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SECTION 23 00 00

HEATING, VENTILATION AND AIR-CONDITIONING (HVAC)

PART 1 - GENERAL
1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions
1.2 WORK COVERED BY CONTRACT DOCUMENTS
A. The following Summary of Work is intended as an aid to achieve an understanding of the various
elements of work included in the project, as is not intended to be all-inclusive. Detailed descriptions of
work and requirements are given in drawings and specifications.
B. Mechanical Contract Documents were prepared for the Project by:

Trinity MEP Engineering, LLC

3533 Moreland Dr. Ste. A

Weslaco, Texas 78596

Phone Number: (956) 973-0500
Contact Person: Leonardo Munoz, P.E.

C. General Scope of Work:
1. Install AC equipment and ductwork as shown on the contract documents. Refer to drawings for
schedule of equipment that will be installed. After installing equipment, connect power to unit.
2. HVAC: Provide all materials and labor associated with a complete operational installation of new
HVAC systems including, but not limited to:

e DX Split System A/C Units
e Exhaust fans
e Sheet metal, Ductwork
o Diffusers and Grilles
e Duct accessories, including grilles, and louvers
e Air Test and Balance
1.3 COORDINATION
A. All mechanical work shall be done under sub-contract to a General Contractor. Mechanical Contractor
shall coordinate all work through General Contractor, even in areas where only mechanical work is to
take place.
B. Coordination between all trades shall take place on a regular basis to avoid conflicts between disciplines
and equipment clearances.
C. Work shall take place with minimal disruption to Owner’s operations in areas surrounding the new
building.
D. Cooperate fully with other contractors so that work under those contracts may be carried out smoothly,
without interfering with or delaying work under this Contract.
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E. Fully coordinate with electrical contractor for providing power to mechanical equipment.

Mechanical Contractor is responsible for all control wiring including thermostat(s). This includes all

conduit, wire, and accessories both low voltage and source voltage for the controls' system. Mechanical

Contractor will provide all the necessary actuators, relays, software, hardware, and all necessary

accessories required for a fully functional controls' system.

1.4 UTILITIES

1. Coordinate with power, water, telephone, cable and gas utilities to locate all utilities prior to digging
in any area.

2. Obtain any approvals required from utilities to relocate utilities.

3. Cost of relocating or bypassing utilities indicated on drawings shall be included in Base Bid.

1.5 CONTRACTOR USE OF PREMISES
A. Use of the Site: Limit use of the premises to work in areas indicated. Confine operations to areas within
contract limits indicated. Do not disturb portions of the site beyond the areas in which the Work is
indicated.

1. Owner Occupancy: Allow for Owner occupancy and use by the public.

2. Driveways and Entrances: Keep driveways and entrances serving the premises, clear and available to
the Owner, the Owner's employees, and emergency vehicles at all time. Do not use these areas for
parking or storage of materials. Schedule deliveries to minimize space and time requirements for
storage of materials and equipment on-site.

B. Site Safety: Take every precaution to ensure the site does not present a threat to the safety of occupants
and/or workers. Minimal safety requirements include, but are not limited to the following:

1. Temporary fencing around construction areas.

2. Yellow caution tape and construction barricades along open trenches during the day. Trenches shall
be covered at night and warning lights provided on construction barricades.

3. Temporary fencing around equipment while site work is in progress.

1.6 SUBMITTALS

1. To extradite the submittal process more efficiently, DO NOT piece-meal the submittals. Submit entire

mechanical or plumbing in a bound enclosure. This will eliminate delays in the submittal process.

END OF SECTION
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SECTION 23 05 00

COMMON WORK RESULTS FOR HVAC

PART 1 - GENERAL
1.1 RELATED DOCUMENTS
1.2 SUMMARY

A.

This Section includes the following basic mechanical materials and methods to complement other
Sections.

Piping materials and installation instructions common to most piping systems.

Concrete base construction requirements.

Escutcheons.

Dielectric fittings.

Flexible connectors.

Mechanical sleeve seals.

Equipment nameplate data requirements.

Nonshrink grout for equipment installations.

L 0N u ke WwN e

Field-fabricated metal and wood equipment supports.

10. Installation requirements common to equipment specification sections.
11. Cutting and patching.

12.  Touchup painting and finishing.

1.3 DEFINITIONS

A.

Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and
duct shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawl
spaces, and tunnels.

Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied spaces and
mechanical equipment rooms.

Exposed, Exterior Installations: Exposed to view outdoors, or subject to outdoor ambient temperatures
and weather conditions. Examples include rooftop locations.

Concealed, Interior Installations: Concealed from view and protected from physical contact by building
occupants. Examples include above ceilings and in duct shafts.

Concealed, Exterior Installations: Concealed from view and protected from weather conditions and
physical contact by building occupants, but subject to outdoor ambient temperatures. Examples include
installations within unheated shelters.

The following are industry abbreviations for plastic materials:

PVC: Polyvinyl chloride plastic.

The following are industry abbreviations for rubber materials:

1. EPDM: Ethylene propylene diene terpolymer rubber.

1.4 SUBMITTALS

A.

Product Data: For dielectric fittings, flexible connectors, mechanical sleeve seals, and identification
materials and devices.
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Coordination Drawings: Detail major elements, components, and systems of mechanical equipment and

materials in relationship with other systems, installations, and building components. Show space

requirements for installation and access. Indicate if sequence and coordination of installations are

important to efficient flow of the Work. Include the following:

1. Planned piping layout, including valve and specialty locations and valve-stem movement.

2. Clearances for servicing and maintaining equipment, accessories, and specialties, including space for
disassembly required for periodic maintenance.

3. Sizes and location of required concrete pads and bases.

4. Floor plans, elevations, and details to indicate penetrations in floors, walls, and ceilings and their
relationship to other penetrations and installations.

5. Reflected ceiling plans to coordinate and integrate installation of air outlets and inlets, light fixtures,
communication system components, sprinklers, and other ceiling-mounted items.

1.5 QUALITY ASSURANCE

A.

Comply with ASME A13.1 for lettering size, length of color field, colors, and viewing angles of
identification devices.

Equipment Selection: Equipment of higher electrical characteristics, physical dimensions, capacities, and
ratings may be furnished provided such proposed equipment is approved in writing and connecting
mechanical and electrical services, circuit breakers, conduit, motors, bases, and equipment spaces are
increased. Additional costs shall be approved in advance by appropriate Contract Modification for these
increases. If minimum energy ratings or efficiencies of equipment are specified, equipment must meet
design and commissioning requirements.

1.6 DELIVERY, STORAGE, AND HANDLING

A.

C.
D.

Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping, storage, and
handling to prevent pipe end damage and prevent entrance of dirt, debris, and moisture.

Protect stored pipes, ductwork, equipment, and tubes from moisture and dirt. Elevate above grade. Do
not exceed structural capacity of floor, if stored inside.

Protect flanges, fittings, and piping specialties from moisture and dirt.

Store plastic pipes protected from direct sunlight. Support to prevent sagging and bending.

1.7 SEQUENCING AND SCHEDULING

A
B.

Coordinate mechanical equipment installation with other building components.

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

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

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

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

Coordinate requirements for access panels and doors if mechanical items requiring access are concealed
behind finished surfaces. Access panels and doors are specified in architectural section.
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G.

Coordinate installation of identifying devices after completing covering and painting, if devices are
applied to surfaces. Install identifying devices before installing acoustical ceilings and similar
concealment.

1.8 OPERATION PRIOR TO ACCEPTANCE

A.

When any equipment is operable, and it is to the advantage of the Contractor to operate the equipment,
he may do so provided that he properly supervises the operation, and retains full responsibility for the
equipment operated.

Regardless of whether or not the equipment has or has not been operated, the Contractor shall clean the
equipment properly, make required adjustments, and complete punch list items before final acceptance
by the Owner.

The date of acceptance by the Engineer, for beneficial use by the Owner, shall be the beginning date of
the warranty period.

1.9 SPACE AND EQUIPMENT ARRANGEMENT

A.

The size of each item of mechanical equipment shown on the Drawings is based on the dimensions of a
particular manufacturer as indicated. While other manufacturers may be acceptable, it shall be the
responsibility of the Contractor to determine whether or not the equipment he proposes to furnish will
fit into the space. Shop drawings shall be prepared when required by the engineer to indicate a suitable
arrangement.

Install equipment in a manner to permit access to all surfaces. Install valves, motors, drives, lubricating
devices, filters, and other accessory items in a position to allow removal for service without requiring the
disassembly of another part.

Provide access panels acceptable to the Engineer for equipment that is concealed above ceiling space.
Large equipment assemblies or components which will be installed in the building, and which are too
large to permit access through doorways, stairways or shafts, shall be brought to the site and placed in
the appropriate spaces before the enclosing structure is completed. Provisions shall be implemented by
the Contractor to insure that the equipment will not be damaged in any way during the associated
construction procedures.

1.10 START-UP OF EQUIPMENT AND SYSTEMS

A.

Whenever the manufacturer of a particular item of equipment or a particular system makes available a
start-up service after completion of the installation, such manufacturer’s start-up service (rendered by

the manufacturer or his authorized representative) shall be provided.

Witnessing and explanations of start-up services shall be included as part of the “Instruction of Owner’s

IM

Personnel” as specified below.

1.11 INSTRUCTION OF OWNER’S PERSONNEL

A.

Provide the services of competent engineers or technicians acceptable to the Engineer to instruct
representatives of the Owner in complete and detailed operation and maintenance of each item of
equipment, and each system. These instructions shall be provided for whatever periods may be
necessary to accomplish the desired results. Upon completion of these instructions, the Contractor shall
obtain a letter of release, acknowledged by the Owner or his authorized representative, stating the dates
on which the various kinds of instruction were given, and the personnel to whom the instructions were
given.

The Contractor shall be fully responsible for proper maintenance of equipment and systems until the
instructions have been given to the Owner’s personnel and the letter of release acknowledged.
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C. In providing the instructions to the Owner’s personnel, the written operating and maintenance manuals
shall be followed in all instances, and the Owner’s personnel shall be familiarized with such manuals.
Operating and maintenance manuals used for instructions shall include piping diagrams, valve
identification charts, control and interlocking wiring diagrams, manufacturers’ operation and
maintenance manuals, parts lists (with sources identified), and other data as appropriate for each
system, and as required elsewhere in the Specifications to be furnished to the Owner prior to final
acceptance of the project.

D. Provide the Owner with three (3) complete sets of all maintenance manuals, pamphlets, brochures or
instructions. This material shall be catalogued, indexed and bound into books.

1.12 ACCEPTABLE MANUFACTURERS

A. A. Provide equipment and materials from listed manufacturers listed within this specification.
Deviations from this specification will not be acceptable. When one manufacturer is listed, alternate
materials and equipment may be provided “equal to” the listed. When more than one manufacturer is
listed, equipment and material must be provided by one of the listed manufacturers.

PART 2 - PRODUCTS
2.1 STANDARD PRODUCTS

A. Each item of equipment furnished under this Division of the Specifications shall be essentially the
standard product of the manufacturer. Where two or more units of the same kind or class of equipment
are required, these shall be the products of a single manufacturer; however, the component parts of the
equipment need not be the products of one manufacturer.

B. Materials and equipment shall be of the base quality normally used in good commercial practice, and
shall be the products of reputable domestic manufacturers unless otherwise specified. Each major
component shall bear a nameplate giving the name and address of the manufacturer, and the catalog
number or designation of the component.

2.2 QUALITY AND CLASSIFICATION OF MATERIALS

A. Materials and equipment shall be new and of the quality specified, and shall be free from defects at the
time of installation. Materials or equipment damaged in shipment or otherwise damaged prior to
installation shall not be repaired at the job site, but shall be replaced with new materials or equipment
identical with those damaged.

B. Wherever a UL standard has been established for a particular type of material or equipment, each such
material or equipment provided on this project shall meet the requirements of the UL standard in every
way and shall be UL listed and labeled.

2.3 LOCAL PARTS AND SERVICE

A. Each item of equipment furnished on this project shall have local representation, factory-authorized
service, and an adequate stock of repair parts. “Local” shall be defined, for this purpose, as “within 50
miles of the project site.”

2.4 FLAME SPREAD PROPERTIES OF MATERIALS

A. Materials used for insulation, acoustical linings, adhesives, jackets and coatings, and combinations of
these materials, shall each have a flame spread rating of 25 or less, and a smoke developed rating of 50
or less, as determined by an independent testing laboratory in accordance with NFPA-255.

2.5 MANUFACTURERS

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

1. Dielectric Unions:
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a. Watts Industries, Inc.; Water Products Div.
b. Zurn Industries, Inc.; Wilkins Div.
2. Mechanical Sleeve Seals:
a. Calpico, Inc.
b. Metraflex Co.
c. Thunderline/Link-Seal.
2.6 MECHANICAL SLEEVE SEALS
A. Description: Modular design, with interlocking rubber links shaped to continuously fill annular space
between pipe and sleeve. Include connecting bolts and pressure plates.
2.7 PIPING SPECIALTIES
A. Sleeves: The following materials are for wall, floor, slab, and roof penetrations:
1. Steel Sheet Metal: 0.0239-inch minimum thickness, galvanized, round tube closed with welded
longitudinal joint.
2. Steel Pipe: ASTM A 53, Type E, Grade A, Schedule 40, galvanized, plain ends.
3. Cast Iron: Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends and
integral waterstop, unless otherwise indicated.
4. Stack Sleeve Fittings: Manufactured, cast-iron sleeve with integral clamping flange. Include clamping
ring and bolts and nuts for membrane flashing.
a. Underdeck Clamp: Clamping ring with set screws.
B. Escutcheons: Manufactured wall, ceiling, and floor plates; deep-pattern type if required to conceal
protruding fittings and sleeves.
1. ID: Closely fit around pipe, tube, and insulation of insulated piping.
2. OD: Completely cover opening.
3. Cast Brass: One piece, with set screw.
a. Finish: Rough brass.
b. Finish: Polished chrome-plate.

4. Cast-lron Floor Plate: One-piece casting.
2.8 GROUT
A. Nonshrink, Nonmetallic Grout: ASTM C 1107, Grade B.
1. Characteristics: Post-hardening, volume-adjusting, dry, hydraulic-cement grout, nonstaining,
noncorrosive, nongaseous, and recommended for interior and exterior applications.
2. Design Mix: 5000-psig, 28-day compressive strength.
3. Packaging: Premixed and factory packaged.
PART 3 - EXECUTION
3.1 PIPING SYSTEMS - COMMON REQUIREMENTS

A. General: Install piping as described below, unless piping Sections specify otherwise. Individual Sections
specify unique piping installation requirements.

B. General Locations and Arrangements: Drawing plans, schematics, and diagrams indicate general location
and arrangement of piping systems. Indicated locations and arrangements were used to size pipe and
calculate friction loss, expansion, pump sizing, and other design considerations. Install piping as
indicated, unless deviations to layout are approved on Coordination Drawings.

C. Install piping at indicated slope.

D. Install components with pressure rating equal to or greater than system operating pressure.
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E. Install piping in concealed interior and exterior locations, except in equipment rooms and service areas.

F. Install piping free of sags and bends.

G. Install exposed interior and exterior piping at right angles or parallel to building walls. Diagonal runs are
prohibited, unless otherwise indicated.

H. Install piping tight to slabs, beams, joists, columns, walls, and other building elements. Allow sufficient
space above removable ceiling panels to allow for ceiling panel removal.

Install piping to allow application of insulation plus 1-inch clearance around insulation.

J.  Locate groups of pipes parallel to each other, spaced to permit valve servicing.
K. Install fittings for changes in direction and branch connections.
L. Install couplings according to manufacturer's written instructions.
M. Install pipe escutcheons for pipe penetrations of concrete and masonry walls, wall board partitions, and
suspended ceilings according to the following:
1. Chrome-Plated Piping: Cast brass, one piece, with set screw, and polished chrome-plated finish.
2. Uninsulated Piping Wall Escutcheons: Cast brass or stamped steel, with set screw.
3. Uninsulated Piping Floor Plates in Utility Areas: Cast-iron floor plates.
4. Insulated Piping: Cast brass or stamped steel; with concealed hinge, spring clips, and chrome-plated
finish.
5. Piping in Utility Areas: Cast brass or stamped steel, with set-screw or spring clips.
N. Sleeves are not required for core drilled holes.
0. Install sleeves for pipes passing through concrete and masonry walls, and concrete floor and roof slabs.

P. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and
concrete floor and roof slabs.

1. Cut sleeves to length for mounting flush with both surfaces.

a. Exception: Extend sleeves installed in floors of mechanical equipment areas or other wet areas 2
inches above finished floor level. Extend cast-iron sleeve fittings below floor slab as required to
secure clamping ring if ring is specified.

2. Build sleeves into new walls and slabs as work progresses.
3. Install sleeves large enough to provide 1/4-inch annular clear space between sleeve and pipe or pipe
insulation. Use the following sleeve materials:Steel Pipe Sleeves: For pipes smaller than 6-inch NPS.

b. Steel, Sheet-Metal Sleeves: For pipes 6-inch NPS and larger, penetrating gypsum-board partitions.

4. Except for underground wall penetrations, seal annular space between sleeve and pipe or pipe
insulation, using elastomeric joint sealants.
5. Use Type S, Grade NS, Class 25, Use O, neutral-curing silicone sealant, unless otherwise indicated.

Q. Aboveground, Exterior-Wall, Pipe Penetrations: Seal penetrations using sleeves and mechanical sleeve
seals. Size sleeve for 1-inch annular clear space between pipe or pipe insulation and sleeve for installing
mechanical sleeve seals.

1. Install steel pipe for sleeves smaller than 6 inches in diameter.
2. Install cast-iron "wall pipes" for sleeves 6 inches in diameter and larger.
3. Assemble and install mechanical sleeve seals according to manufacturer's written instructions.

Tighten bolts that cause rubber sealing elements to expand and make watertight seal.

R. Underground, Exterior-Wall, Pipe Penetrations: Install cast-iron "wall pipes" for sleeves. Seal pipe
penetrations using mechanical sleeve seals. Size sleeve for 1-inch annular clear space between pipe and
sleeve for installing mechanical sleeve seals.
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1. Assemble and install mechanical sleeve seals according to manufacturer's written instructions.
Tighten bolts that cause rubber sealing elements to expand and make watertight seal.
S. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe
penetrations. Seal pipe penetrations with firestopping materials.
T. Verify final equipment locations for roughing-in.

c

Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements.
V. Piping Joint Construction: Join pipe and fittings as follows and as specifically required in individual piping
specification Sections:

1. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.

2. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.

3. Soldered Joints: Construct joints according to AWS's "Soldering Manual," Chapter "The Soldering of
Pipe and Tube"; or CDA's "Copper Tube Handbook."

4. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," Chapter "Pipe and Tube."

5. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full
and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe
fittings and valves as follows:

a. Note internal length of threads in fittings or valve ends, and proximity of internal seat or wall, to
determine how far pipe should be threaded into joint.

b. Apply appropriate tape or thread compound to external pipe threads, unless dry seal threading is
specified.

c. Align threads at point of assembly.

d. Tighten joint with wrench. Apply wrench to valve end into which pipe is being threaded.

e. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or damaged.
Do not use pipe sections that have cracked or open welds.

6. Welded Joints: Construct joints according to AWS D10.12, "Recommended Practices and Procedures
for Welding Low Carbon Steel Pipe," using qualified processes and welding operators according to
"Quality Assurance" Article.

7. Flanged Joints: Align flange surfaces parallel. Select appropriate gasket material, size, type, and
thickness for service application. Install gasket concentrically positioned. Assemble joints by
sequencing bolt tightening to make initial contact of flanges and gaskets as flat and parallel as
possible. Use suitable lubricants on bolt threads. Tighten bolts gradually and uniformly using torque
wrench.

8. Plastic Piping Solvent-Cement Joints: Clean and dry joining surfaces by wiping with clean cloth or
paper towels. Join pipe and fittings according to the following:

a. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent cements.

b. PVC Nonpressure Piping: ASTM D 2855.

c. PVCto ABS Nonpressure Transition Fittings: Procedure and solvent cement according to
ASTM D 3138.

9. Plastic Piping Heat-Fusion Joints: Clean and dry joining surfaces by wiping with clean cloth or paper
towels. Join according to ASTM D 2657 procedures and manufacturer's written instructions.
a. Plain-End Pipe and Fittings: Use butt fusion.

b. Plain-End Pipe and Socket Fittings: Use socket fusion.
W. Piping Connections: Make connections according to the following, unless otherwise indicated:
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3.2

3.3

3.4

3.5

3.6

3.7

1. Install unions, in piping 2-inch NPS and smaller, adjacent to each valve and at final connection to each
piece of equipment with 2-inch NPS or smaller threaded pipe connection.

2. Install flanges, in piping 2-1/2-inch NPS and larger, adjacent to flanged valves and at final connection
to each piece of equipment with flanged pipe connection.

3. Dry Piping Systems: Install dielectric unions and flanges to connect piping materials of dissimilar
metals.

4. Wet Piping Systems: Install dielectric coupling and nipple fittings to connect piping materials of
dissimilar metals.

EQUIPMENT AND MATERIAL INSTALLATION - COMMON REQUIREMENTS

A. Install equipment and material to provide maximum possible headroom, if mounting heights are not
indicated.

B. Install equipment according to approved submittal data. Portions of the Work are shown only in
diagrammatic form. Refer conflicts to Architect.

C. Install equipment level and plumb, parallel and perpendicular to other building systems and components
in exposed interior spaces, unless otherwise indicated.

D. Install mechanical equipment to facilitate service, maintenance, and repair or replacement of
components. Connect equipment for ease of disconnecting, with minimum interference to other
installations. Extend grease fittings to accessible locations.

E. Install equipment and ductwork giving right of way to piping installed at required slope.

Install flexible connectors on equipment side of shutoff valves, horizontally and parallel to equipment
shafts if possible.

PAINTING AND FINISHING

A. Refer to paint materials, surface preparation, and application of paint.

B. Do not paint piping specialties with factory-applied finish.

C. Damage and Touchup: Repair marred and damaged factory-painted finishes with materials and
procedures to match original factory finish.

CONCRETE BASES

A. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both directions
than supported unit. Follow supported equipment manufacturer's setting templates for anchor bolt and
tie locations. Use 3000-psig, 28-day compressive-strength concrete and reinforcement or as specified.

ERECTION OF METAL SUPPORTS AND ANCHORAGE

A. Cut, fit, and place miscellaneous metal supports accurately in location, alighnment, and elevation to
support and anchor mechanical materials and equipment.

B. Field Welding: Comply with AWS D1.1, "Structural Welding Code--Steel."

CUTTING AND PATCHING

A. Cut, channel, chase, and drill floors, walls, partitions, ceilings, and other surfaces necessary for
mechanical installations. Perform cutting by skilled mechanics of trades involved.

B. Repair cut surfaces to match adjacent surfaces.

GROUTING

A. Install nonmetallic, nonshrink, grout for mechanical equipment base bearing surfaces, pump and other
equipment base plates, and anchors. Mix grout according to manufacturer's written instructions.

B. Clean surfaces that will come into contact with grout.

C. Provide forms as required for placement of grout.

D. Avoid air entrapment during placing of grout.
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Place grout, completely filling equipment bases.
Place grout on concrete bases to provide smooth bearing surface for equipment.
Place grout around anchors.

T o mm

Cure placed grout according to manufacturer's written instructions.

END OF SECTION
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SECTION 23 05 39

HANGER & SUPPORTS FOR HVAC PIPING & EQUIPMENT

PART 1 GENERAL
1.1 SUMMARY
.1 Section includes:

.1 Concrete housekeeping pads, hangers and supports for mechanical piping, ducting and equipment.
1.2 RELATED SECTIONS
.1  Section 01 33 00 - Submittal Procedures.
.2 Section 01 74 21 — Construction/Demolition Waste Management and Disposal
.3 Section 03 30 00 - Cast-in-Place Concrete.
.4 Section 05 12 23 - Structural Steel for Buildings.
.5 Section 05 50 00 - Metal Fabrications.

1.3 REFERENCES
.1 American National Standards Institute/ American Society of Mechanical Engineers (ANSI/ASME)

| ANSI/ASME B31.1, Power Piping, (S| Edition).
2 American Society for Testing and Materials (ASTM)
A ASTM A125, Specification for Steel Springs, Helical, Heat-Treated.
2 ASTM A307, Specification for Carbon Steel Bolts and Studs, 60,000 PSI Tensile Strength.
3 ASTM A563, Specification for Carbon and Alloy Steel Nuts.

.3 Factory Mutual (FM)
.4 Health Canada / Workplace Hazardous Materials Information System (WHMIS).

N Materials Safety Data Sheets (MSDS).
.5 Manufacturer's Standardization Society of the Valves and Fittings Industry (MSS)
i MSS SP-58, Pipe Hangers and Supports - Materials, Design and Manufacture.
2 ANSI/MSS SP-69, Pipe Hangers and Supports - Selection and Application.
3 MSS SP-89, Pipe Hangers and Supports - Fabrication and Installation Practices.

.6 Underwriter's Laboratories of Canada (ULC)

1.4 SYSTEM DESCRIPTION
.1 Design Requirements

.1 Construct pipe hanger and support to manufacturer's recommendations utilizing
manufacturer's regular production components, parts and assemblies.

.2 Base maximum load ratings on allowable stresses prescribed by MSS SP58 or ASME B31.1.

.3 Ensure that supports, guides, anchors do not transmit excessive quantities of heat to building
structure.

.4 Design hangers and supports to support systems under all conditions of operation, allow free
expansion and contraction, prevent excessive stresses from being introduced into pipework
or connected equipment.

.5 Provide for vertical adjustments after erection and during commissioning. Amount of
adjustment to be in accordance with MSS SP58.
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2 Performance Requirements

A Design supports, platforms, catwalks, hangers, to withstand seismic events for location as
per the National Building Code
1.5 SUBMITTALS

A Submittals: in accordance with Section 01 33 00 - Submittal Procedures.
2 Shop drawings: submit drawings stamped and signed for approval by Owner’s Representative.
3 Submit shop drawings and product data for following items:
N Bases, hangers and supports.
2 Connections to equipment and structure.
3 Structural assemblies.
4 Quality assurance submittals: submit following in accordance with Section 01 33 00 - Submittal
Procedures.
i Certificates: submit certificates signed by manufacturer certifying that materials comply
with specified performance characteristics and physical properties.
2 Instructions: submit manufacturer's installation instructions.
i Owner’s Representative will make available 1 copy of systems supplier's
installation instructions.
.5 Closeout Submittals:
| Provide maintenance data for incorporation into manual specified in Section 01 78 00 -

Closeout Submittals
1.6 QUALITY ASSURANCE
.1 Health and Safety:

| Do construction occupational health and safety in accordance with Section 01 35 29.06 -
Health and Safety Requirements.
1.7 DELIVERY, STORAGE, AND HANDLING

N Packing, shipping, handling and unloading:
i Deliver, store and handle in accordance with Section 01 61 00 - Common Product
Requirements.
2 Deliver, store and handle materials in accordance with manufacturer's written instructions.
2 Waste Management and Disposal:
N Construction/Demolition Waste Management and Disposal: separate waste materials for

reuse and recycling in accordance with Section 01 74 21 - Construction/Demolition Waste
Management and Disposal.
PART 2 - PRODUCTS

2.1 GENERAL
A1 Fabricate hangers, supports and sway braces in accordance with ANSI B31.1 and MSS SP-58 and SP-
89.
2 Use components for intended design purpose only. Do not use for rigging or erection purposes.

2.2 PIPE HANGERS

A Finishes:
A Pipe hangers and supports: galvanized painted with zinc-rich paint after manufacture.
2 Use electro-plating galvanizing process or hot dipped galvanizing process.
3 Ensure steel hangers in contact with copper piping are copper plated or epoxy coated.
2 Upper attachment structural: Suspension from lower flange of I-Beam.
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A Cold piping NPS 2 maximum: malleable iron C-clamp with hardened steel cup point
setscrew, locknut and carbon steel retaining clip.
A Rod: 9 mm UL listed, 13 mm FM approved.

2 Cold piping NPS 2 1/2 or greater, hot piping: Malleable iron beam clamp, eye rod, jaws and
extension with carbon steel retaining clip, tie rod, nuts and washers, UL listed, FM
approved where required to MSS-SP58 and MSS-SP69.

3 Upper attachment structural: Suspension from upper flange of I-Beam.

A Cold piping NPS 2 maximum: Ductile iron top-of-beam C-clamp with hardened steel cup
point setscrew, locknut and carbon steel retaining clip, UL listed FM approved where
required to MSS SP69.

2 Cold piping NPS 2 1/2 or greater, all hot piping: Malleable iron top-of-beam jaw-clamp with
hooked rod, spring washer, plain washer and nut UL listed, FM approved where required.
A4 Upper attachment to concrete.
N Ceiling: Carbon steel welded eye rod, clevis plate, clevis pin and cotters with weldless
forged steel eye nut. Ensure eye 6 mm minimum greater than rod diameter.
2 Concrete inserts: wedge shaped body with knockout protector plate UL listed FM approved
where required to MSS SP-69.
.5 Shop and field-fabricated assemblies.
| Trapeze hanger assemblies: MSS SP-89.
2 Steel brackets: MSS SP-89.
3 Sway braces for seismic restraint systems: to MSS SP-89.
.6 Hanger rods: threaded rod material to MSS SP-58.
A Ensure that hanger rods are subject to tensile loading only.
2 Provide linkages where lateral or axial movement of pipework is anticipated.
3 Do not use 22 mm or 28 mm rod.
7 Pipe attachments: material to MSS SP-58.
A Attachments for steel piping: carbon steel galvanized.
2 Attachments for copper piping: copper plated black steel.
3 Use insulation saddles for hot pipework.
A Oversize pipe hangers and supports for insulated pipes.
.8 Adjustable clevis: material to MSS SP-69, UL listed FM approved, where required clevis bolt with
nipple spacer and vertical adjustment nuts above and below clevis.
A Ensure "U" has hole in bottom for rivetting to insulation shields.
.9 Yoke style pipe roll: carbon steel yoke, rod and nuts with cast iron roll, to MSS SP-69.

.10 U-bolts: carbon steel to MSS SP-69 with 2 nuts at each end to ASTM A563.

A Finishes for steel pipework: galvanized.
2 Finishes for copper, glass, brass or aluminum pipework: black with formed portion plastic
coated or epoxy coated.
A1 Pipe rollers: cast iron roll and roll stand with carbon steel rod to MSS SP-69.

2.3 RISER CLAMPS
A Steel or cast iron pipe: galvanized black carbon steel to MSS SP-58, type 42, UL listed FM approved
where required.
2 Copper pipe: carbon steel copper plated to MSS SP-58, type 42.
Bolts: to ASTM A307.
A4 Nuts: to ASTM A563.

w
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2.4 INSULATION PROTECTION SHIELDS

A Insulated cold piping:
A 64 kg/m?3 density insulation plus insulation protection shield to: MSS SP-69, galvanized
sheet carbon steel. Length designed for maximum 3 m span.
2 Insulated hot piping:
N Curved plate 300 mm long, with edges turned up, welded-in centre plate for pipe sizes NPS

12 and over, carbon steel to comply with MSS SP-69.
2.5 CONSTANT SUPPORT SPRING HANGERS

N Springs: alloy steel to ASTM A125, shot peened, magnetic particle inspected, with +/-5% spring rate
tolerance, tested for free height, spring rate, loaded height and provided with Certified Mill Test
Report(CMTR).

2 Load adjustability: 10 % minimum adjustability each side of calibrated load. Adjustment without

special tools. Adjustments not to affect travel capabilities.

3 Provide upper and lower factory set travel stops.

4 Provide load adjustment scale for field adjustments.

.5 Total travel to be actual travel + 20%. Difference between total travel and actual travel 25 mm
minimum.

.6 Individually calibrated scales on each side of support calibrated prior to shipment, complete with

calibration record.

2.6 VARIABLE SUPPORT SPRING HANGERS

A Vertical movement: 13 mm minimum, 50 mm maximum, use single spring pre-compressed variable
spring hangers.

2 Vertical movement greater than 50 mm: use double spring pre-compressed variable spring hanger
with 2 springs in series in single casing.

3 Variable spring hanger to be complete with factory calibrated travel stops. Provide certificate of
calibration for each hanger.

A Steel alloy springs: to ASTM A125, shot peened, magnetic particle inspected, with +/-5 % spring

rate tolerance, tested for free height, spring rate, loaded height and provided with CMTR.

2.7 EQUIPMENT SUPPORTS
N Fabricate equipment supports not provided by equipment manufacturer from structural grade
steel meeting requirements of Section 05 12 23 - Structural Steel for Buildings. Submit calculations
with shop drawings.

2.8 EQUIPMENT ANCHOR BOLTS AND TEMPLATES
A Provide templates to ensure accurate location of anchor bolts.

2.9 PLATFORMS AND CATWALKS

A To Section 05 50 00 - Metal Fabrication.
2.10 HOUSE-KEEPING PADS
A For base-mounted equipment: Concrete, at least 100 mm high, 50 mm larger all around than
equipment, and with chamfered edges.
2 Concrete: to Section 03 30 00 - Cast-in-place Concrete by Division 3.
2.11 OTHER EQUIPMENT SUPPORTS
A From structural grade steel meeting requirements of Section 05 12 23 - Structural Steel for
Buildings.
2 Submit structural calculations with shop drawings.
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PART 3 - EXECUTION
3.1 MANUFACTURER’S INSTRUCTIONS
A Compliance: comply with manufacturer’s written recommendations or specifications, including
product technical bulletins, handling, storage and installation instructions, and datasheet.

3.2 INSTALLATION

| Install in accordance with:
A Manufacturer's instructions and recommendations.
2 Vibration Control Devices:
A Install on piping systems at pumps, boilers, chillers, cooling towers, elsewhere as indicated.
3 Clamps on riser piping:
N Support independent of connected horizontal pipework using riser clamps and riser clamp
lugs welded to riser.
2 Bolt-tightening torques to be to industry standards.
3 Steel pipes: Install below coupling or shear lugs welded to pipe.
4 Cast iron pipes: Install below joint.
4 Clevis plates:
A Attach to concrete with 4 minimum concrete inserts, one at each corner.
.5 Provide supplementary structural steelwork where structural bearings do not exist or where
concrete inserts are not in correct locations.
.6 Use approved constant support type hangers where:
1 vertical movement of pipework is 13 mm or more,
2 transfer of load to adjacent hangers or connected equipment is not permitted.
7 Use variable support spring hangers where:
A transfer of load to adjacent piping or to connected equipment is not critical.
2 variation in supporting effect does not exceed 25 % of total load.
3.3 HANGER SPACING
A Plumbing piping: most stringent requirements of Canadian Plumbing Code
2 Fire protection: to applicable fire code.
3 Gas and fuel oil piping: up to NPS 1/2: every 1.8 m.
4 Copper piping: up to NPS 1/2: every 1.5 m.
.5 Hydronic, steam, condensate, rigid, and flexible joint roll groove pipe: in accordance with table
below, but not less than one hanger at joints.
Maximum Pipe Maximum Spacing: Steel Maximum Spacing: Copper
Size: NPS
up to 1-1/4 21m 1.8m
1-1/2 2.7 m 24 m
2 3.0m 2.7m
2-1/2 3.6m 3.0m
3 3.6m 3.0m
3-1/2 39m 33m
4 42 m 3.6m
5 4.8m
6 51m
8 57m
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Maximum Pipe Maximum Spacing: Steel Maximum Spacing: Copper
Size: NPS
10 6.6 m
12 6.9 m

.6 Within 300 mm of each elbow.

7 Pipework greater than NPS 12: to MSS SP69.

3.4 HANGER INSTALLATION

A Install hanger so that rod is vertical under operating conditions.

2 Adjust hangers to equalize load.

3 Support from structural members. Where structural bearing does not exist or inserts are not in

suitable locations, provide supplementary structural steel members, comprised of angel iron or c-

channel.

3.5 HORIZONTAL MOVEMENT

A Angularity of rod hanger resulting from horizontal movement of pipework from cold to hot position
not to exceed 4 degrees from vertical.
2 Where horizontal pipe movement is less than 13 mm, offset pipe hanger and support so that rod

hanger is vertical in the hot position.

3.6 FINAL ADJUSTMENT

i Adjust hangers and supports:
1 Ensure that rod is vertical under operating conditions.
2 Equalize loads.
2 Adjustable clevis:
i Tighten hanger load nut securely to ensure proper hanger performance.
2 Tighten upper nut after adjustment.
3 C-clamps:
A Follow manufacturer's recommended written instructions and torque values when
tightening C-clamps to bottom flange of beam.
4 Beam clamps:
| Hammer jaw firmly against underside of beam.

TRINITY MEP ENGINEERING, LLC
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SECTION 23 05 53

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions.
1.2 SUMMARY

A. This Section includes the following mechanical identification materials and their installation:

1. Equipment nameplates.

Equipment markers.
Access panel and door markers.
Pipe markers.

vk W

Duct markers.
6. Valve tags.
1.3 SUBMITTALS
A. Product Data: For each type of product indicated.
1.4 COORDINATION
A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where
devices are to be applied.
B. Coordinate installation of identifying devices with location of access panels and doors.
C. Install identifying devices before installing acoustical ceilings and similar concealment.
PART 2 - PRODUCTS
2.1 EQUIPMENT IDENTIFICATION DEVICES
A. Equipment Nameplates: Metal, with data engraved or stamped, for permanent attachment on
equipment.
1. Data:
a. Manufacturer, product name, model number, and serial number.
b. Capacity, operating and power characteristics, and essential data.
c. Labels of tested compliances.
2. Location: Accessible and visible.
3. Fasteners: As required to mount on equipment.
B. Equipment Markers: Engraved, color-coded laminated plastic. Include contact-type, permanent
adhesive.
1. Terminology: Match schedules as closely as possible.
2. Data:
a. Name and plan number.
b. Equipment service.
c. Design capacity.
d. Other design parameters such as pressure drop, entering and leaving conditions, and speed.

IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT
TRINITY MEP ENGINEERING, LLC 230563-1/5



3. Size: 2-1/2 by 4 inches (64 by 100 mm) for control devices, dampers, and valves; 4-1/2 by 6 inches
(115 by 150 mm) for equipment.
4. Fasteners: Self-tapping, stainless-steel screws or contact-type, permanent adhesive.
2.2 PIPING IDENTIFICATION DEVICES
A. Manufactured Pipe Markers, General: Preprinted, color-coded, with lettering indicating service, and
showing direction of flow.
1. Colors: Comply with ASME A13.1, unless otherwise indicated.
2. Lettering: Use piping system terms indicated and abbreviate only as necessary for each application
length.
3. Pipes with OD, Including Insulation, Less Than 6 Inches (150 mm): Full-band pipe markers extending
360 degrees around pipe at each location.
4. Pipes with OD, Including Insulation, 6 Inches (150 mm) and Larger: Either full-band or strip-type pipe
markers at least three times letter height and of length required for label.
5. Arrows: Integral with piping system service lettering to accommodate both directions; or as separate
unit on each pipe marker to indicate direction of flow.
B. Pretensioned Pipe Markers: Precoiled semirigid plastic formed to cover full circumference of pipe and to
attach to pipe without adhesive.
C. Shaped Pipe Markers: Preformed semirigid plastic formed to partially cover circumference of pipe and to
attach to pipe with mechanical fasteners that do not penetrate insulation vapor barrier.
D. Self-Adhesive Pipe Markers: Plastic with pressure-sensitive, permanent-type, self-adhesive back.
E. Plastic Tape: Continuously printed, vinyl tape at least 3 mils (0.08 mm) thick with pressure-sensitive,
permanent-type, self-adhesive back.
1. Width for Markers on Pipes with OD, Including Insulation, Less Than 6 Inches (150 mm): 3/4 inch (19
mm) minimum.
2. Width for Markers on Pipes with OD, Including Insulation, 6 Inches (150 mm) or Larger: 1-1/2 inches
(38 mm) minimum.
2.3 DUCT IDENTIFICATION DEVICES
A. Duct Markers: Engraved, color-coded laminated plastic. Include direction and quantity of airflow and
duct service (such as supply, return, and exhaust). Include contact-type, permanent adhesive.
2.4 VALVE TAGS
A. Valve Tags: Stamped or engraved with 1/4-inch (6.4-mm) letters for piping system abbreviation and 1/2-
inch (13-mm) numbers, with numbering scheme [approved by Architect] <Insert other>. Provide 5/32-
inch (4-mm) hole for fastener.
1. Material: 3/32-inch- (2.4-mm-) thick laminated plastic with 2 black surfaces and white inner layer.
2. Valve-Tag Fasteners: Brass wire-link or beaded chain; or S-hook.
PART 3 - EXECUTION
3.1 APPLICATIONS, GENERAL
A. Products specified are for applications referenced in other Divisions. If more than single-type material,
device, or label is specified for listed applications, selection is Installer's option.
3.2 EQUIPMENT IDENTIFICATION
A. Install and permanently fasten equipment nameplates on each major item of mechanical equipment that
does not have nameplate or has nameplate that is damaged or located where not easily visible. Locate
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nameplates where accessible and visible. Include nameplates for the following general categories of

equipment:

1. Pumps, compressors, chillers, condensers, and similar motor-driven units.

2. Heat exchangers, coils, evaporators, and similar equipment.

3. Fans, blowers, primary balancing dampers, and mixing boxes.

4. Packaged HVAC central-station and zone-type units.

B. Install equipment markers with permanent adhesive on or near each major item of mechanical
equipment. Data required for markers may be included on signs, and markers may be omitted if both
are indicated.

1. Letter Size: Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 inches
(600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately
larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-fourths
the size of principal lettering.

2. Data: Distinguish among multiple units, indicate operational requirements, indicate safety and
emergency precautions, warn of hazards and improper operations, and identify units.

3. Locate markers where accessible and visible. Include markers for the following general categories of
equipment:

a. Main control and operating valves, including safety devices and hazardous units such as gas
outlets.

Fire department hose valves and hose stations.

Meters, gages, thermometers, and similar units.

Pumps, compressors, chillers, condensers, and similar motor-driven units.

Heat exchangers, coils, evaporators, and similar equipment.

Fans, blowers, primary balancing dampers, and mixing boxes.
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Packaged HVAC central-station and zone-type units.
h. Strainers, filters, humidifiers, water-treatment systems, and similar equipment.
C. Install equipment signs with screws or permanent adhesive on or near each major item of mechanical
equipment. Locate signs where accessible and visible.
1. Identify mechanical equipment with equipment markers in the following color codes:
a. Green: For cooling equipment and components.
b. Yellow: For heating equipment and components.
c. Orange: For combination cooling and heating equipment and components.

2. Letter Size: Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 inches
(600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately
larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-fourths
the size of principal lettering.

3. Data: Distinguish among multiple units, indicate operational requirements, indicate safety and
emergency precautions, warn of hazards and improper operations, and identify units.

4. Include signs for the following general categories of equipment:

a. Main control and operating valves, including safety devices.

b. Pumps, compressors, chillers, condensers, and similar motor-driven units.
c. Heat exchangers, coils, evaporators, and similar equipment.

d. Fans, blowers, primary balancing dampers, and mixing boxes.
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e. Packaged HVAC central-station and zone-type units.
f. Tanks and pressure vessels.
g. Strainers, filters, humidifiers, water-treatment systems, and similar equipment.

D. Install access panel markers with screws on equipment access panels.
3.3 PIPING IDENTIFICATION
A. Install manufactured pipe markers indicating service on each piping system. Install with flow indication

arrows showing direction of flow.

1.

Pipes with OD, Including Insulation, Less Than 6 Inches (150 mm): Pretensioned pipe markers. Use
size to ensure a tight fit.

Pipes with OD, Including Insulation, 6 Inches (150 mm) and Larger: Self-adhesive pipe markers. Use
color-coded, self-adhesive plastic tape, at least 1-1/2 inches (38 mm) wide, lapped at least 3 inches
(75 mm) at both ends of pipe marker, and covering full circumference of pipe.

B. Locate pipe markers and color bands where piping is exposed in finished spaces; machine rooms;

accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior nonconcealed

locations as follows:

1.
2.
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7.

Near each valve and control device.

Near each branch connection, excluding short takeoffs for fixtures and terminal units. Where flow
pattern is not obvious, mark each pipe at branch.

Near penetrations through walls, floors, ceilings, and nonaccessible enclosures.

At access doors, manholes, and similar access points that permit view of concealed piping.

Near major equipment items and other points of origination and termination.

Spaced at maximum intervals of 50 feet (15 m) along each run. Reduce intervals to 25 feet (7.6 m) in
areas of congested piping and equipment.

On piping above removable acoustical ceilings. Omit intermediately spaced markers.

3.4 DUCT IDENTIFICATION
A. Install duct markers with permanent adhesive on air ducts in the following color codes:

1.
2. Blue: For exhaust-, outside-, relief-, return-, and mixed-air ducts.

3.

4. Letter Size: Minimum 1/4 inch (6.4 mm) for name of units if viewing distance is less than 24 inches

Green: For cold-air supply ducts.
ASME A13.1 Colors and Designs: For hazardous material exhaust.
(600 mm), 1/2 inch (13 mm) for viewing distances up to 72 inches (1830 mm), and proportionately

larger lettering for greater viewing distances. Include secondary lettering two-thirds to three-fourths
the size of principal lettering.

B. Locate markers near points where ducts enter into concealed spaces and at maximum intervals of 50

feet (15 m) in each space where ducts are exposed or concealed by removable ceiling system.
3.5 VALVE-TAG INSTALLATION
A. Install tags on valves and control devices in piping systems, except check valves; valves within factory-
fabricated equipment units; plumbing fixture supply stops; shutoff valves; faucets; convenience and
lawn-watering hose connections; and HVAC terminal devices and similar roughing-in connections of end-

use fixtures and units. List tagged valves in a valve schedule.
B. Valve-Tag Application Schedule: Tag valves according to size, shape, and color scheme and with captions

similar to those indicated in the following:

1. Valve-Tag Size and Shape:
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a. Cold Water: 1-1/2 inches (38 mm), round.
b. Hot Water: 1-1/2 inches (38 mm), round.
c. Fire Protection: 2 inches (50 mm), round.
C. Valve-Tag Color:
a. Cold Water: Green.
b. Hot Water: Yellow.
c. Fire Protection: Red.
2. Letter Color:
a. Cold Water: White.
b. Hot Water: White.
c. Fire Protection: White.
3.6 VALVE-SCHEDULE INSTALLATION
A. Mount valve schedule on wall in accessible location in each major equipment room.
3.7 ADJUSTING
A. Relocate mechanical identification materials and devices that have become visually blocked by other
work.
3.8 CLEANING
A. Clean faces of mechanical identification devices and glass frames of valve schedules.

END OF SECTION
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SECTION 23 05 93

TESTING, ADJUSTING & BALANCING FOR HVAC

PART 1 - GENERAL
1.1 SUMMARY

A.
B.

WORK WITHIN THIS SECTION SHALL BE OUTSIDE OF CONTRACT AND TO BE PROCURED BY OWNER:
This Section includes testing, adjusting, and balancing HVAC systems to produce design objectives,
including the following:

1. Balancing airflow within distribution systems, including submains, branches, and terminals, to
indicated quantities according to specified tolerances.

Adjusting total HVAC systems to provide indicated quantities.

Measuring electrical performance of HVAC equipment.

Setting quantitative performance of HVAC equipment.

Verifying that automatic control devices are functioning properly.
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Reporting results of the activities and procedures specified in this Section.

Related Sections include the following:

1. Testing and adjusting requirements unique to particular systems and equipment are included in the
Sections that specify those systems and equipment.

2. Field quality-control testing to verify that workmanship quality for system and equipment installation

is specified in system and equipment Sections.

1.2 DEFINITIONS

A.

Adjust: To regulate fluid flow rate and air patterns at the terminal equipment, such as to reduce fan
speed or adjust a damper.

Balance: To proportion flows within the distribution system, including submains, branches, and
terminals, according to design quantities.

Draft: A current of air, when referring to localized effect caused by one or more factors of high air
velocity, low ambient temperature, or direction of airflow, whereby more heat is withdrawn from a
person's skin than is normally dissipated.

Procedure: An approach to and execution of a sequence of work operations to yield repeatable results.
Report Forms: Test data sheets for recording test data in logical order.

Static Head: The pressure due to the weight of the fluid above the point of measurement. In a closed
system, static head is equal on both sides of the pump.

Suction Head: The height of fluid surface above the centerline of the pump on the suction side.

System Effect: A phenomenon that can create undesired or unpredicted conditions that cause reduced
capacities in all or part of a system.

System Effect Factors: Allowances used to calculate a reduction of the performance ratings of a fan
when installed under conditions different from those presented when the fan was performance tested.
Terminal: A point where the controlled medium, such as fluid or energy, enters or leaves the distribution
system.

Test: A procedure to determine quantitative performance of a system or equipment.
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L. Testing, Adjusting, and Balancing Agent: The entity responsible for performing and reporting the testing,
adjusting, and balancing procedures.

M. AABC: Associated Air Balance Council.

N. CTI: Cooling Tower Institute.

O. NEBB: National Environmental Balancing Bureau.

P. SMACNA: Sheet Metal and Air Conditioning Contractors' National Association.

1.3 SUBMITTALS
A. Quality-Assurance Submittals: Within 30 days from the Contractor's Notice to Proceed, submit 2 copies
of evidence that the testing, adjusting, and balancing Agent and this Project's testing, adjusting, and
balancing team members meet the qualifications specified in the "Quality Assurance" Article below.
B. Certified Testing, Adjusting, and Balancing Reports: Submit 2 copies of reports prepared, as specified in
this Section, on approved forms certified by the testing, adjusting, and balancing Agent.
C. Warranty: Submit 2 copies of special warranty specified in the "Warranty" Article below.
1.4 QUALITY ASSURANCE
A. Agent Qualifications for larger projects: Engage a testing, adjusting, and balancing agent certified by
AABC.
B. Agent Qualifications for smaller projects: Engage a testing, adjusting, and balancing agent certified by
NEBB.
C. Certification of Testing, Adjusting, and Balancing Reports: Certify the testing, adjusting, and balancing
field data reports. This certification includes the following:
1. Review field data reports to validate accuracy of data and to prepare certified testing, adjusting, and
balancing reports.
2. Certify that the testing, adjusting, and balancing team complied with the approved testing, adjusting,
and balancing plan and the procedures specified and referenced in this Specification.
D. Testing, Adjusting, and Balancing Reports: Use standard forms from AABC's "National Standards for
Testing, Adjusting, and Balancing."
E. Testing, Adjusting, and Balancing Reports: Use standard forms from NEBB's "Procedural Standards for
Testing, Adjusting, and Balancing of Environmental Systems."
F. Instrumentation Type, Quantity, and Accuracy: As described in AABC national standards.
G. Instrumentation Type, Quantity, and Accuracy: As described in NEBB's "Procedural Standards for
Testing, Adjusting, and Balancing of Environmental Systems," Section Il, "Required Instrumentation for
NEBB Certification."
H. Instrumentation Calibration: Calibrate instruments at least every 6 months or more frequently if
required by the instrument manufacturer.
1.5 PROJECT CONDITIONS
A. Partial Owner Occupancy: The Owner may occupy completed areas of the building before Substantial
Completion. Cooperate with the Owner during testing, adjusting, and balancing operations to minimize
conflicts with the Owner's operations.
1.6 COORDINATION
A. Coordinate the efforts of factory-authorized service representatives for systems and equipment, HVAC
controls installers, and other mechanics to operate HVAC systems and equipment to support and assist
testing, adjusting, and balancing activities.
B. Notice: Provide 7 days' advance notice for each test. Include scheduled test dates and times.
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C. Perform testing, adjusting, and balancing after leakage and pressure tests on air and water distribution

systems have been satisfactorily completed.
1.7 WARRANTY

A. General Warranty: The national project performance guarantee specified in this Article shall not deprive
the Owner of other rights the Owner may have under other provisions of the Contract Documents and
shall be in addition to, and run concurrent with, other warranties made by the Contractor under
requirements of the Contract Documents.

