raceway and cable size.

IDENTIFICATION FOR ELECTRICAL SYSTEMS 2
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Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and
chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend
label.

Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2
inches long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in
place by gripping action.

CONDUCTOR IDENTIFICATION MATERIALS

Conductors to have continuous color insulation per the identification schedule for THHN and
others when available from the manufacturer.

Medium Voltage cables to be identified with 3” of color marking tape at all accessible locations.

NAMEPLATES AND SIGNS

Engraved Plastic Nameplates and Signs: Engraving stock, melamine plastic laminate, minimum
1/16 inch thick for signs up to 20 sq. in. and 1/8 inch thick for larger sizes.

1. Engraved legend with black letters on white face.
2. Punched or drilled for mechanical fasteners.

Baked-Enamel Signs for Interior Use: Preprinted aluminum signs, punched or drilled for
fasteners, with colors, legend, and size required for the application. 1/4-inch grommets in
corners for mounting.

Exterior, Metal-Backed, Butyrate Signs: Weather-resistant, nonfading, preprinted, cellulose-
acetate butyrate signs with 0.0396-inch galvanized-steel backing; and with colors, legend, and
size required for the application. 1/4-inch grommets in corners for mounting.

Fasteners for Nameplates and Signs: Self-tapping, stainless-steel screws or No. 10/32,
stainless-steel machine screws with nuts and flat and lock washers.

Do not use adhesive tape as sole means of nameplate attachment.
Miscellaneous Identification Products

1. Cable Ties: Fungus-inert, self-extinguishing, 1-piece, self-locking, Type 6/6 nylon cable
ties with the following features:
a. Minimum Width: 3/16 inch
b. Tensile Strength: 50 pounds minimum.
C. Temperature Range: Minus 40 to 185 deg F.
d Color: As indicated where used for color coding.

2. Paint: Alkyd-urethane enamel over primer as recommended by enamel manufacturer.

IDENTIFICATION FOR ELECTRICAL SYSTEMS 26 0553
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2.6 UNDERGROUND-LINE WARNING TAPE

A. Tape:

1. Recommended by manufacturer for the method of installation and suitable to identify and
locate underground electrical and communications utility lines.

Printing on tape shall be permanent and shall not be damaged by burial operations.

Tape material and ink shall be chemically inert, and not subject to degrading when
exposed to acids, alkalis, and other destructive substances commonly found in soils.

4 Not less than 6 inches wide by 4 mils thick.

5. Compounded for permanent direct-burial service.
6
7

© N

Embedded continuous metallic strip or core.
Printed legend indicating type of underground line.

B. Color and Printing:

1. Comply with ANSI Z535.1 through ANSI Z535.5.

2. Inscriptions for Red-Colored Tapes: ELECTRIC LINE, HIGH VOLTAGE.

3. Inscriptions for Orange-Colored Tapes: TELEPHONE CABLE, CATV CABLE,
COMMUNICATIONS CABLE, OPTICAL FIBER CABLE.
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2.8

29

2.10

2.1

212

213

2.14

2.15

2.16

217

2.18

2.19

2.20

Common trenching and tape laying methods are hand, static plow, and vibratory plow. Revise
options in this article if only specific trenching methods are allowed.

Tape:

Recommended by manufacturer for the method of installation and suitable to identify and locate
underground electrical and communications utility lines.

Printing on tape shall be permanent and shall not be damaged by burial operations.

Tape material and ink shall be chemically inert, and not subject to degrading when exposed to
acids, alkalis, and other destructive substances commonly found in soils.

Not less than 6 inches wide by 4 mils thick.

Compounded for permanent direct-burial service.

Embedded continuous metallic strip or core.

Printed legend indicating type of underground line.

Color and Printing:

Comply with ANSI Z535.1 through ANSI Z535.5.

Inscriptions for Red-Colored Tapes: ELECTRIC LINE, HIGH VOLTAGE.

Inscriptions for Orange-Colored Tapes: TELEPHONE CABLE, CATV CABLE,
COMMUNICATIONS CABLE, OPTICAL FIBER CABLE.

WARNING LABELS AND SIGNS

Comply with NFPA 70 and 29 CFR 1910.145.

Self-Adhesive Warning Labels: Factory-printed, multicolor, pressure-sensitive adhesive labels,

configured for display on front cover, door, or other access to equipment unless otherwise
indicated.

IDENTIFICATION FOR ELECTRICAL SYSTEMS 26 0553
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C.

2.21

26 0553

Baked-Enamel Warning Signs:

1. Preprinted aluminum signs punched or drilled for fasteners, with colors, legend, and size
required for application.

2. 1/4-inch grommets in corners for mounting.

