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SECTION 01 00 00

GENERAL REQUIREMENTS

PART 1 GENERAL

1.1 CONTRACT DESCRIPTION

Work of the Project includes comprehensive remodeling and interior architecture work for an existing
residential building at Solar #2, Bloque F, Urb. San Gerardo, Bo. Cupey de Rio Piedras, San Juan, P.R,
00936

A. CONTRACTOR'’S USE OF PREMISES

B. Limit use of premises to allow:
1. Contractor’s Work sequence .

1.2 SPECIFICATION CONVENTIONS
A These specifications are written in imperative mood and streamlined form. This
imperative language is directed to the Contractor, unless specifically noted otherwise.
The words “shall be” are included by inference where a colon (:) is used within sentences
or phrases.
13 CASH ALLOWANCES
NOT USED
14 TESTING AND INSPECTION ALLOWANCES
NOT USED
15 SCHEDULE OF VALUES
A. Submit schedule on AIA Form G703.

B. Submit Schedule of Values in duplicate within 20 days after date established in Notice to
Proceed.

1.6 APPLICATIONS FOR PAYMENT
A. Submit three copies of each application on AIA Form G702 and G703.

B. Content and Format: Utilize Schedule of Values for listing items in Application for
Payment.

C. Payment Period: Monthly.

General Requirements
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1.7

18

1.9

1.10

111

1.12

CHANGE PROCEDURES

A Stipulated Sum/Price Change Order: Based on Contractor's request for Change Order as
approved by Architect/Engineer].

B. Change Order Forms: AIA G701.

C. Unit Price Change Order: For pre-determined unit prices and quantities, Change Order
will be executed on fixed unit price basis. Changes in Contract Sum/Price or Contract
Time will be computed as specified for Change Order.

UNIT PRICES
NOT USED

ALTERNATES

A. Alternates quoted on Bid Forms will be reviewed and accepted or rejected at Owner's
option.

B. Coordinate related Work and modify surrounding Work as required.

C. Schedule of Alternates:

NOT USED

COORDINATION

A

D.

Coordinate scheduling, submittals, and Work of various sections of specifications to
ensure efficient and orderly sequence of installation of interdependent construction
elements.

Verify utility requirement characteristics of operating equipment are compatible with
building utilities.

Coordinate space requirements and installation of mechanical and electrical work
indicated diagrammatically on Drawings. Follow routing shown for pipes, ducts, and
conduit, as closely as practicable.

In finished areas, conceal pipes, ducts, and wiring within construction.

FIELD ENGINEERING

NOT USED

PRECONSTRUCTION, [SITE MOBILIZATION AND PREINSTALLATION MEETINGS

A

Owner will schedule preconstruction and/or site mobilization meeting after Notice of
Award for affected parties.

General Requirements
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1.13

1.14

1.15

1.16

1.17

1.18

B. When required in individual specification section, convene preinstallation meeting at
Project site prior to commencing work of section.

PROGRESS MEETINGS
A Schedule and administer weekly meetings throughout progress of the Work.

B. Preside at meetings, record minutes, and distribute copies within two days to those
affected by decisions made.

CUTTING AND PATCHING

A. Employ skilled and experienced installer to perform cutting and patching new Work;
restore Work with new Products.

B. Cut masonry and concrete materials using masonry saw or core drill. Restore Work with
new Products in accordance with requirements of Contract Documents.

C. Fit Work tight to adjacent elements. Maintain integrity of wall, ceiling, or floor
construction; completely seal voids.

D. Fit Work tight to pipes, sleeves, ducts, conduit, and other penetrations through surfaces.
E. Refinish surfaces to match adjacent finishes.
SUBMITTAL PROCEDURES

A. Submittal form to identify Project, Contractor, subcontractor or supplier; and pertinent
Contract Document references.

B. Apply Contractor's stamp, signed or initialed, certifying that review, verification of
Products required, field dimensions, adjacent construction Work, and coordination of
information is in accordance with requirements of the Work and Contract Documents.

CONSTRUCTION PROGRESS SCHEDULES

A Submit initial progress schedule in duplicate within 20 days after date established in
Notice to Proceed, for Architect/Engineer review.

PROPOSED PRODUCTS LIST
NOT USED
PRODUCT DATA
A Product Data:
1. Submitted to Architect/Engineer for review for limited purpose of checking for

conformance with information given and design concept expressed in Contract
Documents.

General Requirements
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1.19

1.20

121

1.22

1.23

2. After review, provide copies and distribute in accordance with SUBMITTAL
PROCEDURES article and for record documents purposes as specified.

SHOP DRAWINGS

A Shop Drawings:

1. Submitted to Architect/Engineer for review for limited purpose of checking for
conformance with information given and design concept expressed in Contract
Documents.
2. After review, provide copies and distribute in accordance with SUBMITTAL
PROCEDURES article and for record documents purposes as specified.
SAMPLES
A. Samples for Review:
1. Submitted to Architect/Engineer for review for limited purpose of checking for
conformance with information given and design concept expressed in Contract
Documents.
2. After review, provide copies and distribute in accordance with SUBMITTAL
PROCEDURES article and for record documents purposes as specified.
B. Samples For Selection:
1. Submitted to Architect/Engineer for aesthetic, color, or finish selection.
2. Submit samples of finishes from full range of manufacturer’s standard colors,
textures, and patterns for Architect/Engineer selection.
3. After review, provide copies and distribute in accordance with SUBMITTAL
PROCEDURES article and for record documents purposes as specified.
C. Submit samples to illustrate functional and aesthetic characteristics of Product.

MANUFACTURER’S INSTRUCTIONS

A. When specified in individual specification sections, submit manufacturer printed
instructions for delivery, storage, assembly, installation, start-up, adjusting, and finishing,
in quantities specified for Product Data.

MANUFACTURER’S CERTIFICATES

A. When specified in individual specification sections, submit certifications by manufacturer
to Architect/Engineer, in quantities specified for Product Data.

B. Indicate material or Product conforms to or exceeds specified requirements. Submit
supporting reference data, affidavits, and certifications as appropriate.

QUALITY CONTROL

A Monitor quality control over suppliers, manufacturers, Products, services, site conditions,
and workmanship, to produce Work of specified quality.

General Requirements
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1.24

1.25

1.26

1.27

1.28

1.29

B. Comply with manufacturer’s instructions.

C. Comply with specified standards as minimum quality for the Work except when more
stringent tolerances, codes, or specified requirements indicate higher standards or more
precise workmanship.

TOLERANCES

A. Monitor fabrication and installation tolerance control of installed Products over suppliers,
manufacturers, Products, site conditions, and workmanship, to produce acceptable Work.
Do not permit tolerances to accumulate.

B. Comply fully with manufacturer’s tolerances.

LABELING

A. Attach label from agency approved by authority having jurisdiction for products,
assemblies, and systems required to be labeled by applicable code.

B. Label Information: Include manufacturer's or fabricator's identification, approved agency
identification, and the following information, as applicable, on each label.
1. Model number.
2. Serial number.
3. Performance characteristics.
MOCK-UPS
NOT USED

TESTING AND INSPECTION LABORATORY SERVICES
NOT USED

MANUFACTURER’S FIELD SERVICES AND REPORTS

A When specified in individual specification sections, require material or Product suppliers
or manufacturers to furnish qualified staff personnel to observe site conditions and to

initiate instructions when necessary.

B. Report observations and site decisions or instructions that are supplemental or contrary to
manufacturer’s written instructions.

EXAMINATION

A. Verify existing site conditions and substrate surfaces are acceptable for subsequent Work.
Beginning new Work means acceptance of existing conditions.

B. Verify utility services are available, of correct characteristics, and in correct location.

General Requirements
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1.30

131

1.32

1.33

1.34

1.35

1.36

1.37

PREPARATION
A Clean substrate surfaces prior to applying next material or substance.

B. Apply manufacturer required or recommended substrate primer, sealer, or conditioner
prior to applying new material or substance in contact or bond.

TEMPORARY ELECTRICITY
A. Provide separate metering and pay cost of electricity used.

B. Provide temporary electricity and power outlets for construction operations, connections,
branch wiring, distribution boxes, and flexible power cords as required.

TEMPORARY LIGHTING FOR CONSTRUCTION PURPOSES
A. Provide and maintain temporary lighting for construction operations.

B. Provide branch wiring from power source to distribution boxes with lighting conductors,
pigtails, and lamps as required.

TEMPORARY COOLING

A. Provide cooling devices and cool as needed to maintain specified conditions for
construction operations.

B. Provide separate metering and pay cost of energy used.

C. Provide and pay for operation, maintenance, and regular replacement of filters and worn
or consumed parts.

TEMPORARY VENTILATION

A Ventilate enclosed areas to assist cure of materials, to dissipate humidity, and to prevent
accumulation of dust, fumes, vapors, or gases.

TELEPHONE AND FACSIMILE SERVICE

A. Provide, maintain and pay for telephone and telephone facsimile service to field office at
time of project mobilization. Allow Architect/Engineer incidental use.

TEMPORARY WATER SERVICE
A Provide, maintain and pay for suitable quality water service required.
TEMPORARY SANITARY FACILITIES

A. Provide and maintain required facilities and enclosures. Existing facilities may not be
used.

General Requirements
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1.38

1.39

1.40

141

1.42

1.43

1.44

1.45

1.46

B. Maintain in clean and sanitary condition.
FIELD OFFICES AND SHEDS
A Provide space for Project meetings, with table and chairs to accommodate 6 persons.

ACCESS ROADS

A Designated existing on-site roads may be used for construction traffic.
PARKING
A. Arrange for temporary parking areas to accommodate construction personnel.

PROGRESS CLEANING AND WASTE REMOVAL

A. Collect and maintain areas free of waste materials, debris, and rubbish. Maintain site in
clean and orderly condition.

PROJECT IDENTIFICATION

A. Provide 2 foot wide x 2 foot high project sign of exterior grade plywood and wood frame
construction, painted, to Architect/Engineer's design and colors.

B. Erect on site at location indicated by Architect/Engineer.
FIRE PREVENTION FACILITIES

A Prohibit smoking within buildings under construction and demolition. Designate area on
site where smoking is permitted. Provide approved ashtrays in designated smoking areas.

B. Establish fire watch for cutting and welding and other hazardous operations capable of
starting fires. Maintain fire watch before, during, and after hazardous operations until
threat of fire does not exist.

PROTECTION OF INSTALLED WORK

A. Protect installed Work and provide special protection where specified in individual
specification sections.

SECURITY
A. Prrotect Work from unauthorized entry, vandalism, or theft.
WATER CONTROL

NOT USED

General Requirements
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1.47

1.48

1.49

1.50

151

1.52

POLLUTION AND ENVIRONMENTAL CONTROL

A. Provide dust control, erosion and sediment control, noise control, pest control and rodent
control to allow for proper execution of the Work.

REMOVAL OF UTILITIES, FACILITIES, AND CONTROLS

A Remove temporary utilities, equipment, facilities, materials, prior to Substantial
Completion review.

B. Clean and repair damage caused by installation or use of temporary work.

C. Restore existing facilities used during construction to original condition. Restore
permanent facilities used during construction to specified condition.

PRODUCTS

A. Products: Means new material, machinery, components, equipment, fixtures, and systems
forming the Work, but does not include machinery and equipment used for preparation,
fabrication, conveying and erection of the Work. Products may also include existing
materials or components specifically identified for reuse.

DELIVERY, HANDLING, STORAGE, AND PROTECTION

A. Deliver, handle, store, and protect Products in accordance with manufacturer's
instructions.

PRODUCT OPTIONS

A. Products Specified by Reference Standards or by Description Only: Any Product meeting
those standards or description.

B. Products Specified by Naming One or More Manufacturers: Products of manufacturers
named and meeting specifications, no options or substitutions allowed.

C. Products Specified by Naming One or More Manufacturers with Provision for
Substitutions: Submit request for substitution for manufacturers not named.

SUBSTITUTIONS

A. During construction substitutions will only be considered when Product becomes
unavailable through no fault of Contractor.

B. Document each request with complete data substantiating compliance of proposed
Substitution with Contract Documents.

C. Submit three copies of request for Substitution for consideration. Limit each request to
one proposed Substitution.

General Requirements
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1.53

1.54

1.55

1.56

1.57

1.58

1.59

CLOSEOUT PROCEDURES

A. Submit written certification Contract Documents have been reviewed, Work has been
inspected, and Work is complete in accordance with Contract Documents and ready for
Architect/Engineer's inspection.

FINAL CLEANING

A. Execute final cleaning prior to final inspection.

B. Clean interior and exterior surfaces exposed to view. Vacuum carpeted and soft surfaces.
C. Replace filters of operating equipment.

D. Remove waste and surplus materials, and rubbish from site.

STARTING OF SYSTEMS

A. Provide seven days notification prior to start-up of each item.

B. Ensure each piece of equipment or system is ready for operation.

DEMONSTRATION AND INSTRUCTIONS

A. Demonstrate start-up, operation, control, adjustment, trouble-shooting, servicing,
maintenance, and shutdown of each item of equipment at agreed-upon times, at
equipment location.

TESTING, ADJUSTING, AND BALANCING

A. Adjust operating products and equipment to ensure smooth and unhindered operation.

PROTECTING INSTALLED CONSTRUCTION

A Provide temporary and removable protection for installed products. Control activity in
immediate work area to prevent damage.

B. Protect finished floors, stairs, and other surfaces from traffic, dirt, wear, damage, or
movement of heavy objects, by protecting with durable sheet materials.

PROJECT RECORD DOCUMENTS

A. Maintain on site one set of Contract Documents to be utilized for record documents.

B. Record actual revisions to the Work. Record information concurrent with construction
progress.

C. Specifications: Legibly mark and record at each Product section description of actual

Products installed.

General Requirements
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D. Record Documents and Shop Drawings: Legibly mark each item to record actual
construction.

E. Submit documents to Architect with claim for final Application for Payment.
1.60 OPERATION AND MAINTENANCE DATA

A Submit two sets prior to final inspection, bound in 8-1/2 x 11 inch (216 x 279 mm) text
pages, three D side ring binders with durable plastic covers.

B. Prepare binder cover with printed title "OPERATION AND MAINTENANCE
INSTRUCTIONS" and title of project.

C. Internally subdivide binder contents with permanent page dividers, logically organized,
with tab titles legibly printed under reinforced laminated plastic tabs.

D. Contents:
1. Part 1: Directory, listing names, addresses, and telephone numbers of
Architect/Engineer, Contractor, subcontractors, and major equipment suppliers.
2. Part 2: Operation and maintenance instructions, arranged by system.
3. Part 3: Project documents and certificates.

1.61 SPARE PARTS AND MAINTENANCE MATERIALS
NOT USED
1.62 WARRANTIES
A. Execute and assemble transferable warranty documents from subcontractors, suppliers,
and manufacturers.

B. Submit prior to final Application for Payment.

PART 2 PRODUCTS

Not Used.

PART 3 EXECUTION

Not Used.

END OF SECTION

General Requirements
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DIVISION 15 - MECHANICAL WORK

SECTION 15000 - GENERAL REQUIREMENTS MECHANICAL WORK

PART | - GENERAL

11

A.

12

1.3

WORK INCLUDED

Work to be provided under this Division includes furnishing, delivering,
unloading, handling, erecting, installing, adjusting, and testing of materials
and equipment required for mechanical systems, complete in all respects as
required by the Contract Documents.

Furnish all labor, materials, equipment, services, tools and fuel in the
performance of the Work specified and as shown on the Drawings, unless
otherwise definitely excluded and place equipment in operation in
accordance with the requirements of the Contract Documents.

The general requirements for furnishing and installing piping systems located
below grade on site and below slabs on grade.

SUBMITTALS
Shop Drawings, Product Data, and Samples:

1. Comply with the methods of submission required by the Contract
Documents. Non-compliance will result in automatic rejection of
submittal.

DELIVERY, STORAGE AND HANDLING

Take necessary measures to insure adequate protection of all equipment
and materials during delivery, storage, installation and shutdown conditions.
This responsibility shall include provisions required to meet the conditions
incidental to the delays pending final test of systems and equipment under
seasonal conditions.

Identify all materials with factory applied permanent stampings or markings
designating their conformance with the Contract Documents.

Inspect all materials upon receipt at the Project Site for defects and for
conformance with the Contract Documents.

Identify and file all mill test reports, certifications of compliance with the
Contract Documents and other such documents pertinent to the materials
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14

received. Deliver such files to the Owner as directed by him.

Use padded slings etc. as required to prevent damage to materials during
receipt, handling and installation.

Do not allow stainless steel to contact carbon steel.

Repair or replace damaged pipe coatings, wrappings or linings in
accordance with the manufacturer's instructions to restore original protection.

Test coatings with an electronic holiday tester after installation of pipe and
repair deficiencies.

Storage:

1. Store all materials as required to prevent deterioration.

2. Store all materials off ground or floors.

3. Cover, or store inside all materials subject to deterioration from
weather.

4. Protect ends of large fittings, valves and pipe from weather and
abuse.

5. Properly grease all machined surfaces.

PROJECT/SITE CONDITIONS

Carefully examine existing conditions, including existing mechanical, civil,
structural, and electrical work and compare Drawings with existing
conditions.

Submittal of bid shall indicate Contractor has examined the site and
Drawings and has included all costs associated with the Work. Additional
compensation will not be paid to the Contractor for his failure to visit the job
site, review Drawings, and completely identify the Work required. Contract
Sum shall include the cost for any additions to the Work identified by the
Contractor during the site visit and review of the Bid Documents.

Review peculiarities and limitations of work space available for installation of
materials and equipment furnished and installed under the Contract. Installed
Work shall be easily accessible for operation and maintenance.

Where necessary, equipment shall be shipped in crated sections of size
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1.6

1.7

1.8

ANSI

suitable for moving through restricted spaces available.
SEQUENCING/SCHEDULING

Prepare and maintain work schedules which interface with schedules from
other Contractors.

Inform the Owner and other Contractors of construction delays which may
adversely affect the work schedules. Take corrective actions necessary to
prevent delays.

WARRANTY

Warranty all work under this Division, in writing, to be free of defective work,
materials or parts for a period of one year after the Date of Substantial

Completion.

Repair, revise or replace all leaks, defects, failures, or inoperativeness at no
cost to Owner during the Warranty period.

QUALITY ASSURANCE

Unless noted otherwise materials, pipes, valves, fittings and specialty items
shall be new, full weight, full length and scale free.

CODES AND STANDARDS

Reference to technical societies, institutions, associations, organizations,
and governmental authorities may be made in the Contract Documents in
accordance with the following. Work is to be accomplished in accordance
with the applicable standards.

Manufacturer shall test or guarantee all materials to be in conformance with
the Contract Documents prior to delivery to the Project site.

Disclose sources of all materials.

Properly execute certificates which describe chemical and physical
properties of materials.

Furnish certificates to the Engineers upon request.
All Work and materials shall conform with the following:

American National Standards Institute: Standards as applicable to the
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ARPE

ASA

ASAHC

ASME

ASTM

AWS

AWWA

CRSI

IEEE

MSS

NAPHCC

NBS

NEC

NEMA

NFPA

Work.

"Administracion de Reglamentos y Permisos”, Commonwealth of
Puerto Rico: Construction Standards.

American Standards Association: Equipment and materials
standards.

American Society of Architectural Hardware Consultants: Equipment
standards.

American Society of Mechanical Engineers: Equipment, material and
construction standards.

American Society for Testing and Materials: Equipment and materials
standards.

American Welding Society: Welding Standards.
American Water Works Association.

Codigo Para la Prevencion de Incendios: Departamento de
Bomberos"

Concrete Reinforcing Steel Institute.

Institute of Electrical and Electronic Engineers: Equipment, material,
and construction standards.

Manufacturers Standardization Society of the Valve and Fittings
Industry, Inc.

National Association of Plumbing, Heating and Cooling Contractors:
National Standard Plumbing Code

National Bureau of Standards, U.S. Department of Commerce:
Materials and measurement standards.

National Electrical Code: Equipment, material, and construction
standards.

National Electrical Manufacturers Association: Equipment and
material standards.

National Fire Protection Association: Equipment, material, and
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construction standards.

NSC National Safety Code: Construction standards.

NSF National Sanitary Foundation

OSHA Occupational Safety and Health Administration: Equipment, material,
and construction standards.

PDI Plumbing and Drainage Institute: Equipment and construction
standards.

PRASA Puerto Rico Aqueduct ans Sewer Authority: Construction Standards.

PREPA Puerto Rico Electric Power Authority: Construction Standards

SSPC Steel Structures Painting Council: Painting standards.

UL Underwriters' Laboratories: Equipment and materials Standards.

USAS United States of America Standards Institute.

1.9 PAINTING
A. Contactor shall paint work and equipment as described below:

1. All exposed work and equipment, all work in mechanical equipment
and fan rooms whether insulated or not.

2. All work and equipment on roof.

B. Clean and prepare all surfaces prior to painting. Apply two coats of high
grade alkyd resin paint. Apply paint in accordance to manufacturer's
instructions. Use a galvanized iron primer in lieu of the first coat when
painting galvanized steel surfaces. Apply two coats of alkyd resin paint to all
insulated work.

C. It is not required to paint surface having factory enamel or other final finishes.

D. Paint to be Glid-Gard Alkyd Industrial Enamel.

PART Il - PRODUCTS

21 MATERIALS
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2.2

2.3

Unless otherwise specified, provide only new, first grade equipment and
materials which comply with requirements of this Specification and
applicable Standards.

Similar items of material and equipment shall be product of the same
manufacturer.

EQUIPMENT NOISE

Rotating equipment generating sound power levels in excess of 80 dBA shalll
not be used without the Owner's written approval.

SITE AND UNDERSLAB PIPING

Materials
1. Concrete:

a. Minimum slump 4" inches.

b. Minimum compressive strength 4,500 p.s.i.g.
2. Concrete reinforcing - 416-510 steel mesh.

Granular backfill - crushed stone or pea gravel passing a 1/2 inch
sieve and retained on a No. 4 sieve.

PART Il - EXECUTION

3.1

A.

GENERAL

Drawings:

1.

For purposes of clarity and legibility, Drawings are essentially
diagrammatic and, although size and location of equipment are drawn
to scale wherever possible, make use of all data in Contract
Documents to verify this information.

Drawings indicate required size and points of termination of pipes
and conduits and suggest proper routes to conform to structure, avoid
obstructions, and preserve clearances. However, it is not intended
that Drawings indicate all necessary offsets, and it shall be the
responsibility of the Contractor to make installation in such a manner
as to conform to structure, avoid obstructions, preserve headroom,
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3.2

and keep openings and passageways clear.
SITE AND UNDERGROUND PIPING INSTALLATION

Install piping as close as possible to locations shown on Drawings. Notify
Owner when any conflicts arise during erection of piping. Make no field
changes without Owner's prior written approval.

Piping shall be installed to pass inspections by local plumbing inspection
department, state and federal authorities and insurance company having
jurisdiction. Any changes or additions which may be necessary to obtain
such inspections and approvals shall be made by the Contractor as part of
the Work and without additional cost to the Owner.

Underground Piping:

1. Install all pipe joints and structures in dry excavation.
2. Trim and grade trench bottoms for pipe.
3. Backfill with Granular Materials to the centerline of pipe. Place backfill

by hand and hand compact under and around pipe to pipe centerline.

4. Tamp all backfill to centerline of pipe, as the work progresses, to
provide stabilization and protection of pipe.

5. Take precautions to prevent incomplete work from flooding due to
storms, ground water or other causes.

6. Brace or otherwise protect all pipe and structures which are not stable
against uplift during construction.

7. Where concrete cradles are shown on the Drawings:

a. Set forms accurately to provide dimensions on the Drawings.

b. Prevent disturbance of pipe and grade of pipe while placing cradles.
C. Brace pipe to prevent flotation during placing of cradles.

8. Make pipe trenches the minimum width necessary for pipe installation

with vertical sides to a point 12 inches above top of pipe. Above this
level trenches may be sloped or widened to general limits as
approved by the Soils Consultant provided there are no interferences
with other utilities.
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9. Excavate trenches a minimum of 6 inches below bottom of pipe.
Backfill to proper grade with compacted granular material.

10. Do not backfill trenches above centerline of pipe until required tests
are performed and approved and piping has been inspected.

11. Remove wet or unsuitable material which, in the opinion of the Soils
Consultant, is incapable of properly supporting pipe.

a. Remove wet or unsuitable material to the depth required by the
Soils Consultant.

b. Backfill trench to proper grade with compacted granular
materials.

12.  Backfill to a level 12 inches above the centerline of pipe with fine earth
free from cinders. Place backfill in 6 inch layers and hand compact.

13.  Backfill above 12 inches over pipe centerline shall be free of large
clods, stones or cinders.

14.  Where sheeting is used for pipe trenches leave sheeting in place to a
point 12 inches above the top of pipe.

15.  Where pipe crossings occur, lay lower pipe first and compact with
granular material to the grade level of the higher pipe.

Trenching:

1. Do not open trenches for more than one day's work and in no case for
a distance greater than 150 feet in advance of pipe laying.

2. Excavate trenches to width necessary for laying of pipe.

3. Sides of trenches shall be kept vertical unless otherwise required by
the Contract Documents.

4. Do not over-excavate during grading or trimming of trenches.

5. Keep trenches free of water by pumping, use of well points, under
drains or other means so that pipe joints and structures are made in
dry excavation.

6. Backfill overdepths under pipes or structures with material approved
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by the Soils Consultant.

Do not backfill trenches until required tests and inspections are
performed.

Leave sheeting in place if, in the opinion of the Soils Consultant,
damage to piping is likely to result from its removal. The Contract
Sum will be adjusted for the material cost of sheeting left in place
upon notification by the Contractor in accordance with the Contract
Documents.

General Installation Requirements:

1.

Install all utility lines parallel or perpendicular to curbs and building
lines unless otherwise shown on the Drawings.

Make all building connections through sleeves provided in the walls.

Changes in line and grade of pressure lines may be made by
deflecting pipe at joints by up to 50 percent of the maximum deflection
recommended by the manufacturer.

Replace or reconstruct any existing pipe lines or structure damaged
while working adjacent thereto.

Provide and install protection against galvanic action at alll
connections between dissimilar metals as required by the
Specifications.

Tests and Inspections:

1.

Examine all pipe for defects prior to installation. Do not install
defective or damaged pipe.

Prior to connection with building systems and backfilling over pipe
joints inspect all system components, including pipe joints, in
accordance with the requirements of local authorities, insurance
authorities, public utilities and the Specifications.

Gravity system piping shall have full pipe cross sections visible and
unobstructed when viewed from structure to structure.

Remove and replace or repair all defective work.

Perform tests on a system as a whole or on sections of pressure line
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that can be isolated by valves shown on the Drawing or on sections of
drainage lines that can be temporarily plugged.

6. Provide, install and operate all test equipment and apparatus required
for complete testing and inspection of all systems.

7. Correct defects which develop from testing and retest system.

8. Conduct tests for sufficient duration to permit inspection of all joints
and other areas where leaks may occur.

9. Perform all tests in the presence of the Owner's representative or the
Engineers.

Thrust Blocks:

1. Brace all pressure piping having caulked, slip or mechanical joints at
all changes of direction with concrete thrust blocks.

2. Install thrust blocks to bear against undisturbed earth.

3. Where thrust blocks cannot be installed because of space conditions,
rod the pipe through socket clamps to transfer thrust to locations
where thrust blocks can be provided.

4. Construct thrust blocks to be capable of withstanding forces resulting

from test and operating pressures.

Sanitary Drainage Systems:

1.

Pitch all piping three inches and smaller at a uniform pitch of 1/4 inch
per foot unless otherwise noted on the Drawings.

Pitch all piping four inches and larger at a uniform pitch of 1/8 inch per
foot unless otherwise noted on the Drawings.

Make changes in direction with 45 degree wyes, sixth, eighth, or
sixteenth bends only. Do not use short sweep fittings.

Install cleanouts at changes in direction of building drains greater than
45 degrees.

Seal pipe penetrations through floor slabs watertight with silicone
sealant.
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3.3

6. Set manhole frames, covers and gratings to the grade shown on the
Drawings.

a. Install brick work and concrete masonry neatly and accurately
to the base of frames.

b. Thoroughly embed frames in mortar.
Potable Water Systems:
1. Install piping to assure that valve stems and boxes are set plumb.

2. Block or strap piping valves and fittings to resist test and operating
pressures without deformation or movement.

3. Install piping on continuously rising grades from low points to high
points at hydrant connections, and at air vent valves to prevent
formation of air pockets.

4. Purge piping of air before placing in service.
5. Install a minimum of 12 inches of crushed stone around each drain
valve.

ABOVEGROUND POTABLE WATER

Conform to the requirements of State and local authorities relative to
submerged inlets and prevention of contamination of water supply.

Do not make direct cross-connections between potable and non-potable
supplies.

Provide and install capped, 1/2 inch, manual air vents at all high points in
system.

Provide and install capped, 1/2 inch, manual drain valves for each water
supply, circulation riser and as otherwise necessary to drain all water lines.

Provide and install isolation valves at the base of each riser, on main
branches to groups of fixtures and to branches to equipment.

Keep all strainers, faucets and valves free of dirt, filings and other foreign
matter.