PART 2 - PRODUCTS (Not Applicable)
PART 3 - EXECUTION
3.1 EXAMINATION

A. Examine Contract Documents to become familiar with project requirements and to discover conditions in
systems' designs that may preclude proper testing, adjusting, and balancing of systems and equipment.
1. Contract Documents are defined in the General and Supplementary Conditions of the Contract.

2. Verify that balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices,
balancing valves and fittings, and manual volume dampers, are required by the Contract Documents.
Verify that quantities and locations of these balancing devices are accessible and appropriate for
effective balancing and for efficient system and equipment operation.

B. Examine approved submittal data of HVAC systems and equipment.

C. Examine project record documents described in specifications.

D. Examine Architect's and Engineer's design data, including HVAC system descriptions, statements of
design assumptions for environmental conditions and systems' output, and statements of philosophies
and assumptions about HVAC system and equipment controls.

E. Examine equipment performance data, including fan and pump curves. Relate performance data to
project conditions and requirements, including system effects that can create undesired or unpredicted
conditions that cause reduced capacities in all or part of a system. Calculate system effect factors to
reduce the performance ratings of HVAC equipment when installed under conditions different from
those presented when the equipment was performance tested at the factory. To calculate system
effects for air systems, use tables and charts found in AMCA 201, "Fans and Systems," Sections 7 through
10; or in SMACNA's "HVAC Systems--Duct Design," Sections 5 and 6. Compare this data with the design
data and installed conditions.

F. Examine system and equipment installations to verify that they are complete and that testing, cleaning,
adjusting, and commissioning specified in individual Specification Sections have been performed.

G. Examine system and equipment test reports.

H. Examine HVAC system and equipment installations to verify that indicated balancing devices, such as test
ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual
volume dampers, are properly installed, and their locations are accessible and appropriate for effective
balancing and for efficient system and equipment operation.

I. Examine systems for functional deficiencies that cannot be corrected by adjusting and balancing.

J.  Examine air-handling equipment to ensure clean filters have been installed, bearings are greased, belts
are aligned and tight, and equipment with functioning controls is ready for operation.

K. Examine terminal units, such as variable-air-volume boxes and mixing boxes, to verify that they are
accessible and their controls are connected and functioning.

L. Examine equipment for installation and for properly operating safety interlocks and controls.

M. Examine automatic temperature system components to verify the following:
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1. Dampers, valves, and other controlled devices operate by the intended controller.

2. Dampers and valves are in the position indicated by the controller.

3. Integrity of valves and dampers for free and full operation and for tightness of fully closed and fully
open positions. This includes dampers in multizone units, mixing boxes, and variable-air-volume
terminals.

Thermostats and humidistats are located to avoid adverse effects of sunlight, drafts, and cold walls.
Sensors are located to sense only the intended conditions.

Sequence of operation for control modes is according to the Contract Documents.

N o u s

Controller set points are set at design values. Observe and record system reactions to changes in
conditions. Record default set points if different from design values.
8. Interlocked systems are operating.
9. Changeover from heating to cooling mode occurs according to design values.
N. Report deficiencies discovered before and during performance of testing, adjusting, and balancing
procedures.
3.2 PREPARATION
A. Complete system readiness checks and prepare system readiness reports. Verify the following:
1. Permanent electrical power wiring is complete.
Automatic temperature-control systems are operational.
Equipment and duct access doors are securely closed.
Balance, fire dampers are open.
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Ceilings are installed in critical areas where air-pattern adjustments are required and access to
balancing devices is provided.

6. Windows and doors can be closed so design conditions for system operations can be met.
3.3 GENERAL TESTING AND BALANCING PROCEDURES

A. Perform testing and balancing procedures on each system according to the procedures contained in
AABC national standards and this Section.

B. Perform testing and balancing procedures on each system according to the procedures contained in
NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" and this
Section.

C. Cutinsulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum
extent necessary to allow adequate performance of procedures. After testing and balancing, close probe
holes and patch insulation with new materials identical to those removed. Restore vapor barrier and
finish according to the insulation Specifications for this Project.

D. Mark equipment settings with paint or other suitable, permanent identification material, including
damper-control positions, valve indicators, fan-speed-control levers, and similar controls and devices, to
show final settings.

3.4 FUNDAMENTAL AIR SYSTEMS' BALANCING PROCEDURES

A. Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and recommended

testing procedures. Crosscheck the summation of required outlet volumes with required fan volumes.

B. Prepare schematic diagrams of systems' "as-built" duct layouts.

C. Forvariable-air-volume systems, develop a plan to simulate diversity.

D. Check the airflow patterns from the outside-air louvers and dampers and the return- and exhaust-air
dampers, through the supply-fan discharge and mixing dampers.

E. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
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Verify that motor starters are equipped with properly sized thermal protection.
Check dampers for proper position to achieve desired airflow path.
Check for airflow blockages.

—Tom

Check condensate drains for proper connections and functioning.
J.  Check for proper sealing of air-handling unit components.
3.5 CONSTANT-VOLUME AIR SYSTEMS' BALANCING PROCEDURES
A. The procedures in this Article apply to constant-volume supply-, return-, and exhaust-air systems.
B. Adjust fans to deliver total design airflows within the maximum allowable rpm listed by the fan
manufacturer.

1. Measure fan static pressures to determine actual static pressure as follows:

a. Measure outlet static pressure as far downstream from the fan as practicable and upstream from
restrictions in ducts such as elbows and transitions.

b. Measure static pressure directly at the fan outlet or through the flexible connection.

c. Measure inlet static pressure of single-inlet fans in the inlet duct as near the fan as possible,
upstream from flexible connection and downstream from duct restrictions.

2. Measure static pressure across each air-handling unit component.

a. Simulate dirty filter operation and record the point at which maintenance personnel must change
filters.

3. Compare design data with installed conditions to determine variations in design static pressures
versus actual static pressures. Compare actual system effect factors with calculated system effect
factors to identify where variations occur. Recommend corrective action to align design and actual
conditions.

4. Adjust fan speed higher or lower than design with the approval of the Architect. Make required
adjustments to pulley sizes, motor sizes, and electrical connections to accommodate fan-speed
changes.

5. Do not make fan-speed adjustments that result in motor overload. Consult equipment manufacturers
about fan-speed safety factors. Modulate dampers and measure fan-motor amperage to ensure no
overload will occur. Measure amperage in full cooling, full heating, and economizer modes to
determine the maximum required brake horsepower.

C. Adjust volume dampers for main duct, submain ducts, and major branch ducts to design airflows within
specified tolerances.

1. Measure static pressure at a point downstream from the balancing damper and adjust volume
dampers until the proper static pressure is achieved.

a. Where sufficient space in submains and branch ducts is unavailable for Pitot-tube traverse
measurements, measure airflow at terminal outlets and inlets and calculate the total airflow for
that zone.

2. Remeasure each submain and branch duct after all have been adjusted. Continue to adjust submains
and branch ducts to design airflows within specified tolerances.

D. Measure terminal outlets and inlets without making adjustments.

1. Measure terminal outlets using a direct-reading hood or the outlet manufacturer's written
instructions and calculating factors.

E. Adjust terminal outlets and inlets for each space to design airflows within specified tolerances of design
values. Make adjustments using volume dampers rather than extractors and the dampers at the air
terminals.
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1. Adjust each outlet in the same room or space to within specified tolerances of design quantities
without generating noise levels above the limitations prescribed by the Contract Documents.
2. Adjust patterns of adjustable outlets for proper distribution without drafts.

3.6 MOTORS

A.

Motors, 1/2 HP and Larger: Test at final balanced conditions and record the following data:
1. Manufacturer, model, and serial numbers.

Motor horsepower rating.

Motor rpm.

Efficiency rating if high-efficiency motor.

Nameplate and measured voltage, each phase.

Nameplate and measured amperage, each phase.
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Starter thermal-protection-element rating.

Motors Driven by Variable-Frequency Controllers: Test for proper operation at speeds varying from
minimum to maximum. Test the manual bypass for the controller to prove proper operation. Record
observations, including controller manufacturer, model and serial numbers, and nameplate data.

3.7 CONDENSING UNITS

A

Verify proper rotation of fans and measure entering- and leaving-air temperatures. Record compressor
data.

3.8 HEAT-TRANSFER COILS

A.

Electric-Heating Coils: Measure the following data for each coil:

1. Nameplate data.

Airflow.

Entering- and leaving-air temperatures at full load.

Voltage and amperage input of each phase at full load and at each incremental stage.
Calculated kW at full load.

6. Fuse or circuit-breaker rating for overload protection.
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3.9 TEMPERATURE TESTING

A.

B.

During testing, adjusting, and balancing, report need for adjustment in temperature regulation within
the automatic temperature-control system.
Measure outside-air, wet- and dry-bulb temperatures.

3.10 TEMPERATURE-CONTROL VERIFICATION

A.
B.

mmoo

Verify that controllers are calibrated and commissioned.

Check transmitter and controller locations and note conditions that would adversely affect control
functions.

Record controller settings and note variances between set points and actual measurements.

Verify operation of limiting controllers (i.e., high- and low-temperature controllers).

Verify free travel and proper operation of control devices such as damper and valve operators.

Verify sequence of operation of control devices. Note air pressures and device positions and correlate
with airflow and water-flow measurements. Note the speed of response to input changes.

Confirm interaction of electrically operated switch transducers.

Confirm interaction of interlock and lockout systems.

Verify main control supply-air pressure and observe compressor and dryer operations.

Record voltages of power supply and controller output. Determine if the system operates on a grounded
or nongrounded power supply.
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K. Note operation of electric actuators using spring return for proper fail-safe operations.
3.11 TOLERANCES
A. Set HVAC system airflow and water flow rates within the following tolerances:
1. Supply and Exhaust Fans: Plus 5 to plus 10 percent.
2. Air Outlets and Inlets: 0 to minus 10 percent.
3. Cooling-Water Flow Rate: 0to minus 5 percent.
3.12 FINAL REPORT
A. General: Typewritten, or computer printout in letter-quality font, on standard bond paper, in 3-ring
binder, tabulated and divided into sections by tested and balanced systems.
B. Include a certification sheet in front of binder signed and sealed by the certified testing and balancing
engineer.
1. Include a list of the instruments used for procedures, along with proof of calibration.
C. Final Report Contents: In addition to the certified field report data, include the following:
1. Fan curves.
2. Manufacturers' test data.
3. Field test reports prepared by system and equipment installers.
4. Other information relative to equipment performance, but do not include approved Shop Drawings
and Product Data.
D. General Report Data: In addition to the form titles and entries, include the following data in the final
report, as applicable:
Title page.
Name and address of testing, adjusting, and balancing Agent.
Project name.
Project location.
Architect's name and address.
Engineer's name and address.
Contractor's name and address.
Report date.
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Signature of testing, adjusting, and balancing Agent who certifies the report.
10.  Summary of contents, including the following:

a. Design versus final performance.

b. Notable characteristics of systems.

c. Description of system operation sequence if it varies from the Contract Documents.
11. Nomenclature sheets for each item of equipment.
12. Data for terminal units, including manufacturer, type size, and fittings.
13. Notes to explain why certain final data in the body of reports vary from design values.
14.  Test conditions for fans and pump performance forms, including the following:
Settings for outside-, return-, and exhaust-air dampers.
Conditions of filters.
Cooling coil, wet- and dry-bulb conditions.
Face and bypass damper settings at coils.
Fan drive settings, including settings and percentage of maximum pitch diameter.
Settings for supply-air, static-pressure controller.

U

Other system operating conditions that affect performance.
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E. System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present with
single-line diagrams and include the following:

Quantities of outside, supply, return, and exhaust airflows.

Water and steam flow rates.

Duct, outlet, and inlet sizes.

Pipe and valve sizes and locations.

Terminal units.
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Balancing stations.
F. Roof Top Unit Test Reports: For air-handling units with coils, include the following:
1. Unit Data: Include the following:
a. Unit identification.
Location.
Make and type.
Model number and unit size.
Manufacturer's serial number.
Unit arrangement and class.
Discharge arrangement.
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Sheave make, size in inches (mm), and bore.
Number of belts, make, and size.

j. Number of filters, type, and size.
2. Motor Data: Include the following:

a. Make and frame type and size.

b. Horsepower and rpm.

c. Volts, phase, and hertz.

d. Full-load amperage and service factor.
3. Test Data: Include design and actual values for the following:
Total airflow rate in cfm (L/s).
Total system static pressure in inches wg (Pa).
Fan rpm.
Discharge static pressure in inches wg (Pa).
Preheat coil static-pressure differential in inches wg (Pa).
Cooling coil static-pressure differential in inches wg (Pa).
Heating coil static-pressure differential in inches wg (Pa).
Outside airflow in cfm (L/s).
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Return airflow in cfm (L/s).
j. Outside-air damper position.
k. Return-air damper position.
|. Discharge air temperature
G. Electric-Coil Test Reports: For electric duct coils, and electric coils installed in central-station air-handling
units, include the following:
1. Unit Data: Include the following:
a. System identification.
b. Location.
c. Coil identification.
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Capacity in Btuh (kW).

Number of stages.

Connected volts, phase, and hertz.
Rated amperage.

Sm 0o

Discharge air temperature

2. Test Data: Include design and actual values for the following:
Heat output in Btuh (kW).

Airflow rate in cfm (L/s).

Air velocity in fpm (m/s).

Entering-air temperature in deg F (deg C).

Leaving-air temperature in deg F (deg C).

Voltage at each connection.
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Amperage for each phase.
H. Fan Test Reports: For exhaust fans, include the following:
1. Fan Data: Include the following:
a. System identification.
b. Location.
c. Make and type.
d. Model number and size.
e. Manufacturer's serial number.
f. Arrangement and class.
2. Motor Data: Include the following:
a. Make and frame type and size.
b. Horsepower and rpm.
c. Volts, phase, and hertz.
d. Full-load amperage and service factor.
e. Number of belts, make, and size.
3. Test Data: Include design and actual values for the following:
a. Total airflow rate in cfm (L/s).
b. Total system static pressure in inches wg (Pa).
c. Fanrpm.
d. Discharge static pressure in inches wg (Pa).
e. Suction static pressure in inches wg (Pa).
I. Condenser Reports: For refrigerant side of unitary systems, stand-alone refrigerant compressors, air-
cooled condensing units, include the following:

1. Unit Data: Include the following:
a. Unit identification.
b. Location.
¢. Unit make and model number.
d. Manufacturer's compressor serial numbers.
e. Compressor make.
f. Compressor model and serial numbers.

g. Refrigerant weight in Ib (kg).
2. Test Data: Include design and actual values for the following:
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Entering-air, dry-bulb temperature in deg F (deg C).
Leaving-air, dry-bulb temperature in deg F (deg C).
Control settings.

Unloader set points.

Low-pressure-cutout set point in psig (kPa).
High-pressure-cutout set point in psig (kPa).
Suction pressure in psig (kPa).
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Suction temperature in deg F (deg C).

Condenser refrigerant pressure in psig (kPa).
Condenser refrigerant temperature in deg F (deg C).
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Oil pressure in psig (kPa).

Oil temperature in deg F (deg C).
. Voltage at each connection.
Amperage for each phase.
The kW input.
p. Number of fans.
3.13 ADDITIONAL TESTS
A. Within 90 days of completing testing, adjusting, and balancing, perform additional testing and balancing
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to verify that balanced conditions are being maintained throughout and to correct unusual conditions.

END OF SECTION
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SECTION 23 07 13

DUCT INSULATION

PART 1 - GENERAL

1.1

1.2

13

1.4

1.5

1.6

SUMMARY

A. This Section includes semirigid and flexible duct, plenum, and breeching insulation; insulating cements;
field-applied jackets; accessories and attachments; and sealing compounds.

SUBMITTALS

A. Product Data: Identify thermal conductivity, thickness, and jackets (both factory and field applied, if
any), for each type of product indicated.

QUALITY ASSURANCE

A. Fire-Test-Response Characteristics: As determined by testing materials identical to those specified in this
Section according to ASTM E 84, by a testing and inspecting agency acceptable to authorities having
jurisdiction. Factory label insulation and jacket materials and sealer and cement material containers with
appropriate markings of applicable testing and inspecting agency.
1. Insulation Installed Indoors: Flame-spread rating of 25 or less, and smoke-developed rating of 50 or

less.
2. Insulation Installed Outdoors: Flame-spread rating of 75 or less, and smoke-developed rating of 150
or less.

DELIVERY, STORAGE, AND HANDLING

A. Packaging: Ship insulation materials in containers marked by manufacturer with appropriate ASTM
specification designation, type and grade, and maximum use temperature.

B. Deliver and store all insulation with protective material until installation. Any material left exposed to
moisture and/or particulates shall be removed and replaced.

C. Any installed insulation left temporarily incomplete shall be covered with protective material until final
connections can be installed.

COORDINATION

A. Coordinate clearance requirements with duct Installer for insulation application.

SCHEDULING

A. Schedule insulation application after testing duct systems. Insulation application may begin on segments
of ducts that have satisfactory test results.

PART 2 - PRODUCTS

2.1

2.2

2.3

MANUFACTURERS
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
1. Mineral-Fiber Insulation:
a. CertainTeed Manson.
b. Knauf FiberGlass GmbH.
c. Owens-Corning Fiberglas Corp.
d. Schuller International,Inc.
INSULATION MATERIALS
A. Mineral-Fiber Blanket Thermal Insulation: Glass fibers bonded with a thermosetting resin. Comply with
ASTM C 553, Type Il, with all-service jacket manufactured from kraft paper, reinforcing scrim, aluminum
foil, and vinyl film
Field Applied Jacket
A. Foil and paper Jacket: Laminated, glass-fiber-reinforced, flame-retardant kraft paper and aluminum foil.

2.4 ACCESSORIES AND ATTACHMENTS
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A. Glass Cloth and Tape: Comply with MIL-C-20079H, Type | for cloth and Type Il for tape. Woven glass-
fiber fabrics, plain weave, presized a minimum of 8 0z./sq. yd. (270 g/sg. m).

1. Tape Width: 4 inches (100 mm).

B. Adhesive-Attached Anchor Pins and Speed Washers: Galvanized steel plate, pin, and washer
manufactured for attachment to duct and plenum with adhesive. Pin length sufficient for insulation
thickness indicated.

1. Adhesive: Recommended by the anchor pin manufacturer as appropriate for surface temperatures of
ducts, plenums, and breechings; and to achieve a holding capacity of 100 Ib (45 kg) for direct pull
perpendicular to the adhered surface.

2.5 VAPOR RETARDERS

A. Mastics: Materials recommended by insulation material manufacturer that are compatible with

insulation materials, jackets, and substrates.
PART 3 - EXECUTION
3.1 EXAMINATION

A. Examine substrates and conditions for compliance with requirements for installation and other
conditions affecting performance of insulation application.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will adversely
affect insulation application.

3.3 GENERAL APPLICATION REQUIREMENTS

A. Apply insulation materials, accessories, and finishes according to the manufacturer's written instructions;
with smooth, straight, and even surfaces; and free of voids throughout the length of ducts and fittings.

B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses required for
each duct system.

C. Use accessories compatible with insulation materials and suitable for the service. Use accessories that
do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.

D. Apply multiple layers of insulation with longitudinal and end seams staggered.

E. Sealjoints and seams with vapor-retarder mastic on insulation indicated to receive a vapor retarder.

F. Keep insulation materials dry during application and finishing.

G. Apply insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive
recommended by the insulation material manufacturer.

H. Apply insulation with the least number of joints practical.

Apply insulation over fittings and specialties, with continuous thermal and vapor-retarder integrity,

unless otherwise indicated.

J.  Hangers and Anchors: Where vapor retarder is indicated, seal penetrations in insulation at hangers,
supports, anchors, and other projections with vapor-retarder mastic. Apply insulation continuously
through hangers and around anchor attachments.

K. Insulation Terminations: For insulation application where vapor retarders are indicated, seal ends with a
compound recommended by the insulation material manufacturer to maintain vapor retarder.

L. Apply insulation with integral jackets as follows:

1. Pull jacket tight and smooth.

2. Joints and Seams: Cover with tape and vapor retarder as recommended by insulation material
manufacturer to maintain vapor seal.

3. Vapor-Retarder Mastics: Where vapor retarders are indicated, apply mastic on seams and joints and
at ends adjacent to duct flanges and fittings.

M. Cut insulation according to manufacturer's written instructions to prevent compressing insulation to less
than 75 percent of its nominal thickness.

N. Install vapor-retarder mastic on ducts and plenums scheduled to receive vapor retarders.
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1. Ducts with Vapor Retarders: Overlap insulation facing at seams and seal with vapor-retarder mastic
and pressure-sensitive tape having same facing as insulation. Repair punctures, tears, and
penetrations with tape or mastic to maintain vapor-retarder seal.

2. Ducts without Vapor Retarders: Overlap insulation facing at seams and secure with outward clinching
staples and pressure-sensitive tape having same facing as insulation.

Roof Penetrations: Apply insulation for interior applications to a point even with top of roof flashing.

1. Seal penetrations with vapor-retarder mastic.

2. Apply insulation for exterior applications tightly joined to interior insulation ends.

3. Seal insulation to roof flashing with vapor-retarder mastic.

Interior Wall and Partition Penetrations: Apply insulation continuously through walls and partitions,

except fire-rated walls and partitions.

Fire-Rated Wall and Partition Penetrations: Terminate insulation at fire/smoke damper sleeves for fire-

rated wall and partition penetrations.

Floor Penetrations: Terminate insulation at underside of floor assembly and at floor support at top of

floor.

1. For insulation indicated to have vapor retarders, taper termination and seal insulation ends with
vapor-retarder mastic.

3.4 MINERAL-FIBER INSULATION APPLICATION

A.

Blanket Applications for Ducts and Plenums: Secure blanket insulation with adhesive and anchor pins

and speed washers.

1. Apply adhesives according to manufacturer's recommended coverage rates per square foot, for 100
percent coverage of duct and plenum surfaces.

2. Install anchor pins and speed washers on sides and bottom of horizontal ducts and all sides of vertical

ducts as follows:

a. On duct sides with dimensions 18 inches (450 mm) and smaller, along longitudinal centerline of
duct. Space 3 inches (75 mm) maximum from insulation end joints, and 16 inches (400 mm) o.c.

b. On duct sides with dimensions larger than 18 inches (450 mm). Space 16 inches (400 mm) o.c.
each way, and 3 inches (75 mm) maximum from insulation joints. Apply additional pins and clips to
hold insulation tightly against surface at cross bracing.

c. Anchor pins may be omitted from top surface of horizontal, rectangular ducts and plenums.

d. Do not overcompress insulation during installation.

Impale insulation over anchors and attach speed washers.

4. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface.
Cover exposed pins and washers with tape matching insulation facing.

5. Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches (50 mm)
from one edge and one end of insulation segment. Secure laps to adjacent insulation segment with
1/2-inch (13-mm) staples, 1 inch (25 mm) o.c., and cover with pressure-sensitive tape having same
facing as insulation.

6. Overlap unfaced blankets a minimum of 2 inches (50 mm) on longitudinal seams and end joints.
Secure with steel band at end joints and spaced a maximum of 18 inches (450 mm) o.c.

7. Apply insulation on rectangular duct elbows and transitions with a full insulation segment for each
surface. Apply insulation on round duct elbows with individually mitered gores cut to fit the elbow.

8. Insulate duct stiffeners, hangers, and flanges that protrude beyond the insulation surface with 6-inch-
(150-mm-) wide strips of the same material used to insulate duct. Secure on alternating sides of
stiffener, hanger, and flange with anchor pins spaced 6 inches (150 mm) o.c.

9. Apply vapor-retarder mastic to open joints, breaks, and punctures for insulation indicated to receive
vapor retarder.

w

3.5 DUCT SYSTEM APPLICATIONS

A.
B.

Insulation materials and thicknesses are specified in schedules at the end of this Section.
Materials and thicknesses for systems listed below are specified in schedules at the end of this Section.
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C. Insulate the following plenums and duct systems:
1. Indoor concealed supply-, return-, and outside-air ductwork.
2. Indoor exposed supply-, return-, and outside-air ductwork.
3. Indoor concealed range-hood exhaust ductwork.
4. Indoor concealed dishwasher ductwork.
D. Items Not Insulated: Unless otherwise indicated, do not apply insulation to the following systems,
materials, and equipment:
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7.

Factory-insulated flexible ducts.

Factory-insulated plenums, casings, terminal boxes, and filter boxes and sections.
Flexible connectors.

Vibration-control devices.

Testing agency labels and stamps.

Nameplates and data plates.

Access panels and doors in air-distribution systems.

3.6 INDOOR DUCT AND PLENUM APPLICATION SCHEDULE
A. Service: Round and rectangular, supply-air ducts, concealed.

1.
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Material: Mineral-fiber blanket.
Thickness: 3 inches (R-8 or greater)
Number of Layers: One.
Field-Applied Jacket: Foil and paper.
. Vapor Retarder Required: Yes.

B. SerV|ce Round and rectangular, return-air ducts, outside air duct, concealed or exposed.

1.
2.
3.
4.
5.

Material: Mineral-fiber blanket.
Thickness: 2 inches (50 mm).
Number of Layers: One.
Field-Applied Jacket: Foil and Paper
Vapor Retarder Required: Yes.

C. Service: Round and rectangular, supply and return-air ducts, exposed and in mechanical rooms.

1.
2.
3.
4.
5.

Material: 2" liner insulation
Thickness: 2 inches (50 mm).
Number of Layers: One.
Field-Applied Jacket: None.
Vapor Retarder Required: No

D. Service: Round and rectangular, exhaust air ducts, concealed & exposed and in mechanical rooms.

e wWwN e

Material: 1" Interior liner
Thickness: 1 inches

Number of Layers: One.
Field-Applied Jacket: None.
Vapor Retarder Required: No

END OF SECTION
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SECTION 23 07 19
PIPE INSULATION

PART 1 - GENERAL

1.1

A

1.2

13

14

1.5

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 preformed, rigid, and flexible pipe insulation; insulating cements; field-
applied jackets; accessories and attachments; and sealing compounds.

Related Sections include the following:

1. Division 23 Section "Duct Insulation" for insulation for ducts and plenums.
2. Division 23 Section "Equipment Insulation” for insulation materials and application for
pumps, tanks, hydronic specialties, and other equipment.
3. Division 23 Section "Hangers and Supports" for pipe insulation shields and protection
saddles.
SUBMITTALS

Product Data: Identify thermal conductivity, thickness, and jackets (both factory and field
applied, if any), for each type of product indicated.

QUALITY ASSURANCE

Fire-Test-Response Characteristics: As determined by testing materials identical to those
specified in this Section according to ASTM E 84, by a testing and inspecting agency acceptable
to authorities having jurisdiction. Factory label insulation and jacket materials and sealer and
cement material containers with appropriate markings of applicable testing and inspecting
agency.

1. Insulation Installed Indoors: Flame-spread rating of 25 or less and smoke-developed
rating of 50 or less.
2. Insulation Installed Outdoors: Flame-spread rating of 75 or less and smoke-developed

rating of 150 or less.

DELIVERY, STORAGE, AND HANDLING

HVAC PIPE INSULATION
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A

1.6

A

B.

C.

1.7

A

Packaging: Ship insulation materials in containers marked by manufacturer with appropriate
ASTM specification designation, type and grade, and maximum use temperature.
COORDINATION

Coordinate size and location of supports, hangers, and insulation shields specified in
Division 15 Section "Hangers and Supports."

Coordinate clearance requirements with piping Installer for insulation application.

Coordinate installation and testing of steam or electric heat tracing.

SCHEDULING

Schedule insulation application after testing piping systems and, where required, after
installing and testing heat-trace tape. Insulation application may begin on segments of piping
that have satisfactory test results.

PART 2 - PRODUCTS

2.1

A

2.2

A

MANUFACTURERS

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

1. Mineral-Fiber Insulation:
a. CertainTeed Manson.
b. Knauf FiberGlass GmbH.
C. Owens-Corning Fiberglas Corp.
d. Schuller International, Inc.

2. Cellular-Glass Insulation:
a. RBX Corporation; Insul-Sheet 1800 and Insul-Tube 180.

3. Flexible Elastomeric Thermal Insulation:
a. Armstrong World Industries, Inc.
b. Rubatex Corp.

INSULATION MATERIALS

Mineral-Fiber Insulation: Glass fibers bonded with a thermosetting resin complying with the
following:

1. Preformed Pipe Insulation: Comply with ASTM C 547, Type 1, with factory-applied, all-
purpose, vapor-retarder jacket.

HVAC PIPE INSULATION
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2. Fire-Resistant Adhesive: Comply with MIL-A-3316C in the following classes and grades:

a. Class 1, Grade A for bonding glass cloth and tape to unfaced glass-fiber insulation,
for sealing edges of glass-fiber insulation, and for bonding lagging cloth to
unfaced glass-fiber insulation.

b. Class 2, Grade A for bonding glass-fiber insulation to metal surfaces.

3. Vapor-Retarder Mastics: Fire- and water-resistant, vapor-retarder mastic for indoor
applications. Comply with MIL-C-19565C, Type II.
4, Mineral-Fiber Insulating Cements: Comply with ASTM C 195.

5. Expanded or Exfoliated Vermiculite Insulating Cements: Comply with ASTM C 196.
6. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C
449/C 449M.
B. Cellular-Glass Insulation: Inorganic, foamed or cellulated glass, annealed, rigid, hermetically

sealed cells, incombustible.

1. Preformed Pipe Insulation, without Jacket: Comply with ASTM C 552, Type I, Class 1.
2. Preformed Pipe Insulation, with Jacket: Comply with ASTM C 552, Type Il, Class 2.

C. Closed-Cell Phenolic-Foam Insulation: Preformed pipe insulation of rigid, expanded, closed-cell
structure. Comply with ASTM C 1126, Type lll, Grade 1.

D. Flexible Elastomeric Thermal Insulation used on Refrigerant Piping: Closed-cell, sponge- or
expanded-rubber materials. Comply with ASTM C 534, Type | for tubular materials.

1. Adhesive: As recommended by insulation material manufacturer.
2. Ultraviolet-Protective Coating: As recommended by insulation manufacturer.

E. Prefabricated Thermal Insulating Fitting Covers: Comply with ASTM C 450 for dimensions used
in pre-forming insulation to cover valves, elbows, tees, and flanges.
2.3 FIELD-APPLIED JACKETS
A. General: ASTM C 921, Type 1, unless otherwise indicated.

B. Foil and Paper Jacket: Laminated, glass-fiber-reinforced, flame-retardant Kraft paper and
aluminum foil.

C. Standard PVC Fitting Covers: Factory-fabricated fitting covers manufactured from 20-mil- (0.5-
mm-) thick, high-impact, ultraviolet-resistant PVC.

1. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, flanges,
reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and supply
covers for lavatories for the disabled.

2. Adhesive: As recommended by insulation material manufacturer.

HVAC PIPE INSULATION
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2.5

Aluminum Jacket: Factory cut and roll to indicated sizes. Comply with ASTM B 209
(ASTM B 209M), 3003 alloy, H-14 temper.

1. Finish and Thickness: Smooth finish, 0.010 inch (0.25 mm) thick.

2. Moisture Barrier: 1-mil- (0.025-mm-) thick, heat-bonded polyethylene and Kraft paper.

3. Elbows: Preformed, 45- and 90-degree, short- and long-radius elbows; same material,
finish, and thickness as jacket.

Underground Direct-Buried Jacket: 125-mil-thick vapor barrier and waterproofing membrane
consisting of a rubberized bituminous resin reinforced with a woven-glass fiber or polyester
scrim and laminated aluminum foil.
1. Products:
a. Pittsburgh Corning Corporation; Pittwrap.
b. Polyguard; Insulrap No Torch 125.
ACCESSORIES AND ATTACHMENTS

Glass Cloth and Tape: Comply with MIL-C-20079H, Type | for cloth and Type Il for tape.
Woven glass-fiber fabrics, plain weave, presized a minimum of 8 0z./sq. yd. (270 g/sq. m).

1. Tape Width: 4 inches (100 mm).
Bands: 3/4 inch (19 mm) wide, in one of the following materials compatible with jacket:

1. Aluminum: 0.007 inch (0.18 mm) thick.

VAPOR RETARDERS

Mastics: Materials recommended by insulation material manufacturer that are compatible
with insulation materials, jackets, and substrates.

PART 3 - EXECUTION

3.1

3.2

EXAMINATION

Examine substrates and conditions for compliance with requirements for installation and other
conditions affecting performance of insulation application.

Proceed with installation only after unsatisfactory conditions have been corrected.

PREPARATION

Surface Preparation: Clean and dry pipe and fitting surfaces. Remove materials that will
adversely affect insulation application.

HVAC PIPE INSULATION
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33 GENERAL APPLICATION REQUIREMENTS

A Apply insulation materials, accessories, and finishes according to the manufacturer's written
instructions; with smooth, straight, and even surfaces; free of voids throughout the length of
piping, including fittings, valves, and specialties.

B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses
required for each piping system.

C. Use accessories compatible with insulation materials and suitable for the service. Use
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet
or dry state.

D. Apply insulation with longitudinal seams at top and bottom of horizontal pipe runs.

E. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.

F. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor
retarder.

G. Keep insulation materials dry during application and finishing.

H. Apply insulation with tight longitudinal seams and end joints. Bond seams and joints with

adhesive recommended by the insulation material manufacturer.
l. Apply insulation with the least number of joints practical.

J. Apply insulation over fittings, valves, and specialties, with continuous thermal and vapor-
retarder integrity, unless otherwise indicated. Refer to special instructions for applying
insulation over fittings, valves, and specialties.

K. Hangers and Anchors: Where vapor retarder is indicated, seal penetrations in insulation at
hangers, supports, anchors, and other projections with vapor-retarder mastic.

1. Apply insulation continuously through hangers and around anchor attachments.
Insulation around hanger or pipe clamp will not be acceptable.
2. For insulation application where vapor retarders are indicated, extend insulation on

anchor legs at least 12 inches (300 mm) from point of attachment to pipe and taper
insulation ends. Seal tapered ends with a compound recommended by the insulation
material manufacturer to maintain vapor retarder.

3. Install insert materials and apply insulation to tightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing compound recommended by the insulation
material manufacturer.

4. Cover inserts with jacket material matching adjacent pipe insulation. Install shields over
jacket, arranged to protect the jacket from tear or puncture by the hanger, support, and
shield.

HVAC PIPE INSULATION
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3.4

Insulation Terminations: For insulation application where vapor retarders are indicated, taper
insulation ends. Seal tapered ends with a compound recommended by the insulation material
manufacturer to maintain vapor retarder.

Apply adhesives and mastics at the manufacturer's recommended coverage rate.
Apply insulation with integral jackets as follows:

1. Pull jacket tight and smooth.

2. Circumferential Joints: Cover with 3-inch- (75-mm-) wide strips, of same material as
insulation jacket. Secure strips with adhesive and outward clinching staples along both
edges of strip and spaced 4 inches (100 mm) o.c.

3. Longitudinal Seams: Overlap jacket seams at least 1-1/2 inches (40 mm). Apply
insulation with longitudinal seams at bottom of pipe. Clean and dry surface to receive
self-sealing lap. Staple laps with outward clinching staples along edge at 4 inches (100

mm) o.c.
a. Exception: Do not staple longitudinal laps on insulation having a vapor retarder.
4, Vapor-Retarder Mastics: Where vapor retarders are indicated, apply mastic on seams
and joints and at ends adjacent to flanges, unions, valves, and fittings.
5. At penetrations in jackets for thermometers and pressure gages, fill and seal voids with

vapor-retarder mastic.

Roof Penetrations: Apply insulation for interior applications to a point even with top of roof
flashing.

1. Seal penetrations with vapor-retarder mastic.

2. Apply insulation for exterior applications tightly joined to interior insulation ends.

3. Extend metal jacket of exterior insulation outside roof flashing at least 2 inches (50 mm)
below top of roof flashing.

4, Seal metal jacket to roof flashing with vapor-retarder mastic.

Exterior Wall Penetrations: For penetrations of below-grade exterior walls, terminate
insulation flush with mechanical sleeve seal. Seal terminations with vapor-retarder mastic.

Interior Wall and Partition Penetrations: Apply insulation continuously through walls and
floors.

Fire-Rated Wall and Partition Penetrations: Apply insulation continuously through
penetrations of fire-rated walls and partitions.

1. Fire-stopping and fire-resistive joint sealers are specified in Division 7 Section "Fire-
stopping."

MINERAL-FIBER INSULATION APPLICATION

Apply insulation to straight pipes and tubes as follows:

HVAC PIPE INSULATION
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1. Secure each layer of preformed pipe insulation to pipe with wire, tape, or bands without
deforming insulation materials.

2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-
retarder mastic. Apply vapor retarder to ends of insulation at intervals of 15 to 20 feet
(4.5 to 6 m) to form a vapor retarder between pipe insulation segments.

3. For insulation with factory-applied jackets, secure laps with outward clinched staples at
6 inches (150 mm) o.c.
4, For insulation with factory-applied jackets with vapor retarders, do not staple

longitudinal tabs but secure tabs with additional adhesive as recommended by the
insulation material manufacturer and seal with vapor-retarder mastic.

B. Apply insulation to flanges as follows:
1. Apply preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation segment the same as overall width of the flange and bolts, plus
twice the thickness of the pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer circumference of
adjacent straight pipe segments with mineral-fiber blanket insulation.
4, Apply canvas jacket material with manufacturer's recommended adhesive, overlapping

seams at least 1 inch (25 mm), and seal joints with vapor-retarder mastic.

C. Apply insulation to fittings and elbows as follows:
1. Apply pre-molded insulation sections of the same material as straight segments of pipe
insulation when available. Secure according to manufacturer's written instructions.
2. When pre-molded insulation elbows and fittings are not available, apply mitered

sections of pipe insulation, or glass-fiber blanket insulation, to a thickness equal to
adjoining pipe insulation. Secure insulation materials with wire, tape, or bands.
3. Cover fittings with standard PVC fitting covers.

D. Apply insulation to valves and specialties as follows:

1. Apply pre-molded segments of cellular-glass insulation or glass-fiber blanket insulation
to valve body. Arrange insulation to permit access to packing and to allow valve
operation without disturbing insulation. For check valves, arrange insulation for access
to strainer basket without disturbing insulation.

2. Apply insulation to flanges as specified for flange insulation application.

3. Use preformed standard PVC fitting covers for valve sizes where available. Secure fitting
covers with manufacturer's attachments and accessories. Seal seams with tape and
vapor-retarder mastic.

4. For larger sizes where PVC fitting covers are not available, seal insulation with canvas
jacket and sealing compound recommended by the insulation material manufacturer.

3.5 CELLULAR-GLASS INSULATION APPLICATION

A. Apply insulation to straight pipes and tubes as follows:
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1. Secure each layer of insulation to pipe with wire, tape, or bands without deforming
insulation materials.

2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-
retarder mastic.

3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 6
inches o.c.

4, For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal

tabs but secure with additional adhesive as recommended by the insulation material
manufacturer and seal with vapor-retarder mastic.

B. Apply insulation to flanges as follows:
1. Apply preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation segment the same as overall width of the flange and bolts, plus
twice the thickness of the pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer circumference of

adjacent straight pipe segments with cut sections of cellular-glass block insulation of the
same thickness as pipe insulation.

4, Apply canvas jacket material with manufacturer’s recommended adhesive, overlapping
seams at least 1 inch (25 mm), and seal joints with vapor-retarder mastic.

C. Apply insulation to fittings and elbows as follows:
1. Apply pre-molded insulation sections of the same material as straight segments of pipe
insulation when available. Secure according to manufacturers written instructions.
2. When pre-molded sections of insulation are not available, apply mitered sections of
cellular-glass insulation. Secure insulation materials with wire, tape, or bands.
3. Cover fittings with heavy PVC fitting covers. Overlap PVC covers on pipe insulation jackets

at least 1 inch (25 mm) at each end. Secure fitting covers with manufacturer’s
attachments and accessories. Seal seams with tape and vapor-retarder mastic.

D. Apply insulation to valves and specialties as follows:

1. Apply pre-molded segments of cellular-glass insulation or glass-fiber blanket insulation to
valve body. Arrange insulation to permit access to packing and to allow vale operation
without disturbing insulation. For check valves, arrange insulation for access to strainer
basket without disturbing insulation.

2. Apply insulation to flanges as specified for flange insulation application.

3. Use preformed heavy PVC fitting covers for valve sizes where available. Secure fitting
covers with manufacturer’s attachments and accessories. Seal seams with tape and
vapor-retarder mastic.

4, For larger sizes where PVC fitting covers are not available, seal insulation with canvas
jacket and sealing compound recommended by the insulation material manufacturer.

3.6 CLOSED-CELL PHENOLIC-FOAM INSULATION APPLICATION

A. Apply insulation to straight pipes and tubes as follows:
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1. Secure each layer of insulation to pipe with wire, tape, or bands without deforming
insulation materials.

2. Where vapor retarders are indicated, seal longitudinal seams and end joints with vapor-
retarder mastic.

3. For insulation with factory-applied jackets, secure laps with outward clinched staples at 6
inches o.c.

4, For insulation with factory-applied jackets with vapor retarders, do not staple longitudinal

tabs but secure with additional adhesive as recommended by the insulation material
manufacturer and seal with vapor-retarder mastic.

B. Apply insulation to flanges as follows:
1. Apply preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation segment the same as overall width of the flange and bolts, plus
twice the thickness of the pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer circumference of

adjacent straight pipe segments with cut sections of block insulation of the same
thickness as pipe insulation.

4, Apply canvas jacket material with manufacturer’s recommended adhesive, overlapping
seams at least 1 inch (25 mm), and seal joints with vapor-retarder mastic.

C. Apply insulation to fittings and elbows as follows:
1. Apply pre-molded insulation sections of the same material as straight segments of pipe
insulation when available. Secure according to manufacturers written instructions.
2. When pre-molded sections of insulation are not available, apply mitered sections of
phenolic-foam insulation. Secure insulation materials with wire, tape, or bands.
3. Cover fittings with heavy PVC fitting covers. Overlap PVC covers on pipe insulation jackets

at least 1 inch (25 mm) at each end. Secure fitting covers with manufacturer’s
attachments and accessories. Seal seams with tape and vapor-retarder mastic.

D. Apply insulation to valves and specialties as follows:
1. Apply pre-molded insulation sections of the same material as straight segments of pipe
insulation when available. Secure according to manufacturer’s written instructions.
2. When pre-molded sections of insulation are not available, apply mitered sections of

phenolic-foam insulation to valve body. Arrange insulation to permit access to packing
and to allow valve operation without disturbing insulation. For check valves, arrange
insulation for access to strainer basket without distributing insulation.

3. Apply insulation to flanges as specified for flange insulation application.

4, Use preformed heavy PVC fitting covers for valve sizes where available. Secure fitting
covers with manufacturer’s attachments and accessories. Seal seams with tape and
vapor-retarder mastic.

5. For larger sizes where PVC fitting covers are not available, seal insulation with canvas
jacket and sealing compound recommended by the insulation material manufacturer.

3.7 FLEXIBLE ELASTOMERIC THERMAL INSULATION APPLICATION
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A Apply insulation to straight pipes and tubes as follows:

1. Follow manufacturer's written instructions for applying insulation.
2. Seal longitudinal seams and end joints with manufacturer's recommended adhesive.
Cement to avoid openings in insulation that will allow passage of air to the pipe surface.

B. Apply insulation to flanges as follows:
1. Apply pipe insulation to outer diameter of pipe flange.
2. Make width of insulation segment the same as overall width of the flange and bolts, plus
twice the thickness of the pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer circumference of

adjacent straight pipe segments with cut sections of sheet insulation of the same
thickness as pipe insulation.

4, Secure insulation to flanges and seal seams with manufacturer's recommended
adhesive. Cement to avoid openings in insulation that will allow passage of air to the
pipe surface.

C. Apply insulation to fittings and elbows as follows:
1. Apply mitered sections of pipe insulation.
2. Secure insulation materials and seal seams with manufacturer's recommended

adhesive. Cement to avoid openings in insulation that will allow passage of air to the
pipe surface.

D. Apply insulation to valves and specialties as follows:
1. Apply preformed valve covers manufactured of the same material as pipe insulation and
attached according to the manufacturer's written instructions.
2. Apply cut segments of pipe and sheet insulation to valve body. Arrange insulation to

permit access to packing and to allow valve operation without disturbing insulation. For
check valves, fabricate removable sections of insulation arranged to allow access to
strainer basket.

3. Apply insulation to flanges as specified for flange insulation application.

4, Secure insulation to valves and specialties and seal seams with manufacturer's
recommended adhesive. Cement to avoid openings in insulation that will allow passage
of air to the pipe surface.

3.8 FIELD-APPLIED JACKET APPLICATION

A Apply glass-cloth jacket, where indicated, directly over bare insulation or insulation with
factory-applied jackets.

1. Apply jacket smooth and tight to surface with 2-inch (50-mm) overlap at seams and
joints.

2. Embed glass cloth between two 0.062-inch- (1.6-mm-) thick coats of jacket
manufacturer's recommended adhesive.

3. Completely encapsulate insulation with jacket, leaving no exposed raw insulation.
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3.9

3.10

Foil and Paper Jackets: Apply foil and paper jackets where indicated.

Draw jacket material smooth and tight.

Apply lap or joint strips with the same material as jacket.

Secure jacket to insulation with manufacturer's recommended adhesive.

Apply jackets with 1-1/2-inch (40-mm) laps at longitudinal seams and 3-inch- (75-mm-)
wide joint strips at end joints.

5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation
with vapor-retarder mastic.

PoNPE

Apply metal jacket where indicated, with 2-inch (50-mm) overlap at longitudinal seams and
end joints. Overlap longitudinal seams arranged to shed water. Seal end joints with
weatherproof sealant recommended by insulation manufacturer. Secure jacket with stainless-
steel bands 12 inches (300 mm) o.c. and at end joints.

PIPING SYSTEM APPLICATIONS
Insulation materials and thicknesses are specified in schedules at the end of this Section.

Iltems Not Insulated: Unless otherwise indicated, do not apply insulation to the following
systems, materials, and equipment:

Flexible connectors.

Fire-suppression piping.

Drainage piping located in crawl spaces, unless otherwise indicated.
Below-grade piping, unless otherwise indicated.

Chrome-plated pipes and fittings, unless potential for personnel injury.

Air chambers, unions, strainers, check valves, plug valves, and flow regulators.

ouswWNE

INTERIOR INSULATION APPLICATION SCHEDULE
Service: Domestic hot and recirculated hot water.

Operating Temperature: 60 to 140 deg F (15 to 60 deg C).
Insulation Material: Mineral fiber

Insulation Thickness: 1” thick

Field-Applied Jacket: Foil and Paper(AS))

Vapor Retarder Required: No

Finish: None.

oOuhswWwNE

Service: Rainwater conductors and roof drain bodies.

Operating Temperature: 32 to 100 deg F
Insulation Material: Flexible elastomeric.
Insulation Thickness: 1” thickness
Field-Applied Jacket: Foil and Paper(AS)J)
Vapor Retarder Required: Yes.

e wWwN e
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6. Finish: None.
C. Service: Condensate and equipment drain piping.

Operating Temperature: 40 to 60 deg F

Insulation Material: Flexible elastomeric, only on first ten feet of pipe from trap.
Insulation Thickness: 3/4”

Field-Applied Jacket: None.

Vapor Retarder Required: No.

Finish: Two coats of the insulation manufacturer’s recommended protective coating.

SR e

D. Service: Chilled-water supply and return.

1. Operating Temperature: 35to 75 deg F
2. Insulation Material: Pre-insulated piping, or Cellular glass, with jacket or Closed-cell
phenolic foam.
3. Insulation Thickness, Cellular glass: Apply the following insulation thickness:
a. Steel Pipe, 1.5” and smaller: 1.5”
b. Steel Pipe, 2” to 12”: 2”
4, Insulation Thickness, Closed-cell phenolic foam: Apply the following insulation
thicknesses:
a. Steel Pipe, 1.5” and smaller: 1”
b. Steel Pipe, 2” to 4”: 1.5”
C. Steel Pipe, 5” to 12”: 2”
5. Field-Applied Jacket: PVC on exposed ceiling , Aluminum Jacket on all exterior,
Vapor Retarder Required: Yes.
7. Finish: None.

o

E. Service: Refrigerant suction and hot-gas piping.

Operating Temperature: 35 to 50 deg F
Insulation Material: Flexible elastomeric.
Insulation Thickness: 1” thick.
Field-Applied Jacket: None.

Vapor Retarder Required: Yes.

Finish: None.
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F. Service: Domestic water piping.

Operating Temperature: 60 to 80 deg F
Insulation Material: Mineral Fiber
Insulation Thickness: 1” thick.
Field-Applied Jacket: Foil and Paper(AS)J)
Vapor Retarder Required: Yes.

Finish: None.

oueswWNE

G. Service: For obtaining fire/smoke rating in return air plenum (cables, PE, PB, PP, ABS, PVC,
CPVC, etc).
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Operating Temperature: 35to 90degF

Insulation Material: 3M Fire Barrier Plenum Wrap 5 A or equal.
Insulation Thickness: larger of 1” or mfr’'s recommendations.
Field-Applied Jacket: scrim reinforced foil

Vapor Retarder Required: None.

Finish: None.
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3.11 EXTERIOR INSULATION APPLICATION SCHEDULE
A. Service: Domestic water.

Operating Temperature: 60 to 140 deg F (15 to 60 deg C).
Insulation Material: Mineral fiber.

Insulation Thickness: Apply the following insulation thicknesses: 1”
Field-Applied Jacket: Aluminum.

Vapor Retarder Required: Yes.

Finish: None.

oUuswWNE

B. Service: Refrigerant suction.

Operating Temperature: 35 to 50 deg F (2 to 10 deg C).

Insulation Material: Flexible elastomeric.

Insulation Thickness: Apply the following insulation thicknesses: %"
Field-Applied Jacket: Aluminum

Vapor Retarder Required: Yes.

Finish: None.
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C. Service: Chilled-water supply and return.

1. Operating Temperature: 35to 75 deg F

2. Insulation Material: Pre-insulated piping, or Cellular glass, with jacket or Closed-cell
phenolic foam.

3. Insulation Thickness, Cellular glass: Apply the following insulation thickness:
a. Steel Pipe, 1.5” and smaller: 1.5”

b. Steel Pipe, 2” to 12”: 2”

4, Insulation Thickness, Closed-cell phenolic foam: Apply the following insulation

thicknesses:
a. Steel Pipe, 1.5” and smaller: 1”
b. Steel Pipe, 2" to 4”: 1.5”
c. Steel Pipe, 5” to 12”: 2”
5. Field-Applied Jacket: Aluminum
Vapor Retarder Required: Yes.
7. Finish: None.

o

END OF SECTION
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SECTION 23 08 00

COMMISSIONING HVAC SYSTEM

PART | - GENERAL
1.1 DESCRIPTION
A. Commissioning shall be done in accordance with ASHRAE 90.1, 6.7.2.4. System Commissioning and Guide-

B.

line 0-2013

Commissioning of a system or systems specified in Division 23 is part of the construction process.
Documentation and testing of these systems, as well as training of the owners Operation and
Maintenance personnel in accordance with the requirements of Section 01 91 00 and of Division 23, is
required in cooperation with the owner and the Commissioning Agent.

