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Project summary

These specifications provide the technical requirements and specifations for the components to
be employed in the Texas Backup Power Packages (TBPP). These components consist of, as a
minimum, the following:

Gaseous fueled (natural gas or propane) engine generator set in sound attenuated,
weatherproof enclosure

2. Battery Energy Storage System (BESS) in weatherproof enclosure
3. Photovoltaic Solar Modules
4. Fixed, ground mount, ballasted solar racking
5. Solar inverters
6. Solar Combiner Boxes
7. DC disconnects
8. AC Disconnects
9. Switchboards
10. Panelboards
11. Automatic Transfer Switches (ATS)
12. Cable Tray
13. Wire and Cable
14. Micro Grid controller
15. Metering
Design Basis

The design basis has been outlined as follows and provides design requirements overview and
intended operating sequences of the Texas Backup Power Packages (TBPP).

DESIGN REQUIREMENT'S

AW
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Genset fueled by natural gas or propane
Must use solar with batteries
Can use V2G with electric school buses
Must operate for 48 hours without refueling
a. Utilizing natural gas from existing underground pipelines is acceptable
b. Propane should be provided utilizing skid mounted tankage
Low cost operation
Easy to install and maintain
Operate only 1slanded with grid failure. NO GRID CONNECTION IS ALLOWED
Connect to Critical Facility (CF) main electric service through use of Automatic Transter



Switch
a. This provides for rapid transfer of power to BESS at time of grid failure
b. This transfer could be delayed to prevent rapid cycling in the event of short
interval intermittent grid failures
9. TBPPs are rated in a minimum of five AC kW output range capacities

a. 10kW

b. 25kW

c. 1O0OKW

d. 500kw

e. 1000kW
DESIGN ASSUMPTIONS

1. Upon grid failure there is to be no delay transfer to backup power bus
a. BESS to pick up Critical Facility load immediately
b. Genset to start after 10 second delay
2. Genset and BESS to share load
a. BESS kW rating to be 100% of anticipated CF kW rating with production
capacity sizing at 1 hour
1. 10kW TBPP-BESS = 10kW/10kWh
ii. 25kW TBPP — BESS = 25kW/25kWh
iii. 100kwW TBPP - BESS = 100kW/100kWh
iv. 500 kW BESS = 500kW/500kWh
v. 1000 kW BESS = 1000kW/1000kWh
b. Genset to be rated at 100% of TBPP Rating
¢. Consider load factor of site critical facility when sizing TBPP — to be determined
trom billing data when available; o’e use typical LF of 60%.
Propane will be for small TBPP only. NG for rest.

|F¥]

a. Provide propane piping connections to allow it CF has existing on site propane
storage that could be utilized
4. BPP components to be individually skid mounted
5. BPP components to be transportable over existing roads with flatbeds or other trucking.
6. All BPP components to be factory installed in individual containers, fully installed ready
for field interconnection, startup and use
7. Solar to be used for BESS charging in daytime and for genset auxiliary power
a. Solar kW sizing to be based on allowing BESS recharge during a 6 hour daylight
period. This equates to the solar size being 16% of the TBPP rating.
b. Example |: BESS rated at 1000kWh AC output.
1. DC/AC ratio=1.25
1. Solar size = (1000%1.25% 16) =200 kw DC



i, With 500w solar modules = 400 modules
iv. Space required assumes one module roughly needs 21.5 sf or for the tull
rating = 8600 sf. (this is approximately 46-50 average car parking spaces)
¢. Example 2: BESS rated at 25kWh
1. Solar size =25%1.25* 16 = SkW
ii. With 500w solar modules = 10 modules
iii.  Space required = 215 st (or approx 2 parking spaces)
8. Solar is to be designed for fixed tilt ground mount utilizing available existing lot space.
Small systems may utilize rooftop deployment.
9. Systems to be plug and play. This assumes components containers are within close
proximity to one another where premade cables can be placed in ground mounted
wireways and overhead cable trays and the containers plugged into one another.

EQUIPMENT (See TBPP report appendices for full list of approved vendors)
PV Modules

1.

2. Inverters - String
3. Gas Gensets

4. BESS

OPERATING SEQUENCES
A. NORMAL - GRID AVAILABLE
a. Grid operation is normal providing tull power to the site

b. TBPP is monitoring grid availability on a continuous basis
¢. BESS
1. connected to the solar through bi-directional inverter (BDI)
i1.  BESS on solar maintaining charge
i, no power is being furnished to the grid by the BESS for any reasen
d. GENSET
1. Not on the grid
1. Available on standby mode through automatic transfer switch (ATS)
e. SOLAR
1. Fixed tilt, ground mounted
ii.  Connected to the TBPP grid for on-site TBPP auxiliary power needs
1. Genset convenience outlets
Genset controls incl Remote Annunciator
TBPP container lighting
BESS charging/trickle charging
Genset battery charging
Genset container and engine coclant heating (winter thermostat)

A e



B. STORM ANTICIPATION
a. Thisis a MANUAL mode of operation that can be initiated if there is an
approaching storm that may result in electrical grid farlure.
b. This mode will switch the CF load over to the TBPP and cause the CF to go into
island operation
¢. Return to normal after the storm will be a manual operation as well.
C. GRID FAILURE (for any reason)
a. Operates islanded through operation of ATS
b. BESS and genset share CF load based on control programming
¢. BESS
1. ATS operates separating CF from grid
11.  Instantaneously picks up CF load in its entirety through BESS
. Mimimal power interuption to CF power services
d. GENSET
1. Signaled to start from ATS
11.  Generator output comes up to voltage and tfrequency
i, genset syncs to BESS grid
iv.  sync check signal gen circuit breaker to close
v.  genset on CF system within 10 seconds of grid failure
e. SOLAR
1. Continues to provide auxiliary power and BESS charging during
daylight hours
11.  Extends availability of BESS and helps reduce run time of genset
D. GRID RETURN TO NORMAL
a. (Genset gets shutdown signal, genset goes into cool down mode and turns off.
BESS remains powering CF until signaled to switch back to utility grid by ATS.
BESS maintains CF load during genset shut down cycle.
BESS verities sync with grid, then ATS recloses for grid to again provide power
to CF.
d. BESS returns off grid to charge mode

TBPP INSTALLATION REQUIREMENTS

The tollowing will be required in order to install a TBPP at any Critical Facility site:

A. FOUNDATIONS will be required at each CF site. See project plans.
a. Gensets
b. BESS
c. Solar
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d.
e.

Propane Tanks (If Required)
Switchgear/boards

TBPP CONTAINERS

a.
b.

Weatherproof — All, gensets, BESS, Switchgear/boards
Sound attenuated — All, gensets, BESS

PROPANE FUEL TANKS (IF REQUIRED)

Fuel piping

Tank, piping heaters

Regulators

Valving

Connection to genset fuel pipe train

NATURAL GAS FUEL PIPING (IF REQUIRED)

a.
b.
c.

d.
e.

Fuel piping

Tank, piping heaters

Regulators

Valving

Connection to genset fuel pipe train

CONTAINER INTERCONNECT CABLING
BPP POWER OUTPUT CABLING TO CRITICAL FACILITY
CRITICAL FACILITY SERVICE UPGRADES
COMMUNICATIONS WIRING
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§52.01 Fencing

B. Electrical Engineer:
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Responsible for the following specification sections:
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DOCUMENT 000115 - LIST OF DRAWING SHEETS

1.1

A

Procurement and Contracting Documents

LIST OF DRAWINGS

Drawings: Drawings consist of the Contract Drawings and other drawings listed on the Table of
Contents page of the separately bound drawing set titled “PUBLIC UTILITY COMMISION OF
TEXAS TEXAS BACKUP POWER PACKAGES FOR CRITICAL FACILITIES 100kW, dated

January 21, 2023, as modificd by subsequent Addenda and Contract modifications.

List of Drawings: Drawings consist of the following Contract Drawings and other drawings of

tvpe indicated:

TO.O1I TITLE SHEET

STRUCTURAL

50.01 STRUCTURAL SPECIFICATIONS 1
50.02 STRUCTURAL SPECIFICATIONS 2
S51.01 FOUNDATION

52.01 FENCING

ELECTRICAL

E1.01 LEGENDS AND ABBREVIATIONS
E1.02 GENERAL SPECIFICATIONS
E2.0]1 ONE LINE DIAGRAM

E2.02 AGGREGATION SWITCHBOARD
E3.01 TBPP LAYOQUT

E3.02 FOUNDATION PLAN

E3.03 SOLARLAYOUT

E3.04 SOLAR DETAILS

E4.01 NOT USED

E5.01 GROUNDING

E5.02 GROUNDING DETAILS

E6.01 ELECTRICAL SIGNAGE

END OF DOCUMENT 000115
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SECTION 014000 - QUALITY REQUIREMENTS

PART | - GENERAL

1.1

A,

1.2

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Scetions, apply to this Scction.

SUMMARY

Section includes administrative and procedural requirements for quality assurance and quality
control.

Testing and inspection scrvices arc required to verify compliance with requircments specified or
indicated. These services do not relieve Contractor of responsibility for compliance with the
Contract Document requircments.

L. Specific quality-assurance and quality-control requircments for individual work results arc
specified in their respective Specification Sections. Requirements in individual Sections
may also cover production of standard produets.

2. Specified tests, inspections, and related actions do not imit Contractor's other quality-

assurance and qualitv-control procedures that facilitate compliance with the Contract

Document requircments.

Requirements for Contractor to provide quality-assurance and quality-control services

required by Owner, Construction Manager, or authorities having jurisdiction are not limited

by provisions of this Scction.

4 Specific test and inspection requirements are not specified in this Section.

L

DEFINITIONS

Expecrienced: When used with an entity or individual, "expericnecd" unless otherwise further
described means having successfully completed a minimum of tive previous projects similar in
naturc, sizc, and cxtent to this Project; being familiar with special requirements indicated: and
having complicd with requircments of authoritics having jurisdiction.

Field Quality-Control Tests: Tests and inspections that are performed on-site for installation of
the Work and for complcted Work.

Installer/Applicator/Ercctor: Contractor or another entity engaged by Contractor as an cmplovec,
Subcontractor, or Sub-subcontractor, to perform a particular construction operation, including
installation, crection, application, assembly, and similar opcrations.

1, Use of trade-specific terminology in referring to a trade or entity does not require that
ccrtain construction activitics be performed by accredited or unionized individuals, or that
requirements specified apply cxelusively to specific trade(s).

QUALITY REQUIREMENTS 014000 - 1



1.4

Preconstruction Testing: Tests and inspections performed specifically for Project before products
and materials are incorporated into the Work, to verify performance or compliance with specified
criteria.

Product Tests: Tests and inspections that are performed by a nationally recognized testing
laboratory (NRTL) according to 29 CFR 1910.7, by a testing ageney accredited according to
NIST's National Voluntary Laboratory Acereditation Program (NVLAP), or by a testing ageney
qualified to conduct product testing and acceptable to authorities having jurisdiction, to establish
product performance and compliance with specified requircments.

Source Quality-Control Tests: Tests and inspections that arc performed at the source; for example,
plant, mill, factory, or shop.

Testing Agency: An cntity engaged to perform specific tests, inspections, or both. Testing
laboratory shall mcan the same as testing agency.

Qualitv-Assurance Services: Activities, actions, and procedures performed before and during
cxceution of the Work to guard against defects and deficiencics and substantiate that proposcd
construction will comply with requirements,

Qualitv-Control Services: Tests, inspections, procedures, and related actions during and after
cxceution of the Work to cvaluate that actual products incorporated into the Work and completed
construction comply with requirements, Contractor's quality-control services do not include
contract administration activities performed by Architect] or Construction Manager]|.

DELEGATED-DESIGN SERVICES

Performance and Design Criteria: Where professional design services or certifications by a design
professional arc specificallv required of Contractor by the Contract Documents, provide products
and systems complving with specific performance and design criteria indicated.

1, If criteria indicated are not sufficient to perform services or certification required, submit
a written request for additional information to Architect.

CONFLICTING REQUIREMENTS

Conflicting Standards and Other Requirements: If compliance with two or more standards or
requircments arc specified and the standards or requirements establish different or conflicting
requircments for minimum quantitics or quality levels, comply with the most stringent
requirement, Refer contlicting requirements that are different, but apparently equal, to Architect
for dircction before procecding.

Minimum Quantity or Quality Levels: The quantity or quality level shown or specified shall be
the minimum provided or performed. The actual installation mayv comply cxactly with the
minimum quantity or quality speeificd, or it may exceed the minimum within reasonable limits.
To comply with these requirements, indicated numeric values are minimum or maximum, as
appropriate, for the context of requircments. Refer unecrtaintics to Architcet for a decision before
proceeding,

QUALITY REQUIREMENTS 014000 -2



1.7

ACTION SUBMITTALS

Delegated-Desien Services Submittal: In addition to Shop Drawings, Product Data, and other
required submittals, submit a statement signed and scaled by the responsible design professional,
for each product and system specifically assigned to Contractor to be designed or certified by a
design professional, indicating that the products and systems arc in compliance with performance
and design criteria indicated. Include list of codes, loads, and other factors used in performing
these services.

INFORMATIONAL SUBMITTALS

Contractor's Quality-Control Plan: For quality-assurance and qualitv-control activitics and
responsibilities.

Qualification Data: For Contractor's quality-control personncl.

Contractor's Statement of Responsibility: When required by authoritics having jurisdiction,
submit copy of written statement of responsibility submitted to authorities having jurisdiction
before starting work on the following systems:

1, Seismic-force-resisting system, designated seismic system, or component listed in the
Statement of Special Inspections,

2. Main wind-force-resisting system or a wind-resisting component listed in the Statement of
Special Inspections.

Testing Agency Qualifications:; For testing agencies specified in "Quality Assurance" Article to
demonstrate their capabilitics and cxpericnce. Include proof of qualifications in the form of a
recent report on the inspection of the testing agency by a recognized authority.

Schedule of Tests and Inspections: Preparce in tabular form and include the following:

Specification Section number and title.

Entity responsible for performing tests and inspections.
Deseription of test and inspection.

Identification of applicable standards.

Identification of test and inspection methods.

Number of tests and inspections required.

Time schedule or time span for tests and inspections.
Requirements for obtaining samples.

Unique characteristics of cach quality-control service.

L O P

A el

Reports: Prepare and submit certified written reports and documents as specified.

Pcrmits, Licenscs, and Certificates: For Owner's record, submit copics of permits, licenscs,
certifications, inspection reports, rclcascs, jurisdictional scttlements, notices, receipts for fee
pavments, judements, correspondence, records, and similar documents established for
compliancc with standards and regulations bearing on performance of the Work.

QUALITY REQUIREMENTS 014000 -3



CONTRACTOR'S QUALITY-CONTROL PLAN

Quality-Control Plan, General: Submit quality-control plan within 10 days of Notice to Proceed,
and not less than five days prior to preconstruction conference. Submit in format acceptable to
Architect. Identify personnel. procedures, controls, instructions, tests, records, and forms to be
used to carry out Contractor's qualitv-assurance and quality-control responsibilitics. Coordinate
with Contractor's Construction Schedule.

Quality-Control Personnel Qualifications: Engage qualified personnel trained and experienced in
managing and cxccuting quality-assurance and quality-control procedurcs similar in naturc and
cxtent to those required for Project.

1, Project quality-control manager may also serve as Project superintendent

Submittal Procedure: Describe procedures for cnsuring compliance with requircments through
review and management of submittal proccss. Indicate qualifications of personnel responsible for
submittal review.

Testing and Inspection: In quality-control plan, include a comprchensive schedule of Work
requiring testing or inspection, including the following:

1, Contractor-performed tests and inspections including Subcontractor-performed tests and
inspections. Include required tests and inspections and Contractor-clected tests and
inspections, Distinguish source quality-control tests and inspections from field quality-
control tests and inspections.

2. Special inspections required by authoritics having jurisdiction and indicated on the
Statement of Special Inspections,
3. Owncr-performed tests and inspections indicated in the Contract Documents.

Continuous Inspeetion of Workmanship: Deseribe process for continuous inspection during
construction to identify and correct deficiencies in workmanship in addition to testing and
inspection specificd. Indicate types of corrcctive actions to be required to bring work into
compliancc with standards of workmanship cstablished by Contract requirements and approved
mockups.

Monitoring and Documentation: Maintain testing and inspection reports including log of
approved and rejected results. Include work Architect has indicated as nonconforming or
defective. Indicate corrective actions taken to bring nonconforming work into compliance with
requirements. Comply with requirements of authoritics having jurisdiction.

REPORTS AND DOCUMENTS

Test and Inspection Reports: Prepare and submit certified written reports specified in other
Scctions. Include the following:

Date of i1ssue.

1.

2. Project title and number.

3. Name, address, telephone number, and email address of testing agency.
4 Dates and locations of samples and tests or inspections,

3. Names of individuals making tests and inspections.

QUALITY REQUIREMENTS 014000 -4



1.10

6. Description of the Work and test and inspection method.

7. Identification of product and Specification Section.

3. Complete test or inspection data.

9. Test and inspection results and an interpretation of test results.

10.  Record of temperature and weather conditions at time of sample taking and testing and

inspection.

11, Comments or professional opinion on whether tested or inspected Work complies with the
Contract Document requircments.

12, Namc and signaturc of laboratory inspecctor.

13, Recommendations on retesting and reinspecting,

Manufacturer's Technical Represcntative's Ficld Reports: Prepare  written  information
documenting manufacturcr's technical representative's tests and inspections specified in other
Sections, Include the following:

L. Name, address, telephone number, and cmail address of technical representative making
report.
2. Statement on condition of substrates and their acceptability for installation of product,

3. Statement that products at Project sitc comply with requircments.

4 Summary of installation procedures being followed, whether they comply with
requirements and, it not, what corrective action was taken.

3. Results of operational and other tests and a statement of whether observed performance
complies with requirements.

0. Statement whether conditions, products, and installation will affect warranty.

7. Other required items indicated in individual Specification Scctions.

Factorv-Authorized Service Representative's Reports: Prepare written information documenting
manufacturcr's factory-authorized scrvice representative's tests and inspections specificd in other
Scctions. Include the following:

1. Name, address, telephone number, and email address of factorv-authorized service
representative making report.

2. Statement that equipment complics with requirements.

3 Results of operational and other tests and a statement of whether observed performance
complics with requircments.

4, Statement whether conditions, products, and installation will atfect warranty,

3. Other required items indicated in individual Specification Sections.

QUALITY ASSURANCE

General: Qualifications paragraphs in this article establish the minimum qualification levels
required; individual Specification Sections specify additional requirements.

Manufacturer Qualifications: A firm cxpericnced in manufacturing products or systems similar
to those indicated for this Project and with a record of successtul in-service performance, as well
as sufficient production capacity to produce required units. As applicable, procure products from
manufacturers able to meet qualification requirements, warranty requirements, and technical or
factorv-authorized service representative requirements.

QUALITY REQUIREMENTS 014000 -3



C. Fabricator Qualifications: A firm experienced in producing products similar to those indicated for
this Project and with a record of successful in-service performance, as well as sufficient
production capacity to produce required units.

D. Installer Qualifications: A firm or individual experienced in installing, erecting, applyving, or
asscmbling work similar in material, design, and cxtent to that indicated for this Projcet, whosc
work has resulted in construction with a record of sucecssful in-scrvice performance.

E. Professional Engineer Qualifications: A professional engineer who is legally qualified to practice
in jurisdiction wherc Project is located and who is experienced in providing cngincering services
of the kind indicated. Engincering scrvices arc defined as those performed for installations of the
svstem, assembly, or product that are similar in material, design, and extent to those indicated for
this Project.

F. Specialists: Certain Specification Scetions require that specific construction activitics shall be
performed by entities who are recognized experts in those operations. Specialists shall satisfy
qualification requirecments indicated and shall be engaged for the activitics indicated.

1, Requirements of authorities having jurisdiction shall supersede requirements for
specialists,

G, Testing Agency Qualifications: An NRTL, an NVLAP, or an independent agency with the
experience and capability to conduct testing and inspection indicated, as documented according
to |ASTM E 329| <Insert standard>; and with additional qualifications specitied in individual
Scctions; and, where required by authoritics having jurisdiction, that is acceptable to authoritics.

H.  Manufacturer's Technical Representative Qualifications: An authorized representative of
manufacturcr who is trained and approved by manufacturer to obscrve and inspect installation of
manufacturcr's products that arc similar in material, design, and extent to those indicated for this
Project.

L Factory-Authorized Scrviec Representative Qualifications: An authorized representative of
manufacturcr who is traincd and approved by manufacturer to inspeet installation of
manufacturer's products that are similar in material, design, and extent to those indicated for this
Project.