Pressure test piping before piping is enclosed.
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34

35

3.6

3.7

Flush and sterilize all piping as required by the Specifications and State and
local authorities.

ABOVEGROUND SANITARY DRAIN

Pitch all horizontal drainage piping a minimum of 1/8 inch per foot in the
direction of flow.

Pitch all horizontal vent piping back to drainage line.

Individually trap all fixtures unless specifically indicated otherwise on the
Drawings.

Do not trap vent piping.
Make changes in direction of piping with long radius fittings.
Provide and install clean outs at all changes in direction.

Supply, install and clamp to membrane clamping collars for floor drains
penetrating floor slabs with waterproofing membranes.

Test all piping prior to its being enclosed.
SURFACE FINISH

Clean all parts free of extraneous materials. Smooth external surfaces and
round or bevel all edges where practical.

PAINTING

Painting of all pipes, fittings, equipment, and related components shall be
performed in accordance with Contract Documents except as specifically
required under this Division.

Touch up factory painted equipment that has been damaged during handling
or installation. Feather damaged area and apply primer plus two fresh coats
to match existing finish.

CLEANING

Thoroughly clean all apparatus before being placed in operation. Restore
finished surfaces if damaged and deliver the entire installation in an
approved condition.
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3.8

3.9

3.10

3.11

3.12

Clean all ductwork, air handling and air conditioning equipment free of all
debris such as cans, rags, dust and free of obstructions.

FILING OF PLANS

File all necessary documents with the insurance authority, federal and local
authorities, if their approval is required.

Submit copies of these documents bearing the stamp of approval of the
authorities having jurisdiction to the Engineers prior to proceeding with the
Work.

PERMITS

Obtain all required permits and licenses and arrange for inspection of Work
by all authorities. deliver, without cost to the Owner, such certifications of
inspection and approval as are required and pay all charges and fees in
connection with the Work.

COORDINATION WITH OTHER TRADES

The Contractor shall be held responsible for coordinating the work of alll
trades. Location of equipment and routing of pipes, and ductwork shall be
mutually agreed upon, subject to approval of the Engineers before field work
commences. If the Contractor fails to comply with this requirement, he will be
required to clear any resulting interferences in a manner satisfactory to the
Engineers without additional cost to the Owner.

CORROSION PROTECTION - ALL SYSTEMS

Use corrosion resistant materials and assembly methods between dissimilar
metals to protect against galvanic interaction.

Adhere to this requirement as a minimum for piping to equipment
connections, piping to piping connections, piping to fittings, valves, flanges,
piping supports, duct to duct connections and duct to equipment
connections.

Do not use coatings unless specifically defined in the Specifications or on
the Drawings.

TESTS - ALL BUILDING SYSTEMS

Perform tests on individual equipment, systems and their controls as
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3.13

3.14

described in the Specifications and Drawings in the presence of the
representatives of the Owner, Engineers and such other parties as may have
legal jurisdiction.

In general, apply piping system pressure tests to piping only, before
connection of fixtures, equipment and appliances. In no case shall any piping,
fixtures, equipment or appliances be subjected to pressures exceeding their
rating.

Supply all labor, materials, instruments, power, etc., required for testing.

The duration of tests shall be as determined by all authorities having
jurisdiction, but in no cases less than the time prescribed in the Contract
Documents.

Test all equipment under field conditions to demonstrate capability to meet
Drawing and Specification requirements.

Test all equipment and systems, which normally operate during certain
seasons, during their appropriate seasons. Where the equipment or system
under test is interrelated with and depends upon other equipment, systems
and controls for proper operation, functioning and performance, these shall
be operated simultaneously with the equipment or system during tests.

Promptly repair or replace all defective Work and repeat the tests until the
particular system and component parts thereof are accepted by the Owner.

Any damages resulting from tests shall be repaired and/or damaged
materials replaced, all to the satisfaction of the Engineers and at no cost to
the Owner.

INCIDENTAL WORK

Coordinate location and proper dimensions of openings in floors, walls, and
roofs with other trades. Cut, patch, and repair walls, floors, etc., where holes
have been incorrectly located or sized. Engineers' approval is required
before cutting any part where strength or appearance of finished work is
involved. Finish in a neat manner to match existing work.

Provide motors and pre-wiring as specified by this Division.
FINAL ACCEPTANCE

Completed Work shall be in proper working order and clean. Leave
premises and site in presentable condition, free of surplus materials and
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debris.

Furnish necessary inspection reports, approvals, certificates, warranties,
labels, stamps, or nameplates required by specific standards cited in
individual Specifications.

END OF SECTION
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DIVISION 15 - MECHANICAL WORK

SECTION 15040 - EQUIPMENT INSTALLATION

PART | - GENERAL

11

12

1.3

WORK INCLUDED

This Section specifies the receiving, storage, and installation of
mechanical equipment including, but not be limited to:

Setting of mechanical equipment and pads on foundations.

Furnishing miscellaneous steel supports and fasteners and installing
mechanical equipment which requires attachment to structural members.

Furnishing fittings and making piping and pneumatic instrumentation
connections to mechanical equipment.

Furnishing fittings and making instrument control wire connections to
mechanical equipment.

RELATED WORK

Equipment furnished by others

The handling, storage, installation and operation of materials and equipment
furnished by others shall be in accordance with the requirements of the
Contract Documents to the full extent that they would be applicable if this
material and equipment were furnished under this Contract.

Equipment furnished by the Contractor

Related Work specified under other Divisions:

1. Grout.

2. Metal Fabrications.

3. Cast-in-place concrete, equipment foundations and pads.

4. Electrical power and control connections to mechanical equipment.
QUALITY ASSURANCE
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14

Equipment furnished by others

1.

Inspect materials and equipment immediately upon delivery to the
project site in the presence of the Owner.

Use the manufacturer's certified shop drawings, installation
instructions / recommendations and start up and maintenance
procedures in performing the Work.

Equipment furnished by the Contractor

1.

Install equipment using persons qualified and experienced in moving,
assembling, setting, and aligning plant equipment.

Make instrument control connections to the mechanical equipment
using persons qualified and experienced in instrumentation
installation work.

DELIVERY, STORAGE, AND HANDLING

Equipment furnished by others

1.

Equipment and materials to be furnished by others will be delivered to
the project site by others.

Furnish labor, materials and equipment necessary to receive, rig,
unload, remove shipping blocks, studs or welds and install equipment
and materials furnished by others.

Furnish labor, materials and equipment necessary to accept the
materials and equipment furnished by others upon delivery to the site
and for handling and delivery to location of installation.

Do not remove supplies, materials or equipment furnished by others
from the project site except upon written authorization from the Owner.

Equipment furnished by the Contractor

1.

Delivery and Handling:

a. Receive materials and equipment, including equipment
furnished by others as required.

b. Inspect for damage and for compliance with the Specifications.
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C. Leave protective wrappings, coatings, and covers in place.
Cover openings to prevent entrance of dust, moisture, and
insects.Protect machined surfaces with grease or other
suitable coatings.

d. Maintain equipment bolted in crates so that crates protect
equipment when moving to final location. Handle crates in
accordance with precautionary markings.

e. Protect exposed painted and machined surfaces.
2. Storage:
a. Store equipment and materials in weatherproof shelter, off

ground and floor.

b. Tag or label as necessary to permit easy identification of
stored items.

C. Mark spare parts, special tools, and instruction manuals with
equipment number and maintain in separate storage area until
accepted by the Owner.

3. Repairs/Replacement: Replace, or repair to the Owner's satisfaction,
items damaged during shipment or handling. Replace delivered items
not in compliance with the Specifications.

PART Il - PRODUCTS
21 MATERIALS
A. Equipment furnished by others

1. Drawings indicate the materials and equipment which will be
furnished by others.

2. Copies of vendor submittals for materials and equipment to be
furnished by others are available upon request to the owner for the
Contractor's reference in preparing his Bid.

B. Equipment furnished by the Contractor

1. Materials not specifically described but required for installation of
work of this Division shall be new, first quality, subject to approval of
the Owner.
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PART IIl - EXECUTION

3.1

A.

3.2

INSPECTION

Inspect areas and determine that work of other trades is complete and that
installation may proceed without interference. Verify that installation may be
accomplished in accordance with the Drawings and Specifications.

INSTALLATION/APPLICATION/ERECTION

Installation of Miscellaneous Steel: Install steel supports required for
equipment installation. Obtain Engineer's approval before cutting or
otherwise modifying existing steel structure where not specifically indicated
on the Drawings.

Equipment Installation

1.

General: Install equipment in accordance with the equipment
manufacturer's written instructions, following industry standards, and in
compliance with codes and regulations of authorities having
jurisdiction.

Equipment Handling

a.

Lift and move equipment by rigging as approved by the
manufacturer. Use pads, spreaders, and other means as
necessary to prevent damage to the equipment.

Take adequate safety precautions to prevent damage to other
work or personnel during equipment movement.

Equipment Setting:

a.

Provide appropriate hold-down bolts for all equipment and
sleeves as required for setting in concrete bases.

Set equipment supported on concrete level at grouted height
and firmly shim. Provide required slope where equipment is to
be sloped. Orient drives, vents, and nozzles to conform with
Drawings. Grout equipment after equipment is set and aligned.

Bolt equipment supported by steel structure directly to structure
and set level with shims where necessary. Use flat steel shims
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or shim stock. Do not use wedges or tapered shims.

Install vibration dampening mounts, when indicated, in
accordance with manufacturer's instructions.

Set equipment bases or base plates on clean foundation, level
and align before making piping connections.

Align driver and drive shaft assembly, after grout is set, to
required tolerance of manufacturer's instructions before final
tightening of shaft couplings and anchor bolts. Make alll
adjustments for elevation by use of thin steel shims or shim
stock between baseplate mounting surfaces and machine feet.
Install equipment subject to expansion due to operating
temperature changes to provide for this expansion.

Set motors in proper alignment and spacing with driven
equipment.

Use light shrink fit on coupling halves for driven equipment of
over 50 hp capacity.

i. Use light tap fit on equipment of 50 hp and under.

Service Connections

a.

Piping: Bolt piping connections after grouting. Align couplings
and remove shims where specified. "Float" piping connections
against equipment. Relieve any strain on equipment by
adjusting position of pipe. Check alignment of machine and
driver after piping is bolted in position and realign if necessary.

Instrument Piping: Connect instrument air piping to mechanical
equipment as shown on the Drawings and in accordance with
the Specifications.

Instrument Control Wiring: Connect instrumentation control
wiring to the equipment as shown on the Drawings and in
accordance with the Specifications

Dowel Installation: Furnish and install dowels, when required, after
alignment and piping connections have been made.

Alterations: Do not alter equipment or make attachments to
equipment which are not in agreement with the Drawings without prior
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3.3

consent of the Engineers.

7. Overhead Equipment Installation: Provide hangers for overhead
equipment and install as shown on the Drawings or required by the
Specifications.

8. Floor-Mounted Equipment Installation: Install, level, and bolt in place
equipment which is installed on the floor, as shown on the Drawings
and as required by the Specifications.

a. Provide and install concrete pads under floor- mounted
equipment and casings.

b. Pad height shall be 4 inches unless otherwise indicated.
ADJUSTING AND CLEANING

Clean external surfaces of equipment to remove concrete, dust and dirt,
welding and cutting splatter, exterior rust, and other foreign material.

Drain pumps, tanks, and other vessels including jackets. Leave bottom
connections open to ensure that factory test liquids and field-accumulated
water will drain. Open and examine tanks and vessels and remove sludge
and debiris.

Touch up paint as required.

Furnish lubricants and lubricate equipment in accordance with equipment
manufacturer's instructions.

END OF SECTION
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PART 1

1.01

1.02

1.03

SECTION 15410

PLUMBING PIPING

GENERAL

WORK INCLUDED

A. Pipe and pipe fittings.

B. Valves.

C. Sanitary sewer piping system.

D. Domestic water piping system.

E. Storm Water piping system.

RELATED WORK

A. Section 02222 - Excavation.

B. Section 02223 - Backfilling.

C. Section 02225 - Trenching.

D. Section 09900 - Painting.

E. Section 15121 - Expansion Compensation.

F. Section 15140 - Supports and Anchors.

G. Section 15190 - Mechanical Identification.

H. Section 15242 - Vibration Isolation.

l. Section 15430 - Plumbing Specialties.

J. Section 15440 - Plumbing Fixtures.

K. Section 15450 - Plumbing Equipment.

REFERENCES

A. ANSI/ASME B16.3 - Malleable Iron Threaded Fittings Class 150 NS 300.
B. ANSI/ASME B16.23 - Cast Copper Alloy Solder Joint Drainage Fittings - DWV.

Plumbing Piping
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ANSI/ASME B16.29 - Wrought Copper and Wrought Copper Alloy Solder Joint
Drainage Fittings - DWV.

ANSI/ASME Sec. 9 - Welding and Brazing Qualifications.
ANSI/ASTM B32 - Solder Metal.

ANSI/ASTM D2466 - Poly PVC Plastic Pipe Fittings, Schedule 40.
ANSI/AWS D1.1 - Structural Welding Code.

ASTM A74 - Cast Iron Soil Pipe and Fittings.

ASTM B88 - Seamless Copper Water Tube.

ASTM B306 - Copper Drainage Tube (DWYV).

ASTM C564 - Rubber Gaskets for Cast Iron Soil Pipe and Fittings.
ASTM D1785 - Poly PVC Plastic Pipe, Schedules 40, 80, and 120.

ASTM D2235 - Solvent Cement for Acrylonitrile - Butadiene - Styrene (ABS)
Plastic Pipe and Fittings.

ASTM D2241 - Poly PVC Plastic Pipe (SDR-PR).
ASTM D2729 - Poly PVC Sewer Pipe and Fittings.

ASTM D2855 - Making Solvent-Cemented Joints with Poly
PVC Pipe and Fittings.

ASTM D3033 - Type PSP Poly PVC Sewer Pipe and Fittings.

ASTM D3034 - Type PSM Poly PVC Sewer Pipe and Fittings.

ASTM F477 - Elastomeric Seals (Gaskets) for Joining Plastic Pipe.

AWS A5.8 - Brazing Filler Metal.

AWWA C601 - Standard Methods for the Examination of Water and Waste Water.

CISPI 301 - Cast Iron Soil Pipe and Fittings for Hubless Cast Iron Sanitary
Systems.

Plumbing Piping
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1.04 QUALITY ASSURANCE
A. Valves: Manufacturer's name and pressure rating marked on valve body.
B. Welding Materials and Procedures: Conform to ASME Code and applicable state
labor regulations.
1.05 SUBMITTALS
A. Submit product data under provisions of Section 01300.
B. Include data on pipe materials, pipe fittings, valves and accessories.
1.06 DELIVERY, STORAGE, AND HANDLING
A. Deliver products to site under provisions of Section 01600.
B. Store and protect products under provisions of Section 01600.
C. Deliver and store valves in shipping containers with labelling in place.
PART 2 PRODUCTS
2.01 SANITARY SEWER PIPING, BURIED WITHIN 5 FEET (1500 mm) OF BUILDING
A. PVC Pipe: ASTM D2665. Fittings: PVC. Joints: ASTM D2855, solvent weld:
ASTM D2564 solvent cement. Primer: ASTM F656
2.02 SANITARY SEWER PIPING, ABOVE GRADE

A. PVC Pipe: ASTM D2729. Fittings: PVC. Joints: ASTM D2855, solvent weld:
ASTM D2564 solvent cement. Primer: STM F656.

B. Cast Iron Pipe: ASTM A74, Services Weight. Fittings: Cast Iron. Joints: ASTM
C564, Neoprene Gasket System.

C. Cast Iron Pipe. CISPI 301, Hub-Less, Service Weight. Fittings: Cast Iron. Joints:
CISPI 310, Neoprene Gasket and Stainless Steel Clamp-and-Shield Assembles.

Plumbing Piping
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2.03

2.04

2.05

2.06

2.07

WATER PIPING, BURIED WITHIN 5 FEET (1500 mm) OF BUILDING

A.

Copper Tubing: ASTM B88, Type k, hard drawn. Conform to NSF 61. Fittings:
ANSI/ASME B16.22, wrought copper. Joints: ASTM B 828, ASTM B32, solder,
grade 95 TA. Flux: ASTM B 813.

WATER PIPING, ABOVE GRADE

A.

Copper Tubing: ASTM B88, Type L or K hard drawn. Fittings: ANSI/ASME
B16.22, cast brass, or ANSI/ASME B16.29, wrought copper. Joints: ASTM B 828,
ASTM B32, solder, Grade 95TA.. Flux: ASTM B813

STORM WATER PIPING, BURIED WITH 5 FEET (1500 mm) OF BUILDING

PVC Pipe: ASTM D2665. Fittings: PVC. Joints: ASTM D2855, solvent weld:
ASTM D2564 solvent cement. Primer: ASTM F656

STORM WATER PIPING, ABOVE GRADE

PVC Pipe: ASTM D2729. Fittings: PVC. Joints: ASTM D2855, solvent weld:
ASTM D2564 solvent cement. Primer: ASTM F656.

Cast Iron Pipe: ASTM A74, Services Weight. Fittings: Cast Iron. Joints: ASTM
C564, Neoprene Gasket System.

Cast Iron Pipe. CISPI 301, Hub-Less, Service Weight. Fittings: Cast Iron. Joints:
CISPI 310, Neoprene Gasket and Stainless Steel Clamp-and-Shield Assembles.
FLANGES, UNIONS AND COUPLINGS

Pipe size 2 inches (50 mm) and Under: 150 psig (1 034 kPa) malleable iron unions
for threaded ferrous piping; bronze unions for copper pipe, soldered joints.

Pipe size over 2 inches (50 mm): 150 psig ( 1 034 kPa) forged steel slip-on flanges
for ferrous piping; bronze flanges for copper piping; neoprene gaskets for gas
service; 1/16 inch (1.6 mm) thick preformed neoprene bonded to asbestos.

Dielectric Connections: Union with galvanized or plated steel threaded end, copper
solder end, water impervious isolation barrier.

Plumbing Piping
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2.08

2.09

2.10

2.11

2.12

ACCEPTABLE MANUFACTURERS - GATE VALVES

A. Crane Model 43/UB

B. Powell Model 2714

GATE VALVES

A. Up to 2 Inches (50mm): MSS SP 80, class 125, bronze body, rising stem and
handwheel, inside screw, single wedge or disc, solder ends.

B. Over 2 Inches (50 mm): MSS SP 70, class 125, iron body, bronze trim, rising stem
and handwheel, OS&Y, single wedge, flanged.
ACCEPTABLE MANUFACTURERS - GLOBE VALVES

A. Crane Model 1/1310

B. Jenkins Model 746/1200

C. Powell Model 650/1823

D. No substitutions.
GLOBE VALVES

A. Up to 2 inches (50 mm): MSS SP 80, class 125 bronze body, bronze trim, rising
stem and handwheel, inside screw, bronze disc, solder ends.

B. Over 2 inches (50 mm): MSS SP 85, class 125, iron body, bronze trim, rising stem
and handwheel, OS&Y, plug-type disc, flanged ends.

C. No substitutions.
ACCEPTABLE MANUFACTURERS — BALL VALVES

A. Crane Model 9302/22.

B. Jenkins Model 900T/902T

C. Powell Model 4210T

D. No substitutions.

Plumbing Piping
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2.13

2.14

2.15

2.16

2.17

BALL VALVES

Up to 3 inches (50 mm): MSS SP 110, class 150, bronze or stainless steel body,
stainless steel ball, Teflon seats and stuffing box ring, lever handle and balancing
stops, solder ends with union.

ACCEPTABLE MANUFACTURERS — BUTTERFLY VALVES

Nibco.

Crane.

Powell.

No substitutions.

BUTTERFLY VALVES

Iron body, bronze disc, resilient replaceable seat for service to 180 degrees F (82
degrees C), water or lug ends, 10 position lever handle infinite position lever
handle with memory stop.

ACCEPTABLE MANUFACTURERS — SWING CHECK VALVES

Crane Model 37/1342

Jenkins Model 92-A/1222

Powell Model 578/1825

No substitutions.

SWING CHECK VALVES

Up to 2 inches (50 mm): MSS SP 80, class 125, bronze swing disc, screw-in cap,
integral seat, solder ends.

Over 2 inches (50 mm): MSS SP 71, class 125, iron body, bronze trim, swing disc,
renewable disc and seat, flanged ends.

Plumbing Piping
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2.18

2.19

2.20

2.21

2.22

ACCEPTABLE MANUFACTURERS — SPRING LOADED CHECK VALVES
Crane

Jenkins

Powell

No substitutions.

SPRING LOADED CHECK VALVES

Iron body, bronze trim, stainless steel spring loaded, renewable bronze
composition disc, screwed, wafer or flanged ends.

ACCEPTABLE MANUFACTURERS — WATER PRESSURE REDUCING VALVES
Clayton.

Claval.

Sponsor.

No substitutions.

WATER PRESSURE REDUCING VALVES

Up to 2 inches (50 mm): MSS SP 80, bronze body, stainless steel and
thermoplastic internal parts, fabric reinforced diaphragm, strainer, threaded or

double union ends.

Over 2 inches (50 mm): MSS SP 85, cast iron body, bronze fitted, elastomer
diaphragm and seat disc, flanged.

ACCEPTABLE MANUFACTURERS - RELIEF VALVES
Hoffman.
Sponsaor.

Substitutions: Under provisions of Section 01631.

Plumbing Piping
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2.23

RELIEF VALVES

A. ANSI B 21.22 certified bronze body, Teflon seat, steel stem and springs,
automatic, direct pressure actuated, capacities ASME certified and labeled.
PART 3 EXECUTION
3.01 PREPARATION
A. Ream pipe and tube ends. Remove burrs.
B. Remove scale and dirt, on inside and outside, before assembly.
C. Prepare piping connections to equipment with flanges or unions.
3.02 INSTALLATION
A. Provide non-conducting dielectric connections wherever jointing dissimilar metals.
B. Route piping in orderly manner and maintain gradient.
C. Install piping to conserve building space and not interfere with use of space.
D. Group piping whenever practical at common elevations.
E. Install piping to allow for expansion and contraction without stressing pipe, joints,
or connected equipment.
F. Provide clearance for installation of insulation and access to valves and fittings.
G. Provide access where valves and fittings are not exposed. Coordinate size and
location of access doors with Section 08305.
H. Slope water piping and arrange to drain at low points.
l. Establish elevations of buried piping outside the building to ensure not less than 3
ft of cover.
J. Where pipe support members are welded to structural building framing, scrape,
brush clean, and apply one coat of zinc rich primer to welding.
K. Prepare pipe, fittings, supports, and accessories not pre-finished, ready for finish

painting. Refer to Section 09900.

Plumbing Piping
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3.03

3.04

L. Establish invert elevations, slopes for drainage to 1/4 inch per foot (2 percent)
minimum. Maintain gradients.

M. Excavate in accordance with Sections 02222 and 02225 and for work of this
Section.

N. Backfill in accordance with Sections 02223 and 02225 for work of this Section.

O. Install bell and spigot pipe with bell end upstream.

P. Install valves with stems upright or horizontal, not inverted.

Q. Install water piping in accordance with ASME B31.9.
Sleeve pipes passing through partitions, walls and floor.

APPLICATION

A. Install unions downstream of valves and at equipment or apparatus connections.

B. Install brass male adapters each side of valves in copper piped system. Sweat
solder adapters to pipe.

C. Install gate ball or butterfly valves for shut-off and to isolate equipment, part of
systems, or vertical risers.

D. Install globe ball butterfly valves for throttling, bypass, or manual flow control

services.

DISINFECTION OF DOMESTIC WATER PIPING SYSTEM

A.

B.

Prior to starting work, verify system is complete, flushed and clean.

Ensure PH of water to be treated is between 7.4 and 7.6 by adding alkali (caustic
soda or soda ash) or acid (hydrochloric).

Inject disinfectant, free chlorine in liquid, powder, tablet or gas form, throughout
system to obtain 50 to 80 mg/L residual.

Bleed water from outlets to ensure distribution and test for disinfectant residual at
minimum 15 percent of outlets.

Maintain disinfectant in system for 24 hours.

Plumbing Piping
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3.05

If final disinfectant residual tests less than 25 mg/L, repeat treatment.

Flush disinfectant from system until residual equal to that of incoming water or 1.0
mg/L.

Take samples no sooner than 24 hours after flushing, from 2 percent of outlets and
from water entry, and analyze in accordance with AWWA C601.

SERVICE CONNECTIONS
Before commencing work check invert elevations required for sewer connections,
confirm inverts and ensure that these can be properly connected with slope for

drainage.

END OF SECTION

Plumbing Piping
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ZDIVISION 15 - MECHANICAL WORK

SECTION 15415 - PLUMBING FIXTURES AND TRIM

PART | - GENERAL

11

A.

1.2

1.3

WORK INCLUDED

Provide plumbing fixtures and trim and as specified herein and in contract drawings.
Provide plumbing fixtures complete with al required trim and accessories, including
faucets, waste plugs, traps, supplies, stop vaves, escutcheons and casings and all
necessary hangers, plates, brackets, anchors and supports.

Match and coordinate adl trim, accessories and fixtures to provide uniform appearance
and compatibility of operation.

Provide fixtures and trim of one manufacturer, whenever possible.

Providefirg qudity, white, vitreous chinafixtures with smooth glazed surfaces, free from
any imperfections.

Chrome plate al exposed piping and trim.

Provide flush vadves with nonhold open features and sllencing equipment for quiet
operation.

RELATED WORK

Floor drains, roof drains and cleanouts as shown on the drawings and specified in other
sections of these specifications.

SUBMITTALS

Submit the following data, for each fixture type, to the Engineers for review:
1 Catdogue data.

2. Dimensond data

3. Handicapped fixture mounting heights and state applicable code governing
same.
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14  DELIVERY, STORAGE AND HANDLING

A. Protect al chrome plated surfaces to prevent damage.
PART Il - PRODUCTS

21  EQUIPMENT (See schedule on drawings)

PART Il - EXECUTION

31 INSTALLATION/APPLICATION/ERECTION

A. Lay out roughing accurately before setting fixtures.

B. Set fixtures uniformly.

C. Make connections at right angles to wall unless otherwise indicated on the Contract
Documents.

D. Lag bolt al fixture carrier legs and floor flanges to floor dab.

E Use straps or padded wrenches on dl plated, polished and stainless stedl surfacesto
make connections.

F. Sedl fixtures to wals and floors using silicone sedlant.
G. Sedl rims of counter top fixtures to counters using silicone sedlant.

H. Insulate exposed hot water supplies, drains and traps for lavatories designated for use
by the handicapped with rigid insulation with a protective cover.

Mount fixtures designated for use by the handicapped at elevations required by the
authorities having jurisdiction.

J. Déliver dl loose keys for stopsto Owner.
3.2 ADJUSTING AND CLEANING

A. Adjugt dl flush vavesfor proper operation, water level and minimum flow consstent
with deansing of bowl.

B. Remove sediment and debris from fixtures and drain treps.
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3.3

Clean dl fixtures and trim using commercid grade cleansers compatible with the
surfaces to be cleaned.

PROTECTION

Immediately after ingtdlation, gpply afull coat of petroleum jdly to dl exposed plated
surfaces.

Ingtal protective covers over al fixtures to prevent entrance of dirt and debris.

END OF SECTION
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SECTION 15430

PLUMBING SPECIALTIES

PART 1 GENERAL

1.01

1.02

1.03

1.04

1.05

WORK INCLUDED

A. Roof Drains

B. Floor drains.
C. Cleanouts.
D. Water hammer arrestors.

E. Hose bibbs hydrants.

RELATED WORK

A. Roofing and roof drains.

B. Section 15140 - Supports and Anchors.
C. Section 15410 - Plumbing Piping.

D. Section 15440 - Plumbing Fixtures.

E. Section 15450 - Plumbing Equipment.
REFERENCES

A ANSI A112.21.1 - Floor Drains.

B. ANSI A112.26.1 - Water Hammer Arresters.
QUALITY ASSURANCE

A. Manufacturer: For each product specified, provide components by same
manufacturer throughout.

SUBMITTALS
A. Submit shop drawings and product data under provisions of Section 01300.
B. Include component sizes, rough-in requirements, service sizes, and finishes.

Plumbing Specialties
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PART 2

2.01

2.02

2.03

2.05

PRODUCTS
ROOF DRAINS

Acceptable Manufacturers:
1. J.R. Smith.

2. Josam

3. Zurn

RD: ANSI A112.21.1; Galvanized cast iron body, cast iron done, adjustable
extension sleeve, reversible collar, combined flashing clamp gravel stop and
underdeck clamp. See mechanical drawings for model and additional information.
Coordinate accessories with roofing type.

FLOOR DRAINS

Acceptable Manufacturers:
1. J.R. Smith.

2. Josam.

3. Zurn.

FD: ANSI A112.21.1; cast iron two piece body with double drainage flange, weep
holes, reversible clamping collar, and round, adjustable nickel-bronze strainer, with
sediment bucket. See mechanical drawings for model and additional information.

CLEANOUTS

Exterior Unsurfaced Areas (GCO): Line type with lacquered cast iron body and
round epoxy coated gasketted cover, with vandal proof top.