1.2 SUBMITTALS

A.

B.

The commissioning process requires review of selected Submittals that pertain to the systems to be
commissioned. The Commissioning Agent will provide a list of submittals that will be reviewed by the
project engineer. This list will be reviewed and approved by the Architect/Engineer prior to forwarding to
the Contractor. Refer to Section 01 33 23 SHOP DRAWINGS, PRODUCT DATA, and SAMPLES for further
details.

The commissioning process requires Submittal review simultaneously with engineering review. Specific
submittal requirements related to the commissioning process are specified in Section 01 91 00 GENERAL
COMMISSIONING REQUIREMENTS.

1.3 HEATING, VENTILATING, BUILDING AUTOMATION SYSTEMS (HVAC CONTROLS), AND TAB WORK

A.

I 6mMmMmOoOoO®

Provide at least 2 weeks’ notice prior to manufacturer’s check-test-start.

Provide duct leak test plan at least 2 weeks prior to each test

Provide 2 weeks’ notice prior to functional testing, duct leak testing, and flushing and cleaning.

Provide 2 weeks’ notice prior to each training session.

Fax or e-mail all notifications directly to the Commissioning Authority.

All required forms must be collected and provided for the Commissioning Binder by the contractor.
Provide brief agenda for each training session with the 2-week notification

Check, test, start and DEBUG all equipment before commissioning. If system "fails" commissioning or de-
bugging becomes necessary during commissioning, commissioning shall be rescheduled.

Provide adequate maintenance clearance around all equipment or the equipment will "fail" commission-
ing.

Install all equipment per manufacturer's recommendations or the equipment will "fail" commissioning. If
a conflict arises, mfg. versus specification requirements, ask before you install.

Do not schedule training until commissioning has been successful, all punch-list items relative to that sys-
tem have been corrected, and all tests are completed and test results resolved.

Review and comply with the "O&M Check-List" before submitting draft 0&M Manuals for review.

. The commissioning tasks applicable to the mechanical, BAS and TAB work of Division 23 are as follows (all

references apply to equipment to be commissioned only):
1. Construction and Acceptance Phase Requirements
a. Submittal data, commissioning documentation, O&M data and training.
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b. Attend all commissioning meetings.

c. Provide shop drawings of equipment to be commissioned along with completed & signed Pre-
Functional checklists.

d. Document start-up and functional testing procedures including.

1) Manufacturer installation and start-up, operating, troubleshooting and maintenance proce-
dures, Owner-contracted tests, fan and pump curves, all factory testing reports, and all war-
ranty information.

2) The Owner will require additional documentation necessary for LEED submittals if required by
USGBC.

e. Table of Contents with listing of all equipment that will be included in the O&M manuals for re-
view and approval.

f. Specific functional performance test procedures.

g. Alarm limits to be used during the tests.

h. Start-up and initial checkout plan using manufacturer’s start-up procedures and the pre-
functional checklists for all equipment to be commissioned. Submit to AE for review and approval
prior to startup. Refer to Section 01 91 13 for further details on start-up plan.

i. Prior to startup and initial checkout process, execute the mechanical prefunctional checklists for
all equipment to be commissioned.

j. Perform and clearly document all system operational checkout procedures and completed
startup, promptly providing a copy to the Owner as components are completed and systems are
debugged and completed.

k. Correct all punch list items before functional testing.

I.  Air and water TAB shall be completed with discrepancies and problems remedied before request-
ing Owner witnessing functional testing.

m. Functional Performance Tests / Procedures may be used to perform adjustments prior to witness-
ing by the AE and Owner.

n. Complete functional performance testing for specified equipment in Section 01 91 13. Assist the
Owner in interpreting the monitoring data.

o. Correct deficiencies as interpreted by the Cx Agent and Engineer and retest the equipment prior
to Functional Performance Witnessing by the CxA. Coordinate scheduling of Functional Perfor-
mance Witnessing with the Cx Agent and Owner.

p. Provide all Documentation, Plans, Reports, Notes, Output from Electronic Commissioning Tools /
other analysis tools to the Owner promptly upon successful Functional Test witnessing.

g. Update O&M manuals according to the Contract Documents.

Provide training of the Owner’s operating staff.

s. Document specific requirements to maintain the validity of the warranty.

2. Warranty Period

a. Execute seasonal or deferred functional performance testing, witnessed by the Owner.

b. Correct deficiencies and make adjustments to O&M manuals and as-built drawings for applicable
issues identified in any seasonal testing.

1.4 HEATING AND VENTILATING WORK
A. Provide startup for all HVAC equipment, except for the BAS system.
B. Assist and cooperate with the TAB contractor and Owner by:
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1. Include all HVAC equipment and systems into operation and continuing the operation during each
working day of TAB and commissioning.

2. Include sheaves and belts that may be required by TAB.

3. Provide test holes in ducts and plenums where directed by TAB to allow air measurements and air bal-
ancing. Provide an approved plug.

4. Provide temperature and pressure taps according to the Construction Documents for TAB and com-
missioning testing.

C. Prepare a preliminary schedule for Division 23 pipe and duct system testing, flushing and cleaning,
equipment start-up and TAB start and completion for use by the Owner. Update the schedule.

D. Notify the or Owner depending on protocol, when pipe and duct system testing, flushing, cleaning,
startup of each piece of equipment and TAB will occur. Be responsible to notify the Cx Agent and Engi-
neer, ahead of time, when commissioning activities not yet performed or not yet scheduled will delay
construction. Be proactive in seeing that commissioning processes are executed, and that the Owner has
the scheduling information needed to efficiently execute the commissioning process.

1.5 BAS(HVAC CONTROLS) WORK

A. Sequences of Operation Submittals. The BAS submittals of control drawings shall include complete de-
tailed sequences of operation for each piece of equipment, regardless of the completeness and clarity of
the sequences in the specifications. They shall include:

1. An overview narrative of the system (1 or 2 paragraphs) generally describing its purpose, components
and function.
2. Allinteractions and interlocks with other systems.
3. Detailed delineation of control between any packaged controls and the building automation system,
listing what points the BAS monitors only and what BAS points are control points and are adjustable.
4. Written sequences of control for packaged controlled equipment. (Equipment manufacturers’ stock
sequences may be included, but will generally require additional narrative).
Start-up sequences.
Warm-up mode sequences.
Normal operating mode sequences.
Unoccupied mode sequences.

W N oW

Shutdown sequences.

10.Capacity control sequences and equipment staging.

11.Temperature and pressure control: setbacks, setups, resets, etc.

12.Detailed sequences for all control strategies, e.g., economizer control, optimum start/stop, staging,
optimization, demand limiting, etc.

13.Effects of power or equipment failure with all standby component functions.

14.Sequences for all alarms and emergency shut downs.

15.Seasonal operational differences and recommendations.

16.Initial and operational values for all adjustable settings, setpoints and parameters that are typically set
or adjusted by operating staff; and any other control settings or fixed values, delays, etc., that will be
useful during testing and operating the equipment.

17.Schedules, if known. (When ready to program, request Schedules from the AE if not already available).

18.To facilitate referencing in testing procedures, all sequences shall be written in small statements, each

with a number for reference. For a given system, numbers will not repeat for different sequence sec-

tions, unless the sections are numbered.
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19.Prior to Functional Performance Witnessing by the Owner, correct deficiencies as may be interpreted
by the Cx Agent and Engineer and retest the equipment. Coordinate and confirm scheduling of Func-
tional Performance Witnessing with the Cx Agent and Owner providing a pdf of successful trending as
indication systems are ready for this procedural test phase.
20.Promptly provide all Documentation, Plans, Reports, Notes, Output from Electronic Commissioning
Tools / other analysis tools to the Owner.
B. Control Drawings Submittal
1. The control drawings shall have a key to all abbreviations.
2. The control drawings shall contain graphic schematic depictions of the systems and each component.
3. The schematics will include the system and component layout of any equipment that the control sys-
tem monitors, enables or controls, even if the equipment is primarily controlled by packaged or inte-
gral controls.
4. Provide a full points list with at least the following included for each point:
a. Controlled system
Point abbreviation
Point description
Display unit
Control point or setpoint
Monitoring point
Intermediate point

S@m 0 a0 o

Calculated point

Point Description: DB temp, airflow, etc.

1) Control or Setpoint: Point that controls equipment and can have its setpoint changed (OSA,
SAT, etc.)

2) Intermediate Point: Point whose value is used to make a calculation which then controls
equipment (space temperatures that are averaged to a virtual point to control reset).

3) Monitoring Point: Point that does not control or contribute to the control of equipment, but is
used for operation, maintenance, or performance verification.

4) Calculated Point: “Virtual” point generated from calculations of other point values.

j. The Contractor shall keep the Owner informed of all changes to this list during programming and
setup.

C. The Contractor shall prepare a written plan indicating in a step-by-step manner, the procedures that will
be followed to test, checkout and adjust the control system prior to functional performance testing, in-
cluding:

1. System name.

2. List of devices.

3. Procedures for testing each controller after installation.

4. A blank copy of the log and field checkout sheets that will document the process. This log must include
a place for initial and final read values during calibration of each point and clearly indicate when a sen-
sor or controller has “passed” and is operating within the contract parameters.

5. A description of the instrumentation, if any, required for testing.

6. ldentify what tests on what systems must be completed for TAB work. Coordinate with the Owner and
TAB contractor for this determination.

D. Assist the TAB contractor in the following manner:
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1. Review the TAB plan to determine the capabilities of the building automation system toward complet-
ing TAB. Provide the TAB any needed unique instruments for setting terminal unit boxes and instruct
TAB in their use (handheld control system interface for use around the building during TAB, etc.).

2. For agiven area, have all required prefunctional checklists, calibrations, startup and selected function-
al tests of the system debugged, completed then approved by the Owner prior to TAB.

3. Provide a qualified technician to operate the controls during TAB, or provide sufficient training for TAB
to operate the system without assistance.

4. Provide an all points report (digital) validating commands and responses with calibrated data matching
and validating the required data / Report from the TAB.

E. Provide a signed and dated certification to the Cx Agent and Engineer upon completion of the checkout
for all controlled devices, equipment and systems prior to functional testing for each piece of equipment
or system, that all system programming is complete as to all respects of the Contract Documents, except
functional testing requirements.

F. Assist and cooperate with the Owner in the following manner:

G. In addition to the control points necessary to execute all control sequences, provide monitoring, control
and virtual points as required in the Contract Documents.

H. Prior to Functional Performance Witnessing by the Owner, correct deficiencies as may be interpreted by
the Cx Agent and Engineer to retest the equipment. Coordinate and confirm scheduling of Functional
Performance Witnessing with the Cx Agent and Owner.

I.  Promptly provide all Documentation, Reports, Notes, Output from Electronic Commissioning Tools / other
analysis tools to the Owner.

J. List and clearly identify on the as-built duct and piping drawings, the locations of all static and differential
pressure sensors (air, water and building pressure).

K. An updated as-built version of the control drawings and sequences of operation shall be included in the
final BAS O&M manual submittal.

1.6 TAB WORK

A. Prior to starting TAB, submit to the Engineer the qualifications of the site technician for the project, in-
cluding the name and contact information of the contractors and facility managers of recent projects the
technician on which was lead. The Owner shall approve the site technician’s qualifications for this project.

B. A running log of events and issues shall be kept by the TAB field technicians. Discrepancies, deficiencies
or uncompleted work by others, contract interpretation requests and lists of completed tests shall be pro-
vided to the Owner and Cx Agent and Engineer prior to Witness Phase of Functional Testing.

C. Communicate in writing or during recorded meetings with the Cx Agent and Engineer all setpoint and pa-
rameter changes made or problems and discrepancies identified during TAB that affect the control system
setup and operation.

D. Provide a Preliminary TAB report within two weeks of completion. A copy will be provided to the Owner.
The report will contain a sumary explanation of the assumptions and the results in a clear format with
designations of all uncommon abbreviations and column headings. The report should follow the latest
and most rigorous reporting recommendations by AABC or NEBB.

E. Provide the Owner with any requested data, gathered in accordance with the Project, but not shown on
the draft reports as necessary to satisfy USGBC reporting.

F. Conduct spot checks on all performed balancing for witness by the Owner.

G. Provide a final electronic TAB report organized in accordance with Project requirements with details. In-
clude all documentation previously identified and / or requested.
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1.7 RELATED WORK
PART 2 - PRODUCTS
2.1 TEST EQUIPMENT
PART 3 - EXECUTION
3.1 CONSTRUCTION INSPECTIONS
A. Commissioning of HVAC systems will require inspection of individual elements of the HVAC systems
construction throughout the construction period. The Contractor shall coordinate with the
Commissioning Agent in accordance with Section 01 19 00 and the Commissioning plan to schedule HVAC
systems inspections as required to support the Commissioning Process.
3.2 STARTUP
A. The Heating, Ventilating and BAS Work shall clarify start-up responsibility and requirements to complete
systems and sub-systems so they are fully functional, meeting the design objectives of the Contract Doc-
uments. The commissioning procedures and functional testing do not relieve or lessen this responsibility
or shift that responsibility partially to the Owner.
B. Work shall identify responsibility for calibrating all control sensors and equipment.
3.3 CONTRACTOR TESTS
A. Contractors shall forward to the Owner, through the [CM/G(], a list and schedule of specified contractor
tests. The tests shall include at least the following:
Ductwork Ductwork Testing

AHU’s Startup

Dedicated Outside Startup

Air Unit

Controls Preparation (cali-
bration)

B. Unless specified otherwise, provide a minimum 2 week prior notice to the Owner through the General
Contractor for each specified Contractors’ test.

C. Submit Contractors’ test reports to the Owner, through the General Contractor within one week of the
successful completion of each test. Contractors shall document and issue a test report for each required
test. Individual test reports should be bundled together into a group for submission to the Owner. The
test report shall contain all information required by the respective specification section including the test
date, start time, stop time, test duration, initial values, final values, expected result, and acceptable test
values (per individual specification sections). The person(s) conducting each test and the local code au-
thority (if applicable) shall sign and date each test report indicating that the test has been successfully
completed and the results are within acceptable parameters.

3.4 FUNCTIONAL PERFORMANCE (WITNESSED) TESTS

A. All checkouts, coordination with other Contractors, Work, debugging, preliminary reports including vali-
dating coordinated work with BAS, Vent and Heating Contractors shall all have been completed prior to
requesting scheduling of Owner witnessing of Functional Testing Procedures.

3.5 TESTING DOCUMENTATION, NON-CONFORMANCE AND APPROVALS
3.6 OPERATION AND MAINTENANCE (O&M) MANUALS
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A. The following O& M manual requirements do not replace 0&M manual documentation requirements

elsewhere in these specifications. Refer to Section 01 78 23 — Operation and Maintenance Data and Sec-

tion 01 91 13 — General Commissioning Requirements for additional O&M manual requirements.

B. Additional BAS O&M Manual Requirements. In addition to documentation that may be specified else-

where, the BAS Contractor shall compile and organize at minimum the following data on the control sys-

tem in labeled three-ring binders with indexed tabs.

1. Three copies of the controls training manuals.

2. The O&M manual shall be organized and subdivided with permanently labeled tabs for each of the fol-

lowing data in the given order:

a
b
c
d.
e.
f
8
h

Sequences of operation

Control drawings

Points lists

Controller/module data

Thermostats and timers

Sensors and DP switches

Valves and valve actuators

Dampers and damper actuators

Program setups (software program printouts)

3. Operation and Maintenance Manuals content:

a.

Sm 0 a0 o

Specific instructions on how to perform and apply all functions, features, modes, etc., mentioned
in the controls training sections of this specification and other features of this system. These in-
structions shall be step-by-step. Indexes and clear tables of contents shall be included. The de-
tailed technical manual for programming and customizing control loops and algorithms shall be
included.

Full as-built set of control drawings (refer to Submittal section above for details).

Full as-built sequence of operations for each piece of equipment.

Full points list.

Full print out of all schedules and set points after testing and acceptance of the system.

Full as-built print out of software program.

Electronic copy on disk of the entire program for this facility.

Marking of all system sensors and thermostats on the as-built floor plan and mechanical drawings
with their control system designations.

Maintenance instructions, including sensor calibration requirements and methods by sensor type,
etc.

Control equipment component submittals, parts lists, etc.

Warranty requirements.

Copies of all checkout tests and calibrations performed by the Contractor (not commissioning
tests).

4. Field checkout sheets shall be provided to the Owner for inclusion in the Commissioning Record Book

(merged with Systems Manual).

C. Review and Approvals. Review of the commissioning related sections of the O&M manuals shall be made
by the Owner. Refer to Section 01 91 13.
3.7 TRAINING OF OWNER PERSONNEL
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A. The General Contractor shall be responsible for training coordination and scheduling and ultimately to en-

sure that training is completed. Refer to Section 01 91 13.

B. The Heating and Ventilating Contractors shall have the following additional training responsibilities:

1.

Provide the designated Owner personnel with comprehensive orientation and training in the under-
standing of the systems and the operation and maintenance of each piece of mechanical equipment
(pumps, airflow stations, air handling units, fans, cabinet heaters, and controls).
Training shall normally start with discussion sessions followed by hands-on training on each piece of
equipment, which shall illustrate the various modes of operation, including startup, shutdown,
fire/smoke alarm, power failure, etc.
During any demonstration, should the system fail to perform in accordance with the requirements of
the O&M manual or sequence of operations, the system will be repaired or adjusted as necessary and
the demonstration repeated.
The appropriate trade or manufacturer's representative shall provide the instructions on each major
piece of equipment. This person may be the start-up technician for the piece of equipment, the in-
stalling contractor or manufacturer’s representative. Practical building operating expertise and in-
depth knowledge of all modes of operation of the specific piece of equipment are required. More than
one party may be required to execute the training.
The Contractor shall attend sessions other than the controls training, as requested, to discuss the in-
teraction of the controls system as it relates to the equipment being discussed.
The training sessions shall follow the outline in the table of contents of the operation and maintenance
manual and illustrate whenever possible the use of the O&M manuals for reference.
Training shall include:

a. Use of the printed installation, operation and maintenance instruction material included in the

O&M manuals.

b. Areview of the written O&M instructions emphasizing safe and proper operating requirements,
preventative maintenance, special tools needed and spare parts inventory suggestions. The train-
ing shall include start-up, operation in all modes possible, shut-down, seasonal changeover and
any emergency procedures.

Discussion of relevant health and safety issues and concerns.
Discussion of warranties and guarantees.
Common troubleshooting problems and solutions.

- o o o

Explanatory information included in the O&M manuals and the location of all plans and manuals
in the facility.

g. Discussion of any peculiarities of equipment installation or operation.

Hands-on training shall include start-up, operation in all modes possible, including manual, shut-down
and any emergency procedures and preventative maintenance for all pieces of equipment.

. The Contractor shall fully explain and demonstrate the operation, function and overrides of any local

packaged controls, not controlled by the central building automation system.

10.Training shall occur after functional testing is complete, unless approved otherwise by the Owner.

11.Duration of Training. The contractor shall provide training on each piece of equipment.

C. The Heating Contractor shall have the following additional training responsibilities:

1.

The Contractor shall provide the designated Owner personnel training on the building automation sys-
tem in this facility. The intent is to clearly and completely instruct the Owner on all the capabilities of
the building automation system.
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2. Training manuals. The standard operating manual for the system and any special training manuals will
be provided for each trainee, with three extra copies left for the O&M manuals. In addition, copies of
the system technical manual will be demonstrated during training and three copies submitted with the
O&M manuals. Manuals shall include detailed description of the subject matter for each session. The
manuals will cover all control sequences and have a definitions section that fully describes all relevant
words used in the manuals and in all software displays. Manuals will be approved by the Owner. Cop-
ies of audiovisuals shall be delivered to the Owner.

3. The training will be tailored to the needs and skill-level of the trainees.

4. The trainers will be knowledgeable on the system and its use in buildings. The Owner shall approve
the instructor prior to scheduling the training.

5. During any demonstration, should the system fail to perform in accordance with the requirements of
the O&M manual or sequence of operations, the system will be repaired or adjusted as necessary and
the demonstration repeated.

6. Duration of Training. The Contractor shall provide training on each piece of equipment.

3.8 WRITTEN WORK PRODUCTS
A. Written work products of Contractors will consist of the start-up and initial checkout plan, all other Plans,

Contractor Tests, the filled out Start-up, all Checkouts such as but not limited to Pre-Functional Checklists,

BAS and TAB (trend proofs, I/0O value reports logs), Preliminary TAB and Final TAB Reports described here-

in and in Section 01 91 00.

END OF SECTION
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SECTION 23 09 23
DIRECT DIGITAL CONTROL SYSTEM FOR HVAC

PART 1- GENERAL
1.1 DESCRIPTION

A. General: The control system shall consist of a high-speed, peer-to-peer network of DDC controllers,
routers, a control system server, and a web-based operator interface, all over a wired network, with
wireless only used as a backup method.

B. System software shall be based on a server/thin client architecture, designed around the open standards
of web technology. The control system server shall be accessed using a Web browser over the control
system network, the owner's local area network, and (at the owner's discretion) over the Internet.

The intent of the thin-client architecture is to provide operators complete access to the control system
via a Web browser. No special software other than a web browser shall be required to access graphics,
point displays, and trends, configure trends, configure points and controllers, or to download
programming into the controllers.

C. System shall use the BACnet protocol for communication to the operator workstation or web server and
for communication between control modules. I/0 points, schedules, setpoints, trends and alarms
specified in Sequence of Operations for HVAC Controls” shall be BACnet objects.

D. Contractor, as part of the scope of work this falls under, shall include cost to provide/install a blade server
to house the BAS software.

1.2 APPROVED CONTROL SYSTEM MANUFACTURERS
A. Acceptable Controls Manufacturers shall be Factory Owned Vendors, not solely distributors.
B. The following are approved control system suppliers, manufacturers, and product lines:

Supplier Manufacturer Product Line
ALC ALC WebCTRL
Trane Trane Tracer SC
Schneider Schneider EcoStruxure

C. Controls Vendors shall have a “local” office within 60 miles of the Project Location.
1.3 QUALITY ASSURANCE
A. Installer and Manufacturer Qualifications
1. Installer shall have an established working relationship with Control System Manufacturer.
2. Installer shall have successfully completed Control System Manufacturer’s control system training.
Upon request, Installer shall present record of completed training including course outlines.
1.4 GRAPHICS PACKAGE
A. Allfloor plan graphics shall be represented in thermograph.
B. All equipment graphics shall by 3D representations of actual equipment at site and shall be animated to
represent operation and state.

1.5 CODES AND STANDARDS
A. Work, materials, and equipment shall comply with the most restrictive of local, state, and federal
authorities' codes and ordinances or these plans and specifications. As a minimum, the installation shall
comply with the current editions in effect 30 days prior to the receipt of bids of the following codes:
1. ANSI/ASHRAE Standard 135, BACnet - A Data Communication Protocol for Building Automation and
Control Systems
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B. Schedules:

1. Within one month of contract award, provide a schedule of the work indicating the following:
a. Intended sequence of work items
b. Start date of each work item
c. Duration of each work item
d. Planned delivery dates for ordered material and equipment and expected lead times
e. Milestones indicating possible restraints on work by other trades or situations.

2. Monthly written status reports indicating work completed and revisions to expected delivery dates.
Include updated schedule of work.

1.6 WARRANTY
A. Warrant work as follows:

1. Warrant labor and materials for specified control system free from defects for a period of 12 months
after final acceptance. Control system failures during warranty period shall be adjusted, repaired, or
replaced at no additional cost or reduction in service to Owner. Respond during normal business hours
within 24 hours of Owner’s warranty service request.

2. Work shall have a single warranty date, even if Owner receives beneficial use due to early system start-
up. If specified work is split into multiple contracts or a multi-phase contract, each contract or phase
shall have a separate warranty start date and period.

3. If the engineer determines that equipment and systems operate satisfactorily at the end of final start-
up, testing, and commissioning phase, the engineer will certify in writing that control system operation
has been tested and accepted in accordance with the terms of this specification. Date of acceptance
shall begin warranty period.

4. Provide updates to operator workstation or web server software, project-specific software, graphic
software, database software, and firmware that resolve the contractor-identified software deficiencies
at no charge during warranty period. If available, Owner can purchase in-warranty service agreement
to receive upgrades for functional enhancements associated with above-mentioned items. Do not
install updates or upgrades without Owner’s written authorization.

5. Exception: Contractor shall not be required to warrant reused devices except those that have been
rebuilt or repaired. Installation labor and materials shall be warranted. Demonstrate operable
condition of reused devices at time of Engineer’s acceptance.

1.7 OWNERSHIP OF PROPRIETARY MATERIAL
A. Project-specific software and documentation shall become Owner's property. This includes, but is not
limited to:
Graphics
Record drawings
Database
Application programming code
Documentation
A graphics editor must be provided with the controls front-end software package. If a separate
graphics editing tool/software is required, the tool/software must be provided.

7. The front-end software must include the programming code editor. If a separate programming code

tool/software is required, the tool/software must be provided.
1.8 TRAINING
A. Provide training for a designated staff of Owner’s representatives in two four hour sessions. Training shall
be provided via web-based or computer-based training, classroom training, or a combination of training
methods.
B. Training shall enable students to accomplish the following objectives.
1. Day-to-day Operators:
a. Proficiently operate the system

oukwWwNPE
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j.

k.

Understand control system architecture and configuration

Understand DDC system components

Understand system operation, including DDC system control and optimizing routines (algorithms)
Operate the workstation and peripherals

Log on and off the system

Access graphics, point reports, and logs

Adjust and change system set points, time schedules, and holiday schedules

Recognize malfunctions of the system by observation of the printed copy and graphical visual
signals

Understand system drawings and Operation and Maintenance manual

Understand the job layout and location of control components

Access data from DDC controllers and ASCs

m. Operate portable operator's terminals

PART -2 SEQUENCE OF OPERATIONS FOR HVAC CONTROLS
2.1 SECTION INCLUDES:
A. DX Dual path multizone Variable air volume central stations

mTMmOoOOw

DX Single path Multizone Variable Air Volume Central stations
DX Single Zone Variable Air volume Unit

Staged Air Cooled Heat Pump Condensing Units

Terminal Units

Exhaust Fan

2.2 A. DX Dual path multizone Variable air volume central stations
Refer to controls drawings

2.3 DX Single path Multizone Variable Air Volume Central stations
Refer to controls drawings

2.4 DX Single Zone Variable Air volume Unit
Refer to controls drawings.

2.5 DX Single Zone Variable Air volume Unit
Refer to controls drawings

2.6 Staged Air Cooled Heat Pump Condensing Units

Refer to controls drawings

2.7 Terminal Units

Refer to controls drawings
2.8 Exhaust Fans
Refer to controls drawings.
2. MISCELLANEOUS CONTROL POINTS
Outdoor Air Temperature and Humidity:
A temperature and humidity sensor mounted on the north side of the building will continually broadcast their

information on the network as global information
Temperature monitor of IT equipment room served by mini-splits. Alarms shall be provided as follows:

High Temp: When temp is above user defined setpoint an alarm will be initiated.

END OF SECTION
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SECTION 230923.11
CONTROL VALVES

1.1 GENERAL

Control valves assemblies shall be provided and delivered from a single manufacturer as a
complete assembly. The manufacturer shall warrant all components for a period of 5 years from
the date of production with the first two years unconditional.

1.2 PRESSURE INDEPENDENT CONTROL VALVES
A. Manufactured, brand labeled or distributed by Belimo.

B. Piping Package Option NPS 2 (DN 50) and smaller: Furnish a piping package with the
control valve assembly, package to be supplied by the valve manufacturer,
components as follows: the supply side of the coil shall contain a strainer/shut-off ball
valve/drain [an integrated isolation ball valve/manual air vent] with P/T port; the return
side of the coil shall contain a union fitting with a P/T port, ball-style control valve, an
integrated manual balancing valve/union/isolation ball valve/manual air vent with P/T
port. Isolation valves furnished as an integrated part of the ball-style control valve shall
not be permitted. [For ball valves with two ports, supply an integrated 100% port isolation
valve/manual air vent with P/T port for field installation in the bypass of the circuit.] [A
[127] [24”] flexible hose set shall be provided for each coil supply and return connection.]

C. Pressure Independent Ball Valves NPS % (DN 20) and Smaller:

1. Materials:
a. Body:
1) Forged brass.
b. Ball:
1) Stainless steel.
C. Seats/Seals:
1) PTFE (Teflon™), (2) EPDM O-rings.
d. Stem/Extension/Seals:
1) Stainless steel, blowout-proof design.
e. Characterizing Disc:

1) PTFE (Tefzel™);
2. Piping Connections: (2), female NPT.

3. Media: Water (maximum 60% monoethylene or polypropylene glycol solution).
4, Performance:

a. Media Temperature: 36°F to 212 °F (2°C to 100°C).

b. Pressure:

1) Body: 360 psig (2482 kPa);
2) Maximum Operating Differential: 50 psid (345 kPa);
3) Close-off (valve and actuation assembly): 75 psig (517 kPa);
C. Leakage (A-AB): 0%.
d. Flow Characteristic: Equal percentage.
5. Integral Pressure Regulator: Located upstream of characterized ball to regulate
pressure, to maintain a constant pressure differential over the operating pressure
differential range maintain the flow with an accuracy of +/- 5% due to system
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1)
2)

1)
1

1)
2)

1)
2)

i)
a)

Class 250].

pressure fluctuations. Two internal P/T ports shall be incorporated for differential
pressure verification. Replaceable cartridges are not permitted.

Labeling: Valve body shall be furnished with a label containing the following data:
a. Manufacturer's name and model number;

b. Nominal size.

D. Pressure Independent Control Valve NPS 6 (DN 150) and Smaller:

1.

Materials:
a. Body:

NPS 2 (DN 50) and smaller: Forged brass;
NPS 2-1/2 (DN 65) through NPS 6 (DN 150): Cast iron GG25.

b. Ball:

Stainless steel;

C. Seats/Seals:

PTFE (Teflon™), (2) EPDM O-rings.

d. Stem/Extension/Seals:

Stainless steel to match ball;
Lubricated EPDM O-Rings (2).

e. Characterizing Disc:

NPS 2 (DN 50) and smaller: Tefzel™;
NPS 2-1/2 (DN 65) through NPS 6 (DN 150): Stainless steel.

2.

Body:

Piping Connections:

a. NPS 2 (DN 50) and smaller: (2), female NPT.

b. NPS 2-1/2 (DN 65) through NPS 6 (DN 150): (2), flanged, [ANSI Class 125B] or
[ANSI Class 250]

Media: Water (maximum 60% aqueous propylene glycol solution).

Performance:

a. Media Temperature: 14°F to 250 °F (Minus 10°C to plus 150°C).

b. Pressure:

NPS 1/2, through NPS 2 (DN 15 to DN 50): 360 psig (2758 kPa);
b) NPS 2-1/2 through NPS 6 (DN 65 to DN 150): In accordance with [ANSI Class 125B] or [ANSI

2) Maximum Operating Differential: 50 psid (345 kPa);

3) Close-off (valve and actuation assembly):

a) NPS 1/2, through NPS 2 (DN 15 to DN 50): 200 psig (1378 kPa);

b) NPS 2-1/2, through NPS 6 (DN 65 to DN 150): ANSI Class 125B: 175 psid (1206 kPa); ANSI Class
250: 310 psid (2137 kPa).

(o} Leakage (A-AB): 0%.

d. Flow Characteristic: Equal percentage.

Flow Meter: An ultrasonic flow meter (accuracy +/- 2%) shall be integrated with a
characterized control valve providing analog flow feedback. The valve shall
reposition to maintain the required flow with a +/- 5% accuracy over a pressure
differential range of nominal 5 to 50 psig (34 to 350 kPa). The flow meter shall
incorporate an algorithm to automatically compensate for the glycol
concentration.

[Coil Optimization: Two immersion temperature sensors for supply and return coil
water temperatures shall be incorporated into the valve assembly. Software shall
control the valve to avoid the coil differential temperature from falling below a
programmed setpoint. Real-time data and configuration of valve operating
parameters shall be available by BTL listed BACnet MS/TP, BACnet/IP, MODBUS or
HTTP. Monitored points shall include inlet and outlet coil water temperatures,
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i)
1

1)

i)

1)
2)
3)

absolute flow, absolute valve position, absolute coil power and total

heating/cooling energy in BTU/hr. Configuation points shall include valve, flow and

power settings. Historical trend data shall be stored for up to 13 months and be
retrievable in a standard date-time stamped format.]

a. [Cloud Technology: Owner provided internet connection for valve
connection to cloud based analytics providing coil and system optimization.
Manufacturer shall provide quarterly performance reports, automatic or
manual coil optimization setpoint determination and software updates. A
minimum connection time to the cloud for lifetime data access including
Delta T and flow shall be required. Warranty shall be extended to 7 years with
the first two years unconditional.]

Labeling: Valve body shall be furnished with a label containing the following data:

a. Manufacturer's name and model number;

b. Nominal size.

E. 6-way Pressure Independent Control Valve NPS % (DN 20) and Smaller:

1.

Materials:
a. Body:

Forged brass.

b. Ball:

Chrome plated brass.

C. Seats/Seals:

PTFE (Teflon™), (4) EPDM O-rings.

d. Stem/Extension/Seals:

Nickel plated brass;
Lubricated EPDM O-Rings (4).

e. Characterizing Disc:

Chrome plated steel.

2.
3.
4,

Piping Connections: (6), female NPT.

Media: Water (maximum 60% aqueous propylene glycol solution).
Performance:

a. Media Temperature: 43°F to 180 °F (6°C to plus 82°C).

b. Pressure:

Body: 232 psig (1599 kPa);
Maximum Operating Differential: 15 psid (103 kPa);
Close-off (valve and actuation assembly): 50 psig (344 kPa).

C. Leakage (A-AB): 0%.

d. Flow Characteristic: Linear.

Controllable Flow Range: Sequence 1 is 0 to 30 degree angle; Dead zone is 30 to
60 degree angle; Sequence 2 is 60 to 90 degree angle.

Flow Meter: An ultrasonic flow meter (accuracy +/- 2%) shall be integrated with a
6-way characterized control valve providing analog flow feedback. The valve
shall reposition to maintain the required flow with a +/- 6% accuracy over a pressure
differential range of nominal 7 to 35 psig (34 to 241 kPa). The flow meter shall
incorporate an algorithm to automatically compensate for the glycol
concentration.

Labeling: Valve body shall be furnished with a label containing the following data:
a. Manufacturer's name and model number;

b. Nominal size.
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1.3

ELECTRIC AND ELECTRONIC CONTROL VALVE ACTUATORS
Manufactured, brand labeled or distributed by Belimo.
Agency Listings: 1SO 9001, UL 873 or UL 60730, CE, and CSA.

The valve assembly (control valve and actuator) shall be provided and delivered from a
single manufacturer.

The manufacturer shall warrant all components for a period of 5 years from the date of
production with the first two years unconditional.

Type: Motor operated, with gears, electric and electronic.

Actuators for Hydronic Control Valves: Capable of closing valve against system pump
shutoff head.

Actuators for Steam Control Valves: Shutoff against [1.2] [1.5] <Insert number> times
steam design pressure.

Voltage:

1. [See Drawings] [Voltage selection is delegated to professional designing control
system] [24 V] [120 V] [230 V] <Insert requirement>.

2. Actuator shall deliver torque required for continuous uniform movement of
controlled device from limit to limit when operated at rated voltage and
temperatures.

Two-Position Actuators: Single direction, spring return or reversing type.
1. Low voltage actuators [24 V] or wide range line voltage [120-230 V] or Universal
voltage [24-230 V]

Modulating Actuators:

1. Capable of stopping at numerous points across full movement range, and starting
in either direction from any point in range.
2. Control Input Signal (Y):

a. Three Point, Tristate, or Floating Point: One input drives actuator towards
open position, and other input drives actuator towards closed position. No
signal to either input actuator remains in last position.

b. Proportional: Actuator drives proportional to input signal and modulates
throughout its angle of rotation. Suitable for [zero- to 10] [or] [2- to 10] VDC
[and] [4- to 20-mA] signals.

C. Pulse Width Modulation (PWM): Actuator drives to a commanded position
according to a pulse duration (length) of signal from a dry-contact closure,
triac sink or source controller.

d Programmable:

1) Control Input, Position Feedback, Mechanical Travel, and Running Time: Factory or field
software programmable without the use of actuator mounted switches.

2) Adaptation: Upon adjustment of operating parameters, adaptation shall be available to
initiate adaption of the input, feedback and run time, to the actual mechanical angle of rotation

or travel.

HYDRONIC CONTROL VALVES

TRINITY MEP ENGINEERING, LLC 2309 23.11 - 4/6



3) Diagnostic: Feedback of hunting or oscillation, mechanical overload, mechanical travel, and
mechanical load limit.

4) Service Data: Include, at a minimum, the ratio of the number of hours in motion and the
number of hours powered.

e. Digital control:

1) Valve actuators with built-in digital control for BACnet [MS/TP] or Modbus [RTU].
2) Valve actuators with built-in digital control for BACnet [IP] or Modbus [TCP].

K. Position Feedback:

1. [Equip] [Where indicated, equip] two-position actuators with auxiliary switches or
other positive means of a position indication signal for remote monitoring of [open]
[and] [close] position.

2. [Equip] [Where indicated, equip] modulating actuators with analog position
feedback through [voltage] signal for remote monitoring.

3. [Equip] [Where indicated, equip] digitally controlled [BACnet MS/TP] or [Modbus
RTU] actuators with position feedback data point.

4, Provide a position indicator and graduated scale on each actuator indicating
open and closed travel limits.

L. Fail-Safe:

1. Where indicated, provide actuator to fail to an end position.

2. Mechanical spring return mechanism to drive controlled device to an end position
(open or close) on loss of power.

3. Electronic fail-safe shall incorporate an active balancing circuit to maintain equal
charging rates among the Super Capacitors. The power fail position shall be
proportionally adjustable between 0 to 100% in 10 degree increments with a 2
second [Insert timing between 0-10 seconds] operational delay.

M. Integral Overload Protection:
1. Provide electronic overload protection throughout the entire operating range in

both directions.

N. Valve Attachment:

1.

2.

3.

Attach actuator to valve drive shaft in a way that ensure maximum transfer of
power and torque without slippage.

Actuators shall be capable of being mechanically and electrically paralleled to
increase torque if required.

V-bolt dual nut clamp with a V-shaped toothed cradle; directly couple and mount
to the valve bonnet stem; or ISO-style direct-coupled mounting pad.

O. Temperature and Humidity:

1. Temperature: Suitable for operating temperature range encountered by
application with minimum operating temperature range of [minus 22 to plus 122
deg F ((minus 30 to plus 50 deg C))].
2. Humidity: Suitable for humidity range encountered by application; minimum
operating range shall be from 5 to 95 percent relative humidity, non-condensing.
P. Enclosure:
1. Suitable for ambient conditions encountered by application.
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NEMA Type 1 for indoor installation in an equipment enclosure.

NEMA Type 2 for indoor and protected applications.

NEMA Type 4 or Type 4X for outdoor and unprotected applications.

Provide actuator enclosure with a heater and controller where required by
application.

aprOD

Q. Stroke Time:

1. Operate damper from fully closed to fully open within [15] [60] [75] [90] [150] <Insert
number> seconds.

2. Operate damper from fully open to fully closed within [15] [60] [75] [90] [150] <Insert

number> seconds.

Move damper to fail-safe position within [5] [15] [30] <Insert number> seconds.

Select operating speed to be compatible with equipment and system operation.

5. Actuators operating in smoke control systems comply with governing code and
NFPA requirements.

hw

R. Optional Addressable Actuator
1. Controlled via BACnet MS/TP or Modbus RTU.
a. Internal converter for one (optional) sensor (active sensor or switching
contact) for transmission of the sensor signal to a higher-level system.
2. Controlled via the Cloud, BACnet IP or Modbus TCP.
a. Internal converter for two (optional) sensors (passive sensor, active sensor or
switching contact) for transmission of the sensor signal to a higher-level
system.

To be inserted into Section 232113 — HYDRONIC PIPING
2.6 CONTROL VALVES

K. Calibrated Balancing Valves and Automatic Flow-Control Valves shall not be used
on equipment where pressure independent control valves are installed.

To be inserted into Section 230593 — TESTING, ADJUSTING, AND BALANCING FOR HVAC
3.11 PROCEDURE FOR HYDRONIC SYSTEMS

H. Systems installed with pressure independent control valves shall not require
terminal level hydronic system balancing. [Field verify installation and
operating differential pressure range of all pressure independent control
valves.] [Total system flow shall be verified to be within +/-10% of system
design.] [10%] [20%] [25%] <Insert Percentage> of the total installed product
shall be randomly checked for individual conformance. Exact locations of
tested product to be coordinated with the design engineer.] Any individual
adjustments for the pressure independent valve assembly (valve and
actuator combination) for field conditions shall be performed using the
pressure independent control valve manufacturer’s documented procedure
following the guidelines of the National Environmental Balancing Bureau
(NEBB) and the Testing Adjusting Balancing Bureau (TABB)]
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SECTION 23 2113

HYDRONIC PIPING

PART 1 - GENERAL

11

1.2

13

14

1.5

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 piping, and hydronic specialties for chilled-water cooling; makeup water
for these systems; blow-down drain lines; and condensate drain piping.

SUBMITTALS
Product Data: For each type of special-duty valve indicated. Include flow and pressure drop
curves based on manufacturer's testing for diverting fittings, calibrated balancing valves, and

automatic flow-control valves.

Shop Drawings: Detail fabrication of pipe anchors, hangers, special pipe support assemblies,
alignment guides, expansion joints and loops, and their attachment to the building structure.
Detail location of anchors, alignment guides, and expansion joints and loops.

Maintenance Data: For hydronic specialties to include in maintenance manuals specified in
Division 1.

Water Analysis: Submit a copy of the water analysis to illustrate water quality available at
Project site.

QUALITY ASSURANCE
ASME Compliance: Comply with ASME B31.9, "Building Services Piping," for materials,
products, and installation. Safety valves and pressure vessels shall bear the appropriate ASME

label. Fabricate and stamp air separators and expansion tanks to comply with the ASME Boiler
and Pressure Vessel Code, Section VIII, Division 1.

COORDINATION
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A Coordinate layout and installation of hydronic piping and suspension system components with
other construction, including light fixtures, HVAC equipment, fire-suppression-system
components, and partition assemblies.

B. Coordinate pipe sleeve installations for foundation wall penetrations.

C. Coordinate piping installation with roof curbs, equipment supports, and roof penetrations.
Roof specialties are specified in Division 7.

D. Coordinate pipe fitting pressure classes with products specified in related Sections.

E. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into base. Concrete,
reinforcement, and formwork requirements are specified in Division 3 Sections.

F. Coordinate installation of pipe sleeves for penetrations through exterior walls and floor
assemblies. Coordinate with requirements for fire-stopping specified in Division 7.

1.6 EXTRA MATERIALS

A. Water Treatment Chemicals: Furnish sufficient chemicals for initial system startup and for
preventive maintenance for one year from date of Substantial Completion.

PART 2 - PRODUCTS

2.1 MANUFACTURERS
A. Manufacturers: Subject to compliance with requirements, provide products by one of the

following:

1. Grooved Mechanical-Joint Fittings and Couplings:
a. Central Sprinkler Company; Central Grooved Piping Products.
b. Grinnell Corporation.
C. Victaulic Company of America.

2. Expansion Tanks:
a. Amtrol, Inc.
b. Armstrong Pumps, Inc.
C. ITT Bell & Gossett; ITT Fluid Technology Corp.
d. Taco, Inc.

3. Air Separators and Air Purgers:
a. Amtrol, Inc.
b. Armstrong Pumps, Inc.

c. ITT Bell & Gossett; ITT Fluid Technology Corp.
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2.2

2.3

2.4

d. Taco, Inc.

PIPING MATERIALS
General: Refer to Part 3 "Piping Applications" Article for applications of pipe and fitting
materials.

COPPER TUBE AND FITTINGS
Drawn-Temper Copper Tubing: ASTM B 88, Type L (ASTM B 88M, Type B).
Annealed-Temper Copper Tubing: ASTM B 88, Type K (ASTM B 88M, Type A).
Wrought-Copper Fittings: ASME B16.22.
Wrought-Copper Unions: ASME B16.22.
Solder Filler Metals: ASTM B 32, 95-5 tin antimony.

Brazing Filler Metals: AWS A5.8, Classification BAg-1 (silver).

STEEL PIPE AND FITTINGS

Steel Pipe, NPS 2 (DN 50) and Smaller: ASTM A 53, Type S (seamless) or Type F (furnace-butt
welded), Grade B, Schedule 40, black steel, plain ends.

Steel Pipe, NPS 2-1/2 through NPS 12 (DN 65 through DN 300): ASTM A 53, Type E (electric-
resistance welded), Grade B, Schedule 40, black steel, plain ends.

Steel Pipe, NPS 14 through NPS 18 (DN 350 through DN 450): ASTM A 53, Type E (electric-
resistance welded) or Type S (seamless), Grade B, Schedule 30, black steel, plain ends.

Steel Pipe, NPS 20 (DN 500): ASTM A 53, Type E (electric-resistance welded) or Type S
(seamless), Grade B, Schedule 20, black steel, plain ends.

1. Steel Pipe Nipples: ASTM A 733, made of ASTM A 53, Schedule 40, black steel; seamless
for NPS 2 (DN 50) and smaller and electric-resistance welded for NPS 2-1/2 (DN 65) and
larger.

Cast-Iron Threaded Fittings: ASME B16.4; Classes 125.
Malleable-lron Threaded Fittings: ASME B16.3, Classes 150.
Malleable-lron Unions: ASME B16.39; Classes 150.

Cast-Iron Pipe Flanges and Flanged Fittings: ASME B16.1, Class 125; raised ground face, and
bolt holes spot faced.
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l. Wrought-Steel Fittings: ASTM A 234/A 234M, wall thickness to match adjoining pipe.

J. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings: ASME B16.5, including bolts,
nuts, and gaskets of the following material group, end connections, and facings:

1. Material Group: 1.1.
2. End Connections: Butt welding.
3. Facings: Raised face.

K. Grooved Mechanical-Joint Fittings: ASTM A 536, Grade 65-45-12 ductile iron; ASTM A 47
(ASTM A 47M), Grade 32510 malleable iron; ASTM A 53, Type F, E, or S, Grade B fabricated
steel; or ASTM A 106, Grade B steel fittings with grooves or shoulders designed to accept
grooved end couplings.

L. Grooved Mechanical-Joint Couplings: Ductile- or malleable-iron housing and synthetic rubber
gasket of central cavity pressure-responsive design; with nuts, bolts, locking pin, locking
toggle, or lugs to secure grooved pipe and fittings.

M.  Welding Materials: Comply with Section II, Part C, of the ASME Boiler and Pressure Vessel
Code for welding materials appropriate for wall thickness and for chemical analysis of pipe
being welded.

N. Gasket Material: Thickness, material, and type suitable for fluid to be handled; and design
temperatures and pressures.

2.5 HYDRONIC SPECIALTIES

A. Manual Air Vent: Bronze body and nonferrous internal parts; 150-psig (1035-kPa) working
pressure; 225 deg F (107 deg C) operating temperature; manually operated with screwdriver
or thumbscrew; with NPS 1/8 (DN 6) discharge connection and NPS 1/2 (DN 15) inlet
connection.

B. Automatic Air Vent: Designed to vent automatically with float principle; bronze body and
nonferrous internal parts; 150-psig (1035-kPa) working pressure; 240 deg F (116 deg C)
operating temperature; with NPS 1/4 (DN 8) discharge connection and NPS 1/2 (DN 15) inlet
connection.

C. Expansion Tanks: Welded carbon steel, rated for 125-psig (860-kPa) working pressure and 375
deg F (191 deg C) maximum operating temperature. Separate air charge from system water to
maintain design expansion capacity by a flexible [diaphragm] [bladder] securely sealed into
tank. Include drain fitting and taps for pressure gage and air-charging fitting. Support vertical
tanks with steel legs or base; support horizontal tanks with steel saddles. Factory fabricate
and test tank with taps and supports installed and labeled according to the ASME Boiler and
Pressure Vessel Code, Section VIII, Division 1.

D. Tangential-Type Air Separators: Welded black steel; ASME constructed and labeled for 125-
psig (860-kPa) minimum working pressure and 375 deg F (191 deg C) maximum operating
temperature; perforated stainless-steel air collector tube designed to direct released air into
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expansion tank; tangential inlet and outlet connections; threaded connections for NPS 2
(DN 50) and smaller; flanged connections for NPS 2-1/2 (DN 65) and larger; threaded blow-
down connection. Provide units in sizes for full-system flow capacity.

E. In-Line Air Separators: One-piece cast iron with an integral weir designed to decelerate system
flow to maximize air separation at a working pressure up to 175 psig (1206 kPa) and liquid
temperature up to 300 deg F (149 deg C).

F. Air Purgers: Cast-iron body with internal baffles that slow the water velocity to separate the
air from solution and divert it to the vent for quick removal. Maximum working pressure of
150 psig (1035 kPa) and temperature of 250 deg F (121 deg C).

G. Bypass Chemical Feeder: Welded steel construction; 125-psig (860-kPa) working pressure; 5-
gal. (19-L) capacity; with fill funnel and inlet, outlet, and drain valves.

1. Chemicals: Specially formulated, based on analysis of makeup water, to prevent
accumulation of scale and corrosion in piping and connected equipment.

H. Y-Pattern Strainers: 125-psig (860-kPa) working pressure; cast-iron body (ASTM A 126,
Class B), flanged ends for NPS 2-1/2 (DN 65) and larger, threaded connections for NPS 2
(DN 50) and smaller, bolted cover, perforated stainless-steel basket, and bottom drain
connection.

l. Basket Strainers: 125-psig (860-kPa) working pressure; high-tensile cast-iron body
(ASTM A 126, Class B), flanged-end connections, bolted cover, perforated stainless-steel
basket, and bottom drain connection.

J. Flexible Connectors: Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing
protective jacket; 150-psig (1035-kPa) minimum working pressure and 250 deg F (121 deg C)
maximum operating temperature. Connectors shall have flanged- or threaded-end
connections to match equipment connected and shall be capable of 3/4-inch (20-mm)
misalignment.

K. Spherical, Rubber, Flexible Connectors: Fiber-reinforced rubber body with steel flanges drilled
to align with Classes 150 and 300 steel flanges; operating temperatures up to 250 deg F (121
deg C) and pressures up to 150 psig (1035 kPa).

PART 3 - EXECUTION

3.1 PIPING APPLICATIONS

A. Chilled Water, NPS 2 (DN 50) and Smaller: Aboveground, use Type L (Type B) drawn-temper
copper tubing with soldered joints or Schedule 40 steel pipe with threaded joints.

B. Chilled Water, NPS 2-1/2 (DN 65) and Larger: Schedule 40 steel pipe with welded and flanged
joints.
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C. Chilled Water Under-Ground Piping: Pre-Insulated Schedule 40 steel pipe with welded and
flanged joints and HDPE jacket.

D. Condensate Drain Lines: Type L (Type B) drawn-temper copper tubing with soldered joints.

3.2 VALVE APPLICATIONS
A. General-Duty Valve Applications: Unless otherwise indicated, use the following valve types:

1. Shutoff Duty: Gate, ball, and butterfly valves.
2. Throttling Duty: Ball and butterfly valves.

B. Install shutoff duty valves at each branch connection to supply mains, at supply connection to
each piece of equipment, unless only one piece of equipment is connected in the branch line.
Install throttling duty valves at each branch connection to return mains, at return connections
to each piece of equipment, and elsewhere as indicated.