I Prcconstruction Testing: Where testing agency is indicated to perform preconstruction testing for
compliance with specified requirements for performance and test methods, comply with the

following:

1, Contractor responsibilities include the following:

a. Provide test specimens representative of proposed products and construction.

b. Submit spceimens in a timely manner with sufficient time for testing and analyzing
results to prevent delaying the Work,

c. Provide sizes and configurations of tcst assemblics, mockups, and laboratory

mockups to adequately demonstrate capability of products to comply with
performance requirements.

d. Build sitc-asscmbled test assemblics and mockups using installers who will perform
same tasks for Project.

QUALITY REQUIREMENTS 014000 -6



e. Build laboratory mockups at testing facility using personnel, products, and methods
of construction indicated for the completed Work,

f. When testing is complete, remove test speeimens and test asscmblics, do not reuse
products on Project.

Testing Agency Responsibilitics: Submit a certificd written report of cach test, inspection,
and similar quality-assurancc scrvice to Owner, through Construction Manager, with
copy to Contractor. Interpret tests and inspections and state in each report whether tested
and inspected work complics with or deviates from the Contract Documents.

L.11 QUALITY CONTROL

A.  Owner Responsibilities: Where quality-control services are indicated as Owner's responsibility,
Owncr will cngage a qualificd testing agency to perform these services.

L. Owncr will furnish Contractor with names, addresses, and telephone numbers of testing
agencies engaged and a description of tvpes of testing and inspection they are engaged to
perform.

2. Pavment for these services will be made from testing and inspection allowances, as
authorized by Change Orders.

3. Costs for retesting and reinspecting construction that replaces or is ncecssitated by work
that failed to comply with the Contract Documents will be charged to Contractor,

B.  Contractor Responsibilities: Tests and inspections not explicitly assigned to Owner are

Contractor's responsibility. Perform additional quality-control activitics, whether specified or not,
to verity and document that the Work complies with requirements.

1.

Lh

Unless otherwise indicated, provide quality-control scrvices specified and thosc required
by authoritics having jurisdiction. Perform quality-control services requircd of Contractor
by authorities having jurisdiction, whether specified or not.

Engagc a qualificd testing agency to perform qualitv-control scrviecs.

a. Contractor shall not cmploy samc entity engaged by Owner, unless agreed to in
writing by Owner.

Notify testing agencics at lcast 24 hours in advance of time when Work that requires testing
or inspection will be performed.

Where qualitv-control services are indicated as Contractor's responsibility, submit a
certified written report, in duplicate, of cach quality-control service.

Testing and inspection requested by Contractor and not required by the Contract
Documents are Contractor's responsibility,

Submit additional copics of cach written report dircetly to authoritics having jurisdiction,
when thev so direct.

C.  Retesting/Reinspecting: Regardless of whether original tests or inspections were Contractor's
responsibility, provide qualitv-control services, including retesting and reinspecting, for
construction that replaced Work that failed to comply with the Contract Documents,

D.  Testing Ageney Responsibilitics: Cooperate with Construction Manager, and Contractor in
performance of duties. Provide qualified personnel to perform required tests and inspections.

QUALITY REQUIREMENTS 014000 -7



1, Notity Construction Manager and Contractor promptly of irregularities or deficiencies
observed in the Work during performance of its services.

2. Dectermine the locations from which test samples will be taken and in which in-situ tests
are conducted.

3. Conduct and interpret tests and inspections and statc in cach report whether tested and
inspected work complics with or deviates from requircments.

4, Submit a certified written report, in duplicate, of each test, inspection, and similar quality-
control service through Contractor.

3. Do not releasc, revoke, alter, or increasc the Contract Document requircments or approve
or accept any portion of the Work.,

0. Do not perform dutics of Contractor.

E.  Manufacturcer's Ficld Services: Where indicated, cngage a factorv-authorized scrvice

representative to inspect field-assembled components and equipment installation, including
scrvice conncctions. Report results in writing as specified in Scetion 013300 "Submittal
Procedures.”

F. Manufacturer's Technical Services: Where indicated, engage a manufacturer's technical
representative to observe and inspect the Work. Manufacturer's technical representative's scrvices
include participation in preinstallation conferences, examination of substrates and conditions,
verification of materials, observation of Installer activities, inspection of completed portions of
the Work, and submittal of written reports.

G.  Associated Contractor Services: Cooperate with agencies and representatives performing required
tests, inspections, and similar qualityv-control services, and provide rcasonable auxiliary scrvices
as rcquested. Notify agency sufficiently in advance of opcrations to permit assignment of
personnel. Provide the following:

L. Access to the Work.

2. Incidental labor and facilitics necessary to facilitate tests and inspections.

3 Adequate quantities of representative samples of materials that require testing and
inspection. Assist agency in obtaining samples.

4. Facilitics for storage and ficld curing of test samplcs.

3. Delivery of samples to testing agencies,

0. Prcliminary design mix proposcd for use for material mixes that require control by testing
agency.

7. Security and protection for samples and for testing and inspection equipment at Project
sitc.

H.  Coordination: Coordinate sequence of activities to accommodate required quality-assurance and
quality-control services with a minimum of delav and to avoid necessity of removing and
replacing construction to accommodate testing and inspection.

1. Schedule times for tests, inspections, obtaining samples, and similar activities,
L Schedule of Tests and Inspections: Preparc a schedule of tests, inspections, and similar quality-

control services required by the Contract Documents, Coordinate and submit concurrently with
Contractor's Construction Schedule. Update as the Work progresses.
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1. Distribution: Distribute schedule to Owner, Construction Manager, testing agencies, and
each party involved in performance of portions of the Work where tests and inspections
arc required.

1.12 SPECIAL TESTS AND INSPECTIONS

A, Special Tests and Inspections: Engage a qualificd testing agency to conduct special tests and
inspections required by authoritics having jurisdiction as the responsibility of Owner, and as

follows:

L. Verifving that manufacturcer maintains detailed fabrication and quality-control procedurcs
and revicwing the completeness and adequacy of thosc procedures to perform the Work.

2. Notifving Construction Manager, and Contractor promptly of irregularities and
deficiencics obscrved in the Work during performance of its scrvices.

3. Submitting a certified written report of cach test, inspection, and similar quality -control
service through Construction Manager, with copy to Contractor and to authorities
having jurisdiction.

4, Submitting a final report of special tests and inspections at Substantial Completion, which
includes a list of unresolved deficiencies.

3. Interpreting tests and inspections and stating in cach report whether tested and inspected
work complies with or deviates from the Contract Documents.
6. Retesting and reinspecting corrected work.

PART 2 - PRODUCTS (Not Uscd)
PART 3 - EXECUTION

3.1 ACCEPTABLE TESTING AGENCIES

A, Testing agencics shall local, Texas based agencics approved by Owner or Owner’s represcntative.

32 TEST AND INSPECTION LOG
A, Test and Inspcetion Log: Preparc a record of tests and inspections. Include the following:
L. Datc test or inspection was conducted.
2. Description of the Work tested or inspected.
3. Datc test or inspection results were transmitted to Architcet.
4.

Identification of testing agency or special inspector conducting test or inspection.

B.  Maintain log at Project site. Post changes and revisions as thev occur. Provide access to test and
inspection log for Owner and Construction Manager's referenec during normal working hours.

1, Submit log at Project closeout as part of Project Record Documents.
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33 REPAIR AND PROTECTION

A, General: On completion of testing, inspection, sample taking, and similar services, repair
damaged construction and restore substrates and finishes.

1, Provide materials and comply with installation requirements specified in other
Specification Scetions or matching existing substrates and finishes. Restorc patched arcas
and extend restoration into adjoining arcas with durable scams that arc as invisible as
possible. Comply with the Contract Document requirements for cutting and patching in
Scetion 017300 "Exccution.”

B.  Protect construction cxposcd by or for quality-control service activitics.

C. Repair and protection are Contractor's responsibility, regardless of the assignment of
responsibility for quality-control scrvices.

END OF SECTION 014000
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SECTION 017823 - OPERATION AND MAINTENANCE DATA

PART | - GENERAL

1.1

A,

1.2

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Scetions, apply to this Scction.

SUMMARY

Section includes administrative and procedural requirements for preparing operation and
maintenance manuals, including the following:

L. Opecration and maintenance documentation dircctory manuals.
2. Emergency manuals.

3. Systems and cquipment opcration manuals.

4. Systems and cquipment maintenance manuals.

3. Product maintenance manuals,

DEFINITIONS

Svstermn: An orpanized collection of parts, equipment, or subsystems united by regular interaction.

Subsystem: A portion of a syvstem with characteristics similar to a svstem,

CLOSEOUT SUBMITTALS

Submit operation and maintenance manuals indicated. Provide content for each manual as
specified in individual Specification Sections, and as reviewed and approved at the time of
Scction submittals. Submit reviewed manual content formatted and organized as required by this
Section.

L. Owncr will comment on whether content of operation and maintenance submittals is
acceptable.
2. Where applicable, clarnfy and update reviewed manual content to correspond to revisions

and ficld conditions.

Format: Submit opcration and maintcnance manuals in the following format:

L. Submit on digital media acceptable to Owner. Enable rcviewer comments on draft
submittals.
2. Submit three paper copies, through Construction Manager who will return two copies.
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Initial Manual Submittal: Submit draft copy of each manual at least 30 dayvs before commencing
demonstration and training. Commissioning Authority will comment on whether general scope
and content of manual arc acceptable.

Final Manual Submittal: Submit each manual in final form prior to requesting inspection for
Substantial Complction and at lcast 15 days before commencing demonstration and training.
Commissioning Authority will return copy with comments.

1, Correct or revise each manual to comply with Commissioning Authority's comments.
Submit copics of cach corrceted manual within 15 days of receipt of Commissioning
Authority’s comments and prior to commencing demonstration and training..

FORMAT OF OPERATION AND MAINTENANCE MANUALS

Manuals, Elcetronic Files: Submit manuals in the form of a multiple filc compositc cleetronic
PDF filc for cach manual typc required.

1, Electronic Files: Use electronic files prepared by manufacturer where available. Where
scanning of papcr documents is required, configure scanned file for minimum readable file
517¢.

2. File Names and Bookmarks: Bookmark individual documents based on file names. Name
document filcs to correspond to system, subsvstem, and cquipment names used in manual
directory and table of contents. Group documents for cach svstem and subsvstem into
individual composite bookmarked files, then create composite manual, so that resulting
bookmarks rcflect the system, subsystem, and equipment names in a rcadily navigated file
tree. Configure electronic manual to display bookmark panel on opening file.

REQUIREMENTS FOR EMERGENCY, OPERATION, AND MAINTENANCE MANUALS

Organization of Manuals: Unlcss otherwise indicated, organize cach manual into a scparate
section for each system and subsystem, and a separate section for each piece of equipment not
part of a system. Each manual shall contain the following materials, in the order listed:

L. Titlc page.
2. Table of contents.
3. Manual contents.

Title Page: Include the following information:

Subject matter included in manual,

Name and address of Project.

Name and address of Owner.

Date of submittal.

Namc and contact information for Contractor.

Name and contact information for Construction Manager.
Namc and contact information for Architcct.

Name and contact information for Commissioning Authority,

b —
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1.8

9. Names and contact information for major consultants to the Architect that designed the
svstems contained in the manuals.
10.  Cross-reference to related svstems in other operation and maintenance manuals.

Table of Contents: List each product included in manual, identified by product name, indexed to
the content of the volume, and cross-referenced to Specification Scetion number in Project
Manual.

1. It operation or maintenance documentation requires more than one volume to
accommodatc data, include comprchensive table of contents for all volumes in cach volume
of the sct.

Manual Contents: Organize into sets of manageable size. Arrange contents alphabetically by
system, subsystem, and cquipment. If possible, assemble instructions for subsystems, cquipment,
and componcnts of one system into a single binder.

Identification: In the documentation directory and in each operation and maintenance manual,
identify cach system, subsvstem, and picee of cquipment with samc designation used in the
Contract Documents. If no designation exists, assign a designation according  to
ASHRAE Guideline 4, "Preparation of Operating and Maintenance Documentation for Building
Systems."

OPERATION AND MAINTENANCE DOCUMENTATION DIRECTORY MANUAL

Operation and Maintenance Documentation Directory: Prepare a separate manual that provides
an organized refercnce to cmergeney, operation, and maintcnance manuals. List items and their
location to facilitate ready access to desired information. Include the following:

L. List of Systems and Subsystems: List systems alphabcetically. Include referenecs to
opcration and maintcnance manuals that contain information about cach system.

2. List of Equipment: List equipment for each svstem, organized alphabetically by system.
For picces of cquipment not part of system, list alphabetically in scparate list.

3. Tables of Contents: Include a table of contents for cach cmergency, opcration, and

maintenance manual.

EMERGENCY MANUALS

Emcrgency Manual: Assemble a complete sct of cmergency information indicating proccdures
for use by emergency personnel and by Owner's operating personnel for types of emergencies
indicatcd.

Content: Organize manual into a separate section for each of the following:
1, Tvpe of emergency,

2. Emecrgency instructions.
3.

Emergency procedures.

Type of Emergency: Where applicable for cach tvpe of cmergency indicated below, include
instructions and procedures for each svstem, subsystem, piece of equipment, and component:
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Fire.

Flood.

Gas lcak.

Water leak.

Powecr failurc.

Watcr outage.

System, subsystem, or equipment failure.
Chemical releasc or spill.

P —
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Emecrgency Instructions: Describe and explain warnings, trouble indications, crror messages, and
similar codes and signals. Include responsibilities of Owner's operating personnel for notification
of Installer, supplicr, and manufacturcr to maintain warrantics.

Emecrgency Procedurcs: Include the following, as applicable:

Instructions on stopping.

1

2. Shutdown instructions for cach type of cmergency.

3 Operating instructions for conditions outside normal operating limits.
4, Required sequences for electric or electronic systems,

3. Special operating instructions and procedurcs.

SYSTEMS AND EQUIPMENT OPERATION MANUALS

Svstems and Equipment Operation Manual: Assemble a complete set of data indicating operation
of cach svstem, subsystem, and picee of cquipment not part of a system. Include information
required for daily operation and management, operating standards, and routine and special
opcrating proccdures.

L. Engagc a factorv-authorized scrvice represcntative to asscmble and prepare information
for each system, subsvstem, and piece of equipment not part of a svstem.
2. Prcparc a scparate manual for cach system and subsvstem, in the form of an instructional

manual for usc by Owner's operating personncl.

Content: In addition to requirements in this Section, include operation data required in individual
Specification Sections and the following information:

L. System, subsvstem, and cquipment deseriptions. Usc designations for svstems and
equipment indicated on Contract Documents,

Performance and design criteria if Contractor has delegated design responsibility.
Operating standards.

Operating procedures.

Opecrating logs.

Wiring diagrams,

Control diagrams.

Piped svstem diagrams,

9. Precautions against improper use.

10.  Licensc requircments including inspection and renewal dates.

PG
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Descriptions: Include the following:
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1, Product name and model number. Use designations for products indicated on Contract
Documents.

Manufacturer's namc.

Equipment identification with serial number of each component.

Equipment function.

Opecrating charactcristics.

Limiting conditions.

Performance curves.

Engincering data and tests.

Complete nomenclature and number of replacement parts.

e A el
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Opecrating Procedures: Include the following, as applicable:

Startup procedures.

Equipment or system break-in procedures.

Routine and normal opcrating instructions.
Regulation and control procedures.

Instructions on stopping.

Normal shutdown instructions.

Seasonal and weekend operating instructions.
Required sequences for electric or electronic systems.
Special operating instructions and procedurcs.

N R
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Systems and Equipment Controls: Describe the sequence of operation, and diagram controls as
installed.

Piped Svstems: Diagram piping as installed, and identifv color coding where required for
identification.

SYSTEMS AND EQUIPMENT MAINTENANCE MANUALS

Systems and Equipment Maintenanee Manuals: Asscmble a complete sct of data indicating
maintenance of each svstem, subsvstem, and piece of equipment not part of a svstem. Include
manufacturcrs’ maintenance documentation, preventive maintenance procedures and frequency,
repair proccdures, wiring and svstems diagrams, lists of sparc parts, and warranty information.

1, Engage a factorv-authorized service representative to assemble and prepare information
for cach system, subsystem, and picec of cquipment not part of a svstem.

2. Prepare a separate manual for each svstem and subsystem, in the form of an instructional
manual for use by Owner's operating personnel.

Content: For cach svstem, subsysten, and picec of cquipment not part of a svstem, include source
information, manufacturers’ maintenance documentation, maintenance procedures, maintenance
and service schedules, spare parts list and source information, maintenance service contracts, and
warranties and bonds as described below.,

Source Information: List each svstem, subsystem, and piece of equipment included in manual,
identificd by product name and arranged to match manual's table of contents. For cach product,
list name, address, and telephone number of Installer or supplier and maintenance service agent,
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and cross-reference Specification Section number and title in Project Manual and drawing or
schedule designation or identifier where applicable.

D.  Manufacturcrs' Maintenance Documentation: Include the following information for cach
component part or piece of equipment:

L. Standard maintcnance instructions and bullctins; include only sheets pertinent to product
or component installed. Mark cach sheet to identify cach product or component
incorporated into the Work. If data include more than one item in a tabular format, identify
cach itcm using appropriatc rcferences from the Contract Documents. Identify data
applicable to the Work and delete references to information not applicable.

a. Prepare supplementary text if manufacturers' standard printed data are not available
and where the information is nceessary for proper operation and maintenance of
cquipment or svstems.

2. Drawings, diagrams, and instructions required for maintenance, including disassembly and
component removal, replacement, and assembly.

Identification and nomenclature of parts and components.

4 List of items recommended to be stocked as spare parts.

L

E.  Maintcnance Procedurcs: Include the following information and items that detail cssential
maintenance procedures:

Test and inspection instructions.

1
2. Troubleshooting guide.
3 Precautions against improper maintenance,
4. Disasscmbly; component removal, repair, and replacement; and rcasscmbly instructions.
3. Aligning, adjusting, and checking instructions.
0. Demonstration and training video recording, if available.
F. Maintenance and Service Schedules: Include service and lubrication requircments, list of required

lubricants for cquipment, and scparatc schedules for preventive and routine maintenance and
service with standard time allotment.

L. Scheduled Maintenance and Scervice: Tabulate actions for daily, weckly, monthly,
quartcrly, semiannual, and annual frequencics.
2. Maintenance and Service Record: Include manufacturers' forms for recording maintenance.,

G.  Sparc Parts List and Source Information: Include lists of replacement and repair parts, with parts
identified and cross-referenced to manufacturers' maintenance documentation and local sources
of maintenance materials and related services.

H.  Maintcnance Scrviee Contracts: Include copics of maintenance agreements with name and
telephone number of service agent.

L Warrantics and Bonds: Include copics of warrantics and bonds and lists of circumstances and
conditions that would affect validity of warranties or bonds.

1, Include procedures to follow and required notifications for warranty claims.
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Drawings: Prepare drawings supplementing manufacturers’ printed data to illustrate the
relationship of component parts of equipment and systems and to illustrate control sequence and
flow diagrams. Coordinatc thesc drawings with information contained in record Drawings to
ensure correct illustration of completed installation,

L. Do not usc original project record documents as part of maintcnanec manuals.

PRODUCT MAINTENANCE MANUALS

Product Maintenance Manual: Assemble a complete set of maintenance data indicating care and
maintenance of cach product, material, and finish incorporated into the Work.

Content: Organize manual into a scparatc scetion for cach product, material, and finish. Include
source information, product information, maintenance procedures, repair materials and sources,
and warrantics and bonds, as described below.

Source Information: List cach product included in manual, identificd by product name and
arranged to match manual's table of contents. For each product, list name, address, and telephone
number of Installer or supplicr and maintenance scrvice agent, and cross-refercnec Specification
Section number and title in Project Manual and drawing or schedule designation or identifier
where applicable.

Product Information: Include the following, as applicable:

Product name and model number,

1

2. Manufacturer's name.

3. Color, pattcrn, and texture.

4 Material and chemical composition.

3. Reordering information for specially manufactured products.

Maintenance Procedures: Include manufacturer's written recommendations and the following:

Inspection procedures.

1

2. Types of cleaning agents to be used and mcethods of cleaning.

3. List of clcaning agents and methods of cleaning detrimental to product.
4, Schedule for routine cleaning and maintenance.

3. Repair instructions.

Repair Materials and Sources: Include lists of materials and local sources of materials and related
Services.

Warrantics and Bonds: Include copics of warrantics and bonds and lists of circumstances and
conditions that would affect validity of warranties or bonds.

1, Include procedures to follow and required notifications for warranty claims.