3. Nominal size, 7 by 10 inches .

Metal-Backed, Butyrate Warning Signs:

1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-
inch galvanized-steel backing; and with colors, legend, and size required for application.
2. 1/4-inch grommets in corners for mounting.

3. Nominal size, 10 by 14 inches .

Warning label and sign shall include, but are not limited to, the following legends:

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD -
EQUIPMENT HAS MULTIPLE POWER SOURCES."

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT
OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR ## INCHES ." (Replace
## with “36” or “42” based on equipment voltage and NEC code required clearances in
inches).

3. Arc Flash Notification Label in accordance with ANSI Standard Z535.4. Refer to section
26 0574 — OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY.

EQUIPMENT IDENTIFICATION LABELS

Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal

transfer or equivalent process. Minimum letter height shall be 3/8 inch . Overlay shall provide a

weatherproof and UV-resistant seal for label.

Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label: Adhesive backed, with white
letters on a black background. Minimum letter height shall be 3/8 inch.

Stenciled Legend: In non-fading, waterproof, black ink or paint. Minimum letter height shall be
1inch .

Required emergency equipment labels shall be white with red letters.

Optional standby equipment labels shall be red with black letters.

Fire alarm system equipment labels shall be red with white letters.

Access control system equipment labels shall be green with white letters.
Telecommunication system equipment labels shall be yellow with black letters.

Equipment associated with uninterruptable power supply labels shall be brown with white
letters.

IDENTIFICATION FOR ELECTRICAL SYSTEMS 6
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2.22

A.

B.

C.

MISCELLANEOUS IDENTIFICATION PRODUCTS

Paint: Comply with requirements in Division 09 painting Sections for paint materials and
application requirements. Select paint system applicable for surface material and location
(exterior or interior).

Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine
screws with nuts and flat and lock washers.

Wiring device identification: Self-adhesive label with black upper-case letters on clear polyester
label, font size 7.

PART 3 - EXECUTION

3.1

A

w

G.

H.

INSTALLATION

Location: Install identification materials and devices at locations for most convenient viewing
without interference with operation and maintenance of equipment.

Apply identification devices to surfaces that require finish after completing finish work.

Self-Adhesive Identification Products: Clean surfaces before application, using materials and
methods recommended by manufacturer of identification device.

Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners
appropriate to the location and substrate.

Lettering, Colors, and Graphics: Coordinate names, abbreviations, colors, and other
designations with corresponding designations in the Contract Documents or with those required
by codes and standards. Use consistent designations throughout Project.

Circuits with More Than 600 V: Identify raceway and cable with "DANGER--HIGH VOLTAGE"
in black letters 2 inches high, stenciled with paint at 10-foot intervals over a continuous,
painted orange background. ldentify the following:

1. Entire floor area directly above conduits running beneath and within 12 inches of a
basement or ground floor that is in contact with earth or is framed above unexcavated
space.

2. Wall surfaces directly external to conduits concealed within wall.

3 All accessible surfaces of concrete envelope around conduits in vertical shafts, exposed
in the building, or concealed above suspended ceilings.

4, Entire surface of exposed conduits.

5. Primary Cable Identification: Locate at each termination and in each vault.

Accessible raceways and Metal Clad Cables with circuits less than 600V, for Service and
Feeders More than 400A, Identify with orange self-adhesive vinyl label.

Branch Circuit Conductor Identification: Where there are conductors for more than three branch
circuits in same junction or pull box, use marker tape. Identify each ungrounded conductor
according to source and circuit number as indicated on Drawings. Identify control circuits by
control wire number as indicated on shop drawings.

IDENTIFICATION FOR ELECTRICAL SYSTEMS 26 0553
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l. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control,
signal, sound, intercommunications, voice, and data connections.

1.

Use system of marker tape designations that is uniform and consistent with system used
by manufacturer for factory installed connections.

2. Coordinate identification with Project Drawings, manufacturer’s wiring diagrams, and
Operation and Maintenance Manual.
J. Equipment Identification Labels: On each unit of equipment, install unique designation label

that is consistent with wiring diagrams, schedules, and Operation and Maintenance Manual.
Apply labels to disconnect switches and protection equipment, central or master units, control
panels, control stations, terminal cabinets, and racks of each system. Systems include power,
lighting, control, communication, signal, monitoring, and alarm systems unless equipment is
provided with its own identification.

W=

NGO A

9.
1

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
209.
30.
31.

0.

Indoor Equipment: Engraved, laminated acrylic or melamine label mechanically secured.
Outdoor Equipment: Stenciled.

Elevated Components: Increase sizes of labels and letters to those appropriate for
viewing from floor.