C. Install calibrated balancing valves in the return water line of each heating or cooling element
and elsewhere as required to facilitate system balancing.

D. Install check valves at each pump discharge and elsewhere as required to control flow
direction.
3.3 PIPING INSTALLATIONS
A. Refer to Division 15 Section "Basic Mechanical Materials and Methods" for basic piping

installation requirements.

B. Install groups of pipes parallel to each other, spaced to permit applying insulation and
servicing of valves.

C. Install drains, consisting of a tee fitting, NPS 3/4 (DN 20) ball valve, and short NPS 3/4 (DN 20)
threaded nipple with cap, at low points in piping system mains and elsewhere as required for
system drainage.

D. Install piping at a uniform grade of 0.2 percent upward in direction of flow.
E. Reduce pipe sizes using eccentric reducer fitting installed with level side up.
F. Unless otherwise indicated, install branch connections to mains using tee fittings in main pipe,

with the takeoff coming out the top of the main pipe.

G. Install strainers on supply side of each control valve, pressure-reducing valve, solenoid valve,
in-line pump, and elsewhere as indicated. Install NPS 3/4 (DN 20) nipple and ball valve in
blow-down connection of strainers NPS 2 (DN 50) and larger. Match size of strainer blow-off
connection for strainers smaller than NPS 2 (DN 50).

H. Anchor piping for proper direction of expansion and contraction.
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3.5

3.6

HANGERS AND SUPPORTS

Hanger, support, and anchor devices are specified in Division 15 Section "Hangers and
Supports." Comply with requirements below for maximum spacing of supports.

Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet (6 m)
long.

2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet (6
m) or longer.

3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet (6 m) or longer,
supported on a trapeze.

4, Spring hangers to support vertical runs.

Install hangers for steel piping with the following maximum spacing and minimum rod sizes:

NPS 3/4 (DN 20): Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 mm).
NPS 1 (DN 25): Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch (6.4 mm).
NPS 1-1/2 (DN 40): Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 inch (10 mm).
NPS 2 (DN 50): Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch (10 mm).

NPS 2-1/2 (DN 65): Maximum span, 11 feet (3.4 m); minimum rod size, 3/8 inch

(10 mm).

NPS 3 (DN 80): Maximum span, 12 feet (3.7 m); minimum rod size, 3/8 inch (10 mm).
NPS 4 (DN 100): Maximum span, 14 feet (4.3 m); minimum rod size, 1/2 inch (13 mm).
NPS 6 (DN 150): Maximum span, 17 feet (5.2 m); minimum rod size, 1/2 inch (13 mm).
NPS 8 (DN 200): Maximum span, 19 feet (5.8 m); minimum rod size, 5/8 inch (16 mm).

e wN e
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Install hangers for drawn-temper copper piping with the following maximum spacing and
minimum rod sizes:

NPS 3/4 (DN 20): Maximum span, 5 feet (1.5 m); minimum rod size, 1/4 inch (6.4 mm).
NPS 1 (DN 25): Maximum span, 6 feet (1.8 m); minimum rod size, 1/4 inch (6.4 mm).
NPS 1-1/2 (DN 40): Maximum span, 8 feet (2.4 m); minimum rod size, 3/8 inch (10 mm).
NPS 2 (DN 50): Maximum span, 8 feet (2.4 m); minimum rod size, 3/8 inch (10 mm).

PwnNPRE

Support vertical runs at roof, at each floor, and at 10-foot (3-m) intervals between floors.

PIPE JOINT CONSTRUCTION

Refer to Division 15 Section "Basic Mechanical Materials and Methods" for joint construction
requirements for soldered and brazed joints in copper tubing; threaded, welded, and flanged
joints in steel piping.

HYDRONIC SPECIALTIES INSTALLATION

HYDRONIC PIPING

TRINITY MEP ENGINEERING, LLC 232113-7/9



3.7

3.8

Install automatic air vents in mechanical equipment rooms only at high points of system
piping, and elsewhere as required for system air venting.

Install in-line air separators in pump suction lines. Install piping to compression tank with a 2
percent upward slope toward tank. Install drain valve on units NPS 2 (DN 50) and larger.

Install combination air separator and strainer in pump suction lines. Install piping to
compression tank with a 2 percent upward slope toward tank. Install blow-down piping with
gate valve; extend to nearest drain.

Install bypass chemical feeders in each hydronic system where indicated, in upright position
with top of funnel not more than 48 inches (1200 mm) above floor. Install feeder in bypass

line, off main, using globe valves on each side of feeder and in the main between bypass
connections. Pipe drain, with ball valve, to nearest equipment drain.

Install expansion tanks. Vent and purge air from hydronic system, and ensure tank is properly
charged with air to suit system design requirements.

TERMINAL EQUIPMENT CONNECTIONS
Size for supply and return piping connections shall be same as for equipment connections.
Install control valves in accessible locations close to connected equipment.

Install bypass piping with butterfly or ball valve around control valve. If multiple, parallel
control valves are installed, only one bypass is required.

Install ports for pressure and temperature gages at coil inlet connections.

FIELD QUALITY CONTROL

Prepare hydronic piping according to the following:

1. Leave joints, including welds, uninsulated and exposed for examination during test.

2. Provide temporary restraints for expansion joints that cannot sustain reactions due to
test pressure. If temporary restraints are impractical, isolate expansion joints from
testing.

3. Flush system with clean water. Clean strainers.

4. Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall

be capable of sealing against test pressure without damage to valve. Install blinds in
flanged joints to isolate equipment.

5. Install safety valve, set at a pressure no more than one-third higher than test pressure,
to protect against damage by expanding liquid or other source of overpressure during
test.

HYDRONIC PIPING
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6. Use ambient temperature water as a testing medium unless there is risk of damage due
to freezing. Another liquid that is safe for workers and compatible with piping may be

used.

7. While filling system, use vents installed at high points of system to release trapped air.
Use drains installed at low points for complete draining of liquid.

8. Check expansion tanks to determine that they are not air bound and that system is full
of water.

9. Subject piping system to hydrostatic test pressure that is 1.5 times the design pressure

but not less than 100-psig (690-kPa). Test pressure shall not exceed maximum pressure
for any vessel, pump, valve, or other component in system under test. Verify that stress
due to pressure at bottom of vertical runs does not exceed either 90 percent of
specified minimum yield strength or 1.7 times "SE" value in Appendix A of ASME B31.9,
"Building Services Piping."

10. After hydrostatic test pressure has been applied for at least 30 minutes, examine
piping, joints, and connections for leakage. Eliminate leaks by tightening, repairing, or
replacing components, and repeat hydrostatic test until there are no leaks.

3.9 ADJUSTING

A Mark calibrated nameplates of pump discharge valves after hydronic system balancing has
been completed, to permanently indicate final balanced position.

B. Perform these adjustments before operating the system:
1. Open valves to fully open position. Close coil bypass valves.
2. Check pump for proper direction of rotation.
3. Set automatic fill valves for required system pressure.
4, Check air vents at high points of system and determine if all are installed and operating

freely (automatic type), or bleed air completely (manual type).

Set temperature controls so all coils are calling for full flow.

Check operation of automatic bypass valves.

7. Check and set operating temperatures of boilers, chillers, and cooling towers to design
requirements.

o wu

3.10 CLEANING
A. Flush hydronic piping systems with clean water. Remove and clean or replace strainer screens.

After cleaning and flushing hydronic piping systems, but before balancing, remove disposable
fine-mesh strainers in pump suction diffusers.

END OF SECTION

HYDRONIC PIPING
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FI Series Taco Comfort Solutions 09.2021
SECTION 232123 - HYDRONIC PUMPS
PART 1 - GENERAL
11 SUMMARY

A.  Section Includes:

1. Separately coupled, base-mounted, double-suction centrifugal pumps.

1.2 DEFINITIONS

A.  ECM: Electronically commutated motor.

B. EPDM: Ethylene propylene diene monomer.

C.  EPR: Ethylene propylene rubber.

D.  EPT: Ethylene propylene terpolymer.

E. FKM: Fluoroelastomer polymer.

F. HI: Hydraulic Institute.

G.  NBR: Nitrile rubber or Buna-N.

H.  ODP: Open, drip proof.

l. TEFC: Totally enclosed, fan-cooled.

J. TENV: Totally enclosed, non-ventilated.

K.  VFD: Variable-frequency controller.
1.3 ACTION SUBMITTALS

A.  Product Data: For each type of pump.

1. Include published performance curves and rated capacities, operating characteristics,
furnished specialties, final impeller dimensions, and accessories for each type of product
indicated.

2. Indicate pump's operating point on curves.

B.  Shop Drawings: For each pump.

1. Show pump layout and connections.

2. Include setting drawings with templates for installing foundation and anchor bolts and

other anchorages.

HYDRONIC PUMPS
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Taco Comfort Solutions 09.2021

3. Include diagrams for power, signal, and control wiring.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Plans, or BIM model, drawn to scale, showing the items described in
this Section, and coordinated with all building trades.

Field quality-control reports.

CLOSEOUT SUBMITTALS

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

MAINTENANCE MATERIAL SUBMITTALS

Furnish spare parts that match products installed and that are packaged with protective covering
for storage and identified with labels describing contents.

1. Seal: One mechanical seal for each pump.

PART 2 - PRODUCTS

2.1

2.2

A

B.

A.

B.

C.

PERFORMANCE REQUIREMENTS

Provide pumps and associated equipment that are in compliance with energy conservation
guidelines published in 2020 by the U.S. Department of Energy Rulemaking Committee for
commercial and industrial pumps.

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

SEPARATELY COUPLED, BASE-MOUNTED, END-SUCTION CENTRIFUGAL PUMPS

Basis-of-Design Product: Subject to compliance with requirements, provide Taco Comfort
Solutions, Inc.; FI Series or comparable product by one of the following:

1. Bell & Gossett.
2. Armstrong
3. <Insert manufacturer's name>,

Source Limitations: Obtain pumps from single source from single manufacturer.
Description: Factory-assembled and -tested, centrifugal, APl 610-OH1-type, overhung-impeller,

separately coupled, end-suction pump with flexible shaft coupling as defined in HI 14.1,
HI 14.2 and HI 14.3; designed for base mounting, with pump and motor shafts horizontal.

HYDRONIC PUMPS 232123 -2
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A.  Pump Construction:

1.

3.
4.
5

6.

Casing: Radially split, cast iron, threaded gauge tapping at inlet and outlet, drain plug at
bottom and air vent at top of volute, and flanged connections. Pump volute shall be foot
mounted

Impeller: ASTM B584, cast bronze; statically and dynamically balanced, keyed to shaft,
and secured with a locking cap screw. For pumps that are not variable-frequency-drive
controlled, trim impeller to match specified performance.

Pump Shaft Sleeve: Bronze

Pump Shaft: Stainless Steel Type 303, ASTM A276

Seal, Mechanical Type: Mechanical seal consisting of carbon rotating ring against a
ceramic seat held by a stainless steel spring, and buna bellows and gasket.

Pump Bearings: Permanent lubricated ball bearings in cast-iron housing

B.  Shaft Coupling: Woods Dura-Flex, spacer type flexible coupling, rated for VFD use

C. Mounting Frame: Welded-steel frame and cross members, factory fabricated from
ASTM A36/A36M channels and angles. Fabricate to mount pump casing, coupling guard, and

motor.

D. Motor: Comply with NEMA designation, temperature rating, service factor, and efficiency
requirements for motors specified in Section 230513 "Common Motor Requirements for HVAC

Equipment.”

1. NEMA Premium Efficient motors as defined in NEMA MG 1.

2. Motor Sizes: Totally non-overloading. Minimum size as indicated. If not indicated, large
enough so driven load will not require motor to operate in service factor range above 1.0.

3. Controllers, Electrical Devices, and Wiring: Comply with requirements for electrical
devices and connections specified in electrical Sections.

4, [Single] [Variable]-speed motor.

5. Provide pump motor variable-frequency controller.

6. <Insert unique motor characteristics>.

PART 3 - EXECUTION

3.1 EXAMINATION

A.  Examine roughing-in for piping systems to verify actual locations of piping connections before
pump installation.

B.  Examine foundations and inertia bases for suitable conditions where pumps will be installed.

C.  Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PUMP INSTALLATION

A.  Comply with [HI 14.4] [and] [HI 2.4].
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Install pumps to provide access for periodic maintenance including removing motors, impellers,
couplings, and accessories.

Where required, independently support pumps and piping so weight of piping is not supported
by pumps and weight of pumps is not supported by piping.

Equipment Mounting:

1. Install base-mounted pumps on cast-in-place concrete equipment bases. Comply with
requirements for equipment bases and foundations specified in Section 033000 "Cast-in-
Place Concrete."

2. Comply with requirements for vibration isolation and seismic-control devices specified in
Section 230548 "Vibration and Seismic Controls for HVAC."

3. Comply with requirements for vibration isolation devices specified in Section 230548.13
"Vibration Controls for HVAC."

ALIGNMENT

Perform alignment service.

Comply with requirements in HI standards for alignment of pump and motor shaft. Add shims

to the motor feet and bolt motor to base frame. Do not use grout between motor feet and base

frame.

Comply with pump and coupling manufacturers' written instructions.

After alignment is correct, tighten foundation bolts evenly but not too firmly. Completely fill

baseplate with nonshrink, nonmetallic grout while metal blocks and shims or wedges are in

place. After grout has cured, fully tighten foundation bolts.

PIPING CONNECTIONS

Where installing piping adjacent to pump, allow space for service and maintenance.

Connect piping to pumps. Install valves that are same size as piping connected to pumps.

Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles.

Install triple-duty valve on discharge side of pumps.

Install suction diffuser and shutoff valve on suction side of pumps.

1. Use startup strainer for initial system startup. Install permanent strainer element before
turnover of system to Owner.

Install flexible connectors on suction and discharge sides of base-mounted pumps between
pump casing and valves.

Install pressure gauges on pump suction and discharge or at integral pressure-gauge tapping, or
install single gauge with multiple-input selector valve.

HYDRONIC PUMPS 232123 -4
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ELECTRICAL CONNECTIONS

Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors
and Cables."

Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical
Systems."

Install electrical devices furnished by manufacturer, but not factory mounted, in accordance
with NFPA 70 and NECA 1.

Install nameplate for each electrical connection, indicating electrical equipment designation and
circuit number feeding connection.

1. Nameplate to be laminated acrylic or melamine plastic signs, as specified in
Section 260553 "Identification for Electrical Systems."”

2. Nameplate to be laminated acrylic or melamine plastic signs with a black background and
engraved white letters at least 1/2 inch (13 mm) high.

CONTROL CONNECTIONS

Install control and electrical power wiring to field-mounted control devices.

Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power
Cables.”

STARTUP SERVICE

Perform startup service.

1. Complete installation and startup checks in accordance with manufacturer's written
instructions.

Check piping connections for tightness.

Clean strainers on suction piping. Use startup strainer for initial startup.
4. Perform the following startup checks for each pump before starting:

w

a. Verify bearing lubrication.

b. Verify that pump is free to rotate by hand and that pump for handling hot liquid is
free to rotate with pump hot and cold. If pump is bound or drags, do not operate
until cause of trouble is determined and corrected.

C. Verify that pump is rotating in correct direction.

5. Prime pump by opening suction valves and closing drains, and prepare pump for
operation.

Start motor.

7. Open discharge valve slowly.

S
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3.8 FIELD QUALITY CONTROL

A.  Testing Agency: [Owner will engage] [Engage] a qualified testing agency to perform tests and
inspections.

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

C.  Perform tests and inspections[ with the assistance of a service representative].
D.  Hydronic pumps will be considered defective if they do not pass tests and inspections.

E. Prepare test and inspection reports.

3.9 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain hydronic pumps.

END OF SECTION 232123
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SECTION 23 23 00

REFRIGERANT PIPING

PART 1 - GENERAL
1.1 SUMMARY
A. Includes But Not Limited To:
1. Furnish and install piping and specialties for refrigeration systems as described in Contract
Documents.
B. Products Installed But Not Furnished Under This Section:
1.2 REFERENCES
A. Association Publications:
1. Federal Emergency Management Agency (FEMA) / Vibration Isolation and Seismic Control
Manufacturers Association (VISCMA) / American Society of Civil Engineers (ASCE):
a. FEMA 412, 'Installing Seismic Restraints For Mechanical Equipment' (December 2002).
2. Vibration Isolation and Seismic Control Manufacturers Association (VISCMA):
a. VISCMA 101-12, 'Seismic Restraint Specification Guidelines for Mechanical, Electrical, and
Plumbing Systems'.
b. VISCMA 102-12, 'Vibration Isolation Specification Guidelines for Mechanical, Electrical, and
Plumbing Systems'.
B. Definitions:
1. Refrigerant: Absorbs heat by a change of state (evaporation) from liquid to a gas, and releases heat
by a change of state (condenses) from gas back to a liquid.
2. Vibration Isolation: Vibration reduction in which an isolation system is placed between the source of
unwanted vibration and an item which needs to be shielded from the vibration.
C. Reference Standards:
1. American National Standards Institute (ANSI) / American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE):
a. ANSI/ASHRAE Standard 15-2010, 'Safety Standard for Refrigeration Systems'.
b. ANSI/ASHRAE Standard 34-2010, 'Designation and Classification of Refrigerants'.
2. American National Standards Institute / American Welding Society:
a. ANSI/AWS A5.8M/A5.8-2011, 'Specification for Filler Metals for Brazing and Braze Welding'.
3. American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE):
a. '2011 ASHRAE Handbook - HVAC Applications'.
1) Chapter 48, 'Noise and Vibration Control'.
4. ASTM International:
a. ASTM A36/A36M-08, 'Standard Specification for Carbon Structural Steel'.
b. ASTM B280-08, 'Standard Specification for Seamless Copper Tube for Air Conditioning and
Refrigeration Field Service'.

REFRIGERANT PIPING
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5. National Fire Protection Association / American National Standards Institute:
a. NFPA 90A-2012, 'Installation of Air Conditioning and Ventilating Systems'.

6. Underwriters Laboratories:
a. UL 2182, 'Refrigerants' (2nd Edition).
1.3 SUBMITTALS
A. Action Submittals:

1. Shop Drawings: Show each individual equipment and piping support.

B. Informational Submittals:

1. Qualification Statements: Technician certificate for use of HFC and HCFC refrigerants.

1.4 QUALITY ASSURANCE
A. Regulatory Agency Sustainability Approvals:
1. Refrigerants:

a. Underwriters Laboratories / Underwriters Laboratories of Canada:

1) Comply with requirements of UL 2182.

B. Qualifications. Section 01 4301 applies, but is not limited to the following:

1. Installer: Refrigerant piping shall be installed by refrigeration contractor licensed by State and by

technicians certified in use of HFC and HCFC refrigerants.

PART 2 - PRODUCTS
2.1 COMPONENTS
A. Manufacturers:
1. Manufacturer Contact List:
a. Airtec,

Cush-A-Clamp by ZSI Manufacturing,
Elkhart Products Corp,.
Emerson Climate Technologies,
Handy & Harman Products
Harris Products Group,
Henry Valve Co,
Hilti Inc,
Hydra-Zorb Co,
JB Industries,

Sm o a0 o

~ =

Mueller Steam Specialty,

Nibco Inc,
. Packless Industries, Parker Corp,
Sporlan Valve Co.
Sherwood Valves,.
Thomas & Betts,
Unistrut, Div of Atkore International, Inc.

oL T o 5 3

Universal Metal Hose.

(%]

Vibration Mountings & Controls,
t. Virginia KMP Corp,
B. Materials:
1. Refrigerant Piping:

a. Meet requirements of ASTM B280, hard drawn straight lengths

TRINITY MEP ENGINEERING, LLC

. Soft copper tubing not permitted.
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b. Do not use pre-charged refrigerant lines.
. Refrigerant Fittings:
a. Wrought copper with long radius elbows.
b. Category Four Approved Manufacturers. See Section 01 6200 for definitions of Categories:
1) Mueller Streamline.
2) Nibco Inc.
3) Elkhart.
. Suction Line Traps:
a. Manufactured standard one-piece traps.
b. Category Four Approved Manufacturers. See Section 01 6200 for definitions of Categories:
1) Mueller Streamline.
2) Nibco Inc.
3) Elkhart.
. Tee Access:
a. Brass:
1) Category Four Approved Manufacturers. See Section 01 6200 for definitions of Categories:
a) JB Industries: Part #A3 Series with Factory Cap and Valve Core.
. Connection Material:
a. Brazing Rods in accordance with ANSI/AWS A5.8M/A5.8:
1) Copper to Copper Connections:
a) Classification BCuP-4 Copper Phosphorus (6 percent silver).
b) Classification BCuP-5 Copper Phosphorus (15 percent silver).
2) Copper to Brass or Copper to Steel Connections: Classification BAg-5 Silver (45 percent
silver).
3) Do not use rods containing Cadmium.
b. Flux:
1) Type Two Acceptable Products:
a) Stay-Silv White Brazing Flux by Harris Products Group.
b) High quality silver solder flux by Handy & Harmon.
c) Equal as approved by Architect before use. See Section 01 6200.
. Valves:
a. Expansion Valves:
1) For pressure type distributors, externally equalized with stainless steel diaphragm, and same
refrigerant in thermostatic elements as in system.
2) Size valves to provide full rated capacity of cooling coil served. Coordinate selection with
evaporator coil and condensing unit.
3) Category Four Approved Manufacturers. See Section 01 6200 for definitions of Categories:
a) Emerson Climate Technologies.
b) Henry.
c) Mueller.
d) Parker.
e) Sporlan.
b. Manual Refrigerant Shut-Off Valves:
1) Ball valves designed for refrigeration service and full line size.

REFRIGERANT PIPING
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2) Valve shall have cap seals.
3) Valves with hand wheels are not acceptable.
4) Provide service valve on each liquid and suction line at compressor.
5) If service valves come as integral part of condensing unit, additional service valves shall not be
required.
6) Category Four Approved Manufacturers. See Section 01 6200 for definitions of Categories:
a) Henry.
b) Mueller.
¢) Sherwood.
d) Virginia.
7. Filter-Drier:
a. Onlines 3/4 inch (19 mm) outside diameter and larger, filter-drier shall be replaceable core type
with Schraeder type valve.
b. On lines smaller than 3/4 inch (19 mm) outside diameter, filter-drier shall be sealed type with
brazed end connections.
c. Size shall be full line size.
d. Category Four Approved Manufacturers. See Section 01 6200 for definitions of Categories:
1) Emerson Climate Technologies.
2) Mueller.
3) Parker.
4) Sporlan.
5) Virginia.
8. Sight Glass:
a. Combination moisture and liquid indicator with protection cap.
b. Sight glass shall be full line size.
c. Sight glass connections and sight glass body shall be solid copper or brass, no copper-coated steel
sight glasses allowed.
d. Category Four Approved Product. See Section 01 6200 for definitions of Categories:
1) HMI by Emerson Climate Technologies.
9. Flexible Connectors:
a. Designed for refrigerant service with bronze seamless corrugated hose and bronze braiding.
b. Category Four Approved Products. See Section 01 6200 for definitions of Categories:
1) Vibration Absorber Model VAF by Packless Industries.
2) Vibration Absorbers by Virginia KMP Corp.
3) Anaconda 'Vibration Eliminators' by Universal Metal Hose.
4) Style 'BF' Spring-flex freon connectors by Vibration Mountings.
10. Refrigerant Piping Supports:
a. Base, Angles, And Uprights: Steel meeting requirements of ASTM A36.
b. Securing Channels:
1) At Free-Standing Pipe Support:
a) Class One Quality Standard: P-1000 channels by Unistrut.
b) Acceptable Manufacturers: Hilti, Thomas & Betts.
c) Equal as approved by Architect before installation. See Section 01 6200.
2) At Wall Support:
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11.

a) Class One Quality Standard: P-3300 channels by Unistrut.
b) Acceptable Manufacturers: Hilti, Thomas & Betts.
c) Equal as approved by Architect before installation. See Section 01 6200.
3) At Suspended Support:
a) Class One Quality Standard: P-1001 channels by Unistrut.
b) Acceptable Manufacturers: Hilti, Thomas & Betts.
c) Equal as approved by Architect before installation. See Section 01 6200.
4) Angle Fittings:
a) Class One Quality Standard: P-2626 90 degree angle by Unistrut.
b) Acceptable Manufacturers: Hilti, Thomas & Betts.
c) Equal as approved by Architect before installation. See Section 01 6200.
c. Pipe Clamps:
1) Type Two Acceptable Manufacturers:
a) Hydra-Zorb.
b) ZSI Cush-A-Clamp.
c) Hilti Cush-A-Clamp.
d) Equal as approved by Architect before installation. See Section 01 6200.
d. Protective Cover: 18 ga (1.2 mm) steel, hot-dipped galvanized.
Locking Refrigerant Cap:
a. Provide and install on charging valves:
1) Class One Quality Standard: ‘No Vent’ locking refrigerant cap.
2) Acceptable Manufacturers: Airtec.
3) Equal as approved by Architect before installation. See Section 01 6200.

PART 3 - EXECUTION
3.1 INSTALLATION
A. Refrigerant Lines:

1.
2.

Install as high in upper mechanical areas as possible. Do not install underground or in tunnels.
Slope suction lines down toward compressor one inch/10 feet (25 mm in 3 meters). Locate traps at
vertical rises against flow in suction lines.

B. Connections:

1.

Refrigeration system connections shall be copper-to-copper, copper-to-brass, or copper-to-steel type
properly cleaned and brazed with specified rods. Use flux only where necessary. No soft solder (tin,
lead, antimony) connections will be allowed in system.

2. Braze manual refrigerant shut-off valve, sight glass, and flexible connections.

3. Circulate dry nitrogen through tubes being brazed to eliminate formation of copper oxide during
brazing operation.
C. Specialties:
1. Install valves and specialties in accessible locations. Install refrigeration distributors and suction

outlet at same end of coil.

2. Install thermostatic bulb as close to cooling coil as possible. Do not install on vertical lines.

3. Install equalizing line in straight section of suction line, downstream of and reasonably close to

thermostatic bulb. Do not install on vertical lines.
Provide flexible connectors in each liquid line and suction line at both condensing unit and evaporator
on systems larger than five tons. Anchor pipe near each flexible connector.

REFRIGERANT PIPING
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D. Refrigerant Supports:
1. Support Spacing:

a. Piping 1-1/4 inch (32 mm) And Larger: 8 feet (2.450 m) on center maximum.

b. Piping 1-1/8 inch (28.5 mm) And Smaller: 6 feet (1.80 m) on center maximum.

c. Support each elbow.

2. Isolate pipe from supports and clamps with Hydrozorb or Cush-A-Clamp systems.
3. Run protective cover continuous from condensing units to risers or penetrations at building wall.
3.2 FIELD QUALITY CONTROL
A. Field Tests:
1. Make evacuation and leak tests in presence of Architect's Engineer after completing refrigeration
piping systems. Positive pressure test will not suffice for procedure outlined below.

a. Draw vacuum on each entire system with two stage vacuum pump. Draw vacuum to 300 microns
using micron vacuum gauge capable of reading from atmosphere to 10 microns. Do not use
cooling compressor to evacuate system nor operate it while system is under high vacuum.

b. Break vacuum with nitrogen and re-establish vacuum test. Vacuum shall hold for 30 minutes at
300 microns without vacuum pump running.

c. Conduct tests at 70 deg F (21 deg C) ambient temperature minimum.

d. Do not run systems until above tests have been made and systems started up as specified. Inform
Owner's Representative of status of systems at time of final inspection and schedule start-up and
testing if prevented by outdoor conditions before this time.

e. After testing, fully charge system with refrigerant and conduct test with Halide Leak Detector.

f. Recover all refrigerant in accordance with applicable codes. Do not allow any refrigerant to escape
to atmosphere.

B. Non-Conforming Work:
1. If itis observed that refrigerant lines are being or have been brazed without proper circulation of
nitrogen through lines, all refrigerant lines installed up to that point in time shall be removed and
replaced at no additional cost to Owner.

END OF SECTION
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SECTION 23 25 00
CHILLED AND HOT WATER TREATMENT SYSTEMS

PART 1 - GENERAL

1.1 GENERAL REQUIREMENTS
A. The requirements of the General Conditions and Supplementary Conditions apply to all
work herein.
1.2 SCOPE

Scope of the Work shall include the furnishing and complete installation of the equipment
covered by this Section, with all auxiliaries, ready for owner’s use.

1.3 DESCRIPTION OF WORK

A Work Included: Perform water analysis and provide all water treatment
products, holding reservoirs, equipment and labor for testing, cleaning, flushing and
dispensing products to control water quality for each system specified hereinafter as
follows:

1. Chilled Water System.

B. Chemicals: Provide, at no additional cost to the Owner, all chemicals required for
operating and testing all water treatment systems prior to and for one (1) year after
acceptance by Owner.

C. Instructions: Provide operating and maintenance instructions for each water
treatment system; include one set in each Owner’s Manual and deliver one set to
Owner’s operating personnel.

D. Testing Equipment and Reagents: Furnish suitable water treatment testing
equipment for each system, complete with apparatus and reagents necessary for
operation prior to and for three (3) months after acceptance by the Owner.

E. Service Representative:
1. Cleaning and Flushing test required verifying satisfactory completion of clean
pipe.
2. Provide water analysis report quarterly on each operating system.
3. Annually perform microbiological culture study on the system to monitor

CHILLED & HOT WATER TREATMENT SYSTEMS
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bacteria.

F. Replacement and Rework: Replace defective or nonconforming materials and
equipment with new materials and equipment at no additional cost to Owner for one (1)
year after successful start-up of the system; monthly reports shall be provided to the
Project Team. All warranty work shall be free on board (FOB) as installed at the project

site.

1. Guarantee: Provide system produced by manufacturer who is willing
to execute the required guarantee.

2. Agreement to Maintain: Provide system produced by manufacturer who is
willing to execute (with the Owner) the required agreement for continued
maintenance of the system.

14 QUALITY ASSURANCE
A Qualifications: ~ The Water Treatment Contractor for work under this Section shall
have:

1 Research and development facilities.

2. Regional laboratories capable of making a water analysis.

3. A service department and qualified technical service representative located
within a reasonable distance of the project site.

4. Service representatives who are Registered Engineers or factory- certified
technicians with not less than five (5) years of water treatment experience with
the water treatment system manufacturer.

B. Packaging and Labeling: Water treatment chemicals will be supplied in a container

suitable for product, and will be in accordance with DOT shipping standards.

C. Electrical Standards: Provide electrical products which have been tested, listed and
labeled by Underwriters Laboratories (UL) and which comply with National Electrical
Manufacturers’ Association (NEMA) standards.

D. Chemical Standards: Provide chemical products acceptable under state and local
pollution control or other governing regulations.

15 SUBMITTALS

A. Test reports:  Submit test reports certified by an officer of the firm, on water
treatment company letterheads, of samples of each treated water system specified.
Comply with ASTM D 596 for reporting. Indicate the ASTM best methods for each test.
Tests will included by are not limited to conductivity, pH, chemical residual, iron,
copper, and bacteria count.

B. Shop Drawings: Submit shop drawings for each water treatment system. Show
wiring, pumps, piping and tubing sizes, fittings, accessories, valves and connections and
monitoring equipment.
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C. Guarantee: Submit written guarantee, signed by the
Manufacturer and countersigned by the Installer and Contractor, agreeing to adjust or
replace the chemicals in the systems as required to achieve the required performance,
during a one (1) year period following the final start-up or the continued operation of
the systems.

D. Agreement to Maintain: Prior to the time of final acceptance, the Manufacturer of
the chilled water treating system shall submit four (4) copies of an “Agreement for
Continued Service and the Owner’s Possible Acceptance.” Offer terms and conditions for
furnishing chemical and providing continued testing and equipment for a one (1) year
period with option for renewal of the Agreement by Owner.

PART 2 — PRODUCTS
2.1 GENERAL
A. Water Analysis: Determine which chemicals to use from the results of a water sample
analysis taken from the building site by the system manufacturer. Provide ingredients

necessary to achieve the desired water conditions.

B. Pre-Treatment:  Treat water piping systems with chemicals to remove and permit
flushing of mill scale, oil, grease and other foreign matter.

C. FDA and USDA Approval: Use only FDA and USDA approved products in system with
direct connection to domestic water systems.

D. Governing Laws: Ensure that neither products, waste, blow-down nor other effluents
violate local, state, EPA, or other agency regulations in effect in the project area.

2.2 APPROVED WATER TREATMENT SERVICE
A. Nalco
B. Garratt Callahan
2.3 CHILLED AND HOT WATER SYSTEMS
A. Chemicals: Provide water treatment products which contain inhibitors that perform

the following:

Form a protective film to prevent corrosion and scale formation;

Scavenge oxygen and protect against scale;

Remain stable throughout operating temperature range, and;

Are compatible with pump seals and other elements in the system.

The inhibitor shall be a borate-nitrate corrosion inhibitor compound at 400 — 800
ppm; or for aluminum condensing boiler molybate at 10 to 25 ppm.
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B. Equipment:  For each system, provide a 5-gallon filter feeder constructed of materials
which are impervious to the products dispensed. Feeder shall be designed for not less
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than 200-psig operating pressure. Filter feeder shall be as manufactured by Vector
Industries model FA-900 or approved equal. Provide flow indicator meter on discharge of
filter feeder.

C. Test Kit: Provide test kit and reagents for determining proper water
conditions.
D. Treatment:  Treat initial water charge to water system, after system has been

flushed and prepped, to achieve a water quality as specified. Test report required to
verify cleaning.

E. Reports: Prepare certified test report for each required water performance
characteristic. Comply with the following ASTM standard, where applicable:

D1067 — Tests for Acidity or Alkalinity of Water.

D1068 — Tests for Iron in Water and Waste Water.

D1126 — Tests for Hardness in Water.

D1128 — Identification of Types of Microorganisms and Microscopic Matter in
Water and Waste Water.

5. D3370 — Sampling Water.

PopbpE

PART 3 — EXECUTION
3.1 THE WATER TREATMENT CONTRACTOR

A. General: After piping systems are erected pressure tested and proven free of leaks,
administer chemicals required for preparation treatment and flushing. Apply chemicals
for the time period and in the concentration recommended by the water treatment
manufacturer for this portion of the work. Flushing must be for a minimum of 24
continuous hours.

B. Testing:  After completion of 24 continuous hours of flushing, perform test
procedures and submit a written report of test conditions and results to the Engineer. If
test results are unsatisfactory, repeat preparation treatment as necessary to achieve
test results approved by the Owner’s insurance carrier and the Engineer.
PART 4 - MECHANICAL CONTRACTOR
4.1 SERVICES OF MECHANICAL CONTRACTOR

A. Piping systems shall be pressure tested and approved for tightness, they shall be
thoroughly cleaned and flushed using and approved pipe cleaning.

B. After initial chemical treatment has been added, the systems must be circulated for 48
hours with all valves opened; then the automated building system can be initiated.

4.2 PIPE CLEANING, STERILIZATION, AND FLUSHING
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A. Additions/Renovations: When connecting existing lines to newly installed lines,
provide wire strainer with fine mesh screens.

B. All connections required for cleaning, purging and circulating shall be included as
permanent installation with valves. Provide permanent pipe bypasses at each coil and
heat exchanger during this cleaning operation and for future flushing. All air vents,
gauges, strainers, etc., valved connections in piping systems shall be blown clean during
and after cleaning operation is completed and during.

C. After cleaning, drain the system, fill with fresh water and flush thoroughly for a minimum
of 24 hours on a system that is not greater than 3,000 gallons. Systems greater than
3,000 gallons should be flushed thoroughly for a minimum of 48 hours or as
recommended by Engineer.

D. All flushing, cleaning, and initial chemical treatment shall be complete and witnessed
by Owner prior to starting systems.

E. Start-up procedures: During water system start-up, operate water treating system
(after changing with specified chemicals) to maintain the required steady-state
characteristics of water. Demonstrate system operation to Owner’s operating
personnel.

PART 5 — ADDITIONAL REQUIREMENT FOR THE WATER TREATMENT CONTRACTOR

51 Vendor shall warrant the chemicals used in the water treatment program, and will have no
detrimental effects on the metallic or non-metallic materials in the equipment being treated; if
applied according to Vendor’s instructions.

A. All testing of the Owner’s systems are to be completed on-site and discussed with
Owner’s HVAC personnel with a copy of the report given to him/her for signature.

B. All work shall be performed in cooperation with Owner’s HVAC personnel.

C. Periodic de-scaling with inhibited acids will not be considered as meeting this
specification.

D. Sulfuric acid or other inhibited acids shall not be used in the chemical treatment
program of Owner.

E. The Contractor shall provide a biocide program consisting of both an oxidizing
biocide and bio-dispersant if required.

5.2 PERSONNEL TRAINING

A Operator Training: Train Owner’s personnel in use and operation of heating
water, chilled water treating systems including preparation of chemical solution
reservoir. A Program Administration Manual shall be furnished encompassing all
systems in this section of the Specifications.
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B. Provide two (2) hours in use and operation of water treating systems including
preparation of chemical solution reservoir.

END OF SECTION
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SECTION 23 26 00

CONDENSATE DRAIN PIPING

PART 1 - GENERAL
1.1 SUMMARY
A. Includes But Not Limited To:
1. Coordinate installation of condensate drain piping with Section 22 0501 as described in Contract
Documents.
1.2 REFERENCES
A. Reference Standards:
1. ASTM International:
a. ASTM B88-09, 'Standard Specification for Seamless Copper Water Tube’.
b. ASTM D1785-12, ‘Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40,
80, and 120’.
PART 2 - PRODUCTS
2.1 SYSTEMS
A. Materials:
1. Condensate Drains:
a. Exterior And Interior Lines: Type M copper meeting requirements of ASTM B88.
PART 3 - EXECUTION
3.1 INSTALLATION
A. Condensate Drains:
1. Support piping and protect from damage.

END OF SECTION
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SECTION 23 3113

METAL DUCTS

PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions.
1.2 SUMMARY

B. This Section includes rectangular, round, and flat-oval metal ducts and plenums for heating, ventilating,
and air-conditioning systems in pressure classes from minus 2- to plus 10-inch wg

1.3 DEFINITIONS

A. Thermal Conductivity and Apparent Thermal Conductivity (k-Value): As defined in ASTM C 168. In this
Section, these values are the result of the formula Btu x in./h x sqg. ft. x deg F or W/m x K at the
temperature differences specified. Values are expressed as Btu or W.

1.4 SYSTEM DESCRIPTION

A. Duct system design, as indicated, has been used to select and size air-moving and -distribution
equipment and other components of air system. Changes to layout or configuration of duct system must
be specifically approved in writing by Architect.

1.5 SUBMITTALS

A. Product Data: For duct liner and sealing materials.

B. Shop Drawings: Show details of the following:
1. Duct layout indicating pressure classifications and sizes on plans.
2. Fittings.
3. Penetrations through fire-rated and other partitions.
4. Coordination with other trades and including but not limited to: structural members, electrical lights

and conduits, plumbing lines, & fire sprinkler lines.

C. Coordination Drawings: Reflected ceiling plans drawn to scale and coordinating penetrations and ceiling-
mounted items. Show the following:

1. Ceiling- and wall-mounted access doors and panels required to provide access to dampers and other
operating devices.

2. Coordination with ceiling-mounted items, including lighting fixtures, diffusers, grilles, speakers,
sprinkler heads, access panels, and special moldings.

D. Duct Construction Standards: Provide a copy of the duct construction standards to be used for each
pressure classification in this project. Duct Construction Standards must comply with the latest edition
of SMACNA “HVAC Duct Construction Standards — Metal and Flexible.”

E. Field Test Reports: Indicate and interpret test results for compliance with performance requirements.

F. Record Drawings: Indicate actual routing, fitting details, reinforcement, support, and installed
accessories and devices.

1.6 QUALITY ASSURANCE

A. Welding Standards: Qualify welding procedures and welding personnel to perform welding processes for
this Project according to AWS D1.1, "Structural Welding Code--Steel," for hangers and supports;

AWS D1.2, "Structural Welding Code--Aluminum," for aluminum supporting members; and AWS D9.1,
"Sheet Metal Welding Code," for duct joint and seam welding.
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Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," unless otherwise
indicated.

Comply with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems," unless
otherwise indicated.

Comply with NFPA 96, "Ventilation Control and Fire Protection of Commercial Cooking Operations,’

Chapter 3, "Duct System," for range hood ducts, unless otherwise indicated.

1.7 DELIVERY, STORAGE, AND HANDLING

A.

Deliver sealant and firestopping materials to site in original unopened containers or bundles with labels
indicating manufacturer, product name and designation, color, expiration period for use, pot life, curing
time, and mixing instructions for multicomponent materials.

Store and handle sealant and firestopping materials according to manufacturer's written
recommendations.

Deliver and store stainless-steel sheets with mill-applied adhesive protective paper maintained through
fabrication and installation

Deliver and store all ductwork with protective material until installation. Any material left exposed to
moisture and/or particulates shall be removed and replaced.

Any installed ductwork or piping system left temporarily incomplete shall be covered with protective
material until final connections can be installed.

All ductwork and/or liner insulation to be wrapped with protective material until installation. Any
ductwork or insulation left exposed to the environment or contaminating particulate matter shall be
replaced at the contractor’s expense.

PART 2 - PRODUCTS
2.1 SHEET METAL MATERIALS

A.

Galvanized, Sheet Steel: Lock-forming quality; ASTM A 653/A 653M, G90 (Z275) coating designation;
mill-phosphatized finish for surfaces of ducts exposed to view.

Carbon-Steel Sheets: ASTM A 366/A 366M, cold-rolled sheets; commercial quality; with oiled, exposed
matte finish.

Stainless Steel: ASTM A 480/A 480M, Type 316, sheet form with No. 4 finish for surfaces of ducts
exposed to view; and Type 304, sheet form with No. 1 finish for concealed ducts.

Reinforcement Shapes and Plates: Galvanized steel reinforcement where installed on galvanized, sheet
metal ducts; compatible materials for aluminum and stainless-steel ducts.

Tie Rods: Galvanized steel, 1/4-inch (6-mm) minimum diameter for 36-inch (900-mm) length or less; 3/8-
inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm).

2.2 SEALANT MATERIALS

A.

Joint and Seam Sealants, General: The term "sealant" is not limited to materials of adhesive or mastic

nature but includes tapes and combinations of open-weave fabric strips and mastics.

1. Joint and Seam Sealant: One-part, nonsag, solvent-release-curing, polymerized butyl sealant,
formulated with a minimum of 75 percent solids.

2. Flanged Joint Mastics: One-part, acid-curing, silicone, elastomeric joint sealants, complying with
ASTM C 920, Type S, Grade NS, Class 25, Use O.

2.3 HANGERS AND SUPPORTS

A.

Hanger Materials: Galvanized, sheet steel or round, threaded steel rod.
1. Hangers Installed in Corrosive Atmospheres: Electrogalvanized, all-thread rod or galvanized rods with
threads painted after installation.
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2. Straps and Rod Sizes: Comply with latest edition of SMACNA's "HVAC Duct Construction Standards--
Metal and Flexible" for sheet steel width and thickness and for steel rod diameters.

B. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct
materials.

C. Trapeze and Riser Supports: Steel shapes complying with ASTM A 36/A 36M.

1. Supports for Galvanized-Steel Ducts: Galvanized steel shapes and plates.
2. Supports for Stainless-Steel Ducts: Stainless-steel support materials.
3. Supports for Aluminum Ducts: Aluminum support materials, unless materials are electrolytically
separated from ductwork.
2.4 RECTANGULAR DUCT FABRICATION

A. General: Fabricate ducts, elbows, transitions, offsets, branch connections, and other construction with
galvanized, sheet steel, according to the latest edition of SMACNA's "HVAC Duct Construction Standards-
-Metal and Flexible." Comply with requirements for metal thickness, reinforcing types and intervals, tie-
rod applications, and joint types and intervals.

1. Lengths: Fabricate rectangular ducts in lengths appropriate to reinforcement and rigidity class
required for pressure classification.

2. Materials: Free from visual imperfections such as pitting, seam marks, roller marks, stains, and
discolorations.

B. Fabricate range hood exhaust ducts with 0.0598-inch- thick, galvanized sheet for concealed ducts and
0.0500-inch- thick stainless steel for exposed ducts. Weld and flange seams and joints. Comply with
NFPA 96.

C. Fabricate dishwasher hood exhaust ducts with 0.0500-inch- thick stainless steel. Weld and flange seams
and joints.

D. Static-Pressure Classifications: Unless otherwise indicated, construct ducts to the following:

1. Supply Ducts between AHU and Air Terminal Units: 3-inch wg.

2. Supply Ducts after air terminal units and on constant volume supply equipment: 1-inch wg (250 Pa),
positive pressure

3. Return Ducts: 1-inch wg ,negative pressure.

4. Exhaust Ducts: 1-inch wg negative pressure.

E. Cross Breaking or Cross Beading: Cross break or cross bead duct sides 19 inches and larger and 0.0359
inch thick or less, with more than 10 sq. ft. of unbraced panel area, unless ducts are lined.

2.5 ROUND FABRICATION

A. Round Ducts: Fabricate spiral seam supply and return ducts of galvanized steel according to SMACNA's
"HVAC Duct Construction Standards--Metal and Flexible." Snap Lock Longitudinal seam ductwork will not
be allowed. Adjustable elbows will not be allowed.

B. Spiral seam round or oval duct may be substituted for rectangular duct at the contractors option. Spiral
seam ductwork sizing must result in the same or less pressure drop than the rectangular duct indicated
on the plans.

2.6 DUCT STORGE

A. All duct must have end capped with plastic covers on both ends from end of fabrication to duct
installation. If this is not provided at the field, vacuum ducts before final acceptance to remove dust and
debris.

PART 3 - EXECUTION
3.1 DUCT INSTALLATION, GENERAL
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Duct installation requirements are specified in other Division Sections. Drawings indicate general
arrangement of ducts, fittings, and accessories.

Construct and install each duct system for the specific duct pressure classification indicated.
Install round ducts in lengths not less than 10 feet (3 m), unless interrupted by fittings.

Install ducts with fewest possible joints.

Install fabricated fittings for changes in directions, changes in size and shape, and connections.
Install couplings tight to duct wall surface with a minimum of projections into duct.
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Install ducts, unless otherwise indicated, vertically and horizontally, parallel and perpendicular to
building lines; avoid diagonal runs.

H. Install ducts close to walls, overhead construction, columns, and other structural and permanent
enclosure elements of building.

I. Install ducts with a clearance of 1 inch (25 mm), plus allowance for insulation thickness.

J.  Conceal ducts from view in finished spaces. Do not encase horizontal runs in solid partitions, unless
specifically indicated.

K. Coordinate layout with suspended ceiling, fire- and smoke-control dampers, lighting layouts, and similar
finished work.

L. Electrical Equipment Spaces: Route ductwork to avoid passing through transformer vaults and electrical
equipment spaces and enclosures.

M. Non-Fire-Rated Partition Penetrations: 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 metal thickness as duct. Overlap opening on four sides by at least 1-1/2
inches (38 mm).

N. Fire-Rated Partition Penetrations: Where ducts pass through interior partitions and exterior walls, install
appropriately rated fire damper, sleeve, and firestopping sealant. Fire and smoke dampers are specified
in Division Section "Duct Accessories." Firestopping materials and installation methods are specified in
other Divisions

3.2 SEAM AND JOINT SEALING

A. General: Seal duct seams and joints according to the duct pressure class indicated and as described in
SMACNA's "HVAC Duct Construction Standards--Metal and Flexible." All duct to be sealed to SMACNA
seal class A which requires sealing all transverse joints, longitudinal seams and duct wall penetrations
regardless of pressure classification.

B. Seal externally insulated ducts before insulation installation.

C. All ducts shall be inspected after sealing is complete and prior to insulation installation. Provide the
engineer with a minimum 7 days notice prior to beginning duct insulation.

3.3 RANGE HOOD EXHAUST DUCT INSTALLATIONS

A. Install ducts to allow for thermal expansion of ductwork through 2000 deg F temperature range.

B. Install ducts without dips or traps that may collect residues, unless traps have continuous or automatic
residue removal.

C. Install access openings at each change in direction and at 15-foot intervals; locate on sides of duct a
minimum of 1-1/2 inches from bottom; and fit with grease-tight covers of same material as duct.

D. Do not penetrate fire-rated assemblies.

3.4 DISHWASHER EXHAUST DUCT INSTALLATIONS
A. Install dishwasher exhaust ducts according to SMACNA's "HVAC Duct Construction Standards--Metal and
Flexible."
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3.5 HANGING AND SUPPORTING

A. Install rigid round and rectangular metal duct with support systems indicated in the latest edition of
SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."

B. Support horizontal ducts within 24 inches of each elbow and within 48 inches of each branch
intersection.

C. Support vertical ducts at a maximum interval of 16 feet and at each floor.

D. Install upper attachments to structures with an allowable load not exceeding one-fourth of failure
(proof-test) load.

3.6 CONNECTIONS

A. Connect equipment with flexible connectors according to Section "Duct Accessories."

B. For branch, outlet and inlet, and terminal unit connections, comply with the latest edition of SMACNA's
"HVAC Duct Construction Standards--Metal and Flexible."

3.7 DUCT APPLICATION

A. Service: Round and rectangular, supply/return/outside -air ducts, concealed.

B. Sheet-metal with wrap insulation

C. Service: Round and rectangular, supply/return/outside -air ducts, exposed and in mechanical rooms.

1. Sheet-metal double wall with lined insulation in-between.
2. Inner sheet-metal duct shall be perforated in areas with acoustical requirements, ref. plans.
3.8 FIELD QUALITY CONTROL

A. Disassemble, reassemble, and seal segments of systems as required to accommodate leakage testing and
as required for compliance with test requirements.

B. 25% of the duct installed after the air handling units and (prior to the air terminal units, when applicable)
shall be tested in the presence of the Architect, at static pressures equal to maximum design pressure of
system or section being tested. The sections of duct to be tested shall be chosen by the architect or
engineer after installation of the duct. If pressure classifications are not indicated, test entire system at
maximum system design pressure. Do not pressurize systems above maximum design operating
pressure. Give seven days' advance notice for testing.

C. Leakage Test: Perform tests according to SMACNA's "HVAC Air Duct Leakage Test Manual."

D. Maximum Allowable Leakage: Comply with requirements for Leakage Classification 3 for round, Leakage
Classification 12 for rectangular ducts in pressure classifications less than and equal to 2-inch wg (both
positive and negative pressures), and Leakage Classification 6 for pressure classifications from 2- to 10-
inch wg.

E. Remake leaking joints and retest until leakage is less than maximum allowable.

3.9 CLEANING
A. After completing system installation, including outlet fittings and devices, inspect the system.

END OF SECTION
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SECTION 23 33 00

HVAC DUCT ACCESSORIES

PART 1 - GENERAL
1.1 SUMMARY

A. This Section includes the following:

1. Backdraft dampers.

Manual-volume dampers.
Fire dampers.
Turning vanes.
Duct-mounted access doors and panels.
Flexible ducts.
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Flexible connectors.

8. Duct accessory hardware.
1.2 SUBMITTALS

A. Product Data: For the following:

1. Backdraft dampers.
Manual-volume dampers.
Fire dampers.
Duct-mounted access doors and panels.

vk wN

Flexible ducts.

B. Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loadings, required
clearances, method of field assembly, components, location, and size of each field connection. Detail the
following:

1. Special fittings and manual- and automatic-volume-damper installations.
2. Fire-damper installations, including sleeves and duct-mounted access doors and panels.