OPERATION AND MAINTENANCE DATA 017823 -7



PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION 017823
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SECTION 078413 - PENETRATION FIRESTOPPING

PART | - GENERAL

1.1 RELATED DOCUMENTS
A Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Scctions, apply to this Scetion.
1.2 SUMMARY
A, Section Includes:
Penctrations in fire-resistance-rated walls.

Pcnetrations in horizontal asscmblics.
Penetrations in smoke barriers.

L 2 =

13 PREINSTALLATION MEETINGS

A, Preinstallation Conference: Conduct conference at Project site.

1.4 ACTION SUBMITTALS
A, Produet Data: For cach type of product.

B. Product Schedule: For each penetration firestopping svstem. Include location, illustration of
firestopping svstem, and design designation of qualified testing and inspecting agency.,

L. Engincering Judgments: Where Project conditions require modification to a qualified
testing and inspecting agency's illustration for a particular penetration firestopping svstem,
submit illustration, with modifications marked, approved by penetration firestopping
system manufacturer's firc-protcction engincer as an cngincering judgment or cquivalent
fire-resistance-rated assembly. Obtain approval of authorities having jurisdiction prior to
submittal.

1.5 INFORMATIONAL SUBMITTALS
A, Qualification Data: For Installer.

B.  Product Test Reports: For cach penctration firestopping svstem, for tests performed by a qualified
testing agency.
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1.6

A,

1.7

A

1.8

A

B.

1.9

A,

B.

CLOSEOQUT SUBMITTALS

Installer Certificates: From Installer indicating that penetration firestopping svstems have been
installed in compliance with requirements and manufacturcr's written instructions.

QUALITY ASSURANCE

Installer Qualifications: A firm that has been approved by FM Global according to
FM Global 4991, "Approval of Fircstop Contractors,” or been cvaluated by UL and found to
comply with its "Qualified Firestop Contractor Program Requirements."

PROJECT CONDITIONS

Environmental Limitations: Do not install penetration fircstopping svstem when ambient or
substrate temperatures are outside limits permitted by penetration firestopping svstem
manufacturcrs or when substrates arc wet becausc of rain, frost, condensation, or other causes.
Install and curc penetration fircstopping materials per manufacturer's written instructions using
natural means of ventilations or, where this is inadequate, forced-air circulation,

COORDINATION

Coordinate construction of openings and penetrating items to ensure that penetration firestopping
systems can be installed according to specified firestopping svstem design.

Coordinatc sizing of slceves, openings, core-drilled holes, or cut openings to accommodate
penetration firestopping svstems.

PART 2 - PRODUCTS

2.1

A,

PERFORMANCE REQUIREMENTS
Fire-Test-Response Characteristics:

L. Perform penctration fircstopping svstem tests by a qualified testing agency aceeptable to
authoritics having jurisdiction.

2. Test per testing standards referenced in "Penetration Firestopping Svstems" Article.
Provide rated systems complying with the following requirements:

a. Penetration fircstopping svstems shall bear classification marking of a qualificd
testing agency.

1) UL inits "Firc Resistance Directory.”
2} Intertek Group in its "Directory of Listed Building Products.”
3)  FM Global in its "Building Matcrials Approval Guide."
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PENETRATION FIRESTOPPING SYSTEMS

Penetration Firestopping Svstems: Systems that resist spread of fire, passage of smoke and other
gascs, and maintain original firc-resistance rating of construction penctratcd. Penctration
firestopping svstems shall be compatible with one another, with the substrates forming openings,
and with penctrating itcms if any.

Penetrations in Firc-Resistance-Rated Walls: Penctration fircstopping svstems with ratings
determined per ASTM E 814 or UL 1479, based on testing at a positive pressure differential of
0.01-inch wg (2.49 Pa).

L. F-Rating: Not less than the firc-resistance rating of constructions penctrated.

Penetrations in Horizontal Assemblies: Penetration firestopping svstems with ratings determined
per ASTM E 814 or UL 1479, bascd on testing at a positive pressurce differential of 0.01-inch wg
(2.49 Pa).

1. F-Rating: At least one hour, but not less than the fire-resistance rating of constructions

penctrated.

2. T-Rating: At least one hour, but not less than the fire-resistance rating of constructions
penetrated except for floor penetrations within the cavity of a wall.

3. W-Rating: Providc penctration fircstopping svstems showing no cvidenee of water lcakage

when tested according to UL 1479,

Penetrations in Smoke Barriers: Penetration firestopping svstems with ratings determined per
UL 1479, bascd on testing at a positive pressure differential of 0.30-inch wg (74.7 Pa).

1, L-Rating: Not exceeding 3.0 c¢fm/sq. ft. (0.025 cu. m/s per sq. m) of penetration opening at
and no morce than 30-cfin (0.024-cu. m/s) cumulativc total for any 100 sq. ft. (9.3 sg. m) at
both ambicnt and clevated temperaturcs.

Exposed Penetration Firestopping Svstems: Flame-spread and smoke-developed indexes of less
than 23 and 450, respectively, per ASTM E 84,

Acccssorics: Provide components for cach penctration fircstopping system that arc needed to
install fill materials and to maintain ratings required. Use only those components specified by
penctration firestopping svstem manufacturer and approved by qualified testing and inspecting
agency for conditions indicatcd.

Permanent forming/damming/backing materials.

1

2. Substratc primers.
3 Collars.

4, Steel sleeves.
FILL MATERIALS

Cast-in-Place Firestop Devices: Factorv-assembled devices for use in cast-in-place concrete
floors and consisting of an outer sleeve lined with an intumescent strip, a flange attached to one
end of the sleeve for fastening to concrete formwork, and a neoprene gasket,
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I

A

Latex Sealants: Single-component latex formulations that do not re-emulsify after cure during
exposure to moisture.

Fircstop Devices: Factorv-asscmbled collars formed from galvanized stcel and lined with
intumescent material sized to fit specific diameter of penetrant.

Intumescent Compositc Sheets: Rigid pancls consisting of aluminum-foil-faced intumescent
clastomeric shect bonded to galvanized-stecl sheet.

Intumescent Putties: Nonhardening, water-resistant, intumescent putties containing no solvents
or inorganic fibers.

Intumescent Wrap Strips: Single-component intumescent clastomeric sheets with aluminum foil
on one side.

Mortars: Prepackaged drv mixcs consisting of a blend of inorganic binders, hydraulic cement,
fillers and lightweight aggregate formulated for mixing with water at Project sitc to form a
nonshrinking, homogeneous mortar,

Pillows/Bags: Rcusable heat-cxpanding pillows/bags consisting of glass-fiber cloth cascs filled
with a combination of mineral-fiber, water-insoluble expansion agents, and fire-retardant
additives. Where exposed, cover openings with steel-reinforcing wire mesh to protect
pillows/bags from being casily removed.

Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed, expand and
cure in place to produce a flexible, nonshrinking foam.

Siliconc Scalants: Single-component, silicone-based, ncutral-curing clastomcric scalants.

MIXING

Penetration Fircstopping Materials: For those products requiring mixing before application,
comply with penctration firestopping system manufacturcr's writtcn instructions for accurate
proportioning of materials, water (if required), tvpe of mixing equipment, selection of mixer
specds, mixing containers, mixing time, and other items or procedurcs needed to produce products
of uniform quality with optimum performance characteristics for application indicated.

PART 3 - EXECUTION

3.1

A

B.

EXAMINATION
Examine substrates and conditions, with Installer present, for compliance with requirements for
opening configurations, penetrating items, substrates, and other conditions affecting performance

of the Work.

Proceed with installation only after unsatistfactory conditions have been corrected.
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PREPARATION

Surface Cleaning: Before installing penetration firestopping svstems, clean out openings
immediatcly to comply with manufacturcr's written instructions and with the following
requirements:

L. Remove from surfaces of opening substrates and from penctrating items forcign matcrials
that could interferc with adhesion of penctration fircstopping materials.
2. Clean opening substrates and penetrating items to produce clean, sound surfaces capable

of devcloping optimum bond with penetration fircstopping materials. Remove loose
particles remaining from cleaning operation.
3. Remove laitance and form-release agents from concrete.

Primc substrates wherc recommended in writing by manufacturcr using that manufacturcr's
recommended products and methods. Confine primers to arcas of bond: do not allow spillage and
migration onto exposed surfaces.

INSTALLATION

General: Install penetration firestopping svstems to comply with manufacturer's written
installation instructions and published drawings for products and applications.

Install forming materials and other accessorics of types required to support fill matcrials during
their application and in the position needed to produce cross-sectional shapes and depths required

to achieve fire ratings,

L. After installing fill matcrials and allowing them to fully curc, remove combustible forming
materials and other accessories not forming permanent components of firestopping,

Install fill materials by proven techniques to produce the following results:

L. Fill voids and cavitics formed by openings, forming matcrials, accessorics and penctrating
items to achieve required fire-resistance ratings.
2. Apply materials so they contact and adhere to substrates formed by openings and

penctrating items.
For fill materials that will remain exposed after completing the Work, finish to produce
smooth, uniform surfaces that arc flush with adjoining finishes.

L

IDENTIFICATION

Wall Identification: Permanently label walls containing penetration firestopping svstems with the
words "FIRE AND/OR SMOKE BARRIER - PROTECT ALL OPENINGS," using lcttcring not
less than 3 inches (76 mm) high and with minimum 0.375-inch (9.5-mm) strokes.

1. Locate in accessible concealed floor, floor-ceiling, or attic space at 15 feet (4.57 m) from
cnd of wall and at intcrvals not cxeccding 30 fect (9.14 m).

Penetration Identification: Identity each penetration firestopping system with legible metal or
plastic labcls. Attach labels permanently to surfaces adjacent to and within 6 inches (150 mm) of
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penetration firestopping system edge so labels are visible to anvone seeking to remove penetrating
items or firestopping svstems. Use mechanical fasteners or self-adhering-type labels with
adhcsives capable of permancntly bonding labels to surfaces on which labels are placed. Include
the following information on labels:

L. The words "Warning - Penctration Fircstopping - Do Not Disturb. Notify Building
Management of Any Damage.”

2. Contractor's name, address, and phone number.

3. Designation of applicable testing and inspecting ageney.
4. Datc of installation.

3. Manufacturer's name,

6. Installer's name.

FIELD QUALITY CONTROL

Owner will engage a qualified testing agency to perform tests and inspections according to
ASTME 2174.

Where deficiencies are found or penetration firestopping svstem is damaged or removed because
of testing, repair or replace penetration firestopping system to comply with requirements.

Proceed with cnclosing penctration fircstopping systems with other construction only after
inspection reports are issued and installations comply with requirements.

CLEANING AND PROTECTION

Clcan off cxccss fill materials adjacent to openings as the Work progresscs by methods and with
cleaning materials that are approved in writing by penetration firestopping svstem manufacturers
and that do not damage materials in which openings occur.

Provide final protection and maintain conditions during and aftcr installation that cnsurc that
penetration firestopping svstems are without damage or deterioration at time of Substantial
Completion. If, despite such protection, damage or deterioration oceurs, immediately cut out and
remove damaged or detcriorated penctration fircstopping material and install new materials to
produce systems complyving with specified requirements.

PENETRATION FIRESTOPPING SYSTEM SCHEDULE

Where UL-classificd systems arc indicated, they refer to svstem numbers in UL's "Fire Resistance
Directory" under product Category XHEZ.,

Where Intertek Group-listcd systems arc indicated, they refer to design numbers in Intertck
Group's "Directory of Listed Building Products" under "Firestop Svstems "

Where FM Global-approved systems are indicated, thev refer to design numbers listed in FM
Global's "Building Materials Approval Guide" under "Wall and Floor Penctration Fire Stops.”

END OF SECTION 078413
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART | - GENERAL

1.1

A,

1.2

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Copper building wirc rated 600 V or less.

Aluminum building wirc rated 600 V or lcss.

Metal-clad cable, Tvpe MC, rated 600 V or less.

Armorcd cable, Tvpe AC, rated 600 V or less.
Photovoltaic cable, Tyvpe PV, rated 2000 V or less.
Mineral-insulated cable, Tvpe MI, rated 600 V or less.
Connccetors, splices, and terminations rated 600 V and less.

e I SRRV R SR PR N

Related Requirements:

L. Scction 260523 "Control-Voltage Elcctrical Power Cables” for control systems
communications cables and Classes 1, 2. and 3 control cables.

DEFINITIONS
PV: Photovoltaic.
RoHS: Restriction of Hazardous Substances.

VFC: Variable-frequency controller.

ACTION SUBMITTALS
Product Data: For each tvpe of product.

Product Schedule: Indicate type, usc, location, and termination locations.

INFORMATIONAL SUBMITTALS

Ficld quality-control reports.
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1.6 QUALITY ASSURANCE
A, Testing Agency Qualifications: Member company of NETA.

L. Testing Agency's Ficld Supervisor: Certified by NETA to supervise on-site testing.

PART 2 - PRODUCTS

2.1 COPPER BUILDING WIRE

A, Description: Flexible, insulated and uninsulated, drawn copper current-carrving conductor with
an overall insulation laver or jacket, or both, rated 600 V or less.

B. Standards:

L. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for
intended location and use.

2. RoHS compliant.

3. Conductor and Cable Marking: Comply with wirc and cable marking according to UL's
"Wire and Cable Marking and Application Guide "

C.  Conductors: Copper, complying with ASTM B 3 for barc anncaled copper and with ASTM B 8
for stranded conductors.

D. Conductor Insulation:

L. Type NM: Comply with UL 83 and UL 719.
2. Type USE-2 and Type SE: Comply with UL 834,
3. Tvpe TC-ER: Comply with NEMA WC 70/ICEA $-95-638 and UL 1277,
4. Typc THHN and Tvpc THWN-2: Comply with UL 83.
3. Type THW and Type THW-2: Comply with NEMA WC-70/ICEA §-953-658 and UL 83.
0. Typc UF: Comply with UL 83 and UL 493.
7. Type XHHW-2: Comply with UL 44.
22 ALUMINUM BUILDING WIRE

A, Aluminum building wirc shall not be used on this project.

23 METAL-CLAD CABLE, TYPE MC

A, Metal-clad cable shall not be required on this project.

2.4 ARMORED CABLE, TYPE AC

A, Armored cable shall not be required on this project.
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A,

B.

C.

D.

2.6

A

27

A,

B.

C.

PHOTOVOLTAIC CABLE, TYPE PV

Description: Flexible, insulated and uninsulated, drawn copper current-carrving conductor with
an overall insulation laver or jacket, or both, rated 2000 V.

Standards:

L. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for
mtended location and usc.

2. RoHS compliant.

3. Conductor and Cable Marking: Comply with wirc and cable marking according to UL's
"Wirc and Cable Marking and Application Guidc."

Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8
for stranded conductors.

Conductor Insulation: Comply with UL 44 and UL 4703,

MINERAL-INSULATED CABLE, TYPE MI

Mineral insulated cable shall not be required for this project.

CONNECTORS AND SPLICES

Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, matenial,
tvpe, and class for application and scrvice indicated; listed and labeled as defined in NFPA 70,
bv a qualified testing agency, and marked for intended location and use.

Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc die-cast with set screws,
designed to connect conductors specificd in this Scction.

Lugs: One piece, seamless, designed to terminate conductors specified in this Section.
Matcrial: Bronzc.

Type: Onc hole with standard barrcls.
Termination: Compression

L 2 =

PART 3 - EXECUTION

3.1

A,

B.

C.

CONDUCTOR MATERIAL APPLICATIONS
Feeders: Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

Fecders: Copper for foeders smaller than No. 4 AWG; copper for feeders No. 4 AWG and larger.
Conductors shall be solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
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Branch Circuits: Copper. Solid for No. 12 AWG and smaller; stranded for No. 10 AWG and
larger.

VFC Output Circuits Cablc: Extra-flexible stranded for all sizes.

Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller.

PV Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND
WIRING METHODS

Service Entrance: Type XHHW-2, singlc conductors in raccway or Tvpe USE, singlc conductor
in raccway.

Exposed Feeders: Type XHHW-2_ single conductors in raceway

Fecders Conccaled in Ceilings, Walls, Partitions, and Crawlspaces: Tvpe THHN/THWN-2,
single conductors in raccway

Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Tvpe XHHW-2_ single
conductors in raccway.

Feeders in Cable Tray Type XHHW -2, single conductors larger than No. 1/0

Exposed Branch Circuits, Including in Crawlspaces: Type THHN/THWN-2, single conductors in
raccway.

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

Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground: Tvpe XHHW-
2, single conductors in raceway.

Branch Circuits in Cable Trayv: Type THHN/THWN-2, singlc conductors in raccway and
Type XHHW-2, singlc conductors larger than No. 1/0 .

PV Circuits: Type PV for all PV source circuits rated at 600 through 2000 V.

INSTALLATION OF CONDUCTORS AND CABLES
Conccal cables in finished walls, ccilings, and floors unless otherwise indicated.

Complete raceway installation between conductor and cable termination points according to
Scction 260533 "Raccways and Boxes for Elcetrical Systems” prior to pulling conductors and
cables.

Use manufacturcr-approved pulling compound or lubricant where neecssary: compound used
must not deteriorate conductor or insulation. Do not cxeced manufacturcr's recommended
maximum pulling tensions and sidewall pressure values.
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3.6

3.7

38

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

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

Support cables according to Scetion 260329 "Hangers and Supports for Elcctrical Systems.”
Complete cable tray svstems installation according to Section 260336 "Cable Trays for Elcctrical
Svstems" prior to installing conductors and cables.

CONNECTIONS

Tighten clectrical conncctors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in

UL 486A-486B.

Make splices, terminations, and taps that arc compatible with conductor matcrial and that possess
equivalent or better mechanical strength and insulation ratings than unspliced conductors.

Wiring at Qutlets: Install conductor at cach outlet, with at lcast 6 inches (150 mm) of slack.

IDENTIFICATION

Identify and color-code conductors and cables according to Section 260353 "Identification for
Elcctrical Svstems.”

Identify each spare conductor at each end with identity number and location of other end of
conductor, and identity as spare conductor.
SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS

Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply with
requircments in Scction 260544 "Sleeves and Slecve Scals for Electrical Raceways and Cabling.”

FIRESTOPPING

Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore
original firc-resistance rating of assembly according to Scction 078413  "Penetration
Fircstopping.”

FIELD QUALITY CONTROL

Testing Agency: Owner will engage a qualified testing agencey to perform tests and inspections.

Testing Agency: Engage a qualified testing agency to perform tests and inspections.
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C.  Manufacturer's Field Service: Engage a factorv-authorized service representative to test and
inspect components, assemblies, and equipment installations, including connections,

D.  Perform tests and inspections with the assistance of a factory-authorized service
representative.
L. After installing conductors and cables and before clectrical circuitry has been energized,
test service entrance and feeder conductors and conductors feeding the following
critical equipment and services for compliance with requirements:

a.
b.
c.
d

C.

intcreonncet wiring between gensct and switchboard

intcreconncct wiring between BESS and switchboard

interconnect wiring between solar inverters and switchboard

solar string wiring between solar modules and combiner boxes and/or junction/pull
boxes

other interconnect wiring between components of TBPP.

2. Perform cach of the following visual and clectrical tests:

a.

b.

A

8.
h.

Inspect exposed sections of conductor and cable for physical damage and correct
connection according to the single-line diagram.
Test bolted connections for high resistance using one of the following:

1) A low-resistance chmmeter.
2) Calibrated torque wrench.
3)  Thermographic survcy.

Inspect compression-applied connectors for correct cable match and indentation,
Inspeet for correct identification.

Inspecet cable jacket and condition.

Insulation-resistance test on each conductor for ground and adjacent conductors.
Apply a potential of 500-V dc for 300-V rated cablc and 1000-V de for 600-V rated
cable for a one-minutc duration.

Contimuity test on ¢ach conductor and cable.

Uniform resistance of parallel conductors.

3. Initial Infrared Scanning: After Substantial Completion, but before Final Acceptance,
perform an infrared scan of each splice in conductors No. 3 AWG and larger. Remove box
and cquipment covers so splices arc acecssible to portable scanner. Correct deficiencics
determined during the scan.

a.

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

Record of Infrared Scanning: Prepare a certified report that identifies switches
checked and that describes scanning results. Include notation of deficiencics
detected, remedial action taken, and observations after remedial action.

4. Follow-up Infrarcd Scanning: Perform an additional follow-up infrared scan of cach switch
11 months after date of Substantial Completion,

E. Cables will be considered defective if thev do not pass tests and inspections,
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F. Prepare test and inspection reports to record the following:

Procedures used.

1
2. Results that comply with requircments.
3 Results that do not comply with requirements, and corrective action taken to achieve
compliance with requircments.
END OF SECTION 260519
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SECTION 260523 - CONTROL-VOLTAGE ELECTRICAL POWER CABLES

PART | - GENERAL

1.1

A,

1.2

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

L. Backboards.

2. Catcgory Sc twisted pair cable.
3. Cateeory 6 twisted pair cable.
4. Catcgory 6a twisted pair cable.
3. Twisted pair cabling hardware.
0. RS-485 cabling.