Voice and data cable terminal equipment.

Intercommunication and call system master and staff stations.

Television/audio components, racks, and controls.

Fire-alarm control panel and annunciators.

Security and intrusion-detection control stations, control panels, terminal cabinets, and
racks.

Monitoring and control equipment.

Terminals, racks, and patch panels for voice and data communication and for signal and
control functions.

Breakers or switches at distribution panels.

Panelboards, electrical cabinets, and enclosures.

Access doors and panels for concealed electrical items.

Electrical switchgear and switchboards.

Electrical substations.

Emergency system boxes and enclosures.

Motor-control centers.

Variable Frequency Drives.

Disconnect switches

Enclosed circuit breakers.

Motor starters.

Push-button stations.

Boiler shut-offs.

Power transfer equipment.

Contactors.

Remote-controlled switches.

Dimmers.

Control devices.

Transformers

Power-generating units.

Clock/program master equipment.

K. Wiring Device Identification Labels: On each faceplate install circuit designation label that is
consistent with panelboard directories, and as-built plan drawings. Apply labels to receptacle
faceplates centered below bottom outlet. Apply labels to toggle switch faceplates on backside.

26 0553
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Labels arrangement for labels with 3 lines of text

1. Line one shall have description of panel or equipment. Line one example: “DP-XX", “RP-
XX, “T-XX”, “EF-XX", etc.

2. Line two shall describe the voltage, phase and wires. Line two example: “208Y/120V, 3
phase, 4 wire”.

3. Line three shall describe the first disconnecting means feeding this panel or equipment.

Line three example: “FED FROM DP-XX", “FED FROM RP-XX", etc.

Label examples:

RP-1A EF-1
208Y/120V, 3 PHASE, 4 WIRE 208V, 3 PHASE, 3 WIRE
FED FROM DP-1 FED FROM RP-1
4"

FEEDER NAME
CONDUCTOR SIZE AND INSULATION
DATE OF INSTALLATION ”
SWITCH # TO SWITCH # 3

Install painted identification according to manufacturer's written instructions and as follows:

1. Clean surfaces of dust, loose material, and oily films before painting.
2. Prime surfaces using type of primer specified for surface.
3. Apply one intermediate and one finish coat of enamel.

Caution Labels for Indoor Boxes and Enclosures for Power and Lighting: Install pressure-
sensitive, self-adhesive labels identifying system voltage with black letters on orange
background. Install on exterior of door or cover.

Circuit Identification on Device Plates.

1. Identify circuits feeding receptacles with the designation of the panelboard and the circuit
number in permanent marker on the back of each device cover plate and inside box.
2. Identify on device plate for receptacles.

Circuit Identification Labels on Boxes: Install labels externally.

1. Exposed Boxes: Pressure-sensitive, self-adhesive plastic label on cover.
2. Concealed Boxes: Plasticized card-stock tags.
3 Labeling Legend: Permanent, waterproof listing of panel and circuit number or
equivalent.
4. Identify all circuits contained within a junction box.
IDENTIFICATION FOR ELECTRICAL SYSTEMS 26 0553
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R.

3.2

26 0553

System Identification Color-Coding Bands for Raceways and Cables: Each color-coding band
shall completely encircle cable or conduit. Place adjacent bands of two-color markings in
contact, side by side. Locate bands at changes in direction, at penetrations of walls and floors,
at 50-foot maximum intervals in straight runs, and at 25-foot maximum intervals in congested
areas. Bands shall be 6” width minimal.

Underground-Line Warning Tape: During backfilling of trenches, install continuous
underground-line warning tape directly above line at 6 to 8 inches below finished grade. Use
multiple tapes where width of multiple lines installed in a common trench or concrete envelope
exceeds 16 inches overall.

Underground-Line Warning Tape: During backfilling of trenches, install continuous
underground-line warning tape directly above line at 6 to 8 inches overall.

IDENTIFICATION SCHEDULE

Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch
Circuits More Than 30A, and 120 V to ground: Install 12" wide labels at 20-foot maximum
intervals and 5’ from any box.

Accessible Raceways and Cables within Buildings: Identify the covers of each junction and pull
box of the following systems with self-adhesive vinyl labels or by painting with the wiring system
legend and system voltage.
System legends shall be color coded as follows:

General Power Systems: Black
Emergency Power or life safety: Red.
Fire Alarm: Red.

UPS Power: Brown.

Access Control/Security: Green.
Telecommunications / BAS: Yellow.

ok~ ON =

Color-Coding of Secondary Phase Conductors: Use the following colors for service feeder and
branch-circuit phase conductors:

1. 208/120-V Conductors:

Phase A: Black.
Phase B: Red.
Phase C: Blue.
Neutral: White.
Ground: Green.