C. Product Certificates: Submit certified test data on dynamic insertion loss; self-noise power levels; and
airflow performance data, static-pressure loss, dimensions, and weights.

1.3 QUALITY ASSURANCE
A. NFPA Compliance: Comply with the following NFPA standards:
1. NFPA 90A, "Installation of Air Conditioning and Ventilating Systems."
2. NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."
1.4 EXTRA MATERIALS

A. Furnish extra materials described below that match products installed, are packaged with protective
covering for storage, and are identified with labels describing contents.

1. Fusible Links: Furnish quantity equal to 10 percent of amount installed.
PART 2 - PRODUCTS
2.1 SHEET METAL MATERIALS

A. Galvanized, Sheet Steel: Lock-forming quality; ASTM A 653/A 653M, G90 (Z275) coating designation;
mill-phosphatized finish for surfaces of ducts exposed to view.

B. Carbon-Steel Sheets: ASTM A 366/A 366M, cold-rolled sheets, commercial quality, with oiled, exposed
matte finish.
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Reinforcement Shapes and Plates: Galvanized steel reinforcement where installed on galvanized, sheet
metal ducts; compatible materials for aluminum and stainless-steel ducts.

Tie Rods: Galvanized steel, 1/4-inch (6-mm) minimum diameter for 36-inch (900-mm) length or less; 3/8-
inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm).

2.2 BACKDRAFT DAMPERS
A.
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Description: Suitable for horizontal or vertical installations.

Frame: 0.052-inch- (1.3-mm-) thick, galvanized, sheet steel, with welded corners and mounting flange.
Blades: 0.025-inch- (0.6-mm-) thick, roll-formed aluminum.

Blade Seals: Vinyl.

Blade Axles: Galvanized steel.

Tie Bars and Brackets: Galvanized steel.

Return Spring: Adjustable tension.

NUAL-VOLUME DAMPERS

General: Factory fabricated with required hardware and accessories. Stiffen damper blades for stability.
Include locking device to hold single-blade dampers in a fixed position without vibration. Close duct
penetrations for damper components to seal duct consistent with pressure class.

Standard Volume Dampers: Multiple- or single-blade, parallel- or opposed-blade design as indicated,

standard leakage rating, with linkage outside airstream, and suitable for horizontal or vertical

applications.

1. Steel Frames: Hat-shaped, galvanized, sheet steel channels, minimum of 0.064 inch (1.62 mm) thick,
with mitered and welded corners; frames with flanges where indicated for attaching to walls; and
flangeless frames where indicated for installing in ducts.

2. Roll-Formed Steel Blades: 0.064-inch- (1.62-mm-) thick, galvanized, sheet steel.

3. Blade Axles: Galvanized steel.

4. Tie Bars and Brackets: Galvanized steel.

Jackshaft: 1-inch- (25-mm-) diameter, galvanized steel pipe rotating within a pipe-bearing assembly

mounted on supports at each mullion and at each end of multiple-damper assemblies.

1. Length and Number of Mountings: Appropriate to connect linkage of each damper of a multiple-
damper assembly.

Damper Hardware: Zinc-plated, die-cast core with dial and handle made of 3/32-inch- (2.4-mm-) thick

zinc-plated steel, and a 3/4-inch (19-mm) hexagon locking nut. Include center hole to suit damper

operating-rod size. Include elevated platform for insulated duct mounting.

2.4 FIRE DAMPERS
A.

B.
C.
D

General: Labeled to UL 555.

Fire Rating: One and one-half hours.

Fire Rating: One and one-half hours.

Frame: SMACNA Type B with blades out of airstream; fabricated with roll-formed, 0.034-inch- (0.85-mm-

) thick galvanized steel; with mitered and interlocking corners.

Mounting Sleeve: Factory- or field-installed galvanized, sheet steel.

1. Minimum Thickness: 0.052 inch (1.3 mm) or 0.138 inch (3.5 mm) thick as indicated, and length to suit
application.

2. Exceptions: Omit sleeve where damper frame width permits direct attachment of perimeter
mounting angles on each side of wall or floor, and thickness of damper frame complies with sleeve
requirements.
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F. Mounting Orientation: Vertical or horizontal as indicated.

G. Blades: Roll-formed, interlocking, 0.034-inch- (0.85-mm-) thick, galvanized, sheet steel. In place of
interlocking blades, use full-length, 0.034-inch- (0.85-mm-) thick, galvanized steel blade connectors.

H. Horizontal Dampers: Include a blade lock and stainless-steel negator closure spring.

I.  Fusible Link: Replaceable, 165 deg F (74 deg C) rated as indicated.

2.5 TURNING VANES

A. Fabricate to comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."

B. Acoustic Turning Vanes: Fabricate of airfoil-shaped aluminum extrusions with perforated faces and
fibrous-glass fill.

2.6 DUCT-MOUNTED ACCESS DOORS AND PANELS

A. General: Fabricate doors and panels airtight and suitable for duct pressure class.

B. Frame: Galvanized, sheet steel, with bend-over tabs and foam gaskets.

C. Door: Double-wall, galvanized, sheet metal construction with insulation fill and thickness, and number of
hinges and locks as indicated for duct pressure class. Include vision panel where indicated. Include 1-by-
1-inch (25-by-25-mm) butt or piano hinge and cam latches.

D. Seal around frame attachment to duct and door to frame with neoprene or foam rubber.

E. Insulation: 1-inch- (25-mm-) thick, fibrous-glass or polystyrene-foam board.

2.7 FLEXIBLE CONNECTORS

A. General: Flame-retarded or noncombustible fabrics, coatings, and adhesives complying with UL 181,
Class 1.

B. Standard Metal-Edged Connectors: Factory fabricated with a strip of fabric 3-1/2 inches (89 mm) wide
attached to two strips of 2-3/4-inch- (70-mm-) wide, 0.028-inch- (0.7-mm-) thick, galvanized, sheet steel
or 0.032-inch (0.8-mm) aluminum sheets. Select metal compatible with connected ducts.

C. Extra-Wide Metal-Edged Connectors: Factory fabricated with a strip of fabric 5-3/4 inches (146 mm)
wide attached to two strips of 2-3/4-inch- (70-mm-) wide, 0.028-inch- (0.7-mm-) thick, galvanized, sheet
steel or 0.032-inch (0.8-mm) aluminum sheets. Select metal compatible with connected ducts.

D. Transverse Metal-Edged Connectors: Factory fabricated with a strip of fabric 3-1/2 inches (89 mm) wide
attached to two strips of 4-3/8-inch- (111-mm-) wide, 0.028-inch- (0.7-mm-) thick, galvanized, sheet steel
or 0.032-inch (0.8-mm) aluminum sheets. Select metal compatible with connected ducts.

E. Conventional, Indoor System Flexible Connector Fabric: Glass fabric double coated with
polychloroprene.

1. Minimum Weight: 26 0z./sq. yd. (880 g/sq. m).
2. Tensile Strength: 480 Ibf/inch (84 N/mm) in the warp, and 360 Ibf/inch (63 N/mm) in the filling.

F. Conventional, Outdoor System Flexible Connector Fabric: Glass fabric double coated with a synthetic-
rubber, weatherproof coating resistant to the sun's ultraviolet rays and ozone environment.

1. Minimum Weight: 26 0z./sq. yd. (880 g/sg. m).
2. Tensile Strength: 530 Ibf/inch (93 N/mm) in the warp, and 440 |bf/inch (77 N/mm) in the filling.
2.8 FLEXIBLE DUCTS

A. General: Comply with UL 181, Class 1.

B. Flexible Ducts, Insulated: Factory-fabricated, insulated, round duct, with an outer jacket enclosing 1-1/2-
inch- (38-mm-) thick, glass-fiber insulation around a continuous inner liner.

1. Reinforcement: Steel-wire helix encapsulated in inner liner.
2. Outer Jacket: Polyethylene film.
3. Inner Liner: Polyethylene film.
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C.

Pressure Rating: 6-inch wg (1500 Pa) positive, 1/2-inch wg (125 Pa) negative.

2.9 ACCESSORY HARDWARE

A.

D.

Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw cap and gasket.
Size to allow insertion of pitot tube and other testing instruments, and length to suit duct insulation
thickness.

Splitter Damper Accessories: Zinc-plated damper blade bracket; 1/4-inch (6-mm), zinc-plated operating
rod; and a duct-mounted, ball-joint bracket with flat rubber gasket and square-head set screw.

Flexible Duct Clamps: Stainless-steel band with cadmium-plated hex screw to tighten band with a worm-
gear action, in sizes 3 to 18 inches (75 to 450 mm) to suit duct size.

Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to gasoline and
grease.

PART 3 - EXECUTION
3.1 INSTALLATION

A

F.

Install duct accessories according to applicable details shown in SMACNA's "HVAC Duct Construction

Standards--Metal and Flexible" for metal ducts and NAIMA's "Fibrous Glass Duct Construction Standards"

for fibrous-glass ducts.

Install volume dampers in lined duct; avoid damage to and erosion of duct liner.

Provide test holes at fan inlet and outlet and elsewhere as indicated.

Install fire and smoke dampers according to manufacturer's UL-approved written instructions.

1. Install fusible links in fire dampers.

Install duct access panels for access to both sides of duct coils. Install duct access panels downstream

from volume dampers, fire dampers, turning vanes, and equipment.

1. Install duct access panels to allow access to interior of ducts for cleaning, inspecting, adjusting, and
maintaining accessories and terminal units.

2. Install access panels on side of duct where adequate clearance is available.

Label access doors according to Division "Mechanical Identification."

3.2 ADJUSTING

A.
B.
C.

Adjust duct accessories for proper settings.
Adjust fire dampers for proper action.
Final positioning of manual-volume dampers is specified in Section "Testing, Adjusting, and Balancing."

END OF SECTION
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SECTION 23 33 46

FLEXIBLE DUCTS

PART 1 - GENERAL
1.1 SUMMARY
A. Includes But Not Limited To:
1. Furnish and install supply air branch duct runouts to diffusers as described in Contract Documents.
1.2 REFERENCES
A. Reference Standards:
1. National Fire Protection Association / American National Standards Institute:
a. NFPA 90A: ‘Standard for the Installation of Air-Conditioning and Ventilating Systems' (2012
Edition).
2. Underwriters Laboratories:
a. UL 181, ‘Factory-Made Ducts and Air Connectors' (10th Edition).
b. UL 181B, ‘Closure Systems for Use With Flexible Air Ducts and Air Connectors' (3rd Edition).
PART 2 - PRODUCTS
2.1 SYSTEM
A. Manufacturers:
1. Manufacturer Contact List:
a. Anco Products Inc,
b. Thermaflex by Flexible Technologies
c. Flexmaster USA Inc, Houston, TX
B. Materials:
1. Ducts:
a. Formable, flexible, circular duct which shall retain its cross-section, shape, rigidity, and shall not
restrict airflow after bending.
b. Insulation:

1) Nominal 1-1/2 inches (38 mm), 3/4 |b per cu ft (12 kg per cu m) density fiberglass insulation
with air-tight, polyethylene or polyester core, sheathed in seamless vapor barrier jacket factory
installed over flexible assembly.

c. Assembly, including insulation and vapor barrier, shall meet Class | requirement of NFPA 90A and
be UL 181 rated, with flame spread of 25 or less and smoke developed rating of 50 or under.
d. Category Four Approved Products. See Section 01 6200 for definitions of Categories:

1) ANCO-FLEX 4625 by Anco Products.

2) M-KC by Thermaflex by Flexible Technologies.

3) Type 4m Insulated by Flexmaster.

2. Cinch Bands: Nylon, 3/8 inch removable and reusable type.
PART 3 - EXECUTION
3.1 INSTALLATION
A. Install duct in fully extended condition free of sags and kinks, using 60 inch maximum lengths.
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B. Make duct connections by coating exterior of duct collar for 3 inches with duct sealer and securing duct
in place over sheet metal collar with specified cinch bands.

END OF SECTION
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SECTION 23 34 16

CENTRIFUGAL HVAC FANS

PART 1 - GENERAL
1.1 SUMMARY
A. This Section includes centrifugal fans and vent sets.
1.2 PERFORMANCE REQUIREMENTS
A. Project Altitude: Base air ratings on actual site elevations.
B. Operating Limits: Classify according to AMCA standards.
1.3 SUBMITTALS
A. Product Data: Include rated capacities, furnished specialties, and accessories for each unit scheduled
and include the following:
Certified fan performance curves with system operating conditions indicated.
Certified fan sound-power ratings.
Motor ratings and electrical characteristics, plus motor and electrical accessories.
Material gages and finishes, including color charts.
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Dampers, including housings, linkages, and operators.
B. Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field connection.
1. Wiring Diagrams: Power, signal, and control wiring. Differentiate between manufacturer-installed
and field-installed wiring.
C. Maintenance Data: For centrifugal fans to include in maintenance manuals specified in specifications.
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.
B. AMCA Compliance: Products shall comply with performance requirements and shall be licensed to use
the AMCA-Certified Ratings Seal.
C. NEMA Compliance: Motors and electrical accessories shall comply with NEMA standards.
1.5 DELIVERY, STORAGE, AND HANDLING
A. Deliver fans as factory-assembled units, to the extent allowable by shipping limitations, with protective
crating and covering.
B. Disassemble and reassemble units, as required for moving to the final location, according to
manufacturer's written instructions.
C. Lift and support units with manufacturer's designated lifting or supporting points.
1.6 COORDINATION
A. Coordinate size and location of structural support members and/or shaft locations.
B. Coordinate installation of roof curbs, equipment supports, and roof penetrations. These items are
specified in these documents.
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. Belts: One set for each belt-driven unit.
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PART 2 - PRODUCTS
2.1 MANUFACTURERS

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

1. Cook, Loren Company.

2. Greenheck.

2.2 HOUSINGS

A. Roof Mounted Centrifugal Exhaust Fan.

1. The fan shall be of bolted and welded construction utilizing corrosion resistant fasteners. The spun
aluminum structural components shall be constructed of minimum 16 gauge marine alloy aluminum,
bolted to a rigid aluminum support structure. The aluminum base shall have continuously welded
curb cap corners for maximum leak protection. The discharge baffle shall have a rolled bead for
added strength. An integral conduit chase shall be provided through the curb cap and into the motor
compartment to facilitate wiring connections. Bearings and drives shall be mounted on a minimum
14 gauge steel power assembly, isolated from the unit structure with rubber vibration isolators.
These components shall be enclosed in a weather-tight compartment, separated from the exhaust
airstream. Unit shall bear an engraved aluminum nameplate and shall be shipped in ISTA certified
transit tested packaging.

2.3 WHEELS
A. Roof Mounted Centrifugal Exhaust Fan
1. Wheel shall be centrifugal backward inclined, constructed of 100% aluminum, including a precision
machined cast aluminum hub. Wheel inlet shall overlap an aerodynamic aluminum inlet cone to
provide maximum performance and efficiency. Wheel shall be balanced in accordance with AMCA
Standard 204-96, Balance Quality and Vibration Levels for Fans.
2.4 SHAFTS

A. Statically and dynamically balanced and selected for continuous operation at maximum rated fan speed
and motor horsepower, with final alignment and belt adjustment made after installation.

B. Turned, ground, and polished hot-rolled steel with keyway. Ship with a protective coating of lubricating
oil.

C. Designed to operate at no more than 70 percent of first critical speed at top of fan's speed range.

2.5 BEARINGS

A. Prelubricated and Sealed Shaft Bearings: Self-aligning, pillow-block-type ball bearings.

1. Ball-Bearing Rating Life: ABMA 9, Lso of 200,000 hours.

2. Roller-Bearing Rating Life: ABMA 11, Lso of 200,000 hours.

2.6 BELT DRIVES

A. Description: Factory mounted, with final alignment and belt adjustment made after installation.

1. Service Factor Based on Fan Motor: 1.5.

B. Fan Pulleys: Castiron or cast steel with split, tapered bushing; dynamically balanced at factory.

C. Motor Pulleys: Adjustable pitch for use with motors through 5 hp; fixed pitch for use with motors larger
than 5 hp. Select pulley so pitch adjustment is at the middle of adjustment range at fan design
conditions.

D. Belts: Oil resistant, nonsparking, and nonstatic; matched sets for multiple belt drives.

E. Motor Mount: Adjustable for belt tensioning.
2.7 ACCESSORIES
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Scroll Access Doors: Shaped to conform to scroll, with quick-opening latches and gaskets.
Companion Flanges: Galvanized steel, for duct connections.
Scroll Drain Connection: NPS 1 (DN 25) steel pipe coupling welded to low point of fan scroll.
Shaft Cooler: Metal disk between bearings and fan wheel, designed to dissipate heat from shaft.
Spark-Resistant Construction: AMCA 99 (where required).
Shaft Seals: Airtight seals installed around shaft on drive side of single-width fans.

G. Weather Cover: Enameled-steel sheet with ventilation slots, bolted to housing.
2.8 MOTORS

A. Refer to Section "Motors" for general requirements for factory-installed motors.
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B. Motor Construction: NEMA MG 1, general purpose, continuous duty, high efficiency, Design B.
C. Enclosure Type: [Open drip-proof] [Totally enclosed, fan cooled].
2.9 SOURCE QUALITY CONTROL
A. Sound-Power Level Ratings: Comply with AMCA 301, "Methods for Calculating Fan Sound Ratings from

Laboratory Test Data." Factory test fans according to AMCA 300, "Reverberant Room Method for Sound

Testing of Fans." Label fans with the AMCA-Certified Ratings Seal.

B. Fan Performance Ratings: Establish flow rate, pressure, power, air density, speed of rotation, and
efficiency by factory tests and ratings according to AMCA 210, "Laboratory Methods of Testing Fans for

Rating."

PART 3 - EXECUTION
3.1 INSTALLATION
A. Install centrifugal fans level and plumb.
B. Install units with clearances for service and maintenance.
C. Label fans according to requirements specified in Section "Mechanical Identification."
3.2 CONNECTIONS
A. Duct installation and connection requirements are specified in other Division 23 Sections. Drawings
indicate general arrangement of ducts and duct accessories. Make final duct connections with flexible
connectors. Flexible connectors are specified in Division 23 Section "Duct Accessories."
B. Install ducts adjacent to fans to allow service and maintenance.
C. Ground equipment.
D. 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.
3.3 FIELD QUALITY CONTROL
A. Equipment Startup Checks:

1. Verify that shipping, blocking, and bracing are removed.

2. Verify that unit is secure on mountings and supporting devices and that connections to ducts and
electrical components are complete. Verify that proper thermal-overload protection is installed in
motors, starters, and disconnect switches.

3. Verify that cleaning and adjusting are complete.

4. Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan wheel free
rotation and smooth bearing operation. Reconnect fan drive system, align and adjust belts, and
install belt guards.

5. Verify lubrication for bearings and other moving parts.

B. Starting Procedures:
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1. Energize motor and adjust fan to indicated rpm.

2. Measure and record motor voltage and amperage.
C. Operational Test: After electrical circuitry has been energized, start units to confirm proper motor
rotation and unit operation. Remove malfunctioning units, replace with new units, and retest.
Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.
Shut unit down and reconnect automatic temperature-control operators.
Refer to Section "Testing, Adjusting, and Balancing" for testing, adjusting, and balancing procedures.
Replace fan and motor pulleys as required to achieve design airflow.
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Repair or replace malfunctioning units. Retest as specified above after repairs or replacements are
made.
3.4 ADJUSTING
A. Adjust damper linkages for proper damper operation.
B. Adjust belt tension.
C. Lubricate bearings.
3.5 CLEANING
A. On completion of installation, internally clean fans according to manufacturer's written instructions.
Remove foreign material and construction debris. Vacuum fan wheel and cabinet.
B. After completing system installation, including outlet fitting and devices, inspect exposed finish. Remove
burrs, dirt, and construction debris and repair damaged finishes.
3.6 DEMONSTRATION
A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust,
operate, and maintain centrifugal fans.
1. Train Owner's maintenance personnel on procedures and schedules for starting and stopping,
troubleshooting, servicing, and maintaining equipment and schedules.
2. Review data in maintenance manuals. Refer to specifications Section "Closeout Procedures."
3. Schedule training with Owner, through Architect, with at least seven days' advance notice.

END OF SECTION
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SECTION 23 36 00
AIR TERMINAL UNITS

PART 1 - GENERAL
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Section Includes
Single-duct terminal units.

Related Requirements
Section 01 40 00 - Quality Requirements
Section 01 74 19 - Construction Waste Management and Disposal
Section 01 78 00 - Closeout Submittals
Section 01 79 00 - Demonstration and Training
Section 23 09 93 - Sequence of Operations for HVAC Controls.
Section 23 21 13 - Hydronic Piping: Connections to heating coils.
Section 23 21 14 - Hydronic Specialties: Connections to heating coils.
Section 23 31 00 - HVAC Ducts and Casings.
Section 23 33 00 - Air Duct Accessories.
Section 23 37 00 - Air Outlets and Inlets.
Section 23 82 00 - Convection Heating and Cooling Units: Air coils.
Section 26 27 17 - Equipment Wiring: Electrical characteristics and wiring connections.

Reference Standards
All referenced standards and recommended practices in this section pertain to the most recent publication
thereof, including all addenda and errata.
AHRI 410 - Standard for Forced-Circulation Air-Cooling and Air-Heating Coils.
AHRI 880 - Performance Rating of Air Terminals.
AHRI 885 - Procedure for Estimating Occupied Space Sound Levels in the Application of Air Terminals and Air
Outlets.
ASHRAE 52.2 - Method of Testing General Ventilation Air-Cleaning Devices for Removal Efficiency by Particle Size.
ASHRAE 62.1 - Ventilation for Acceptable Indoor Air Quality.
ASHRAE 130 - Methods of Testing for Rating Ducted Air Terminal Units.
ASTM C1071 - Standard Specification for Fibrous Glass Duct Lining Insulation (Thermal and Sound Absorbing
Material).
ASTM C1338 Standard Test Method for Determining Fungi Resistance of Insulation Materials and Facings.
ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials.
ASTM E488/E488M - Standard Test Methods for Strength of Anchors in Concrete Elements.
CSA C22.2 No. 236 — Heating and Cooling Equipment.

. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum).

NFPA 70 - National Electrical Code.

NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; National Fire Protection
Association.

UL 94 - Tests for Flammability of Plastic Materials for Parts in Devices and Appliances.
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Q. UL 181 - Standard for Factory-Made Air Ducts and Air Connectors; Underwriters Laboratories Inc.
R. UL 1995 — Standards for Heating and Cooling Equipment.

1.04 Administrative Requirements
A. Pre-installation Meeting: Conduct a pre-installation meeting one week prior to the start of the work of this section,
and require attendance by all affected installers.
B. Sequencing: Ensure that utility connections are achieved in an orderly and efficient manner.

1.05 Submittals
See Section 01 30 00 - Administrative Requirements for submittal procedures.

B. Product Data shall be provided with data indicating configuration, general assembly, and materials used in
fabrication, including catalog performance ratings that indicate air flow, static pressure, NC designation, electrical
characteristics, and connection requirements.

C. Shop Drawings shall indicate configuration, general assembly, and materials used in fabrication, and electrical
characteristics and connection requirements.

1. Manufacturer shall include schedules listing discharge and radiated sound power level for each of the second
through seventh octave bands (125 — 4000 Hertz) at specified differential static pressures.

D. Manufacturer shall include schedules listing discharge and radiated sound power level for each of second through
sixth octave bands at inlet static pressures from 1 to 4 inch water gauge.

E. Certificates shall be issued to certify that the air coil capacities, pressure drops, and selection procedures meet or
exceed specified requirements or coils are tested and rated in accordance with AHRI 410.

F. Manufacturer's Installation Instructions shall indicate support and hanging details, installation instructions,
recommendations, and service clearances required.

G. Project Record Documents shall record actual locations of units and controls components and locations of access
doors.

H. Operation and Maintenance Data shall include manufacturer's descriptive literature, operating instructions,
maintenance and repair data, and parts lists. Include directions for resetting constant-volume regulators.

I.  Manufacturer’s warranty shall be submitted and ensure forms have been completed in Owner's name and
registered with manufacturer.

J. Maintenance Materials shall be furnished for the Owner's use in maintenance of the project.

1.06 Quality Assurance
Manufacturer Qualifications shall be specified in this section, with minimum ten years of documented experience.
B. Product Listing Organization Qualifications: The manufacturer shall be listed with an organization recognized by
OSHA as a Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having jurisdiction.

1.07 Warranty
See Section 01 78 00 - Closeout Submittals, for additional warranty requirements.
B. Provide 18 month manufacturer warranty from date of shipment for air terminal units, integral sound attenuators,
integral heating coils, and integral controls.
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PART 2 — PRODUCTS

2.01 Single-Duct Terminal Units
A. Acceptable Manufacturers.
1. Price —Basis of Design
2. Titus
3. Alternative manufacturers must submit for approval 10 business days prior to bid date.

B. Performance Requirements:
1. The assemblies shall be pressure independent and shall reset to any air flow between zero and the maximum
cataloged air volume. Sound ratings of air distribution assemblies: Nottoexceed 30 _NCat__ 1.0 _inlet
static pressure, with a downstream static pressure of .05
2. Use attenuation values found in AHRI 885 Appendix E.

C. General:
1. The terminal units shall be factory-assembled, AHRI 880 rated and bearing the AHRI seal for an air volume
control terminal with damper assembly and flow sensor.

2.02  Single-Duct Terminal Units, Standard
A. Description:
1. Furnish and install Price model [SDV] single duct terminal units in the sizes and configurations as indicated on
the plans.

B. Unit Casing:
1. The unit casing shall be constructed of a minimum 22 gauge, 0.032 inch galvanized steel.

a. The casing shall be assembled with longitudinal lock seam construction.

b. Casing leakage shall be tested in accordance with ASHRAE 130.

c. Casing leakage for the basic assembly shall not exceed 1.0 percent of the maximum rated airflow at 1.0
inches of water gauge.

d. Casing leakage for the basic assembly shall not exceed 2.0 percent of the maximum rated airflow at 3.0
inches of water gauge.

C. Unit Discharge:
1. Manufacturer shall provide rectangular unit discharges with slip-and-drive connections.

D. Liners:
1. Standard:
a. Fiberglass Liner - FG.
1. Insulation shall comply with the requirements of UL 181 (erosion), ASTM C1338 (fungi resistance),
ASHRAE 62.1, and ASTM C1071, having a maximum flame/smoke spread of 25/50 for both the
insulation and the adhesive when tested in accordance with ASTM E84.
2. Theinsulation shall be secured with adhesive.
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5.

3. Insulation edges exposed to the airstream shall be coated with NFPA 90A approved sealant.
4. Insulation thickness shall be (select one):

a. 1/2inch thick, R-value of 2.1.

b. R-value of 3.2.

c. 1inch thick, R-value of 4.1.

Optional:
a. Fiber-Free Foam Insulation - FF.

1. Insulation shall comply with the requirements of UL 181 (erosion, mold growth and humidity) and
ASHRAE 62.1, and shall have a maximum flame/smoke spread of 25/50 for both the insulation and the
adhesive when tested in accordance with ASTM E&4.

2. Theinsulation shall be secured with adhesive.

3. Insulation thickness shall be (select one):

a. 1/2inch thick, R-value of 2.0.
b. 3/4inch thick, R-value of 3.0.
c. 1inch thick, R-value of 4.0.

b. Foil Board Liner - FB.

1. Insulation shall comply with the requirements of UL 181 (erosion, mold growth and humidity) and
ASHRAE 62.1, and shall have a maximum flame/smoke spread of 25/50 for both the insulation and the
adhesive when tested in accordance with ASTM E84.

2. Theinsulation shall be secured with adhesive.

3. Insulation edges exposed to airstream shall be coated with NFPA 90A approved sealant.

4. Insulation thickness shall be (select one):

a. 5/8inch thick, R-value of 2.6.
b. 1inch thick, R-value of 4.2.

E. Primary Air Damper Assembly:

1.
2.

The damper assembly shall be heavy-gauge, galvanized steel with a solid shaft rotating in bearings.

The damper shaft shall incorporate a visual position indicator etched into the end of the damper shaft to
clearly indicate damper position over the full range of 90 degrees.

The damper shaft shall be mounted on the [left], [right], [top], or [bottom] of the damper when looking in the
direction of airflow.

The 18 gauge damper assembly shall incorporate a peripheral gasket on the damper blades for tight airflow
shutoff.

Air leakage past the closed damper shall not exceed 2 percent of the unit maximum rated airflow at 3.0 inch
water gauge inlet static pressure, tested in accordance with ASHRAE 130.

The damper, seal, and bearing system shall be tested to 1.25 million cycles, or the equivalent of 100 full
open/closures per day for 35 years, with no visible signs of wear, tear, or failure of the damper assembly after
such testing.

F. Airflow Sensor:
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1. The airflow sensor shall be a differential pressure airflow device measuring total and static pressures, and
mounted to the inlet valve.

2. Plastic parts shall be fire-resistant, complying with UL 94.

3. The airflow sensor shall be RoHS (Restriction of Hazardous Substances) compliant. Material containing
polybrominated compounds shall not be acceptable.

4. Control tubing shall be protected by grommets at the wall of the airflow sensor's housing.

5. The airflow sensor shall be furnished with twelve total pressure sensing ports and four static pressure sensing
ports, and shall include a center averaging chamber that amplifies the sensed airflow signal.

6. After balancing, the airflow sensor signal accuracy shall be plus or minus five percent throughout terminal
operating range.

G. Inlet Valve - Standard:
1. The inlet valve shall be a consistent diameter to retain flex duct and provide a stop for hard duct.
2. The inlet valve shall include a 1/8 inch raised single bead weld for added strength.
3. The gasket seal shall be a low leakage continuous piece with a peripheral gasket for tight airflow shutoff.
4. Theinlet valve shall include two heavy duty stop pins to accurately position the damper in the closed and open
positions.

H. Options:
1. Bottom Access Door:
a. The unit shall be supplied with a 4 inch x 6-3/4 inch bottom access door, secured to the casing with (select
one):
1. Screws.
2. Snap latches.
3. Quarter turn sash latches.

2. Hot Water Heating Coil:
a. The hot water coil casing shall be constructed from a minimum 22 gauge, 0.032 inch galvanized steel,
factory-installed on the terminal discharge with slip-and drive attachment for downstream ductwork.
1. An optional gasketed access door shall be provided, located on bottom of unit.
2. Coil handing shall be specified as [right hand] or [left hand] when looking into the coil inlet in the
direction of airflow.
3. The water coil shall be supplied with an access door located:
a. Upstream of the water coil in the terminal casing.
b. Downstream of the water coil in a common casing with the coil.
4. The water coil access door shall be secured to the casing with (select one):
a. Screws.
b. Snap latches.
c. Quarter turn sash latches.
b. The water coil fins shall be 0.0045 inch aluminum fins, mechanically-bonded to seamless 0.50 by 0.016
inch copper tubes.
1. Finsshall be formed in a high heat transfer sine wave configuration.
2. Standard coil shall be a 10 fins-per-inch fin construction.
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3. High capacity coil shall be a12 fins-per-inch fin construction.

c. All water coils shall be hydrostatically tested to a minimum 390 pounds per square inch, with a minimum
burst pressure of 1800 pounds per square inch at ambient temperature. All water coils are rated for a
maximum of 300 pounds per square inch working pressure at 200 degrees Fahrenheit.

d. The water coil shall be certified in accordance with AHRI 410 and units shall bear an AHRI 410 label.

1. An optional oversized casing shall be upsized to increase heat transfer with low supply water
temperatures while reducing air side pressure drop.

3. Electric Heating Coil:

a. The electric heating coil shall be ETL listed to UL 1995 and CSA 22.2, and provided by the terminal unit
manufacturer.

b. The electric coil casing shall be constructed from a minimum 20 gauge, 0.038 inch galvanized steel.

c. The heating elements shall be open wire nickel chrome construction, supported by ceramic insulators.
The integral control panel shall be a NEMA 250, Type 1 enclosure with hinged access door for access to all
controls and safety devices.

e. The electric coils shall be provided with a primary automatic reset thermal cutout, a manual reset thermal
cutout, and a differential pressure airflow switch for proof of airflow.

f. (Optional) The electric coils shall be provided with a non-fused door interlocking disconnect switch.

g. (Optional) The electric coils shall be provided with a silicon-controlled rectifier (SCR) controller.

h. (Optional) The electric coils shall be provided with insulation. Fiber free foam insulation not available.

4. Sound Attenuator:
a. The manufacturer shall supply sound attenuators to meet scheduled acoustical performance
requirements. The attenuators shall be supplied in the following configuration (select one):
1. Three foot integral discharge attenuator (ATT).
2. Three foot discharge attenuator supplied as a separate piece (ATTSP).
3. Five foot integral discharge attenuator (ATT5).
4. Five foot discharge attenuator supplied as a separate piece (ATT5SP).

5. Control Transformers:
a. The terminal unit shall be supplied with a factory mounted 50 VA control transformer.

6. Low Leakage Construction:

a. The terminals shall be provided with factory certified low leakage construction up to [three], [four], or [six]
inches water gauge internal pressure.

b. Inlet dampers shall exhibit leakage rates of less than (select one):
1. 0.5% of maximum nominal catalog airflow for CLL3
2. 0.75% of maximum nominal catalog airflow for CLL4
3. 1% of maximum nominal catalog airflow for CLL6

c. Single duct casings shall exhibit external leakage rates of less than (select one):
1. 1% of maximum nominal catalog airflow for CLL3
2. 1% of maximum nominal catalog airflow for CLL4
3. 1.5% of maximum nominal catalog airflow for CLL6
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d. Terminals with low leakage construction shall include the following design features:
1. The access door shall be supplied with compression style gasketing and quarter turn latches.
2. The unit casing shall be flanged and gasketed at all external casing seams.
3. All production units shall be individually factory tested to ensure compliance with project specific
leakage requirements.
4. Leakage test results shall be documented on a label affixed to each certified low leakage unit.

I.  Electrical Requirements:
1. Single duct terminal units shall be provided with single-point power connection.
2. The terminal unit equipment wiring shall comply with the requirements of NFPA 70.

J.  Controls:
1. See Section 23 09 13 - Instrumentation and Control Devices for HVAC: Thermostats and actuators for controls
requirements.

K. Controls Sequence:
1. See Section 23 09 93 - Sequence of Operations for HVAC Controls for controls sequence requirements.

2.03 Low Profile Single-Duct Terminal Units
A. Description:
1. Furnish and install Price model [SDVLP] single duct terminal units in the sizes and configurations as indicated
on the plans.

B. Unit Casing:
1. The unit casing shall be constructed of a minimum 22 gauge, 0.032 inch galvanized steel.
a. The casing shall be assembled with longitudinal lock seam construction.
b. Low profile single-duct terminals units [SDVLP] shall have a maximum casing height of 10 inches.

C. Unit Discharge:
1. Manufacturer shall provide rectangular unit discharges with slip-and-drive connections.

D. Liners:
1. Standard:
a. Fiberglass Liner - FG.

1. Insulation shall comply with the requirements of UL 181 (erosion), ASTM C1338 (fungi resistance),
ASHRAE 62.1, and ASTM C1071, having a maximum flame/smoke spread of 25/50 for both the
insulation and the adhesive when tested in accordance with ASTM E84.

2. Theinsulation shall be secured with adhesive.

3. Insulation edges exposed to the airstream shall be coated with NFPA 90A approved sealant.

4. Insulation thickness shall be (select one):

a. 1/2inch thick, R-value of 2.1.
b. 3/4inch thick, R-value of 3.2.
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2.

Optional:
a. Fiber-Free Foam Insulation - FF.

1. Insulation shall comply with the requirements of UL 181 (erosion, mold growth and humidity) and
ASHRAE 62.1, and shall have a maximum flame/smoke spread of 25/50 for both the insulation and the
adhesive when tested in accordance with ASTM E84.

2. Theinsulation shall be secured with adhesive.

3. Insulation thickness shall be (select one):

a. 1/2inch thick, R-value of 2.0.
b. 3/4inch thick, R-value of 3.0.

b. Foil Board Liner - FB.

1. Insulation shall comply with the requirements of UL 181 (erosion, mold growth and humidity) and
ASHRAE 62.1, and shall have a maximum flame/smoke spread of 25/50 for both the insulation and the
adhesive when tested in accordance with ASTM E84.

2. Theinsulation shall be secured with adhesive.

3. Insulation edges exposed to airstream shall be coated with NFPA 90A approved sealant.

4. Insulation thickness shall be (select one):

a. 5/8inch thick, R-value of 2.6.

E. Primary Air Damper Assembly:

1.
2.

The damper assembly shall be heavy-gauge, galvanized steel with a solid shaft rotating in bearings.

The damper shaft shall incorporate a visual position indicator etched into the end of the damper shaft to
clearly indicate damper position over the full range of 90 degrees.

The damper shaft shall be mounted on the [left], [right], [top], or [bottom] of the damper when looking in the
direction of airflow.

The 18 gauge damper assembly shall incorporate a peripheral gasket on the damper blades for tight airflow
shutoff.

The damper, seal, and bearing system shall be tested to 1.25 million cycles, or the equivalent of 100 full
open/closures per day for 35 years, with no visible signs of wear, tear, or failure of the damper assembly after
such testing.

F. Airflow Sensor:

1.

The airflow sensor shall be a differential pressure airflow device measuring total and static pressures, and
mounted to the inlet valve.

Plastic parts shall be fire-resistant, complying with UL 94.

The airflow sensor shall be RoHS (Restriction of Hazardous Substances) compliant. Material containing
polybrominated compounds shall not be acceptable.

Control tubing shall be protected by grommets at the wall of the airflow sensor's housing.

The airflow sensor shall be furnished with twelve total pressure sensing ports and four static pressure sensing
ports, and shall include a center averaging chamber that amplifies the sensed airflow signal.

After balancing, the airflow sensor signal accuracy shall be plus or minus five percent throughout terminal
operating range.

AIR TERMINAL UNITS

TRINITY MEP ENGINEERING, LLC 233600- 8/15



G. Inlet Valve — Low Profile:

1. The inlet valve shall be a consistent diameter to retain flex duct and provide a stop for hard duct for all units
with inlet sizes four to eight inches in diameter. Inlets larger than eight inches in diameter shall be supplied as
rectangular type inlets.

Round inlet valves shall include a 1/8 inch raised single bead weld for added strength.

The gasket seal shall be a low leakage continuous piece with a peripheral gasket for tight airflow shutoff.

The inlet valve shall include two heavy duty stop pins to accurately position the damper in the closed and open
positions.

H. Options:
1. Bottom Access Door:
a. The unit shall be supplied with a 4 inch x 6-3/4 inch bottom access door, secured to the casing with (select
one):
1. Screws.
2. Snap latches.
3. Quarter turn sash latches.

2. Hot Water Heating Coil:

a. The hot water coil casing shall be constructed from a minimum 22 gauge, 0.032 inch galvanized steel,
factory-installed on the terminal discharge with slip-and drive attachment for downstream ductwork.
1. Anoptional gasketed access door shall be provided, located on bottom of unit.

2. Coil handing shall be specified as [right hand] or [left hand] when looking into the coil inlet in the
direction of airflow.
3. The water coil shall be supplied with an access door located:
a. Upstream of the water coil in the terminal casing.
b. Downstream of the water coil in a common casing with the coil.
4. The water coil access door shall be secured to the casing with (select one):
a. Screws.
b. Snap latches.
c. Quarter turn sash latches.

b. The water coil fins shall be 0.0045 inch aluminum fins, mechanically-bonded to seamless 0.50 by 0.016
inch copper tubes.

1. Fins shall be formed in a high heat transfer sine wave configuration.
2. Standard coil shall be a 10 fins-per-inch fin construction.
3. High capacity coil shall be a12 fins-per-inch fin construction.

c. All water coils shall be hydrostatically tested to a minimum 390 pounds per square inch, with a minimum
burst pressure of 1800 pounds per square inch at ambient temperature. All water coils are rated for a
maximum of 300 pounds per square inch working pressure at 200 degrees Fahrenheit.

d. The water coil shall be certified in accordance with AHRI 410 and units shall bear an AHRI 410 label.

1. An optional oversized casing shall be upsized to increase heat transfer with low supply water
temperatures while reducing air side pressure drop.
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3. Electric Heating Coil:

a. The electric heating coil shall be ETL listed to UL 1995 and CSA 22.2, and provided by the terminal unit
manufacturer.

b. The electric coil casing shall be constructed from a minimum 20 gauge, 0.038 inch galvanized steel.

c. The heating elements shall be open wire nickel chrome construction, supported by ceramic insulators.
The integral control panel shall be a NEMA 250, Type 1 enclosure with hinged access door for access to all
controls and safety devices.

e. The electric coils shall be provided with a primary automatic reset thermal cutout, a manual reset thermal
cutout, and a differential pressure airflow switch for proof of airflow.

f. (Optional) The electric coils shall be provided with a non-fused door interlocking disconnect switch.

g. (Optional) The electric coils shall be provided with a silicon-controlled rectifier (SCR) controller.

h. (Optional) The electric coils shall be provided with insulation. Fiber free foam insulation not available.

4. Sound Attenuator:
a. The manufacturer shall supply sound attenuators to meet scheduled acoustical performance
requirements. The attenuators shall be supplied in the following configuration (select one):
1. Three foot integral discharge attenuator (ATT).
2. Three foot discharge attenuator supplied as a separate piece (ATTSP).
3. Five foot integral discharge attenuator (ATT5).
4. Five foot discharge attenuator supplied as a separate piece (ATT5SP).

5. Control Transformers:
a. The terminal unit shall be supplied with a factory mounted 50 VA control transformer.

I.  Electrical Requirements:
1. Single duct terminal units shall be provided with single-point power connection.
2. The terminal unit equipment wiring shall comply with the requirements of NFPA 70.

J.  Controls:
1. See Section 23 09 13 - Instrumentation and Control Devices for HVAC: Thermostats and actuators for controls
requirements.

K. Controls Sequence:
1. See Section 23 09 93 - Sequence of Operations for HVAC Controls for controls sequence requirements.

2.04 Quiet Single-Duct Terminal Units
A. Description:
1. Furnish and install Price model SDVQ quiet single duct terminal units in the sizes and configurations as
indicated on the plans.

B. Unit Casing:
1. The unit casing shall be constructed of a minimum 22 gauge, 0.032 inch galvanized steel.
a. The casing shall be assembled with longitudinal lock seam construction.
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C. Unit Discharge:
1. Manufacturer shall provide rectangular unit discharges with slip-and-drive connections.

D. Liners:
1. Standard:
a. Fiberglass Liner - FG.

1. Insulation shall comply with the requirements of UL 181 (erosion), ASTM C1338 (fungi resistance),
ASHRAE 62.1, and ASTM C1071, having a maximum flame/smoke spread of 25/50 for both the
insulation and the adhesive when tested in accordance with ASTM E84.

2. The insulation shall be secured with adhesive.

3. Insulation edges exposed to the airstream shall be coated with NFPA 90A approved sealant.

4. Insulation thickness shall be (select one):

a. 1/2inch thick, R-value of 2.1.
b. 3/4inch thick, R-value of 3.2.
c. 1linch thick, R-value of 4.1.

2. Optional:
a. Fiber-Free Foam Insulation - FF.

1. Insulation shall comply with UL 181 erosion, mold growth and humidity requirements in accordance
with ASHRAE 62.1, and shall have a maximum flame/smoke spread of 25/50 for both the insulation
and the adhesive when tested in accordance with ASTM E84.

2. The insulation shall be secured with adhesive.

3. Insulation thickness shall be (select one):

a. 1/2 inch thick, R-value of 2.0.
b. 3/4 inch thick, R-value of 3.0.
c. 1inch thick, R-value of 4.0.

b. Foil Board Liner - FB.

1. Insulation shall comply with UL 181 erosion, mold growth and humidity requirements in accordance
with ASHRAE 62.1, and shall have a maximum flame/smoke spread of 25/50 for both the insulation
and the adhesive when tested in accordance with ASTM E84.

2. Theinsulation shall be secured with adhesive.

3. Insulation edges exposed to airstream shall be coated with NFPA 90A approved sealant.

4. Insulation thickness shall be (select one):

a. 5/8inch thick, R-value of 2.6.
b. 1inch thick, R-value of 4.2.

E. Primary Air Damper Assembly:
1. The damper assembly shall be heavy-gauge, galvanized steel with a solid shaft rotating in bearings.
2. The damper shaft shall incorporate a visual position indicator etched into the end of the damper shaft to
clearly indicate damper position over the full range of 90 degrees.
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The damper shaft shall be mounted on the [left], [right], [top], or [bottom] of the damper when looking in the
direction of airflow.

The 18 gauge damper assembly shall incorporate a peripheral gasket on the damper blades for tight airflow
shutoff.

Air leakage past the closed damper shall not exceed 2 percent of the unit maximum rated airflow at 3.0 inches
water gauge inlet static pressure, tested in accordance with ASHRAE 130.

The damper, seal, and bearing system shall be tested to 1.25 million cycles, or the equivalent of 100 full
open/closures per day for 35 years, with no visible signs of wear, tear, or failure of the damper assembly after
such testing.

F. Airflow Sensor:

1.

The airflow sensor shall be a differential pressure airflow device measuring total and static pressures, and
mounted to the inlet valve.

Plastic parts shall be fire-resistant, complying with UL 94.

The airflow sensor shall be RoHS (Restriction of Hazardous Substances) compliant. Material containing
polybrominated compounds shall not be acceptable.

Control tubing shall be protected by grommets at the wall of the airflow sensor's housing.

The airflow sensor shall be furnished with twelve total pressure sensing ports and four static pressure sensing
ports, and shall include a center averaging chamber that amplifies the sensed airflow signal.

The airflow sensor signal accuracy shall be plus or minus five percent throughout terminal operating range.

G. Inlet Valve - Standard:

1.
2.
3,
4,

The inlet valve shall be a consistent diameter to retain flex duct and provide a stop for hard duct.

The inlet valve shall include a 1/8 inch raised single bead weld for added strength.

The gasket seal shall be a low leakage continuous piece with a peripheral gasket for tight airflow shutoff.

The inlet valve shall include two heavy duty stop pins to accurately position the damper in the closed and open
positions.

H. Options:

1.

2.

Bottom Access Door:
a. The unit shall be supplied with a 4 inch x 6-3/4 inch bottom access door, secured to the casing with (select
one):
1. Screws.
2. Snap latches.
3. Quarter turn sash latches.

Hot Water Heating Coil:
a. The hot water coil casing shall be constructed from a minimum 22 gauge, 0.032 inch galvanized steel,
factory-installed on the terminal discharge with slip-and drive attachment for downstream ductwork.
1. An optional gasketed access door shall be provided, located on bottom of unit.
2. Coil handing shall be specified as [right hand] or [left hand] when looking into the coil inlet in the
direction of airflow.
3. The water coil shall be supplied with an access door located:
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a. Upstream of the water coil in the terminal casing.
b. Downstream of the water coil in a common casing with the coil.
4. The water coil access door shall be secured to the casing with (select one):
a. Screws.
b. Snap latches.
c. Quarter turn sash latches.
The water coil fins shall be 0.0045 inch aluminum fins, mechanically-bonded to seamless 0.50 by 0.016
inch copper tubes.
1. Finsshall be formed in a high heat transfer sine wave configuration.
2. Standard coil shall be a 10 fins-per-inch fin construction.
3. High capacity coil shall be a 12 fins-per-inch fin construction.
All water coils shall be hydrostatically tested to a minimum 390 pounds per square inch, with a minimum
burst pressure of 1800 pounds per square inch at ambient temperature. All water coils are rated for a
maximum of 300 pounds per square inch working pressure at 200 degrees Fahrenheit.
The water coil shall be certified in accordance with AHRI 410 and units shall bear an AHRI 410 label.
1. An optional oversized casing shall be upsized to increase heat transfer with low supply water
temperatures while reducing air side pressure drop.

3. Electric Heating Coil:

a. The electric heating coil shall be ETL listed to UL 1995 and CSA 22.2, and provided by the terminal unit
manufacturer.
b. The electric coil casing shall be constructed from a minimum 20 gauge, 0.038 inch galvanized steel.
c. The heating elements shall be open wire nickel chrome construction, supported by ceramic insulators.
d. The integral control panel shall be a NEMA 250, Type 1 enclosure with hinged access door for access to all
controls and safety devices.
e. The electric coils shall be provided with a primary automatic reset thermal cutout, a manual reset thermal
cutout, and a differential pressure airflow switch for proof of airflow.
f.  (Optional) The electric coils shall be provided with a non-fused door interlocking disconnect switch.
g. (Optional) The electric coils shall be provided with a silicon-controlled rectifier (SCR) controller.
h. (Optional) The electric coils shall be provided with insulation. Fiber free foam insulation not available.
4. Silencer:
a. Construction:
1. Casing shall be constructed of material that matches terminal unit casing and attach to terminal unit
with slip and drive connection.
Casing seams and joints shall be lock-formed and sealed, to provide leakage-resistant construction.
Perforated steel shall be adequately stiffened to insure flatness and form. Spot welds shall be
painted as required.
4. Internal baffles shall be provided with a radiused inlet and sloped tail.
b. Principal Sound-Absorbing Mechanism:

1. Packless (No-Media) Silencers:
a. Models shall not contain absorptive media. Attenuation shall be achieved with controlled
impedance membranes and broadly tuned resonators.
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2. Absorptive (Dissipative) and Film Lined Silencers:

a. Standard Acoustic media:

1.

4,
5.

Media shall be of acoustic quality, shot-free glass fiber insulation with long, resilient
fibers bonded with a thermosetting resin. Glass fiber density and compression shall be
as required to insure conformance with laboratory test data.

Media shall be packed with a minimum of 15% compression during silencer assembly.
Media shall be resilient such that it will not pull apart during normal applications, and
shall resist settling, breakdown, and sagging from vibration. Media shall not rot,
mildew, or otherwise deteriorate, and shall have sufficient flexibility to readily form
around corners and curved surfaces.

Media shall not cause or accelerate corrosion of aluminum or steel.

Mineral wool is not permitted as a substitute for glass fiber.

c. Media Protection:

1. Dissipative silencers:

a. Where indicated on the silencer schedule, media shall be encapsulated in glass fiber cloth to

help prevent shedding, erosion and impregnation of the glass fiber.

2. Film Lined silencers:

a. The acoustic media shall be completely wrapped with polymer film to help prevent shedding,

erosion and impregnation.

b. The wrapped acoustic media shall be separated from the perforated metal by a factory-installed

acoustically transparent spacer.

c. The spacer shall be flame retardant and erosion resistant.

Mesh, screen or corrugated perforated liner will not be acceptable as a substitute for the
specified spacer.

e. Silencer manufacturer shall provide a written test report showing silencer assemblies have Class

1 flame-spread index not exceeding 25 and smoke-developed index not exceeding 50 when
tested according to ASTM E 84, NFPA 255 or UL 723.

5. Control Transformers:
a. The terminal unit shall be supplied with a factory mounted 50 VA control transformer.

I.  Electrical Requirements:

1. Single duct terminal units shall be provided with single-point power connection.
2. The terminal unit equipment wiring shall comply with the requirements of NFPA 70.

J.  Controls:

1. See Section 23 09 13 - Instrumentation and Control Devices for HVAC: Thermostats and actuators for controls

requirements.

K. Controls Sequence:

1. See Section 23 09 93 - Sequence of Operations for HVAC Controls for controls sequence requirements.
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PART 3 — EXECUTION

3.01 Examination
Verify that conditions are suitable for installation.
B. Verify that field measurements are as shown on the drawings.