7. Low-voltage control cabling.
8. Control-circuit conductors.

9. Identification products.
DEFINITIONS

EMI: Electromagnetic interference,

Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 30 V or
for remote-control and signaling power-limited circuits.

Plenum: A space forming part of the air distribution system to which one or more air ducts are
connceted. An air duct is a passageway, other than a plenum, for transporting air to or from

heating, ventilating, or air-conditioning cquipment.

RCDD: Registered Communications Distribution Designer.

ACTION SUBMITTALS

Product Data: For cach type of product.

INFORMATIONAL SUBMITTALS

Qualification Data: For testing agency, RCDD, lavout technician, installation supcrvisor, and
field inspector.
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B.  Source qualitv-control reports.

C.  Field qualitv-control reports.

1.6 QUALITY ASSURANCE
A, Testing Agency Qualifications: Accredited by NETA.
L. Testing Agency's Ficld Supervisor: Currently certified by BICST as an RCDD to supervisc
on-site testing.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

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

B.  Flame Travel and Smokc Density in Plenums: As determined by testing identical products
according to NFPA 262, by a qualificd testing agency. Identify products for installation in
plenums with appropriate markings of applicable testing agency.

1. Flamc Travel Distance: 60 inches (1520 mm) or less.
2. Peak Optical Smoke Density: (0.5 or less.
3 Average Optical Smoke Density: 0.15 or less.

C.  Flamc Travel and Smoke Density for Riscr Cables in Non-Plenum Building Spaces: As
determined by testing identical products according to UL 1666,

D.  Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum
Building Spaces: As determined by testing identical products according to UL 1683,

E. RoHS compliant.

2.2 BACKBOARDS

A, Description: Plvwood, fire-retardant treated, 3/4 by 48 by 96 inchcs (19 by 1220 by 2440 mm).
Comply with requirements for plywood backing panels in Section 061000 "Rough Carpentry."

B.  Painting: Paint plvwood on all sides and cdges with eggshell, latex paint. Comply with
requircments in Section 099123 "Interior Painting."
23 CATEGORY 53¢ TWISTED PAIR CABLE

A, Description: Four-pair, balanced-twisted pair cable, certified to mect transmission characteristics
of Category 3¢ cable at frequencies up to 100 MHz,
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2.6

w

o 0

w

o o

Standard: Comply with ICEA §-90-661, NEMA WC 63.1, and TIA-568-C.2 for Category Se
cables.

Conductors: 100-ohm, 24 AWG solid copper.
Shielding/Screening: Shielded twisted pairs (FTP
Cable Rating: Riser

Jacket: Gray thermoplastic.

CATEGORY 6 TWISTED PAIR CABLE

Deseription: Four-pair, balanced-twisted pair cable, certified to mect transmission characteristics
of Catcgory 6 cablc at frequencics up to 250MHz.

Standard: Comply with NEMA WC 66/ICEA $-116-732 and TIA-568-C.2 for Category 6 cables.
Conductors: 100-ohm, 23 AWG solid copper.

Shiclding/Screening: Shielded twisted pairs (FTP)

Cable Rating: Riser.

Jacket: Yellow thermoplastic.

CATEGORY 6a TWISTED PAIR CABLE

Description: Four-pair, balanced-twisted pair cable, certified to meet transmission characteristics
of Catcgory 6a cable at frequencics up to S00MHz.

Standard: Comply with TIA-368-C .2 for Category 6a cables.
Conductors: 100-ohm, 23 AWG solid copper.
Shiclding/Screening: Shielded twisted pairs (FTP)

Cable Rating: Riser.

Jacket: Blue thermoplastic.

TWISTED PAIR CABLE HARDWARE

Description: Hardware designed to connect, splice, and terminate twisted pair copper
communications cablc.

General Requirements for Twisted Pair Cable Hardware:

L. Comply with the performance requirements of Category Se, Category 6, Category 6a.
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2. Comply with TIA-368-C.2, IDC tvpe, with modules designed for punch-down caps or
tools.
3. Cables shall be terminated with connecting hardwarc of same catcgory or higher.

C.  Source Limitations: Obtain twisted pair cable hardware from single source from single
manufacturer.

D.  Connccting Blocks: 110-style IDC for Category Se, 110-style IDC for Category 6. Providc
blocks for the number of cables terminated on the block, plus 25 percent spare, integral with
conncetor bodics, including plugs and jacks where indicated.

E. Cross-Conncet: Modular array of connccting blocks arranged to terminate building cables and
permit interconnection between cables.

L. Number of Terminals per Field: One for cach conductor in assigned cables.

F. Patch Pancl: Modular pancls housing numbcred jack units with IDC-type conncetors at cach jack
location for permanent termination of pair groups of installed cables,

L. Featurcs:

a. Universal T568A and T368B wiring labels.

b. Labeling areas adjacent to conductors.

c. Replaccable conncctors.

d. 24 or 48 ports.
2. Construction: 16-gauge steel and mountable on 19-inch (483 mm) equipment racks.
3. Number of Jacks per Ficld: Onc for cach four-pair cable indicated.

G, Patch Cords: Factorv-made, four-pair cables in 48-inch (1200-mm) lengths; terminated with an
cight-position modular plug at cach cnd.

L. Patch cords shall have bend-relicf-compliant boots and color-coded icons to ensurc
performance. Patch cords shall have latch guards to protect against snagging,
2. Patch cords shall have color-coded boots for circuit identification.

H.  Plugs and Plug Asscmblics:

1, Male; eight position; color-coded modular telecommunications connector designed for
termination of a single four-pair 100-ohm unshiclded or shiclded twisted pair cable.

2. Comply with IEC 60603-7-1, IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, and
IEC 60603-7 5.

3. Marked to indicate transmission performancc.

. Jacks and Jack Assemblies:
L. Female: cight position; modular; fixed telecommunications conncctor designed for
termination of a single four-pair 100-ohm unshiclded or shiclded twisted pair cable.

2. Designed to snap-in to a patch panel or faceplate.
3. Standards:
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a. Category 3¢, unshielded twisted pair cable shall comply with [EC 60603-7-2.
b. Category Se, shielded twisted pair cable shall comply with IEC 60603-7-3
c. Category 6, unshiclded twisted pair cable shall comply with IEC 60603-7-4.
d. Category 0, shielded twisted pair cable shall comply with IEC 60603-7.5.
C. Catcgory 6a, unshiclded twisted pair cable shall comply with TEC 60603-7-41.
f. Catcgory 6a, shiclded twisted pair cable shall comply with IEC 60603-7.51.
4, Marked to indicate transmission performance.
Faccplate:
L. Four port, vertical single-gang faceplates designed to mount to single-gang wall boxes.
2. Plastic Faceplate: High-impact plastic. Coordinate color with Section 262726 "Wiring
Devices.”
3. Mctal Facceplate: Stainless steel, complving with requircments in Scction 262726 "Wiring
Devices."
4. For usc with snap-in jacks accommodating any combination of twisted pair, optical fiber,

and coaxial work area cords.

a. Flush mounting jacks, positioning the cord at a 45-degree angle.
Legend:
1. Machine printed, in the field, using adhesive-tape label.
2. Snap-in, clear-label covers and machine-printed paper inserts.
TWIN-AXIAL DATA HIGHWAY CABLE

Standard Cable: NFPA 70, Type CM.

L. Paircd, 4 pairs, No. 20 AWG, stranded 7x28 tinned-copper conductors.

2. Polvpropylene insulation.

3 Individual aluminum foil-polvester tape shielded pairs with 100 percent shield coverage.

4. PVC jacket.

3. Pairs arc cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain
wire,

0. Flamc Resistance: Comply with UL 1683.
Plenum-Rated Cable: NFPA 70, Tvpe CMP.

Paired, 4 pairs, No. 20 AWG, stranded 7x28 tinned-copper conductors,

1,

2. Plastic insulation.

3 Individual aluminum foil-polvester tape shielded pairs with 100 percent shield coverage.

4, Plastic jacket.

3. Pairs arc cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain
wire.,

0. Flamc Resistance: Comply with NFPA 262.
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A,

2.9

A

2.10

A,

B.

C.
2.11
A,
B.
C.

D.

RS-485 CABLE

Standard Cable: NFPA 70, Type CMG.

1. Paircd, two pairs, twisted, No. 22 AWG, stranded (7x30) tinned-copper conductors.
2. PV insulation,

3. Unshiclded.

4. PVC jacket.

3. Flame Resistance: Comply with UL 1685,

LOW-VOLTAGE CONTROL CABLE
Paircd Cable: NFPA 70, Type CMG.

Two pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors.

1.

2. PV insulation.
3. Unshiclded.

4, PVC jacket.

LN

Flamc Resistance: Comply with UL 1683.

CONTROL-CIRCUIT CONDUCTORS

Class 1 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in
raceway or Type XHHW-2, complying with UL 44 in raceway or Type TC, complying with
UL 1277 in raceway.

Class 2 Control Circuits: Stranded copper, Type THHN/THWN-2, complying with UL 83 in
raceway or Type XHHW-2, complying with UL 44 in raceway.

Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN/THWN-2,
complying with UL 83 in raceway or Type XHHW-2, complying with UL 44 in raceway.
SOURCE QUALITY CONTROL

Testing Agency Engage a qualified testing agency to evaluate cables.

Factory test twisted pair cables according to TIA-368-C 2.

Cable will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

PART 3 - EXECUTION

i)

3.1

A

EXAMINATION

Test cables on receipt at Project site.
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Test each pair of twisted pair cable for open and short circuits.

3.2 INSTALLATION OF RACEWAYS AND BOXES

A, Comply with requircments in Scction 260533 "Raceways and Boxes for Electrical Systems” for
raceway selection and installation requirements for boxes, conduits, and wireways as
supplemented or modificd in this Scetion.

1.

2.

3.

Outlet boxes shall be no smaller than 2 inches (50 mm) wide, 3 inches (75 mm) high, and
2-1/2 inches (64 mm) deep.

Outlct boxes for cables shall be no smaller than 4 inches (102 mm) squarc 2-1/8 inches (53
mm) deep with cxtension ring sized to bring edge of ring to within 1/8 inch (3.1 mm) of
the finished wall surface.

Flexible metal conduit shall not be used.

B.  Comply with TIA-369-D for pull-box sizing and length of conduit and number of bends between
pull points,

C.  Install manufacturcd conduit sweeps and long-radius clbows if possible.

D.  Raceway Installation in Equipment Rooms:

bl

LN

Position conduit ends adjacent to a comer on backboard if a single piece of plywood is
installed, or in the corner of the room if multiple shects of plvwood arc installed around
perimeter walls of the room.

Install cable trayvs to route cables if conduits cannot be located in these positions.

Sccure conduits to backboard if entering the room from overhcad.

Extend conduits 3 inches (75 mm) above finished floor.

Install metal conduits with grounding bushings and conncet with grounding conductor to
grounding systcm.

E. Backboards: Install backboards with 96-inch (2440-mm) dimension vertical. Butt adjacent sheets
tightly and form smooth gap-free comers and joints.

33 INSTALLATION OF CONDUCTORS AND CABLES

A, Comply with NECA 1.

B.  General Requirements for Cabling:

L.
2.
3.

LN

Comply with TIA-368-C Scrics of standards.

Comply with BICSI ITSIMM, Ch. 3, "Copper Structured Cabling Systems."

Terminate all conductors; no cable shall contain unterminated clements. Make terminations
only at indicated outlets, terminals, and cross-connect and patch panels.

Cables may not be spliced.

Sccure and support cables at intcrvals not execeding 30 inches (760 mm) and not more than
6 inches (130 mm) from cabinets, boxes, fittings, outlets, racks, frames, and terminals.
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9.

10.
11.

Bundle, lace, and train conductors to terminal points without exceeding manufacturer's
limitations on bending radii, but not less than radii specified in BICSIITSIMM, Ch. 3,
"Copper Structured Cabling Svstems." Install lacing bars and distribution spools.

Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable
bctween termination, tap, or junction points. Remove and discard cable if damaged during
installation and replace it with new cable.

Cold-Weather Installation: Bring cable to room temperature before dereeling. Do not use
heat lamps for heating.

Pulling Cablc: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Svstems."
Monitor cable pull tensions.

Support: Do not allow cables to lic on removable ceiling tiles.

Sccure: Fasten sceurcly in place with hardware specificallv designed and installed so as to
not damage cables,

C. Twisted Pair Cable Installation:

1.
2.
3.

Comply with TIA-368-C.2.

Install termination hardware.

Do not untwist UTP cables more than 1/2 inch {12 mm) at the point of termination to
maintain cable peometry.

D. Installation of Control-Circuit Conductors:

1.

Install wiring in racewavs. Comply with requircments specified in Section 260533
"Raceways and Boxes for Electrical Svstems."

E. Open-Cable Installation:

1.

L

Install cabling with horizontal and vertical cable guides in teleccomniunications spaccs with
terminating hardware and interconnection equipment,

Suspend copper cable not in a wircway or pathway a minimum of 8 inches (200 mm) above
ccilings by cable supports not morc than 30 inches (760 mm) apart.

Cable shall not be run through or on structural members or in contact with pipes, ducts, or
other potentially damaging items. Do not run cables between structural members and
corrugated pancls.

F. Installation of Cable Routed Exposed under Raised Floors:

R

Install plenum-rated cablc only.

Install cabling after the flooring system has been installed in raised floor areas.

Below each feed point, neatly coil a minimum of 72 inches (1830 mm) of cable in a coil
not lcss than 12 inches (305 mm) in diameter.

G.  Separation from EMI Sources:

1.

Comply with BICSI TDMM and TTA-569-D recommendations for scparating unshiclded
copper voice and data communications cable from potential EMI sources including
electrical power lines and equipment.

Scparation between open communications cables or cables in nonmetallic raccways and
unshielded power conductors and electrical equipment shall be as follows:
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Electrical Equipment or Circuit Rating Less Than 2 kVA: A mimimum of 5 inches
(127 mm).

Elcctrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 12
inches (303 mm),

Elcctrical Equipment or Circuit Rating Morc Than 5 kVA: A minimum of 24 inches
(600 mm).

Separation between communications cables in grounded metallic raceways and unshielded
power lincs or clectrical equipment shall be as follows:

a.

b.

Elcctrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 2-1/2
inches (64 mm).

Elcctrical Equipment or Circuit Rating between 2 and 5 kKVA: A minimum of 6
inches (150 mm).

Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 12 inches
(305 mm).

Separation between communications cables in grounded metallic raceways and power lines
and electrical equipment located in grounded metallic conduits or enclosures shall be as

follows:
a. Electrical Equipment or Circuit Rating Less Than 2 kVA: No requirement,
b. Electrical Equipment or Circuit Rating between 2 and 3 kVA: A minimum of 3

inches (75 mm).
Electrical Equipment or Circuit Rating More Than 3 kVA: A minimum of 6 inches
(150 mm).

Scparation between Communications Cables and Elcctrical Motors and Transformers, 5
kVA or 3 HP and Larger: A minimum of 48 inches (1200 mm).

Scparation between Communications Cables and Fluorcscent Fixtures: A minimum of 3
inches (127 mm).

REMOVAL OF CONDUCTORS AND CABLES

Remove abandoned conductors and cables. Abandonced conductors and cables arc those installed
that arc not terminated at cquipment and arc not identified with a tag for future usc.

CONTROL-CIRCUIT CONDUCTORS

Minimum Conductor Sizcs:

1.
2.
3.

Class 1 remote-control and signal circuits; No 14 AWG.
Class 2 low-energy, remote-control, and signal circuits; No, 16 AWG.
Class 3 low-cnergy, remotc-control, alarm, and signal circuits; No 12 AWG.

FIRESTOPPING

Comply with requircments in Scction 078413 "Penctration Firestopping.”
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39

Comply with TIA-369-D, Annex A, "Firestopping."

Comply with BICSI TDMM, "Firestopping" Chapter.

GROUNDING

For data communication wiring, comply with TIA-607-B and with BICSI TDMM, "Bonding and
Grounding (Earthing)" Chapter.

For low-voltage control wiring and cabling, comply with rcquirements in Scction 260326
"Grounding and Bonding for Electrical Svstems "

IDENTIFICATION

Comply with requirements for identification specificd in Scetion 260533 "Identification for
Electrical Svstems.”

Identify data and communications system components, wiring, and cabling according to TIA-
606-B: label printers shall usc label stocks, laminating adhesives, and inks complying with
UL 969,

FIELD QUALITY CONTROL
Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections.
Testing Agency: Engage a qualified testing agency to perform tests and inspections.

Manufacturer's Ficld Scrvice: Engage a factorv-authorized scrvice represcntative to test and
inspect components, assemblies, and equipment installations, including connections,

Perform tests and inspections| with the assistance of a factory-authorized service
representative].

Tests and Inspections:

L. Visually inspeet cable jackct materials for UL or third-party certification markings. Inspect
cabling tcrminations to confirm color-coding for pin assignments, and inspect cabling
connections to confirm compliance with TIA-368-C 1,

2. Visually inspect cable placement, cable termination, grounding and bonding, cquipment

and patch cords, and labeling of all components.

Test cabling for direct-current loop resistance, shorts, opens, intermittent faults, and

polarity between conductors. Test operation of shorting bars in connection blocks. Test

cables aftcr termination, but not after cross-conncction.

L

a. Test instruments shall meet or excced applicable requircments in TIA-568-C.2.
Perform tests with a tester that complics with performance requircments in its "Test
Instruments (Normative)" Annex, complying with measurement accuracy specified
in its "Mcasurcment Accuracy (Informative)" Anncx. Usc only test cords and
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adapters that are qualified by test equipment manufacturer for channel or link test
configuration.

F. Document data for cach mcasurcment. Print data for submittals in a summary rcport that is
formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument
to the computer, save as text files, print, and submit.

G.  End-to-cnd cabling will be considered defeetive if it docs not pass tests and inspections.

H. Prepare test and inspection reports,

END OF SECTION 260523
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART | - GENERAL

1.1

A,

1.2

RELATED DOCUMENTS

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

SUMMARY

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

L. Undcrground distribution grounding.
2. Foundation steel electrodes.

3. Solar racking

ACTION SUBMITTALS

Product Data: For each tvpe of product indicated.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Plans showing dimensioned locations of grounding features specified in
"Field Quality Control" Article, including the following:

1. Test wells.
2. Ground rods.
3. Ground rings,

Qualification Data: For testing agency and testing ageney's field supervisor.

Field quality-control reports.

CLOSEOUT SUBMITTALS

Opcration and Maintenance Data: For grounding to include in emcrgency, operation, and
maintenance manuals,

L. In addition to items specificd in Section 017823 "Opcration and Maintcnance Data,”
inchade the following;

a. Plans showing as-built, dimensioncd locations of grounding features specificd in
"Ficld Quality Control” Article, including the following:
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1.6

A

1) Test wells.
2)  Ground rods.
3)  Ground rings.

b. Instructions for periodic testing and inspection of grounding features at test wells,
ground rings, bascd on NFPA 70B.

1y Tests shall determine if ground-resistance or impedanec values remain within
specified maximums, and instructions shall recommend corrective action if
values do not.

2)  Include recommended testing intervals.

QUALITY ASSURANCE

Testing Agency Qualifications: Certified by NETA.

PART 2 - PRODUCTS

2.1

A

B.

2.2

23

A,

B.

SYSTEM DESCRIPTION

Elcctrical Componcnts, Devices, and Accessorics: 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.

MANUFACTURERS

CONDUCTORS

Insulated Conductors: Copper wire or cable insulated for 600 V unless otherwise required by
applicable Code or authoritics having jurisdiction.

Bare Copper Conductors:

L. 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 (6 mm) in
diameter.

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

0. Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-3/8
inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

7. Tinncd Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper
ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

3. Conductors shall be sized as noted on the plans or as noted in 1 through 7 above when not

detailed on the plans.
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2.4

Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches (6.3 by 100 mm)
in cross section, with 9/32-inch (7.14-mm) holes spaced 1-1/8 inches (28 mm) apart. Stand-oft
insulators for mounting shall comply with UL 891 for use in switchboards, 600 V and shall be
Lexan or PVC, impulse tested at 3000V,

CONNECTORS

Listed and labeled by an NRTL aceeptable to authoritics having jurisdiction for applications in
which used and for specific tvpes, sizes, and combinations of conductors and other items

connecceted.

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

Bus-Bar Conncctors: Mechanical tvpe, cast silicon bronze, solderless compression-type wirc
terminals, and long-barrel, two-bolt conncction to ground bus bar.