®o0TO

2. 480/277-V Conductors:

Phase A: Brown.
Phase B: Orange.
Phase C: Yellow.
Neutral: Slate/Gray.
Ground: Green.

P00

IDENTIFICATION FOR ELECTRICAL SYSTEMS 10

rev. July 2019



WMU Design Guidelines

11

Factory apply color the entire length of conductors, except the following field-applied,
color-coding methods may be used instead of factory-coded wire where continuous color
is not available:

a. Colored, pressure-sensitive plastic tape in half-lapped turns for a distance of 6
inches from terminal points and in boxes where splices or taps are made. Apply
last two turns of tape with no tension to prevent possible unwinding. Use 1-inch-
wide tape in colors specified. Adjust tape bands to avoid obscuring cable
identification markings.

b. Colored cable ties applied in groups of three ties of specified color to each wire at
each terminal or splice point starting 3 inches from the terminal and spaced 3
inches apart. Apply with a special tool or pliers, tighten to a snug fit, and cut off
excess length.

Primary Power Circuit Identification: Use identification tags for cables, feeders, and
power circuits in vaults, pull boxes, junction boxes, manholes, and switchboard rooms.
The tags shall indicate:

Cable name or number.

Size of cable and single or three conductor.

Insulation class of cable (add GN if grounded neutral).
Primary cable identification shall be engraved laminate tags.

aoow

Apply identification to conductors as follows:

1.
2

Conductors to Be Extended in the Future: Indicate source and circuit numbers.

Multiple Power or Lighting Circuits in the Same Enclosure: Identify each conductor with
source, voltage, circuit number, and phase. Use color-coding to identify circuits' voltage
and phase.

Multiple Control and Communication Circuits in the Same Enclosure: Identify each
conductor by its system and circuit designation. Use a consistent system of tags, color-
coding, or cable marking tape.

Apply warning, caution, and instruction signs as follows:

1.

Warnings, Cautions, and Instructions: Install to ensure safe operation and maintenance
of electrical systems and of items to which they connect. Install engraved plastic-
laminated instruction signs with approved legend where instructions are needed for
system or equipment operation. Install metal-backed butyrate signs for outdoor items.
Emergency Operation: Install engraved laminated signs with white legend on red
background with minimum 3/8-inch- high lettering for emergency instructions on power
transfer, load shedding, and other emergency operations.

Arc Flash: Self Adhesive Film Label denoting Arc Flash warning and personal protection
requirement meeting ANSI Z535.4.

Fire Alarm System Conductor Identification: Refer to Specification Section 28 3100.

Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and
signal connections.

1.

Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and
pull points. Identify by system and circuit designation.

IDENTIFICATION FOR ELECTRICAL SYSTEMS 26 0553
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2.

3.

Use system of marker tape designations that is uniform and consistent with system used
by manufacturer for factory-installed connections.

Coordinate identification with Project Drawings, manufacturer’s wiring diagrams, and the
Operation and Maintenance Manual.

H. Distribution Equipment: For each of the following pieces of distribution equipment, provide label
attached to enclosure cover. Label shall identify:

1.

2.

Disconnect Switches: Name of equipment served, number of poles, ampere rating/fuse
size (where applicable), and load (example, “RTU-1, 3P30/25, 8 TON”).

Enclosed Circuit Breakers: Name of device as indicated on one line diagram, number of
poles, and circuit breaker size (example, “MCB, 3P200").

Switchboards:

a. Name of device as indicated on one line diagram and voltage-phase (example,
“MSWBD, 480V/277V-30").

b. Provide label near each feeder/branch breaker identifying name of equipment

served, number of poles, and circuit breaker size (example, “EF-1, 3P20”).

Unit Substations
a. Incoming line section:
1) Designation (e.g. “Primary Switch A-17)
2) Incoming line designation (e.g. “Incoming line A102”).
3) Incoming line electrical characteristics (e.g., “13.8kW, 3PH, 3W”)
b. Transformer Section:
1) Designation (e.g. “Transformer TR-A1").
2) Primary characteristics (e.g. “Primary: 13.8kV, 3PH, 3W”).
3) Secondary characteristics (e.g. “Secondary: 480Y/277V, 3PH, 4W”).
4) Power rating (e.g. “1500/2000 kVA AA/FA”).

C. Secondary breakers:

1) Designation (e.g. “Feeder Brkr. A-10”).
2) Load served (e.g. “Load served: PP-A2E”).