Interior Finished Floor Areas (FCO): Galvanized cast iron, two piece body with
double drainage flange, weep holes, reversible clamping collar, and adjustable
nickel-bronze strainer, round with scoriated cover in service areas and round with
depressed cover to accept floor finish in finished floor areas, with vandal proof top.

Interior Finished Wall Areas (WCO): Line type with lacquered cast iron body and
round epoxy coated gasketted cover, and round stainless steel access cover
secured with machine screw.

HOSE BIBBS (H.B.)

Bronze, replaceable hexagonal disc, hose thread spout, chrome plated with
vacuum breaker in conformance with ANSI/ASSE 1011.

Plumbing Specialties
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2.06

PART 3

WATER HAMMER ARRESTORS

ANSI A112.26; stainless steel construction, bellows type sized in accordance with
PDI WH-201, precharged suitable for operation in temperature range 34 to 250
degrees F (1 to 120 degrees C) and maximum 250 psi (1700 kPa). See
mechanical drawing for model and size.

EXECUTION

3.01 PREPARATION

A.

Coordinate cutting forming of roof floor construction to receive drains to required
invert elevations.

3.02 INSTALLATION AND APPLICATION

A.

Install specialties in accordance with manufacturer's instructions to permit intended
performance.

Extend cleanouts to finished floor or wall surface. Lubricate threaded cleanout
plugs with mixture of graphite and linseed oil. Ensure clearance at cleanout for
rodding of drainage system.

Encase exterior cleanouts in concrete flush with grade.

Install water hammer arrestors complete with accessible isolation valve.

END OF SECTION

Plumbing Specialties
15430 - 3



SECTION 15535
REFRIGERANT PIPING AND SPECIALTIES

PART 1 GENERAL
1.1 SECTION INCLUDES

A.  Piping.

B.  Refrigerant.

C. Moisture and liquid indicators.

D. Valves.

E.  Strainers.

F.  Check valves.

G. Pressure relief valves.

H.  Filter-driers.

l. Solenoid valves.

J. Expansion valves.

K.  Receivers.

L. Flexible connections.
1.2 RELATED SECTIONS

A.  Section 15535 — Refrigerant and Specialties.

B.  Section 15671 - Air Cooled Condensing Units.

C.  Section 15952 — Controls and Instrumentation.
1.3 REFERENCES

A.  ARI 495 - Refrigerant Liquid Receivers.

B. ARI 710 - Liquid Line Dryers.

C. ARI 730 - Flow-Capacity Rating and Application of Suction-Line Filters and Filter-Driers

Refrigerant Piping and Specialties
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ARI 750 - Thermostatic Refrigerant Expansion Valves.

ARI 760 - Solenoid Valves for Use With Volatile Refrigerants.
ASHRAE 15 - Safety Code for Mechanical Refrigeration.
ASHRAE 34 - Number Designation of Refrigerants.

ASME - Boiler and Pressure Vessel Codes, SEC 9 - Qualification Standard for Welding
and Brazing Procedures, Welders, Brazers, and Welding and Brazing Operators.

ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings.
ASME B16.26 - Cast Copper Alloy Fittings For Flared Copper Tubes.

ASME B31.5 - Refrigeration Piping.

ASME B31.9 - Building Services Piping.

ASME SEC 8D - Boilers and Pressure Vessels Code,Rules for Construction of Pressure
Vessels.

ASTM A53 - Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless.

ASTM A234 - Pipe Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and
Elevated Temperatures.

ASTM B88 - Seamless Copper Water Tube.

ASTM B280 - Seamless Copper Tube for Air Conditioning and Refrigeration Field
Service.

ASTM F708 - Design and Installation of Rigid Pipe Hangers.

AWS A5.8 - Brazing Filler Metal.

AWS D1.1 - Structural Welding Code, Steel.

MSS SP58 - Pipe Hangers and Supports - Materials, Design and Manufacturer.
MSS SP69 - Pipe Hangers and Supports - Selection and Application.

MSS SP89 - Pipe Hangers and Supports - Fabrication and Installation Practices.

UL 429 - Electrically Operated Valves.

Refrigerant Piping and Specialties
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SYSTEM DESCRIPTION

Where more than one piping system material is specified ensure system components
are compatible and joined to ensure the integrity of the system is not jeopardized.
Provide necessary joining fittings. Ensure flanges, union, and couplings for servicing are
consistently provided.

Provide pipe hangers and supports in accordance with ASTM B31.5, MSS SP69 unless
indicated otherwise.

Liquid Indicators:

1. Use line size liquid indicators in main liquid line leaving condenser.
2. If receiver is provided, install in liquid line leaving receiver.

3. Use line size on leaving side of liquid solenoid valves.

Valves

1 Use service valves on suction and discharge of compressors.

2. Use gage taps at compressor inlet and outlet.

3. Use gage taps at hot gas bypass regulators, inlet and outlet.

4 Use check valves on compressor discharge.

5 Use check valves on condenser liquid lines on multiple condenser systems.

Refrigerant Charging (Packed Angle) Valve: Use in liquid line between receiver shut-off
valve and expansion valve.

Strainers:

1. Use line size strainer upstream of each automatic valve.

2. Where multiple expansion valves with integral strainers are used, use single main
liquid line strainer.

3. On steel piping systems, use strainer in suction line.

4, Use shut-off valve on each side of strainer.

Pressure Relief Valves: Use on ASME receivers [and pipe to outdoors].

Permanent Filter-Driers:

1. Use in low temperature systems.

2. Use in systems utilizing hermetic compressors.
3. Use filter-driers for each solenoid valve.

Replaceable Cartridge Filter-Driers:
1. Use vertically in liquid line adjacent to receivers.
2. Use filter-driers for each solenoid valve.

Solenoid Valves:
1. Use in liquid line of systems operating with single pump-out or pump-down

Refrigerant Piping and Specialties
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1.5

1.6

compressor control.

2. Use in liquid line of single or multiple evaporator systems.

3. Use in oil bleeder lines from flooded evaporators to stop flow of oil and refrigerant
into the suction line when system shuts down.

Receivers:

1. Use on systems 5 tons and larger, sized to accommodate pump down charge.

2. Use on systems with long piping runs.

Flexible Connectors: Utilize at or near compressors where piping configuration does not
absorb vibration.

SUBMITTALS
Submit under provisions of Section 01300.

Shop Drawings: Indicate schematic layout of system, including equipment, critical
dimensions, and sizes.

Product Data: Provide general assembly of specialties, including manufacturers
catalogue information. Provide manufacturers catalog data including load capacity.

Design Data: Submit design data indicating pipe sizing. Indicate load carrying capacity
of trapeze, multiple pipe, and riser support hangers.

Test Reports: Indicate results of leak test, acid test.

Manufacturer's Installation Instructions: Indicate support, connection requirements, and
isolation for servicing.

Submit welder’s certification of compliance with ASME SEC 9, AWS D1.1.

PROJECT RECORD DOCUMENTS

Submit under provisions of Section 01700.

Record exact locations of equipment and refrigeration accessories on record drawings.
OPERATION AND MAINTENANCE DATA

Submit under provisions of Section 01700.

Maintenance Data: Include instructions for changing cartridges, assembly views, spare
parts lists.

Refrigerant Piping and Specialties
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1.8

1.9

1.11

PART 2

21

QUALIFICATIONS

Installer: Company specializing in performing the work of this section with minimum five
years documented experience.

Design piping system under direct supervision of a Professional Engineer experienced in
design of this work and licensed in the State.

REGULATORY REQUIREMENTS
Conform to ASME B31.9 for installation of piping system.

Welding Materials and Procedures: Conform to ASME SEC 9 [and applicable state labor
regulations].

Welders Certification: In accordance with ASME SEC 9, AWS D1.1.

Products Requiring Electrical Connection: Listed and classified by UL, as suitable for the
purpose indicated.

DELIVERY, STORAGE, AND HANDLING
Deliver, store, protect and handle products to site under provisions of Section 01600.
Deliver and store piping and specialties in shipping containers with labeling in place.

Protect piping and specialties from entry of contaminating material by leaving end caps
and plugs in place until installation.

Dehydrate and charge components such as piping and receivers, seal prior to shipment,
until connected into system.

MAINTENANCE MATERIALS
Provide maintenance materials under provisions of 01700.

Provide two refrigeration oil test kits each containing everything required to conduct one
test.

Provide two filter-dryer cartridges of each type.
PRODUCTS
PIPING

Copper Tubing: ASTM B280, Type ACR hard drawn.

Refrigerant Piping and Specialties
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2.2

2.3

1. Fittings: ASME B16.22 wrought copper.
2. Joints: Braze, AWS A5.8 BCuUP silver/phosphorus/copper alloy with melting range
1190 to 1480 degrees F (640 to 805 degrees C).

Copper Tubing to 7/8 inch (22 mm) OD: ASTM B88, Type K, annealed.
1. Fittings: ASME B16.26 cast copper.
2. Joints: Flared.

Steel Pipe: ASTM A53, Schedule 40, 0.365 inch (10 mm) wall for sizes 12 inch (300 mm)
and over, black.

1. Fittings: ASTM A234, forged steel welding type.

2. Joints: AWS D1.1, welded.

Pipe Supports and Anchors:

1.  Conformto ASME B31.5, ASTM F708, MSS SP58, MSS SP69, MSS SP89.

2. Hangers for Pipe Sizes 1/2 to 1-1/2 Inch (13 to 38 mm): Malleable iron Carbon
steel, adjustable swivel, split ring.

3. Hangers for Pipe Sizes 2 Inches (50 mm) and Over: Carbon steel, adjustable,
clevis.

4, Multiple or Trapeze Hangers: Steel channels with welded spacers and hanger

rods.

Wall Support for Pipe Sizes to 3 Inches (75 mm): Cast iron hook.

Wall Support for Pipe Sizes 4 Inches (100 mm) and Over: Welded steel bracket

and wrought steel clamp.

7. Vertical Support: Steel riser clamp.

8. Floor Support: Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, and
concrete pier or steel support.

9. Copper Pipe Support: Carbon steel ring, adjustable, copper plated.

10. Hanger Rods: Mild steel threaded both ends, threaded one end, or continuous
threaded.

11. Inserts: Malleable iron case of galvanized steel shell and expander plug for
threaded connection with lateral adjustment, top slot for reinforcing rods, lugs for
attaching to forms; size inserts to suit threaded hanger rods.

ou

REFRIGERANT

Refrigerant: ASHRAE 34;
1. R-22
2. R-410

MOISTURE AND LIQUID INDICATORS

Indicators: Single port type, UL listed, with copper or brass body, flared or solder ends,
sight glass, color coded paper moisture indicator with removable element cartridge and
plastic cap; for maximum working pressure of 500 psig, and maximum temperature of
200 degrees F (93 degrees C).

Refrigerant Piping and Specialties
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2.4

2.5

2.6

VALVES

Diaphragm Packless Valves:

1. UL listed, globe or angle pattern, forged brass body and bonnet, phosphor bronze
and stainless steel diaphragms, rising stem and handwheel, stainless steel spring,
nylon seat disc, solder or flared ends, with positive backseating; for maximum
working pressure of 500 psig (3450 kPa) and maximum temperature of 275
degrees F (135 degrees C).

Packed Angle Valves:

1. Forged brass, forged brass seal caps with copper gasket, rising stem and seat with
backseating, molded stem packing, solder or flared ends; for maximum working
pressure of 500 psig (3450 kPa) and maximum temperature of 275 degrees F (135
degrees C).

Ball Valves:

1. Two piece forged brass body with teflon ball seals and copper tube extensions,
brass seal cap, chrome plated ball, stem with neoprene ring stem seals; for
maximum working pressure of 500 psig (3450 kPa) and maximum temperature of
300 degrees F.

Service Valves:

1. Forged brass body with copper stubs, brass caps, removable valve core, integral
ball check valve, flared or solder ends, for maximum pressure of 500 psig (3450
kPa).

STRAINERS

Straight Line or Angle Line Type:

1. Brass or steel shell, steel cap and flange, and replaceable cartridge, with screen of
stainless steel wire or monel reinforced with brass; for maximum working pressure
of 430 psig (2960 kPa).

CHECK VALVES

Globe Type:

1. Cast bronze or forged brass body, forged brass cap with neoprene seal, brass
guide and disc holder, phosphor-bronze or stainless steel spring, teflon seat disc;
for maximum working pressure of 500 psig and maximum temperature of 300
degrees F (149 degrees C).

Straight Through Type:

1. Brass body and disc, phosphor-bronze or stainless steel spring, heoprene seat; for
maximum working pressure of 500 psig (3450 kPa) and maximum temperature of
250 degrees F 93.

Refrigerant Piping and Specialties
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2.7

2.8

PART 3

3.1

FILTER-DRIERS

Replaceable Cartridge Angle Type:

1. Shell: ARI 710, UL listed, brass, removable cap, for maximum working pressure of
350 psig.

2. Filter Cartridge: Pleated media with integral end rings, stainless steel support.

3. Filter/Dryer Cartridge: Pleated media with solid core sieve with activated alumina.

4.  Wax Removal Cartridge: Molded bonded core of activated charcoal with integral
gaskets.

Permanent Straight Through Type:

1. ARI 710, UL listed, steel shell with molded desiccant filter core, for maximum
working pressure of 350.

SOLENOID VALVES

Valve: ARI 760, pilot operated, copper or brass body and internal parts, synthetic seat,

stainless steel stem and plunger assembly, integral strainer, with flared, solder, or

threaded ends; for maximum working pressure of 500 kPa). Stem shall permit manual

operation in case of coil failure.

Coil Assembly: UL 429, UL listed, replaceable with molded electromagnetic coil, moisture

and fungus proof, with surge protector and color coded lead wires, integral junction box

with pilot light.

EXECUTION

PREPARATION

Ream pipe and tube ends. Remove burrs. [Bevel plain end ferrous pipe.]

Remove scale and dirt on inside and outside before assembly.

Prepare piping connections to equipment with flanges or unions.

INSTALLATION

Install refrigeration specialties in accordance with manufacturer's instructions.

Route piping in orderly manner, with plumbing parallel to building structure, and maintain
gradient.

Install piping to conserve building space and not interfere with use of space.

Group piping whenever practical at common elevations and locations. Slope piping one

Refrigerant Piping and Specialties
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percent in direction of oil return.

Install piping to allow for expansion and contraction without stressing pipe, joints, or
connected equipment.

Inserts:

1. Provide inserts for placement in concrete formwork.

2. Provide inserts for suspending hangers from reinforced concrete slabs and sides
of reinforced concrete beams.

3. Provide hooked rod to concrete reinforcement section for inserts carrying pipe over
4 inches (100 mm).

4.  Where concrete slabs form finished ceiling, locate inserts flush with slab surface.

5.  Where inserts are omitted, drill through concrete slab from below and provide
through-bolt with recessed square steel plate and nut.

Pipe Hangers and Supports:

1. Install in accordance with ASTM B31.5, ASTM F708 and MSS SP89.

2. Support horizontal piping as scheduled.

3. Install hangers to provide minimum 1/2 inch (13 mm) space between finished
covering and adjacent work.

4, Place hangers within 12 inches (300 mm) of each horizontal elbow.

5.  Support vertical piping at every other floor. Support riser piping independently of
connected horizontal piping.

6.  Where several pipes can be installed in parallel and at same elevation, provide
multiple or trapeze hangers.

7. Provide copper plated hangers and supports for copper piping.

Arrange piping to return oil to compressor. Provide traps and loops in piping, and
provide double risers as required. Slope horizontal piping 0.40 percent in direction of
flow.

Provide clearance for installation of insulation and access to valves and fittings.

Provide access to concealed valves and fittings. Coordinate size and location of access
doors with Section 08305.

Flood piping system with nitrogen when brazing.

Where pipe support members are welded to structural building frame, brush clean, and
apply one coat of zinc rich primer to welding.

Prepare unfinished pipe, fittings, supports, and accessories ready for finish painting.
Refer to Section 09900.

Insulate piping.

Refrigerant Piping and Specialties
15535 -9



3.4

Follow ASHRAE 15 procedures for charging and purging of systems and for disposal of
refrigerant.

Provide replaceable cartridge filter-driers, with isolation valves and valved bypass.

Locate expansion valve sensing bulb immediately downstream of evaporator on suction
line.

Provide external equalizer piping on expansion valves with refrigerant distributor
connected to evaporator.

Install flexible connectors at right angles to axial movement of compressor, parallel to
crankshatft.

Fully charge completed system with refrigerant after testing.

Provide electrical connection to solenoid valves. Refer to Section 16180.

FIELD QUALITY CONTROL

Field [inspection and] testing will be performed under provisions of Section 01400.

Test refrigeration system in accordance with ASME B31.5.

Pressure test system with dry nitrogen to 200 psig (1470 kPa). Perform final tests at 27
inches (92 kPa) vacuum and 200 psig (1470) kPa). Test to no leakage.

SCHEDULES

Pipe Hanger Spacing

HANGER ROD
PIPE SIZE MAX. HANGER SPACING DIAMETER
Inches (mm) Feet (m) Inches (mm)
1/2 to 1-1/4 6.5 (2) 3/8 (9)
(12 to 32)
1-1/2t0 2 10 (3) 3/8 (9)
(38 to 50)
2-1/2t0 3 10 (3) 1/2 (13)
(62 to 75)
4106 10 (3) 5/8 (15)
(100 to 150)
8to 12 14 (4.25) 718 (22)
(200 to 300)

Refrigerant Piping and Specialties
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END OF SECTION
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SECTION 15671
AIR COOLED CONDENSING UNITS

PART 1 GENERAL
1.1 SECTION INCLUDES

A.  Condensing unit package.

B.  Charge of refrigerant and oil.

C. Controls and control connections.

D. Refrigerant piping connections.

E.  Motor starters.

F. Electrical power connections.
1.2 RELATED SECTIONS

A.  Section 03300 - Cast-in-Place Concrete: Concrete bases.

B.  Section 15170 - Motors.

C.  Section 15242 - Vibration Isolation: Placement of vibration isolators.

D. Section 15535 - Refrigerant Piping and Specialties.

E.  Section 15856 - Air Handling Units with Coils.

F.  Section 15985 - Sequence of Operation.

G. Section 16180 - Equipment Wiring Systems: Electrical characteristics and wiring
connections.

1.3 REFERENCES
A.  ARI 210/240 - Unitary Air-Conditioning and Air-Source Heat Pump Equipment.
B. ARI 270 - Sound Rating of Outdoor Unitary Equipment.
C. ARI 365 - Commercial and Industrial Unitary Air-Conditioning Condensing Units.
D. ASHRAE 14 - Methods of Testing for Rating Positive Displacement Condensing Units.

Air Cooled Condensing Unit
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1.5

1.6

1.7

ASHRAE 15 - Safety Code for Mechanical Refrigeration.

ASHRAE 90A - Energy Conservation in new Building Design.

NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum).
NEMA MG 1 - Motors and Generators.

UL 207 - Refrigerant-Containing Components and Accessories, Non-Electrical.

UL 303 - Refrigeration and Air-Conditioning Condensing, and Air-Source Heat Pump
Equipment.

SUBMITTALS FOR REVIEW

Section 01300 - Submittals: Procedures for submittals.

Shop Drawings: Indicate components, assembly, dimensions, weights and loadings,
required clearances, and location and size of field connections. Include schematic
layouts showing condensing units, cooling coils, refrigerant piping, and accessories
required for complete system.

Product Data: Provide rated capacities, weights specialties and accessories, electrical
nameplate data, and wiring diagrams. Make submission with [coils, refer to Section
15790] [fan-coil units, refer to Section 15835] [air handling units with coils, refer to
Section 15885] to ensure capacities are complementary.

SUBMITTALS FOR INFORMATION

Section 01300 - Submittals: Procedures for submittals.

Design Data: Indicate pipe and equipment sizing.

Submit manufacturer's installation instructions.

SUBMITTALS AT PROJECT CLOSEOUT

Operation and Maintenance Data: Include start-up instructions, maintenance
instructions, parts lists, controls, and accessories.

REGULATORY REQUIREMENTS

Products Requiring Electrical Connection: Listed and classified by Underwriters
Laboratories Inc., as suitable for the purpose specified and indicated.

Air Cooled Condensing Unit
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PART 2

21

2.2

DELIVERY, STORAGE, AND PROTECTION
Section 01600 - Material and Equipment: Transport, handle, store, and protect products.

Comply with manufacturer's installation instructions for rigging, unloading, and
transporting units.

Protect units on site from physical damage. Protect coils.

WARRANTY

Section 01700 - Contract Closeout. 01740 - Warranties and Bonds.

Provide a five year warranty to include coverage for refrigerant compressors.

EXTRA MATERIALS

Section 01700 - Contract Closeout. 01730 - Operation and Maintenance Data.

Provide two of complete change of lubricating oil.

PRODUCTS

MANUFACTURERS

Carrier.

Other Acceptable Manufacturers:

1. York.

2. Trane.

Section 01600 - Materials and Equipment: Product options and substitutions.
MANUFACTURED UNITS

Units: Self-contained, packaged, factory assembled and pre-wired units suitable for
outdoor use consisting of cabinet, compressors, condensing coil and fans, integral

sub-cooling coil, controls, liquid receiver, wind deflector, and screens.

Construction and Ratings: In accordance with ARI 210/240, ARI 365 and UL 207 and UL
303. Testing shall be in accordance with ASHRAE 14.

Performance Ratings: Energy Efficiency Rating (EER) and Coefficient of Performance
(COP) not less than prescribed by ASHRAE 90A.

Air Cooled Condensing Unit
15671 -3



2.3

2.4

2.5

2.6

CASING

House components in galvanized steel panels with weather resistant, baked enamel
finish.

Mount starters, disconnects, and controls in weatherproof panel provided with full
opening access doors. Provide mechanical interlock to disconnect power when door is
opened.

Provide removable access doors or panels with quick fasteners.

CONDENSER COILS

Coails:  Aluminum fins mechanically bonded to seamless copper tubing. Provide
sub-cooling circuits. Air test under water to 425 psig (2900 kPa), and vacuum dehydrate.
Seal with holding charge of nitrogen.

Coil Guard: Expanded metal.

FANS AND MOTORS

Vertical discharge direct driven propeller type condenser fans with fan guard on
discharge. Equip with roller or ball bearings with grease fittings extended to outside of
casing.

Weatherproof motors suitable for outdoor use, single phase permanent split capacitor or
3 phase, with permanent lubricated ball bearings and built in current and thermal
overload protection.

Motors as indicated, in compliance with Section 15170.

COMPRESSORS

Compressor:  Semi-hermetic reciprocating type or Hermetic reciprocating type as
specified.

Mounting:  Statically and dynamically balance rotating parts and mount on spring
vibration isolators. Internally isolate hermetic units on springs.

Lubrication System: Reversible, oil pump with oil charging valve, ail level sight glass,
and magnetic plug or strainer.

Motor: Constant speed suction gas cooled with electronic sensor and winding over
temperature protection, designed for across-the-line starting. Furnish with starter.

Capacity Reduction Equipment:  Suction valve unloaders, with lifting mechanism

Air Cooled Condensing Unit
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2.8

operated by electrically actuated solenoid valve, with unloaded compressor start;
controlled from room thermostat.

Sump Oil Heater: Evaporates refrigerant returning to sump during shut down. Energize
heater continuously when compressor is not operating.

REFRIGERANT CIRCUIT

Provide each unit with one refrigerant circuit, or two independent refrigerant circuits,
factory supplied and piped. Refer to Section 15535.

For each refrigerant circuit, provide:

Filter dryer replaceable core type.

Liquid line sight glass and moisture indicator.
Thermal expansion valve for maximum operating pressure.
Insulated suction line.

Suction and liquid line service valves and gage ports.
Liquid line solenoid valve.

Charging valve.

Discharge line check valve.

Compressor discharge service valve.

0. Condenser pressure relief valve.

BOOo~NOAONE

CONTROLS

On unit, mount weatherproof steel control panel, NEMA 250, containing power and
control wiring, factory wired with single point power connection.

For each compressor, provide part winding starter, non-recycling compressor overload,
starter relay, and control power transformer or terminal for controls power. Provide
manual reset current overload protection. For each condenser fan, provide
across-the-line starter with starter relay.

Provide safety controls arranged so any one will shut down machine:
1. High discharge pressure switch manual reset.

2. Low suction pressure switch (automatic reset).

3. Oil Pressure switch (manual reset).

Gages: Prepiped for suction and discharge refrigerant pressures.
For multiple units, provide remote mounted sequence panel to allow operation with
lead-lag switching and time delay timer.

Provide low voltage, adjustable thermostat to control compressor stages and supply fan
to maintain temperature setting.

Provide electric solid state microcomputer based room thermostat, located as indicated
remote sensor located as indicated.

Air Cooled Condensing Unit
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1. Incorporate:
a)  Preferential rate control to minimize overshoot and deviation from set point.
b)  Set-up for four separate temperatures per day.
C) Instant override of setpoint for continuous or timed period from one hour to
31 days.
d)  Short cycle protection.
e) Programming based on weekdays, Saturday and Sunday.
f) Switch selection features including imperial or metric display, 12 or 24 hour
clock, keyboard disable, remote sensor, fan on-auto.
2. Display shall include:
a) Time of Day.
b)  Actual room temperature.
C) Programmed temperature.
d)  Programmed time.
e) Duration of timed override.
f) Day of week.
g)  System mode indication: Heating, cooling, auto, off, fan auto, fan on.
h)  Stage operation.

PART 3 EXECUTION

3.1

3.2

INSTALLATION
Install in accordance with manufacturer's installation instructions.

Complete structural, mechanical, and electrical connections in accordance with
manufacturer's installation instructions.

Provide for connection to electrical service. Refer to Section 16180.

Install units on vibration isolation. Refer to Section 15245.

Install units on concrete base as indicated. Refer to Section 03300.

Provide connection to refrigeration piping system and evaporators. Refer to Section

15535. Comply with ASHRAE 15.

Furnish charge of refrigerant and oil.
DEMONSTRATION AND INSTRUCTIONS

Section 01700 - Contract Closeout: 01650 - Starting of Systems: Demonstrating
installed work.

Supply initial charge of refrigerant and oil for each refrigeration system. Replace losses
of oil or refrigerant prior to end of correction period.

Charge system with refrigerant and test entire system for leaks after completion of

Air Cooled Condensing Unit
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3.3

installation. Repair leaks, put system into operation, and test equipment performance.
Shut-down system if initial start-up and testing takes place in winter and machines are to
remain inoperative. Repeat start-up and testing operation at beginning of first cooling
season.

Provide cooling season start-up, and winter season shut-down for first year of operation.
Inspect and test for refrigerant leaks every two months during first year of operation.

SCHEDULES

See drawings.

END OF SECTION

Air Cooled Condensing Unit
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DIVISION 15 - MECHANICAL WORK

SECTION 15890 - DUCTWORK, CASINGS AND ACCESSORIES

PART | - GENERAL

11

12

1.3

WORK INCLUDED

A. Ductwork and accessories as required by the contract documents.

RELATED WORK

A. Refer to Section 15255 for exterior insulation of ductwork; not work of
this section.

B. Refer to Section 15850 for fans and air handling units; not work of this
section.

C. Refer to Section 15990 for testing, adjusting, and balancing of
ductwork systems; not work of this section.

QUALITY ASSURANCE

A. Manufacturer's Qualifications: Firms regularly engaged in
manufacture of ductwork products of types, materials, and sizes
required, whose products have been in satisfactory use in similar
service for not less than two years.

B. Installer's Qualifications: Firms with at least three years of successful
installation experience on projects with ductwork systems similar to
that required for this project.

C. Codes and Standards:

1. SMACNA Standards: Comply with the latest editions of
SMACNA's Standards, for fabrication and installation of
ductwork and accessories.

2. ASHRAE Standards: Comply with the latest editions of the

ASHRAE Handbooks for fabrication and installation of

ductwork, and accessories.

NFPA Compliance: NFPA 90A.

ASTM:

a. A526: Steel Sheet, Zinc-Coated (Galvanized) by The
Hot Dip Process, Commercial Quality.

B w
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5.

UL Compliance: Standard 555 "Fire Dampers and Ceiling
Dampers".

14  SUBMITTALS

A. Product Data: Submit manufacturer's product data for ductwork
materials and products.

B. Shop Drawings: Submit scaled layout drawings of ductwork and
fittings including, but not limited to, duct sizes, locations, elevations,
and slopes of horizontal runs, wall and floor penetrations, and
connections. Show interface and spatial relationship between
ductwork and proximate equipment. Show modifications of indicated
requirements, made to conform to local shop practice, and how those
modifications ensure that free area, materials, and rigidity are not
reduced. As a minimum include the following:

1. Overall two-line duct layout, dimensioned with respect to
building column centerlines and connections to equipment.
2. Elevations and sections as required to show clearances,
methods of support, and details of installation.
3. Distance from bottom of ducts to finished floor.
4. Location of duct supports and sway bracing.
5. Details of duct supports, including hanger locations, hanger
type, connections to duct and to building, auxiliary steel, etc.
6. Location and Details of Auxiliary Equipment, including:
a. Grilles
b. Registers
C. Diffusers
d. Extractors
e. Volume Dampers
f. Splitter Dampers
g. Access Doors
h. Turning Vanes,
i Thermometer and Pressure Sensing Connections
J- Test Openings for Pitot Readings
k. Control Instruments
l. Duct Drains
m. Flexible Connections
C. Record Drawings: At project closeout, submit record drawings of

installed ductwork and ductwork products, in accordance with the
Contract Documents.
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Maintenance Data: Submit maintenance data and parts lists for
ductwork materials and products. Include this data, product data,
shop drawings, and record drawings in maintenance manual; in
accordance with the Contract Documents.