Bus-Bar Connectors: Compression tvpe, copper or copper allov, with two wire terminals.

Beam Clamps: Mechanical type, terminal, ground wire access from four dircctions, with dual,
tin-plated or silicon bronze bolts.

Cable-to-Cable Connectors: Compression type, copper or copper alloy,
Cable Tray Ground Clamp: Mechanical tvpe, zine-plated mallcable iron.
Conduit Hubs: Mechanical type, terminal with threaded hub.

Ground Rod Clamps: Mechanical tvpe, copper or copper alloyv, terminal with |hex head bolt|
[socket set screw].

Ground Rod Clamps: Mechanical type, copper or copper allov, terminal with hex head bolt.
Lav-in Lug Conncctor: Mcchanical tvpe, copper rated for direct burial terminal with sct screw.

Service Post Conncctors: Mechanical tvpe, bronze allov terminal, in short- and long-stud lengths,
capable of single and double conductor connections.,

Signal Reference Grid Clamp: Mechanical type, stamped-stecl terminal with hex head screw.

Straps: Solid copper,. Rated for 600 A.

Tower Ground Clamps: Mechanical tvpe, copper or copper alloy, terminal |one| |two|-piece
clamp.

U-Bolt Clamps: Mechanical tvpe, copper or copper alloy, terminal listed for direct burial.
Watcr Pipc Clamps:

L. Mcchanical type, two picces with stainless-steel bolts.
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2.5

A

a. Material: Die-cast zinc alloy.
b. Listed for direct bural,

2. U-bolt tvpe with malleablc-iron clamp and copper ground connector rated for direct
burial.
GROUNDING ELECTRODES

Ground Rods: Copper-clad stecl; 3/4 inch by 10 feet (19 mm by 3 m).

PART 3 - EXECUTION

3.1

A

D.

APPLICATIONS

Conductors: Install solid conductor for No. 10 AWG and smaller, and stranded conductors for
No. 8 AWG and larger unless otherwise indicated.

Underground Grounding Conductors: Install barc copper conductor, No. 4/0 or as noted on the
plans AWG minimum.

1. Bury at least 24 inches (600 mm) below grade.
2. Duct-Bank Grounding Conductor: Bury 12 inches (300 mm) above duct bank when
indicated as part of duct-bank installation.

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

Grounding Bus: Install in cleetrical equipment rooms, in rooms housing service cquipment, and
elsewhere as indicated.

1. Install bus horizontally, on insulated spaccrs 2 inches (30 mm) minimum from wall, 6
inches (150 mm) above finished floor unless otherwise indicated.
2. Where indicated on both sides of doorways, route bus up to top of door frame, across top

of doorway, and down; conncet to horizontal bus.

Conductor Terminations and Conncctions:

Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.

2. Underground Conncctions: Welded conncetors cxecpt at test wells and as otherwisc
indicatcd.

3 Connections to Ground Rods at Test Wells: Bolted connectors.

4. Conncetions to Structural Stecl: Welded conncctors.
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GROUNDING AT THE SERVICE

Equipment grounding conductors and grounding electrode conductors shall be connected to the
ground bus. Install a main bonding jumper between the neutral and ground buscs.

GROUNDING SEPARATELY DERIVED SYSTEMS

Generator: Install grounding clectrode(s) at the gencrator location. The clectrode shall be
connceted to the equipment grounding conductor and to the frame of the gencrator.

EQUIPMENT GROUNDING
Install insulated equipment grounding conductors with all feeders and branch cireuits.

Install insulated equipment grounding conductors with the following items, in addition to those
required by NFPA 70

Feeders and branch circuits.

Lighting circuits.

Receptacle circuits.

Singlc-phase motor and appliancc branch circuits.

Three-phase motor and appliance branch circuits.

Flexible raceway rns,

Armorcd and mectal-clad cablc runs.

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

U =

Lh

IS

Isolated Grounding Receptacle Circuits: Install an insulated equipment grounding conductor
connceted to the receptacle grounding terminal. Isolate conductor from raccway and from
panelboard grounding terminals. Terminate at equipment grounding conductor terminal of the
applicable derived svstem or service unless otherwise indicated.

Isolated Equipment Enclosure Circuits: For designated equipment supplicd by a branch circuit or
feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway
fitting listed for the purposc. Install fitting where raceway enters enclosurc, and install a scparatc
insulated cquipment grounding conductor. Isolate conductor from raceway and from panclboard
grounding terminals, Terminate at equipment grounding conductor terminal of the applicable
derived svstem or service unless otherwisc indicated.

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.

Metallic Fences: Comply with requirements of IEEE C2.

L. Grounding Conductor: Barc copper, not less than No. 8
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AWG.
Gates: Shall be bonded to the grounding conductor with a flexible bonding jumper.
Barbed Wire: Strands shall be bonded to the grounding conductor.

e L2 a3

FENCE GROUNDING
Fence Grounding: Install at maximum intervals of 50 feet (15 m) cxeept as follows:

1. Fences within 100 Fect (30 m) of Buildings, Structurcs, Walkways, and Roadways:
Ground at maximum intervals of 50 feet (15 m).

a. Gates and Other Fence Openings: Ground fence on cach side of opening.

1)  Bond metal gates to gate posts.

2) Bond across openings, with and without gates, except at openings indicated
as intentional fence discontinuitics. Use No. 2 AWG wire and bury it at least
18 inches (460 mm) below finished grade.

Protection at Crossings of Overhead Electrical Power Lines: Ground fence at location of crossing
and at a maximum distance of 150 fect (45 m) on cach side of crossing.

Fences Enclosing Electrical Power Distribution Equipment: Ground as required by [EEE C2
unless otherwise indicated.

Grounding Mcthod: At cach grounding location, drive a grounding rod vertically until the top is
6 inches (150 mm) below finished grade. Connect rod to fence with No. 6 AWG conductor,
Connect conductor to each fence component at grounding location.

Bonding Mcthod for Gates: Connect bonding jumper between gate post and gate frame.

Bonding to Lightning-Protection System: If fence terminates at lightning-protected building or
structurc, ground the fence and bond the fenee grounding conductor to lightning-protection down
conductor or lightning-protection grounding conductor, complving with NFPA 780.

INSTALLATION

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

Ground Bonding Common with Lightning Protection System: Comply with NFPA 780 and
UL 96 when interconnccting with lightning protection svstem. Bond cleetrical power system
eround directly to lightning protection system grounding conductor at closest point to electrical
scrvice grounding clectrode. Use bonding conductor sized same as svstem grounding clectrode
conductor, and install in conduit.

Ground Rods: Drive rods until tops arc 6 inches (150 mum) below finished floor or final grade
unless otherwise indicated.
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3.7

1, Interconnect ground rods with grounding electrode conductor below grade and as otherwise
indicated. Make connections without exposing steel or damaging coating if any,

2. Use cxothermic welds for all below-grade conneetions.

For grounding electrode svstem, install at least three rods spaced at least one-rod length

from cach other and located at least the same distance from other grounding clectrodes,

and connect to the service grounding clectrode conductor at the main service entrancc or

at the automatic transter switch for the TBPP.

L

Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes are
specificd in Section 260543 "Underground Ducts and Raccways for Elcctrical Systems,” and shall
be at least 12 inches (300 mm) deep, with cover,

L. Install at lcast onc test well for cach service unless otherwisce indicated. Install at the ground
rod clectrically closest to scrvice entrance. Set top of test well flush with finished grade or
floor.

Bonding Straps and Jumpers: Install in locations acecssible for inspection and maintenance cxcept
where routed through short lengths of conduit.

1, Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate
any adjaccnt parts.

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install
bonding so vibration is not transmitted to nigidlvy mounted equipment,

3. Usce exothermic-welded conncetors for outdoor locations; if a disconncct-type connection
1s required, use a bolted clamp.

Ground Ring: Install a grounding conductor, clectrically conncceted to cach electrical structurc
ground rod and to cach TBPP clectrical component (gensct, BESS, solar array, switchboards)
extending around the perimeter of area or item indicated.

L. Install tinned-copper conductor not less than Neo. 4/0 AWG for ground ring and for taps to
clectrical cquipment.
2. Bury ground ring not less than 24 inches (600 mm) from electrical equipment foundation.

Conncetions: Make conncctions so possibility of galvanic action or clectrolvsis is minimized.
Sclect connectors, connection hardware, conductors, and conncction methods so metals in dircet
contact are galvanically compatible,

L. Use clectroplated or hot-tin-coated matcrials to cnsurc high conductivity and to make
contact points closer in order of galvanic series.

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

3. Coat and scal connections having dissimilar mctals with incrt material to prevent future

penetration of moisture to contact surfaces.

FIELD QUALITY CONTROL
Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections.

Testing Agency: Engage a qualified testing agency to perform tests and inspections.

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 260526 -7



C.  Manufacturer's Field Service: Engage a factorv-authorized service representative to test and
inspect components, assemblies, and equipment installations, including connections,

D.  Perform tests and inspections with the assistance of a factory-authorized service
representative.

E.  Tests and Inspections:

L. After installing grounding system but before permancnt electrical circuits have been
energized, test for compliance with requirements.

2. Inspeet physical and mechanical condition. Verify tightness of accessible, bolted, clectrical
conncetions with a calibrated torque wrench according to manufacturer's written
instructions,

3. Test completed grounding svstem at cach location where a maximum ground-resistance
level is specified, at scrvice disconneet enclosure grounding terminal[, at ground test
wells||, and at individual ground rods|. Make tests at ground rods before any conductors
arc connceted.

a. Measure ground resistance no fewer than two full davs after last trace of
precipitation and without soil being moistened by any means other than natural
drainage or scepage 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,

4. Prcparc dimensioned Drawings locating cach test well, ground rod and ground-rod
assembly, and other grounding electrodes. Identify each by letter in alphabetical order, and
key to the record of tests and observations. Include the number of rods driven and their
depth at cach location, and include obscrvations of weather and other phenomena that may
affect test results. Describe measures taken to improve test results.

F. Grounding system will be considered defective if it docs not pass tests and inspections.

G.  Preparc test and inspection reports.

H.  Report measured ground resistances that exceed the following values:
L. Powcer and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 ohms.
2. Powcr and Lighting Equipment or Svstem with Capacity of 300 to 1000 kVA: 5 ohms.
3 Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 ohms.
4. Powcer Distribution Units or Panclboards Scrving Electronic Equipment: 3 ohni(s).

Lh

Substations and Pad-Mounted Equipment; 5 ohms.
l. Excessive Ground Resistance: If resistance to ground exceeds specitied values, notify Architect

promptly and include recommendations to reduce ground resistance.

END OF SECTION 260526
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART | - GENERAL

1.1

A,

1.2

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

e I SRRV R SR PR N

Steel slotted support systems.

Aluminum slotted support systems.

Nonmetallic slotted support svstems.

Conduit and cable support devices.

Support for conductors in vertical conduit.

Structural steel for fabricated supports and restraints,

Mounting, anchoring, and attachment components, including powder-actuated fastencrs,
mechanical expansion anchors, concrete ingerts, clamps, through bolts, toegle bolts, and
hanger rods.

Fabricated mctal cquipment support asscmblics.

ACTION SUBMITTALS

Product Data: For each tvpe of product.

1.

2.

Include construction details, material descriptions, dimensions of individual components
and profiles, and finishes for the following:

Slotted support systems, hardwarce, and acecssorics.
Clamps.

Hangers.

Sackets.

Eyc nuts.

Fasteners.

Anchors.

Saddles.

Brackets.

TTER e a0 o

Include rated capacitics and furnished specialtics and accessorics.

Shop Drawings: For fabrication and installation details for electrical hangers and support svstems.

L.
2.

Hangers. Include product data for components.
Slotted support systems.
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C.

1.4

A

1.5

A

Equipment supports.

4 Vibration Isolation Base Details: Detail fabrication including anchorages and attachments
to structurc and to supported cquipment. Include adjustable motor bascs, rails, and frames
for equipment mounting.

L

Declegated-Design Submittal: For hangers and supports for clectrical systems.
L. Include design caleulations and details of hangers.

2. Include design calculations for seismic restraints.

INFORMATIONAL SUBMITTALS

Welding certificates.

QUALITY ASSURANCE
Welding Qualifications: Qualify procedures and personnel according to the following:

L. AWS D1.1/D1.1IM.
2. AWS D1.2/D1.2M.

PART 2 - PRODUCTS

2.1

A,

22

A,

B.

PERFORMANCE REQUIREMENTS

Delegated Design: Engage a qualified professional engineer, as defined in Section 014000
"Quality Requircments,” to design hanger and support system.

SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

Steel Slotted Support Svstems: Preformed steel channels and angles with minimum 13/32-inch-
(10-mm-) diamcter holes at a maximum of 8 imches (200 mm) o.c. in at lcast onc surface.

1, Standard: Comply with MFMA -4 factorv-fabricated components for field assembly.

2. Matcrial for Channel, Fittings, and Accessorics: Galvanized steel.

3. Channcl Width: 1-5/8 inches (41.25 mm).

4 Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-
4,

Nonmetallic Coatings: Manufacturer's standard PVC, polyurcthanc, or polyester coating

5.
applied according to MFMA-4,
0. Paintcd Coatings: Manufacturcr's standard paintcd coating applicd according to MFMA-4.

7. Protect finishes on cxposcd surfaces from damage by applving a strippable, temporary
protective covering before shipping.

Aluminum Slotted Support Systems: Extruded-aluminum channels and angles with minimum
13/32-inch- (10-mm-) diameter holes at a maximum of 8 inches (200 mm) o.c. in at least one
surfacc.

L. Standard: Comply with MFMA -4 factorv-fabricated components for ficld assembly.
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2. Channel Material: 6063-T3 aluminum alloy,

3 Fittings and Accessories Material: 30532-H32 aluminum alloy.

4, Channcl Width1-5/8 inches (41.25 mm)] [1-1/4 inches (31.75 mm).

3. Nonmetallic Coatings: Manufacturer's standard PVC, polvurethane, or polvester coating

applicd according to MFMA-4.

Paintcd Coatings: Manufacturcr's standard paintcd coating applicd according to MFMA-4.
7. Protect finishes on exposed surfaces from damage by applving a strippable, temporary

protective covering before shipping.

C.  Nonmctallic Slotted Support Svstems: Structural-grade, factorv-formed, glass-fiber-resin
channels and angles with minimum 13/32-inch- (10-mm-) diameter holes at a maximum of 8
inches (200 mm) o.c., in at lcast onc surface.

L. Standard: Comply with MFMA -4 factorv-fabricatcd components for ficld assembly.

2. Channel Width1-5/8 inches {(41.25 mm).

3. Fittings and Acccssorics: Products provided by channel and angle manufacturcr and
designed for use with those items.

4 Fitting and Accessory Materials: Same as those for channels and angles, except metal
items may be stainless steel.

3. Rated Strength: Selected to suit applicable load criteria.

0. Protect finishes on exposed surfaces from damage by applving a strippable, temporary

protective covering before shipping.

D.  Conduit and Cable Support Devices: Steel and malleable-iron hangers, clamps, and associated
fittings, designed for tvpes and sizes of raccway or cable to be supported.

E. Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of threaded
body and insulating wedging plug or plugs for nonarmored electrical conductors or cables in riser
conduits. Plugs shall have number, size, and shapc of conductor gripping picces as required to
suit individual conductors or cables supported. Body shall be made of mallcable iron.

F. Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M steel plates, shapes,
and bars; black and galvanized.

G.  Mounting, Anchoring, and Attachment Components: Items for fastening clectrical items or their
supports to building surfaces include the following:

L. Powdcr-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement
concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for
supported loads and building materials where used.

2. Mcchanical-Expansion Anchors: Inscrt-wedge-type, [zine-coated] [stainless] stecl, for
use in hardened portland cement concrete, with tension, shear, and pullout capacities
appropriate for supported loads and building materials where used.

3. Concrete Inscrts: Steel or malleable-iron, slotted support svstem units are similar to MSS
Type 18 units and comply with MFMA-4 or MSS SP-3%.

4. Clamps for Attachment to Stecl Structural Elements: MSS SP-58 units arc suitable for
attached structural element.

3. Through Bolts: Structural tvpe, hex head, and high strength. Comply with ASTM A 325,

0. Toggle Bolts: [All] [Stainless]-stcel springhcad type.

7. Hanger Rods: Threaded steel.
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A,

B.

FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

Description: Welded or bolted structural-steel shapes, shop or field fabricated to fit dimensions
of supported cquipment.

Materials: Comply with requirements in Section 035000 "Metal Fabrications” for steel shapes
and plates.

PART 3 - EXECUTION

i)

3.1

A

D.

32

A

B.

APPLICATION

Comply with the following standards for application and installation requirements of hangers and
supports, except where requircments on Drawings or in this Scction arc stricter:

1 NECA 1.

2. NECA 101
3. NECA 102
4, NECA 103,
3. NECA 111.

Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping
materials and installation for penetrations through fire-rated walls, ceilings, and assemblies.

Comply with requircments for raccways and boxes specificd in Scetion 260533 "Racewavs and
Boxes for Electrical Svstems "

Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports for
EMT, IMC, and RMC as required by NFPA 70. Minimum rod sizc shall be 1/4 inch (6 mm) in
diameter.

Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted or
other support svstem, sized so capacity can be incrcascd by at least 25 percent in future without
exceeding specified design load limits.

L. Sccure raccways and cables to thesc supports with two-bolt conduit clamps.

Spring-stcel elamps designed for supporting single conduits without bolts may be uscd for 1-1/2-
inch (38-mm) and smaller raceways serving branch circuits and communication systems above
suspended ceilings, and for fastening raccways to trapeze supports.

SUPPORT INSTALLATION

Comply with NECA 1 and NECA 101 for installation rcquirements cxcept as specificd in this
article.

Raceway Support Methods: In addition to methods described in NECA |, EMT, IMC, and RMC
may be supported by openings through structure members, according to NFPA 70.
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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 1b (90 kg).

Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten
clectrical items and their supports to building structural clements by the following methods unless
otherwise indicated by code:

L. To Wood: Fasten with lag screws or through bolts.

2. To New Concrete: Bolt to conercte inscrts.

3. To Masonry: Approved togele-tvpe bolts on hollow masonry units and expansion anchor
fasteners on solid masonry units.

4. To Existing Concrete: Expansion anchor fastencrs.

3. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock

washcrs and nuts may be used in cxisting standard-weight concrete 4 inches (100 mm)
thick or greater. Do not use for anchorage to lightweight-agereeate concrete or for slabs
less than 4 inches (100 mm) thick.

0. To Steel: Welded threaded studs complying with AWS D1.1/D1.1M, with lock washers
and nuts,

7. To Light Steel: Sheet metal screws.

3. Items Mounted on Hollow Walls and Nonstructural Building Surfaccs: Mount cabincts,
panelboards, disconnect switches, control enclosures, pull and junction boxes,
transformers, and other devices on slotted-channcl racks attached to substratc.

Drill holes for expansion anchors in conercte at locations and to depths that avoid the need for
reinforcing bars.
INSTALLATION OF FABRICATED METAL SUPPORTS

Cut, fit, and place miscellancous metal supports accurately in location, alignment, and clevation
to support and anchor electrical materials and equipment.

Ficld Welding: Comply with AWS D1.1/D1.1M.

CONCRETE BASES
Construct concrete bases of dimensions indicated, but not less than 4 inches (100 mm) larger in
both dircctions than supported unit, and so anchors will be a minimum of 10 bolt diameters from

edge of the base.

Use 3000-psi (20,7-MPa), 28-dav compressive-strength concrete. Concrete  matenals,
reinforcement, and placement requircments arc specified in the project plans.

Anchor equipment to concrete base as follows:

L. Placc and sccurc anchorage devices. Use supported cquipment manufacturer's sctting
drawings, templates, diagrams, instructions, and directions fumished with items to be
embedded.
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2. Install anchor bolts to elevations required for proper attachment to supported equipment,

3 Install anchor bolts according to anchor-bolt manufacturer's written instructions.

35 PAINTING
A Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately
after erccting hangers and supports. Usc same matcrials as uscd for shop painting. Comply with

SSPC-PA 1 requircments for touching up ficld-painted surfaces.

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils (0.03
mm).

B.  Galvanized Surfaces: Clean welds, bolted conncctions, and abraded arcas and apply galvanizing-

repair paint to comply with ASTM A 780,

END OF SECTION 260529
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SECTION 260333 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

PART | - GENERAL

1.1

A,

1.2

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Mctal conduits and fittings.

Nonmetallic conduits and fittings.

Metal wireways and auxiliary gutters,

Nonmetal wircways and auxiliary gutters.

Surface raceways.

Boxes, enclosures, and cabinets,

Handholes and boxes for exterior underground cabling.

e I SRRV R SR PR N

DEFINITIONS
ARC: Aluminum rigid conduit.
GRC: Galvanized rigid stecl conduit.