Panelboards:

a. Name of device as indicated on one-line diagram, voltage-phase, and area served
(example, “LPA, 208Y/120V-3d, First Floor Lighting”).
b. Equipment interior of enclosure door with a circuit directory frame, typewritten

card, and clear plastic cover. Directory shall identify load description for each
circuit, including spares. Hand lettering is not acceptable.

l. Apply designation labels of engraved plastic laminate for disconnect switches, breakers, push
buttons, pilot lights, motor control centers, and similar items for power distribution and control
components above, except panelboards and alarm/signal components where labeling is
specified elsewhere. For panelboards, provide typed circuit schedules with explicit description

26 0553
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and identification of items controlled by each individual breaker. Provide editable file for each
panel circuit index to owner.

Provide electrical riser diagrams for lighting and power distribution and fire alarm system.
Frame diagrams with lexan cover and mounted on the wall in the substation room. Prints shall
be of the diffusion transfer process to eliminate fading.

Workspace Indication: Install floor marking tape to show working clearances in the direction of
access to live parts. Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless
otherwise indicated. Do not install at flush-mounted panelboards and similar equipment in
finished spaces.

Emergency Operating Instruction Signs: Install instruction signs with white legend on a red
background with minimum 3/8-inch- high letters for emergency instructions at equipment used
for power transfer, load shedding and multiple services.

Equipment Identification Labels: Engraved plastic laminate. Install on each unit of equipment,
including central or master unit of each system. This includes power, lighting, communication,
signal, and alarm systems, unless units are specified with their own self-explanatory
identification. Unless otherwise indicated, provide a single line of text with 1/2-inch-(13-mm-)
high lettering on 1-1/2-inch-(38-mm-) high label; where two lines of text are required, use labels
2 inches(50 mm) high. Apply labels for each unit of the following categories of equipment using
mechanical fasteners:

Panelboards, electrical cabinets, and enclosures.
Access doors and panels for concealed electrical items.
Electrical switchgear and switchboards

Electrical substations.

Emergency system boxes and enclosures.
Motor-control centers.

Variable Frequency Drives.

Disconnect switches.

Enclosed circuit breakers.

10.  Motor starters.

11.  Push-button stations.

12.  Boiler shut-offs.

13.  Power transfer equipment.

14. Contactors.

15. Remote-controlled switches.

16. Dimmers.

17.  Control devices.

18. Transformers.

19. Power-generating units.

20. Clock/program master equipment.

21.  Fire alarm control panel.

22.  Security-monitoring master station or control panel.

CENITRAWON =

Label information arrangement for 3 lines of text.

1. Line two shall describe the first disconnecting means feeding this panel or equipment.
Line two example: “Fed from DP-XX,” “Fed from RP-XX,” etc.
2. Line three indicates that location of the disconnecting means as identified in line two.
IDENTIFICATION FOR ELECTRICAL SYSTEMS 26 0553

rev. July 2019



WMU Design Guidelines

Line three example: “First Floor Elect. Rm #XXX.”
3. Line four shall include “Via T-XX” when panel or equipment is fed from a transformer.

0. Examples:

RP-1A EF-1 LP-1A
FED FROM DP-1A FED FROM MCC-1A LOCATED IN
ELECTRICAL ROOM A100 MECHANICAL ROOM F101 ELECTRICAL ROOM A100
VIAT-1A

END OF SECTION 26 0553

26 0553 IDENTIFICATION FOR ELECTRICAL SYSTEMS
rev. July 2019

14




WMU Design Guidelines

WMU Design Guidelines Instructions: These guidelines are to be used by the Design Professional to
inform the design process and outline WMU-specific desires for all University projects. These guidelines
have been edited to reflect WMU preferences, and the intent is for the Design Professional to use this
information to guide their normal specifications-writing process. Straying from what is indicated in the
guidelines is not prohibited, but shall be discussed with WMU during the development of the project.

SECTION 26 0574 - OVERCURRENT PROTECTIVE DEVICE ARC FLASH STUDY

PART 1 - GENERAL

1.1

1.2

A.

SUMMARY

Section includes a computer-based, arc-flash study to determine the arc-flash hazard distance
and the incident energy to which personnel could be exposed during work on or near electrical
equipment.

ACTION SUBMITTALS

The short circuit, coordination, and overcurrent protective device arc flash studies shall be
submitted to the design engineer prior to receiving final approval of the distribution equipment
shop drawings and/or prior release of equipment drawings for manufacturing. If formal
completion of the studies may cause delay in equipment manufacturing, approval from the
engineer may be obtained for preliminary submittal of sufficient study data to ensure that the
selection of device and characteristics will be satisfactory. The study shall include multiple
scenarios including, but not limited to, power from each service, generator on/off, and fire pump
on/off.