15 DELIVERY, STORAGE, AND HANDLING

A.

Protection: Protect shop-fabricated and factory- fabricated ductwork,
accessories and purchased products from damage during shipping,
storage and handling. Prevent end damage and prevent dirt and
moisture from entering ducts and fittings.

Storage: Where possible, store ductwork inside and protect from
weather. Where necessary to store outside, store above grade and
enclose with waterproof wrapping.

PART Il - PRODUCTS

21 DUCTWORK MATERIALS

A.

Exposed Ductwork Materials: Where ductwork is indicated to be
exposed to view in occupied spaces, provide materials which are free
from visual imperfections including pitting, seam marks, roller marks,
stains and discolorations, and other imperfections, including those
which would impair painting.

Sheet Metal: Except as otherwise indicated, fabricate ductwork from
galvanized sheet steel complying with ASTM A 527, lockforming
quality; with G 90 zinc coating in accordance with ASTM A 525; and
mill phosphatized for ductwork to be painted.

2.2  MISCELLANEOUS DUCTWORK MATERIALS

A.

General: Provide miscellaneous materials and products where not
otherwise indicated, of the type and size required to comply with
ductwork system requirements including proper connection of
ductwork and equipment.

Fittings: Provide radius type fittings fabricated of multiple sections
with maximum 15 deg. change of direction per section. Unless
specifically detailed otherwise, use 45 deg. laterals and 45 Deg.
elbows for branch takeoff connections, Where 90 Deg. branches are
indicated, provide conical type tees.
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2.3

24

Duct Sealant: Non-hardening, non-migrating mastic or liquid elastic
sealant, type applicable for fabrication/installation detail, as
compounded and recommended by manufacturer specifically for
sealing joints and seams in ductwork.

Duct Cement: Non-hardening; non-migrating mastic or liquid
neoprene based cement, type applicable for fabrication/installation
detail, as compounded and recommended by manufacturers
specifically for cementing fitting components, or longitudinal seams in
ductwork.

Ductwork Support Materials: Except as otherwise indicated, provide
hot-dipped galvanized steel fasteners, anchors, rods, straps, trim and
angles for support of ductwork.

Flexible Ducts: Either spiral-wound spring steel with flameproof vinyl
sheathing, or corrugated aluminum; complying with UL 181. Where
installed in unconditioned spaced other than return air plenums,
provide 1 inch thick continuous flexible fiberglass sheath with vinyl
vapor barrier jacket.

FABRICATION

A.

Shop fabricate ductwork in 4, 8, 10 or 12-ft lengths, unless otherwise
indicated or required to complete runs. Preassemble work in shop to
greatest extent possible, so as to minimize field assembly of systems.
Disassemble systems only to extent necessary for shipping and
handling. Match-mark sections for reassembly and coordinated
installation.

Shop fabricate ductwork of gages and reinforcement complying with
SMACNA Duct Construction Standards.

Fabricate duct fittings to match adjoining ducts, and to comply with
duct requirements as applicable to fittings. Except as otherwise
indicated, fabricate elbows with center-line radius equal to associated
duct width; and fabricate to include turning vanes in elbows where
shorter radius is necessary. Limit angular tapers to 30 Deg. for
contracting tapers and 20 Deg for expanding tapers.

Fabricate ductwork with accessories installed during fabrication to the
greatest extent possible.

CASINGS AND PLENUMS
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A.

Single Wall:

1. Single wall casings shall be fabricated of rigid panel sections,
joined together by gasketed companion angle flanges, bolted
on not over 12" centers. Panels shall be stiffened by angles
reinforcing or standing seam construction. All joints shall be
made air and water tight by gasketing, sealing and caulking as
required.

2. Casing wall and ceiling shall be braced and stiffened to carry a
175 Ib. man's weight without noticable deflection. The side
wall of the casing shall be mounted on a 6" high concrete curb.
All sides shall be securely fastened to curb with 2- 1/2" x 1/4"
base angles, gasketed and expansion bolted to curb.

3. Construct all portions of casing of galvanized steel with
cadmium plated rivets, screws and bolts in accordance with
the latest recommendations and details of ASHRAE and
SMACNA, for the pressure imposed on the particular casing.

25 DAMPERS:

A.

Manual Dampers: Provide dampers of single blade type or
multiblade type, constructed in accordance with SMACNA "HVAC
Duct Construction Standards".

Acceptable Manufacturers:

Air Balance, Inc.

Airguide Corp.

American Warming & Ventilating, Inc.
Ruskin Mfg. Co.

2.6  TURNING VANES:

A.

Fabricated Turning Vanes: Provide fabricated turning vanes and
vane runners, constructed in accordance with SMACNA "HVAC Duct
Construction Standards".

Manufactured Turning Vanes: Provide turning vanes constructed of 1-
1/2" wide curved blades set at 3/4" o.c., supported with bars
perpendicular to blades set at 2" o.c., and set into side strips suitable
for mounting in ductwork.

Acceptable Manufacturer: Subject to compliance with requirements,
provide turning vanes of one of the following:

Aero Dyne Co.
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Anemostat

Barber-Colman Co.

Duro Dyne Corp.

Koppers Co.

Hart & Cooley Mfg. Co.
Register & Grille Mfg. Co., Inc.
Souther, Inc.

2.7 DUCT HARDWARE:

A. General: Provide duct hardware, manufactured by one manufacturer
for all items on project, for the following:

1. Test Holes: Provide in ductwork at fan inlet and outlet, and
elsewhere as indicated, duct test holes, consisting of slot and
cover, for instrument tests.

2. Quadrant Locks: Provide for each damper, quadrant lock
device on one end of shaft; and end bearing plate on other end
for damper lengths over 12". Provide extended quadrant locks
and end extended bearing plates for externally insulated
ductwork.

B. Acceptable Manufacturers:

Ventfabrics, Inc.
Young Regulator Co.

2.8 FLEXIBLE CONNECTIONS:

A. General: Provide flexible duct connections whereverductwork
connects to vibration isolated equipment. Construct flexible
connections of neoprene-coated flameproof fabric crimped into duct
flanges for attachment to duct and equipment. Make airtight joing.
Provide adequate joint flexibility to allow for thermal, axial, transverse,
and torsional movement, and also capable of absorbing vibrations of
connected equipment.

B. Acceptable Manufacturers:

American/Elgen Co.; Energy Div.
Duro Dyne Corp.

Flexaust (The) Co.

Ventfabrics, Inc.

PART Il - EXECUTION
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3.1 GENERAL

A. Examine areas and conditions under which ductwork is to be
installed. Do not proceed with work until unsatisfactory conditions
have been corrected in an acceptable manner.

B. Assemble and install ductwork which will achieve air- tight systems
with no objectionable duct generated noise. Install each run with
minimum number of joints. Align ductwork accurately at connections,
within 1/8" misalignment tolerance and with internal surfaces smooth.
Support ducts rigidly with suitable ties, braces, hangers, and anchors
of type which will hold ducts true-to-shape and to prevent buckling.
Support vertical ducts at every floor, and at a maximum of 15 feet
intervals between floors.

C. Install additional bracing or supports to eliminate any distortion or
vibration when the systems are operating or under tests.

D. Install ducts, casings and hangers plumb and level, with joints square
and devoid of sharp edges.

3.2 DUCTS
A. Route ductwork to minimize directional changes and prevent abrupt
transitions.
B. Provide adequate space around ducts to assure proper support and

to allow the installation of the insulation specified.

C. Provide fairings where pipes or structures must penetrate ducts.
When fairing is longer than two feet maintain the original velocity.
When fairing is shorter than two feet the velocity may be increased by
not more than 10 percent.

D. Install instrument test holes in the duct or casing on the up and
downstream side of each coil and the downstream side of each fan
and where pitot tube readings are indicated on the drawings or are
required for air balance.

E. Install turning vanes in elbows whose center line radius is less than
150 percent of the duct width and where indicated on the Drawings.

F. Where hanger rods for ducts, piping or equipment must pierce ducts,
provide closure plates fitted around the rod and riveted or welded to
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the duct. Use in conjunction with GE Sil-Proof sealant to make an
airtight seal.

Make all connections between ductwork, including flexible
connections, fittings and equipment with gradually tapered transition
fittings.

Where ductwork size does not conform to nearest standard automatic
damper size, transform duct to match damper.

Provide 14 ga. galvanized steel sleeves in floor slabs where ducts
pass through except where the ducts are in masonry enclosed shafts.
Sleeve shall project 3 in. above and below the floor slab or curb. Duct
shall be connected directly to the sleeve. Where fire dampers are
installed, connect duct as per manufacturers instruction and in
accordance with applicable codes.

Locate ductwork runs, except as otherwise indicated, vertically and
horizontally and avoid diagonal runs wherever possible. Locate runs
as indicated by diagrams, details and notations or, if not otherwise
indicated, run ductwork in shortest route which does not obstruct
useable space or block access for servicing building and its
equipment. Hold ducts close to walls overhead construction, columns,
and other structural and permanent enclosure elements of building.
Limit clearance to 1/2" where furring is shown for enclosure or
concealment of ducts, but allow for insulation thickness, if any. Where
possible, locate insulated ductwork for 1" clearance outside of
insulation. Wherever possible locating in mechanical shafts, hollow
wall construction above suspended ceilings. Do not encase
horizontal runs in solid partitions, except as specifically shown.
Coordinate layout with suspended ceiling and lighting layouts and
similar finished work.

Do not route ductwork through transformer vaults and their electrical
equipment spaces and enclosures.

Where ducts pass through interior partitions and exterior walls, and
are exposed to view, conceal space between construction opening
and duct or duct insulation with sheet metal flanges of same gauge as
duct. Overlap opening on 4 sides at least 1.5". Fasten to duct and
Substrate.

Where ducts pass through fire-rated floors, walls, or partitions,
provide UL Listed/FM approver firestopping system around ducts.
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N.

Coordinate duct installations with installation of accessories,
dampers, coil frames, equipment, controls and other associated work
of ductwork system.

3.3 INSTALLATION OF FLEXIBLE DUCTS

34

3.5

3.6

A.

Maximum Length: For any duct run using flexible ductwork, do not
exceed 8' - 0" extended length.

Installation: Install in accordance with Section Il of SMACNA's,
"HVAC Duct Construction Standards, Metal and Flexible".

INSTALLATION OF DUCTWORK ACCESSORIES:

A.

Install ductwork accessories in accordance with manufacturer's
installation instructions to ensure that products serve intended
function.

Install turning vanes in square or rectangular 90 deg elbows in supply
return and exhaust air systems, and elsewhere as indicated.

Install access doors to open against system air pressure, with latches
operable from either side.

Coordinate with other work, including ductwork, as necessary to
interface installation of ductwork accessories properly with other work.

CASINGS

A.

A.

Unless specifically shown differently on the Drawings or where
required for clearance, construct all casings with constant cross-
section. Arrange air treatment equipment within casings to give the
most direct air flow to the center line of the fan. Provide sheet metal
filler pieces to prevent air bypass. Where constant cross- section
casings cannot be used, maximum transitional slope for top and sides
of casings shall be 30 degrees.

Mount fans so that the center line of the fan inlet is on the center line of
the air treatment equipment. Maximum transition slope to the fan inlet
shall be 40 Deg.

DRAIN PANS AND TROUGHS

Provide drain pans for all cooling coils and humidifiers in air handling
units, ducts and casings.
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3.7

A.

3.8

A.

3.9

A.

FIRE AND SMOKE DAMPERS

Provide fire and smoke dampers as required in NFPA 90A. For
location of fire rated walls and smoke barriers, see architectural
drawings or consult the architects.

FIELD QUALITY CONTROL:

Leakage Tests: After each duct system is completed, test for duct
leakage in accordance with SMACNA HVAC Air Duct Leakage Test
Manual. All ducts shall be sealed and 100% tested at its specified
pressure class rating per SMACNA Leackage Class 3.

Operate installed ductwork accessories to demonstrate compliance
with requirements. Test for air leakage while system is operating.
Repair or replace faulty accessories, as required to obtain proper
operation and leakproof performance.

EQUIPMENT CONNECTIONS:

General: Connect ductwork to equipment as indicated, provide
flexible connection for each ductwork connection to equipment
mounted on vibration isolators, and/or equipment containing rotating
machinery.

3.10 ADJUSTING AND CLEANING:

A.

Clean ductwork internally, unit by unit as it is installed, of dust and
debris. Clean external surfaces of foreign substances which might
cause corrosive deterioration of metal or, where ductwork is to be
painted, might interfere with painting or cause paint deterioration.

Temporary Closure: At ends of ducts which are not connected to
equipment or air distribution devices at time of ductwork installation,
provide temporary closure of polyethylene film or other covering which
will prevent entrance of dust and debris until time connections are to
be completed.

Adjusting: Adjust ductwork accessories for proper settings, install
fusible links in fire dampers and adjust for proper action.

END OF SECTION
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SECTION 260000 - BASIC ELECTRICAL MATERIALS AND METHODS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A. This Section includes the following:

Raceways.

Building wire and connectors.

Supporting devices for electrical components.
Electrical identification.

Electricity-metering components.

Concrete equipment bases.

Electrical demolition.

Cutting and patching for electrical construction.
Touchup painting.

O o0 Joy Ul b WN -

1.3 DEFINITIONS
A. EMT: Electrical metallic tubing.
B. FMC: Flexible metal conduit.
C. LFMC: Liquid tight flexible metal conduit.

D. RMC: Rigid Metal Conduit

1.4 SUBMITTALS
A. Product Data: For electricity-metering equipment.

B. Shop Drawings: Dimensioned plans and sections or
elevation layouts of electricity-metering equipment.

C. Field Test Reports: Indicate and interpret test results
for compliance with performance requirements.
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QUALITY ASSURANCE

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

jurisdiction, and marked for intended use.

Comply with NFPA 70.

COORDINATION

Coordinate chases, slots, inserts, sleeves, and openings
with general construction work and arrange in building
structure during progress of construction to facilitate
the electrical installations that follow.

1. Set inserts and sleeves 1in poured-in-place concrete,
masonry work, and other structural components as they
are constructed.

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

Coordinate electrical service connections to components
furnished by utility companies.

1. Coordinate installation and connection of exterior
underground and overhead wutilities and services,
including provision for electricity-metering
components.

2. Comply with requirements of authorities having
jurisdiction and of utility company providing

electrical power and other services.

Coordinate location of access panels and doors for
electrical items that are concealed by finished surfaces.
Access doors and panels are specified in Division 8
Section "Access Doors."

Where electrical identification devices are applied to
field-finished surfaces, coordinate installation of
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identification devices with completion of finished
surface.

F. Where electrical identification markings and devices will
be concealed by acoustical ceilings and similar finishes,
coordinate installation of these items Dbefore <ceiling
installation.

PART 2 - PRODUCTS

2.1 RACEWAYS

A. EMT: ANSI C80.3, =zinc-coated steel, with set-screw or
compression fittings.

B. FMC: Zinc-coated steel.

Cc. 1IMC: ANSI C80.6, zinc-coated steel, with threaded
fittings.
D. LFMC: Zinc-coated steel with sunlight-resistant and

mineral-oil-resistant plastic jacket.
E. RNC: NEMA TC 2, Schedule 40 PVC, with NEMA TC3 fittings.
F. Raceway Fittings: Specifically designed for the raceway
type with which used.
2.2 CONDUCTORS
A. Conductors, No. 10 AWG and Smaller: Stranded copper.

B. Conductors, Larger Than No. 10 AWG: Stranded copper.

C. Insulation: Thermoplastic, rated at 75 deg C minimum.

D. Wire Connectors and Splices: Units of size, ampacity
rating, material, type, and class suitable for service
indicated.

2.3 SUPPORTING DEVICES

A. Material: Cold-formed steel, with corrosion-resistant
coating acceptable to authorities having jurisdiction.
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B. Metal Items for Use Outdoors or in Damp Locations: Hot-
dip galvanized steel.

C. Slotted-Steel Channel Supports: Flange edges turned
toward web, and 9/16-inch- (14-mm-) diameter slotted holes
at a maximum of 2 inches (50 mm) o.c., in webs.

D. Slotted-Steel Channel Supports: Comply with Division 5
Section "Metal Fabrications" for slotted channel framing.

1. Channel Thickness: Selected to suit structural
loading.
2. Fittings and Accessories: Products of the same

manufacturer as channel supports.

E. ©Nonmetallic Channel and Angle Systems: Structural-grade,
factory-formed, glass-fiber-resin channels and angles with
9/16-inch- (14-mm-) diameter holes at a maximum of 38

inches (203 mm) o.c., in at least one surface.

1. Fittings and Accessories: Products of the same
manufacturer as channels and angles.
2. Fittings and Accessory Materials: Same as channels

and angles, except metal items may be stainless steel.

F. Raceway and Cable Supports: Manufactured clevis hangers,
riser clamps, straps, threaded C-clamps with retainers,
ceiling trapeze hangers, wall brackets, and spring-steel
clamps or click-type hangers.

G. Pipe Sleeves: ASTM A 53, Type E, Grade A, Schedule 40,
galvanized steel, plain ends.

H. Cable Supports for Vertical Conduit: Factory-fabricated
assembly consisting of threaded body and insulating
wedging plug for nonarmored electrical cables in riser
conduits. Plugs have number and size of conductor
gripping holes as required to suit individual risers.
Body constructed of malleable-iron casting with hot-dip
galvanized finish.

I. Expansion Anchors: Carbon-steel wedge or sleeve type.
J. Toggle Bolts: All-steel springhead type.

K. Powder-Driven Threaded Studs: Heat—-treated steel.

2.4 ELECTRICAL IDENTIFICATION
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Identification Devices: A single type of identification

product for each application category. Use colors
prescribed by ANSI Al3.1, NEPA 70, and these
Specifications.

Raceway and Cable Labels: Comply with ANSI Al3.1,

Table 3, for minimum size of letters for legend and
minimum length of color field for each raceway and cable
size.

1. Type: Pretensioned, wraparound ©plastic sleeves.
Flexible, preprinted, color-coded, acrylic band sized
to suit the diameter of the item it identifies.

2. Type: Preprinted, flexible, self-adhesive, vinyl.
Legend 1s overlaminated with a clear, weather- and
chemical-resistant coating.

3. Color: Black letters on orange background.

4. Legend: Indicates voltage.

Colored Adhesive Marking Tape for Raceways, Wires, and
Cables: Self-adhesive wvinyl tape, not less than 1 inch
wide by 3 mils thick (25 mm wide by 0.08 mm thick).

Underground Warning Tape: Permanent, bright-colored,
continuous-printed, vinyl tape with the following
features:

1. ©Not less than 6 inches wide by 4 mils thick (150 mm
wide by 0.102 mm thick).
2. Compounded for permanent direct-burial service.

3. Embedded continuous metallic strip or core.

4. Printed legend that indicates type of underground
line.

Tape Markers for Wire: Vinyl or vinyl-cloth, self-

adhesive, wraparound type with preprinted numbers and
letters.

Color-Coding Cable Ties: Type 6/6 nylon, self-locking
type. Colors to suit coding scheme.

Engraved-Plastic Labels, Signs, and Instruction Plates:
Engraving stock, melamine plastic laminate punched or
drilled for mechanical fasteners 1/16-inch (1.6-mm)
minimum thickness for signs up to 20 sg. in. (129 sg. cm)
and 1/8-inch (3.2-mm) minimum thickness for larger sizes.
Engraved legend in black letters on white background.
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Interior Warning and Caution Signs: Comply with 29 CFR,
Chapter XVII, Part 1910.145. Preprinted, aluminum, baked-
enamel-finish signs, punched or drilled for mechanical
fasteners, with colors, legend, and size appropriate to
the application.

Exterior Warning and Caution Signs: Comply with 29 CFR,
Chapter XVII, Part 1910.145. Weather-resistant,
nonfading, ©preprinted, cellulose-acetate butyrate signs
with 0.0396-inch (l1-mm), galvanized-steel backing, with
colors, legend, and size appropriate to the application.
1/4-inch (6-mm) grommets in corners for mounting.

Fasteners for Nameplates and Signs: Self-tapping,
stainless-steel screws or No. 10/32 stainless-steel
machine screws with nuts and flat and lock washers.

EQUIPMENT FOR UTILITY COMPANY'S ELECTRICITY METERING

Current-Transformer Cabinets: Comply with requirements of
electrical power utility company.

Meter Sockets: Comply with requirements of electrical
power utility company.

Modular Meter Centers: Factory-coordinated assembly of a
main meter center circuit-breaker wunit with wireways,
tenant meter socket modules, and tenant branch circuit
breakers arranged in adjacent vertical sections, complete
with interconnecting buses.

1. Housing: NEMA 250, Type 3R enclosure.

2. Tenant Branch Circuit Breakers: Series combination
rated to protect <circuit Dbreakers in downstream
panelboards that have 22,000-A interrupting capacity,
minimum.

CONCRETE BASES

Concrete Forms and Reinforcement Materials: As specified
in Division 3 Section "Cast-in-Place Concrete."

Concrete: 3000-psi (20.7-MPa), 28-day compressive
strength as specified in Division 3 Section "Cast-in-Place
Concrete."
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2.7 TOUCHUP PAINT

A. For Equipment: Equipment manufacturer's paint selected to
match installed equipment finish.

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

PART 3 - EXECUTION

3.1 ELECTRICAL EQUIPMENT INSTALLATION

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

B. Materials and Components: Install 1level, plumb, and
parallel and perpendicular to other building systems and
components, unless otherwise indicated.

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

D. Right of Way: Give to raceways and piping systems

installed at a required slope.

3.2 RACEWAY APPLICATION
A. Use the following raceways for outdoor installations:

Exposed: RMC.

Concealed: EMT.

Underground, Single Run: RNC

Underground, Grouped: RNC

Connection to Vibrating Equipment: LFMC.

Boxes and Enclosures: NEMA 250, Type 3R or Type 4X.

oY U W N

B. Use the following raceways for indoor installations:

1. Exposed: EMT.

Concealed: EMT

3. Connection to Vibrating Equipment: FMC; except in wet
or damp locations, use LFMC.

N
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4. Damp or Wet Locations: RMC.
5. Boxes and Enclosures: NEMA 250, Type 1, unless
otherwise indicated.

RACEWAY AND CABLE INSTALLATION

Conceal raceways and cables, unless otherwise indicated,
within finished walls, ceilings, and floors.

Install raceways and cables at least 24 inches (150 mm)
away from parallel runs of flues and steam or hot-water
pipes. Locate horizontal raceway runs above water and
steam piping.

Use temporary raceway caps to prevent foreign matter from
entering.

Make conduit bends and offsets so ID is not reduced. Keep
legs of bends in the same plane and straight 1legs of
offsets parallel, unless otherwise indicated.

Use raceway and cable fittings compatible with raceways
and cables and suitable for use and location.

Install raceways embedded in slabs in middle third of slab
thickness where ©practical, and leave at 1least 2-inch
concrete cover.

1. Secure raceways to reinforcing rods to prevent sagging
or shifting during concrete placement.
2. Space raceways laterally to prevent voids in concrete.

3. 1Install conduit larger than 1l-inch trade size (DN27)
parallel to or at right angles to main reinforcement.
Where conduit 1is at right angles to reinforcement,
place conduit close to slab support.

4. Transition from nonmetallic tubing to Schedule 80
nonmetallic conduit, rigid steel conduit, or IMC
before rising above floor.

5. Make bends 1in exposed parallel or banked runs from
same centerline to make bends parallel. Use factory
elbows only where elbows can be installed parallel;
otherwise, provide field bends for exposed parallel
raceways.

Install pull wires in empty raceways. Use No. 14 AWG
zinc-coated steel or monofilament plastic 1line with not
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less than 200-1b (90-kg) tensile strength. Leave at least
12 inches (300 mm) of slack at each end of the pull wire.

H. Install telephone and signal system raceways, 2-inch trade
size (DN53) and smaller, in maximum lengths of 150 feet
(45 m) and with a maximum of two 90-degree Dbends or
equivalent. Separate lengths with pull or Jjunction boxes
where necessary to comply with these requirements, in
addition to requirements above.

I. Connect motors and equipment subject to vibration, noise
transmission, or movement with a maximum of 72-inch (1830-
mm) flexible conduit. Install LFMC in wet or damp
locations. Install separate ground conductor across

flexible connections.
J. Set floor boxes level and trim after installation to fit
flush to finished floor surface.
3.4 WIRING METHODS FOR POWER, LIGHTING, AND CONTROL CIRCUITS
A. Feeders: Type THHN/THWN insulated conductors in raceway.

B. Underground Feeders and Branch Circuits: Type XHHW or
single-wire,

C. Branch Circuits: Type THHN/THWN insulated conductors in
raceway.

D. Remote-Control Signaling and Power-Limited Circuits:
Type THHN/THWN insulated conductors in raceway for
Classes 1, 2, and 3, unless otherwise indicated.

3.5 WIRING INSTALLATION

A. 1Install splices and taps that are compatible with
conductor material and that possess equivalent or better
mechanical strength and insulation ratings than unspliced
conductors.

B. 1Install wiring at outlets with at least 12 inches (300 mm)
of slack conductor at each outlet.

C. Connect outlet and component connections to wiring systems

and to ground. Tighten electrical connectors and
terminals, according to manufacturer's published torque-
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tightening wvalues. If manufacturer's torque values are
not indicated, use those specified in UL 486A.

ELECTRICAL SUPPORTING DEVICE APPLICATION

Damp Locations and Outdoors: Hot-dip galvanized materials
or nonmetallic, U-channel system components.

Dry Locations: Steel materials.

Selection of Supports: Comply with manufacturer's written
instructions.

Strength of Supports: Adequate to carry present and

future 1loads, times a safety factor of at least four;
minimum of 200-1b (90-kg) design load.

SUPPORT INSTALLATION

Install support devices to securely and permanently fasten
and support electrical components.

Install individual and multiple raceway hangers and riser
clamps to support raceways. Provide U-bolts, clamps,
attachments, and other hardware necessary for hanger
assemblies and for securing hanger rods and conduits.

Support parallel runs of horizontal raceways together on
trapeze- or bracket-type hangers.

Size supports for multiple raceway installations so
capacity can be increased by a 25 percent minimum in the
future.

Support individual Thorizontal raceways with separate,
malleable-iron pipe hangers or clamps.

Install 1/4-inch- (6-mm-) diameter or larger threaded
steel hanger rods, unless otherwise indicated.

Spring-steel fasteners specifically designed for
supporting single conduits or tubing may be used instead
of malleable-iron hangers for 1-1/2-inch (38-mm) and

smaller raceways serving lighting and receptacle Dbranch
circuits above suspended <ceilings and for fastening
raceways to slotted channel and angle supports.
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H. Arrange supports in vertical runs so the weight of
raceways and enclosed conductors 1is carried entirely by
raceway supports, with no weight load on raceway
terminals.

I. Simultaneously i1install wvertical conductor supports with
conductors.

J. Separately support cast Dboxes that are threaded to

raceways and used for fixture support. Support sheet-
metal boxes directly from the building structure or by bar
hangers. If bar hangers are used, attach bar to raceways

on opposite sides of the box and support the raceway with
an approved fastener not more than 24 inches (610 mm) from
the box.

K. 1Install metal channel racks for mounting cabinets,
panelboards, disconnect switches, control enclosures, pull
and junction boxes, transformers, and other devices unless
components are mounted directly to structural elements of
adequate strength.

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

M. Securely fasten electrical items and their supports to the
building structure, unless otherwise indicated. Perform
fastening according to the following unless other
fastening methods are indicated:

1. Masonry: Toggle bolts on hollow masonry units and
expansion bolts on solid masonry units.

2. New Concrete: Concrete inserts with machine screws
and bolts.

3. Existing Concrete: Expansion bolts.

4. Instead of expansion bolts, threaded studs driven by a

powder charge and provided with lock washers may be
used in existing concrete.

5. Steel: Welded threaded studs or spring-tension clamps
on steel.

a. Field Welding: Comply with AWS D1.1.
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6. Welding to steel structure may be wused only for
threaded studs, not for conduits, pipe straps, or
other items.

7. Light Steel: Sheet-metal screws.

8. Fasteners: Select so the 1load applied to each
fastener does not exceed 25 percent of its proof-test
load.

IDENTIFICATION MATERIALS AND DEVICES

Install at locations for most convenient viewing without
interference with operation and maintenance of equipment.

Coordinate names, abbreviations, colors, and other
designations used for electrical identification with
corresponding designations indicated in the Contract
Documents or required by codes and standards. Use
consistent designations throughout Project.

Self-Adhesive Identification Products: Clean surfaces
before applying.

Identify raceways and cables with color Dbanding as
follows:

1. Bands: Pretensioned, snap-around, colored plastic
sleeves or colored adhesive marking tape. Make each
color band 2 inches (51 mm) wide, completely

encircling conduit, and place adjacent bands of two-
color markings in contact, side by side.