IMC: Intermediate metal conduit.

ACTION SUBMITTALS

Product Data: For surface raceways, wircways and fittings, floor boxcs, hinged-cover enclosurcs,
and cabinets.

Shop Drawings: For custom cnclosurcs and cabinets. Include plans, clevations, scctions, and
attachment details.
INFORMATIONAL SUBMITTALS

Coordination Drawings: Conduit routing plans, drawn to scalc, on which the following items arc
shown and coordinated with each other, using input from installers of items involved:

L. 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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B.  Qualification Data: For professional engineer.

C. Seismic Qualification Data: Certificates, for enclosures, cabinets, and conduit racks and their
mounting provisions, including those for internal components, from manufacturcr.

1. Basis for Certification: Indicate whether withstand certification 1s based on actual test of
asscmbled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate
and describe mounting and anchorage provisions,

3. Dectailed description of cquipment anchorage devices on which the certification is based
and their installation requirements.

4 Detailed description of conduit support devices and interconnections on which the

certification is bascd and their installation requircments.

D.  Sourcc quality-control reports.

PART 2 - PRODUCTS

2.1 METAL CONDUITS AND FITTINGS

A, Metal Conduit:
1. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing
agency, and marked for intended location and application.

2. GRC: Comply with ANSI C80.1 and UL 6.

3 ARC: Comply with ANSI C80.5 and UL 6A.

4. IMC: Comply with ANSI C80.6 and UL 1242.

3. PV(-Coated Steel Conduit: PVC-coated rigid steel conduit.

a. Comply with NEMA RN 1.
b. Coating Thickness: 0.040 inch (1 mm), minimum.

6. EMT: Comply with ANSI C80.3 and UL 797.
FMC: Comply with UL 1: zinc-coated steel.
3. LFMC: Flexible steel conduit with PVC jacket and complying with UL 360.

=~

B. Metal Fittings:
1. Comply with NEMA FB 1 and UL 514B.
2. Listing and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing
agency, and marked for intended location and application.

3. Fittings, General: Listed and labeled for tvpe of conduit, location, and usc.

4, Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 1203 and
NFPA 70.

3. Fittings for EMT:
a. Material: Steel or die cast.
b. Typc: Setscrew or compression.
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Expansion Fittings: PVC or steel to match conduit tvpe, complying with UL 631, rated for
environmental conditions where installed, and including flexible external bonding jumper.
Coating for Fittings for PVC-Coatcd Conduit: Minimum thickness of 0.040 inch (1 mm),
with overlapping sleeves protecting threaded joints.

C.  Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by authoritics
having jurisdiction for usc in conduit asscmblics, and compounded for use to lubricate and protect
threaded conduit joints from corrosion and to enhance their conductivity.

2.2 NONMETALLIC CONDUITS AND FITTINGS

A Nonmetallic Conduit:

2.

L

PO

el B

9.

Listing and Labeling: Nonmetallic conduit shall be listed and labeled as detined in
NFPA 70, by a qualified testing agency, and marked for intended location and application.
Fiberglass:

a. Comply with NEMA TC 14,
b. Comply with UL 2313 for aboveground raceways.
c. Comply with UL 2420 for belowground raceways.

ENT: Comply with NEMA TC 13 and UL 1633,

RNC: Type EPC-40-PVC, complying with NEMA TC 2 and UL 631 unless otherwisc
indicated.

LENC: Comply with UL 1660,

Rigid HDPE: Comply with UL 651A.

Contimuous HDPE: Comply with UL 631A,

Coilable HDPE: Prcasscmbled with conductors or cables, and complying with
ASTM D 3485,

RTRC: Comply with UL 2515A and NEMA TC 14,

B.  Nonmetallic Fittings:

L.
2.

L

Fittings, General: Listed and labeled for tvpe of conduit, location, and usc.

Fittings for ENT and RNC: Comply with NEMA TC 3; match to conduit or tubing tvpe
and material.

a. Fittings for LFNC: Comply with UL 514B.

Solvents and Adhesives: As recommended by conduit manufacturer,

23 METAL WIREWAYS AND AUXILIARY GUTTERS

A Descniption; Sheet metal, complving with UL 870 and NEMA 250, Type 3R unless otherwige
indicated, and sized according to NFPA 70.

1.

Mctal wircways installed outdoors 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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2.4

Fittings and Accessories: Include covers, couplings, offsets, elbows, expansion joints, adapters,
hold-down straps, end caps, and other fittings to match and mate with wireways as required for
complete svsten.

Wireway Covers: Hinged type unless otherwise indicated.

Finish: Manufacturcr's standard cnamel finish.

SURFACE RACEWAYS

Listing and Labeling: Surface raceways and tele-power poles shall be listed and labeled as defined
in NFPA 70, by a qualificd testing agency, and marked for intended location and application.

Surface Mctal Raccwavs: Galvanized steel with snap-on covers complying with UL 3. Prime
coated, ready for field painting.

Surface Nonmcetallic Raceways: Two- or three-picce construction, complving with UL 5A, and
manufacturcd of rigid PVC with texturc and color scleected from manufacturer’s standard
colors. Product shall comply with UL 94 V-0 requirements for self-extinguishing characteristics.

BOXES, ENCLOSURES, AND CABINETS

General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets
installed in wet locations shall be listed for use in wet locations,

Shect Metal Qutlet and Deviee Boxes: Comply with NEMA OS 1 and UL 514A.

Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1| ferrous alloy, Type FD, with
easketed cover.

Nonmectallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C.
Metal Floor Boxes:

Material: sheet metal.

Typc: Fully adjustable.

Shape: Rectangular,

Listing and Labeling: Mctal floor boxcs shall be listed and labeled as defined in NFPA 70,
by a qualified testing agency, and marked for intended location and application.

U =

Nonmetallic Floor Boxes: Nonadjustable, rectangular.

L. 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 Boxcs: NEMA OS 1.

Cast-Mctal Acccss, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773,
galvanized, cast iron with gasketed cover.
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M.

Box extensions used to accommodate new building finishes shall be of same material as recessed
box.

Decvice Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm
deep).

Gangable boxes are prohibited.

Hingcd-Cover Enclosures: Comply with UL 30 and NEMA 230, Type 3R with continuous-hingc
cover with flush latch unless otherwise indicated.

1. Mectal Enclosures: Stecl, finished inside and out with manufacturcer's standard cnamcl.
2. Nonmectallic Enclosurcs: Fiberglass.
3. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.

Cabincts:
L. NEMA 250, Type 1 for interior and Type 3R for exterior galvanized-stecl box with

removable interior panel and removable front, finished inside and out with manufacturer's
standard ecnamel.

2. Hinged door in front cover with flush latch and concealed hinge.

3. Key latch to match panelboards.

4. Mctal barricrs to separate wiring of different systems and voltage.

3. Accessory feet where required for freestanding equipment.

6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified

testing agency, and marked for intended location and application.

PART 3 - EXECUTION

3.1

A

B.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 260

RACEWAY APPLICATION
Outdoors: Apply raceway products as specificd below unless otherwisce indicated:

1, Exposed Conduit: GRC

2. Conccaled Conduit, Aboveground: IMC.

3. Underground Conduit: RNC, Type EPC-80-PVC.

4, Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
Elcctric Solenoid, or Motor-Driven Equipment): LFMC.

Boxes and Enclosurcs, Aboveground: NEMA 250, Type 3R.

LN

Indoors: Apply raceway products as specified below unless otherwise indicated:
L. Exposed, Not Subjcet to Physical Damage: EMT.
2. Exposed and Subject to Severe Physical Damage: GRC. Raceway locations include the

following:

a. Loading dock.
b. Mechanical and Electrical rooms.

3. Conccaled in Ceilings and Interior Walls and Partitions: EMT.

3-3
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4, Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
Electric Solenoid, or Motor-Driven Equipment): FMC, except use LEMC in damp or wet
locations.

Damp or Wet Locations: GRC.

Boxes and Enclosurcs: NEMA 230, Type 1, except use NEMA 250, Type 4 stainless steel
in institutional and commercial kitchens and damp or wet locations.

SN Lh

Minimum Raceway Size: 3/4-inch (21-mm) trade size.
Raccway Fittings: Compatible with racceways and suitable for use and location.

L. Rigid and Intcrmediate Stecl Conduit: Use thrcaded rigid stecl conduit fittings unless
otherwise indicated. Comply with NEMA FB 210,

2. PVC Externally Coated, Rigid Stecl Conduits: Use only fittings listed for usc with this type
of conduit. Patch and scal all joints, nicks, and scrapes in PVC coating after installing
conduits and fittings. Use sealant recommended by fitting manufacturer and apply in
thickness and number of coats recommended by manufacturcr.

Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with
NEMA FB 2.20.

L

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, boxes, or fittings in contact with concrete or earth,
Install surface raccways only where indicated on Drawings.

Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F (49 deg ).

INSTALLATION

Comply with NECA 1 and NECA 101 for installation requircments except where requircments
on Drawings or in this article are stricter. Comply with NECA 102 for aluminum conduits.
Comply with NFPA 70 limitations for typcs of raceways allowed in specific occupancics and
number of floors.

Keep raceways at least 6 inches (130 mm) away from parallel runs of flues and steam or hot-
watcr pipes. Install horizontal raceway runs above water and steam piping.

Complete raccway installation before starting conductor installation.

Comply with requirements in Section 2603529 "Hangers and Supports for Electrical Systems" for
hangers and supports.

Arrange stub-ups so curved portions of bends are not visible above finished slab.
Install no more than the cquivalent of three 90-degree bends in any conduit run except for control

wiring conduits, for which fower bends are allowed. Support within 12 inches (300 mm) of
changes in direction.
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Q. Conceal condwit and EMT within finished walls, ceilings, and floors unless otherwise indicated.
Install conduits parallel or perpendicular to building lines.

H.  Support conduit within 12 inches (300 mm)of enclosures to which attached.
I Raceways Embedded in Slabs:
L. Run conduit larger than 1-inch (27-mm) trade size, parallel or at right angles to main

rcinforcement. Where at right angles to reinforcement, place conduit ¢losc to slab support.
Secure raceways to reinforcement at maximum 10-foot (3-m)intervals.

2. Arrangc raccways to cross building cxpansion joints at right anglcs with expansion fittings.
3. Arrangc raceways to keep aminimum of 1 inch (25 mm) of conercte cover in all directions.
4 Do not embed threadless fittings in concrete unless specifically approved by Architect for

cach specific location.
3. Changce from ENT to GRC or IMC before rising above floor.

J. Stub-ups to Above Recessed Ceilings:

1. Use EMT, IMC, or RMC for raccways.
2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or
in an enclosure.

K.  Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or OQutdoor Conditions: Apply listed
compound to threads of racewayv and fittings before making up joints. Follow compound
manufacturer's written instructions,

L. Coat ficld-cut threads on PVC-coated raceway with a corrosion-preventing conductive compound
prior to assembly.

M.  Raccway Terminations at Locations Subject to Moisturc or Vibration: Usc insulating bushings to
proteet conductors including conductors smaller than No. 4 AWG.

N.  Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes
or cabincts. Install bushings on conduits up to 1-1/4-inch (35mm) tradc sizc and insulated throat
mctal bushings on 1-1/2-inch (41-mm) trade size and larger conduits terminated with locknuts.
Install insulated throat metal grounding bushings on service conduits.

0.  Install raceways squarc to the enclosure and terminate at cnclosures with locknuts. Install locknuts
hand tight plus 1/4 turn morc.

P Do not relv on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in
the locknut arca prior to assembling conduit to enclosure to assurc a continuous ground path.

Q. Cut conduit perpendicular to the length. For conduits 2-inch (33-mm) trade size and larger, use
roll cutter or a guide to make cut straight and perpendicular to the length.

R.  Inmstall pull wires in cmpty raceways. Use polvpropylenc or monofilament plastic line with not
less than 200-1b (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end
of pull wirc. Cap underground raccways designated as spare above grade alongside raccways in
use.
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S. Surface Racewavs:

Install surface raceway with a minimum 2-inch (50-mm)radius control at bend points.

2. Sccure surface raceway with screws or other anchor-type devices at intervals not execeding
48 inches (1200 mm) and with no less than two supports per straight raceway section.
Support surface raceway according to manufacturcr's written instructions. Tape and glue
arc not acceptable support methods.

T. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with
listed scaling compound. For conccaled raceways, install cach fitting in a flush stecl box with a
blank cover plate having a finish similar to that of adjacent plates or surfaccs. Install raccway
sealing fittings according to NFPA 70,

U.  Install devices to scal raccway intcriors at acccssible locations. Locate scals so no fittings or boxes
arc between the seal and the following changes of environments. Scal the interior of all raceways
at the following points:

L. Where conduits pass from warm to cold locations, such as boundarics of refrigerated
spaces.
2. Where an underground service raceway enters a building or structure.

3. Where otherwisce required by NFPA 70.
V.  Comply with manufacturer's written instructions for solvent welding RNC and fittings,

W.  Expansion-Joint Fittings:
L. Install tvpe and gquantity of fittings that accommodate temperature change listed for cach
of the following locations:

a. Outdoor Locations Not Exposcd to Dircet Sunlight: 125 deg F (70 deg )
temperature change.

b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F (86 deg C) temperature
change.

c. Indoor Spaccs Connccted with Qutdoors without Physical Scparation: 125 deg F (70
deg ) temperature change.

2. Install fitting(s) that provide cxpansion and contraction for at lcast 0.00041 inch per foot
of length of straight run per deg F (0.06 mm per meter of length of straight run per deg C)
of temperature change for PYC conduits. Install fitting(s) that provide expansion and
contraction for at lcast 0.000078 inch per foot of length of straight run per deg F
(0.0113 mm per meter of length of straight run per deg C) of temperature change for metal

conduits.

3. Install expansion fittings at all locations where conduits cross building or structurc
expansion joints,

4, Install each expansion-joint fitting with position, mounting, and piston setting selected

according to manufacturer's written instructions for conditions at specific location at time
of installation. Install conduit supports to allow for expansion movement.

X.  Flexible Conduit Connections: Comply with NEMA RV 3. Usc a maximum of 72 inches (1830
mm) of flexible conduit for equipment subject to vibration, noise transmission, or movement; and
for transformers and motors.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 260533 -8



1. Use LFMC in damp or wet locations subject to severe physical damage.
2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.

Fasten junction and pull boxcs to or support from building structure. Do not support boxcs by
conduits.

Sct metal floor boxces level and flush with finished floor surfacc.

Sct nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface.

INSTALLATION OF UNDERGROUND CONDUIT
Dircct-Buricd Conduit:

L. Excavatc trench bottom to provide firm and uniform support for conduit. Preparc trench
bottom for pipe less than 6 inches (130 mm) in nominal diameter.

2. Install sclect backfill.

3. After installing conduit, backfill and compact. Start at tic-in point, and work toward cnd 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
(300 mm) of finished grade, make final conduit connection at end of run and complete
backfilling with normal compaction.

4 Install manufactured duct elbows for stub-ups at poles and equipment and at building
entrances through floor unless otherwise indicated. Encase elbows for stub-up ducts
throughout length of clbow.

3. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at
building cntrances through floor.

a. Couple steel conduits to ducts with adapters designed for this purposc, and cncase
coupling with 3 inches (75 mm) of concrete for a minimum of 12 inches (300 mm)
on cach side of the coupling.

b. For stub-ups at equipment mounted on outdoor concrcte bascs and where conduits
penetrate building foundations, extend steel conduit horizontally a minimum of
60 inches (1500 mm) from edge of foundation or cquipment base. Install insulated
grounding bushings on tcrminations at cquipment.

6. Underground Waming Tape: Comply with requirements in Section 260333 "ldentification
for Elcetrical Systems."

INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES

Install handholes and boxes level and plumb and with orientation and depth coordinated with
connceting conduits to minimize bends and deflections required for proper cntrances.

Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from
172-inch (12.5-mm) sicve to No. 4 (4.75-mm) sicve and compacted to samc density as adjacent
undisturbed earth.
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3.6

3.7

Elevation: In paved areas, set so cover surtace will be flush with finished grade. Set covers of
other enclosures 1 inch (25 mm) above finished grade.

Install handholes with bottom below frost line, below grade.

Install removable hardware, including pulling eves, cable stanchions, cable arms, and insulators,
as required for installation and support of cables and conductors and as indicated. Scleet arm
lengths to be long cnough to provide sparc spacc for futurc cables but short cnough to prescrve
adequate working clearances in enclosure.

Ficld-cut openings for conduits according to cnclosurc manufacturer's written instructions. Cut
wall of enclosurc 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 slecves and slecve scals at penetrations of exterior floor and wall assemblics. Comply with
requirements in Section 260344 "Sleeves and Sleeve Seals for Electrical Racewayvs and Cabling "
FIRESTOPPING

Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with
requirements in Section 078413 "Penetration Firestopping "

PROTECTION

Protect coatings, finishes, and cabinets from damage and deterioration.

1. Repair damage to galvanized finishes with zing-rich paint recommended by manufacturer.

2. Repair damage to PVC coatings or paint finishes with matching touchup coating
recommended by manufacturer.

END OF SECTION 260533
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SECTION 260536 - CABLE TRAYS FOR ELECTRICAL SYSTEMS

PART | - GENERAL

1.1

A,

1.2

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

L. Laddcr cable tray.

2. Cable trav accessorics.
3. Waming signs,
ACTION SUBMITTALS

Product Data: For cach type of product.
1. Include data indicating dimensions and finishes for each tvpe of cable tray indicated.
Shop Drawings: For cach tvpe of cable tray.

1. Show fabrication and installation details of cable trays, including plans, elevations, and
sections of components and attachments to other construction elements. Designate
components and acccssorics, including clamps, brackets, hanger rods, splicc-plate
connectors, expansion-joint assemblies, straight lengths, and fittings,

2. Cable tray layvout, showing cable tray route to scale, with relationship between the tray and
adjacent structural, c¢lectrical, and mechanical clements. Include the following:

Vertical and horizontal offsets and transitions.

Clcarances for access above and to sides of cable trays.

Vertical clevation of cable travs above the floor or bottom of cciling structure.
Load calculations to show dead and live loads as not exceeding manufacturer's rating
for tray and its support clements.

/oo

Declegated-Design Submittal: For scismic restraints.

1, Seismic-Restraint Details: Signed and sealed by a qualified professional engineer who is
liccnsed in the statc where Project is located and who is responsible for their preparation.

2. Design Calculations: Calculate requirements for selecting seismic restraints.

3. Dectail fabrication, including anchorages and attachments to structurc and to supported
cablc travs.

CABLE TRAYS FOR ELECTRICAL SYSTEMS 260336 - 1



1.4

A,

B.

C.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Floor plans and sections, drawn to scale, on which the following items
arc shown and coordinated with cach other, using input from installers of the items involved:

1. Scaled cable trav lavout and relationships between components and adjacent structural,
clectrical, and mechanical clements.

Vertical and horizontal offscts and transitions.

Clearances for access above and to side of cable travs.

Vertical clevation of cable travs above the floor or below bottom of cciling structurc.

SRCES

Scismic Qualification Certificates: For cable trays, acccssorics, and components, from
manufacturer,

L. Basis for Certification: Indicate whether withstand certification is based on actual test of
asscmbled components or on calculation.

2. Dimensioned Qutling Drawings of Equipment Unit: Identity center of gravity and locate
and describe mounting and anchorage provisions.

3 Detailed description of equipment anchorage devices on which the certification is based

and their installation requirements.

Ficld quality-control reports.

PART 2 - PRODUCTS

2.1

2.2

A

B.

C.

A,

PERFORMANCE REQUIREMENTS

Dclegated Design: Engage a qualified professional engincer, as defined in Scction 014000
"Quality Requirements," to design cable tray supports and seismic bracing.

Scismic Performance: Cable trays and supports shall withstand the effects of carthquake motions
determined according to ASCE/SEIL 7.

1. The term "withstand" means "cable travs will remain in place without separation of any
parts when subjected to the scismic forees specified.”

2. Component Importance Factor: 1.5,

Thermal Movements: Allow for thermal movements from ambient and surface temperature
changes in cablc tray installed outdoors.

L. Temperature Change: 120 deg F (67 deg ), ambient; 180 deg F (100 deg ), material
surfaces.
GENERAL REQUIREMENTS FOR CABLE TRAY

Cable Trays and Accessories: Identified as defined in NFPA 70 and marked for intended location,
application, and grounding.