3.02 Installation
Install the terminal units in accordance with the manufacturer's instructions.

® >

Install the inlets of the air terminal units with the air flow sensors a minimum of three duct diameters from elbows,
transitions, and duct takeoffs.

See drawings for the size(s) and duct location(s) of the air terminal units.

Provide ceiling access doors or locate units above easily removable ceiling components.

Support the terminal units individually from the structure.

Embed anchors in concrete in accordance with ASTM E488/E488M.

Do not support the terminal units from the ductwork.

Connect the terminals to the ductwork in accordance with Section 23 31 00.

Install heating coils in accordance with Section 23 82 00.

S~ TXTemmooO

Verify that electric power is available and of the correct characteristics.

3.03 Adjusting
A. Ensure the damper operator attached to the assembly allows full modulation of flow range from 100 percent of
design flow to zero.

3.04 Field Quality Control
A. See Section 01 40 00 - Quality Requirements, for additional quality requirements.

3.05 Cleaning
A. See Section 01 74 19 - Construction Waste Management and Disposal for additional cleaning requirements.

3.06 Closeout Activities
See Section 01 78 00 - Closeout Submittals for closeout submittals.
B. See Section 01 79 00 - Demonstration and Training for additional closeout requirements.

END OF SECTION
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SECTION 23 37 13

DIFFUSERS, REGISTERS AND GRILLES

PART 1 - GENERAL
1.1 SUMMARY
A. This Section includes ceiling- and wall-mounted diffusers, registers, and grilles.
1.2 DEFINITIONS
A. Diffuser: Circular, square, or rectangular air distribution outlet, generally located in the ceiling and
comprised of deflecting members discharging supply air in various directions and planes and arranged to
promote mixing of primary air with secondary room air.
B. Grille: Alouvered or perforated covering for an opening in an air passage, which can be located in a
sidewall, ceiling, or floor.
C. Register: A combination grille and damper assembly over an air opening.
1.3 SUBMITTALS
A. Product Data: For each model indicated, include the following:
1. Data Sheet: For each type of air outlet and inlet, and accessory furnished; indicate construction,
finish, and mounting details.
2. Performance Data: Include throw and drop, static-pressure drop, and noise ratings for each type of
air outlet and inlet.
3. Schedule of diffusers, registers, and grilles indicating drawing designation, room location, quantity,
model number, size, and accessories furnished.
4. Assembly Drawing: For each type of air outlet and inlet; indicate materials and methods of assembly
of components.
B. Coordination Drawings: Reflected ceiling plans and wall elevations drawn to scale to show locations and
coordination of diffusers, registers, and grilles with other items installed in ceilings and walls.
1.4 QUALITY ASSURANCE
A. NFPA Compliance: Install diffusers, registers, and grilles according to NFPA 90A, "Standard for the
Installation of Air-Conditioning and Ventilating Systems."
PART 2 - PRODUCTS
2.1 MANUFACTURED UNITS
A. Diffusers, registers, and grilles are scheduled on Drawings.
B. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
1. Titus.
2. Price
2.2 SOURCE QUALITY CONTROL
A. Testing: Test performance according to ASHRAE 70, "Method of Testing for Rating the Performance of
Air Outlets and Inlets."
PART 3 - EXECUTION
3.1 EXAMINATION
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A. Examine areas where diffusers, registers, and grilles are to be installed for compliance with requirements
for installation tolerances and other conditions affecting performance of equipment. Do not proceed
with installation until unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. Install diffusers, registers, and grilles level and plumb, according to manufacturer's written instructions,
Coordination Drawings, original design, and referenced standards.

B. Ceiling-Mounted Outlets and Inlets: Drawings indicate general arrangement of ducts, fittings, and
accessories. Air outlet and inlet locations have been indicated to achieve design requirements for air
volume, noise criteria, airflow pattern, throw, and pressure drop. Make final locations where indicated,
as much as practicable. Coordinate device locations with ceiling grid, sprinklers, and lights. Where
architectural features or other items conflict with installation, notify Architect for a determination of
final location.

C. Install diffusers, registers, and grilles with airtight connection to ducts and to allow service and
maintenance of dampers, air extractors, and fire dampers.

3.3 ADJUSTING

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, before

starting air balancing.
3.4 CLEANING

A. After installation of diffusers, registers, and grilles, inspect exposed finish. Clean exposed surfaces to

remove burrs, dirt, and smudges. Replace diffusers, registers, and grilles that have damaged finishes.

END OF SECTION
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SECTION 23 64 23.13
Air-Cooled Scroll Water Chillers

PART 1- GENERAL
1.01 SUMMARY
A. Section includes design, performance criteria, refrigerants, controls, and installation
requirements for air-cooled rotary scroll packaged chillers.
1.02 REFERENCES
A. AHRI 550/590 - Standard for Water Chilling Packages using the Vapor Compression Cycle
AHRI 370 - Sound Rating of Large Outdoor Refrigerating and Air-Conditioning Equipment
ASHRAE 15 - Safety Code for Mechanical Refrigeration
ASHRAE 90.1 - Energy Efficient Design of New Buildings
UL 60335-2-40 - Central Cooling Air Conditioners
ASTM B117 - Standard Method of Salt Spray (Fog) Testing
ASTM A123 - Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products

r o6 mmoU oW

ASTM A525 - Zinc (Hot-Dip Galvanized) Coatings on Sheet Steel Products

ASTM D1654 - Evaluation of Painted or Coated Specimens, Subjected to Corrosive
Environments
J.  ANSI/AFBMA 9-1978 - Load Ratings and Fatigue Life for Ball Bearings.
K. 1SO 9001
L.  California Administrative Code - Title 24
1.03 SUBMITTALS
A.  Submit dimensional plan and elevation view drawings, weights and loadings, required
clearances, location and size of all field connections, electrical requirements and wiring
diagrams.
B.  Submit product data indicating rated capacities, accessories and any special data.
C.  Submit manufacturer's installation instructions.
1.04 REGULATORY REQUIREMENTS
A. Comply with codes and standards specified.
B. Chiller must be built in an ISO 9001 classified facility.
1.05 VERIFICATION OF CAPACITY AND EFFICIENCY
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A.  All proposals for chiller performance must include an AHRI approved selection method.
Verification of date and version of computer program selection or catalog is available
through AHRI.

1.06 DELIVERY, HANDLING AND STORAGE

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

B. Chiller shall be capable of withstanding -40°F (-40°C) to 158°F (70°C) storage
temperatures for an indefinite period of time.

1.07 WARRANTY
A. Provide a full parts warranty for one year from start-up or 18 months from shipment,
whichever occurs first.
PART 2 - PRODUCTS
2.01 ACCEPTABLE MANUFACTURERS
A.  Trane model ACS

B. Carrier
C. Daikin
D. Approved equals [see above], must have scroll compressor and meet the specification

including all scheduled performance.
2.02 CHILLER DESCRIPTION

A. The contractor shall furnish and install air-cooled water chiller with scroll compressors as
shown as scheduled on the contract documents. The chillers shall be installed in
accordance with this specification and perform at the specified conditions as scheduled.

2.03 CHILLER OPERATION

A.  Chiller shall be capable of starting and running at outdoor ambient temperatures from 32°F
(0°C) to 115°F (46°C).

B. Chiller shall be capable of starting up with 95°F (35°C) entering fluid temperature to the
evaporator. Maximum water temperature that can be circulated with the Chiller not
operating is 125°F (52°C)

C. Chiller shall provide evaporator freeze protection and low limit control to avoid low
evaporator refrigerant temperature trip-outs during critical periods of chiller operation.

Whenever this control is in effect, the controller shall indicate that the chiller is in adaptive
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limit. If the condition exists for more than 30 seconds, a limit warning alarm relay shall
energize.
Rapid Restart™ after power restoration. The Chiller shall be capable of starting in 45

seconds.

2.04 COMPRESSORS

A.

Construct chiller using fully hermetic scroll type compressors with R454B optimized and
dedicated scroll profile. Refrigerant shall have a GWP of less than 600.

Provide direct drive motor cooled by suction gas with only three major moving parts and a
completely enclosed compression chamber which leads to increased efficiency.

Each compressor shall have Intermediate Discharge Valves (IDV) or variable volume ratio
technology

Each compressor shall have overload protection internal to the compressor

Each compressor shall include: oil level sight glass and oil charging valve

Each compressor will have crankcase heaters installed and properly sized to minimize the

amount of liquid refrigerant present in the oil sump during off cycles.

2.05 EVAPORATOR

A.

The evaporator shall be a high efficiency, brazed plate-to-plate type heat exchanger
consisting of parallel plates. Braze plates shall be stainless steel with copper braze
material.

The water side working pressure shall be rated at 150 psig (10.3 bar) and tested at 1.5
times maximum allowable water side working pressure.

The refrigerant side working pressure shall be rated at 650 psig (44.8 bar) and tested at
1.1 maximum allowable refrigerant side working pressure.

Insulate the evaporator with a minimum of 0.75 inch (K=0.28) UV rated insulation. If the
insulation is field installed, the additional money to cover material and installation costs in
the field should be included in the bid.

Evaporator heaters shall be factory installed and shall protect chiller down to -20°F (-
29°C). Contractor shall wire separate power to energize heat tape and protect evaporator
while chiller is disconnected from the main power.

Provide water drain connection, vent and fittings. Factory installed leaving water
temperature control and low temperature cutout sensors.

Water connections shall be grooved pipe.
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H.  Proof of flow shall be provided by the equipment manufacturer, mechanically installed and

electrically wired, at the factory of origin.
2.06 FANS

A. Low sound fans shall be balanced and direct driven.

B. All condenser fan TEAO motors have permanently lubricated ball bearings and internal
overload protection.

C. All condenser fans are electrically commutated motors to provide variable speed for
optimized efficiency and lower part load sound.

2.07 CONDENSER

A.  Construct condenser coils of microchannel all aluminum brazed fin construction. The
condenser coils shall have an integral sub-cooling circuit and shall be designed for at least
650 psig working pressure. Leak tested at 650 psig . Coils can be cleaned with high
pressure water.

B. Condenser coils shall be transverse design. If coils are not transverse design, provide coil
protection for shipping.

C. Condenser coils shall include baked epoxy coating providing 6000+ hour salt spray
resistance.

2.08 ENCLOSURES/CHILLER CONSTRUCTION

A. Unit panels, structural elements and control boxes are constructed of galvanized steel and
mounted on a bolted galvanized steel base. Unit panels, control boxes and the structural
base are finished with a baked on powder paint.

B. Control panel doors shall have door stays.

C. Mount starters and Terminal Blocks in a UL 60335-2-40 rated weatherproof panel provided
with full opening access doors. If a circuit breaker is chosen, it should be a lockable,
through-the-door type with an operating handle and clearly visible from outside of chiller
indicating if power is on or off.

D. The coating or paint system shall withstand 500 hours in a salt-spray fog test in
accordance with ASTM B117.

2.09 ELECTRICAL

A. The starter shall be across-the-line configuration, factory-mounted and fully pre-wired to

the compressor motor(s) and control panel.

B. Unit shall have a single point power connection.
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C. A molded case standard interrupting capacity circuit breaker shall be factory pre-wired with
terminal block power connections and equipped with a lockable external operator handle,
making it available to disconnect the chiller from main power.

D. A control power transformer shall be factory-installed and factory-wired to provide unit
control power.

E.  Unit wiring shall run in liquid-tight conduit.

F.  High short circuit current rating (SCCR) of 10kA.

G. Customer wired 15 amp, 115-volt GFCI convenience outlet shall be factory mounted on
the exterior of the control panel.

2.10 REFRIGERANT CIRCUIT

A.  All chillers shall have 2 refrigeration circuits, each with two or three (manifolded)
compressor on each circuit.

B. Provide for refrigerant circuit:

1. Liquid line shutoff valve
2 Discharge service valve
3 Replaceable Core Filter Drier
4.  Liquid line sight glass.
5 Electronic expansion valve sized for maximum operating pressure
6. Charging valve
C. Full operating charge of R454B and ail.

2.11 CONTROLS

A. A color, touch sensitive liquid crystal display (LCD) shall be unit mounted and a minimum
of 7" diagonal.

B. Display shall consist of a menu driven interface with easy touch screen navigation to
organized sub-system reports for compressor and evaporator information as well as
associated diagnostics.

C. The chiller control panel shall provide password protection of all setpoints with
configurable user settings for each user.

D. The controller shall have the ability to display all primary sub-system operational
parameters on dedicated trending graphs. The operator must be able to create up to 6
additional custom trend graphs, choosing up to 10 unique parameters for each graph to

trend log data parameters simultaneously over an adjustable period and frequency polling.
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E. Chilled water temperature control shall be microprocessor-based, proportional and integral
controller to show water and refrigerant temperature, refrigerant pressure, and diagnostics.
This microprocessor-based controller is to be supplied with each chiller by the chiller
manufacturer.

F.  The front of the chiller control panel shall display the following in clear language, without
the use of codes, look-up tables, or gauges:

1. Runtime.

Number of starts.

Current chiller operating mode.

Chilled water set point and set point source.

Demand current limit set point and set point source.

Entering and leaving evaporator water temperatures.

Saturated evaporator and condenser refrigerant temperatures.

Evaporator and condenser refrigerant pressure.

© © N o g > w DN

Phase reversal/unbalance/single phasing and over/under voltage protection.

=
&

Low chilled water temperature protection.

11. High and low refrigerant pressure protection.

12. Load limit thermostat to limit compressor loading on high return water temperature.

13. Condenser fan sequencing to automatically cycle fans in response to load,
expansion valve pressure, condenser pressure, and differential pressure to
optimize chiller efficiency.

14. Display diagnostics.

15. Compressors: Status (on/off), anti-short cycle timer, and automatic compressor
lead-lag.

G. Weatherproof control panel shall be mounted on chiller, containing starters, power and
control wiring, factory wired with terminal block power connection. Provide primary and
secondary fused control power transformer.

H.  The chiller controller shall utilize a microprocessor that will automatically take action to
prevent chiller shutdown due to abnormal operating conditions associated with:
evaporator refrigerant temperature, high condensing pressure and motor current overload.

l. Provide the following safety controls with indicating lights or diagnostic readouts:

1. Low chilled water temperature protection.
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9.
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High refrigerant pressure.

Loss of chilled water flow.

Contact for remote emergency shutdown.

Motor current overload.

Phase reversal/unbalance/single phasing.

Over/under voltage.

Failure of water temperature sensor used by controller.

Compressor status (on or off).

J.  Provide the following operating controls:

1.

A variable compressor staffing method to control capacity in order to maintain
leaving chilled water temperature based on PI algorithms. Five minute solid state
anti-recycle timer to prevent compressor from short cycling. Compressor minimum
stop-to-start time limit shall be 2 minutes. If a greater than 5 minute start-to-start,
or greater than 2 minute stop-to-start timer is included.

Chilled water pump output relay that closes when the chiller is given a signal to
start.

Load limit thermostat to limit compressor loading on high return water temperature
to prevent nuisance trips.

High ambient unloader pressure controller that unloads compressors to keep head
pressure under control and help prevent high pressure nuisance trip outs on days
when outside ambient is above design.

Low ambient lockout control with adjustable setpoint.

Condenser fan sequencing which adjusts the speed of all fans automatically in
response to ambient, condensing pressure and expansion valve pressure

differential thereby optimizing chiller efficiency.

K.  Provide user interface on the front of the panel. If display is on the inside of the panel,

then a control display access door shall be provided to allow access to the display without

removal of panels. Provide user interface with a minimum of the following features:

1.

2
3.
4

Leaving chilled water setpoint adjustment from the front panel touchscreen display.
Entering and leaving chilled water temperature output
Pressure output of condenser

Pressure output of evaporator
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5.  Ambient temperature output

6. Demand limit setpoint adjustment from the front panel touchscreen display.

L.  The chiller control panel shall provide leaving chilled water temperature reset based upon
return water temperature.

M.  Service Pump Down Control

N. Configurable Users

O. Multiple Languages Selectable

P.  Metric Conversions

Q. Digital Communications to BAS system shall consist of a BACnet MS/TP interface via a
single twisted pair wiring.

2.12 SOUND

A. Acoustics: Manufacturer must provide both sound power and sound pressure data in
decibels, per AHRI 370. A-weighted sound pressure at 30 feet should be provided at
100%, 75%, 50% and 25% load points to identify the full operational noise envelope.

B. If manufacturer cannot meet the noise levels, sound attenuation devices and/or barrier

walls must be installed to meet this performance level.

2.13 OPTIONS AND ACCESSORIES

A.
B.

Chiller shall have full architectural louvers panels.

Chiller shall ship with elastomeric Isolators

PART 3 - EXECUTION
3.01 INSTALLATION

A.

Install in accordance with manufacturer's requirements.
1. Level the chiller using the base rail as a reference. The chiller must be level within

1/2 in over the entire length and width. Use shims as necessary to level the chiller.

3.02 SERVICE AND START-UP

A.

Startup - Provide all labor and materials to perform startup. Startup shall be performed by
a factory-trained technician from the original equipment manufacturer (OEM). Technician
shall confirm that equipment has been correctly installed and passes specification
checklist prior to equipment becoming operational and covered under OEM warranty. This
shall be done in strict accordance with manufacturer's specifications and requirements.

Third-party service agencies are not permitted.
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B. A start-up log shall be furnished by the factory approved start-up technician to document
the chiller's start-up date and shall be signed by the owner or his authorized representative
prior to commissioning the chillers.

C. Chiller manufacturers shall maintain service capabilities no more than 30 miles from the
jobsite.

D. Provide local service agent with direct access to factory support on equipment.

The service provider shall employ a minimum of 5 full time, competent HYAC and
automation system servicepersons on staff, whose office in which they operate from is
within 30 miles of the job site and who have been within their employment for a minimum

of 1 years.

END OF SECTION
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SECTION 2373 13
MODULAR INDOOR CENTRAL-STATION AIR-HANDLING UNITS

PART1- GENERAL

1.01 WORK INCLUDED

A

Applied Air Handling Units with 2” double wall construction.

1.02 RELATED SECTIONS

A.

B.

C.

23 09 23 - DIRECT DIGITAL CONTROL SYSTEM FOR HVAC
23 31 13 - Metal Ducts

23 07 13 - Duct Insulation

1.03 REFERENCES

A.

P.

AMCA Publication 99 - Standards Handbook.

AMCA Standard 500-D - Laboratory Methods of Testing Dampers for Rating.

ANSI/ABMA Standard 9 - Load Ratings and Fatigue Life for Ball Bearings.

ANSI/AMCA Standard 204 - Balance Quality and Vibration Levels for Fans.

ANSI/AHRI Standard 410 - Forced Circulation Air-Cooling and Air-Heating Coils.

ANSI/AHRI Standard 430 - Central Station Air Handling Units.

ANSI/ASHRAE Standard 52.2 - Method of Testing General Ventilation Air-Cleaning Devices for
Removal Efficiency by Particle Size.

ANSI/ASHARE Standard 62.1 - Ventilation for Acceptable Indoor Air Quality.

ANSI/ASHARE Standard 90.1 - Energy Standard for Buildings Except Low-Rise Residential Buildings.
ANSI/NEMA MG 1 - Motors and Generators.

ANSI/UL 900 - Standard for Safety Air Filter Units.

ASHRAE Standard 111 - Measurement, Testing, Adjusting, and Balancing of Building HVAC
Systems.

ASTM B117 - Standard Practice for Operation Salt Spray Apparatus.

NFPA 70 - National Electrical Code

NFPA 90A - Standard for the Installation of Air Conditioning and Ventilation System:s.

UL 1995 - Standard for Safety Heating and Cooling Equipment

1.04 QUALITY ASSURANCE

A.

Air Coils: Certify capacities, pressure drops and selection procedures in accordance with current

AHRI Standard 410.
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B. Air handling units shall be rated and/or rated and certified in accordance with AHRI Standard.

1.05 SUBMITTALS

A. No equipment shall be fabricated or delivered until the receipt of approved shop drawings from

the Owner or Owner's approved representative.

B. AHU manufacturer shall provide the following information with each shop drawing/product data

submission:

1.

Dimensioned arrangement drawings for each AHU including a plan and elevation view of
the assembled unit with overall dimensions, lift points, unit shipping split locations and
dimensions, installation and operating weights, and installation, operation and service
clearances.

All electrical, piping, and ductwork requirements, including sizes, connection locations,
and connection method recommendations.

Each component of the unit shall be identified and mechanical specifications shall be
provided for unit and accessories describing construction, components, and options.

All performance data, including capacities and airside and waterside pressure drops, for
components.

Fan curves shall be provided for fans with the design operating points indicated. Data shall

be corrected to actual operating conditions, temperatures, and altitudes.

C. The AHU manufacturer shall provide appropriate sets of submittals as referenced in the General

Conditions and shall submit to the Owner electronic copies of the IOM.

D. The AHU manufacturer shall list any exceptions to the specification.

1.06 REGULATORY REQUIREMENTS

A.  Agency Listings/Certifications

1.

Unit shall be manufactured to conform to UL 1995 and shall be listed by either UL/CUL or
ETL. Units shall be provided with listing agency label affixed to the unit. In the event the
unit is not UL/CUL or ETL approved, the contractor shall, at his/her expense, provide for a
field inspection by a UL/CUL or ETL representative to verify conformance. If necessary,
contractor shall perform modifications to the unit to comply with UL/CUL or ETL as

directed by the representative, at no additional expense to the owner.

MODULAR INDOOR CENTRAL-STATION AIR HANDLING UNITS

TRINITY MEP ENGINEERING, LLC 237313-2/12



2. Air handling units shall be certified in accordance with AHRI Standard 430. Units meeting
AHRI Standard 430 certification shall have a label affixed to the unit. If the unit is not AHRI
430 certified, or tested in accordance with AHRI 430 then the contractor shall be
responsible for expenses associated with testing of units after installation to verify
performance of fan(s). Any costs incurred to adjust fans to meet scheduled capacities
shall be the sole responsibility of the contractor.

3. Air handling units with multiple direct drive plenum fans, or direct drive plenum fans
incorporated with ECM style motors are outside the scope of AHRI 430. These fans
however are rated in accordance with AHRI 430.

4. Certify air handling coils in accordance with AHRI Standard 410. Units shall be provided
with certification label affixed to the unit. If air handling coils are not certified in
accordance with AHRI Standard 410, contractor shall be responsible for expenses
associated with testing of coils after installation to verify performance of coil(s). Any costs
incurred to adjust coils to meet scheduled capacities shall be the sole responsibility of the

contractor.

1.07 DELIVERY, STORAGE, AND HANDLING

A.

B.

Comply with manufacturer's installation instructions for rigging, unloading, and transporting units.
Units shall ship fully assembled up to practical shipping and rigging limitations. Shipping splits
shall be clearly defined on submittal drawings. Cost associated with non-conformance to shop
drawings shall be the responsibility of the manufacturer. AHU's less than 100-inches wide shall
allow for forklift transport and maneuverability on the jobsite.

Deliver units to jobsite with fan motor(s), sheave(s), and belt(s) completely assembled and
mounted in units.

Indoor units shall be shipped in a clear shrink-wrap or stretch-wrap to protect unit from in-transit
rain and debris per ASHRAE 62.1 recommendations.

Installing contractor shall be responsible for storing AHU in a clean, dry place and protect from
weather and construction traffic. Handle carefully to avoid damage to components, enclosures,

and finish.

1.08 START-UP AND OPERATING REQUIREMENTS
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Do not operate units for any purpose, temporary or permanent, until ductwork is clean, filters in
place, bearings lubricated (if applicable), condensate properly trapped, piping connections verified
and leak-tested, belts aligned and tensioned, all shipping braces removed, bearing set screws

torqued, and fan has been test run under observation.

1.09 WARRANTY

A.

AHU manufacturer shall provide, at no additional cost, a standard parts warranty that covers a
period of one year from unit start-up or 18 months from shipment, whichever occurs first. This
warrants that all products are free from defects in material and workmanship and shall meet the

capacities and ratings set forth in the equipment manufacturer's catalog and bulletins.

PART2- PRODUCTS

2.01 ACCEPTABLE MANUFACTURERS

A.

Trane

Lennox

Daikin

Carrier

Manufacturer must clearly define any exceptions made to Plans and Specifications. Any
deviations in layout or arrangement shall be submitted to consulting engineer prior to bid date.
Acceptance of deviation(s) from specifications shall be in the form of written approval from the
consulting engineer. Mechanical Contractor is responsible for expenses that occur due to

exceptions made.

2.02 GENERAL

A.

Unit layout and configuration shall be as defined in project plans and schedule.

2.03 UNIT CASING

A.

The entire air handler shall be constructed of galvanized steel. Casing finished to meet ASTM B117
125-hour salt-spray test. The removal of access panels or access doors shall not affect the
structural integrity of the unit. All removable panels shall be gasketed. All doors shall have
gasketing around full perimeter to prevent air leakage. Contractor shall be responsible to provide

connection flanges and all other framework that is needed to properly support the unit.
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B. All panels shall be 2-inch double wall construction to facilitate cleaning of unit interior. Casing
deflection shall not exceed .005-inch deflection per linear inch under negative or positive
pressure, up to unit 6" of pressure.

C. Unit floor shall be of sufficient strength to support 300-lb load during maintenance activities, and
shall deflect no more than .005-inches when sitting on a support structure.

D.  Panelinsulation shall provide a minimum thermal resistance (R) value of 13 ftA2*h*F/Btu
throughout the entire unit. Insulation shall completely fill the panel cavities in all directions so that
no voids exist and settling of insulation is prevented. Panel assembly shall comply with NFPA 90A.

E. Access panels and/or access doors shall be provided in all sections to allow easy access to drain
pan, coil(s), motor, drive components and bearings for cleaning, inspection, and maintenance.

F. Access panels and doors shall be fully removable without the use of specialized tools to allow
complete access of interior surfaces.

2.04 ACCESS DOORS

A.  Access doors shall be 2-inch double-wall construction. Interior and exterior shall be of the same
construction as the interior and exterior wall panels.

B. Gasketing shall be provided around the full perimeter of the doors to prevent air leakage.

C. Door hardware shall be surface-mounted to prevent through-cabinet penetrations that could
likely weaken the casing leakage and thermal performance.

D. Handle hardware shall be designed to prevent unintended closure.

E. Access doors shall be hinged and removable without the use of specialized tools to allow.

F. All doors shall be a 60-inch high when sufficient unit height is available, or the maximum height
allowed by the unit height.

2.05 PRIMARY DRAIN PANS

A.  The drain pan shall be designed in accordance with ASHRAE 62.1 being of sufficient size to collect
all condensation produced from the coil and sloped in two planes, pitched toward drain
connections, promoting positive drainage to eliminate stagnant water conditions when unit is
installed level and trapped per manufacturer's requirements. The outlet shall be located at the
lowest point of the pan and shall be sufficient diameter to preclude drain pan overflow under any

normally expected operating condition. Drainpan shall be stainless steel
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B. All drain pan threaded connections shall be visible external to the unit. Threaded connections
under the unit floor shall not be accepted.

C. Drain connections shall be of the same material as the primary drain pan and shall extend a
minimum 2-1/2-inch beyond the base to ensure adequate room for field piping of condensate
traps.

D. Theinstalling contractor is responsible to ensure the unit is installed level, trapped in accordance
with the manufacturer's requirements, and visually inspected to ensure proper drainage of
condensate

2.06 SUPPLY FAN

A. Fan sections shall have a minimum of one hinged and latched access door located on the drive
side of the unit to allow inspection and maintenance of the fan, motor, and drive components.
Construct door(s) per Section 2.04.

B. Provide fans as specified in schedules, DDP, ECM, Housed Belt Driven.

C. Direct drive fans provided with ECM motors shall have a welded-aluminum impeller that is
dynamically balanced as an assembly. Fan shall be maintenance free throughout its operating life.
Fans shall be balanced to G6.3 per AMCA 204. No vibration isolation is necessary. Motor contains
integrated PID controller and accepts 0-10VDC input for variable speed control.

1. Fan shall be maintenance free throughout its operating life
2. Fans shall be balanced to a G6.3 per AMCA 204. No vibration isolation base is necessary
3. Access to motor and fan assembly though hinged access door must be provided. Access
door shall be sized for removal of entire motor and fan assembly.
4, Motor shall contain integrated PID controller and accept a 0-10VDC input signal for
variable speed control.
5. Motorized impeller fans shall be rated in accordance with AHRI Standard 430.
2.07 MOTORS AND DRIVES
A.  All housed fans with motors 15 hp and larger shall be equipped with multiple belt drives.
2.08 COILS
A.  Coils section header end panel shall be removable to allow for removal and replacement of coils

without impacting the structural integrity of the unit.
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B. Install coils such that headers and return bends are enclosed by unit casing to ensure that if
condensate forms on the header or return bends, it is captured by the drain pan under the coil.

C. Coils shall be manufactured with plate fins to minimize water carryover and maximize airside
thermal efficiency. Fin tube holes shall have drawn and belled collars to maintain consistent fin
spacing to ensure performance and air pressure drop across the coil as scheduled. Tubes shall be
mechanically expanded and bonded to fin collars for maximum thermal conductivity. Use of
soldering or tinning during the fin-to-tube bonding process is not acceptable due to the inherent
thermal stress and possible loss of bonding at that joint.

D.  Construct coil casings of stainless steel. End supports and tube sheets shall have belled tube holes
to minimize wear of the tube wall during thermal expansion and contraction of the tube.

E. All coils shall be completely cleaned prior to installation into the air handling unit. Complete fin
bundle in direction of airflow shall be degreased and steam cleaned to remove any lubricants used
in the manufacturing of the fins, or dirt that may have accumulated, in order to minimize the
chance for water carryover.

F.  Hydronic Coils

1.  Supply and return header connections shall be such that direction of coil water-flow
is counter to direction of unit air-flow.

2. Caoils shall be proof-tested to 300 psig and leak-tested to 200 psig air pressure
under water.

3. Headers shall be constructed of round copper pipe.

2.09 FILTERS
A. Provide factory-fabricated filter section of the same construction and finish as unit casings. Filter
section shall have side access filter guides and access door(s) extending the full height of the
casing to facilitate filter removal. Construct doors in accordance with Section 2.04. Provide fixed
filter blockoffs as required to prevent air bypass around filters. Blockoffs shall not need to be
removed during filter replacement. Filters to be of size, and quantity needed to maximize filter
face area of each particular unit size.
B. Filter type, MERV rating, and arrangement shall be provided as defined in project plans and
schedule
2.10 FACTORY-INSTALLED MOTOR WIRE TERMINATION, VFD, AND STARTER ENCLOSURES

A.  VFDs or starter shall be factory mounted on the drive side of the fan section.
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B. Any welds shall be properly finished with no rough edges. Enclosures shall house, Drive-OFF

switches, manual speed controls, and control transformers.
2.11 FACTORY WIRING OF VFD'S AND STARTERS

A.  On units provided with factory mounted and wired supply fan starter or VFD and DDC controls,
the manufacturer shall provide a single point of power. Line-to-24v transformers shall be provided
with sufficient vA to power the factory installed control points.

2.12 FACTORY-ENGINEERED AUTOMATIC TEMPERATURE CONTROLS

A. Unit control points shall be wired to a factory installed terminal strip for a field supplied controller.
Control points shall be manufactures standard points. All control points shall be tested in the
manufactures factory prior to shipment.

PART 3 - EXECUTION
3.01 SHIPPING

A Paper copies of the IOM shall also be shipped with each AHU.

B. The AHU manufacturer shall identify all shipments with the order number. Enough information
shall be provided with each shipment to enable the Mechanical Contractor to confirm the receipt
of units when they are received. For parts too small to mark individually, the AHU manufacturer
shall place them in containers.

C. To protect equipment during shipment and delivery, all indoor units shall be stretch or shrink
wrapped. Wrap shall be a minimum of 7 mil plastic. Pipe ends and pipe connection holes in the
casing shall be capped or plugged prior to shipment

D. After loading the equipment for shipment, the AHU manufacturer shall contact the shipping
contact on the order and provide the name of the carrier, description of equipment, order
number, shipping point, and date of shipment.

3.02 ON-SITE STORAGE

A. If equipment is to be stored for a period of time prior to installation, the Mechanical Contractor
shall remove all stretch or shrink wrap from units upon receipt to prevent unit corrosion and shall
either place the units in a controlled indoor environment or shall cover the units with canvas tarps
and place them in a well-drained area. Covering units with plastic tarps shall not be acceptable.

3.03 FIELD EXAMINATION
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A.  The Mechanical Contractor shall verify that the mechanical room is ready to receive work and the
opening dimensions are as indicated on the shop drawings and contract documents.
B. The Mechanical Contractor shall verify that the proper power supply is available prior to starting
of the fans.
3.04 INSTALLATION
A.  The Mechanical Contractor shall be responsible to coordinate ALL of his installation requirements
with the Owner and the Owner's selected Mechanical Contractor to ensure that a complete
installation for each unit is being provided. Coordination efforts shall include such items as
unloading and hoisting requirements, field wiring requirements, field piping requirements, field
ductwork requirements, requirements for assembly of field-bolted or welded joints, and all other
installation and assembly requirements.
B.  The AHU manufacturer shall provide all screws and gaskets for joining of sections in the field.
C. The Mechanical Contractor shall verify that the following items have been completed prior to
scheduling the AHU manufacturer's final inspection and start up:
1. All isolated components have had their shipping restraints removed and the components
have been leveled.
2. On all field-joined units, that all interconnections have been completed, i.e., electrical and
control wiring, piping, casing joints, bolting, welding, etc.
3. All water and steam piping connections have been completed and hydrostatically tested
and all water flow rates have been set in accordance with the capacities
4, All ductwork connections have been completed and all ductwork has been pressure tested
for its intended service.
5. All power wiring, including motor starters and disconnects, serving the unit has been
completed.
6. All automatic temperature and safety controls have been completed.
7. All dampers are fully operational.
8. All shipping materials have been removed.
9. Clean filter media has been installed in the units.

3.05 LEVELING
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A.  The Mechanical Contractor shall level all unit sections in accordance with the unit manufacturer's
instructions. The Mechanical Contractor shall provide and install all necessary permanent shim
material to ensure individual sections and entire assembled units are level.

3.06 MANUFACTURERS FIELD SERVICES

A. Factory Training:

1. The equipment manufacturer shall provide factory training to the owner's maintenance
personnel.

2. The training shall include a minimum of 4 hours of in-class training, covering essential
maintenance procedures, troubleshooting techniques, and safety protocols.

3. Additionally, the manufacturer shall provide a minimum of 4 hours of in-person training,
conducted at the owner's facility, for hands-on instruction and practical application of the
training concepts.

B. Special Tools and Software:

1. The equipment manufacturer shall supply any special tools or software required for
servicing, maintaining, and adjusting all equipment.

2. The provided tools and software shall be compatible with the equipment and shall enable
effective diagnosis, adjustment, and repair of the equipment.

3. The manufacturer shall ensure that the maintenance personnel receive proper training
and guidance on the use of these tools and software.

C. Certification:

1. Upon completion of the training, the equipment manufacturer shall provide certification
to the owner's maintenance personnel, acknowledging their successful completion of the
training program.

2. Certification shall serve as evidence that the maintenance personnel are qualified to
undertake maintenance tasks, ensuring optimal equipment performance and longevity.

D. Documentation:

1. The equipment manufacturer shall provide comprehensive training materials, including
manuals, guides, and reference materials, to supplement the in-class and in-person

training.
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2.

These materials shall be provided both in hardcopy and electronic formats, ensuring

accessibility and ease of use for the maintenance personnel.

3.07 FINAL INSPECTION AND START UP SERVICE

A.  After the Mechanical Contractor has provided all water and steam piping connections, ductwork

connections, and field control wiring, and Electrical Contractor has provided all the field power

wiring, the Mechanical Contractor shall inspect the installation. The Mechanical Contractor shall

then perform startup of the equipment.

B.  The Automatic Temperature Control (Building Direct Digital Control) Contractor shall be scheduled

to be at the job site at the time of the equipment start up.

C. The Mechanical Contractor, shall perform the following tests and services and submit a report

outlining the results:

1.

2.

10.

11.

12.

13.

Record date, time, and person(s) performing service.

Check all motor and starter power lugs and tighten as required.

Verify all electrical power connections.

Conduct a start up inspection per the AHU manufacturer's recommendations.

Record fan motor voltage and amperage readings.

Check fan rotation and spin wheel to verify that rotation is free and does not rub or bind.
Check fan for excessive vibration.

If so equipped, check V belt drive for proper tension and alignment. Tighten the belts in
accordance with the AHU manufacturer's directions. Check belt tension during the second
and seventh day's operation and re-adjust belts, as may be required, to maintain proper
tension as directed by the AHU manufacturer.

Remove all foreign loose material in ductwork leading to and from the fan and in the fan
itself.

Disengage all shipping fasteners on vibration isolation equipment.

Secure all access doors to the fan, the unit and the ductwork.

Switch electrical supply "on" and allow fan to reach full speed.

Physically check each fan at start up and shut down to insure no abnormal or problem

conditions exist.
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14. Check entering and leaving air temperatures (dry bulb and wet bulb) and simultaneously
record entering and leaving chilled water temperatures and flow, steam pressures and
flow, and outside air temperature.

15. Check all control sequences.

END OF SECTION
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SECTION 23 82 19 — CHILLD WATER FAN COIL UNITS

PART 1: General
1.01 Section Includes
A. Horizontal Air Handler
1.02 References
A. Load ratings and fatigue life for ball bearings.
B. Standards handbook.
C. Laboratory methods of testing fans for rating purposes.
D. Test code for sound rating air moving devices.
E. Test methods for louver, dampers, and shutters
F. Room fan coil unit
G. Standard practice for operating salt spray apparatus.
H. Motors and generators.
I. National electrical code.
J. HVAC duct construction standards - metal and flexible
K. Test for surface burning characteristics of building materials.
L. Test performance of air filter units.
M. Standard for heating and cooling equipment.
N. Test for flammability of plastic materials for parts in devices and appliances.
1.03 Submittals
A. Shop Drawings: Indicate assembly, unit dimensions, weight loading, required clearances,
construction details, field connection details, and electrical characteristics and connection
requirements.
B. Product Data
1. Provide literature that indicates dimensions, weights, capacities, ratings, fan
performance, gauges and finishes of materials, and electrical characteristics and
connection requirements
1.04 Operation and Maintenance Data
A. Maintenance Data: Include instructions for lubrication and filter replacement.
1.05 Qualifications
A. Manufacturer. Company specializing in manufacturing Air Handler products specified in
this section must show a minimum five years documented experience and complete catalog
data on total product.
1.06 Delivery, Storage, and Handling
A. Deliver, store, protect and handle products to site.
B. Accept products on site wrapped in protective cardboard wrap. Inspect for damage.
C. Store in a clean dry place and protect from weather and construction traffic. Handle
carefully to avoid damage.
1.07 Environmental Requirements
A. Do not operate units for any purpose, temporary or permanent, until ductwork is clean,
filters are in place, bearings lubricated, and fan has been test run under observation.
PART 2: Products
2.01 Acceptable Manufacturers
A. The following manufacturers are approved for use. No substitutions will be permitted.
1. Trane
2. Carrier
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3. Daikin Applied
2.02 Fan Coll Type And Arrangement
A. The air handler shall be furnished as a draw-through style hydronic air handler.
2.03 General Construction
A. The blower coil unit shall include a blower, fan housing, coil, and drain-pan enclosed within
and mounted to a rigid cabinet. Steel parts exposed to moisture shall be galvanized and
insulated to prevent condensation. The complete fan assembly shall be wired via quick
connect electrical contacts and easily removable for service and maintenance
B. Unit will be supplied with 1-inch, double-wall panels. The cabinet is to be thermally isolated
through injected foam insulation inside each cabinet. Single wall cabinets with fiberglass
insulation exposed in the airstream are not acceptable. Frame channels which allow heat
conductance between the inside and outside of the cabinet are not acceptable. Base rails
used for unit mounting/hanging are acceptable. Panel shall have a minimum thermal
insulation of R6. Foam injected insulation conforms to:
1. ASTM C1071 (including C665)
2. UL 181 for erosion
3. 25/50 rating for flame spread/smoke developed per ASTM E-84, UL 723 and NFPA 90A
2.04 Supply Fan
A. Supply fans shall be a DWDI forward-curved type. Fan assemblies shall be balance tested
dynamically by the manufacturer. Manufacturer must ensure maximum fan RPM is below the
first critical speed.
B. The complete fan assembly, including motor and main drain pan shall be easily
removable.
C. Fan motor(s) assembly shall be direct-drive style and not include belts, pulleys, or sheaves.
D. Fan motor(s) shall be of Direct Current Brushless type of minimum motor efficiency of 85
percent when rated in accordance of NEMA Standard MG 1-2016 at full load conditions.
E. Manufacturer’s supply fan motor must have means to adjust motor speed for field
balancing.
F. Units shall be certified in accordance with the Central Station Air Handler certification
program that is based on AHRI Standard 430.
G. Supply fan must be capable of delivering 1.5” w.g. external static pressure and 3.0” w.g.
total static pressure at nominal cabinet CFM
2.05 Electrical
A. Supply fans shall be driven by Electrically Commutated motors that are run-tested in the
assembled unit and permanently lubricated. All motors shall have integral thermal overload
protection with a maximum ambient operating temperature of 55°C. Motors shall be
capable operating at 90 percent of rated voltage on all speed settings. Motors can operate
up to 10 percent overvoltage.
B. Motor wires shall include a quick-disconnect motor plug.
C. All controls equipment including ECM control module, low voltage transformers, safety
switches, disconnects, fusing, and terminal strips must be located inside the main unit
cabinet.
2.06 Cooling and Heating
A. Cooling Coils
1. Cooling performance shall be as specified on the unit schedule.
2. Water coil fins shall have full drawn collars to provide a continuous surface cover over
the entire tube for maximum heat transfer. Seamless copper tubes shall be mechanically
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expanded into the fins to provide a continuous primary-to-secondary compression bond
over the entire finned length for maximum heat transfer rates. Bare copper tubes shall not
be visible between fins. Coil casing shall be constructed of stainless steel.
3. Water coils shall be provided with headers of seamless copper tubing with intruded tube
holes to permit expansion and contraction without creating undue stress or strain. Coil
connections shall be female pipe thread with connection size to be determined by
manufacturer based upon the most efficient coil circuiting. Vent and drain connections
shall be furnished on the coil connection, easily accessible inside the cabinet. Vent
connections to be provided at the highest point to assure proper venting. Drain
connections shall be provided at the lowest point.
4. All steel parts exposed to moisture shall be galvanized.
5. Unit shall include a stainless steel primary and secondary drain pan. The primary drain
pan to be positively sloped in every plane. Primary and secondary drain pans to be
insulated with anti-microbial closed-cell insulation. The drain pan shall be designed to
ensure no pooling of condensate water per ASHRAE 62.2.
6. Coils shall have stub-outs off of the headers extending through the unit panneling.

2.07 Valve Packages

A. Type and Components

1. The valve package(s) shall be Deluxe type and provided with:

a. Interconnecting copper piping and shut-off ball valves.

b. Connecting supply and return lines to the unit. Four-pipe packages shall include a
venting valve for the secondary caoil.

c. An automatic circuit setter. The circuit setter includes a cartridge within the valve body
that is sized to allow a specific flow rate through the coil. This valve sets flow through
the coil without any action required by a system piping balancer.

d. P/T ports to measure the temperature or pressure drop across the valve. This pressure
drop can be compared to factory-supplied curves that relate the pressure drop to a
specific flow rate.

e. Unions on the valve package that allow the coil and valve package to be separated

and removed from the unit.
. A 20 mesh strainer on the supply side that is easily removed for cleaning, with a blow-
off valve. The strainer shall have a pressure rating of up to 400 psig (2,700 kPa).

g. Isolating ball valve on the supply side.

h. Three-Way, mixing-style valve body(s) to be positioned on the return side of the coil.

B. Control
1. The valve package is to be furnished with two-position On/Off valve actuators. The
actuator to be controlled via 24 VAC control signal.

2.08 Filters

A. Filter media shall be UL 900 listed, Class | or Class Il

B. Filters shall be arranged in a flat manner.

C. Filters shall be 2” in depth.

D. Filter shall be of disposable type with a minimum arrestance of greater than 90% and rating

of MERV 8.

E. Filters shall be easily accessible via a panel or door located on the side of the unit.

—h

2.09 Controls
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A. Unit shall be supplied with a digital controls ready interface. This interface is to be located
inside the control box internal to the main unit. This interface shall include a 24VAC
transformer and terminal blocks for connections to fan motor control, sensor control, safety
switches, valve actuators, and damper control if applicable.
B. Unit shall be furnished with a disconnect switch. The disconnect switch shall be operable
from the outside of the cabinet to reduce hazards during field service and commissioning.
C. Fan motor control to be furnished as 0-10VDC.
PART 3: EXECUTION
3.01 Installation
A. The air handling unit shall be installed per manufacturer's Installation & Maintenance
Bulletin.
1. Selected field mounted kits shall be specified on the unit schedule and installed per
manufacturer's instruction.

END OF SECTION
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SECTION 26 00 00

ELECTRICAL
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 WORK COVERED BY CONTRACT DOCUMENTS

A. The following Summary of Work is intended as an aid to achieve an understanding of the
various elements of work included in the project, as is not intended to be all-inclusive. Detailed
descriptions of work and requirements are given in drawings and specifications.

B. General Scope of Work:

1. Providing new switchboards, panels, feeders, conduits, disconnect and fire alarm.
2. All ELECTRICAL GEAR shall be expediated, 25 weeks.
3. NO VALUE ENGINEERING without directions from Engineer.

1.4 COORDINATION

A. All electrical work shall be done under sub-contract to a General Contractor. Electrical
Contractor shall coordinate all work through General Contractor, even in areas where only
electrical work is to take place.

B. Work shall take place with minimal disruption to Owner’s operations in areas surrounding the
new building.

C. Cooperate fully with other contractors so that work under those contracts may be carried out
smoothly, without interfering with or delaying work under this Contract.

D. Fully coordinate with mechanical contractor for providing power to mechanical equipment.
1.5 UTILITIES

1. Coordinate with power company and provide conduit, and trenching from transformer to
power source. Coordinate with water, telephone, cable and gas utilities to locate all utilities
prior to digging in any area.

2. Obtain any approvals required from utilities to relocate utilities.

3. Cost of relocating or bypassing utilities indicated on drawings shall be included in Base
Bid.

1.6 CONTRACTOR USE OF PREMISES

A. Use of the Site: Limit use of the premises to work in areas indicated. Confine operations to
areas within contract limits indicated. Do not disturb portions of the site beyond the areas in
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which the Work is indicated.

1. Driveways and Entrances: Keep driveways and entrances serving the premises, clear and
available to the Owner, the Owner's employees, and emergency vehicles at all time. Do not
use these areas for parking or storage of materials. Schedule deliveries to minimize space
and time requirements for storage of materials and equipment on-site.

B. Site Safety: Take every precaution to ensure the site does not present a threat to the safety of
occupants and/or workers. Minimal safety requirements include, but are not limited to the
following:

1. Temporary fencing around construction areas.

2. Yellow caution tape and construction barricades along open trenches during the day.
Trenches shall be covered at night and warning lights provided on construction barricades.

3. Temporary fencing around equipment while site work is in progress.

1.7 SUBMITTALS
1. To extradite the submittal process more efficiently, do not piece-meal the submittals.
Submit entire electrical in a bound enclosure. This will eliminate delays in the submittal
process. Unbound submittals shall be returned without review. Submit 10 copies minimum.

END OF SECTION
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SECTION 26 00 01

ELECTRICAL GENERAL REQUIREMENTS

PART1- GENERAL
1.1 RELATED REQUIREMENTS

A. The General Provisions, Supplemental General Provisions, Special Provisions, Specification
Sections and all relevant documents shall form a part of this Section of the Specifications, and
shall be incorporated in this Section and each Section 260000 hereinafter as if repeated
verbatim herein. All conditions imposed by these documents shall be applicable to all portions
of the work under this Section. Certain specific paragraphs of said references may be referred
to hereinafter in this Section. These references are intended to point out specific items to the
Contractor, but in no way relieve him of the responsibility of reading and complying with all
relevant parts of the entire Specification.

B. The Contractor shall examine and coordinate with all Contract Drawings and Specifications, and
all Addenda issued. Failure to comply shall not relieve him of responsibility. The omission of
details of other portions of the work from this Section shall not be used as a basis for a request
for additional compensation.

C. The specific features and details for other portions of the work related to the construction in
progress or to the adjacent building shall be determined by examination at the site.

1.2 SCOPE OF WORK

A. The requirements contained in this Section apply to all work performed under these
Specifications.

B. The work covered by this Section of the Specifications comprises the furnishing of labor,
material, equipment, transportation, tools and services, and performing operations required
for, and reasonably incidental to, the installation of the work in accordance with the applicable
Contract Documents, and subject to the terms and conditions of the Contract.

C. Refer to other Sections of the Specifications for related work.

1.3 DEFINITION OF "CONTRACTOR"

A. Where the word "Contractor" is used under any Section of this Section of the Specifications, it
shall mean the Contractor engaged to execute the work included under that Section, even
though this Contractor may be technically described as a Subcontractor, or an authorized
representative.

B. If the Contractor, engaged to execute a portion of the work, employs a Subcontractor to
perform some of that work, he shall be completely responsible for the proper execution of this
Subcontractor’s work, in full conformity with the Contract Documents.

1.4 RESPONSIBILITY OF THE CONTRACTOR

A. The Contractor shall be responsible for all work of every description in connection with this
Section of the Specifications. The Contractor shall specifically and distinctly assume, and does
zeso assume, all risk for damage or injury from whatever cause to property or person used or
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employed on or in connection with this work and of all damages or injury to any person or
property wherever located, resulting from an action or operation under the Contract in
connection with the work, and undertake the responsibility to defend the Owner against all
claims on account of any such damage or injury.

B. The Contractor will be held responsible for the satisfactory execution and completion of the
work in accordance with the true intent of the Contract Documents. The Contractor shall
provide without extra charge all incidental items required as part of the work, even though it
may not be specifically indicated. If the Contractor has reason for objecting to the use of any
material, equipment, device or method of construction as indicated, the Contractor shall make
report of such objections to the Owner's Representative, obtain proper approval and
adjustment to the Contract, and shall proceed with the work.

1.5 TERMINOLOGY

A. Whenever the words "furnish", "provide", "furnish and install", "provide and install", and
similar phrases occur, it is the intent that the materials, equipment and devices described be
furnished, installed and connected under this Section, complete for operation, unless
specifically noted to the contrary.

B. Itis also the intent, unless specifically noted to the contrary, that all materials, equipment and
devices described and specified under this Section of the Specifications be similarly furnished,
installed and connected under this Section, whether or not a phrase as described in the
preceding paragraph has been actually included.

C. Whenever the words “Owner’s Representative” occurs, it is intended to refer to the Architect,
Engineer and/or specific Owner’s Representative responsible for or capable of providing the
necessary direction pertaining to the referenced issue.

1.6 ORDINANCES, PERMITS AND CODES

A. It shall be the Contractor's duty to perform the work and provide the materials covered by
these specifications in conformance with all ordinances and regulations of all authorities having
jurisdiction.

B. All work herein shall conform to all applicable laws, ordinances and regulations of the local
utility companies.

C. The Contractor shall obtain and pay for all permit and connection fees as required for the
complete installation of the specified systems, equipment, devices and materials.

D. The Contractor shall obtain permits, plan checks, inspections and approvals applicable to the
work as required by the regulatory authorities. Fees and costs of any nature whatsoever
incidental to these permits, inspections and approvals shall be assumed and paid by the
Contractor. The pro-rata costs, if any, for utilities serving this property will be paid for by the
Owner and shall not be included as part of this Contract.