2. Band Locations: At changes in direction, at
penetrations of walls and floors, at 50-foot (15-m)
maximum intervals in straight runs, and at 25-foot (8-
m) maximum intervals in congested areas.

3. Colors: As follows:

a. Fire Alarm System: Red.
b. Security System: Blue and yellow.
c. Telecommunication System: Green and yellow.

Tag and label circuits designated to be extended in the
future. Identify source and circuit numbers in each
cabinet, pull and Jjunction box, and outlet box. Color-
coding may be used for voltage and phase identification.

Install <continuous underground plastic markers during
trench backfilling, for exterior underground  power,
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control, signal, and communication lines located directly

above power and communication lines. Locate 6 to 8 inches
(150 to 200 mm) below finished grade. If width of
multiple lines installed in a common trench or concrete
envelope does not exceed 16 inches (400 mm), overall, use

a single line marker.

Color-code 208/120-V system secondary service, feeder, and
branch-circuit conductors throughout the secondary
electrical system as follows:

1. Phase A: Black.
2. Phase B: Red.
3. Phase C: Blue.

Install warning, <caution, and instruction signs where
required to comply with 29 CFR, Chapter XVII,
Part 1910.145, and where needed to ensure safe operation
and maintenance of electrical systems and of items to

which they connect. Install engraved plastic-laminated
instruction signs with approved legend where instructions
are needed for system or equipment operation. Install

metal-backed butyrate signs for outdoor items.

Install engraved-laminated emergency-operating signs with
white letters on red background with minimum 3/8-inch- (9-
mm-) high lettering for emergency instructions on power
transfer, load shedding, and other emergency operations.

UTILITY COMPANY ELECTRICITY-METERING EQUIPMENT

Install equipment according to utility company's written
requirements. Provide grounding and empty conduits as
required by utility company.

FIRESTOPPING

Apply firestopping to cable and raceway penetrations of
fire-rated floor and wall assemblies to achieve fire-
resistance rating of the assembly. Firestopping materials
and installation requirements are specified in Division 7
Section "Firestopping."

CONCRETE BASES
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BASIC

Construct concrete bases of dimensions indicated, but not
less than 4 inches (100 mm) larger, in both directions,
than supported unit. Follow supported equipment
manufacturer's anchorage recommendations and setting
templates for anchor-bolt and tie locations, unless
otherwise indicated. Use 3000-psi (20.7-MPa), 28-day
compressive-strength concrete and reinforcement as
specified in Division 3 Section "Cast-in-Place Concrete."

DEMOLITION

Protect existing electrical equipment and installations

indicated to remain. If damaged or disturbed in the
course of the Work, remove damaged portions and install
new products of equal capacity, quality, and
functionality.

Accessible Work: Remove exposed electrical equipment and

installations, indicated to Dbe demolished, in their
entirety.

Abandoned Work: Cut and remove buried raceway and wiring,
indicated to be abandoned in place, 2 inches (50 mm) below
the surface of adjacent construction. Cap raceways and

patch surface to match existing finish.

Remove demolished material from Project site.

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

CUTTING AND PATCHING

Cut, channel, chase, and drill floors, walls, partitions,
ceilings, and other surfaces required to permit electrical
installations. Perform cutting by skilled mechanics of
trades involved.

Repair and refinish disturbed finish materials and other

surfaces to match adjacent undisturbed surfaces. Install
new fireproofing where existing firestopping has been
disturbed. Repair and refinish materials and other

surfaces by skilled mechanics of trades involved.

FIELD QUALITY CONTROL
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Inspect installed components for damage and faulty work,
including the following:

Raceways.

Building wire and connectors.

Supporting devices for electrical components.
Electrical identification.

Electricity-metering components.

Concrete bases.

Electrical demolition.

Cutting and patching for electrical construction.
Touchup painting.

O 0 J oy U wN

Test Owner's electricity-metering installation for proper
operation, accuracy, and usability of output data.

1. Turn off circuits supplied by the metered feeder and
secure them in the "off" condition.

2. Run the test load continuously for eight hours,
minimum, or longer to obtain a measurable meter
indication. Use a test 1load placement and setting
that ensure continuous, safe operation.

3. Check and record meter reading at end of test period

and compare with actual electricity used based on test
load rating, duration of test, and sample measurements
of supply voltage at the test load connection. Record
test results.

4. Repalr or replace malfunctioning metering equipment or
correct test setup; then retest. Repeat for each
meter in installation until proper operation of entire
system is verified.

REFINISHING AND TOUCHUP PAINTING

Refinish and touch up paint. Paint materials and
application requirements are specified in Division 9
Section "Painting."

1. Clean damaged and disturbed areas and apply primer,
intermediate, and finish coats to suit the degree of
damage at each location.

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

3. Repair damage to galvanized finishes with zinc-rich
paint recommended by manufacturer.
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4. Repailr damage to PVC or paint finishes with matching
touchup coating recommended by manufacturer.

3.16 CLEANING AND PROTECTION
A. On completion of installation, including outlets,
fittings, and devices, inspect exposed finish. Remove
burrs, dirt, paint spots, and construction debris.
B. Protect equipment and installations and maintain
conditions to ensure that coatings, finishes, and cabinets

are without damage or deterioration at time of Substantial
Completion.

END OF SECTION 16050

BASIC ELECTRICAL MATERIALS AND METHODS 16050 - 16



SECTION 260519 - CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A. This Section includes Dbuilding wires and cables and
associated <connectors, splices, and terminations for
wiring systems rated 600 V and less.
B. Related Sections include the following:
1. Division 16 Section "Control/Signal Transmission

Media" for transmission media used for control and
signal circuits.

2. Division 16 Section "Undercarpet Cables"™ for flat
cables for undercarpet installations.
3. Division 16 Section "Medium-Voltage Cables™ for

single-conductor and multiconductor <cables, cable
splices, and terminations for electrical distribution
systems with 2001 to 35,000 V.
1.3 SUBMITTALS
A. Product Data: For each type of product indicated.
B. Qualification Data: For testing agency.
C. Field Quality-Control Test Reports: From a qualified and

certified inspector engaged by Contractor.

1.4 QUALITY ASSURANCE

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

jurisdiction, and marked for intended use.
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B.

PART 2

Comply with NFPA 70.

- PRODUCTS

MANUFACTURERS

In other Part 2 articles where subparagraph titles below
introduce 1lists, the following requirements apply for
product selection:

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

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

CONDUCTORS AND CABLES
Manufacturers:

Alcan Aluminum Corporation; Alcan Cable Div.
American Insulated Wire Corp.; a Leviton Company.
General Cable Corporation.

Southwire Company.

General Electric

g w N

Refer to Part 3 "Conductor and Insulation Applications"
Article for insulation type, <cable construction, and
ratings.

Conductor Material: Copper; stranded conductor.
Conductor Insulation Types: Type  THHN-THWN, XHHW, RHW-2
and RHW

CONNECTORS AND SPLICES
Manufacturers:

1. AFC Cable Systems, Inc.
2. AMP Incorporated/Tyco International.
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3. Hubbell/Anderson.
4. 0-Z/Gedney; EGS Electrical Group LLC.
5. 3M Company; Electrical Products Division.
6. General Electric
B. Description: Factory-fabricated connectors and splices of

size, ampacity rating, material, type, and class for
application and service indicated.

PART 3 - EXECUTION

3.1 CONDUCTOR AND INSULATION APPLICATIONS

A. Service Entrance: Type XHHW or RHW-2, three phase
conductors in raceway.

B. Exposed Feeders: Type RHW, three phase conductors in
raceway.
C. Feeders Concealed 1in Ceilings, Walls, and Partitions:

Type THHN-THWN, RHW in raceway.

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and

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

Type RHW conductors in raceway.

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

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

H. Underground Feeders and Branch Circuits: Type THHN and
RHW
I. Cord Drops and Portable Appliance Connections: Type SO,

hard service cord.
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J. Fire Alarm Circuits: Type THHN-THWN, in raceway, Power-
limited, fire-protective, signaling circuit cable.

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

L. Class 2 Control Circuits: Type THHN-THWN, 1in raceway
Power-limited <cable, concealed in building finishes,
Power-limited tray cable, in cable tray.

3.2 INSTALLATION

A. Conceal cables in finished walls, ceilings, and floors,
unless otherwise indicated.

B. Use manufacturer-approved pulling compound or lubricant

where necessary; compound used must not deteriorate
conductor or insulation. Do not exceed manufacturer's
recommended maximum pulling tensions and sidewall pressure
values.

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

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

E. Support cables according to Division 16 Section "Basic
Electrical Materials and Methods."

F. Seal around cables penetrating fire-rated elements
according to Division 7 Section "Through-Penetration
Firestop Systems."

G. Identify and color-code conductors and cables according to
Division 16 Section "Electrical Identification."
3.3 CONNECTIONS
A. Tighten electrical connectors and terminals according to
manufacturer's published torque-tightening wvalues. If

manufacturer's torque values are not indicated, use those
specified in UL 486A and UL 486B.
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B. Make splices and taps that are compatible with conductor
material and that possess equivalent or better mechanical
strength and insulation ratings than unspliced conductors.

1. Use oxide inhibitor in each splice and tap conductor
for aluminum conductors.

C. Wiring at Outlets: Install conductor at each outlet, with
at least 12 inches (300 mm) of slack.
3.4 FIELD QUALITY CONTROL

A. Testing: Owner will engage a qualified testing agency to
perform the following field quality-control testing:

B. Testing: Engage a qualified testing agency to perform the
following field quality-control testing:

C. Testing: Perform the following field gquality-control
testing:
1. After installing conductors and cables and before

electrical circuitry has Dbeen energized, test for
compliance with requirements.

2. Perform each electrical test and visual and mechanical
inspection stated in NETA ATS, Section 7.3.1. Certify
compliance with test parameters.

D. Test Reports: Prepare a written report to record the
following:
1. Test procedures used.
2. Test results that comply with requirements.
3. Test results that do not comply with requirements and
corrective action taken to achieve compliance with
requirements.

END OF SECTION 16120
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SECTION 260526 - GROUNDING AND BONDING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes grounding of electrical systems and
equipment. Grounding requirements specified 1in this
Section may be supplemented by special requirements of
systems described in other Sections.

B. Related Sections include the following:

1. Division 2 Section "Underground Ducts and Utility
Structures" for ground test wells.
2. Division 16 Section "Lightning Protection" for

additional grounding and bonding materials.

1.3 SUBMITTALS
A. Product Data: For each type of product indicated.

B. Product Data: For the following:

1. Ground rods.
2. Chemical rods.
C. Qualification Data: For firms and persons specified in

"Quality Assurance" Article.

D. Field Test Reports: Submit written test reports to
include the following:

1. Test procedures used.
2. Test results that comply with requirements.
3. Results of failed tests and corrective action taken to

achieve test results that comply with requirements.
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1.4 QUALTITY ASSURANCE

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

1. Testing Agency's Field Supervisor: Person currently
certified Dby the InterNational Electrical Testing
Association to supervise on-site testing specified in

Part 3.
B. Electrical Components, Devices, and Accessories: Listed
and labeled as defined in NFPA 70, Article 100, by a
testing agency acceptable to authorities having

jurisdiction, and marked for intended use.
1. Comply with UL 467.

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

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

PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

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

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

Apache Grounding/Erico Inc.

Boggs, Inc.

Chance/Hubbell.

Copperweld Corp.

Dossert Corp.

Erico Inc.; Electrical Products Group.
Framatome Connectors/Burndy Electrical.

Q O QO Q0w

GROUNDING AND BONDING 16060 - 2



Galvan Industries, Inc.

Harger Lightning Protection, Inc.

Hastings Fiber Glass Products, Inc.

Heary Brothers Lightning Protection Co.

Ideal Industries, Inc.

ILSCO.

Kearney/Cooper Power Systems.

Korns: C. C. Korns Co.; Division of Robroy
Industries.

Lightning Master Corp.

Lyncole XIT Grounding.

0-7Z/Gedney Co.; a business of the EGS Electrical
Group.

Raco, Inc.; Division of Hubbell.

Robbins Lightning, Inc.

Salisbury: W. H. Salisbury & Co.

Superior Grounding Systems, Inc.

Thomas & Betts, Electrical.
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2.2 GROUNDING CONDUCTORS

A. For insulated conductors, comply with Division 16 Section
"Conductors and Cables."

B. Material: Aluminum, copper-clad aluminum, and copper.

C. Eqgquipment Grounding Conductors: Insulated with green-
colored insulation.

D. Isolated Ground Conductors: Insulated with green-colored
insulation with yellow stripe. On feeders with isolated
ground, use colored tape, alternating bands of green and
yellow tape to provide a minimum of three bands of green
and two bands of yellow.

E. Grounding Electrode Conductors: Stranded cable.

F. Underground Conductors: Bare, tinned, stranded, unless
otherwise indicated.

G. Bare Copper Conductors: Comply with the following:

1. Solid Conductors: ASTM B 3.
2. Assembly of Stranded Conductors: ASTM B 8.
3. Tinned Conductors: ASTM B 33.

H. Copper Bonding Conductors: As follows:
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1. Bonding Conductor: No. 4 or ©No. 6 AWG, stranded

copper conductor (min.)or as indicated if it 1is
bigger.

2. Bonding Jumper: Bare copper tape, braided bare copper
conductors, terminated with copper ferrules; 1-5/8
inches (42 mm) wide and 1/16 inch (1.5 mm) thick.

3. Tinned Bonding Jumper: Tinned-copper tape, Dbraided

copper conductors, terminated with copper ferrules; 1-
5/8 inches (42 mm) wide and 1/16 inch (1.5 mm) thick.

I. Grounding Bus: Bare, annealed copper bars of rectangular
cross section, with insulators.

2.3 CONNECTOR PRODUCTS

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

B. Bolted Connectors: Bolted-pressure-type connectors, or
compression type.

C. Welded Connectors: Exothermic-welded type, in kit form,
and selected per manufacturer's written instructions.
2.4 GROUNDING ELECTRODES
A. Ground Rods: Copper-clad steel.
B. Ground Rods: Sectional type; copper-clad steel.

1. Size: 3/4 by 120 inches (19 by 3000 mm) in diameter.

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

by manufacturer.

D. Test Wells: Provide handholes as specified in Division 2
Section "Underground Ducts and Utility Structures."
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PART 3

3.1

GROUND

- EXECUTION

APPLICATION

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

In raceways, use insulated equipment grounding conductors.

Exothermic-Welded Connections: Use for connections to
structural steel and for underground connections, except
those at test wells.

Equipment Grounding Conductor Terminations: Use Dbolted
pressure clamps.

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

Grounding Bus: Install in electrical and telephone
equipment rooms, 1in rooms housing service eqgquipment, and
elsewhere as indicated.

1. Use insulated spacer; space 1 inch (25.4 mm) from wall
and support from wall 6 inches (150 mm) above finished
floor, unless otherwise indicated.

2. At doors, route the bus up to the top of the door
frame, across the top of the doorway, and down to the
specified height above the floor.

Underground Grounding Conductors: Use copper conductor,
No. 2/0 AWG minimum. Bury at least 30 inches (600 mm)
below grade or bury 12 inches (300 mm) above duct bank
when installed as part of the duct bank.

EQUIPMENT GROUNDING CONDUCTORS

Comply with NFPA 70, Article 250, for types, sizes, and
quantities of equipment grounding conductors, unless
specific types, larger sizes, or more conductors than

required by NFPA 70 are indicated.

Install equipment grounding conductors in all feeders and
circuits.
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C. 1Install insulated equipment grounding conductor with
circuit conductors for the following items, in addition to
those required by NEC:

1. Feeders and branch circuits.
2. Lighting circuits.
3. Receptacle circuits.
4. Single-phase motor and appliance branch circuits.
5. Three-phase motor and appliance branch circuits.
6. Flexible raceway runs.
7. Armored and metal-clad cable runs.
D. Busway Supply Circuits: Install insulated eqguipment
grounding conductor from the grounding Dbus 1in the
switchgear, switchboard, or distribution panel to

equipment grounding bar terminal on busway.

E. Computer Outlet Circuits: Install insulated equipment
grounding conductor in branch-circuit runs from computer-
area power panels or power-distribution units.

F. 1Isolated Grounding Receptacle Circuits: Install an
insulated equipment grounding conductor connected to the
receptacle grounding terminal. Isolate grounding
conductor from raceway and from panelboard grounding
terminals. Terminate at equipment grounding conductor

terminal of the applicable derived system or service,
unless otherwise indicated.

G. Isolated Equipment Enclosure Circuits: For designated
equipment supplied by a branch circuit or feeder, isolate
equipment enclosure from supply raceway with a nonmetallic
raceway fitting listed for the purpose. Install fitting
where raceway enters enclosure, and install a separate
equipment grounding conductor. Isolate equipment
grounding conductor from raceway and from panelboard
grounding terminals. Terminate at equipment grounding
conductor terminal of the applicable derived system or
service, unless otherwise indicated.

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

I. Air-Duct Equipment Circuits: Install an equipment
grounding conductor to duct-mounted electrical devices
operating at 120 V and more, including air cleaners and
heaters. Bond conductor to each unit and to air duct.
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J. Signal and Communication Systems: For telephone, alarm,
voice and data, and other communication systems, provide
No. 4 AWG minimum insulated grounding conductor in raceway
from grounding electrode system to each service location,
terminal cabinet, wiring closet, and central eqgquipment

location.

1. Service and Central Equipment Locations and Wiring
Closets: Terminate grounding conductor on a 1/4-by-2-
by-12-inch (6.4-by-50-by-300-mm) grounding bus.

2. Terminal Cabinets: Terminate grounding conductor on

cabinet grounding terminal.

K. Metal Poles Supporting Outdoor Lighting Fixtures: Provide
a grounding electrode in addition to installing a separate
equipment grounding conductor with supply branch-circuit
conductors.

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

3.3 INSTALLATION

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

1. Drive ground rods until tops are 2 inches (50 mm)
below finished floor or final grade, unless otherwise
indicated.

2. Interconnect ground rods with grounding electrode
conductors. Use exothermic welds, except at test
wells and as otherwise indicated. Make connections

without exposing steel or damaging copper coating.

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

C. Bonding Straps and Jumpers: Install so vibration by

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

D. Metal Water Service Pipe: Provide insulated copper
grounding conductors, 1in conduit, from building's main
service equipment, or grounding bus, to main metal water
service entrances to building. Connect grounding
conductors to main metal water service pipes by grounding
clamp connectors. Where a dielectric main water fitting
is installed, connect grounding conductor to street side
of fitting. Bond metal grounding conductor conduit or
sleeve to conductor at each end.

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

F. Bond interior metal piping systems and metal air ducts to
equipment grounding conductors of associated pumps, fans,
blowers, electric heaters, and air cleaners. Use braided-
type bonding straps.

G. Bond each aboveground portion of gas piping system
upstream from equipment shutoff wvalve.

H. 1Install one test well for each service at the ground rod
electrically closest to the service entrance. Set top of
well flush with finished grade or floor.

I. Ufer Ground (Concrete-Encased Grounding Electrode) :
Fabricate according to NFPA 70, Paragraph 250-81(c), using
a minimum of 20 feet (6 m) of bare copper conductor not
smaller than No. 4 AWG. If concrete foundation is less
than 20 feet (6 m) long, coil excess conductor within the
base of the foundation. Bond grounding conductor to
reinforcing steel in at least four locations and to anchor
bolts. Extend grounding conductor below grade and connect
to building grounding grid or to a grounding electrode
external to concrete.

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

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

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

3. Make aluminum-to-steel connections with stainless-
steel separators and mechanical clamps.

4. Make aluminum-to-galvanized steel connections with
tin-plated copper jumpers and mechanical clamps.
5. Coat and seal connections having dissimilar metals

with inert material to prevent future penetration of
moisture to contact surfaces.

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

C. Egquipment Grounding Conductor Terminations: For No. 8 AWG
and larger, use pressure-type grounding lugs. No. 10 AWG

and smaller grounding conductors may be terminated with
winged pressure-type connectors.

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

E. Connections at Test Wells: Use compression-type
connectors on conductors and make bolted- and clamped-type
connections between conductors and ground rods.

F. Tighten screws and Dbolts for grounding and Dbonding
connectors and terminals according to manufacturer's

published torque-tightening wvalues. If manufacturer's
torque values are not indicated, wuse those specified in
UL 486A.
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G. Compression-Type Connections: Use hydraulic compression
tools to provide correct circumferential pressure for
compression connectors. Use tools and dies recommended by
connector manufacturer. Provide embossing die code or
other standard method to make a wvisible indication that a
connector has Dbeen adequately compressed on grounding
conductor.

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

3.5 OVERHEAD-LINE GROUNDING

A. Comply with IEEE C2 requirements. Use 2 or more parallel
ground rods if a single ground rod electrode resistance to
ground exceeds 25 ohms.

B. Drive ground rods to a depth of 12 inches (300 mm) Dbelow
finished grade in undisturbed earth.

C. Ground Rod Connections: Use clamp-type connectors listed
for the purpose for underground connections and
connections to rods.

D. Lightning Arresters: Separate arrester grounds from other
grounding conductors.

E. Secondary Neutral and Tank of Transformer: Interconnect
and connect to grounding conductor.

F. Protect grounding conductors running on surface of wood

poles with molding extended from grade level up to and
through communication service and transformer spaces.

3.6 UNDERGROUND DISTRIBUTION SYSTEM GROUNDING

A. Duct Banks: Install a grounding conductor with at least
50 percent ampacity of the largest phase conductor in the
duct bank.

B. Manholes and Handholes: Install a driven ground rod close
to wall and set rod depth so 4 inches (100 mm) will extend
above finished floor. If necessary, install ground rod

before manhole is placed and provide a No. 1/0 AWG bare,
tinned-copper conductor from ground rod into manhole
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through a waterproof sleeve in manhole wall. Protect
ground rods passing through concrete floor with a double
wrapping of pressure-sensitive tape or heat-shrunk
insulating sleeve from 2 inches (50 mm) above to 6 inches
(150 mm) below concrete. Seal floor opening with
waterproof, nonshrink grout.

Connections to Manhole Components: Connect exposed-metal
parts, such as inserts, cable racks, pulling irons,
ladders, and cable shields within each manhole or

handhole, to ground rod or grounding conductor. Make
connections with No. 4 AWG minimum, stranded, hard-drawn
copper conductor. Train conductors level or plumb around
corners and fasten to manhole walls. Connect to cable

armor and cable shields as recommended by manufacturer of
splicing and termination kits.

Pad-Mounted Transformers and Switches: Install two ground
rods and counterpoise circling pad. Ground pad-mounted
equipment and noncurrent-carrying metal items associated
with substations by connecting them to underground cable

and grounding electrodes. Use tinned-copper conductor not
less than No. 2 AWG for counterpoise and for taps to
equipment ground pad. Bury counterpoise not less than 18

inches (450 mm) below grade and 6 inches (150 mm) from the
foundation.

FIELD QUALITY CONTROL

Testing: Owner will engage a qualified testing agency to
perform the following field quality-control testing:

Testing: Engage a qualified testing agency to perform the
following field quality-control testing:

Testing: Perform the following field quality-control
testing:

1. After installing grounding system but before permanent
electrical circuitry has been energized, test for
compliance with requirements.

2. Test completed grounding system at each location where
a maximum ground-resistance level 1is specified, at
service disconnect enclosure grounding terminal, and
at ground test wells. Measure ground resistance not
less than two full days after the last trace of
precipitation, and without the soil being moistened by
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any means other than natural drainage or seepage and
without chemical treatment or other artificial means
of reducing natural ground resistance. Perform tests,
by the fall-of-potential method according to IEEE 81.

3. Provide drawings locating each 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 each location and
include observations of weather and other phenomena
that may affect test results. Describe measures taken
to improve test results.

a. Equipment Rated 500 kVA and Less: 10 ohms.

b. Equipment Rated 500 to 1000 kVA: 5 ohms.

c. Equipment Rated More Than 1000 kVA: 3 ohms.

d. Substations and Pad-Mounted Switching Equipment:
5 ohms.

e. Manhole Grounds: 10 ohms.

4. Excessive Ground Resistance: If resistance to ground
exceeds specified wvalues, notify Architect promptly
and include recommendations to reduce ground
resistance.

3.8 GRADING AND PLANTING

A. Restore surface features, including vegetation, at areas

disturbed by Work of this Section. Reestablish original
grades, wunless otherwise indicated. If sod has been
removed, replace it as soon as possible after backfilling
is completed. Restore areas disturbed Dby trenching,
storing of dirt, cable 1laying, and other activities to
their original condition. Include application of topsoil,
fertilizer, 1lime, seed, sod, sprig, and mulch. Comply
with Division 2 Section "Landscaping." Maintain restored
surfaces. Restore disturbed paving as indicated.

END OF SECTION 16060
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SECTION 260533 - RACEWAYS AND BOXES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract,

including

General and Supplementary Conditions and Division 1

Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes raceways, fittings, boxes,
enclosures, and cabinets for electrical wiring.
B. Related Sections include the following:

1. Division 2 Section "Underground Ducts and Utility
Structures" for exterior ductbanks, manholes, and
underground utility construction.

2. Division 7 Section "Through-Penetration Firestop
Systems" for firestopping materials and installation
at penetrations through walls, ceilings, and other
fire-rated elements.

3. Division 16 Section "Basic Electrical Materials and
Methods" for supports, anchors, and identification
products.

4. Division 16 Section "Seismic Controls for Electrical

Work" for seismic restraints and bracing of raceways,

boxes, enclosures, and cabinets.

5. Division 16 Section "Wiring Devices" for
installed in boxes and for floor-box service fittings.

1.3 DEFINITIONS
A. EMT: Electrical metallic tubing.
B. FMC: Flexible metal conduit.
C. LFMC: Liquidtight flexible metal conduit.
D. LFNC: Liquidtight flexible nonmetallic conduit.

E. RMC: Rigid metal conduit.
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F. RNC: Rigid Nonmetal Conduit - PVC sched 40

1.4 SUBMITTALS

A. Product Data: For surface raceways, wireways and
fittings, floor boxes, hinged-cover enclosures, and
cabinets.

B. Shop Drawings: Show fabrication and installation details

of components for raceways, fittings, boxes, enclosures,
and cabinets.

C. Shop Drawings: Signed and sealed by a qualified
professional engineer.

1. Design Calculations: Calculate requirements for
selecting seismic restraints.
2. Detail assemblies and indicate dimensions, weights,

loads, required clearances, method of field assembly,
components, and location and size of each field
connection.

D. Coordination Drawings: Reflected ceiling plans drawn to
scale and coordinating penetrations and ceiling-mounted
items. Show the following:

1. Ceiling suspension assembly members.

2. Method of attaching hangers to building structure.

3. Size and location of initial access modules for
acoustical tile.

4. Ceiling-mounted items including 1lighting fixtures,
diffusers, grilles, Speakers, sprinklers, access

panels, and special moldings.

E. Manufacturer Seismic Qualification Certification: Submit
certification that enclosures, cabinets, accessories, and
components will withstand seismic forces defined in

Division 16 Section "Seismic Controls for Electrical
Work." Include the following:
1. Basis for Certification: Indicate whether withstand

certification 1s Dbased on actual test of assembled
components or on calculation.

a. The term "withstand" means "the unit will remain
in place without separation of any parts from the
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device when subjected to the seismic forces
specified."

b. The term "withstand" means "the unit will remain
in place without separation of any parts from the
device when subjected to the seismic forces
specified and the unit will be fully operational
after the seismic event."

2. Dimensioned Outline Drawings of Equipment Unit:
Identify 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.

1.5 QUALITY ASSURANCE

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

jurisdiction, and marked for intended use.

B. Comply with NFPA 70.

1.6 COORDINATION

A. Coordinate 1layout and installation of raceways, boxes,
enclosures, cabinets, and suspension system with other
construction that penetrates ceilings or 1is supported by
them, including 1light fixtures, HVAC equipment, fire-
suppression system, and partition assemblies.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where subparagraph titles below
introduce 1lists, the following requirements apply for
product selection:

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

RACEWAYS AND BOXES 16130 - 3



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

2.2 METAL CONDUIT AND TUBING

A. Manufacturers:

1. AFC Cable Systems, Inc.

2. Alflex Inc.

3. Anamet Electrical, Inc.; Anaconda Metal Hose.

4. Electri-Flex Co.

5. Grinnell Co./Tyco International; Allied Tube and
Conduit Div.

6. LTV Steel Tubular Products Company.

7. Manhattan/CDT/Cole-Flex.

8. O0-Z Gedney; Unit of General Signal.

9. Wheatland Tube Co.

10. General Electric

B. Rigid Steel Conduit: ANSI C80.1.

C. Aluminum Rigid Conduit: ANSI C80.5.

D. Plastic-Coated Steel Conduit and Fittings: NEMA RN 1.

E. EMT and Fittings: ANSI C80.3.
1. Fittings: Set-screw or compression type.

F. FMC: Zinc-coated steel.

G. LFMC: Flexible steel conduit with PVC jacket.

H. Fittings: NEMA FB 1; compatible with conduit and tubing
materials.

2.3 NONMETALLIC CONDUIT AND TUBING
A. Manufacturer:

American International.

Anamet Electrical, Inc.; Anaconda Metal Hose.
Arnco Corp.