The results of the short circuit, coordination, and overcurrent protective device arc flash study
shall be summarized in a final report. Two (2) bound copies of the complete final report shall be
submitted Additional copies shall be provided on CD in PDF format.

The report shall include:

1. Executive Summary.

2. Descriptions, purpose, basis and scope of the study.

3 Tabulations of circuit breaker, fuse and other protective device ratings versus calculated
short circuit duties.

4, Protective device time versus current coordination curves, tabulations of relay and circuit
breaker trip unit settings, fuse selection.
5. Fault current calculations including a definition of terms and guide for interpretations of

the computer printout.

Details of incident energy and flash protection boundary calculations.
Recommendations for system improvements, where needed.
One-Line Diagram.

All information described in part 2.

©ooN®

Provide Paladin v6.0 compatible packaged file with all associated breaker curves for owner
future use and editing on CD. File must be full complete editable Paladin model.

OVERCURRENT PROTECTIVE DEVICE ARC FLASH STUDY 26 0574
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1.3

A.

1.4

A.

B.

CLOSEOUT SUBMITTALS

Maintenance procedures according to requirements in NFPA 70E shall be provided in the
equipment manuals.

Operation and Maintenance Procedures: In addition to items specified in Section 01 7823
"Operation and Maintenance Data," provide maintenance procedures for use by Owner's
personnel that comply with requirements in NFPA 70E.

QUALITY ASSURANCE

Arc-Flash Study Specialist Qualifications: Professional engineer in charge of performing the
study, analyzing the arc flash, and documenting recommendations, licensed in the state where
Project is located. All elements of the study shall be performed under the direct supervision and
control of this professional engineer.

The contractor shall furnish short-circuit and protective device coordination studies as prepared
by one of the following acceptable firms:

1. TowerPinkster (Kalamazoo, MI) — (269) 343-6133

PART 2 - PRODUCTS

2.1

A.

B.

C.

2.2

A.

B.

C.

26 0574

COMPUTER SOFTWARE DEVELOPERS

Software Developers: Subject to compliance with requirements, available software developers
offering software that may be used for the Work include the following:

1. Power Analytics, Corporation. (Paladin)

Comply with IEEE 1584 and NFPA 70E.

Analytical features of device coordination study computer software program shall have the
capability to calculate mandatory features as listed in IEEE 399.

SHORT-CIRCUIT STUDY REPORT CONTENTS

Executive summary.

Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms,
and guide for interpretation of the computer printout.

One-line diagram, showing the following:

Protective device designations and ampere ratings.
Cable size and lengths.

Transformer kilovolt ampere (kVA) and voltage ratings.
Motor and generator designations and kVA ratings.

PN~
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5.

Switchgear, switchboard, motor-control center, and panelboard designations.

Comments and recommendations for system improvements, where needed.

Protective Device Evaluation:

1.
2.

3.

4.

Evaluate equipment and protective devices and compare to short-circuit ratings.
Tabulations of circuit breaker, fuse, and other protective device ratings versus calculated
short-circuit duties.

For 600-V overcurrent protective devices, ensure that interrupting ratings are equal to or
higher than calculated 1/2-cycle symmetrical fault current.

For devices and equipment rated for asymmetrical fault current, apply multiplication
factors listed in the standards to 1/2-cycle symmetrical fault current.

Short-Circuit Study Output:

1.

2.

3.

Low-Voltage Fault Report: Three-phase and unbalanced fault calculations, showing the
following for each overcurrent device location:

a. Voltage.

b. Calculated fault-current magnitude and angle.
C. Fault-point X/R ratio.

d. Equivalent impedance.

Momentary Duty Report: Three-phase and unbalanced fault calculations, showing the
following for each overcurrent device location:

Voltage.

Calculated symmetrical fault-current magnitude and angle.
Fault-point X/R ratio.

Calculated asymmetrical fault currents:

coop

1) Based on fault-point X/R ratio.
2) Based on calculated symmetrical value multiplied by 1.6.
3) Based on calculated symmetrical value multiplied by 2.7.

Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the
following for each overcurrent device location:

a. Voltage.

b. Calculated symmetrical fault-current magnitude and angle.

C. Fault-point X/R ratio.

d. No AC Decrement (NACD) ratio.

e. Equivalent impedance.

f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical

basis.

g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis.

OVERCURRENT PROTECTIVE DEVICE ARC FLASH STUDY 26 0574
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23 PROTECTIVE DEVICE COORDINATION STUDY REPORT CONTENTS

A. Executive summary.

B. Study descriptions, purpose, basis and scope. Include case descriptions, definition of terms and
guide for interpretation of the computer printout.