E. The work shall be in accordance with, but shall not be limited to, the requirements of:

1 National Fire Protection Association
National Electrical Code
National Safety Code
State of Texas Safety Code
Local City Building Codes

v b W N
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6 State of Texas Building Codes

F. Codes and standards referred to are minimum standards. Where the requirements of the
Drawings or Specifications exceed those of the codes and regulations, the Drawings and
Specifications govern.

1.7 MATERIALS, EQUIPMENT AND DEVICE DESCRIPTION

A. Materials, equipment and devices shall be of the best quality customarily applied in quality
commercial practice, and shall be the products of reputable manufacturers. Each major
component shall bear a nameplate giving the name and address of the manufacturer, and the
catalog number or designation of the component.

B. Materials, equipment and devices furnished under this Section of the Specifications shall be
essentially the standard product of the specified manufacturer, or where allowed, an alternate
manufacturer. Where two or more units of the same kind or class of a specific item are
required, these shall be the products of a single manufacturer; however, the component parts
of the item need not be the products of one manufacturer.

C. Indescribing the various materials, equipment and devices, in general each item will be
described singularly, even though there may be a multiplicity of identical items. Also, where
the description is only general in nature, exact sizes, duties, space arrangements, horsepower
requirements and other data shall be determined by reference to the Contract Documents.

D. Space allocations for materials, equipment and devices have been made on the basis of present
and known future requirements and the dimensions of items of equipment or devices of a
particular manufacturer whether indicated or not. The Contractor shall verify that all materials,
equipment and devices proposed for use on this project are within the constraints of the
allocated space.

1.8 QUALITY ASSURANCE

A. Materials, equipment and devices shall be new and of the quality specified, and shall be free
from defects at the time of installation. Materials, equipment and devices damaged in
shipment or otherwise damaged or found defective prior to acceptance by the Owner shall not
be repaired at the job site, but shall be replaced with new materials, equipment or devices
identical with those damaged, unless specifically approved otherwise by the Owner's
Representative.

B. Wherever a UL standard has been established for a particular type of material, equipment or
device, each item of such material, equipment or device provided on this project shall meet the
requirements of the UL standard in every way, and shall be UL listed and labeled.

1.9 REFERENCE STANDARDS

A. Materials, equipment, devices and workmanship shall comply with applicable local, county,
state and national codes, laws and ordinances, utility company regulations and industry
standards.

B. In case of differences between building codes, state laws, local ordinances, industry standards,
utility company regulations and the Contract Documents, the most stringent shall govern. The
Contractor shall promptly notify the Owner's Representative in writing of any such difference.
Should the Contractor perform any work that does not comply with local codes, laws and
ordinances, industry standards or other governing regulations, the work shall be corrected of
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noncompliance deficiencies with the Contractor bearing all costs.
C. In addition to the aforementioned ordinances, industry standards published by the following
organizations shall apply:

AABM - American Association of Battery Manufacturers
ADA - American’s with Disabilities Act

AlA - American Institute of Architects

ANSI - American National Standards Institute

ASTM - American Society for Testing and Materials
CBM - Certified Ballast Manufacturers Association
ETL - Electrical Testing Laboratories

FM - Factory Mutual

ICEA - Insulated Cable Engineers Associated

IEEE - Institute of Electrical and Electronic Engineers
IES - Illuminating Engineering Society

IRI - Industrial Risk Insurance

NBS - National Bureau of Standards

NEC - National Electrical Code

NECA - National Electrical Contractors Association
NEMA - National Electrical Manufacturers Association
NESC - National Electrical Safety Code

NETA - National Electrical Testing Association

NFPA - National Fire Protection Association

uL - Underwriters Laboratories

1.10 DRAWINGS AND SPECIFICATIONS

A. The interrelation of the Drawings (including the schedules) and the Specifications are as
follows:

1 The Drawings establish quantities, locations, dimensions and details of materials, equipment
and devices. The schedules on the Drawings indicate the capacities, characteristics and
components.

2 The Specifications provide written requirements for the quality, standard and nature of the
materials, equipment, devices and construction systems.

B. The Drawings and Specifications shall be considered as being compatible; therefore, the work
called for by one and not by the other shall be furnished and installed as though called for by
both. Resolution of conflicts between Drawings and Specifications shall be as follows:

1 If the Drawings and Specifications disagree in themselves, or with each other, the
Contractor's pricing shall be based on furnishing and installing the most expensive
combination of quality and quantity of work indicated for a complete operable system.
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Contractor is responsible to notifying the Architect and Engineer. In the event of this type of
disagreement, the resolution shall be determined by the Owner's Representative. The
contractor shall assume for an operable system at the most expensive combination as per
the latest National Electrical Code. The contractor shall review all drawings and
specifications prior to bid date.

2 The Contractor shall be responsible for bringing any conflicts in the Drawings and the
Specifications to the attention of the Owner's Representative immediately, prior to bid date.

3 In general, if there is conflict between the Drawings and Specifications, the Drawings shall
govern the Specifications.

4 Where the Specifications do not fully agree with schedules on the Drawings, the schedules
shall govern. Actual numerical dimensions indicated on the Drawings govern scale
measurements and large scale details govern small scale drawings.

5 Materials, equipment and devices called for on the Drawings and not indicated herein, shall
be completely provided and installed as though it were fully described herein.

6 Materials, equipment and devices called for herein shall be completely provided and
installed, whether or not it is fully detailed, scheduled or indicated on the Drawings.

C. The Contractor shall examine the Drawings and Specifications of the other portions of the work
for fixtures and finishes in connection with this work. The Contractor shall carefully examine
the Drawings to determine the general construction conditions, and shall familiarize himself
with all limitations caused by such conditions.

D. When discrepancies exist between scale and dimension, or between the Drawings of the
various portions of the work, they shall be called to the attention of the Owner's
Representative for further instruction, whose instructions shall be final and binding and work
promptly resumed without any additional cost to the Owner.

E. Review the construction details of the building(s) as illustrated on the Drawings of the other
portions of the work, i.e., architectural, structural, civil, landscape, etc., and be guided thereby.

Route conduits and set all boxes as required by the pace of the general construction.

F. The Drawings diagrammatically show the sizes and locations of the various equipment and
devices, and the sizes of the major interconnecting wires, without showing exact details as to
elevations, offsets, control wiring and other installation requirements. Carefully layout the
work at the site to conform to the architectural and structural conditions, to avoid obstructions
and to permit proper grading of pipe associated with other portions of the work. In
cooperation with other Contractors, determine the exact location of equipment and devices
and connections thereto by reference to the submittals and rough-in drawings, and by
measurements at the site. Make minor relocations necessitated by the conditions at the site,
or directed by the Owner's Representative, without additional cost to the Owner.

G. The Drawings and Specifications are intended to describe and illustrate systems which will not
interfere with the structure of the building(s), fit into the available spaces, and insure complete
and satisfactory operating installations. Prepare installation drawings as required for all critical
areas illustrating the installation of the work in this Section as related to the work of all other
Sections and correct all interferences with the other portions of the work or with the building
structures before the work proceeds.
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H. The Drawings do not indicate the existing electrical installations other than to identify
modifications or extensions thereto. Visit the site and ascertain the conditions to be met and
the work to be accomplished in removing and modifying the existing work, and in installing the
new work. Failure to comply with this shall not constitute grounds for any additional payment
in connection with removing or modifying any part of the existing installation or installing any
new or temporary work under this Section.

1.11 SUBMITTALS

A. Submit product data and shop drawings in accordance with the Specifications.

B. Process product data and shop drawings to insure that the proposed materials, equipment and
devices conform to the requirements of the Contract Documents, and that there are no
omissions or duplications. Provide layouts, fabrication information and data for systems,
materials, equipment and devices proposed for the project.

C. Submittals shall be provided for review and approval on all systems, equipment, devices and
materials proposed for use on this project. Submittals shall include, but not be limited to, the
following:

Lighting and Appliance Panelboards

Disconnect Switches

Circuit Breakers and Fuses

Materials: conduit, conductors, connectors, supports, etc.
Lighting Fixtures, Lamps and Control Systems/Devices
Wiring Devices

Transformers

Distribution Panelboards

O 00 N O U b WN BB

Motor Control Center
10 As indicated on each submittal section

D. The product data shall not consist of manufacturer's catalogs or cut sheets that contain no
indication of the exact item offered. The submission on individual items shall designate the
exact item offered.

E. Do not submit detailed quantitative listings of materials, equipment and devices. It is the
Contractor's responsibility to provide proper sizes and quantities to conform to Contract
Documents.

F. Assemble submittals on related items procured from a single manufacturer in bound brochures
or other suitable package form, rather than submitting a multiplicity of loose sheets.

G. Prepare shop drawings whenever equipment proposed varies in physical size and arrangement
from that indicated thus causing rearrangement of equipment space, where tight spaces
require extreme coordination between this work and other work, where called for elsewhere in
these Specifications and where specifically requested by the Owner's Representative. Shop
drawings shall be prepared at a scale of not less than 1/4 inch equals 1 foot.

H. The Contractor shall sign the submittal as an indication of compliance with the Contract
Documents. If there are any deviations from the Contract Documents, he shall so indicate on
the submittal. Any deviations not so indicated shall be cause for rejection and removal of the
non-complying equipment at the Contractor’s expense.
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1.12 SUBSTITUTIONS

A. Where a single manufacturer is mentioned by trade name or manufacturer's name, unless
specifically noted otherwise, it is the only manufacturer that will be accepted.

B. Where multiple manufacturers are listed, none other than those manufacturers will be
accepted.

C. Manufacturers not listed will be considered for substitution prior to bid only. The substitute
manufacturer shall submit a complete copy of the appropriate technical specification section
minimum seven (7) business days prior to bid with each sub-paragraph noted with the
comment, "compliance", "deviation", "alternate" or “not applicable”. In the case of non-
primary, vendor-supplied items, the name of the sub-vendor supplying said item, including
model number, shall be indicated.

1 By noting the term "compliance" or "C", it shall be understood that the manufacturer is in
full compliance with the item specified and will provide exactly the same with no deviations.

2 By noting the term "deviation" or "D", it shall be understood that the manufacturer prefers
to provide a different component in lieu of that specified. Manufacturer shall indicate all
deviations.

3 By noting the term "alternate" or "A", it shall be understood that the manufacturer
proposes to provide the same operating function but prefers to do it in a different manner.
An alternate shall be fully described as to what the manufacturer proposes to provide.

4 By noting the term “not applicable” or “N/A”, it shall be understood that the specified item
is not applicable to the project.

D. It shall be understood that space allocations have been made on the basis of present and
known future requirements and the dimensions of items of equipment or devices of a
particular manufacturer whether indicated or not. If any item of equipment or device is
offered in substitution which differs substantially in dimension or configuration from that
indicated on the Drawings or specifications, provide as part of the submittal 1/4 inch equals 1
foot scaled drawings showing that the substitute can be installed in the space available without
interfering with other portions of the work or with access for operations and maintenance in
the completed project.

E. Where substitute equipment or devices requiring different arrangement or connections from
that indicated is accepted by the Owner's Representative, install the equipment or devices to
operate properly and in harmony with the intent of the Contract Documents, making all
incidental changes in piping, ductwork or wiring resulting from the equipment or device
selection without any additional cost to the Owner. The Contractor shall pay all additional
costs incurred by other portions of the work in connection with the substituted equipment or
device.

F. The Owner's Representative reserves the right to call for samples of any item of material,
equipment or device offered in substitution, together with a sample of the specific item when,
in their opinion, the quality of the item and/or the appearance is involved, and it is deemed
that an evaluation of the item may be better made by visual inspection.

G. When any request for a substitution of material, equipment or device is submitted and
rejected, the item named in the Contract Documents shall be furnished. Repetitive submittal
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of substitutions for the same item will not be considered.

1.13 INSTALLATION DRAWINGS

A.

B.

Prepare installation drawings for coordinating the work of this Section with the work of other
Sections, to illustrate its concealment in finished spaces, to avoid obstructions, and to
demonstrate the adaptability of any item of material, equipment or device in the space upon
which the Contract Documents are based.

Use these drawings in the field for the actual installation of this work. Provide three (3) copies,
not for approval, to the Owner's Representative for his information, review and record.

1.14 WORKMANSHIP AND INSTALLATION

A.

In no case shall the Contractor provide a class of material, equipment, device or workmanship
less than that required by the Contract Documents or applicable codes, regulations, ordinances
or standards. All modifications which may be required by a local authority having legal
jurisdiction over all or any part of the work shall be made by the Contractor without any
additional charge. In all cases where such authority requires deviations from the requirements
of the Drawings or Specifications, the Contractor shall report same to the Owner's
Representative and shall secure his approval before the work is started.

The work shall be performed by properly licensed technicians skilled in their respective trades.
All materials, equipment and devices shall be installed in accordance with the
recommendations of the manufacturer and in the best standard practice to bring about results
of a first class condition.

The NECA "Standards of Installation" as published by the National Electrical Contractors
Association shall be considered a part of these Specifications, except as specifically modified by
other provisions contained in these Specifications.

1.15 INSPECTION OF SITE

A.

The accompanying drawings do not indicate existing installations other than to identify
modifications of and extensions thereto. The Contractor shall visit the site, inspect the
installations and ascertain the conditions to be met and the work to be performed. Failure to
comply with this shall not constitute ground for any additional payments in connection with
removing or modifying any part of the existing installations and/or installing any new work
under this Section.

Review construction details of the adjacent building presently under construction during the
site inspection and include all work required to modify the existing installations and install new
materials, comprising a part of the installation. Review all construction details of the new
building as illustrated on the drawings and be guided thereby.

1.16 WARRANTY

A.

B.

All materials, equipment, devices and workmanship shall be warranted for a period of one year
from the date of acceptance by the Owner's Representative for beneficial use by the Owner,
except that where specific equipment is noted to have extended warranties. The warranty
shall be in accordance with AIA Document A201. The Contractor shall be responsible for the
proper registration of these warranties so that the Owner can make all proper claims should
future need develop.

The Contractor shall furnish to the Owner's Representative for transmittal to the Owner, the
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name, address and telephone number of those persons responsible for service on systems and
equipment covered by the warranty.
1.17 OPERATION PRIOR TO ACCEPTANCE
A. When any equipment is operable, and it is to the advantage of the Contractor to
operate the equipment, the Contractor may do so provided that he properly supervises
the operation, and retains full responsibility for the equipment operated. Regardless of
whether or not the equipment has or has not been operated, the Contractor shall clean
the equipment properly, make required adjustments and complete punch list items
before final acceptance by the Owner.
1.18 INSTRUCTION OF OWNER'S PERSONNEL

A. Provide the services of competent engineers and/or technicians acceptable to the Owner's
Representative to instruct other representatives of the Owner in the complete and detailed
operation of each item of equipment or device of all the various electrical systems. These
instructions shall be provided for whatever periods may be necessary to accomplish the desired
results. Upon completion of these instructions, the Contractor shall obtain a letter of release,
acknowledged by the Owner or his authorized representative, stating the dates on which the
various kinds of instruction were given, and the personnel to whom the instructions were
given.

B. The Contractor shall be fully responsible for proper maintenance of equipment and systems
until the instructions have been given to the Owner's personnel and the letter of release
acknowledged.

C. In providing the instructions to the Owner's personnel, the written operating and maintenance
manuals shall be followed in all instances, and the Owner's personnel shall be familiarized with
such manuals. Operating and maintenance manuals used for instructions shall include wiring
diagrams, manufacturer's operating and maintenance instructions, parts lists (with sources
identified), and other data as appropriate for each system.

1.19 SCHEDULE AND SEQUENCE OF WORK

A. The Contractor shall meet and cooperate with the Owner and Owner's Representative to
schedule and sequence this work so as to insure meeting scheduled completion dates and
avoid delaying other portions of the work. Work requiring special sequencing shall be at no
additional cost to the Owner and shall have no impact on the schedule.

1.20 INSTALLATION INSPECTIONS AND CERTIFICATIONS

A. Obtain timely inspections of the installation by the regulatory authorities. Remedy any
deficiencies to the satisfaction of the inspecting official.

B. Upon final completion of the work, obtain certificates of acceptance from the regulatory
authorities. Deliver the certificates to the Owner's Representative for transmission to the
Owner.

1.21 EQUIPMENT INSTALLATION

A. Install equipment and devices in a manner to permit access to all surfaces or components,
requiring such access, without the need to disassemble other unrelated parts of the work.

B. Equipment specified to be factory assembled and tested prior to shipment shall not be
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disassembled at the job site and reassembled at its final location. Apparatus not so specified
may be disassembled and reassembled in the proper location.

C. Furnish all scaffolding, rigging and hoisting required for the installation of all the work.

1.22 CONCRETE HOUSEKEEPING PADS

A. Concrete housekeeping pads shall be provided for all floor mounted equipment, unless noted
or required otherwise.

B. All pads shall be not less than 3-1/2" high and extend a maximum 3" beyond the actual
equipment size. Coordinate the proper size of the pad with the equipment furnished. Pads
shall be poured in forms built of new dressed lumber with corners chamfered using sheet metal
or triangular wood strips nailed to the form. Use 6 x 6 No. 3 mesh for reinforcing. Install heavy
duty adjustable anchor bolts, set in the form and positioned using templates, prior to pouring
concrete. After the equipment is set on the pad, the equipment shall be aligned, leveled and
fully grouted to the pad and all void spaces shall be filled with a non-shrinking grout.

C. Perform all concrete work specified to be provided under this Section in strict accordance with
the applicable provisions of Section, CONCRETE.

1.23 SLEEVES

A. Each conduit, regardless of material, which passes through a concrete slab, masonry wall, or
roof or portion of the building structure shall be free from the structure and shall pass through
a sleeve.

B. Allsleeves shall be constructed from electrical-metallic tubing or equivalent weight galvanized
steel tubing and shall be flush on both sides of the surface penetrated, unless noted otherwise.
All sleeves penetrating the roof areas shall extend a minimum 10 inches above the roof with
approved weatherproof counterflashing attached to the conduit above the roof. All sleeves
penetrating floors shall extend a minimum of 6 inches above the finished floors. The sleeves
shall be sized to allow free passage of the conduit to be inserted.

C. Sleeves passing through walls or floors on or below grade or in moist areas shall be constructed
of galvanized rigid steel and shall be designed with a suitable flange in the center to form a
waterproof passage. After the conduit has been installed in the sleeves, the void space around
the conduit shall be caulked and filled with an asphalt-base compound to insure a waterproof
penetration. Jute twine caulking shall not be used due to susceptibility to termite infestation.

1.24 ESCUTCHEONS

A. In each finished space, provided a chromium plated, sectional escutcheon on each conduit, or
hanger rod penetrating a wall, floor or ceiling.

B. Size escutcheons and collars to fit snugly around conduit and rods.

C. Where required, provide escutcheons with set screws so that they fit snugly against the
finished surface.

1.25 ACCESS PANELS

A. Provide wall and ceiling access panels for unrestricted access to all concealed electrical
equipment items and devices installed behind furrings, chases or non-removable suspended
ceilings.

B. Access panels shall be UL listed and labeled as required to suit the fire rating of the surface in
which installed, with mounting straps, concealed hinges, screwdriver locks, 180 degree open
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door design, 16 gauge steel construction and door and frame finished in prime coat finish.
Panels shall be 12-inch by 12-inch minimum size, but shall be larger as the access requirement
of the concealed electrical equipment item or device increases.

1.26 SEALING OF PENETRATIONS

A. All penetrations in horizontal or vertical fire-rated construction shall be sealed using approved
fire-rated sealing materials equivalent to the following:

1 Foam: Dow Corning 3-6548 RTV silicone foam, liquid component Part 4 (black) and liquid
component Part B (off-white).
Sealant: Dow Corning 96-081 RTV silicone adhesive sealant.
Damming Materials: Mineral fiberboard, mineral fiber matting, mineral fiber putty, plywood
or particle board, as selected by applicator.

B. Preparation: Remove combustible materials and loose impediments from penetration opening
and involved surfaces. Remove free liquid and oil from penetration surfaces.

C. Installation: In accordance with manufacturer's instructions, install damming materials and
sealant to cover and seal penetration openings; inject foam mixtures into openings.

D. In addition to the Dow Corning products, equal products by Spec Seal Firestop Products, 3M
Fire Barrier or CS240 Firestop are acceptable.

1.27 PROTECTION OF APPARATUS

A. Atall times take every precaution to properly protect apparatus from damage due to dust, dirt,
water, etc. or from damage due to physical forces. Include the erection of temporary shelters
as required, to adequately protect any apparatus stored at the site, the cribbing of any
apparatus directly above the construction, and the covering of apparatus in the incomplete
building with tarpaulins or other protective covering. Failure on the part of the Contractor to
comply with the above to the entire satisfaction of the Owner's Representative will be
sufficient cause for the rejection of the pieces of apparatus in question.

B. Responsibility for the protection of apparatus extend also to existing apparatus involved in this
Section of the work, whether such apparatus is designated to be used temporarily and later
removed, or is to be reused as a part of the permanent installation. Erect temporary sheltering
structures, provide temporary bracing and supports, or cover equipment as required or
directed to afford proper protection for that equipment.

C. The Contractor shall protect this work and the work of all other Contractors from damage by
his work or workmen and shall make good any damage thus caused. He shall also be
responsible for the proper protection of his equipment, machinery, materials and accessories
delivered and installed on the job.

1.28 INSTALLATION OF CONTROL AND OPERATING DEVICES

A. The highest operable part of controls (light switches, dimmer switches, emergency power off
devices, etc.), receptacles (electrical and communications) and other operable devices shall be
48" above finish floor. The lowest operable part shall be no less than 15" above finished floor.
For purposes of uniformity, unless noted otherwise, the top of a device shall be maximum 48"
AFF and the bottom of a device shall be minimum 15" AFF. Refer to the electrical symbols list
on the Drawings for specific requirements.

B. Visual alarm appliances shall be placed 80" above finished floor (the highest floor level within a
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space) or 6" below the ceiling, whichever is lower.
1.29 INSTALLATION AND CONNECTION OF OTHER SECTION'S EQUIPMENT

A. Verify the electrical requirements of all equipment furnished under other Sections, separate
contracts, or by the Owner. Install conduit, power wiring, control wiring, devices, etc. as
required for complete operation of all equipment.

1.30 OPTION TO RELOCATE OUTLETS AND RELATED DEVICES

A. The location of power, data and telephone outlets, wall switches and other related devices
may be relocated at the Owner's option, at no
additional cost to the Owner, to a point within10 feet of their present location provided the
Contractor is notified prior to installation.

1.31 COOPERATION AND CLEAN-UP

A. It shall be the responsibility of the Contractor to cooperate fully to keep the job site in a clean
and safe condition. Upon the Contractor shall immediately remove all of his tools, equipment,
surplus materials and debris.

B. After he installation is complete and before the equipment is energized, clean the interior and
exterior of all equipment thouroughly. Clean equipment, removing all debris, rubbish and
foreign materials. Each component shall be cleaned and all dust and other foreign material.
Components shall be cleaned of oxidation. The inside and outside of all switchgear shall also be
wiped clean with lemon-oil rag after all other cleaning is complete. Any portion of the work
requiring touch-up finishing shall be so finished to equal the specified finish on the product.

1.32 RECORD DRAWINGS AND DOCUMENTATION FOR OWNER

A. The Contractor shall obtain at his own expense a complete set of blueline prints on which to
keep an accurate record of the installation of all materials, equipment and devices covered by
the Contract. The Contractor shall record up to date information at least once a week and
retain the set of prints on site for periodic review by the Architect/Engineer. The record
drawings shall indicate the location of all equipment and devices, and the routing of all
systems. If the Contractor prepared large scale installation drawings of electrical rooms,
conduit routing, busduct, routing, etc., these drawings or reproducible sepias therefrom shall
be revised as required to accurately illustrate the actual installation. All conduit buried in
concrete slabs, walls and below grade shall be located by dimension; both horizontally and by
vertical elevation, unless a surface mounted device in each space indicates the exact location.

B. Upon anticipated completion of the job, obtain one complete reproducible set of the original
drawings on which to neatly, legibly and accurately transfer all project related notations and
deliver these record drawings to the Architect/Engineer at job completion before final payment
and delivery to the Owner. This information shall be delivered prior to final acceptance.

C. The Contractor shall accumulate in duplicate during the job progress, the following data
prepared in indexed 3-ring looseleaf, hard-back binders sized for 8-1/2 inch by 11 inch sheets.
No binder shall exceed 3-1/2 inches thick. This data shall be turned over to the Owner's
Representative for review and subsequent delivery to the Owner prior to final acceptance.

1 Warranties, guarantees and manufacturer's directions on material, equipment and devices
covered by the Contract.
2 Approved lighting fixture brochures, wiring diagrams and control diagrams.
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Copies of approved submittals and shop drawings.

Operating instructions and recommended maintenance procedures for major apparatus.
Copies of all other data and/or drawings required during construction.

Repair parts list of major apparatus, including name, address and telephone number of local
supplier or representative.

Tag charts and diagrams hereinbefore specified.

1.33 FINAL OBSERVATION
A. The purpose of the final observation is to determine whether the Contractor has completed the
construction in accordance with the Contract Documents and that in the Owner

Representative's opinion the installation is satisfactory for final acceptance by the Owner.
B. It shall be the responsibility of the Contractor to assure that the installation is ready for final
acceptance prior to calling upon the Owner's Representative to make a final observation.

PART 2 - PRODUCTS (NOT USED)

PART 3 - EXECUTION (NOT USED)

END OF SECTION
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COMMON WORK RESULTS FOR ELECTRICAL

PART 1 - GENERAL

11

1.2

13

14

15

1.6

A.

A.
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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:

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.

DEFINITIONS

EMT: Electrical metallic tubing.

FMC: Flexible metal conduit.

IMC: Intermediate metal conduit.

LFMC: Liquidtight flexible metal conduit.

RNC: Rigid nonmetallic conduit.

SUBMITTALS

Product Data: For electricity-metering equipment.
Shop Drawings: Dimensioned plans and sections or elevation layouts of electricity-metering equipment.
Field Test Reports: Indicate and interpret test results for compliance with performance requirements.
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. Setinserts and sleeves in 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.

© ©® N o ks wDNPR

1. Coordinate installation and connection of exterior underground and overhead utilities 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.
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D.

E.

F.

Coordinate location of access panels and doors for electrical items that are concealed by finished surfaces.
Access doors and panels are specified in Architectural documents.

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

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

PART 2 - PRODUCTS

21

2.2

w

m

J.

A.

B.

C.

D.

E.

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

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.

Slotted-Steel Channel Supports: Comply with Division 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.

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.

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

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.

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

Powder-Driven Threaded Studs: Heat-treated steel.
ELECTRICAL IDENTIFICATION

Identification Devices: A single type of identification product for each application category. Use colors
prescribed by ANSI A13.1, NFPA 70, and these Specifications.

Raceway and Cable Labels: Comply with ANSI A13.1, 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 is 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 vinyl 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.
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2.4

2.5
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J.

A.
B.
C.

A.
B.

A.
B.

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 sq.
in. (129 sg. cm) and 1/8-inch (3.2-mm) minimum thickness for larger sizes. Engraved legend in black letters
on white background.

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 (1-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 unit 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 breakers in downstream
panelboards that have 10,000-A interrupting capacity, minimum.

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

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

TOUCHUP PAINT
For Equipment: Equipment manufacturer's paint selected to match installed equipment finish.
Galvanized Surfaces: Zinc-rich paint recommended by item manufacturer.

PART 3 - EXECUTION

3.1

3.2

A.

B.

C.

D.

®

o

ELECTRICAL EQUIPMENT INSTALLATION

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

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

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

Right of Way: Give to raceways and piping systems installed at a required slope.
RACEWAY AND CABLE INSTALLATION
Conceal raceways and cables, unless otherwise indicated, within finished walls, ceilings, and floors.

Install raceways and cables at least 6 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
legs of offsets parallel, unless otherwise indicated.

Use raceway and cable fittings compatible with raceways and cables and suitable for use and location.
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Install raceways embedded in slabs in middle third of slab thickness where practical, and leave at least 1-
inch (25-mm) 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. Install conduit larger than 1-inch trade size (DN27) parallel to or at right angles to main reinforcement.
Where conduit is 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 in 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 line with
not less than 200-Ib (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end of the
pull wire.

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 bends or equivalent. Separate lengths with pull
or junction boxes where necessary to comply with these requirements, in addition to requirements above.

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.

Set floor boxes level and trim after installation to fit flush to finished floor surface.
ELECTRICAL SUPPORTING DEVICE APPLICATION

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

Dry Locations: Steel materials.
Support Clamps for PVC Raceways: Click-type clamp system.
Selection of Supports: Comply with manufacturer's written instructions.

Strength of Supports: Adequate to carry present and future loads, times a safety factor of at least four;
minimum of 200-Ib (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 horizontal 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
branch circuits above suspended ceilings and for fastening raceways to slotted channel and angle supports.

Arrange supports in vertical runs so the weight of raceways and enclosed conductors is carried entirely by
raceway supports, with no weight load on raceway terminals.

Simultaneously install vertical conductor supports with conductors.

Separately support cast boxes 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.
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3.5

Install 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.

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.

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. Wood: Fasten with wood screws or screw-type nails.

Masonry: Toggle bolts on hollow masonry units and expansion bolts on solid masonry units.
New Concrete: Concrete inserts with machine screws and bolts.

Existing Concrete: Expansion bolts.

Instead of expansion bolts, threaded studs driven by a powder charge and provided with lock
washers may be used in existing concrete.

6. Steel: Welded threaded studs or spring-tension clamps on steel.
a. Field Welding: Comply with AWS D1.1.

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

8. Light Steel: Sheet-metal screws.

9. Fasteners: Select so the load 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 banding 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.
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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 junction 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,
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.
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3.6

3.7

3.8

3.9

3.10

Phase B: Red.
Phase C: Blue.
Neutral: White.
Ground: Green.

o kr wDn

Color-code 480/277-V system secondary service, feeder, and branch-circuit conductors throughout the
secondary electrical system as follows:

Phase A: Brown.

Phase B: Orange.

Phase C: Yellow.

Neutral: White with a colored stripe or gray.
5. Ground: Green.

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.
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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 Section "Firestopping."

CONCRETE BASES

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."

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

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.
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Cutting and patching for electrical construction.
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3.11

3.12

9.

Touchup painting.

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

1.
2.
3.

Connect a load of known kW rating, 1.5 kW minimum, to a circuit supplied by the metered feeder.
Turn off circuits supplied by the metered feeder and secure them in the "off" condition.

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

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.

Repair 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 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.

4, Repair damage to PVC or paint finishes with matching touchup coating recommended by

manufacturer.

CLEANING AND PROTECTION

On completion of installation, including outlets, fittings, and devices, inspect exposed finish. Remove burrs,
dirt, paint spots, and construction debris.

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
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SECTION 26 05 05
SELECTIVE ELECTRICAL DEMOLITION

PART 1 - GENERAL

1.1 SCOPE

A. Work Included: Selective electrical demolition for remodeling, refer to HVAC documents.

PART 2 - PRODUCTS

2 .1 MATERIALS AND EQUIPMENT

A. Materials and equipment for patching and extending work: As specified in individualSections.

PART 3 - EXECUTION

3.1 EXAMINATION

A.

B.

D.

Verify field measurements and circuiting arrangements are as shown on Drawings.
Verify that abandoned wiring and equipment serve only abandoned facilities.

Demolition Drawings are based on field observation and existing record documents. Report
discrepancies to Owner and Engineer before disturbing existinginstallation.

Beginning of demolition means installer accepts existing conditions.

3.2 PREPARATION

A.

B.

Disconnect electrical systems in walls, floors, and ceilings scheduled for removal.

Coordinate utility service outages with Utility Company as required.

Provide temporary wiring and connections to maintain existing systems in serviceduring construction.
When work must be performed on energized equipment or circuits, use personnel experienced in such

operations.

Contractor is responsible to keep all Special system especially the following fire alarm system, Intercom
PA system and the Intrusion system in operation. Coordinate with owner prior to any work.

Existing Electrical Service
1. Maintain existing system in service till new is installed.

2. Disable system only to make switchovers and connections. Obtain permission from Owner at least
72 hours before partially or completely disabling system. Minimize outage duration.
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3.  Make temporary connections to maintain service in areas adjacent to work area.

4. Contractor is responsible to coordinate with the district’s electrician prior to any removal of
electrical gear or circuits.

3.3 DEMOLITION AND EXTENSION OF EXISTING ELECTRICALWORK

A.

B.

Demolish and extend existing electrical work as indicated on Drawings.
Remove, relocate, and extend existing installations to accommodate new construction.

Remove abandoned wiring to source of supply. This includes but is not limited to power conductors,
fire alarm cables, intercom cables, voice cables, data cables, coaxial cable, and control wiring unless
noted otherwise.

Remove exposed abandoned conduit, including abandoned conduit above accessible ceiling finishes.
Cut conduit flush with walls and floors, and patch surfaces to match existing adjacent finishes.

Disconnect abandoned outlets and remove devices. Remove abandoned outlet boxes ifconduit
servicing them is abandoned and removed. Provide blank cover for abandoned outlet boxes and flush
junction boxes that are not removed.

Disconnect and remove abandoned panelboards and distribution equipment.Disconnect and remove
electrical devices and equipment serving utilization equipment thathas been removed.

Disconnect and remove abandoned luminaires. Remove brackets, stems, hangers, and other
accessories.

Repair adjacent construction and finishes damaged during demolition and extension workto match
existing.

Maintain access to existing electrical installations that remain active. Modify installation or
provide access panel as appropriate.

Extend existing installations using materials and methods compatible with existing electrical
installations, or as specified.

3.4 CLEANING AND REPAIR

A.

B.

Clean and repair existing materials and equipment that remain or are to bereused.

Panelboards: Clean exposed surfaces and check tightness of electrical connections. Replace damaged
circuit breakers and provide closure plates for vacant positions. Provide typed circuit directory
showing revised circuiting arrangement.

3.5 INSTALLATION

A.

Install relocated materials and equipment as indicated in other specification Sections and on the
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Drawings.

B. Special systems maybe required temporary installation to keep special system in operation, especially
Life system systems.

C. Dispose all material properly.

END OF SECTION
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SECTION 26 05 19

LOW-VOLTAGE ELECTRICAL POWER CONDUCTOR AND CABLES

PART 1 - GENERAL

11

1.2

1.3

1.4

15

1.6

RELATED DOCUMENTS

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

SUMMARY

A. This Section includes building wires and cables and associated connectors, splices, and
terminations for wiring systems rated 600 V and less.

SUBMITTALS

A. Field Test Reports: Indicate and interpret test results for compliance with performance
requirements.

QUALITY ASSURANCE

A. Listing and Labeling: Provide wires and cables specified in this Section that are listed and
labeled.
1. The Terms "Listed" and "Labeled": As defined in NFPA 70, Article 100.

B. Comply with NFPA 70.

DELIVERY, STORAGE, AND HANDLING

A. Deliver wires and cables according to NEMA WC 26.

COORDINATION

A. Coordinate layout and installation of cables with other installations.

B. Revise locations and elevations from those indicated, as required to suit field conditions and as
approved by Architect.

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. Wires and Cables:
a. American Insulated Wire Corp.; Leviton Manufacturing Co.
b. BICC Brand-Rex Company.
c. Carol Cable Co., Inc.
d. Senator Wire & Cable Company.
e. Southwire Company.
2. Connectors for Wires and Cables:
a. AMP Incorporated.

LOW-VOLTAGE ELECTRICAL POWER CONDUCTOR AND CABLES
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General Signal; O-Z/Gedney Unit.
Monogram Co.; AFC.
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Square D Co.; Anderson.
e. 3M Company; Electrical Products Division.

2.2 BUILDING WIRES AND CABLES

A. UL-listed building wires and cables with conductor material, insulation type, cable construction,
and rating as specified in Part 3 "Wire and Insulation Applications" Article.
Rubber Insulation Material: Comply with NEMA WC 3.
Thermoplastic Insulation Material: Comply with NEMA WC 5.
Ethylene Propylene Rubber Insulation Material: Comply with NEMA WC 8.
Conductor Material: Copper.
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Stranding: Solid conductor for No. 10 AWG and smaller; stranded conductor for larger than
No. 10 AWG.

G. Plenum rated cable for all cables above the ceiling.
2.3 CONNECTORS AND SPLICES

A. UL-listed, factory-fabricated wiring connectors of size, ampacity rating, material, type, and class
for application and service indicated. Comply with Project's installation requirements and as
specified in Part 3 "Wire and Insulation Applications" Article.

PART 3 - EXECUTION
3.1 EXAMINATION
A. Examine raceways and building finishes to receive wires and cables for compliance with
requirements for installation tolerances and other conditions affecting performance of wires
and cables. Do not proceed with installation until unsatisfactory conditions have been
corrected.
3.2 WIRE AND INSULATION APPLICATIONS
A. Service Entrance: Type RHW or THWN, in raceway.
Feeders: Type 75C insulation THHN/THWN, in raceway.
Fire-Pump Feeder: Type MI, 3-conductor.
Branch Circuits: Type THHN/THWN, in raceway.
Fire Alarm Circuits: Type THHN/THWN, in raceway.
Class 1 Control Circuits: Type THHN/THWN, in raceway.
Class 2 Control Circuits: Type THHN/THWN, in raceway.
Equipment or any device rated 100 amperes or less, conductor shall be rated 60C as per
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National Electrical Code.

I. Equipment or any device rated over 100 amperes, conductor shall be rated 75C as per National
Electrical Code.

3.3 INSTALLATION

A. Install wires and cables as indicated, according to manufacturer's written instructions and
NECA's "Standard of Installation."

B. Remove existing wires from raceway before pulling in new wires and cables.

C. Pull Conductors: Use manufacturer-approved pulling compound or lubricant where necessary;
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A.
B.
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compound used must not deteriorate conductor or insulation. Do not exceed manufacturer's
recommended maximum pulling tensions and sidewall pressure values.

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

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

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

Seal around cables penetrating fire-rated elements according to Section "Firestopping."

Identify wires and cables according to Section "Basic Electrical Materials and Methods."

Identify wires and cables according to Section "Electrical Identification."

NNECTIONS

Conductor Splices: Keep to minimum.

Install splices and tapes that possess equivalent or better mechanical strength and insulation
ratings than conductors being spliced.

Use splice and tap connectors compatible with conductor material.

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

Wiring at Outlets: Install conductor at each outlet, with at least 12 inches (300 mm) of slack.
Connect outlets and components to wiring and to ground as indicated and instructed by
manufacturer.

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.

B.

Testing: On installation of wires and cables and before electrical circuitry has been energized,

demonstrate product capability and compliance with requirements.

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

Correct malfunctioning conductors and cables at Project site, where possible, and retest to

demonstrate compliance; otherwise, remove and replace with new units and retest.

END OF SECTION
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SECTION 26 05 26

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Specification Sections, apply to this Section.
1.2 SUMMARY
A. This Section includes grounding and bonding of electrical systems and equipment. Grounding
requirements specified in this Section may be supplemented by special requirements of
systems described in other Sections.
B. Related Sections include the following:

1. List below only products, construction, and equipment that the reader might expect to find
in this Section but are specified elsewhere.
2. Section "Underground Ducts and Utility Structures" for ground test wells.

1.3 SUBMITTALS

A.

Revise this Article to suit Project and office practice. Frequently, no product submittal is
required for this Section.

Product Data: For each type of product indicated.

Retain paragraph above if Product Data are required for each product specified. Retain
paragraph below if Product Data are required only for selected products.

Product Data: For the following:

1. Ground rods.

2. Chemical rods.

3. Qualification Data: For firms and persons specified in "Quality Assurance" Article.

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.

1.4 QUALITY ASSURANCE

A.

Retain paragraph and subparagraph below if Contractor or manufacturer selects testing
agency. Delete if Contractor is allowed to perform ground-resistance testing.

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.
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C.

D.

Comply with NFPA 70; for overhead-line construction and medium-voltage underground
construction, comply with IEEE C2.
Comply with NFPA 780 and UL 96 when interconnecting with lightning protection system.

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:
Retain above for nonproprietary or below for semiproprietary Specification. Refer to
Division 1 Section "Materials and Equipment."
Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1. See Editing Instruction No. 1 in the Evaluations for cautions about naming products and
manufacturers.
2. Grounding Conductors, Cables, Connectors, and Rods:
a. Apache Grounding/Erico Inc.
Boggs, Inc.
Chance/Hubbell.
Copperweld Corp.
Dossert Corp.
Erico Inc.; Electrical Products Group.
Framatome Connectors/Burndy Electrical.
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Galvan Industries, Inc.

Hastings Fiber Glass Products, Inc.
Ideal Industries, Inc.

ILSCO.

Kearney/Cooper Power Systems.
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. Korns: C. C. Korns Co.; Division of Robroy Industries.
Lightning Master Corp.
Lyncole XIT Grounding.
0-Z/Gedney Co.; a business of the EGS Electrical Group.
Raco, Inc.; Division of Hubbell.
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Robbins Lightning, Inc.
Salisbury: W. H. Salisbury & Co.
Superior Grounding Systems, Inc.
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. Thomas & Betts, Electrical.

2.2 GROUNDING CONDUCTORS

A.
B.

For insulated conductors, comply with Section "Conductors and Cables."

If only copper conductors are permitted in Division 16 Section "Conductors and Cables," delete
paragraph below.

Material: copper.

Equipment Grounding Conductors: Insulated with green-colored insulation.
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L.

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.

Grounding Electrode Conductors: Stranded cable.

Underground Conductors: stranded, unless otherwise indicated.

Sizes and types below are typical. Adjust to suit Project conditions and requirements.

Copper Bonding Conductors: As follows:

1. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG copper conductor, 1/4 inch (6.4 mm) in
diameter.

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

3. 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.

4. Tinned Bonding Jumper: Tinned-copper tape, braided copper conductors, terminated with
copper ferrules; 1-5/8 inches (42 mm) wide and 1/16 inch (1.5 mm) thick.

Delete paragraph and subparagraphs below if use of aluminum conductors is not permitted.

Ground Conductor and Conductor Protector for Wood Poles: As follows:

1. No. 4 AWG minimum, soft-drawn copper conductor.

2. Conductor Protector: Half-round PVC or wood molding. If wood, use pressure-treated fir,
or cypress or cedar.

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 use for specific types, sizes, and combinations of
conductors and connected items.

Bolted Connectors: Bolted-pressure-type connectors, or compression type.

Welded Connectors: Exothermic-welded type, in kit form, and selected per manufacturer's
written instructions.

2.4 GROUNDING ELECTRODES

A.

Copper-clad steel is most common. See Evaluations for discussion on where other materials

might be more appropriate.

Ground Rods: Copper-clad steel.

1. Select paragraph above or paragraph and subparagraph below. Sectional types are used
when rods longer than 10 feet (3 m) are installed.

2. Size: 3/4 by 120 inches (19 by 3000 mm) in diameter.

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.

Test Wells: Provide handholes as specified in Section "Underground Ducts and Utility

Structures."

PART 3 - EXECUTION
3.1 APPLICATION

A.

Delete paragraph below if only copper conductors are specified in Division 16 Section
"Conductors and Cables."
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3.2

Use only copper conductors for both insulated and bare grounding conductors in direct contact

with earth, concrete, masonry, crushed stone, and similar materials.

In raceways, use insulated equipment grounding conductors.

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

connections, except those at test wells.

Equipment Grounding Conductor Terminations: Use bolted pressure clamps.

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

Delete paragraph and subparagraphs below if grounding bus is not required, or edit to suit

Project.

Grounding Bus: Install in electrical and telephone equipment rooms, in rooms housing service

equipment, 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.

Edit below to suit Project.

Underground Grounding Conductors: Use tinned copper conductor, No. 2/0 AWG minimum.

Bury at least 24 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

A.

NEC permits two basic types of equipment grounding conductors: metallic raceway or cable
sheath as the conductor, or a separate equipment grounding conductor. The installation of an
equipment grounding conductor provides an additional degree of safe operation when
compared to relying on raceway as the conductor. Revise paragraphs and subparagraphs in
this Article to suit Project.

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.

Select paragraph above or paragraph and subparagraphs below.

Install insulated equipment grounding conductor with circuit conductors for the following
items, in addition to those required by NEC:

1. Feeders and branch circuits.

Lighting circuits.

Receptacle circuits.

Single-phase motor and appliance branch circuits.

Three-phase motor and appliance branch circuits.

Flexible raceway runs.
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. Armored and metal-clad cable runs.

Busway Supply Circuits: Install insulated equipment grounding conductor from the grounding
bus in the switchgear, switchboard, or distribution panel to equipment grounding bar terminal
on busway.
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G. Computer Outlet Circuits: Install insulated equipment grounding conductor in branch-circuit
runs from computer-area power panels or power-distribution units.

H. Isolated 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.

I. 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.

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

K. Air-Duct Equipment Circuits: Install an equipment grounding conductor to duct-mounted
electrical devices operating at 120V and more, including air cleaners and heaters. Bond
conductor to each unit and to air duct.

L. Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate equipment
grounding conductor to each electric water heater, heat-tracing, and antifrost heating cable.
Bond conductor to heater units, piping, connected equipment, and components.

M. Coordinate paragraph and subparagraphs below with Drawings and Specification Sections for
systems referenced. Edit to suit Project.

N. 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 equipment 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.

0. Metal Poles Supporting Outdoor Lighting Fixtures: Provide a grounding electrode in addition
to installing a separate equipment grounding conductor with supply branch-circuit conductors.
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.
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C. Bonding Straps and Jumpers: Install so vibration by equipment mounted on vibration isolation
hangers and supports is not transmitted to rigidly mounted equipment. Use exothermic-
welded connectors for outdoor locations, unless a disconnect-type connection is required;
then, use a bolted clamp. Bond straps directly to the basic structure taking care not to
penetrate any adjacent parts. Install straps only in locations accessible for maintenance.

D. Metal Water Service Pipe: Provide insulated copper grounding conductors, in conduit, from
building's main service equipment, or grounding bus, to main metal water service entrances to
building. Connect grounding conductors to main metal water service pipes 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 valve.

H. Install 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

A. Coordinate paragraph and subparagraphs below with Drawings.

B. 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.

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

E. 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.

F. Connections at Test Wells: Use compression-type connectors on conductors and make bolted-
and clamped-type connections between conductors and ground rods.

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

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

I.  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 FIELD QUALITY CONTROL

A. Retain one of three paragraphs below.

B. 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 is 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 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. NFPA 70 has minimum value of 25 ohms. See Evaluations for discussion on appropriate
grounding resistance values. Values listed below are typical; adjust to suit Project
conditions.

b. Equipment Rated 500 kVA and Less: 10 ohms.

¢. Equipment Rated 500 to 1000 kVA: 5 ohms.
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d. Equipment Rated More Than 1000 kVA: 3 ohms.
e. Substations and Pad-Mounted Switching Equipment: 5 ohms.
f. Manhole Grounds: 10 ohms.
4. Excessive Ground Resistance: |If resistance to ground exceeds specified values, notify
Architect promptly and include recommendations to reduce ground resistance.
3.6 GRADING AND PLANTING

A. Delete below if inappropriate or if surface restoration work is covered on Drawings or in
Division 2 Sections. Coordinate with Drawings.

B. Restore surface features, including vegetation, at areas disturbed by Work of this Section.
Reestablish original grades, unless otherwise indicated. If sod has been removed, replace it as
soon as possible after backfilling is completed. Restore areas disturbed by trenching, storing of
dirt, cable laying, and other activities to their original condition. Include application of topsoil,
fertilizer, lime, seed, sod, sprig, and mulch. Comply with Section "Landscaping." Maintain
restored surfaces. Restore disturbed paving as indicated.

END OF SECTION
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SECTION 26 05 29

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL
1.1 RELATED REQUIREMENTS

A. The General Provisions, Supplemental General Provisions, Special Provisions and Specification
sections, apply to work covered by this Section.

B. Comply with this sections, as applicable. Refer to other sections for coordination of work.
1.2 SCOPE OF WORK

A. Provide labor, material, equipment, tools and services, and perform operations required for,
and reasonably incidental to, the providing of supporting devices, including related systems and

accessories.
PART 2 - PRODUCTS
2.1 ACCEPTABLE MANUFACTURERS
A. Unistrut Corp.
B-Line Systems, Inc.
C. Midland Ross-Kindorf
2.2 MATERIALS

A. Suspension Hangers
1. Suspension hangers for individual conduit runs shall be zinc plated formed steel type.
B. Vertical Supports

1. Malleable iron one hole pipe straps shall be used for vertical runs

0

Clamps
1. Beam clamps shall be used for bar joists and beams.
D. Anti-Vibration Hangers

1. Anti-vibration hangers shall be combination type having a double deflection neoprene
element in series with a steel coil spring; double deflection of 0.30"; steel coil spring shall be
selected from a 1" static deflection series with a minimum additional travel to solid of 4";
spring diameters shall be large enough to permit 15 degree angular misalignment of the rod
connecting the hanger to the ceiling support without rubbing the hanger box.

2.3 LIGHT FIXTURE HANGERS
A. Refer to Section 26 51 00

B. Corrosive Areas: PVC; at factory apply a minimum of 10-mil-thick PVC coating, bonded to
metal, inside and outside.Z
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PART 3 - EXECUTION
3.1 INSTALLATION

A. Hangers

1.

Approved hangers and stiff leg supports shall be installed in quantity and size as required to
carry the weight of raceway and contents and shall be arranged to prevent vibration
transmission to the building and allow for raceway movement.

2. Hangers shall be supported by means of uncoated solid steel rods which are threaded to
allow vertical adjustments. Lock nuts shall be provided in sufficient number and location to
lock all rod adjustments permanently at the adjusted height. Two lock nuts shall be used
unless the nut tightens against a threaded socket. Minimum rod diameters shall be as
follows:

B. NOMINAL CONDUIT SIZE ROD DIAMETER
1/2" through 2” 1/4"
2-1/2" through 3” 3/8"
4" and 5” 1/2"

1. Hanger spacing shall be as required for proper and adequate support raceway, but in no
case shall be less than one hanger per 8'-0" of raceway length except that conduit less than
1" diameter shall be supported at least every 6'-0".

2. Where numerous conduits are run parallel to one another, they may be supported from a
trapeze type hanger arrangement with strut bottom.

3. Anti-vibration type hangers shall be provided for equipment as required to minimize
vibration and/or as directed by the Architect/Engineer.

Supports

4. Support of hangers shall be by means of sufficient quantities of individual after set steel
expansion shields, or beam clamps attached to structural steel.

5. Stiff-legs shall be furnished and installed in cases where support from overhead structure is
not possible.

6. Ceiling mounted lighting fixtures shall be supported from the building structure at two
opposite corners. The Contractor shall provide fixture hangers to properly interface with
the ceiling system.

7. Furnish and install complete any additional structural support steel, brackets, fasteners,
etc., as required to adequately support all raceway and equipment.

8. Support of hangers from concrete slabs shall be by means of sufficient quantity of "U"
brackets attached with after set expansion shields and bolts.

9. Support of hangers from concrete tees shall be by means of sufficient quantity of angle iron

brackets attached with after set expansion shields and bolts.

END OF SECTION
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SECTION 26 05 33

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL
1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.

1. Edit lists below to suit Project.
2. Raceways include the following:

a. RMC.

b. IMC.

c. PVC externally coated, rigid steel conduits.
d. PVC externally coated, IMC.
e. EMT.

f. FMC.

g. LFMC.

h. LFNC.

i RNC.

j. ENT.

k. Wireways.

l. Surface raceways.
3. Boxes, enclosures, and cabinets include the following:

a. Device boxes.

b. Floor boxes.

c. Outlet boxes.

d. Pull and junction boxes.

e. Cabinets and hinged-cover enclosures.