Cantex Inc.

Certainteed Corp.; Pipe & Plastics Group.
Condux International.
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7. ElecSYS, Inc.

8. Electri-Flex Co.

9. Lamson & Sessions; Carlon Electrical Products.

10. Manhattan/CDT/Cole-Flex.

11. RACO; Division of Hubbell, Inc.

12. Spiralduct, Inc./AFC Cable Systems, Inc.

13. Thomas & Betts Corporation.

14. General ElectricDelete any product from four
paragraphs below if not required. See Evaluations for
types of nonmetallic conduit.

B. RNC: NEMA TC 2, Schedule 40 PVC.

C. RNC Fittings: NEMA TC 3; match to conduit or tubing type
and material.

D. LFNC: UL 1660.

2.4 METAL WIREWAYS
A. Manufacturer:

1. Hoffman.
2. Square D.
3. General Electric

B. Material and Construction: Sheet metal sized and shaped
as indicated, NEMA 1 (indoor) or 3R (outdoor).

C. Fittings and Accessories: Include couplings, offsets,
elbows, expansion joints, adapters, hold-down straps, end

caps, and other fittings to match and mate with wireways
as required for complete system.

D. Select features, unless otherwise indicated, as required
to complete wiring system and to comply with NFPA 70.

E. Wireway Covers: Screw-cover type.

F. Finish: Manufacturer's standard enamel finish.

2.5 NONMETALLIC WIREWAYS
A. Manufacturer([s]:

1. Hoffman.
2. Lamson & Sessions; Carlon Electrical Products.
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3. General Electric

B. Description: Fiberglass polyester, extruded and
fabricated to size and shape indicated, with no holes or
knockouts. Cover 1is gasketed with oil-resistant gasket
material and fastened with captive screws treated for
corrosion resistance. Connections are flanged, with
stainless-steel screws and oil-resistant gaskets.

C. Description: PVC plastic, extruded and fabricated to size
and shape indicated, with snap-on cover and mechanically
coupled connections with plastic fasteners.

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

E. Select features, unless otherwise indicated, as required
to complete wiring system and to comply with NFPA 70.

2.6 SURFACE RACEWAYS

A. Surface Metal Raceways: Galvanized steel with snap-on
covers. Finish with manufacturer's standard prime coating
1. Manufacturer[s]:

a. Airey-Thompson Sentinel Lighting; Wiremold Company
(The) .

b. Thomas & Betts Corporation.
c. Walker Systems, Inc.; Wiremold Company (The).
d. Wiremold Company (The); Electrical Sales Division.
e. General Electric
B. Surface Nonmetallic Raceways: Two-piece construction,

manufactured of rigid PVC compound with matte texture and
manufacturer's standard color.

1. Manufacturer:

Butler Manufacturing Co.; Walker Division.
Enduro Composite Systems.

Hubbell, Inc.; Wiring Device Division.

Lamson & Sessions; Carlon Electrical Products.
Panduit Corp.

Walker Systems, Inc.; Wiremold Company (The).

Hh® O QO Q

RACEWAYS AND BOXES 16130 - 6



g. Wiremold Company (The); Electrical Sales Division.

h. General Electric
C. Types, sizes, and channels as indicated and required for
each application, with fittings that match and mate with
raceways.

2.7 BOXES, ENCLOSURES, AND CABINETS
A. Manufacturer:

Cooper Crouse-Hinds; Div. of Cooper Industries, Inc.
Emerson/General Signal; Appleton Electric Company.
Erickson Electrical Equipment Co.

Hoffman.

Hubbell, Inc.; Killark Electric Manufacturing Co.
0-Z/Gedney; Unit of General Signal.

RACO; Division of Hubbell, Inc.

Robroy Industries, Inc.; Enclosure Division.

Scott Fetzer Co.; Adalet-PLM Division.

Spring City Electrical Manufacturing Co.

Thomas & Betts Corporation.

Walker Systems, Inc.; Wiremold Company (The).
Woodhead, Daniel Company; Woodhead Industries, Inc.
Subsidiary.

14. General Electric

O J o Ul Wb
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B. Sheet Metal Outlet and Device Boxes: NEMA OS 1.

C. Cast-Metal Outlet and Device Boxes: NEMA FB 1, Type FD,
with gasketed cover.

D. Nonmetallic Outlet and Device Boxes: NEMA OS 2.

E. Floor Boxes: Cast metal, fully adjustable, rectangular.
F. Floor Boxes: Nonmetallic, nonadjustable, round.

G. Small Sheet Metal Pull and Junction Boxes: NEMA 0OS 1.

H. Cast-Metal Pull and Junction Boxes: NEMA FB 1, cast
aluminum with gasketed cover.

I. Hinged-Cover Enclosures: NEMA 250, Type 1, with
continuous hinge cover and flush latch.

1. Metal Enclosures: Steel, finished inside and out with
manufacturer's standard enamel.
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2. Nonmetallic Enclosures: Plastic, finished inside with
radio-frequency-resistant paint.

J. Cabinets: NEMA 250, Type 1, galvanized steel Dbox with
removable interior panel and removable front, finished
inside and out with manufacturer's standard enamel.
Hinged door in front cover with flush latch and concealed
hinge. Key latch to match panelboards. Include metal
barriers to separate wiring of different systems and
voltage and 1include accessory feet where required for
freestanding equipment.

2.8 FACTORY FINISHES

A. Finish: For raceway, enclosure, or cabinet components,
provide manufacturer's standard prime-coat finish ready
for field painting.

B. Finish: For raceway, enclosure, or cabinet components,
provide manufacturer's standard color paint applied to
factory-assembled surface raceways, enclosures, and

cabinets before shipping.

PART 3 - EXECUTION

3.1 RACEWAY APPLICATION
A. Outdoors:

Exposed: RMC

Concealed: RMC or EMT.

Underground, Single Run: RNC.

Underground, Grouped: RNC.

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

6. Boxes and Enclosures: NEMA 250, Type 4x.

g > w N

B. Indoors:

1. Exposed: EMT or RMC
2. Concealed: EMT or RMC.
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3. Connection to Vibrating Equipment (Including

Transformers and Hydraulic, Pneumatic, Electric
Solenoid, or Motor-Driven Equipment) : FMC; except use
LFMC in damp or wet locations.

4. Damp or Wet Locations: Rigid steel conduit.

5. Boxes and Enclosures: NEMA 250, Type 1, except as
follows:
a. Damp or Wet Locations: NEMA 250, Type 4x,

stainless steel.
C. Minimum Raceway Size: 3/4-inch trade size (DN 21).

D. Raceway Fittings: Compatible with raceways and suitable
for use and location.

1. PVC Externally Coated, Rigid Steel Conduits: Use only
fittings approved for use with that material. Patch
all nicks and scrapes in PVC coating after installing
conduits.

E. 1Install 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.

F. Do not install aluminum conduits embedded in or in contact
with concrete.
3.2 INSTALLATION
A. Keep raceways at least 12 inches (300 mm) away from

parallel runs of flues and steam or hot-water pipes.
Install horizontal raceway runs above water and steam

piping.

B. Complete raceway installation before starting conductor
installation.

C. Support raceways as specified in Division 16 Section

"Basic Electrical Materials and Methods."

D. Install temporary closures to prevent foreign matter from
entering raceways.
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E. Protect stub-ups from damage where conduits rise through
floor slabs. Arrange so curved portions of bends are not
visible above the finished slab.

F. Make bends and offsets so ID is not reduced. Keep legs of
bends in the same plane and keep straight legs of offsets
parallel, unless otherwise indicated.

G. Conceal conduit and EMT within finished walls, ceilings,
and floors, unless otherwise indicated.

1. 1Install concealed raceways with a minimum of bends in
the shortest practical distance, considering type of
building construction and obstructions, unless

otherwise indicated.

H. Raceways Embedded in Slabs: Install in middle 1/3 of slab
thickness where practical and leave at least 2 inches (50
mm) of concrete cover.

1. Secure raceways to reinforcing rods to prevent sagging
or shifting during concrete placement.

2. Space raceways laterally to prevent voids in concrete.

3. Run conduit larger than 1l-inch trade size (DN 27)

parallel or at right angles to main reinforcement.
Where at right angles to reinforcement, place conduit
close to slab support.

4. Change from nonmetallic tubing to Schedule 40
nonmetallic conduit, rigid steel conduit, or EMT
before rising above the floor.

I. Install exposed raceways parallel or at right angles to
nearby surfaces or structural members and follow surface
contours as much as possible.

1. Run parallel or banked raceways together on common
supports.
2. Make parallel bends in parallel or banked runs. Use

factory elbows only where elbows can be installed
parallel; otherwise, provide field bends for parallel
raceways.

J. Join raceways with fittings designed and approved for that
purpose and make joints tight.

1. Use insulating bushings to protect conductors.
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K. Tighten set screws of threadless fittings with suitable

tools.

L. Terminations:

1. Where raceways are terminated with locknuts and
bushings, align raceways to enter squarely and install
locknuts with dished part against box. Use two
locknuts, one inside and one outside box.

2. Where raceways are terminated with threaded hubs,
screw raceways or fittings tightly into hub so end
bears against wire protection shoulder. Where chase

nipples are used, align raceways so coupling is square
to box; tighten chase nipple so no threads are
exposed.

M. 1Install pull wires in empty raceways. Use polypropylene
or monofilament plastic 1line with not less than 200-1b
(90-kg) tensile strength. Leave at least 12 inches (300
mm) of slack at each end of pull wire.

N. Telephone and Signal System Raceways, 2-Inch Trade Size
(DN 53) and Smaller: In addition to above requirements,
install raceways in maximum lengths of 150 feet (45 m) and
with a maximum of two 90-degree Dbends or equivalent.
Separate lengths with pull or Jjunction boxes where
necessary to comply with these requirements.

O. Install raceway sealing fittings at suitable, approved,
and accessible locations and fill them with UL-listed
sealing compound. For concealed raceways, 1install each

fitting in a flush steel box with a blank cover plate
having a finish similar to that of adjacent plates or
surfaces. Install raceway sealing fittings at the
following points:

1. Where conduits pass from warm to cold locations, such
as boundaries of refrigerated spaces.
2. TWhere otherwise required by NFPA 70.

P. Stub-up Connections: Extend conduits through concrete
floor for connection to freestanding equipment. Install
with an adjustable top or coupling threaded inside for
plugs set flush with finished floor. Extend conductors to
equipment with rigid steel conduit; FMC may be wused
6 inches (150 mm) above the floor. Install screwdriver-
operated, threaded plugs flush with floor for future
equipment connections.
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Q. Flexible Connections: Use maximum of 72 inches (1830 mm)
of flexible conduit for recessed and semirecessed lighting

fixtures; for equipment subject to vibration, noise
transmission, or movement; and for all motors. Use LFMC
in damp or wet locations. Install separate ground

conductor across flexible connections.

R. Surface Raceways: Install a separate, green, ground
conductor in raceways from junction box supplying raceways
to receptacle or fixture ground terminals.

S. Set floor boxes level and flush with finished floor
surface.

T. Set floor boxes level. Trim after installation to fit
flush with finished floor surface.

U. Install hinged-cover enclosures and cabinets plumb.
Support at each corner.
3.3 PROTECTION
A. Provide final protection and maintain conditions that

ensure coatings, finishes, and cabinets are without damage
or deterioration at time of Substantial Completion.

1. Repair damage to galvanized finishes with zinc-rich
paint recommended by manufacturer.
2. Repair damage to PVC or paint finishes with matching

touchup coating recommended by manufacturer.

3.4 CLEANING

A. After completing installation of exposed, factory-finished
raceways and boxes, 1inspect exposed finishes and repair
damaged finishes.

END OF SECTION 16130
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SECTION 260923 - LIGHTING CONTROL DEVICES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including

General and Supplementary Conditions and Division 1
Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following 1lighting control

devices:
1. Time switches.
2. Multipole contactors.

B. Related Sections include the following:

1. Division 13 Section "Lighting Controls" for low-
voltage, manual and programmable lighting control
systems.

2. Division 16 Section "Wiring Devices" for wall-box

dimmers and manual light switches.

1.3 DEFINITIONS
A. LED: Light-emitting diode.

B. PIR: Passive infrared.

1.4 SUBMITTALS
A. Product Data: For each type of product indicated.

B. Shop Drawings: Show installation details for occupancy
and light-level sensors.

1. Lighting plan showing location, orientation, and
coverage area of each sensor.

2. Interconnection diagrams showing field-installed
wiring.
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C. Field quality-control test reports.

D. Operation and Maintenance Data: For each type of product
to include in emergency, operation, and maintenance
manuals.

1.5 QUALITY ASSURANCE

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

jurisdiction, and marked for intended use.

1.6 COORDINATION

A. Coordinate layout and installation of ceiling-mounted
devices with other construction that penetrates ceilings
or 1is supported by them, including 1light fixtures, HVAC
equipment, fire-suppression system, and partition
assemblies.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where titles Dbelow introduce
lists, the following requirements apply to product
selection:

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

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

2.2 GENERAL LIGHTING CONTROL DEVICE REQUIREMENTS
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A. Line-Voltage Surge Protection: An integral part of the

devices for 120- and 277-V solid-state equipment. For
devices without integral 1line-voltage surge protection,
field-mounting surge protection shall comply with

IEEE C62.41 and with UL 1449.

2.3 TIME SWITCHES
A. Manufacturers:

Area Lighting Research, Inc.
Fisher Pierce.

Grasslin Controls Corporation.
Intermatic, Inc.

Leviton Mfg. Company Inc.
Lightolier Controls; a Genlyte Company.
Lithonia Lighting.

Paragon Electric Co.

9. Square D.

10. TORK.

11. Touchplate Technologies, Inc.
12. Watt Stopper (The).

13. General Electric
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B. Digital Time Switches: Electronic, solid-state
programmable units with alphanumeric display complying
with UL 917.

1. Contact Configuration: As indicated

2. Program: Single channel, 8 on-off set points on a 24-
hour schedule and an annual holiday schedule that
overrides the weekly operation on holidays.

3. Programs:

a. For each channel, 8 on-off set points on a Z24-hour
schedule allowing different set points for each
day of the week.

b. For each channel, 40 on-off operations per week
and an annual holiday schedule that overrides the
weekly operation on holidays.

c. For each channel, 40 on-off operations per week,
plus 4 seasonal schedules that modify the basic
program, and an annual holiday schedule that
overrides the weekly operation on holidays.
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Circuitry: Allow connection of a photoelectric relay
as substitute for on and off function of a program on
selected channels.

5. Astronomical Time: Selected channels.
6. Battery Backup: For schedules and time clock.
C. Electromechanical-Dial Time Switches: Type complying with

UL 917.

1. Contact Configuration: As indicated.

2. Contact Rating: 30-A inductive or resistive, 240-V
ac.

3. Circuitry: Allow connection of a photoelectric relay
as substitute for on and off function of a program.

4. Astronomical time dial.

5. Eight-Day Program: Uniquely programmable for each
weekday and holidays.

6. Skip-a-day mode.

7. Wound-spring reserve carryover mechanism to keep time
during power failures, minimum of 16 hours.

8. General Electric

2.4 MULTIPOLE CONTACTORS

A. Manufacturers:

1. Allen-Bradley/Rockwell Automation.
2. ASCO Power Technologies, LP; a division of Emerson
Electric Co.
3. Cutler-Hammer; Eaton Corporation.
4, Fisher Pierce.
5. GE Industrial Systems; Total Lighting Control.
6. Grasslin Controls Corporation.
7. Hubbell Lighting Inc.
8. Lithonia Lighting.
9. MicroLite Corporation.
10. TORK.
11. Touchplate Technologies, Inc.
12. Watt Stopper (The).
13. General Electric
B. Description: Electrically operated and mechanically held,

complying with NEMA ICS 2 and UL 508.

1.

Current Rating for Switching: Listing or rating
consistent with type of load served, including
tungsten filament, inductive, and high-inrush ballast
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(ballast with 15 percent or 1less total harmonic
distortion of normal load current).
2. Control-Coil Voltage: Match control power source.

2.5 CONDUCTORS AND CABLES

A. Power Wiring to Supply Side of Remote-Control Power
Sources: Not smaller than No. 12 AWG, complying with
Division 16 Section "Conductors and Cables."

B. Class 1 Control Cable: Multiconductor cable with stranded
copper conductors not smaller than No. 14 AWG, complying
with Division 16 Section "Conductors and Cables."

C. Install wunshielded, twisted-pair cable for control and

signal transmission conductors, complying with Division 16
Section "Voice and Data Communication Cabling."

PART 3 - EXECUTION

3.1 SENSOR INSTALLATION

A. Install and aim sensors 1in locations to achieve at least

90 percent coverage of areas indicated. Do not exceed
coverage limits specified in manufacturer's written
instructions.

3.2 WIRING INSTALLATION

A. Wiring Method: Comply with Division 16 Section
"Conductors and Cables." Minimum conduit size shall be
3/4 inch.

B. Wiring within Enclosures: Bundle, lace, and train
conductors to terminal points. Separate power-limited and
nonpower-limited conductors according to conductor

manufacturer's written instructions.

C. Install field-mounting transient voltage suppressors for
lighting control devices 1in Category A locations that do
not have integral line-voltage surge protection.

D. Size conductors according to lighting control device
manufacturer's written instructions, unless otherwise
indicated.
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E. Splices, Taps, and Terminations: Make connections only on
numbered terminal strips in Jjunction, pull, and outlet
boxes; terminal cabinets; and equipment enclosures.

F. Tighten electrical connectors and terminals according to
manufacturer's published torque-tightening wvalues. If
manufacturer's torque values are not indicated, use those
specified in UL 486A and UL 486B.

3.3 IDENTIFICATION

A. Identify components and power and control wiring according
to Division 16 Section "Electrical Identification."

B. Label time switches and contactors with a unique
designation.

3.4 FIELD QUALITY CONTROL

A. Perform the following field tests and inspections and
prepare test reports:

1. After installing time switches and sensors, and after
electrical circuitry has been energized, adjust and
test for compliance with requirements.

2. Operational Test: Verify actuation of each sensor and
adjust time delays.

B. Remove and replace lighting control devices where test
results indicate that they do not comply with specified
requirements.

C. Additional testing and inspecting, at Contractor's
expense, will be performed to determine compliance of
replaced or additional work with specified requirements.

3.5 ADJUSTING

A. Occupancy Adjustments: When requested within 12 months of
date of Substantial Completion, provide on-site assistance
in adjusting sensors to suit actual occupied conditions.
Provide up to two wvisits to site outside normal occupancy
hours for this purpose.

END OF SECTION 16145
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SECTION 262416 - PANELBOARDS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes load centers and ©panelboards,
overcurrent protective devices, and associated auxiliary
equipment rated 600 V and less for the following types:

1. Lighting and appliance branch-circuit panelboards.
2. Distribution panelboards.
3. Transient voltage surge suppressor panelboards.

B. Related Sections include the following:

1. Division 16 Section "Fuses."

2. Division 16 Section "Seismic Controls for Electrical
Work."

3. Division 16 Section "Electrical Power Monitoring and
Control."

1.3 DEFINITIONS

A. EMI: Electromagnetic interference.
B. GFCI: Ground-fault circuit interrupter.
C. RFI: Radio-frequency interference.

D. RMS: Root mean square.
E. SPDT: Single pole, double throw.

F. TVSS: Transient voltage surge suppressor.

1.4 SUBMITTALS
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A. Product Data: For each type of panelboard, overcurrent
protective device, TVSS device, accessory, and component
indicated. Include dimensions and manufacturers'
technical data on features, performance, electrical
characteristics, ratings, and finishes.

B. Shop Drawings: For each panelboard and related equipment.
1. Dimensioned plans, elevations, sections, and details.
Show tabulations of installed devices, equipment
features, and ratings. Include the following:

a. Enclosure types and details for types other than
NEMA 250, Type 1.

b. Bus configuration, current, and voltage ratings.

c. Short-circuit current rating of panelboards and
overcurrent protective devices.

d. UL listing for series rating of installed devices.

e. Features, characteristics, ratings, and factory
settings of individual overcurrent ©protective
devices and auxiliary components.

2. Wiring Diagrams: Diagram power, signal, and control
wiring and differentiate between manufacturer-
installed and field-installed wiring.

C. Manufacturer Seismic Qualification Certification: Submit
certification that panelboards, overcurrent protective
devices, accessories, and components will withstand

seismic forces defined in Division 16 Section "Seismic
Controls for Electrical Work." Include the following:
1. Basis of Certification: Indicate whether withstand

certification 1is based on actual test of assembled
components or on calculation.

2. The term "withstand" means "the unit will remain in
place without separation of internal and external
parts during a seismic event."

3. The term "withstand" means "the unit will remain in
place without separation of internal and external
parts during a seismic event and the unit will be
fully operational after the event."

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

5. Detailed description of equipment anchorage devices on
which the certification is based and their
installation requirements.
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D. Qualification Data: Submit data for testing agencies
indicating that they comply with qualifications specified
in "Quality Assurance" Article.

E. Field Test Reports: Submit written test reports and
include the following:

1. Test procedures used.
2. Test results that comply with requirements.
3. Results of failed tests and corrective action taken to

achieve test results that comply with requirements.

F. Panelboard Schedules: For installation in panelboards.
Submit final versions after load balancing.

G. Maintenance Data: For panelboards and components to
include in maintenance manuals specified in Division 1.
In addition to requirements specified 1in Division 1
Section "Contract Closeout," include the following:

1. Manufacturer's written instructions for testing and
adjusting overcurrent protective devices.
2. Time-current curves, 1including selectable ranges for

each type of overcurrent protective device.

1.5 QUALITY ASSURANCE

A. Testing Agency Qualifications: Testing agency that is a
member company of the InterNational Electrical Testing
Association and that 1is acceptable to authorities having
jurisdiction.

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

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

jurisdiction, and marked for intended use.
C. Comply with NEMA PB 1.

D. Comply with NFPA 70.
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1.6 COORDINATION

A. Coordinate layout and installation of ©panelboards and
components with other construction that penetrates walls
or 1s supported by them, including electrical and other
types of equipment, raceways, piping, and encumbrances to
workspace clearance requirements.

1.7 EXTRA MATERIALS

A. Keys: 8Six pares of each type of panelboard cabinet lock.
PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

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

1. Panelboards, Overcurrent Protective Devices,
Controllers, Contactors, and Accessories:

a. FEaton Corp.; Cutler-Hammer Products.

b. General Electric Co.; Electrical Distribution &
Control Div.

c. Siemens Energy & Automation, Inc.

d. Square D Co.

2. TVSS Panelboards:
a. Current Technology, Inc.
b. Liebert Corporation.
2.2 FABRICATION AND FEATURES
A. Enclosures: Flush- and surface-mounted cabinets.
NEMA PB 1, Type 1, to meet environmental conditions at

installed location.

1. Outdoor Locations: NEMA 250, Type 3R.
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2. Other Wet or Damp Indoor Locations: NEMA 250, Type 4.

3. Hazardous Areas Indicated on Drawings: NEMA 250,
Type 7C.
B. Front: Secured to box with concealed trim clamps. For

surface-mounted fronts, match box dimensions; for flush-
mounted fronts, overlap box.

C. Hinged Front Cover: Entire front trim hinged to box and
with standard door within hinged trim cover.

D. Finish: Manufacturer's standard enamel finish over
corrosion-resistant treatment or primer coat.

E. Directory Card: With transparent ©protective cover,
mounted inside metal frame, inside panelboard door.

F. Bus: Hard-drawn copper, 98 percent conductivity.

G. Main and Neutral Lugs: Mechanical type suitable for use
with conductor material.

H. Equipment Ground Bus: Adequate for feeder and branch-
circuit equipment ground conductors; bonded to box.

I. Service Equipment Label: UL labeled for use as service
equipment for panelboards with main service disconnect
switches.

J. Future Devices: Mounting brackets, bus connections, and

necessary appurtenances required for future installation
of devices.

K. 1Isolated Equipment Ground Bus: Adequate for Dbranch-
circuit equipment ground conductors; insulated from box.

L. Extra-Capacity Neutral Bus: Neutral bus rated 200 percent
of phase bus and UL 1listed as suitable for nonlinear
loads.

M. Split Bus: Vertical Dbuses divided into individual
vertical sections.

N. Skirt for Surface-Mounted Panelboards: Same gage and
finish as panelboard front with flanges for attachment to
panelboard, wall, and ceiling or floor.

O. Gutter Barrier: Arrange to isolate individual panel
sections.
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P. Column-Type Panelboards: Narrow gutter extension, with
cover, to overhead junction box equipped with ground and
neutral terminal buses.

Q. Feed-through Lugs: Mechanical type suitable for use with
conductor material. Locate at opposite end of bus from
incoming lugs or main device.

2.3 PANELBOARD SHORT-CIRCUIT RATING

A. UL label indicating series-connected rating with integral
or remote upstream devices. Include size and type of
upstream device allowable, branch devices allowable, and
UL series-connected short-circuit rating.

B. Fully rated to interrupt symmetrical short-circuit current
available at terminals.
2.4 LOAD CENTERS

A. Overcurrent Protective Devices: Plug-in, full-module
circuit breaker.

B. Conductor Connectors: Mechanical type for main, neutral,
and ground lugs and buses.
2.5 LTGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

A. Branch Overcurrent Protective Devices: Bolt-on circuit
breakers, replaceable without disturbing adjacent units.

B. Doors: Front mounted with concealed hinges; secured with
flush latch with tumbler lock; keyed alike.
2.6 DISTRIBUTION PANELBOARDS

A. Doors: Front mounted, except omit in fused-switch
panelboards; secured with wvault-type 1latch with tumbler
lock; keyed alike.

B. Main Overcurrent Protective Devices: Circuit breaker.
C. Branch overcurrent protective devices shall be one of the
following:
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1. For Circuit-Breaker Frame Sizes 125 A and Smaller:
Bolt-on circuit breakers.

2. For Circuit-Breaker Frame Sizes Larger Than 125 A:
Bolt-on <circuit Dbreakers; plug-in circuit Dbreakers
where individual positive-locking device requires
mechanical release for removal.

3. Fused switches.

2.7 TVSS PANELBOARDS

A. Doors: Front mounted; secured with vault-type latch with
tumbler lock; keyed alike. Manufacturer's standard enamel
finish over corrosion-resistant treatment or primer coat.

B. Main Overcurrent Devices: Thermal-magnetic circuit
breaker.

C. Branch Overcurrent Protective Devices: Bolt-on <circuit
breakers.

D. Bus: Copper phase and neutral buses; 200 percent capacity

neutral bus.

E. TVSS Device: IEEE C62.41, 1integrally mounted, plug-in-
style, solid-state, parallel-connected, sine-wave tracking
suppression and filtering modules.

1. Minimum single-impulse current rating shall be as
follows:

a. Line to Neutral: 100,000 A.
b. Line to Ground: 100,000 A.
c. Neutral to Ground: 50,000 A.

2. Protection modes shall be as follows:

a. Line to neutral.
b. Line to ground.
c. Neutral to ground.

3. EMI/RFI Noise Attenuation Using 50-ohm Insertion Loss
Test: 55 dB at 100 kHz.

4. Category C combination wave clamping wvoltage shall not
exceed 600 V, line to neutral and line to ground on
120/208 V systems.

5. UL 1449 clamping levels shall not exceed 400 V, 1line
to neutral and line to ground on 120/208 V systems.
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6. Withstand Capabilities: 3000 Category C surges with
less than 5 percent change in clamping voltage.

7. Accessories shall include the following:

a. Form-C contacts, one normally open and one
normally closed, for remote monitoring of system
operation. Contacts to reverse ©position on
failure of any surge diversion module.

b. Audible alarm activated on failure of any surge
diversion module.

c. Six-digit transient-counter set to total transient

surges that deviate from the sine-wave envelope by
more than 125 V.
2.8 OVERCURRENT PROTECTIVE DEVICES

A. Molded-Case Circuit Breaker: NEMA AB 1, with interrupting
capacity to meet available fault currents.

1. Thermal-Magnetic Circuit Breakers: Inverse time-
current element for low-level overloads, and
instantaneous magnetic trip element for short
circuits. Adjustable magnetic trip setting for
circuit-breaker frame sizes 250 A and larger.

2. Adjustable Instantaneous-Trip Circuit Breakers:

Magnetic trip element with front-mounted, field-
adjustable trip setting.

3. Electronic Trip Unit Circuit Breakers: RMS sensing;
field-replaceable rating plug; with the following
field-adjustable settings:

a. Instantaneous trip.

b. Long- and short-time pickup levels.

c. Long- and short-time time adjustments.

d. Ground-fault pickup level, time delay, and I’t
response.

4. Current-Limiting Circuit Breakers: Frame sizes 400 A
and smaller; let-through ratings less than NEMA FU 1,
RK-5.

5. 1Integrally Fused Circuit Breakers: Thermal-magnetic

trip element with integral limiter-style fuse listed
for use with circuit breaker; trip activation on fuse
opening or on opening of fuse compartment door.

6. GFCI Circuit Breakers: Single- and two-pole
configurations with 5 mA trip sensitivity.
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B. Molded-Case Circuit-Breaker Features and Accessories.
Standard frame sizes, trip ratings, and number of poles.