L. Source Limitations: Obtain cable travs and components from single manufacturcr.

CABLE TRAYS FOR ELECTRICAL SYSTEMS 2603536 -2



B.  Sizes and Configurations: See the Cable Tray Schedule on Drawings for specific requirements
for tvpes, materials, sizes, and configurations,

C.  Structural Performance: Scc articles on individual cable tray tvpes for specific valucs for the
following parameters:

L. Uniform Load Distribution: Capable of supporting a uniformly distributed load on the
indicatcd support span when supported as a simplc span and tested according to
NEMA VE 1.
2. Concentratcd Load: A load applicd at midpoint of span and centerline of tray.
3. Load and Safcty Factors: Applicable to both side rails and rung capacitics.
23 LADDER CABLE TRAY

A, Description:

1.

PG

Lh

Al el B

10.
11.
12,
13.

14,

Configuration: Two longitudinal side rails with transverse rungs swaged or welded to side
rails, complving with NEMA VE 1.

Width, 18 inches (450 mm) unlcss otherwise indicated on Drawings.

Minimum Usable Load Depth: 4 inches (160 mm),

Straight Section Lengths: 10 feet (3.0 m) except where shorter lengths are required to
facilitatc tray assembly.

Rung Spacing: 6 inches (150 mm) o.c.

Radius-Fitting Rung Spacing: 9 inches (225 mm) at center of trav's width,

Minimum Cable-Bearing Surface for Rungs: 7/3-inch (22-mm) width with radius cdges.
No portion of the rungs shall protrude below the bottom plane of side rails.

Structural Performance of Each Rung: Capable of supporting a maximum cable load, with
a safety factor of 1.3, plus a 200-lb (90-kg) concentrated load, when tested according to
NEMA VE 1.

Fitting Minimum Radius: 12 inches (300 mm).

Class Designation: Comply with NEMA VE 1, Class 10A.

Splicing Assemblies: Bolted type using serrated flange locknuts.

Splice-Platc Capacity: Splices located within support span shall not diminish rated loading
capacity of cablc tray.

Covers: None required.

B. Matcrials and Finishes:

CABLE TRAYS FOR ELECTRICAL SYSTEMS 260

Aluminum:

a. Materials:  Alloy 6063-T6 according to ANSIH33. 1/H335 1M for extruded
components, and Alloy 6061-T6 according to ANSI H35.1/H 35.1M for fabricated
parts.

b. Hardware for Aluminum Cable Tray Uscd Outdoors: Stainless stecl, Type 316,
ASTM F 593 and ASTM F 594,
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A,

B.

C.

23

A

B.

2.6

A,

CABLE TRAY ACCESSORIES

Fittings: Tees, crosses, risers, elbows, and other fittings as indicated, of same materials and
finishes as cable tray.

Barrier Strips: Same materials and finishes as for cable tray.

Cable tray supports and conncctors, including bonding jumpers, as recommended by cable tray
manufacturer.

WARNING SIGNS
Lettering:  1-1/2-inch- (40-mm-) high, black lctters on ycllow background, with legend
"WARNING! NOT TO BE USED AS WALKWAY, LADDER, OR SUPPORT FOR LADDERS
OR PERSONNEL."

Comply with Scction 260353 "Identification for Elcctrical Systcms.”

SOURCE QUALITY CONTROL

Testing: Test and inspect cable travs according to NEMA VE 1.

PART 3 - EXECUTION

CABLE TRAY INSTALLATION

Install cable tray and support systems according to NEMA VE 2.

Install cable tray as a complcte svstem, including fastencrs, hold-down clips, support systems,
barrier strips, adjustable horizontal and vertical splice plates, elbows, reducers, tees, crosses, cable

dropouts, adapters, covers, and bonding,

Install cable tray, so that the tray is accessible for cable installation and all splices arc accessible
for inspection and adjustment.

Remove burrs and sharp cdges from cable travs.
Join aluminum cable tray with splice plates; usc four squarc-ncck carriage bolts and locknuts.
Fasten cable tray supports to equipment structure and install seismic restraints.

Design fasteners and supports to carry cable tray, cables, and a concentrated load of 200 1b (90
kg).

Placc supports, so that spans do not cxeced maximum spans on schedules, and provide clecarances
shown on Drawings. Install intcrmcdiate supports when cable weight exceeds the load-carrving
capacity of tray rungs.

CABLE TRAYS FOR ELECTRICAL SYSTEMS 260536 -4
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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.

Support assembly to prevent twisting from eccentric loading,

Install center-hung supports for single-rail trays designed for 60 versus 40 percent cccentric
loading condition, with a safety factor of 3.

Do not install more than one cable tray splice between supports.

Make connections to cquipment with flanged fittings fastened to cable trays and to cquipment.
Support cable trays independent of fittings. Do not carry weight of cable travs on cquipment
enclosure.

Install cxpansion conncctors where cable trays cross building cxpansion joints and in cable tray
runs that cxceed recommended dimensions. Space connectors and set gaps according to
applicable standard.

Make changes in direction and clevation using manufacturer's recommended fittings.

Make cable tray connections using manufacturer's recommended fittings,

Seal penetrations through fire and smoke barriers. Comply with requirements in Section 078413
"Penctration Fircstopping.”

Install capped metal sleeves for future cables through firestop-sealed cable tray penetrations of
fire and smoke barriers.

Install eable travs with cnough workspacc to permit aceess for installing cables.

Install barriers to separate cables of different systems, such as power, communications, and data
proccssing, or of different insulation levels, such as 600, 3000, and 15 000 V.

Install permanent covers[ and cover clamps], if uscd, after installing cable.
Clamp covers on cable trays installed outdoors with heavy-duty clamps.

Install warning signs in visible locations on or near cablc travs after cable tray installation.

CABLE TRAY GROUNDING

Ground cable trays according to NFPA 70 unless additional grounding is specitied. Comply with
requirements in Section 260526 "Grounding and Bonding for Elcetrical Svstems.”

Cable trays with electrical power conductors shall be bonded together with splice plates listed for
grounding purposcs or with listed bonding jumpers.

Cable trays with single-conductor power conductors shall be bonded together with a grounding
conductor run in the tray along with the power conductors and bonded to the trayv at 72-inch (1800-
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mm) intervals, The grounding conductor shall be sized according to NFPA 70, Article 250,122,
"Size of Equipment Grounding Conductors," and Article 392, "Cable Travs."

When using cpoxy- or powdcr-coat painted cable trays as a grounding conductor, complctely
remove coating at all splice contact points or ground connector attachment. After completing
splice-to-grounding-bolt attachment, repair the coated surfaccs with coating materials
recommended by cable trav manufacturer.

Bond cable travs to power source for cables contained within with bonding conductors sized
according to NFPA 70, Article 250.122, "Sizc of Equipment Grounding Conductors.”

CABLE INSTALLATION

Install cables only when each cable tray run has been completed and inspected.

Fasten cables on horizontal runs with cable clamps or cable ties. Tighten clamps only cnough to
scecurc the cable, without indenting the cable jacket. Install cable tics with a tool that includcs an
automatic pressure-limiting device.

Fasten cables on vertical runs to cable trays cvery 18 inches (4350 mm).

Fasten and support cables that pass from one cable tray to another or drop from cable trays to
equipment enclosures. Fasten cables to the cable trav at the point of exit and support cables
independent of the enclosurc. The cable length between cable trays or between cable tray and

enclosure shall be no more than 72 inches (1800 mm).

Tie mineral-insulated cables down every 36 inches (900 mm) where required to provide a two-
hour fire rating and cvery 72 inches (1800 mm) clscwhere.

In existing construction, remove inactive or dead cables from cable trays.

CONNECTIONS

Remove paint from all conncction points before making connections. Repair paint after the
connections are completed.

Conncet raccways to cable trays according to requirecments in NEMA VE 2 and NEMA FG 1.

FIELD QUALITY CONTROL

Perform the following tests and inspections with the assistance of a factory-authorized service
representative:

1, After installing cable travs and after electrical circuitry has been energized, survey for
compliance with requircments.

2. Visually inspeet cable insulation for damage. Correct sharp comers, protuberances in cable
trays, vibrations, and thermal expansion and contraction conditions, which may cause or
have caused damage.
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Verify that the number, size, and voltage of cables in cable travs do not exceed that
permitted by NFPA 70. Verify that communications or data-processing circuits are
scparatcd from power circuits by barricrs or arc installed in separatc cable trays.

L

4 Verify that there are no intruding items, such as pipes, hangers, or other equipment, in the
cable tray.

3. Remove dust deposits, industrial process matcrials, trash of anyv deseription, and any
blockage of tray ventilation.

0. Visually inspect cach cable tray joint and cach ground connection for mechanical

continuity. Check bolted conneetions between scctions for corrosion. Clean and retorque
in suspect areas.

7. Check for improperly sized or installed bonding jumpers.

8. Check for missing, incorrcet, or damaged bolts, bolt heads, or nuts. When found, replace
with specified hardware.

9. Perform visual and mechanical checks for adequacy of cable tray grounding; verify that all
takeoft raceways are bonded to cable travs. Test entire cable tray system for continuity.
Maximum allowable resistance is 1 ohm.

B.  Preparc test and inspection reports.
3.6 PROTECTION

A Protect installed cable trays and cables.

L. Install temporary protection for cables in open travs to safcguard cxposcd cables against
falling objects or debris during construction. Temporary protection for cables and cable
tray can bc constructed of wood or metal materials and shall remain in place until the risk
of damagc is over.

2. Repair damage to galvanized finishes with zinc-rich paint recommended by cable tray
manufacturcr.
3. Repair damage to paint finishes with matching touchup coating recommended by cable

tray manufacturer.

END OF SECTION 260536
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SECTION 260544 - SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND
CABLING

PART 1 - GENERAL

1.1

RELATED DOCUMENTS

Drawings and gencral provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Scctions, apply to this Scetion.

SUMMARY

Scetion Includes:

L. Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors.
2. Sleeve-seal systems.

3. Sleeve-scal fittings.

4. Grout.

3. Silicone sealants.

Related Requirements:

1, Section 078413 "Penetration Firestopping” for penetration firestopping installed in fire-
resistance-rated walls, horizontal assemblies, and smoke barriers, with and without
penctrating items.

ACTION SUBMITTALS

Product Data: For each tvpe of product.

PART 2 - PRODUCTS

2.1

SLEEVES
Wall Sleeves:

1. Steel Pipe Sleeves: ASTM A 33/A 33M, Tvpe E, Grade B, Schedule 40, zine coated, plain
ends.

2. Cast-Iron Pipc Slecves: Cast or fabricated "wall pipe,” equivalent to ductile-iron pressurc
pipe, with plain ends and integral waterstop unless otherwise indicated.

Sleeves for Conduits Penctrating Non-Firc-Rated Gypsum Board Asscmblics: Galvanized-stecl
sheet; 0.0239-inch (0.6-mm) minimum thickness; round tubc closed with welded longitudinal
Joint, with tabs for screw-fastening the sleeve to the board.

SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND 260544 - 1
CABLING



22
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2.4

PVC-Pipe Sleeves: ASTM D 1783, Schedule 40.
Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.

Moldcd-PE or -PP Slecves: Removable, tapercd-cup shaped, and smooth outer surface with
nailing tlange for attaching to wooden forms.

Sleeves for Rectangular Openings:

1. Matcrial: Galvanized sheet steel.
2. Minimum Metal Thickness:

a. For slecve cross-scetion rectangle perimeter less than 50 inches (1270 mm) and with
no side larger than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mum).

b. For sleeve cross-section rectangle perimeter 30 inches (1270 mm) or more and one
or morc sides larger than 16 inches (400 mm), thickness shall be 0.138 inch (3.5
mm).

SLEEVE-SEAL SYSTEMS

Deseription: Modular scaling deviec, designed for ficld asscmbly, to fill annular spacc between

sleeve and raceway or cable.

1, Sealing Elements: EPDM rubber interlocking links shaped to fit surface of pipe. Include
tvpe and number required for pipe material and size of pipe.

2. Pressure Plates: Carbon steel.

3. Connecting Bolts and Nuts; Carbon steel, with corrosion-resistant coating, of length
required to sceure pressurc plates to scaling clements.

SLEEVE-SEAL FITTINGS

Deseription: Manufactured plastic, sleeve-tvpe, waterstop assembly made for embedding in
concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to
match piping OD.

GROUT

Deseription: Nonshrink; recommended for interior and cxterior scaling openings in non-firc-rated
walls or floors.

Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and  volumc-adjusting, dry,
hyvdraulic-cement grout.

Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.

Packaging: Premixed and factory packaged.

SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND 260544 -2
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A,

B.

SILICONE SEALANTS

Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of grade
indicated below.

1, Grade: Pourable (self-leveling) formulation for openings in tloors and other horizontal
surfaces that arc not firc rated.

Siliconc Foams: Multicomponent, siliconc-based liquid clastomers that, when mixed, cxpand and
cure in place to produce a flexible, nonshrinking foam.

PART 3 - EXECUTION

3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS
A, Comply with NECA 1.
B. Comply with NEMA VE 2 for cablc tray and cablc penctrations.
C.  Sleeves for Conduits Penctrating Above-Grade Non-Firc-Rated Concrete and Masonry-Unit

Floors and Walls:

L. Interior Penctrations of Non-Fire-Rated Walls and Floors:

a. Seal annular space between sleeve and racewayv or cable, using joint sealant
appropriate for size, depth, and location of joint. Comply with requirements in
Scection 079200 "Joint Scalants.”

b. Seal space outside of sleeves with mortar or grout. Pack sealing matenal solidly
between sleeve and wall so no voids remain. Tool exposed surfaces smoocth; protect
material while curing.

2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening,

3. Size pipe sleeves to provide 1/4-inch (6.4-mm) amnular clcar spacc between slecve and
raccway or cablc unless slecve scal is to be installed.

4, Install sleeves for wall penetrations unless core-drilled holes or formed openings are used.
Install sleeves during creetion of walls. Cut sleeves to length for mounting flush with both
surfaces of walls. Deburr after cutting.

3. Install sleeves for floor penetrations, Extend sleeves installed in floors 1 inches (50 mm)>
above finished floor level. Install slecves during crection of floors.

D.  Slecves for Conduits Penctrating Non-Firc-Rated Gyvpsum Board Assemblics:

L. Use circular metal sleeves unless penctration arrangement requircs rectangular slecved
opcning.

2. Seal space outside of sleeves with approved joint compound for gypsum board assemblies.

E.  Roof-Penctration Slecves: Scal penctration of individual raceways and cables with flexible boot-
type flashing units applicd in coordination with roofing work.
SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND 260544 -3
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F. Aboveground, Exterior-Wall Penetrations: Seal penetrations using |steel| | cast-iron | pipe sleeves
and mechanical sleeve seals. Select sleeve size to allow for I-inch (23-mm) annular clear space
between pipe and slecve for installing mechanical slecve scals.

G, Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size sleeves to
allow for 1-inch (23-mm) annular clear space between raceway or cable and sleeve for installing
slecve-scal svstem.

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION

A, Install slecve-scal svstems in slecves in exterior concrete walls and slabs-on-grade at raceway
cntrics into building.

B. Install tvpe and number of sealing ¢lements recommended by manufacturer for raceway or cable
material and sizc. Position raccway or cable in center of sleeve. Assemble mechanical slecve scals
and install in annular spacc between raceway or cable and slecve. Tighten bolts against pressurc
plates that cause sealing elements to expand and make watertight seal.

33 SLEEVE-SEAL-FITTING INSTALLATION

A.  Install sleeve-seal fittings in new walls and slabs as they are constructed.

B.  Assemble fitting components of length to be tlush with both surfaces of concrete slabs and walls.
Position watcrstop flangce to be centered in concrete slab or wall.

C.  Secure nailing flanges to concrete forms.

D.  Using grout, seal the space around outside of sleeve-seal fittings.

END OF SECTION 260544
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SECTION 260533 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART | - GENERAL

1.1

A,

1.2

D.

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Color and legend requirements for racewavs, conductors, and warning labels and signs.
Labcls.

Bands and tubes.

Tapces and steneils.

Tags.

Signs.

Cablc tics.

Paint for identitication.

Fasteners for labels and signs.

S0 =] T P L D =

=

ACTION SUBMITTALS
Product Data: For each tvpe of product.

1. Include construction details, material descriptions, dimensions of individual components
and profiles, and finishes for clectrical identification products.

Samples: For each tvpe of label and sign to illustrate composition, size, colors, lettering style,
mounting provisions, and graphic featurcs of identification products.

Identification Schedule: For cach picece of clectrical cquipment and clectrical svstem components
to be an index of nomenclature for electrical equipment and svstem components used in

identification signs and labels. Usc same designations indicated on Drawings.

Declegated-Design Submittal: For arc-flash hazard study.

PART 2 - PRODUCTS

2.1

A,

PERFORMANCE REQUIREMENTS

Comply with ASME Al13 land IEEE (2,

IDENTIFICATION FOR ELECTRICAL SYSTEMS 260553 - 1



2.2

IDENTIFICATION FOR ELECTRICAL SYSTEMS 260

w

o o

Comply with NFPA 70.
Comply with 29 CFR 1910.144 and 29 CFR 1910.145,
Comply with ANSI Z535 4 for safcty signs and labels.

Comply with NFPA 70E and Section 260374 "Overcurrent Protective Device Arc-Flash Study"
requircments for arc-flash warning labels.

Adhesive-attached labeling matcerials, ineluding label stocks, laminating adhesives, and inks used
bv label printers, shall comply with UL 969,

Thermal Movements: Allow for thermal movements from ambicnt and surface temperature
changes.

1, Temperature Change: 120 deg F (67 deg C), ambient; 180 deg F (100 deg C), materal
surfaces.

COLOR AND LEGEND REQUIREMENTS

Raceways and Cables Carrving Circuits at 600 V or Less:

L. Black letters on an orange field.
2. Legend: Indicate voltage and system or service type.

Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use colors listed
bclow for ungrounded service, feeder, and branch-circuit conductors.

1, Color shall be factory applied or field applied for sizes larger than No, 8 AWG if
authorities having jurisdiction permit.
2. Colors for 208/120-V Circuits:

a. Phase A: Black.
b. Phasc B: Red.
. Phasc C: Bluc.

Colors for 240-V Circuits;

L

a. Phasc A: Black.
b. Phasc B: Red.

4, Colors for 480/277-V Circuits;

a. Phasc A: Brown.
b. Phasc B: Orangc.
. Phasc C: Yellow.

Color for Ncutral: White.
Color for Equipment Grounds: Bare copper, Green.
Colors for Isolated Grounds: Green with white stripe.

=1 O LA
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IDENTIFICATION FOR ELECTRICAL SYSTEMS 260

Raceways and Cables Carrving Circuits at More Than 600 V:

1. Black letters on an orange field.
2. Legend: "DANGER - CONCEALED HIGH VOLTAGE WIRING."

Waming Label Colors:

L. Identify svstem voltage with black letters on an orange background.

Warning labels and signs shall include, but arc not limited to, the following legends:

1, Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD -
EQUIPMENT HAS MULTIPLE POWER SOURCES."

2. Workspace Clecarance Warning: "WARNING - OSHA REGULATION - AREA IN
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES
(915 MM)."

3. Sce project plans for additional signage requircments.

Equipment Identification Labels:

1. Black lctters on a white ficld.

LABELS

Vinyl Wraparound Labels: Preprinted, flexible labels laminated with a clear, weather- and
chemical-resistant coating and matching wraparound clear adhesive tape for sceuring label ends.

Snap-around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrvlic sleeves, with
diameters sized to suit diameters and that stay in place by gripping action.

Sclf-Adhcsive Wraparound Labcels: Preprinted, 3-mil- (0.08-mm-) thick vinyl flexible label with
acrvlic pressure-sensitive adhesive,

1. Sclf-Lamination: Clcar; UV-, wecather- and chemical-resistant; sclf-laminating, protcctive
shicld over the legend. Labels sized such that the clear shicld overlaps the entire printed
legend.

2. Marker for Labels: Permancnt, watcrproof, black ink marker recommended by tag
manufacturcr.

Marker for Labels: Machine-printed, permanent, waterproof, black ink recommended by
printcr manufacturcr.

L

Sclf-Adhcsive Labels: Vinyl, thermal, transfer-printed, 3-mil- (0.08-mm-) thick, multicolor,
weather- and UV-resistant, pressure-sensitive adhesive labels, configured for intended use and
location.

1, Minimum Nominal Size:

a. 1-172 by 6 inches (37 by 130 mm)for raccway and conductors.
b. 3-172 by 3 inches (76 by 127 mm)for cquipment.
C. As required by authorities having jurisdiction.

3.
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2.6

27

IDENTIFICATION FOR ELECTRICAL SYSTEMS 260

BANDS AND TUBES

Snap-around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrvlic sleeves, 2
inches (30 mm) long, with diameters sized to suit diamcters and that stay in place by gripping
action.