C. One-line diagram, showing the following:

arON =

Protective device designations and ampere ratings.

Cable size and lengths.

Transformer kilovolt ampere (kVA) and voltage ratings.

Motor and generator designations and kVA ratings.

Switchgear, switchboard, motor-control center, and panelboard designations.

D. Protective Device Coordination Study:

1.

Report recommended settings of protective devices, ready to be applied in the field. Use
manufacturer's data sheets for recording the recommended setting of overcurrent
protective devices when available.

a. Phase and Ground Relays:

1) Device tag.

2) Relay current transformer ratio and tap, time dial, and instantaneous pickup
value.

3) Recommendations on improved relaying systems, if applicable.

b. Circuit Breakers:
1) Adjustable pickups and time delays (long time, short time, ground).
2) Adjustable time-current characteristic.
3) Adjustable instantaneous pickup.
4) Recommendations on improved trip systems, if applicable.

C. Fuses: Show current rating, voltage, and class.

E. Time-Current Coordination Curves: Determine settings of overcurrent protective devices to
achieve selective coordination. Graphically illustrate that adequate time separation exists
between devices installed in series, including power utility company's upstream devices.
Prepare separate sets of curves for the switching schemes and for emergency periods where
the power source is local generation. Show the following information:

1.

2.

3.

26 0574
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Device tag and title, one-line diagram with legend identifying the portion of the system
covered.

Terminate device characteristic curves at a point reflecting maximum symmetrical or
asymmetrical fault current to which the device is exposed.

Identify the device associated with each curve by manufacturer type, function, and, if
applicable, tap, time delay, and instantaneous settings recommended.
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4. Plot the following listed characteristic curves, as applicable:
a. Power utility's overcurrent protective device.
b. Low-voltage fuses including manufacturer's minimum melt, total clearing,
tolerance, and damage bands.
C. Low-voltage equipment circuit-breaker trip devices, including manufacturer's
tolerance bands.
d. Transformer full-load current, magnetizing inrush current.
e. Conductor damage curves.
f. Ground-fault protective devices.
g. Pertinent motor starting characteristics and motor damage points, where
applicable.
h. Pertinent generator short-circuit decrement curve and generator damage point.
i. The largest feeder circuit breaker in each motor-control center and panelboard.
5. Provide adequate time margins between device characteristics such that selective
operation is achieved.
6. Comments and recommendations for system improvements.

ARC-FLASH STUDY REPORT CONTENT

Executive summary.

B. Study descriptions, purpose, basis and scope.

arON=

One-line diagram, showing the following:

Protective device designations and ampere ratings.

Cable size and lengths.

Transformer kilovolt ampere (kVA) and voltage ratings.

Motor and generator designations and kVA ratings.

Switchgear, switchboard, motor-control center and panelboard designations.

D. Study Input Data: As described in "Power System Data".

E. Arc-Flash Study Output:

1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the
following for each overcurrent device location:

a. Voltage.

b. Calculated symmetrical fault-current magnitude and angle.

C. Fault-point X/R ratio.

d. No AC Decrement (NACD) ratio — where applicable.

e. Equivalent impedance.

f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a symmetrical

basis.

g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis.

F. Incident Energy and Flash Protection Boundary Calculations:
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Arcing fault magnitude.

Protective device clearing time.

Duration of arc.

Arc-flash boundary.

Working distance.

Incident energy.

Hazard risk category.

Recommendations for arc-flash energy reduction.
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G. Fault study input data, case descriptions, and fault-current calculations including a definition of
terms and guide for interpretation of the computer printout.

2.5 ARC-FLASH WARNING LABELS

A. Comply with requirements in Section 26 0553 "ldentification for Electrical Systems." Produce a
3.5-by-5-inch thermal transfer label of high-adhesion polyester for each work location included
in the analysis.

B. The label shall have an orange header with the wording, "WARNING, ARC-FLASH HAZARD,"
and shall include the following information taken directly from the arc-flash hazard analysis:

Location designation.

Nominal voltage.

Flash protection boundary.

Hazard risk category.

Incident energy.

Working distance.

Engineering report number, revision number, and issue date.

Where level 4 labels are required label “DANGER — ARC-FLASH HAZARD”
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C. Labels shall be machine printed, with no field-applied markings.

D. Labels shall include Hazard Risk Category watermark in large print in the center of the label.

PART 3 - EXECUTION

3.1 EXAMINATION
A. Examine Project overcurrent protective device submittals. Proceed with short circuit,
coordination and arc-flash studies only after relevant equipment submittals have been
assembled. Overcurrent protective devices that have not been submitted and approved prior to
arc-flash study may not be used in study.
3.2 SHORT-CIRCUIT ANALYSIS

A. Perform study following the general study procedures contained in IEEE 399.

B. Calculate short-circuit currents according to IEEE 551.
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3.3

Base study on the device characteristics supplied by device manufacturer.
The extent of the electrical power system to be studied is indicated on Drawings.