1. Lugs: Mechanical style, suitable for number, size,
trip ratings, and material of conductors.

2. Application Listing: Appropriate for application;
Type SWD for switching fluorescent 1lighting loads;
Type HACR for heating, air-conditioning, and
refrigerating equipment.

3. Ground-Fault Protection: Integrally mounted relay and
trip unit with adjustable pickup and time-delay
settings, push-to-test feature, and ground-fault
indicator.

4. Communication Capability: Circuit-breaker-mounted
communication module with  functions and features
compatible with power monitoring and control system.

5. Shunt Trip: 120-V trip coil energized from separate
circuit, set to trip at 75 Undervoltage Trip: Set to
operate at 35 to 75 percent of rated voltage without
intentional time delay.

6. Auxiliary Switch: Two SPDT switches with "a" and "b"

contacts; "a" contacts mimic circuit-breaker contacts,
"b" contacts operate 1in reverse of circuit-breaker
contacts.

7. Key Interlock Kit: Externally mounted to prohibit

circuit-breaker operation; key shall be removable only
when circuit breaker is in off position.

8. Zone-Selective Interlocking: Integral with electronic
trip wunit; for interlocking ground-fault protection
function.

2.9 ACCESSORY COMPONENTS AND FEATURES

A. Accessory Set: Tools and miscellaneous items required for
overcurrent protective device test, inspection,
maintenance, and operation.

B. Portable Test Set: To test functions of solid-state trip
devices without removal from panelboard.

C. Fungus Proofing: Permanent fungicidal treatment for
panelboard interior, including overcurrent protective
devices and other components.

PART 3 - EXECUTION
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3.1 INSTALLATION

A. Install panelboards and accessories according to
NEMA PB 1.1.

B. Comply with mounting and anchoring requirements specified
in Division 16 Section "Seismic Controls for Electrical
Work."

C. Mounting Heights: Top of trim 74 inches (1880 mm) above
finished floor, unless otherwise indicated.

D. Mounting: Plumb and rigid without distortion of Dbox.
Mount recessed panelboards with fronts uniformly flush
with wall finish.

E. Circuit Directory: Create a directory to indicate
installed circuit loads after balancing panelboard loads.
Obtain approval before installing. Use a computer or

typewriter to <create directory; handwritten directories
are not acceptable.

F. Install filler plates in unused spaces.

G. Provision for Future Circuits at Flush Panelboards: Stub
four 1-inch (27-GRC) empty conduits from panelboard into
accessible ceiling space or space designated to be ceiling

space 1in the future. Stub four 1-inch (27-GRC) empty
conduits into raised floor space or below slab not on
grade.

H. Wiring in Panelboard Gutters: Arrange conductors into

groups and bundle and wrap with wire ties after completing
load balancing.
3.2 IDENTIFICATION

A. Identify field-installed conductors, interconnecting
wiring, and components; provide warning signs as specified
in Division 16 Section "Electrical Identification."

B. Panelboard Nameplates: Label each panelboard with
engraved metal or laminated-plastic nameplate mounted with
corrosion-resistant screws.

3.3 CONNECTIONS
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A. Install equipment grounding connections for panelboards
with ground continuity to main electrical ground bus.

B. Tighten electrical connectors and terminals according to
manufacturer's published torque-tightening wvalues. If
manufacturer's torque values are not indicated, use those
specified in UL 486A and UL 486B.

3.4 FIELD QUALITY CONTROL

A. Prepare for acceptance tests as follows:

1. Test dinsulation resistance for each panelboard bus,
component, connecting supply, feeder, and control
circuit.

2. Test continuity of each circuit.

B. Testing Agency: Owner will engage a qualified independent

engineer to perform specified testing.

C. Testing: After installing panelboards and after
electrical circuitry has been energized, demonstrate
product capability and compliance with requirements.

1. Procedures: Perform each wvisual and mechanical
inspection and electrical test indicated in NETA ATS,
Section 7.5 for switches and Section 7.6 for molded-

case circuit breakers. Certify compliance with test
parameters.
2. Correct malfunctioning units on-site, where possible,

and retest to demonstrate compliance; otherwise,
replace with new units and retest.

D. Balancing Loads: After Substantial Completion, but not
more than 60 days after Final Acceptance, measure load
balancing and make circuit changes as follows:

1. Measure as directed during period of normal system
loading.

2. Perform load-balancing circuit changes outside normal
occupancy/working schedule of the facility and at time
directed. Avoid disrupting critical 24-hour services
such as fax machines and on-line data-processing,
computing, transmitting, and receiving equipment.

3. After <circuit changes, recheck loads during normal
load period. Record all 1load readings before and
after changes and submit test records.
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4. Tolerance: Difference exceeding 20 percent between
phase loads, within a panelboard, is not acceptable.
Rebalance and recheck as necessary to meet this
minimum requirement.

E. Infrared Scanning: After Substantial Completion, but not
more than 60 days after Final Acceptance, perform an
infrared scan of each panelboard. Remove panel fronts so
joints and connections are accessible to portable scanner.

1. Follow-up Infrared Scanning: Perform an additional
follow-up infrared scan of each panelboard 11 months
after date of Substantial Completion.

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

3. Record of Infrared Scanning: Prepare a certified
report that identifies panelboards checked and
describes scanning results. Include notation of

deficiencies detected, remedial action taken, and
observations after remedial action.

3.5 ADJUSTING

A. Set field-adjustable switches and circuit-breaker trip
ranges.

3.6 CLEANING

A. On completion of installation, inspect interior and

exterior of panelboards. Remove paint splatters and other
spots. Vacuum dirt and debris; do not use compressed air
to assist in cleaning. Repair exposed surfaces to match

original finish.

END OF SECTION 16442
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SECTION 262726 - WIRING DEVICES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including
General and Supplementary Conditions and Division 1
Specification Sections, apply to this Section.
1.2 SUMMARY

A. This Section includes the following:

1. Single and duplex receptacles, ground-fault circuit
interrupters, integral surge suppression units, and
isolated-ground receptacles.

2. Single- and double-pole snap switches and dimmer
switches.

3. Device wall plates.

4. Pin and sleeve connectors and receptacles.

5. Floor service outlets, poke-through assemblies,

service poles, and multioutlet assemblies.

1.3 DEFINITIONS
A. EMI: Electromagnetic interference.
B. GFCI: Ground-fault circuit interrupter.
C. PVC: Polyvinyl chloride.
D. RFI: Radio-frequency interference.
E. TVSS: Transient voltage surge suppressor.

F. UTP: Unshielded twisted pair.

1.4 SUBMITTALS
A. Product Data: For each type of product indicated.
B. Shop Drawings: List of 1legends and description of

materials and process used for premarking wall plates.
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C. Samples: One for each type of device and wall plate
specified, in each color specified.

D. Field quality-control test reports.

1.5 QUALTITY ASSURANCE

A. Source Limitations: Obtain each type of wiring device
through one source from a single manufacturer.

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

jurisdiction, and marked for intended use.

C. Comply with NFPA 70.

1.6 COORDINATION

A. Receptacles for Owner-Furnished Equipment: Match plug
configurations.
1. Cord and Plug Sets: Match equipment requirements.

1.7 EXTRA MATERIALS

A. Furnish extra materials described below that match
products installed and that are packaged with protective
covering for storage and identified with labels describing
contents.

1. Floor Service Outlet Assemblies: One for every 10.
2. Poke-Through, Fire-Rated Closure Plugs: One for every
five floor service outlets installed.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

provide products by one of the following:

1. Wiring Devices:
a. Bryant Electric, Inc./Hubbell Subsidiary.
b. Eagle Electric Manufacturing Co., Inc.
c. Hubbell Incorporated; Wiring Device-Kellems.
d. Leviton Mfg. Company Inc.
e. Pass & Seymour/Legrand; Wiring Devices Div.
f. General Electric

2. Wiring Devices for Hazardous (Classified) Locations:

a.

b.
c.

d.

Crouse-Hinds/Cooper Industries, 1Inc.; Arrow Hart
Wiring Devices.

EGS/Appleton Electric Company.

Killark Electric Manufacturing Co./Hubbell
Incorporated.

General Electric

3. Multioutlet Assemblies:

a. Hubbell Incorporated; Wiring Device-Kellems.
b. Wiremold Company (The).
c. General Electric
4. Poke-Through, Floor Service Outlets and

Telephone/Power Poles:

Hh® Q. Q O W

Hubbell Incorporated; Wiring Device-Kellems.
Pass & Seymour/Legrand; Wiring Devices Div.
Square D/Groupe Schneider NA.

Thomas & Betts Corporation.

Wiremold Company (The).

General Electric

2.2 RECEPTACLES

A. Straight
NEMA WD

-Blade-Type Receptacles: Comply with NEMA WD 1,
6, DSCC W-C-596G, and UL 498.

B. Straight-Blade and Locking Receptacles: Heavy-Duty grade.
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C. Straight-Blade Receptacles: Hospital grade.

D. GFCI Receptacles: Straight blade, feed-through type,
Heavy-Duty grade, with integral NEMA WD 6,
Configuration 5-20R duplex receptacle; complying with
UL 498 and UL 943. Design units for installation in a 2-
3/4-inch- (70-mm-) deep outlet box without an adapter.

E. Isolated-Ground Receptacles: Straight Dblade, Heavy-Duty
grade, duplex receptacle, with equipment grounding
contacts connected only to the green grounding screw
terminal of the device and with inherent electrical
isolation from mounting strap.

1. Devices: Listed and labeled as isolated-ground
receptacles.
2. Isolation Method: Integral to receptacle construction

and not dependent on removable parts.
F. Industrial Heavy-Duty Pin and Sleeve Devices: Comply with
IEC 309-1.
G. Hazardous (Classified) Location Receptacles: Comply with
NEMA FB 11.
2.3 PENDANT CORD/CONNECTOR DEVICES
A. Description: Matching, locking-type plug and receptacle

body connector, NEMA WD 6, Configurations L5-20P and L5-
20R, Heavy-Duty grade.

1. Body: Nylon with screw-open cable-gripping jaws and
provision for attaching external cable grip.
2. External Cable Grip: Woven wire-mesh type made of

high-strength galvanized-steel wire strand, matched to
cable diameter, and with attachment provision designed
for corresponding connector.

2.4 CORD AND PLUG SETS

A. Description: Match wvoltage and current ratings and number
of conductors to requirements of equipment being
connected.

1. Cord: Rubber-insulated, stranded-copper conductors,

with Type SOW-A Jjacket; with green-insulated grounding
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conductor and equipment-rating ampacity plus a minimum
of 30 percent.

2. Plug: Nylon body and integral cable-clamping jaws.
Match cord and receptacle type for connection.

2.5 SWITCHES

A. Single- and Double-Pole Switches: Comply with DSCC W-C-
896F and UL 20.

B. Snap Switches: Heavy-Duty grade, quiet type.

C. Combination Switch and Receptacle: Both devices in a
single gang unit with plaster ears and removable tab
connector that permit separate or common feed connection.

1. Switch: 20 A, 120/208-V ac.
2. Receptacle: NEMA WD 6, Configuration 5-15R.

2.6 WALL PLATES

A. Single and combination types to match corresponding wiring

devices.

1. Plate-Securing Screws: Metal with head color to match
plate finish.

2. Material for Finished Spaces: thick, satin-finished
stainless steel.

3. Material for Unfinished Spaces: Galvanized steel.

4, Material for Wet Locations: Cast aluminum with

spring-loaded 1lift cover, and listed and labeled for
use in "wet locations."

2.7 MULTIOUTLET ASSEMBLIES
A. Components of Assemblies: Products from a single

manufacturer designed for use as a complete, matching
assembly of raceways and receptacles.
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B. Raceway Material: Metal, with manufacturer's standard
finish.

C. Wire: No. 10 AWG.

2.8 FINISHES
A. Color:

1. Wiring Devices Connected to Normal Power System: As
selected by Architect, unless otherwise indicated or
required by NFPA 70.

2. Wiring Devices Connected to Emergency Power System:
Red.
3. Isolated-Ground Receptacles: Orange

PART 3 - EXECUTION

3.1 INSTALLATION

A. 1Install devices and assemblies level, plumb, and square
with building lines.

B. 1Install wall dimmers to achieve indicated rating after
derating for ganging according to manufacturer's written
instructions.

C. Install unshared neutral conductors on line and load side
of dimmers according to manufacturers' written
instructions.

D. Arrangement of Devices: Unless otherwise indicated, mount
flush, with long dimension vertical, and with grounding
terminal of receptacles on top. Group adjacent switches

under single, multigang wall plates.

E. Remove wall plates and protect devices and assemblies
during painting.

F. Adjust locations of floor service outlets and service

poles to suit arrangement of partitions and furnishings.

3.2 IDENTIFICATION
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A. Comply with Division 16 Section Electrical Identification.

1. Receptacles: Identify panelboard and circuit number
from which served. Use hot, stamped or engraved
machine printing with black-filled lettering on face
of plate, and durable wire markers or tags inside
outlet boxes.

3.3 CONNECTIONS

A. Ground equipment according to Division 16 Section
"Grounding and Bonding."

B. Connect wiring according to Division 16 Section
"Conductors and Cables."

C. Tighten electrical connectors and terminals according to
manufacturer's published torque-tightening values. If
manufacturer's torque values are not indicated, use those
specified in UL 486A and UL 486B.

3.4 FIELD QUALITY CONTROL

A. Perform the following field tests and inspections and
prepare test reports:

1. After installing wiring devices and after electrical
circuitry  has been energized, test for proper
polarity, ground continuity, and compliance with

requirements.

2. Test GFCI operation with both local and remote fault
simulations according to manufacturer's written
instructions.

B. Remove malfunctioning units, replace with new units, and

retest as specified above.

END OF SECTION 16140
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SECTION 262813 - FUSES

PART 1

FUSES

- GENERAL

RELATED DOCUMENTS

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

SUMMARY

This Section includes cartridge fuses, rated 600 V and
less, for wuse 1n switches, panelboards, switchboards,
controllers, and motor-control centers; and spare fuse
cabinets.

SUBMITTALS

Product Data: Include dimensions and manufacturer's
technical data on features, performance, electrical
characteristics, and ratings for each fuse type indicated.

Product Data: Include the following for each fuse type

indicated:

1. Dimensions and manufacturer's technical data on
features, performance, electrical characteristics, and
ratings.

2. Let-through current curves for fuses with current-
limiting characteristics.

3. Time-current curves, coordination charts and tables,
and related data.

4. Fuse size for elevator feeders and elevator disconnect
switches.

Ambient Temperature Adjustment Information. If ratings of

fuses have been adjusted to accommodate ambient

temperatures, provide list of fuses adjusted.
1. For each adjusted fuse, include location of fuse,

original fuse rating, local ambient temperature, and
adjusted fuse rating.

16491 - 1



PART 2

FUSES

2. Provide manufacturer's technical data on which ambient
temperature adjustment calculations are based.

Maintenance Data: For tripping devices to include in
maintenance manuals specified in Division 1.

QUALITY ASSURANCE

Source Limitations: Provide fuses from a single
manufacturer.

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

jurisdiction, and marked for intended use.
Comply with NEMA FU 1.

Comply with NFPA 70.

PROJECT CONDITIONS

Where ambient temperature to which fuses are directly
exposed is less than 40 deg F (4.4 deg C) or more than 100
deg F (38 deg C), apply manufacturer's ambient temperature
adjustment factors to fuse ratings.

COORDINATION
Coordinate fuse ratings with HVAC and refrigeration
equipment nameplate limitations of maximum fuse size.

EXTRA MATERIALS

Furnish extra materials described below that match
products installed and that are packaged 1in original
cartons or containers and identified with labels
describing contents.

1. Fuses: Quantity equal to 100 percent of each fuse
type and size, but not fewer than 100% of each type
and size.

— PRODUCTS
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PART 3

FUSES

MANUFACTURERS

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

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

Cooper Industries, Inc.; Bussmann Div.
Eagle Electric Mfg. Co., Inc.

Ferraz Corp.

General Electric Co.; Wiring Devices Div.
Gould Shawmut.

Tracor, Inc.; Littelfuse, Inc. Subsidiary.

o Ui WD

CARTRIDGE FUSES

Characteristics: NEMA FU 1, nonrenewable cartridge fuse;
class and current rating indicated; voltage rating
consistent with circuit voltage.

SPARE FUSE CABINET

Cabinet: Wall-mounted, 0.05-inch- (1.27-mm-) thick steel
unit with full-length, recessed piano-hinged door and key-
coded cam lock and pull.

1. Size: Adequate for storage of spare fuses specified
with 15 percent spare capacity minimum.

2. Finish: Gray, baked enamel.

3. Identification: "SPARE FUSES" in 1-1/2-inch- (40-mm-)
high letters on exterior of door.

4. Fuse Pullers: For each size fuse.

- EXECUTION
EXAMINATION

Examine utilization equipment nameplates and installation
instructions. Install fuses of sizes and with
characteristics appropriate for each piece of equipment.
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Evaluate ambient temperatures to determine if fuse rating
adjustment factors must be applied to fuse ratings.

Proceed with installation only after unsatisfactory
conditions have been corrected.

FUSE APPLICATIONS

Main Service: Class RK1l, time delay.

Main Feeders: Class RK1l, time delay.

Motor Branch Circuits: Class RK1l, time delay.

Other Branch Circuits: Class RK1l, time delay.

INSTALLATION

Install fuses in fusible devices. Arrange fuses so rating
information is readable without removing fuse.

Install spare fuse cabinets.

IDENTIFICATION

Install labels indicating fuse replacement information on
inside door of each fused switch.

END OF SECTION 16491

FUSES
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SECTION 262823 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes individually mounted enclosed
switches and circuit breakers used for the following:

1. Service disconnecting means.
2. Feeder and branch-circuit protection.
3. Motor and equipment disconnecting means.

B. Related Sections include the following:
1. Division 16 Section "Wiring Devices" for attachment

plugs, receptacles, and toggle switches wused for
disconnecting means.

2. Division 16 Section "Switchboards" for individually
enclosed, fusible switches used as feeder protection.
3. Division 16 Section "Fuses" for fusible devices.

1.3 DEFINITIONS
A. GFCI: Ground-fault circuit interrupter.
B. RMS: Root mean square.

C. SPDT: Single pole, double throw.

1.4 SUBMITTALS

A. Product Data: For each type of switch, circuit breaker,
accessory, and component indicated. Include dimensions
and manufacturers' technical data on features,
performance, electrical characteristics, ratings, and
finishes.

ENCLOSED SWITCHES AND CIRCUIT BREAKERS 16410 - 1



B. Shop Drawings: For each switch and circuit breaker.

1. Dimensioned plans, elevations, sections, and details,
including required clearances and service space around
equipment. Show tabulations of installed devices,
equipment features, and ratings. Include the
following:

a. Enclosure types and details for types other than
NEMA 250, Type 1.

b. Current and voltage ratings.

c. Short-circuit current rating.

d. UL listing for series rating of installed devices.

e. Features, characteristics, ratings, and factory
settings of individual overcurrent Dprotective
devices and auxiliary components.

2. Wiring Diagrams: Power, signal, and control wiring.
Differentiate between manufacturer-installed and

field-installed wiring.

C. Manufacturer Seismic Qualification Certification: Submit
certification that enclosed switches and circuit breakers,
accessories, and components will withstand seismic forces

defined in Division 16 Section "Seismic Controls for
Electrical Work." 1Include the following:
1. Basis of Certification: Indicate whether withstand

certification 1s based on actual test of assembled
components or on calculation.

a. The term "withstand" means "the unit will remain
in place without separation of any parts from the
device when subjected to the seismic forces
specified.”

b. The term "withstand" means "the unit will remain
in place without separation of any parts from the
device when subjected to the seismic forces
specified and the unit will be fully operational
after the seismic event."

2. Dimensioned Outline Drawings of Equipment Unit:
Identify 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.
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D. Qualification Data: Submit data for testing agencies
indicating that they comply with qualifications specified
in "Quality Assurance" Article.

E. Field Test Reports: Submit written test reports and
include the following:

1. Test procedures used.
2. Test results that comply with requirements.
3. Results of failed tests and corrective action taken to

achieve test results that comply with requirements.
F. Manufacturer's field service report.

G. Maintenance Data: For enclosed switches and circuit
breakers and for components to include in maintenance
manuals specified in Division 1. In addition to
requirements specified 1in Division 1 Section "Closeout
Procedures," include the following:

1. Routine maintenance requirements for components.

2. Manufacturer's written instructions for testing and
adjusting switches and circuit breakers.

3. Time-current curves, including selectable ranges for

each type of circuit breaker.

1.5 QUALITY ASSURANCE

A. Testing Agency Qualifications: Testing agency that is a
member company of the InterNational Electrical Testing
Association and that 1is acceptable to authorities having
jurisdiction.

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

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

jurisdiction, and marked for intended use.
C. Comply with NEMA AB 1 and NEMA KS 1.

D. Comply with NFPA 70.
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E. Product Selection for Restricted Space: Drawings indicate
maximum dimensions for enclosed switches and circuit
breakers, including clearances between enclosures, and
adjacent surfaces and other items. Comply with indicated
maximum dimensions.

1.6 PROJECT CONDITIONS

A. Environmental Limitations: Rate equipment for continuous
operation under the following conditions, unless otherwise
indicated:

1. Ambient Temperature: Not less than minus 22 deg F
(minus 30 deg C) and not exceeding 104 deg F (40
deg C) .

2. Altitude: ©Not exceeding 6600 feet (2000 m).

1.7 COORDINATION

A. Coordinate layout and installation of switches, circuit

breakers, and components with other construction,
including conduit, piping, equipment, and adjacent
surfaces. Maintain required workspace clearances and

required clearances for equipment access doors and panels.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

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

1. Fusible Switches:

a. Eaton Corp.; Cutler-Hammer Products.

b. General Electric Co.; Electrical Distribution &
Control Division.
c. Siemens Energy & Automation, Inc.
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d. Square D Co.

2. Molded-Case Circuit Breakers:
a. Eaton Corp.; Cutler-Hammer Products.
b. General Electric Co.; Electrical Distribution &

Control Division.
c Klockner—-Moeller.
d. Siemens Energy & Automation,

Inc.
e. Square D Co.
3. Combination Circuit Breaker and Ground-Fault Trip:
a Eaton Corp.; Cutler-Hammer Products.
b. General Electric Co.; Electrical Distribution &
Control Division.
c. Siemens Energy & Automation, Inc.
d. Square D Co.
4. Molded-Case, Current-Limiting Circuit Breakers:
a Eaton Corp.; Cutler-Hammer Products.
b. General Electric Co.; Electrical Distribution &

Control Division.
c. Siemens Energy & Automation,
d. Square D Co.

Inc.

5. 1Integrally Fused, Molded-Case Circuit Breakers:

a. Eaton Corp.; Cutler-Hammer Products.

b. General Electric Co.; Electrical

Control Division.

Distribution &

c. Siemens Energy & Automation, Inc.
d. Square D Co.
2.2 ENCLOSED SWITCHES
A. Enclosed, Nonfusible Switch: NEMA KS 1, Type HD, with
lockable handle.
B. Enclosed, Fusible Switch, 800 A and Smaller: NEMA KS 1,

Type HD, with «clips to accommodate

lockable handle with two padlocks,
cover in closed position.

2.3 ENCLOSED CIRCUIT BREAKERS

ENCLOSED SWITCHES AND CIRCUIT BREAKERS

and

specified fuses,

interlocked
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A. Molded-Case Circuit Breaker: NEMA AB 1, with interrupting
capacity to meet available fault currents.

1. Thermal-Magnetic Circuit Breakers: Inverse time-
current element for low-level overloads, and
instantaneous magnetic trip element for short
circuits. Adjustable magnetic trip setting for
circuit-breaker frame sizes 250 A and larger.

2. Adjustable Instantaneous-Trip Circuit Breakers:

Magnetic trip element with front-mounted, field-
adjustable trip setting.

3. Electronic Trip Unit Circuit Breakers: RMS sensing;
field-replaceable rating plug; with the following
field-adjustable settings:

a. Instantaneous trip.

b. Long- and short-time pickup levels.

c. Long- and short-time time adjustments.

d. Ground-fault pickup level, time delay, and I®t
response.

4. Current-Limiting Circuit Breakers: Frame sizes 400 A
and smaller; let-through ratings less than NEMA FU 1,
RK-5.

5. 1Integrally Fused Circuit Breakers: Thermal-magnetic

trip element with integral limiter-style fuse listed
for use with circuit breaker; trip activation on fuse
opening or on opening of fuse compartment door.

6. GFCI Circuit Breakers: Single- and two-pole
configurations with 5-mA trip sensitivity.
7. Molded-Case Switch: Molded-case <circuit Dbreaker

without trip units.

B. Molded-Case Circuit-Breaker Features and Accessories:
Standard frame sizes, trip ratings, and number of poles.

1. Lugs: Mechanical style suitable for number, size,
trip ratings, and material of conductors.

2. Application Listing: Appropriate for application;
Type SWD for switching fluorescent lighting loads;
Type HACR for heating, air-conditioning, and
refrigerating equipment.

3. Ground-Fault Protection: Integrally mounted relay and
trip unit with adjustable pickup and time-delay
settings, push-to-test feature, and ground-fault
indicator.
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4. Communication Capability: Circuit-breaker-mounted
communication module with  functions and features
compatible with power monitoring and control system.

5. Shunt Trip: 120-V trip coil energized from separate
circuit, set to trip at 75 percent of rated voltage.

6. Undervoltage Trip: Set to operate at 35 to 75 percent
of rated voltage with field-adjustable 0.1- to 0.6-
second time delay.

7. Auxiliary Switch: Two SPDT switches with "a" and "b"

contacts; "a" contacts mimic circuit-breaker contacts,
"b"contacts operate 1in reverse of circuit-breaker
contacts.

8. Key Interlock Kit: Externally mounted to prohibit

circuit-breaker operation; key shall be removable only
when circuit breaker is in off position.

9. Zone-Selective Interlocking: Integral with electronic
trip wunit; for interlocking ground-fault protection
function.

2.4 ENCLOSURES

A. NEMA AB 1 and NEMA KS 1 to meet environmental conditions
of installed location.

1. Outdoor Locations: NEMA 250, Type 3R.

2. Kitchen Areas: NEMA 250, Type 4X, stainless steel.

3. Other Wet or Damp Indoor Locations: NEMA 250, Type 4.

4. Hazardous Areas Indicated on Drawings: NEMA 250,
Type 7C.

2.5 FACTORY FINISHES

A. Manufacturer's standard prime-coat finish ready for field
painting.

B. Finish: Manufacturer's standard paint applied to
factory-assembled and -tested enclosures before shipping.

PART 3 - EXECUTION

3.1 EXAMINATION
A. Examine elements and surfaces to receive enclosed switches

and circuit Dbreakers for compliance with installation
tolerances and other conditions affecting performance.
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1. Proceed with installation only after unsatisfactory
conditions have been corrected.

3.2 INSTALLATION

A. Comply with mounting and anchoring requirements specified
in Division 16 Section "Seismic Controls for Electrical
Work."

B. Temporary Lifting Provisions: Remove temporary lifting
eyes, channels, and brackets and temporary blocking of
moving parts from enclosures and components.

3.3 IDENTIFICATION

A. Identify field-installed conductors, interconnecting
wiring, and components; provide warning signs as specified
in Division 16 Section "Electrical Identification."”

B. Enclosure Nameplates: Label each enclosure with engraved
metal or laminated-plastic nameplate mounted with
corrosion-resistant screws.

3.4 CONNECTIONS

A. Install equipment grounding connections for switches and
circuit breakers with ground continuity to main electrical
ground bus.

B. 1Install power wiring. Install wiring between switches and
circuit breakers, and control and indication devices.

C. Tighten electrical connectors and terminals according to
manufacturer's published torque-tightening values. If
manufacturer's torque values are not indicated, use those
specified in UL 486A and UL 486B.

3.5 FIELD QUALITY CONTROL

A. Prepare for acceptance tests as follows:

1. Test insulation resistance for each enclosed switch,
circuit breaker, component, and control circuit.
2. Test continuity of each line- and load-side circuit.
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B. Testing Agency: Owner will engage a qualified independent
testing agency to perform specified testing.

C. Testing Agency: Engage a qualified independent testing
agency to perform specified testing.

D. Testing: After installing enclosed switches and circuit
breakers and after electrical circuitry has been
energized, demonstrate product capability and compliance
with requirements.

1. Procedures: Perform each wvisual and mechanical
inspection and electrical test indicated in NETA ATS,
Section 7.5 for switches and Section 7.6 for molded-
case circuit breakers. Certify compliance with test
parameters.

2. Correct malfunctioning units on-site, where possible,
and retest to demonstrate compliance; otherwise,
replace with new units and retest.

E. Infrared Scanning: After Substantial Completion, but not
more than 60 days after Final Acceptance, perform an
infrared scan of each enclosed switch and circuit breaker.
Open or remove doors or panels so connections are
accessible to portable scanner.

1. Follow-up Infrared Scanning: Perform an additional
follow-up infrared scan of each unit 11 months after
date of Substantial Completion.

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

3. Record of Infrared Scanning: Prepare a certified
report that identifies switches and circuit breakers
checked and that describes scanning results. Include

notation of deficiencies detected, remedial action
taken, and observations after remedial action.