Heat-Shrink  Preprinted Tubes: Flame-retardant  polvolefin  tubes  with  machine-printed
identification labels, sized to suit diameter and shrunk to fit firmly. Full shrink recovery occurs
at a maximum of 200 deg F (93 deg C). Comply with UL 224,

TAPES AND STENCILS

Marker Tapes: Vinyl or vinyl-cloth, sclf-adhesive wraparound tvpe, with circuit identification
legend machine printed by thermal transfer or equivalent process.

Sclf-Adhcsive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils
(0.08 mm) thick by 1 to 2 inches (25 to 50 mm) wide; compounded for outdoor usc.

Tape and Stencil: 4-inch- (100-mm-) wide black stripes on 10-inch (250-mm) centers placed
diagonally over orange background and is 12 inches (300 num) wide. Stop stripes at legends.

Floor Marking Tape: 2-inch- (30-mm-) wide, 5-mil (0.123-mm) pressure-sensitive vinyl tape,
with | black and white| [vellow and black| stripes and clear vinyl overlay,

TAGS

Metal Tags: Brass or aluminum, 2 by 2 by 0.03 inch (30 by 30 by 1.3 mm), with stamped legend,
punched for use with self-locking cable tie fastener.

Nonmectallic Preprinted Tags: Polyethyvlene tags, [0.015 inch (0.38 mm})] [0.023 inch (0.58 mm)]
thick, color-coded for phase and voltage level, with factory |screened| |printed| permanent
designations; punched for usc with self-locking cable tic fastencr.

Writc-on Tags:
1, Polvester Tags: |0.010 inch (0.25 mm)| [0.015 inch (0.38 mm)| <Insert dimension>
thick, with corrosion-resistant gronimet and cable tic for attachment.

2. Marker for Tags: Permancnt, watcrproof, black ink marker rccommended by tag
manufacturer.
3. Marker for Tags: Machine-printed, permancnt, waterproof, black ink marker recommended

by printcr manufacturer.

SIGNS

Bakcd-Enamel Signs:

1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size
required for application.

2. 1/4-inch (6.4-mm) grommets in comncers for mounting.

3 Nominal Size: 7 by 10 inches (180 by 230 mm).
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B. Metal-Backed Butyrate Signs:

Weather-resistant, nonfading, preprinted. cellulose-acetate butvrate signs, with ¢.0396-
inch (1-mm) galvanizcd-steel backing, punched and drilled for fasteners, and with colors,
legend, and size required for application,

2. 1/4-inch (6.4-mm) grommets in comncers for mounting.
3. Nominal Size: 10 by 14 inches (250 by 360 mm).
C.  Laminated Acryvlic or Melamine Plastic Signs:
L. Engraved legend.
2. Thickness:
a. For signs up to 20 sq. in. (129 sq. cm), minimum 1/16 inch (1.6 mm) thick.
b. For signs larger than 20 sq. in. (129 sq. cm), 1/8 inch (3.2 mum) thick.
c. Engraved legend with [black letters on white face] [white letters on a dark gray
background] <Insert colors>,
d. [Punched or drilled for mechanical fasteners with 1/4-inch (6.4-mm) grommets
in corners for mounting| |Self-adhesive|.
e. Framed with mitered acrvlic molding and arranged for attachment at applicable
cquipment.
2.8 CABLE TIES

A.  General-Purpose Cable Ties: Fungus inert, self-extinguishing, one piece, self-locking, and
Typc 6/6 nvlon.

1.
2.

L

4,

Minimum Width: 3/16 inch (53 mm).

Tensile Strength at 73 Deg F (23 Deg C) according to ASTM D 638: 12,000 psi (82.7
MPa).

Temperature Range: Minus 40 to plus 183 deg F (Minus 40 to plus 85 deg C).

Color: Black, except where used for color-coding.

B.  UV-Stabilized Cable Ties: Fungus inert, designed for continuous cxposurc to exterior sunlight,
self-extinguishing, one piece, self-locking, and Type 6/6 nylon.

L.
2.

3.
4,

Minimum Width: 3/16 inch (5 mm).

Tensile Strength at 73 Deg F (23 Deg C) according to ASTM D 638: 12,000 psi (82.7
MPa).

Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).

Color: Black.

C.  Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and self-locking,

N R
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Minimum Width: 3/16 inch (5 mm).

Tensile Strength at 73 Deg F (23 Deg C) according to ASTM D 638: 7000 psi (48.2 MPa).
UL 94 Flamc Rating: 94V-0.

Temperature Range: Minus 30 to plus 284 deg F (Minus 46 to plus 140 deg C).

Color: Black.

3-3

Lh
Lh



29

A,

B.

MISCELLANEQUS IDENTIFICATION PRODUCTS

Paint: Comply with requirements in painting Sections for paint materials and application
requircments. Retain paint svstem applicable for surface material and location (cxterior or
interior).

Fastencrs for Labels and Signs: Sclf-tapping, stainless-stecl screws or stainless-steel machine
screws with nuts and flat and lock washers.

PART 3 - EXECUTION

3.1

A

32

A,

L

IDENTIFICATION FOR ELECTRICAL SYSTEMS 260

PREPARATION

Sclf-Adhcsive Identification Products: Before applving clectrical identification products, clcan
substrates of substances that could impair bond, using matenals and methods recommended by
manufacturcr of identification product.

INSTALLATION

Verify and coordinate identification names, abbreviations, colors, and other features with
requircments in other Scctions requiring identification applications, Drawings, Shop Drawings,
manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent
designations throughout Project.

Install identifying deviecs before installing acoustical ccilings and similar concealment.

Verify identity of each item before installing identification products.

Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation
and maintcnance manual.

Apply identification devices to surfaces that require finish atter completing finish work.

Install signs with approved legend to facilitate proper identification, opcration, and maintcnance
of clectrical svstems and connected items.

Svstem ldentification for Racewayvs and Cables under 600 V: Identification shall completely
cncirele cable or conduit. Place identification of two-color markings in contact, side by sidc.

L. Sccure tight to surface of conductor, cable, or raccway.

Svstem Identification for Raceways and Cables over 600 V: Identification shall completely
cncirele cable or conduit. Place adjacent identification of two-color markings in contact, sidc by
side.

L. Sccure tight to surface of conductor, cable, or raccway.

Auxiliary Electrical Svstems Conductor Identification: Identify ficld-installed alarm, control, and
signal connections,
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J. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red
background with minimum 3/8-inch- (10-mm-} high letters for emergency instructions at
cquipment uscd for [power transfer] [load shedding] <Insert emergency operations>.

K.  Elevated Components: Increase sizes of labels, signs, and letters to those appropnate for viewing
from the floor.

L.  Acccssible Fittings for Raccways: Identify the covers of cach junction and pull box of the
following svstems with the wiring svstem legend and svstem voltage. Svstem legends shall be as
follows:

L. "EMERGENCY POWER."
2. "POWER."
3. "UPS."

M.  Vinyl Wraparound Labcels:
1, Secure tight to surface of racewayv or cable at a location with high visibility and
accessibility.
2. Attach labels that are not self-adhesive type with clear vinvl tape, with adhesive appropnate
to the location and substrate.

N.  Snap-around Labcls: Sceurc tight to surface at a location with high visibility and accessibility.

Self-Adhesive Wraparound Labels: Secure tight to surface at a location with high visibility and
accessibility,

P. Sclf-Adhesive Labels:

1, On each item, install unique designation label that is consistent with wiring diagrams,
schedules, and operation and maintenanec manual.
2. Unless otherwisc indicated, provide a single line of text with 1/2-inch- {13-mm-) high

letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are required, use labels
2 inches (50 mm) high.

Q).  Snap-around Color-Coding Bands: Sccure tight to surfacce at a location with high visibility and
accessibility,

R.  Heat-Shrink, Preprinted Tubcs: Sccure tight to surface at a location with high visibility and
accessibility.

S. Marker Tapes: Secure tight to surface at a location with high visibility and accessibility.

T. Sclf-Adhcsive Vinyl Tape: Sccurc tight to surface at a location with high visibility and
accessibility,

L. Ficld-Applicd, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum

distancc of 6 inches (130 mm) where splices or taps arc made. Apply last two turns of tape
with no tension to prevent possible unwinding,
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U.  Tape and Stencil: Comply with requirements in painting Sections for surface preparation and
paint application,

V.  Floor Marking Tape: Apply stripcs to finished surfaces following manufacturer's writtcn
instructions,

W.  Mectal Tags:

L. Placc in a location with high visibility and accessibility.
2. Secure using general-purpose cable ties,

X.  Nonmetallic Preprinted Tags:

L. Placc in a location with high visibility and accessibility.
2. Secure using general-purpose cable ties,

Y.  Writc-on Tags:

L. Placc in a location with high visibility and accessibility.
2. Secure using general-purpose cable ties,

7. Bakcd-Enamel Signs:

1. Attach signs that are not self-adhesive tvpe with mechanical fasteners appropriate to the
location and substrate.

2. Unless otherwisc indicated, provide a single line of text with 1/2-inch- {13-mm-) high
letters on minimum 1-1/2-inch- (38-mm-) high sign; where two lines of text are required,
use signs minimum 2 inches (30 mm) high.

AA. Metal-Backed Butvrate Signs:

1. Attach signs that are not self-adhesive tvpe with mechanical fasteners appropriate to the
location and substratc.

2. Unless otherwisc indicated, provide a single line of text with 1/2-inch- {13-mm-) high
letters on 1-1/2-inch- (38-mm-) high sign; where two lines of text are required, use labels
2 inches (50 mm) high.

BB. Laminated Acrylic or Mclaminc Plastic Signs:
1. Attach signs that are not self-adhesive tvpe with mechanical fasteners appropriate to the
location and substratc.
2. Unless otherwisc indicated, provide a single line of text with 1/2-inch- {13-mm-) high
letters on 1-1/2-inch- (38-mm-) high sign; where two lines of text are required, use labels
2 inches (50 mm) high.

CC. Cable Ties: General purpose, for attaching tags, except as listed below:

L. Outdoors: UV-stabilized nvlon.
2. In Spaces Handling Environmental Air: Plenum rated.
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IDENTIFICATION SCHEDULE

Install identification materials and devices at locations for most convenient viewing without
interference with operation and maintcnance of cquipment. Install access doors or pancls to
provide view of identifving devices.

Identify conductors, cables, and terminals in cnclosures and at junctions, terminals, pull points,
and locations of high visibility. Identify by svstem and circuit designation.

Concealed Raceways, Duct Banks, More Than 600 V_ within Buildings: Tape and stencil. Stencil
legend "DANGER - CONCEALED HIGH-VOLTAGE WIRING" with 3-inch- (75-mm-) high,
black lctters on 20-inch (300-mm) centers.

1. Locate identification at changes in direction, at penetrations of walls and floors, and at | 10-
foot (3-m)] [30-foot (10-m)] maximum intcrvals.

Accessible Raccways, 600V or Less, for Scrviee, Feeder, and Branch Circuits, Morc Than 30A
and 120V to Ground: Identify with self-adhesive vinyl tape applied in bands.

L. Locate identification at changes in direction, at penctrations of walls and floors, at 50-foot
(13-m) maxamum intervals in straight runs, and at 25-foot (7.6-m) maximum intervalg in
congested areas.

Accessible Fittings for Raceways and Cables within Buildings: Identify the covers of cach
Junction and pull box of the following systems with self-adhesive labels containing the wiring
svstem legend and svstem voltage. Svstem legends shall be as follows:

L. "EMERGENCY POWER."
2. "POWER."
3. "UPS."

Powcr-Circuit Conductor Identification, 600V or Less: For conductors in vaults, pull and
Junction boxes, manholes, and handholes, use snap-around labels to identify the phase.

L. Locate identification at changes in direction, at penctrations of walls and floors, at 50-foot
(15-m) maximum intcrvals in straight runs, and at 23-foot (7.6-m) maximum intcrvals in
congested areas.

Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes,
manholcs, and handholcs, use self-adhesive labels with the conductor or cable designation,
origin, and destination.

Control-Circuit Conductor Termination Identification: For identification at terminations, provide
self-adhesive labels with the conductor designation.

Workspace Indication: Apply tape and stencil to finished surfaces. Show working clearances in
the dircetion of access to live parts. Workspace shall comply with NFPA 70 and
29 CFR 1926403 unless otherwise indicated. Do not install at flush-mounted panelboards and
similar cquipment in finished spaccs.
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J. Instructional Signs: Self-adhesive labels, including the color code for grounded and ungrounded
conductors.

K.  Opcrating Instruction Signs: Self-adhesive labels.

L. Emergency Operating Instruction Signs: Self-adhesive labels with white legend on a red
background with minimum 3/8-inch- (10-mm-) high lctters for cmergency instructions at
cquipment uscd for power transfer.

M.  Equipment Identification Labels:
L. Outdoor Equipment: Laminated acrylic or melamine sign 4 inches (100 mm) high.
2. Equipment to Be Labeled:

a. Panelboards: Typewritten directory of circuits in the location provided by
panclboard manufacturcr. Panclboard identification shall be in the form of a [self-
adhesive, engraved,] [engraved,] laminated acrvlic or melamine label.

Enclosures and electrical cabinets.

Access doors and pancls for conccaled clectrical items.

Switchgear,

Switchboards.

Transformers: Label that includes tag designation indicated on Drawings for the
transformer, feeder, and panelboards or equipment supplied by the secondary,
Emergency svstem boxes and enclosures.

Motor-control centers.

Enclosed switches.

Encloscd circuit breakers.

Encloscd controllers.

Push-button stations.

Powcr-transfer cquipment.

Contactors.

Remote-controlled switches, dimmer modules, and control devices.
Battery-inverter units.

Battery racks.

Power-generating units,

Monitoring and control equipment.

Mo oo o
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SECTION 262213 - LOW-VOLTAGE DISTRIBUTION TRANSFORMERS

PART | - GENERAL

1.1

A,

1.2

RELATED DOCUMENTS

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

SUMMARY

Section includes distribution, drv-tyvpe transformers with a nominal primary and secondary rating
of 600 V and less, with capacitics up to 1500 kVA.

ACTION SUBMITTALS

Product Data: For each tvpe of product.

L. Include construction details, material descriptions, dimensions of individual components
and profiles, and finishes for cach type and size of transformer.
2. Include rated nameplate data, capacitics, weights, dimensions, minimum clearances,

installed deviees and featurcs, and performanec for cach type and size of transformer.
Shop Drawings:

1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances,
mcthod of ficld assembly, components, and location and size of cach ficld connection.

2. Vibration Isolation Base Details: Detail fabrication including anchorages and attachments
to structure and to supported equipment,
3. Include diagrams for powecr, signal, and control wiring.

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

Field quality-control reports.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For transformers to include in emergency, operation, and
maintcnance manuals.
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1.6

A,

1.7

A

B.

C.

D.

QUALITY ASSURANCE
Testing Agency Qualifications: Accredited by NETA,

L. Testing Agency's Ficld Supervisor: Certified by NETA to supervise on-site testing.

DELIVERY, STORAGE, AND HANDLING

Inspection: On reeeipt, inspect for and note any shipping damage to packaging and transformer.

L. If manufacturer packaging is removed for inspection, and transformer will be stored after
inspection, re-package transformer using original or new packaging materials that provide
protcction equivalent to manufacturer's packaging.

Storage: Store in a warm, drv, and temperaturc-stable location in original shipping packaging.

Temporary Heating: Apply temporary heat according to manufacturer's written instructions

within the enclosurc of cach ventilated-tvpe unit, throughout periods during which cquipment is

not cnergized and when transformicr is not in a spacc that is continuously under normal control of

temperature and humidity.

Handling: Follow manufacturcr's instructions for lifting and transporting transformers.

PART 2 - PRODUCTS

2.1

A

22

A,

B.

C.

D.

MANUFACTURERS

Source Limitations: Obtain cach transformer type from single source from single manufacturer.

GENERAL TRANSFORMER REQUIREMENTS
Description: Factorv-assembled and -tested, air-cooled units for 60-Hz service.
Comply with NFPA 70.

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

Transformers Rated 15 kVA and Larger:

1. Comply with 10 CFR 431 (DOE 2016) efficiency levels.
2. Marked as compliant with DOE 2016 cfficicney levels by an NRTL.

Shipping Restraints: Paint or otherwise color-code bolts, wedges, blocks, and other restraints that
arc to bc removed after installation and before encrgizing. Use fluorcscent colors that arc casily
identifiable inside the transformer cnclosure.
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DISTRIBUTION TRANSFORMERS
Comply with NFPA 70, and list and label as complying with UL 1561,

Provide transformers that arc constructed to withstand seismic forces specified in
Section 260348 16 "Seismic Controls for Electrical Svstems."

Corcs: Electrical grade, non-aging silicon steel with high permeability and low hysteresis losses.

L. Onc lcg per phasc.

2. Core volume shall allow efficient transformer operation at 10 percent above the nominal
tap voltage.
3. Grounded to enclosurc.

Coils: Continuous windings except for taps.

Coil Matcrial: Copper.
Internal Coil Conncetions: Brazed or pressurc type.
Terminal Connections: Bolted.

L 2 =

Encapsulation: Transformers smaller than 30 kVA shall have corc and coils completely resin
encapsulated.

Enclosure: Ventilated.

L. NEMA 250, Type 3R: Corc and coil shall be cncapsulated within resin compound using a
vacuum-pressure impregnation process to seal out moisture and air,

2. KVA Ratings: Based on convection cooling only and not relving on auxiliary fans,

Wiring Compartment: Sized for conduit entry and wiring installation.

4 Finish: Comply with NEMA 250,

L)

a. Finish Color: ANSI 61 gray wcather-resistant cnamecl.
Taps for Transformers 3 kVA and Smaller: None.

Taps for Transformers 7.3 to 24 kVA: One 5 percent tap above and one 5 percent tap below
normal full capacity.

Taps for Transformers 25 kVA and Larger: Two 2.5 percent taps above and two 2.5 percent
taps below normal full capacity.

Insulation Class, Smallcr Than 30 kVA: 180 deg C, UL-component-recognized insulation svstem
with a maximum of 113 deg C risc above 40 deg C ambient temperature.

Insulation Class, 30 kVA and Larger: 220 deg C, UL-component-recognized insulation svstem
with a maximum of 150 deg C risc above 40 deg C ambient temperature.

Grounding: Provide ground-bar kit or a ground bar installed on the inside of the transformer
cnclosure.
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2.4

K-Factor Rating: Transformers indicated to be K-factor rated shall comply with UL 1361
requirements for nonsinusoidal load current-handling capability to the degree defined by
designated K-factor.

1, Unit shall not overheat when carrving full-load current with harmmonic distortion
corresponding to designated K-factor, without cxcceding the indicated insulation class in
a 40 deg C maximum ambicnt and a 24-hour average ambicnt of 30 deg C.

2. Indicate value of K-factor on transformer nameplate.

3. Unit shall comply with requircments of DOE 2016 cfficicney levels when tested according
to NEMA TP 2 with a K-factor equal to onc.

Electrostatic Shielding: Each winding shall have an independent, single, full-width copper
clectrostatic shicld arranged to minimize interwinding capacitancc.

L. Arrangc coil leads and terminal strips to minimize capacitive coupling between input and
output terminals.

2. Include speeial terminal for grounding the shicld.

Neutral: Rated 200 percent ot full load current for K-factor-rated transformers.

Low-Sound-Level Requirements: Maximum sound levels when factory tested according to
IEEE C537.12.91, as follows:

9.00 kVA and Less; 40dBA.

1.

2. 9.011t030.00 kVA: 45dBA.

3. 30.01 to 30.00 kVA: 45 dBA for K-factors of 1, 4, and 9.

4, 30.01 to 150.00 kKVA: 50 dBA for K-factors of 1,4, and 9.
3. 150.01 to 300.00 kVA: 55 dBA for K-factors of 1, 4, and 9.
6. 300.01 to 500.00 kVA: 60 dBA for K-factors of 1, 4, and 9.
7. 300.01 to 700.00; 62 dBA for K-factors of 1,4, and 9.

8. 700.01 to 1000.00: 64 dBA for K-factors of 1, 4, and 9.
IDENTIFICATION

Nameplates: Engraved, laminated-acrvlic or melamine plastic siens for each distribution
transformer, mounted with corrosion-resistant screws. Namcplates and label products are
specificd in Scetion 260533 "Identification for Elcctrical Svstems.”
Nameplates: Self-adhesive label for each distribution transtormer. Self-adhesive labels are
specificd in Scetion 260533 "Identification for Elcctrical Svstems.”

SOURCE QUALITY CONTROL

Test and inspect transformers according to IEEE C37.12.01 and IEEE C57.12.91.

L. Resistance measurcments of all windings at ratcd voltage conncctions and at all tap
connections.
2. Ratio tests at rated voltage conncctions and at all tap connections.
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