Begin short-circuit current analysis at the service, extending down to the system overcurrent
protective devices as follows:

1. To normal system low-voltage load buses where fault current is 10 kA or less.

Study electrical distribution system from normal and alternate power sources throughout
electrical distribution system for Project. Study all cases of system-switching configurations and
alternate operations that could result in maximum fault conditions.

The calculations shall include the ac fault-current decay from induction motors. The calculations
shall also account for the fault-current dc decrement, to address the asymmetrical requirements
of the interrupting equipment.

1. For grounded systems, provide a bolted line-to-ground fault-current study for areas as
defined for the three-phase bolted fault short-circuit study.

Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault at each
of the following:

Electric utility's supply termination point.
Incoming switchgear.

Low-voltage switchgear.

Motor-control centers.

Control panels.

Automatic transfer switches.

Branch circuit panelboards.

Disconnect switches.

Variable Frequency Drives.
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PROTECTIVE DEVICE COORDINATION STUDY

Comply with IEEE 242 for calculating short-circuit currents and determining coordination time
intervals.

Comply with IEEE 399 for general study procedures.
The study shall be based on the device characteristics supplied by device manufacturer.

Begin analysis at the service, extending down to the system overcurrent protective devices as
follows:

1. To normal system low-voltage load buses where fault current is 10 kA or less.
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E.

3.4

26 0574

Study electrical distribution system from normal and alternate power sources throughout
electrical distribution system for Project. Study all cases of system-switching configurations and
alternate operations that could result in maximum fault conditions.

The calculations shall include the ac fault-current decay from induction motors. The calculations
shall also account for the fault-current dc decrement, to address the asymmetrical requirements
of the interrupting equipment.

1. For grounded systems, provide a bolted line-to-ground fault-current study for areas as
defined for the three-phase bolted fault short-circuit study.

Protective Device Evaluation:

1. Evaluate equipment and protective devices and compare to short-circuit ratings.

2. Adequacy of switchgear, motor-control centers, and panelboard bus bars to withstand
short-circuit stresses.

ARC-FLASH HAZARD ANALYSIS

Comply with NFPA 70E and its Annex D for hazard analysis study.

Calculate maximum and minimum contributions of fault-current size.

1. The minimum calculation shall assume that the utility contribution is at a minimum and
shall assume no motor load.
2. The maximum calculation shall assume a maximum contribution from the utility and shall

assume motors to be operating under full-load conditions.

Calculate the arc-flash protection boundary and incident energy at locations in the electrical
distribution system where personnel could perform work on energized parts.

Safe working distances shall be specified for calculated fault locations based on the calculated
arc-flash boundary, considering incident energy of 1.2 cal/sq.cm.

Incident energy calculations shall consider the accumulation of energy over time when
performing arc-flash calculations on buses with multiple sources. lterative calculations shall take
into account the changing current contributions, as the sources are interrupted or decremented
with time. Fault contribution from motors shall be decremented as follows:

1. Fault contribution from induction motors should not be considered beyond three to five
cycles.

Arc-flash computation shall include both line and load side of a circuit breaker as follows:

1. When the circuit breaker is in a separate enclosure.
2. When the line terminals of the circuit breaker are separate from the work location.

Base arc-flash calculations on actual overcurrent protective device clearing time. Cap maximum
clearing time at two seconds in accordance with IEEE 1584, Section B.1.2.

OVERCURRENT PROTECTIVE DEVICE ARC FLASH STUDY 8

rev. July 2019



WMU Design Guidelines

3.5

Where level 3 or level 4 incident levels are present due to maintaining coordination, provide
alternate recommended settings to lower arc flash hazard incident levels that may sacrifice
coordination. Hazard risk category shall be a maximum of 2 at distribution panels and
maximum of 1 at branch circuit panelboards.

POWER SYSTEM DATA

Obtain all data necessary for the conduct of the arc-flash hazard analysis.

1. Verify completeness of data supplied on the one-line diagram on Drawings. Call
discrepancies to the attention of Architect.
2. For new equipment, use characteristics submitted under the provisions of action

submittals and information submittals for this Project.
Electrical Survey Data: Gather and tabulate the following input data to support study.

1. Product Data for overcurrent protective devices specified in other Sections and involved
in overcurrent protective device coordination studies. Use equipment designation tags
that are consistent with electrical distribution system diagrams, over