3.6 ADJUSTING

A. Set field-adjustable switches and circuit-breaker trip
ranges.

3.7 CLEANING
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A. On completion of installation, inspect interior and

exterior of enclosures. Remove paint splatters and other
spots. Vacuum dirt and debris; do not use compressed air
to assist 1in cleaning. Repair exposed surfaces to match

original finish.

END OF SECTION 16410

ENCLOSED SWITCHES AND CIRCUIT BREAKERS 16410 - 10



SECTION 265100 - INTERIOR LIGHTING

PART 1

- GENERAL

RELATED DOCUMENTS

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

SUMMARY

This Section includes the following:

g b w b

Interior lighting fixtures, lamps, and ballasts.
Emergency lighting units.

Exit signs.

Lighting fixture supports.

Retrofit kits for fluorescent lighting fixtures.

Related Sections include the following:

1. Division 13 Section "Lighting Controls" for manual or
programmable control systems with low-voltage control
wiring or data communication circuits.

2. Division 16 Section "Wiring Devices" for manual wall-
box dimmers for incandescent lamps.

3. Division 16 Section "Lighting Control Devices" for
automatic control of lighting, including time
switches, photoelectric relays, occupancy sensors, and
multipole lighting relays and contactors.

4. Division 16 Section "Stage Lighting" for theatrical
lighting fixtures and their controls.

5. Division 16 Section "Dimming Controls" for
architectural dimming systems.

DEFINITIONS

BF: Ballast factor.

CRI: Color-rendering index.

CU: Coefficient of utilization.
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D. HID: High-intensity discharge.
E. LER: Luminaire efficacy rating.

F. Luminaire: Complete 1lighting fixture, including ballast
housing if provided.

G. RCR: Room cavity ratio.

1.4 SUBMITTALS

A. Product Data: For each type of lighting fixture, arranged
in order of fixture designation. Include data on
features, accessories, finishes, and the following:

1. Physical description of lighting fixture including
dimensions.

2. Emergency lighting units including battery and
charger.

3. Ballast.

4. Energy-efficiency data.

5. Air and Thermal Performance Data: For air-handling
lighting fixtures. Furnish data required in
"Submittals" Article in Division 15 Section
"Diffusers, Registers, and Grilles."

6. Sound Performance Data: For air-handling lighting
fixtures. Indicate sound power level and sound
transmission class in test reports certified according
to standards specified in Division 15 Section
"Diffusers, Registers, and Grilles."

7. Life, output, and energy-efficiency data for lamps.

8. Photometric data, in IESNA format, based on laboratory
tests of each 1lighting fixture type, outfitted with
lamps, ballasts, and accessories identical to those
indicated for the lighting fixture as applied in this

Project.

a. For indicated fixtures, photometric data shall be
certified Dby a qualified independent testing
agency. Photometric data for remaining fixtures

shall be certified by the manufacturer.
b. Photometric data shall be certified by a

manufacturer's laboratory with a current
accreditation under the National Voluntary
Laboratory  Accreditation Program (NVLAP) for

Energy Efficient Lighting Products.
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B. Shop Drawings: Show details of nonstandard or custom
lighting fixtures. Indicate dimensions, weights, methods
of field assembly, components, features, and accessories.

1. Wiring Diagrams: Power and control wiring.

C. Coordination Drawings: Reflected <ceiling plan(s) and
other details, drawn to scale, on which the following
items are shown and coordinated with each other, based on
input from installers of the items involved:

1. Lighting fixtures.

2. Suspended ceiling components.

3. Structural members to which suspension systems for
lighting fixtures will be attached.

4. Other items in finished ceiling including the
following:

Air outlets and inlets.
Speakers.

Sprinklers.

Smoke and fire detectors.
Occupancy sensors.

Access panels.

Hh® QO Q O W

5. Perimeter moldings.

D. Samples for Verification: Interior 1lighting fixtures
designated for sample submission in Interior Lighting
Fixture Schedule. Each sample shall include the
following:

1. Lamps: Specified units installed.
2. Accessories: Cords and plugs.

E. Product Certificates: For each type of ballast for bi-
level and dimmer-controlled fixtures, signed by product
manufacturer.

F. Qualification Data: For agencies providing photometric

data for lighting fixtures.

G. Field quality-control test reports.
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H. Operation and Maintenance Data: For lighting equipment
and fixtures to include 1in emergency, operation, and
maintenance manuals.

I. Warranties: Special warranties specified in this Section.

1.5 QUALITY ASSURANCE

A. Luminaire Photometric Data Testing Laboratory
Qualifications: Provided by manufacturers' laboratories
that are accredited under the National Volunteer
Laboratory Accreditation Program for Energy Efficient
Lighting Products.

B. Luminaire Photometric Data Testing Laboratory
Qualifications: Provided by an independent agency, with
the experience and capability to conduct the testing
indicated, that 1s an NRTL as defined by OSHA 1in
29 CFR 1910.7.

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

jurisdiction, and marked for intended use.
D. Comply with NFPA 70.

E. FMG Compliance: Lighting fixtures for hazardous locations
shall Dbe 1listed and labeled for indicated class and
division of hazard by FMG.

F. Mockups: Provide interior lighting fixtures for room or
module mockups, complete with power and control
connections.

1. Obtain Architect's approval of fixtures for mockups
before starting installations.

2. Maintain mockups during construction in an undisturbed
condition as a standard for Jjudging the completed
Work.

3. Approved fixtures in mockups may become part of the
completed Work if undisturbed at time of Substantial
Completion.
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1.6 COORDINATION

A. Coordinate 1layout and installation of lighting fixtures
and suspension system with other <construction that
penetrates ceilings or 1is supported by them, including
HVAC equipment, fire-suppression system, and partition
assemblies.

1.7 WARRANTY

A. Special Warranty for Emergency Lighting Batteries:
Manufacturer's standard form 1in which manufacturer of
battery-powered emergency lighting unit agrees to repair
or replace components of rechargeable batteries that fail
in materials or workmanship within specified warranty
period.

1. Warranty Period for Emergency Lighting Unit Batteries:
10 years from date of Substantial Completion. Full
warranty shall apply for first vyear, and prorated
warranty for the remaining nine years.

2. Warranty Period for Emergency Fluorescent Ballast and
Self-Powered Exit Sign Batteries: Seven vyears from
date of Substantial Completion. Full warranty shall
apply for first vyear, and prorated warranty for the
remaining six years.

B. Special Warranty for Ballasts: Manufacturer's standard
form in which ballast manufacturer agrees to repair or
replace ballasts that fail 1in materials or workmanship
within specified warranty period.

1. Warranty Period for Electronic Ballasts: Six (6) from
date of Substantial Completion.
2. Warranty Period for Electromagnetic Ballasts: Four

(4) years from date of Substantial Completion.

C. Special Warranty for T8 Fluorescent Lamps: Manufacturer's
standard form, made out to Owner and signed by lamp
manufacturer agreeing to replace lamps that fail 1in
materials or workmanship, f.o.b. the nearest shipping
point to Project site, within specified warranty period
indicated below.

1. Warranty Period: Two (2) year (s) from date of
Substantial Completion.
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1.8 EXTRA MATERIALS

A. Furnish extra materials described below that match
products installed and that are packaged with protective
covering for storage and identified with labels describing

contents.

1. Lamps: 10 for every 50 of each type and rating
installed. Furnish at least one of each type.

2. Plastic Diffusers and Lenses: 1 for every 50 of each
type and rating installed. Furnish at least one of
each type.

3. Battery and Charger Data: One for each emergency
lighting unit.

4. Ballasts: 1 for every 50 of each type and rating
installed. Furnish at least one of each type.

5. Globes and Guards: 1 for every 20 of each type and

rating installed. Furnish at least one of each type.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where titles Dbelow introduce
lists, the following requirements apply to product
selection:

B. In Interior Lighting Fixture Schedule where titles below
are column or row headings that introduce 1lists, the
following requirements apply to product selection:

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

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

3. Basis-of-Design Product: The design for each lighting
fixture is based on the product named. Subject to
compliance with requirements, provide either the named
product or a comparable product by one of the other
manufacturers specified.
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2.2 LIGHTING FIXTURES AND COMPONENTS, GENERAL REQUIREMENTS

A. Recessed Fixtures: Comply with NEMA LE 4 for ceiling
compatibility for recessed fixtures.

B. Incandescent Fixtures: Comply with UL 1598. Where LER 1is
specified, test according to NEMA LE 5A.

C. Fluorescent Fixtures: Comply with UL 1598. Where LER is
specified, test according to NEMA LE 5 and NEMA LE 5A as
applicable.

D. HID Fixtures: Comply with UL 1598. Where LER 1is
specified, test according to NEMA LE 5B.

E. Metal Parts: Free of burrs and sharp corners and edges.

F. Sheet Metal Components: Steel, unless otherwise
indicated. Form and support to prevent warping and
sagging.

G. Doors, Frames, and Other Internal Access: Smooth
operating, free of light leakage under operating
conditions, and designed to permit relamping without use
of tools. Designed to prevent doors, frames, lenses,

diffusers, and other components from falling accidentally
during relamping and when secured in operating position.

H. Reflecting surfaces shall have minimum reflectance as
follows, unless otherwise indicated:

1. White Surfaces: 85 percent.

2. Specular Surfaces: 83 percent.

3. Diffusing Specular Surfaces: 75 percent.

4. Laminated Silver Metallized Film: 90 percent.

I. Plastic Diffusers, Covers, and Globes:

1. Acrylic Lighting Diffusers: 100 percent virgin
acrylic plastic. High resistance to yellowing and
other changes due to aging, exposure to heat, and UV
radiation.

a. Lens Thickness: At least 0.125 inch (3.175 mm)
minimum unless different thickness is indicated.
b. UV stabilized.
2. Glass: Annealed crystal glass, unless otherwise

indicated.
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J. Electromagnetic-Interference Filters: Factory installed
to suppress conducted electromagnetic-interference as

required by MIL-STD-461E. Fabricate 1lighting fixtures
with one filter on each ballast indicated to require a
filter.

K. Air-Handling Fluorescent Fixtures: For use with plenum

ceiling for air return and heat extraction and for
attaching an air-diffuser-boot assembly specified in
Division 15 Section "Diffusers, Registers, and Grilles."

1. Air Supply Units: Slots in one or Dboth side trims
join with air-diffuser-boot assemblies.

2. Heat Removal Units: Air path leads through lamp
cavity.

3. Combination Heat Removal and Air Supply Unit: Heat is
removed through lamp cavity at both ends of the
fixture door with air supply same as for air supply
units.

4. Dampers: Operable from outside fixture for control of
return-air volume.

5. Static Fixture: Air supply slots are blanked off, and
fixture appearance matches active units.

2.3 BALLASTS FOR LINEAR FLUORESCENT LAMPS

A. Electronic Ballasts: Comply with ANSI C82.11; instant-
start type, unless otherwise indicated, and designed for
type and quantity of lamps served. Ballasts shall Dbe

designed for full 1light output unless dimmer or bi-level
control is indicated.

1. Sound Rating: A.

2. Total Harmonic Distortion Rating: Less than 20
percent.

3. Transient Voltage Protection: IEEE C62.41, Category A
or better.

4. Lamp Current Crest Factor: 1.7 or less.

5. BF: 0.85 or higher.

6. Power Factor: 0.95 or higher.

7. Parallel Lamp Circuits: Multiple lamp ballasts shall

comply with ANSI C 82.11 and shall Dbe connected to
maintain full light output on surviving lamps if one
or more lamps fail.
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B. Electromagnetic Ballasts: Comply with ANSI C82.1; energy
saving, high-power factor, Class P, and having automatic-
reset thermal protection.

1. Ballast Manufacturer Certification: Indicated Dby
label.

C. Single Ballasts for Multiple Lighting Fixtures: Factory-
wired with Dballast arrangements and bundled extension
wiring to suit final installation conditions without
modification or rewiring in the field.

D. Ballasts for Low-Temperature Environments:
1. Temperatures 0 Deg F (Minus 17 Deg C) and Higher:

Electronic type rated for 0 deg F (minus 17 deg C)
starting and operating temperature with indicated lamp

types.
2. Temperatures Minus 20 Deg F (Minus 29 Deg C) and
Higher: Electromagnetic type designed for use with

indicated lamp types.

E. Ballasts for Low Electromagnetic-Interference
Environments: Comply with 47 CFR, Chapter 1, Part 18,
Subpart C, for limitations on electromagnetic and radio-
frequency interference for consumer equipment.

F. Ballasts for Dimmer-Controlled Lighting Fixtures:
Electronic type.

1. Ballast Input Watts: Can be reduced to 20 percent of

normal.

2. Compatibility: Certified by manufacturer for use with
specific dimming control system and lamp type
indicated.

G. Ballasts for Bi-Level Controlled Lighting Fixtures:
Electronic type.

1. Operating Modes: Ballast circuit and leads provide
for remote control of the light output of the
associated lamp between high- and low-level and off.

a. High-Level Operation: 100 percent of rated lamp
lumens.

b. Low-Level Operation: 30 percent of rated lamp
lumens.
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2. Ballast shall provide equal current to each lamp in
each operating mode.

3. Compatibility: Certified by manufacturer for use with
specific Dbi-level control system and lamp type
indicated.

2.4 BALLASTS FOR COMPACT FLUORESCENT LAMPS

A. Description: Electronic programmed rapid-start type,
complying with ANSI C 82.11, designed for type and
quantity of lamps indicated. Ballast shall be designed for
full 1light output unless dimmer or bi-level control 1is

indicated:

1. Lamp end-of-life detection and shutdown circuit.

2. Automatic lamp starting after lamp replacement.

3. Sound Rating: A.

4. Total Harmonic Distortion Rating: Less than 20
percent.

5. Transient Voltage Protection: IEEE C62.41, Category A
or better.

6. Operating Frequency: 20 kHz or higher.

7. Lamp Current Crest Factor: 1.7 or less.

8. BF: 0.95 or higher, unless otherwise indicated.

9. Power Factor: 0.95 or higher.

10. Interference: Comply with 47 CFR, Chapter 1, Part 18,
Subpart C, for limitations on electromagnetic and
radio-frequency interference for nonconsumer
equipment.

11. Ballast Case Temperature: 75 deg C, maximum.

B. Ballasts for Dimmer-Controlled Lighting Fixtures:
Electronic type.
1. Ballast Input Watts: Can be reduced to 20 percent of

normal.

2. Compatibility: Certified by manufacturer for use with
specific dimming control system and lamp type
indicated.

2.5 EMERGENCY FLUORESCENT POWER UNIT
A. Internal Type: Self-contained, modular, battery-inverter

unit, factory mounted within 1lighting fixture body and
compatible with ballast. Comply with UL 924.
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1. Emergency Connection: Operate 1 fluorescent lamp(s)
continuously at an output of 1100 lumens each.
Connect unswitched circuit to battery-inverter unit
and switched circuit to fixture ballast.

2. Night-Light Connection: Operate one fluorescent lamp
continuously.

3. Test Push Button and Indicator Light: Visible and
accessible without opening fixture or entering ceiling
space.

a. Push Button: Push-to-test type, in unit housing,

simulates loss of normal power and demonstrates
unit operability.

b. Indicator Light: LED indicates normal power on.
Normal glow indicates trickle charge; bright glow
indicates charging at end of discharge cycle.

4. Battery: Sealed, maintenance-free, nickel-cadmium
type.

5. Charger: Fully automatic, solid-state, constant-
current type with sealed power transfer relay.

6. Remote Test: Switch in hand-held remote device aimed
in direction of tested unit initiates coded infrared
signal. Signal reception by factory-installed

infrared receiver in tested unit triggers simulation
of loss of its normal power supply, providing wvisual
confirmation of either proper or failed emergency

response.

7. Integral Self-Test: Factory-installed electronic
device automatically initiates code-required test of
unit emergency operation at required intervals. Test

failure 1is annunciated by an integral audible alarm
and flashing red LED.

B. External Type: Self-contained, modular, battery-inverter
unit, suitable for powering one or more fluorescent lamps,
remote mounted from lighting fixture. Comply with UL 924.

1. Emergency Connection: Operate one fluorescent lamp
continuously. Connect unswitched circuit to battery-
inverter unit and switched circuit to fixture ballast.

2. Night-Light Connection: Operate one fluorescent lamp
in a remote fixture continuously.

3. Battery: Sealed, maintenance-free, nickel-cadmium
type.

4. Charger: Fully automatic, solid-state, constant-

current type.
5. Housing: NEMA 250, Type 1 enclosure.
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Test Push Button: Push-to-test type, in unit housing,
simulates loss of normal power and demonstrates unit

operability.

LED Indicator Light: Indicates normal power on.
Normal glow indicates trickle charge; bright glow
indicates charging at end of discharge cycle.

Remote Test: Switch in hand-held remote device aimed
in direction of tested unit initiates coded infrared
signal. Signal reception by factory-installed

infrared receiver 1in tested unit triggers simulation
of loss of its normal power supply, providing visual
confirmation of either proper or failed emergency
response.

Integral Self-Test: Factory-installed electronic
device automatically initiates code-required test of
unit emergency operation at required intervals. Test

failure 1is annunciated by an integral audible alarm
and flashing red LED.

2.6 BALLASTS FOR HID LAMPS

A. Electromagnetic Ballast for Metal-Halide Lamps: Comply
with ANSI C82.4 and UL 1029. Include the following
features, unless otherwise indicated:

1. Ballast Circuit: Constant-wattage autotransformer or
regulating high-power-factor type.

2. Minimum Starting Temperature: Minus 22 deg F (Minus
30 deg C) for single-lamp ballasts.

3. Normal Ambient Operating Temperature: 104 deg F (40
deg C).

4. Open-circuit operation that will not reduce average
life.

5. Low-Noise Ballasts: Manufacturers' standard epoxy-
encapsulated models designed to minimize audible
fixture noise.

B. Electronic Ballast for Metal-Halide Lamps: Include the

following features unless otherwise indicated:

1.
2.
3.

Lamp end-of-1life detection and shutdown circuit.

Sound Rating: A.

Total Harmonic Distortion Rating: Less than 15
percent.

Transient Voltage Protection: IEEE C62.41, Category A
or better.

Lamp Current Crest Factor: 1.5 or less.
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6. Power Factor: .90 or higher.
7. Interference: Comply with 47 CFR, Chapter 1, Part 18,
Subpart C, for limitations on electromagnetic and

radio-frequency interference for nonconsumer
equipment.
8. Protection: Class P thermal cutout.

9. Retain subparagraph and associated subparagraphs below
for bi-level ballasts.

10. Bi-Level Dimming Ballast: Ballast circuit and leads
provide for remote control of the light output of the
associated fixture between high- and low-level and

off.

a. High-Level Operation: 100 percent of rated lamp
lumens.

b. Low-Level Operation: 35 percent of rated lamp
lumens.

c. Compatibility: Certified by ballast manufacturer
for use with specific bi-level control system and
lamp type indicated. Certified by lamp
manufacturer that ballast operating modes are free
from negative effect on lamp 1life and color-
rendering capability.

C. Auxiliary Instant-On Quartz System: Factory-installed
feature automatically switches quartz lamp on when fixture
is initially energized and when power outages occur.
System automatically turns quartz lamp off when HID lamp
reaches approximately 60 percent light output.

D. High-Pressure Sodium Ballasts: Electromagnetic type, with
solid-state igniter/starter. Igniter-starter shall have
an average life 1in pulsing mode of 10,000 hours at an
igniter/starter-case temperature of 90 deg C.

1. Instant-Restrike Device: Integral with ballast, or
solid-state potted module, factory installed within
fixture and compatible with lamps, ballasts, and mogul
sockets up to 150 W.

a. Restrike Range: 105- to 120-V ac.
b. Maximum Voltage: 250-V peak or 150-V ac RMS.

2. Minimum Starting Temperature: Minus 40 deg F (Minus
40 deg C).

3. Open-circuit operation shall not reduce average lamp
life.
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2.7 EXTIT SIGNS
A. Description: Comply with UL 924; for sign colors,
visibility, luminance, and lettering size, comply with

authorities having jurisdiction.

B. 1Internally Lighted Signs:

1. Lamps for AC Operation: Fluorescent, 2 for each
fixture, 20,000 hours of rated lamp life.

2. Lamps for AC Operation: LEDs, 70,000 hours minimum
rated lamp life.

3. Self-Powered Exit Signs (Battery Type): Integral

automatic charger in a self-contained power pack.

a. Battery: Sealed, maintenance-free, nickel-cadmium
type.

b. Charger: Fully automatic, solid-state type with
sealed transfer relay.

c. Operation: Relay automatically energizes lamp
from battery when circuit voltage drops to 80
percent of nominal voltage or below. When normal

voltage 1is restored, relay disconnects lamps from
battery, and Dbattery is automatically recharged
and floated on charger.

d. Test Push Button: Push-to-test type, 1n unit
housing, simulates loss of normal power and
demonstrates unit operability.

e. LED Indicator Light: Indicates normal power on.
Normal glow indicates trickle charge; bright glow
indicates charging at end of discharge cycle.

f. Remote Test: Switch in hand-held remote device
aimed in direction of tested unit initiates coded
infrared signal. Signal reception by factory-
installed infrared receiver in tested unit
triggers simulation of loss of its normal power
supply, providing visual confirmation of either
proper or failed emergency response.

g. Integral Self-Test: Factory-installed electronic
device automatically initiates code-required test
of unit emergency operation at required intervals.
Test failure is annunciated by an integral audible
alarm and flashing red LED.

4. Master/Remote Sign Configurations:

a. Master Unit: Comply with requirements above for
self-powered exit signs, and provide additional
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capacity in LED power supply for power connection
to remote unit.

b. Remote Unit: Comply with requirements above for
self-powered exit signs, except omit power supply,
battery and test features. Arrange to receive
full power requirements from master unit. Connect
for testing concurrently with master unit as a
unified system.

2.8 EMERGENCY LIGHTING UNITS

A. Description: Self-contained units complying with UL 924.

1.
2.

Battery: Sealed, maintenance-free, lead-acid type.

Charger: Fully automatic, solid-state type with
sealed transfer relay.

Operation: Relay automatically turns lamp on when
power supply circuit voltage drops to 80 percent of
nominal voltage or below. Lamp automatically
disconnects from battery when voltage approaches deep-
discharge level. When normal voltage 1s restored,

relay disconnects lamps from battery, and battery is
automatically recharged and floated on charger.

Test Push Button: Push-to-test type, in unit housing,
simulates loss of normal power and demonstrates unit
operability.

LED Indicator Light: Indicates normal power on.
Normal glow indicates trickle charge; bright glow
indicates charging at end of discharge cycle.

Wire Guard: Heavy-chrome-plated wire guard protects
lamp heads or fixtures.
Integral Time-Delay Relay: Holds wunit on for fixed

interval of 15 minutes when power is restored after
an outage.

Remote Test: Switch in hand-held remote device aimed
in direction of tested unit initiates coded infrared
signal. Signal reception by factory-installed

infrared receiver in tested unit triggers simulation
of loss of its normal power supply, providing visual
confirmation of either proper or failed emergency
response.

Integral Self-Test: Factory-installed electronic
device automatically initiates code-required test of
unit emergency operation at required intervals. Test

failure 1is annunciated by an integral audible alarm
and flashing red LED.
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2.10

2.11

FLUORESCENT LAMPS

Low-Mercury Lamps: Comply with EPA's toxicity
characteristic 1leaching procedure test; shall yield less
than 0.2 mg of mercury per liter when tested according to
NEMA LL 1.

T8 rapid-start lamps, rated 32 W maximum, nominal length
of 48 inches (1220 mm), 2800 initial lumens (minimum),
CRI 75 (minimum), and average rated 1life 20,000 hours,
unless otherwise indicated.

T8 rapid-start lamps, rated 17 W maximum, nominal length
of 24 inches (610 mm), 1300 4initial lumens (minimum),
CRI 75 (minimum), and average rated life of 20,000 hours,
unless otherwise indicated.

HID LAMPS

High-Pressure Sodium Lamps: ANSI C78.42, CRI 21
(minimum) , and average rated life of 24,000 Thours,
minimum.

1. Dual-Arc Tube Lamps: Arranged so only one of two arc
tubes 1is 1lighted at one time and, when power 1is
restored after an outage, the cooler arc tube, with
lower internal pressure, lights instantly, providing
an immediate 8 to 15 percent of normal light output.

Metal-Halide Lamps: ANSI C78.1372, with a minimum CRI 65,
and color temperature 4000 K.

Pulse-Start, Metal-Halide Lamps: Minimum CRI 65, and
color temperature 4000 K.

Ceramic, Pulse-Start, Metal-Halide Lamps: Minimum CRI 80,
and color temperature 4000 K.
LIGHTING FIXTURE SUPPORT COMPONENTS

Comply with Division 16 Section "Electrical Supports and
Seismic Restraints" for channel- and angle-iron supports
and nonmetallic channel and angle supports.

Single-Stem Hangers: 3/4-inch steel tubing with swivel
ball fittings and ceiling canopy. Finish same as fixture.
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C. Twin-Stem Hangers: Two, 3/4-inch steel tubes with single

canopy designed to mount a single fixture. Finish same as
fixture.
D. Wires: ASTM A 641/A 641M, Class 3, soft temper, zinc-

coated steel, 12 gage (2.68 mm).

E. Wires for Humid Spaces: ASTM A 580/A 580M,
Composition 302 or 304, annealed stainless steel, 12 gage
(2.68 mm) .

F. Rod Hangers: 3/16-inch (5-mm) minimum diameter, cadmium-

plated, threaded steel rod.

G. Hook Hangers: Integrated assembly matched to fixture and
line voltage and equipped with threaded attachment, cord,
and locking-type plug.

2.12 RETROFIT KITS FOR FLUORESCENT LIGHTING FIXTURES

A. Comply with UL 1598 listing requirements.

1. Reflector Kit: UL 1598, Type I. Suitable for two- to

four-lamp, surface-mounted or recessed lighting
fixtures by improving reflectivity of fixture
surfaces.

2. Ballast and Lamp Change Kit: UL 1598, Type II.
Suitable for changing existing ballast, lamps, and
sockets.

2.13 REQUIREMENTS FOR INDIVIDUAL LIGHTING FIXTURES

A. Fixture Type as indicated in lighting fixture schedule:

1. Basis-of-Design Product: as 1indicated in lighting
fixture schedule or a comparable product by one of the
following:

2. Manufacturers:

a. Lithonia, Hubbell, Morlite, Hess America, Sterner,
Kim Lighting, Focal Point and Beta-Calco

3. Voltage: 277-V ac.

4. Mounting: Recessed ceiling, Pendant, Surface ceiling,
Surface wall as indicated in drawings
5. Lamps: as indicated in drawings

6. Ballast Type: Electronic instant start.
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10.
11.
12.

13.

14.
15.

Quantity of Ballasts per Fixture: one for two lamps
or two for four lamps.

Ballast Type: Electronic, compatible with lamp type
indicated.

Ballast Fuse: Factory installed, slow-blow type rated
between 2.65 and 3.0 times the line current.

External Finish: Brush Aluminum

Trim and Hardware: Spring-loaded door latches.

Special Environmental Conditions: damp or wet
locations.

Minimum CU for typical RCR shall be as follows
(typical cavity reflectances are ceiling, 80 percent;
wall, 50 percent; and floor, 20 percent): RCR 3 CU.
Submit Sample.

Provide lighting fixtures as needed for mockups.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Lighting fixtures: Set 1level, plumb, and square with
ceilings and walls. 1Install lamps in each fixture.

B. Support for Lighting Fixtures in or on Grid-Type Suspended
Ceilings: Use grid as a support element.

1.

Install a minimum of four ceiling support system rods
or wires for each fixture. Locate not more than 6
inches (150 mm) from lighting fixture corners.

Support Clips: Fasten to lighting fixtures and to
ceiling grid members at or near each fixture corner
with clips that are UL listed for the application.
Fixtures of Sizes Less Than Ceiling Grid: Install as
indicated on reflected ceiling plans or center in
acoustical panel, and support fixtures independently
with at least two 3/4-inch (20-mm) metal channels
spanning and secured to ceiling tees.

Install at least one independent support rod or wire
from structure to a tab on lighting fixture. Wire or
rod shall have breaking strength of the weight of
fixture at a safety factor of 3.

C. Suspended Lighting Fixture Support:

1.

Pendants and Rods: Where longer than 48 inches (1200
mm) , brace to limit swinging.
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2. Stem-Mounted, Single-Unit Fixtures: Suspend with
twin-stem hangers.

3. Continuous Rows: Use tubing or stem for wiring at one
point and tubing or rod for suspension for each unit
length of fixture chassis, including one at each end.

D. Air-Handling Lighting Fixtures: Install with dampers
closed and ready for adjustment.

E. Adjust aimable lighting fixtures to provide required light
intensities.

F. Connect wiring according to Division 16 Section
"Conductors and Cables."
3.2 FIELD QUALITY CONTROL
A. Test for Emergency Lighting: Interrupt power supply to

demonstrate proper operation. Verify transfer from normal
power to battery and retransfer to normal.

B. Prepare a written report of tests, inspections,
observations, and verifications indicating and
interpreting results. If adjustments are made to lighting

system, retest to demonstrate compliance with standards.

END OF SECTION 16511
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