B. Related Sections include the following:

1. List below only products and equipment for this Project that the reader might expect to find
in this Section but are specified elsewhere. Verify that Section titles listed below are correct
for this Project's Specifications because Section titles may have changed since this Section
was updated.

2. Section "Basic Electrical Materials and Methods" for raceways and box supports.

3. Section "Wiring Devices" for devices installed in boxes and for floor-box service fittings.

1.3 DEFINITIONS

EMT: Electrical metallic tubing.

ENT: Electrical nonmetallic tubing.

FMC: Flexible metal conduit.

IMC: Intermediate metal conduit.

LFMC: Liquidtight flexible metal conduit.
LFNC: Liquidtight flexible nonmetallic conduit.
RMC: Rigid metal conduit.

6OmMmoOwP
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H. RNC: Rigid nonmetallic conduit.

1.4 SUBMITTALS

A. Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover enclo-
sures, and cabinets.

B. Delete below except for custom enclosures.

C. Shop Drawings: Include layout drawings showing components and wiring for nonstandard
boxes, enclosures, and cabinets.

1.5 QUALITY ASSURANCE

A. Listing and Labeling: Provide raceways and boxes specified in this Section that are listed and

labeled.

1. The Terms "Listed" and "Labeled": As defined in NFPA 70, Article 100.

2. Listing and Labeling Agency Qualifications: A "Nationally Recognized Testing Laborato-
ry" as defined in OSHA Regulation 1910.7.

B. Comply with NECA's "Standard of Installation."
C. Comply with NFPA 70.

1.6 COORDINATION

A. Coordinate layout and installation of raceways and boxes with other construction elements to

ensure adequate headroom, working clearance, and access.
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. Retain above for nonproprietary or below for semiproprietary Specification. Refer to Division 1
Section "Materials and Equipment."

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

following:

1. Metal Conduit and Tubing:

o
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Alflex Corp.

Anamet, Inc.; Anaconda Metal Hose.
Anixter Brothers, Inc.

Carol Cable Co., Inc.

Cole-Flex Corp.

Electri-Flex Co.

Flexcon, Inc.; Coleman Cable Systems, Inc.

Grinnell Co.; Allied Tube and Conduit Div.
Monogram Co.; AFC.

Spiraduct, Inc.

Triangle PWC, Inc.

Wheatland Tube Co.

2. Nonmetallic Conduit and Tubing:

a.

© oo o

Anamet, Inc.; Anaconda Metal Hose.
Arnco Corp.

Breeze-lllinois, Inc.

Cantex Industries; Harsco Corp.
Certainteed Corp.; Pipe & Plastics Group.
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Cole-Flex Corp.
Condux International; Electrical Products.
Electri-Flex Co.
George-Ingraham Corp.
Hubbell, Inc.; Raco, Inc.
Lamson & Sessions; Carlon Electrical Products.
R&G Sloan Manufacturing Co., Inc.
Spiraduct, Inc.
n. Thomas & Betts Corp.
3. Conduit Bodies and Fittings:

a. American Electric; Construction Materials Group.
Crouse-Hinds; Div. of Cooper Industries.
Emerson Electric Co.; Appleton Electric Co.
Hubbell, Inc.; Killark Electric Manufacturing Co.
Lamson & Sessions; Carlon Electrical Products.
0-Z/Gedney; Unit of General Signal.

Scott Fetzer Co.; Adalet-PLM.

h. Spring City Electrical Manufacturing Co.
4. Metal Wireways:

a. Hoffman Engineering Co.

b. Keystone/Rees, Inc.

C. Square D Co.
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2.2 METAL CONDUIT AND TUBING

A.

0w

2.3
A.
B.
C

Rigid Steel Conduit: ANSI C80.1.
Rigid Aluminum Conduit: ANSI C80.5.
IMC: ANSI C80.6.
EMT and Fittings: ANSI C80.3.
1. Fittings: Set-screw type.
Fittings: NEMA FB 1; compatible with conduit/tubing materials.
NONMETALLIC CONDUIT AND TUBING
RNC: NEMA TC 2, Schedule 40 or 80 PVC.
RNC Fittings: NEMA TC 3; match to conduit or conduit/tubing type and material.
LFNC: UL 1660.

2.4 METAL WIREWAYS

A.
B.

D.
E.
F.

Material: Sheet metal sized and shaped as indicated.

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

Select features, unless otherwise indicated, as required to complete wiring system and to
comply with NFPA 70.

Select 1 of 4 paragraphs below.
Wireway Covers: Screw — cover type flanged-and-gasketed type.
Finish: Manufacturer's standard enamel finish.

2.5 OUTLET AND DEVICE BOXES

A.

Sheet Metal Boxes: NEMA OS 1.
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B. Edit paragraph below. Aluminum is also available and suitable for use with steel raceways.
C. Cast-Metal Boxes: NEMA FB 1, Type FD, cast box with gasketed cover.

2.6 PULL AND JUNCTION BOXES
A. Small Sheet Metal Boxes: NEMA OS 1.
B. Cast-Metal Boxes: NEMA FB 1, cast aluminum with gasketed cover.
2.7 ENCLOSURES AND CABINETS
A. 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.
2. Nonmetallic Enclosures: Plastic, finished inside with radio-frequency-resistant paint.
B. Cabinets: NEMA 250, Type 1, galvanized steel box with removable interior panel and remova-

ble front, finished inside and out with manufacturer's standard enamel. Hinged door in front
cover with flush latch and concealed hinge. Key latch to match panelboards. Include metal
barriers to separate wiring of different systems and voltage, and include accessory feet where
required for freestanding equipment.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine surfaces to receive raceways, boxes, enclosures, and cabinets for compliance with
installation tolerances and other conditions affecting performance of raceway installation. Do
not proceed with installation until unsatisfactory conditions have been corrected.

3.2 WIRING METHODS

A. Use a comprehensive wiring method schedule on Drawings or use this Article to specify where
various raceway types are to be installed. Edit examples below, adding or deleting materials
and methods to suit Project. Coordinate with Division 16 Section "Wires and Cables." Do not
duplicate information on Drawings, in NFPA 70, or in other Division 16 Sections. List exceptions
to stated requirements. Check code to avoid specifying uses not permitted.

B. Outdoors: Use the following wiring methods:

Exposed: Rigid steel.

Concealed: Rigid steel.

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 3R.

C. Indoors: Use the following wiring methods:
Exposed: EMT.
Concealed: EMT.
Underground, Single Run: RNC.
Underground, Grouped: RNC
Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
Electric Solenoid, or Motor-Driven Equipment): FMC; except in wet or damp locations, use
LFMC.
Damp or Wet Locations: Rigid steel conduit.
7. Boxes and Enclosures: NEMA 250, Type 1, except as follows:
a. Select 1 of 2 subparagraphs below and add other specific box and enclosure requirements
to suit Project.
b. Damp or Wet Locations: NEMA 250, Type 4, stainless steel.

a ke
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3.3

INSTALLATION

A

mOoO O D

I o m
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Install raceways, boxes, enclosures, and cabinets as indicated, according to manufacturer's
written instructions.

Select paragraph above or below.
Minimum Raceway Size: 3/4-inch trade size (DN21).
Conceal conduit and EMT, unless otherwise indicated, within finished walls, ceilings, and floors.

Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-
water pipes. Install horizontal raceway runs above water and steam piping.

Install raceways level and square and at proper elevations. Provide adequate headroom.
Complete raceway installation before starting conductor installation.

Support raceways as specified in Section "Basic Electrical Materials and Methods."

Use temporary closures to prevent foreign matter from entering raceways.

Protect stub-ups from damage where conduits rise through floor slabs. Arrange so curved
portion of bends is not visible above the finished slab.

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

Use raceway fittings compatible with raceways and suitable for use and location. For
intermediate steel conduit, use threaded rigid steel conduit fittings, unless otherwise indicated.

. Run concealed raceways, with a minimum of bends, in the shortest practical distance

considering the type of building construction and obstructions, unless otherwise indicated.

Raceways Embedded in Slabs (Must be indicated on drawings to be embedded. Please notify

Engineer if required but not shown): Install in middle third of slab thickness where practical,

and leave at least 1-inch (25-mm) 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 1-inch trade size (DN27) parallel to or at right angles to main
reinforcement. Where 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.

Install exposed raceways parallel to or at right angles to nearby surfaces or structural members,

and follow the surface contours as much as practical.

1. Run parallel or banked raceways together, on common supports where practical.

2. Make bends in 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 parallel raceways.

Join raceways with fittings designed and approved for the purpose and make joints tight.

1. Make raceway terminations tight. Use bonding bushings or wedges at connections subject
to vibration. Use bonding jumpers where joints cannot be made tight.

2. Use insulating bushings to protect conductors.

Q. Tighten set screws of threadless fittings with suitable tools.

Terminations: Where raceways are terminated with locknuts and bushings, align raceways to
enter squarely and install locknuts with dished part against the box. Where terminations are
not secure with 1 locknut, use 2 locknuts: 1 inside and 1 outside the box.
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S. Where raceways are terminated with threaded hubs, screw raceways or fittings tightly into the
hub so the end bears against the wire protection shoulder. Where chase nipples are used, align
raceways so the coupling is square to the box and tighten the chase nipple so no threads are
exposed.

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

U. Telephone and Signal System Raceways, 2-Inch Trade Size (DN53) and Smaller: In addition to
the above requirements, install raceways in maximum lengths of 150 feet (45 m) and with a
maximum of two 90-degree bends or equivalent. Separate lengths with pull or junction boxes
where necessary to comply with these requirements.

V. Delete paragraph below if not applicable.
W. Install raceway sealing fittings according to manufacturer's written instructions. Locate fittings

at suitable, approved, and accessible locations and fill them with UL-listed sealing compound.
For concealed raceways, install each fitting in a flush steel box with a blank cover plate having
a finish similar to that of adjacent plates or surfaces. Install raceway sealing fittings at the fol-
lowing points:

1. Where conduits pass from warm to cold locations, such as the boundaries of refrigerated

spaces.
2. Where otherwise required by NFPA 70.

X. 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
the finished floor. Extend conductors to equipment with rigid steel conduit; FMC may be used
6 inches (150 mm) above the floor. Install screwdriver-operated, threaded flush plugs flush
with floor for future equipment connections.

Y. Flexible Connections: Use maximum of 6 feet (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 liquidtight flexible conduit in wet or damp locations. Install
separate ground conductor across flexible connections.

Z. Delete paragraph below if no high-frequency installation.

AA.Install nonferrous conduit or tubing for circuits operating above 60 Hz. Where aluminum
raceways are installed for such circuits and pass through concrete, install in a nonmetallic
sleeve.

BB.Do not install aluminum conduits embedded in or in contact with concrete.

CC.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.

DD. Surface Raceways: Install a separate, green, ground conductor in raceways from junction box
supplying the raceways to receptacle or fixture ground terminals.

1. Select each surface raceway outlet box, to which a lighting fixture is attached, of sufficient
diameter to provide a seat for the fixture canopy.

2. Where a surface raceway is used to supply a fluorescent lighting fixture having central-stem
suspension with a backplate and a canopy (with or without extension ring), no separate
outlet box is required.

3. Provide surface metal raceway outlet box, and the backplate and canopy, at the feed-in
location of each fluorescent lighting fixture having end-stem suspension.
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4. Where a surface metal raceway extension is made from an existing outlet box on which a
lighting fixture is installed, no additional surface-mounted outlet box is required. Provide a
backplate slightly smaller than the fixture canopy.

EE. Set floor boxes level and adjust to finished floor surface.
FF. Select paragraph above for metal floor boxes and below for nonmetallic floor boxes.
GG. Set floor boxes level and trim after installation to fit flush to finished floor surface.
HH. Install hinged-cover enclosures and cabinets plumb. Support at each corner.
I. NO PVC CONDUIT ALLOWED ABOVE THE CEILING OR IN THE A/C RETURN PLENUM. PROVIDE
RIGID CONDUIT. Verify all MEP documents.
3.4 PROTECTION

A. Provide final protection and maintain conditions, in a manner acceptable to manufacturer and
Installer, that ensure coatings, finishes, and cabinets are without damage or deterioration at
the 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.

3.5 CLEANING

A. On completion of installation, including outlet fittings and devices, inspect exposed finish.
Remove burrs, dirt, and construction debris and repair damaged finish, including chips,
scratches, and abrasions.

END OF SECTION
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SECTION 26 05 43

UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS

PART1 -GENERAL
1.1 RELATED REQUIREMENTS
A. The General Provisions, Supplemental General Provisions, Special Provisions and Specification
sections, apply to work covered by this Section.
1.2 SCOPE OF WORK
A. Provide labor, materials, equipment, tools and services, and perform operations required for, and
reasonably incidental to, the providing of all site electrical work.
B. The site electrical work shall include, but not be limited to, the furnishing and installation of
necessary materials and making arrangements for:
1. The connection of electrical and telephone utilities.
2. Underground conduit.
1.3 SUBMITTALS
A. Submit product data and shop drawings in accordance with Section for products specified under
PARTS 2 PRODUCTS.
1.4 REFERENCE STANDARDS
A. National Electrical Code (NEC), Article 300
B. Service installation standards of the serving utility company(s).
PART 2 - PRODUCTS
2.1 ELECTRICAL SERVICE
A. Coordination: The location of the service entrance shall be coordinated with all other trades.
Provide materials and equipment required to connect the electrical service. Contractor shall
coordinate with the Power Company for all requirements prior to bid date. Contractor shall
include all cost to for Utility Company to extend service to project site bid.
B. Materials: Provide materials in accordance with other Sections of these Specifications.
2.2 COMMUNICATION SERVICE
A. Coordination: The location of the telephone, cable, and internet service entrance shall be
coordinated with all other trades. Provide materials and equipment required to connect the
telephone, cable and internet services. Contractor shall coordinate with the Telephone, cable, and
internet company for all requirements prior to bid date. Contractor is responsible to coordinate
with utility companies.
B. Materials: Provide materials in accordance with other sections of this
specification.
PART 3 - EXECUTION
3.1 GENERAL
A. Underground installation of more than one conduit shall be in a duct arrangement as indicated. All
conduits shall be laid so joints are staggered. All bends and stub-ups shall be rigid steel.
B. Pour a red colored concrete envelope 3" thick over utility service, emergency generator and fire
pump conduits. Where conduits cross a driveway, road or parking area, reinforcing rods shall be
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installed.

C. Perform excavation, shoring, backfilling and concrete work in connection with electrical work in
accordance with other sections of the Specifications.

D. All conduit shall be sloped away from the building to negate water entering the building through
the conduit system.

3.2 UTILITIES

A. The locations, elevations and voltage of electrical lines and the location of the telephone lines
included within the area of this work are indicated on the Drawings or in the Specifications in
accordance with information received by the Architect/Engineer and Owner.

B. The Contractor shall examine the site and shall verify, to his own satisfaction, the location and
elevation of all utilities, and shall adequately inform himself as to their relation to the work.

C. Existing utility lines not indicated but encountered during construction shall be protected,
relocated or capped as directed by the Architect/Engineer. All precautions shall be exercised to
prevent damage to existing lines not shown, but should work become necessary, it must be
authorized prior to execution except in an emergency situation.

D. Before beginning excavations of any nature whatsoever, the Contractor shall make an attempt to
locate all underground utilities of every nature occurring within the bounds of the area to be
excavated. Contractor is responsible to call 811 prior to any work. The Contractor shall then
proceed with caution in his excavation work so that no utility shall be damaged with a resultant
loss of service.

E. Should a damage result to any utility through the Contractor's negligence or failure to comply with
the above directive, he shall be liable for such damage and for all expense incurred in the
expeditious repair or replacement of such damaged utilities.

F. Repair of damaged utilities shall be to a condition equal to or better than the adjacent undamaged
portion of such utility and to the complete satisfaction of the Architect/Engineer and Owner.

END OF SECTION
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SECTION 26 05 53

IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL
1.1 RELATED REQUIREMENTS
A. The General Provisions, Supplemental General Provisions, Special Provisions and Specification
sections, apply to work covered by this Section.
B. Comply with ELECTRICAL Sections, as applicable. Refer to other sections for coordination of work.
1.2 SCOPE OF WORK
A. Provide labor, material, equipment, tools and services, and perform operations required for,
and reasonably incidental to, the providing of electrical identification, including related accessories.
B. Provide electrical identification for the following:

1. Panelboards, motor starters, contactors, disconnect switches, circuit breakers and other
electrical equipment with nameplate identifying the item of equipment and the equipment
serving the same.

2. Raceways, junction boxes and pull boxes.

3. Label each panelboard index indicating the room #s to the related circuit. Also add the index
sheet in a laminated white core, plastic with beveled edges, minimum 1/16 inch thick.
Lettering shall be machine-engraved, not less than 1/4" high, cut through the black or red
surface to the white core.

4. Wiring devices.

5. Wiring.

6. Three phase motor rotation.

1.3 SUBMITTALS
A.Submit product data in accordance with Section for products specified under PART 2 - PRODUCTS.
PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Brady
B. Panduit
C. Thomas & Betts
D. Seton
2.2 IDENTIFICATION
E. A Nameplates

1. Nameplates shall be black engraved surface on white core for normal power circuits and red
engraved surface on white core for emergency power circuits.

2. Provide for each distribution panelboard, branch circuit panelboard, transformer and any other
similar equipment furnished under this section identification as to its given name, voltage and
origination of service. Examples are as follows:

‘LRY’ ‘LR2’
120/240V 120/240V
FED FROM ‘MDP’ FED FROM ‘MDP’
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3. Provide for each motor starter enclosure, circuit breaker enclosure, disconnect switch and any
other similar equipment furnished under this section, identification as to the specific load that it
serves and the origination of service. Examples are as follows:

‘AHU-1' ‘CU-1'
FED FROM ‘MDP' FED FROM ‘MDP’

4. Provide for each feeder protective device in each distribution panelboard and any other similar
equipment furnished under this section, identification as to the specific load that it serves.

5. Nameplates shall be laminated, white core, plastic with beveled edges, minimum 1/16 inch
thick. Lettering shall be machine-engraved, not less than 1/4" high, cut through the black or red
surface to the white core.

F. B. Junction Boxes and Pull Boxes

1. 1. Identification shall be with a black permanent marking pen on the top of 4" x 4" junction
box covers or on the back of an outlet box cover plate identifying the branch circuits and
systems within the conduit. Pull boxes shall be provided with a nameplate stating voltage and
system served.

G. C. Wiring Device Wall Plates

1. 1. Onthe backside of wiring device wall plates identify with a black permanent marking pen

the panelboard and branch circuit number the device is served from.
H. D. Wire Markers

1. 1. Wire markers for identification of wiring shall be self-adhesive type having letters and

numerals indicating serving equipment and feeder or branch circuit number.
I. Rotation Tags
1. Rotation tags shall be brass or aluminum securely attached to equipment.

PART 3 - EXECUTION

3.1 PREPARATION
A. Surfaces to receive labels or nameplates shall be carefully prepared in accordance with the
manufacturer's instructions and recommendations.
3.2 NAMEPLATES
J.  A.Nameplates shall be properly attached to identify panelboards, feeder circuit breakers,
disconnect switches, pull boxes and other similar equipment furnished under this section.
3.3 WIRE MARKERS
K. A.Wire markers shall be applied to each conductor or cable within panelboards, motor starter
enclosures, circuit breaker enclosures, disconnect switches, cabinets, junction boxes, pull boxes,
and other similar equipment identifying the serving equipment and feeder or branch circuit from
which the conductors originate.

END OF SECTION
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SECTION 26 05 73.13

SHORT-CIRCUIT STUDIES

11

1.2

1.3

SUMMARY

Section includes a computer-based, short-circuit study to determine the minimum required
short-circuit ratings for all electrical equipment.

DEFINITIONS

Existing to Remain: Existing items of construction that are not to be removed and that are not
otherwise indicated to be removed and salvaged, or removed and reinstalled. Existing to
remain items shall remain functional throughout the construction period.

One-Line Diagram: A diagram that shows, by means of single lines and graphic symbols, the
course of an electric circuit or system of circuits and the component devices or parts used

therein.

Power System Analysis Software Developer: An entity that commercially develops, maintains,
and distributes computer software used for power system studies.

Power Systems Analysis Specialist: Professional or qualified engineer in charge of performing
the study and documenting recommendations.

Protective Device: A device that senses when an abnormal current flow exists and then
removes the affected portion of the circuit from the system.

SCCR: Short-circuit current rating.

Service: The conductors and equipment for delivering electric energy from the serving utility to
the wiring system of the premises served.

Single-Line Diagram: See "One-Line Diagram."

ACTION SUBMITTALS
Product Data:

1. Submit information on computer software program to be used for studies.
2. Submit the following after the approval of system submittals. Submittals [shall] [may]
be in digital form.

a. Short-circuit study input data, including completed computer program input data
sheets.
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ALTERNATE#2

b. Short-circuit study and equipment duty evaluation report; signed and dated by a
professional or qualified engineer.

1) Submit study report for action prior to receiving final approval of
distribution equipment submittals. If completion of studies will cause delay
in equipment manufacturing, obtain approval from Owner for preliminary
submittal of sufficient accuracy to ensure that selection of devices and
associated characteristics is satisfactory. All assumptions made in a
preliminary submittal shall be clearly identified.

2) Revised one-line diagram, reflecting any discrepancies noted or updates
required based on data collected for the study.

3) Study report shall include documentation of all equipment data used in the
short-circuit and equipment duty analysis.

4) Study shall include a detailed listing of any electrical equipment found to
be underrated for the calculated fault duty.

1.4 INFORMATIONAL SUBMITTALS
A. Qualification Data:
1. For Power Systems Analysis Software.
2. For Power System Analysis Specialist.
1.5 CLOSEOUT SUBMITTALS
A. Operation and Maintenance Data:

1. Final Short-Circuit Study Report:

Final one-line diagram.

Final Equipment Duty Report.

Short-circuit study data files.

Power system data.

Software data file in electronic format compatible with the software version used
in the study.

f. Software library data used for the study.

oo oo

1.6 QUALITY ASSURANCE

A. Study shall be performed using commercially developed and distributed electrical power
system analysis software.

B. Software algorithms and methodology shall comply with requirements of applicable standards
and guides specified in this Section.

C. Manual calculations are unacceptable.
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1. Power System Analysis Software Qualifications: Computer program shall be designed to
perform ANSI and IEC based short-circuit studies or have a function, component, or add-
on module designed to perform short-circuit studies.

D. Power Systems Analysis Specialist Qualifications: Professional Engineer licensed in the state
where Project is located. All elements of the study shall be performed under the direct
supervision and control of this Professional Engineer.

E. Short-Circuit Study Certification: Short-Circuit Study Report shall be signed by Power Systems
Analysis Specialist.

PART 2 - PRODUCTS

2.1 POWER SYSTEM ANALYSIS SOFTWARE DEVELOPERS

A. Basis-of-Design Product: Subject to compliance with requirements, provide EasyPower, LLC
software with ANSI ShortCircuit, IEC ShortCircuit, Scenario Manager, SmartDuty and
SmartBreaker or comparable product by one of the following:

1. CGI CYME.
2. Power Analytics, Corporation.
3. <Insert manufacturer's name>.

B. Comply with IEEE 399 and IEEE 551.

1. Analytical features of power systems analysis software program shall have capability as
listed in IEEE 399.

C. Computer software program shall be capable of plotting and diagramming time-current-
characteristic curves as part of its output.

2.2 SHORT-CIRCUIT STUDY REPORT CONTENTS
A Executive summary of study findings.
B. Detailed list of all electrical equipment found to be underrated for the available short-circuit
current.
C. Recommendations for resolving any issues found with underrated equipment.
D. Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms,

and guide for interpretation of results.

E. One-line diagram of modeled power system, indicating the following:
1. Protective device designations and ampere ratings.
2. Conductor types, sizes, and lengths.
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3. Transformer size and impedance.

4, Motor and generator designations and ratings.

5. Switchgear, switchboard, motor-control center, and panelboard designations and
ratings.

6. Any revisions to electrical equipment required by the study.

F. Protective Device Evaluation:

1. Evaluate equipment and protective devices and compare to available short-circuit
currents. Verify that equipment short-circuit ratings exceed available short-circuit
current based on the applicable standards.

2. Tabulations of circuit breaker, fuse, and other protective device short-circuit ratings
versus calculated short-circuit duties.

3. For 600-V overcurrent protective devices, ensure that interrupting ratings are equal to

or higher than calculated 1/2-cycle symmetrical fault current.

G. Short-Circuit Study Input Data:

1
2
3.
4
5

One-line diagram of system being studied.

Utility or incoming power short-circuit data.

Manufacturer, model, and short-circuit rating of protective devices.
Conductors.

Transformer data.

H. Short-Circuit Study Output Reports:

1.

2.

3.

Low-Voltage Fault Report: Three-phase and single line to ground fault calculations,
indicating the following for each overcurrent device location:

Voltage.

Calculated fault-current magnitude and angle.
Fault-point X/R ratio.

Multiplying factor.

a0 oo

High-Voltage Momentary Short-Circuit Report: Three-phase and single line to ground
fault calculations, indicating the following for each equipment location:

Voltage.

Calculated symmetrical fault-current magnitude and angle.
Fault-point X/R ratio.

Calculated asymmetrical fault currents:

o o0 oo

1) Based on fault-point X/R ratio.
2) Based on calculated symmetrical value multiplied by 2.6.

High-Voltage Interrupting Short-Circuit Report: Three-phase and single line to ground
fault calculations, indicating the following for each equipment location:

a. Voltage.
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b. Calculated symmetrical fault-current magnitude and angle.
C. Fault-point X/R ratio.
d. No AC Decrement (NACD) ratio.

Equipment Duty Report: For each protective device, indicate short-circuit ratings and
calculated equipment duty for both % cycle and interrupting ratings as applicable.
Calculated duty must automatically take into account any necessary derating factor due
to the system X/R ratio and based on the actual maximum fault current through each
device rather than the total bus fault current. All calculations to be based on the specific
applicable test standards for each device such that no further interpretation of the
results is necessary.

PART 3 - EXECUTION

3.1 POWER SYSTEM DATA

A. Obtain all data necessary for conduct of the study.

1.

Verify completeness of data supplied on one-line diagram. Call any discrepancies to
Owner's attention.

For equipment included as Work of this Project, use characteristics submitted under
provisions of action submittals and information submittals for this Project.

For [equipment that] [relocated equipment and that which] is existing to remain,
obtain required electrical distribution system data by field investigation and surveys,
conducted by qualified technicians and engineers.

B. Gather and tabulate the required input data to support the short-circuit study. Comply with
requirements in Section 017839 "Project Record Documents" for recording circuit protective
device characteristics. Record data on a Record Document copy of one-line diagram. Comply
with recommendations in IEEE 551 as to the amount of detail that is required to be acquired in
the field. Field data gathering shall be under direct supervision and control of the engineer in
charge of performing the study, and shall be by the engineer or their representative. Data
must include, but not be limited to, the following:

1.

Product Data for Project's overcurrent protective devices. Use equipment designation
tags that are consistent with electrical distribution system diagrams, overcurrent
protective device submittals, input and output data, and recommended device settings.
Obtain electrical power utility impedance at each service from the serving utility.

For transformers, include kVA ratings, primary and secondary voltages, connection type,
impedance, X/R ratio, taps measured in percent, and phase shift.

For reactors, provide manufacturer and model designation, voltage rating, and
impedance.

For circuit breakers and fuses, provide manufacturer and model designation. List type of
breaker, type of trip, SCCR, current rating, and breaker settings.

Generator short-circuit current contribution data, including short-circuit reactance,
rated kVA, rated voltage, and X/R ratio.
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3.2

7. Busway manufacturer and model designation, current rating, impedance, lengths, and
conductor material.

8. Motor horsepower and NEMA MG 1 code letter designation.

9. Conductor sizes, lengths, number, conductor material and conduit material (magnetic or
nonmagnetic).

SHORT-CIRCUIT STUDY

Perform study following the general study procedures contained in IEEE 399.
Calculate short-circuit currents in accordance with IEEE 551.

Base study on device characteristics supplied by device manufacturer.

Extent of electrical power system to be studied is indicated on Drawings.

Begin the scope of the short-circuit current and equipment duty analysis at the service,
extending down to system overcurrent protective devices as follows:

1. Down to and including all three-phase panelboards at voltages 208 V ac or higher.
2. <Insert description>.

For systems with multiple sources or multiple operating conditions, evaluate short-circuit and
equipment duty for multiple scenarios as necessary to determine the maximum short-circuit
current at each location.

Analysis software must factor in ac fault-current decay from induction motors, synchronous
motors, and asynchronous generators and apply this to the short-circuit and equipment duty
calculations as recommended by applicable standards. Also account for the fault-current dc
decrement to address asymmetrical current ratings of applicable electrical equipment and
components.

Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and a
single line-to-ground fault at each equipment indicated on one-line diagram.

Equipment duty report must clearly indicate any protective device that is being applied outside
its short-circuit rating.

For any equipment found to be underrated, the report shall include recommendations for
resolving this deficiency.

END OF SECTION 260573.13
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SECTION 26 05 73.19

ARC-FLASH HAZARD ANALYSIS

1.1

1.2

13

SUMMARY

Section includes a computer-based, arc-flash study to determine the arc-flash hazard boundary
distance and the incident energy to which personnel could be exposed during work on or near
energized electrical equipment.

DEFINITIONS

Existing to Remain: Existing items of construction that are not to be removed and that are not
otherwise indicated to be removed, removed and salvaged, or removed and reinstalled.

One-Line Diagram: A diagram that shows, by means of single lines and graphic symbols, the
course of an electric circuit or system of circuits and the component devices or parts used

therein.

Power System Analysis Software Developer: An entity that commercially develops, maintains,
and distributes computer software used for power system studies.

Power Systems Analysis Specialist: Professional engineer in charge of performing the study and
documenting recommendations, licensed in the state where Project is located.

Protective Device: A device that senses when an abnormal current flow exists and then
removes the affected portion from the system.

SCCR: Short-circuit current rating.

Service: The conductors and equipment for delivering electric energy from the serving utility to
the wiring system of the premises served.

Single-Line Diagram: See "One-Line Diagram."

ACTION SUBMITTALS

Product Data: Submit information regarding computer software program to be used for
studies.

Study Submittals: Submit the following submittals after the approval of system protective
devices submittals. Submittals shall be in digital form:

1. Arc-flash study report; signed, dated, and sealed by Power Systems Analysis
Specialist.
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14

1.5

1.6

2. Submit study report for action prior to receiving final approval of distribution
equipment submittals. If formal completion of studies will cause delay in equipment
manufacturing, obtain approval from Architect for preliminary submittal of
sufficient study data to ensure that selection of devices and associated
characteristics is satisfactory.

3. Exported data from computer-based, one-line diagram detailing the system data
used for the arc-flash calculations, provided in .csv or Microsoft Excel format.

INFORMATIONAL SUBMITTALS

Qualification Data:

1. For Power Systems Analysis Software Developer.
2. For Power System Analysis Specialist.

Product Certificates: For arc-flash hazard analysis software, certifying compliance with
IEEE 1584 and NFPA 70E.

CLOSEOUT SUBMITTALS

Arc-Flash Hazard Analysis:

1. Provide final arc-flash hazard analysis report in hard copy and digital format.
2. Provide digital file containing electrical system model in a format consistent with
power system analysis software used to perform study.
3. Provide library files for power system analysis software used to perform study.
QUALITY ASSURANCE

Study shall be performed using commercially developed and distributed software designed
specifically for power system analysis.

Software algorithms shall comply with requirements of standards and guides specified in this
Section.

Manual calculations are unacceptable.

Power System Analysis Software Qualifications: An entity that owns and markets computer
software used for studies, having performed successful studies of similar magnitude on
electrical distribution systems using similar devices.

1. Computer program shall be designed to perform arc-flash analysis.

Power Systems Analysis Specialist Qualifications: Professional or qualified engineer in charge
of performing the arc-flash study, analyzing the arc-flash results, and documenting
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recommendations, licensed in the state where Project is located. All elements of the study
shall be performed under the direct supervision and control of this professional or qualified
engineer.

Arc-Flash Study Certification: Arc-Flash Study Report shall be signed and sealed by Power
Systems Analysis Specialist.

PART 2 - PRODUCTS

2.1

2.2

COMPUTER SOFTWARE DEVELOPERS

Basis-of-Design Product: Subject to compliance with requirements, provide software
developed and sold by EasyPower software with ANSI ShortCircuit, ArcFlash, PowerProtector,
Scenario Manager, SmartDuty and SmartBreaker or comparable product by one of the
following:

1. CGI CYME.
2. Power Analytics, Corporation.

Software must provide results consistent with the requirements of the latest versions of
IEEE 1584 and NFPA 70E.

Software capable of creation and storage of unlimited number of operating scenarios. All
scenarios stored in the same project model file. System changes made to the base case
automatically propagated to each operating scenario.

ARC-FLASH STUDY REPORT CONTENT
Executive summary of study findings.

Study descriptions, purpose, basis, and scope. Include case descriptions, definition of terms,
and guide for interpretation of results.

One-line diagram, indicating the following:

Protective device designations, locations, and ampere ratings.

Conductor types, sizes, and lengths.

Transformer kilovolt ampere (kVA) and voltage ratings.

Motor and generator ratings.

Switchgear, switchboard, motor-control center, and panelboard designations.
Utility sources.

ouhkwnNneE

Study Input Data: As described in "Power System Data" Article.

Equipment Duty Report: As specified in Section 260573.13 "Short-Circuit Studies."
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2.3

Data on all protective devices; manufacturers, types, sizes and adjustable settings that were
used for the arc-flash calculations.

List of protective devices found to be inoperable or with signs of impending failure. These
devices must be clearly listed and excluded from use in determination of the arc time.

Equipment Duty Study: Report to verify that all protective devices have adequate short-circuit
ratings to interrupt the calculated maximum short-circuit current.

Arc-Flash Study Calculations and Output Reports:

Arcing fault magnitude.
Protective device clearing time.
Duration of arc.

Arc-flash boundary.

Restricted approach boundary.
Limited approach boundary.
Working distance.

Incident energy.

NV AWM

Arc-Flash Study input data, scenario descriptions, and arc-flash calculations including a
definition of terms and guide for interpretation of the arc-flash hazard report. Study input data
must be provided in electronic form as .csv or Excel files.

ARC-FLASH WARNING LABELS

Provide a weatherproof, self-adhesive equipment label for each location requiring arc-flash
hazard identification.

1. Minimum Size: 6 inches (150 mm) wide by 4 inches (100 mm) high.
2. Sample label submitted for review prior to printing of actual labels.

Content: Orange header with the wording, "WARNING, ARC-FLASH HAZARD, Arc-Flash and
Shock Risk Assessment, Appropriate PPE Required." and the following information taken
directly from the arc-flash hazard analysis:

1. Equipment ID.

2. Nominal voltage.
3. Protection boundaries.
a. Arc-flash boundary.
b. Restricted approach boundary.
C. Limited approach boundary.
4. Available incident energy.
5. Working distance.
6. Engineering report number, revision number, and issue date.
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C.

D.

Completely machine printed, no field-applied markings.

Compliance: NFPA 70E.

PART 3 - EXECUTION

3.1

3.2

EXAMINATION

Examine Project electrical equipment submittals. Proceed with arc-flash study only after
relevant equipment submittals have been assembled. Overcurrent protective devices that
have not been submitted and approved prior to arc-flash study may not be used in study. The
report shall clearly state any assumptions that were necessary to complete the analysis.

ARC-FLASH HAZARD ANALYSIS
Comply with the latest versions of NFPA 70E for the arc-flash hazard analysis study.
Study all operating scenarios to determine the maximum incident energy at each location.

Submit proposed arc-flash analysis scenarios for review prior to performing arc-flash
calculations. Arc-flash hazard analysis report shall indicate which scenario created the
maximum arc-flash energy for each location. All arc-flash calculations must be performed in
accordance with the procedures and recommendations contained in the latest version of
IEEE 1584. Calculate the arc-flash hazard boundary and incident energy at all locations in
electrical distribution system where personnel could service or examine equipment while
energized.

Include all three-phase medium- and low-voltage equipment locations.
Calculate the limited and restricted approach boundaries for each location.

Incident energy calculations shall consider the accumulation of energy over time when
performing arc-flash calculations on buses with multiple sources or fault current that changes
with time during the fault. Iterative calculations shall take into account the changing current
contributions, as the sources are interrupted or decremented with time. Fault contribution
from motors and generators shall be decremented based on the recommendations in IEEE 399
and ANSI C37 where applicable.

Arc-flash energy shall generally be reported for the maximum of line or load side of a circuit
breaker. However, arc-flash computation shall be performed and reported for both line and
load side of a circuit breaker as follows:

1. When the circuit breaker is in a separate enclosure.
2. When the line terminals of the circuit breaker are separate from the work location.
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H. Base arc-flash calculations on the time-current curve or operating time of the fastest upstream
device using the predicted arcing current through that device. For medium-voltage circuit
breakers, the breaker interrupting time must be automatically added to the relay operating
time. Based on the recommendations in IEEE 1584 and sound engineering judgment, a
maximum arc time of two seconds can be applied for situations where the protective device
operating time is found to exceed two seconds.

33 POWER SYSTEM DATA

A. Obtain all data necessary for conduct of the arc-flash hazard analysis.

1. Verify completeness of data supplied on one-line diagram on Drawings. Call any
discrepancies or missing information to Owner's attention.

2. For new equipment, use characteristics from approved submittals under provisions
of action submittals and information submittals for this Project.

3. For existing equipment, whether or not relocated, obtain required electrical

distribution system data by field investigation and surveys conducted by qualified
technicians and engineers.

B. Electrical Survey Data: Gather and tabulate the following input data to support study. Comply
with recommendations in IEEE 1584 and NFPA 70E as to the amount of detail that is required
to be acquired in the field. Field data gathering shall be under the direct supervision and
control of the engineer in charge of performing the study, and shall be by the engineer. Data
shall include, but are not limited to, the following:

1. Product Data for overcurrent protective devices specified in other Sections and
involved in overcurrent protective device coordination studies. Use equipment
designation tags that are consistent with electrical distribution system diagrams,
overcurrent protective device submittals, input and output data, and recommended
device settings.

2. Obtain electrical power utility impedance or available short-circuit current at each
service.

3. Short-circuit current at each system bus (three phase and line to ground).

4, Voltage level at each bus.

5. For transformers, include kVA, primary and secondary voltages, connection type,
impedance, X/R ratio if available, tap settings, and phase shift.

6. For reactors, provide manufacturer and model designation, voltage rating and
impedance.

7. For circuit breakers and fuses, provide manufacturer and model designation. List

type of breaker, type of trip and available range of settings, short-circuit rating,
continuous current rating, and settings for all adjustable settings.

8. Generator short-circuit current contribution data, including short-circuit reactance,
rated kVA, rated voltage, and X/R ratio.
9. For relays, provide manufacturer and model designation, current transformer

ratios, potential transformer ratios, and relay settings.
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3.4

3.5

3.6

10. Busway manufacturer and model designation, current rating, impedance, lengths,
size, and conductor material.

11. Motor horsepower.

12. Low-voltage conductor sizes, lengths, number, conductor material, and conduit
material.

13. Medium-voltage conductor sizes, lengths, conductor material, conductor
construction and metallic shield performance parameters, and conduit material.

LABELING

Apply one arc-flash label on the front cover of each section of the equipment and on side or
rear covers with accessible live parts and hinged doors or removable plates for each
equipment included in the study. Base arc-flash label data on highest values calculated at each
location.

Each piece of equipment listed below shall have an arc-flash label applied to it:

Motor-control center.
Low-voltage switchboard.
Switchgear.
Medium-voltage switch.
Low voltage transformers.
Panelboard.

Safety switch.

Fused disconnect switch.
Enclosed circuit breaker.
Adjustable frequency drive.
Control panel.

WO NOULRAWNRE
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APPLICATION OF WARNING LABELS

Install arc-flash warning labels under the direct supervision and control of Power System
Analysis Specialist.

DEMONSTRATION

Engage Power Systems Analysis Specialist to train Owner's maintenance personnel in potential
arc-flash hazards associated with working on energized equipment and the interpretation of
arc-flash warning labels.

END OF SECTION
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SECTION 26 24 13
SWITCHBOARDS

PART 1 - GENERAL

11 SCOPE

A. The contractor shall provide and install service entrance and distribution switchboards as herein
specified and shown on related electrical drawings

1.2 RELATED DOCUMENTS

A. All of the Contract Documents, including General and Supplementary Conditions and Division 1 General
Requirements, apply to the work of this Section.

B. [Related Sections include the following:
1. Section 26 28 16 — Molded Case Breakers
2. Section 26 43 13 — Surge Protection Devices For Low-Voltage Electrical Power Circuits

1.3 SUBMITTALS
Product Data: Submit manufacturer's printed product data.

B. Drawings: Submit shop drawings for approval. Include components, materials, finishes, detailed plan
and elevation views, required conduit rough-in openings, anchors and accessories.

14 RELATED STANDARDS

A. The switchboard shall be designed, manufactured and tested according to the latest applicable version
of the following standards:
1. ANSI/NFPA 70 — National Electrical Code (NEC)
2. NEMA PB2 — Deadfront Distribution Switchboards
3. UL 891 — Deadfront Switchboards

1.5 QUALITY ASSURANCE

A. Manufacturer: For equipment required for the work of this section, provide product which is the
responsibility of one manufacturer.

B. Performance Requirements: Provide switchboards manufactured in accordance with Article 408 of the
latest National Electrical Code and applicable portions of the NEMA PB2, UL 891 and NFPA 70, the
National Electrical Code.

1.6 DELIVERY, STORAGE AND HANDLING

A. Deliver materials and products in factory labeled packages. Store and handle in strict compliance with
manufacturer's instructions and recommendations. Protect from damage from weather, excessive
temperatures and construction operations.

PART 2 - PRODUCTS

21 MANUFACTURERS

A. Provide Type-SB-3 switchboards and accessories by Siemens or pre-approved equal. Approved
manufacturers are as follows: NOTE: All material shall be expediated to be delivered in 25 weeks.
1. Siemens
2. Square-D
3. Eaton
SWITCHBOARDS
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B. For the equipment specified herein, the manufacturer shall be ISO 9000, 9001 or 9002 certified.

The manufacturer of this equipment shall have produced similar electrical equipment for a minimum of
ten (10) years.

D. Intent: In the following specifications, products of Siemens are used to provide a standard of quality and
performance for the work of this section.

2.2 GENERAL REQUIREMENTS

A. Construction

1.

Switchboard shall be of the modular type construction, constructed in accordance with the latest
NEMA PB-2 and UL 891 standards, with the required number of vertical sections bolted together
to form one metal enclosed rigid switchboard. The sides, top and rear shall be covered with
removable screw-on code gauge steel plates. Switchboard shall include all protective devices
and equipment as listed on drawings with necessary interconnections, instrumentation and
control wiring. All groups of control wires leaving the switchboard shall be provided with
terminal blocks with suitable numbering strips. Service entrance switchboards shall be suitable
only for use as service equipment and be labeled in accordance with UL requirements. System
voltage, amperage and interrupting capacity shall be as indicated on the drawings. Enclosure
construction shall be NEMA 3R-Gasketed outdoor according to requirement on one-line
diagram.

B. Bus Requirements

1.

The bus shall be of sufficient size to limit the temperature rise to 65 degree C, based on UL tests
and shall be fully rated the entire length of the switchboard. The bus shall be braced and
supported to withstand mechanical forces exerted during a short circuit from a power source
having the available short circuit current as indicated on the drawings. Provide a full capacity
neutral where a neutral is indicated on the drawings. The through bus on the end section shall
be extended and pre-drilled to allow the addition of future sections. Ground bus and grounding
conductor lug shall be furnished. Ground bus shall extend the entire length of the switchboard
and shall be firmly secured to each vertical section. Bus Material shall be silver-plated copper.

C. Incoming Service

1.

Underground Service: This section shall be of the non-bussed type and shall be sealable per local
utility requirements, when required.

2. Service Section: The service section shall be designed for the system parameters indicated and
shall have a main protective device indicated.
3. Screw-type mechanical lugs to terminate copper cable shall be provided as detailed on the
drawings.
D. Main Lugs where specified on drawings
1. The switchboard shall be main lugs only. Switchboards used for service entrance shall be limited
to six disconnects.
E. Main Protective Device where specified on drawings
1. Molded case circuit breaker: Molded case circuit breaker shall be of the quick-make, quick-break,
trip-free, solid state type. When solid state breakers are used, the continuous current rating shall
be adjustable from 20 to 100% without the need for a rating plug. Solid state breakers shall be
Siemens Sensitrip Ill, VL or equivalent design. Solid state breaker trip functions shall include
adjustments for continuous amperage, long time pickup and delay, instantaneous, short time
pickup and delay. Breaker ratings shall be as shown on the drawings.
2. WL Insulated Case Breaker, Fixed Mount Main:

a. Circuit breakers shall comply with the requirements of UL. Breakers shall be three-pole,
100% rated type or approved equal.

SWITCHBOARDS
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1) Circuit beaker element shall have spring charged/discharged indicators and circuit
breaker open or closed and ready to close indicators all of which shall be visible to
the operator with the compartment door closed.

Ratings: Interrupting up to 100 kA at 480V without fuses. Short time current ratings for

each circuit breaker shall be as indicated on the drawings or data tables. Circuit breakers

shall be 600-volt class.

Operating Mechanism: Mechanically and electrically trip-free, stored-energy operating

mechanism with the following features:

1) Normal Closing Speed: independent of both control and operator

Each low voltage circuit breaker shall be equipped with self-powered, microprocessor-

based trip-device to sense overload and short circuit conditions. The device shall measure

true RMS current. The tripping system shall consist of high accuracy (<1%) Rogowski coil
sensors on each phase, a release mechanism and the following features:

1) Field Installable and interchangeable front mounted trip units. Trip units can be
upgraded for future expansion in functionality, such as communication.

2) Functions: Long time, short time and extended instantaneous protection function
(EIP) shall be provided to allow the breaker to be applied at the withstand rating of
the breaker with minus 0% tolerance so that there is no instantaneous override
whatsoever. This feature shall furthermore allow the circuit breaker to be applied
up to the full instantaneous rating of the breaker on systems where the available
fault current exceeds the breakers withstand rating. Each shall have an adjustable
pick-up setting. In addition, long time and short time bands shall each have
adjustable time delay. Short time function shall include a switchable 1%t ramp. [I*
to improve coordination with fuses or inverse relays.]

3) A software program shall be made available free of charge to support system
coordination studies. The software will allow time current curves to be generated
for the chosen settings.

4.) Individual LED’s shall indicate an overcurrent, short circuit or ground fault trip
condition.

5) Time-current characteristics shall be field adjustable locally or optionally remotely
via a bus system [ModBus] [Profibus] [Ethernet].

6.) Current Adjustability shall be accomplished by use of dial settings and rating plugs
on trip units. The rating plug shall be front mounted and upgradeable. Upgrades
to the rating plugs shall not require changes to the CT.

7) Pickup Points: 10 Long Time Settings.

8.) Field Installable Ground-fault protection with at least three time-delay bands and
an adjustable current pickup and an 12t ramp. Arrange to provide protection for
four-wire service.

9. Field Installable Communications and metering functions shall be provided per
schedule

10.) An LCD display shall be available to simplify settings & viewing data locally.

11.) The option to remotely switch protection settings shall be provided whenever a
generator is part of the power distribution system.

12.) Field installable configurable digital output relays shall be available to connect
directly to the trip unit

Terminal Block Connections, shall be front mounted and utilize Screw Type Terminals.

Accessories shall be front mounted.

Field interchangeable accessories shall include CT’s, trip units, racking mechanism and all

internal & external accessories.

Main circuit breakers of frame size 1200Amps and larger shall be equipped with arc

energy reduction maintenance switch with indicating light in accordance with NEC 240.87.

Provide Siemens Dynamic Arc Sentry (DAS) or equivalent.

SWITCHBOARDS
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F. Distribution Sections

1. Panel-Mounted, Front Accessible Individual sections shall be front accessible, not less than 20”
deep and the rear of all sections shall align. Incoming line termination, main device connection
and all bolts used to join current-carrying parts shall be installed so as to permit servicing from
the front only so that no rear access is required. The branch devices shall be front removable
and panel mounted with line and load side connections front accessible. The interior shall be
capable of accepting panel mounted molded case circuit breakers or fusible switches up to 1200
A rating. Construction shall be Siemens SB type, or approved equal.

G. Distribution Section Branch Protective Device: All molded case circuit breakers or low voltage power
circuit breakers used as a protective device in a branch circuit shall meet the requirements of the
appropriate paragraph below.

1. Molded Case Circuit Breakers: MCCB’s shall be of quick-make, quick-break, trip-free thermal
magnetic or solid-state (Above 800Amp frame) type with frame, trip and voltage ratings, as
indicated on the drawings. The switchboard shall have space or fully equipped provisions for
future units as shown on the drawings.]

2. Insulated Case Circuit Breakers: Each insulated case circuit breaker shall be stationary frame,
stored energy type, trip free, manually operated operated, with solid-state trip device. Frame
sizes and trip ratings to be as shown on the drawings. All breakers to have an interrupting
capacity as indicated on the drawings. Breakers shall be Siemens Type WL Breaker design or
equivalent.

3. Distribution section circuit breakers of frame size 1200Amps and larger shall be equipped with
arc energy reduction maintenance switch with indicating light in accordance with NEC 240.87.
Provide Siemens Dynamic Arc Sentry (DAS) or equivalent.

H. Ground Fault Protection
1. Furnish and install in the service equipment and/or switchboard ground fault protection and
indication equipment as shown on drawings in accordance with NEC 230-95. All parts of the
systems specified shall be UL Listed. All new ground fault protection and indication equipment
shall be factory installed, wired and tested by the switchboard manufacturer.

. Metering Equipment
1. Provide a multi-function, high accuracy digital power metering instrumentation module equipped
with LCD display. The power metering module shall provide simultaneous measurements for
current, voltage and power parameters. Power meter shall be Siemens type PAC3200 equipped
with a communications port for standard RS-485 connection.

J. Finish
1. The complete switchboard shall be phosphatized and finished with ANSI 61 light gray polyester
powder paint.

K. Markings
1. Each switchboard section shall have a label permanently affixed to it, listing the following
information: Name of manufacturer, system voltage, ampacity, type, manufacturer's shop order
number and date.

2. Each section of switchboard shall bear a UL listing mark, where qualified and a short circuit rating
label.
3. Front, side, rear and top of each switchboard section will have a DANGER label in accordance

with NEMA Standard PB-2.

L. Provide Surge Protection Devices For Low-Voltage Electrical Power Circuits per specification Section 26
43 13.

PART 3 - EXECUTION

SWITCHBOARDS
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3.1 INSTALLATION

A. Examine substrates and conditions in which units will be installed. Check for clearance that will be
required before, during and after equipment installation. Do not proceed with installation until
unsatisfactory conditions are corrected.

B. Strictly comply with manufacturer's instructions and recommendations and NEMA PB 2.1. Coordinate
installation with adjacent work to ensure proper sequence of construction, clearances and support.

C. Install units plumb, level and rigid without distortion to the switchboard cubicle(s).
3.2 ADJUSTING AND CLEANING
A. Clean exposed surfaces using manufacturer recommended materials and methods.

B. Touch-up damaged coatings and finishes using non-abrasive materials and methods recommended by
manufacturer. Eliminate all visible evidence of repair.

3.3 TESTING
A. Perform factory and installation tests in accordance with applicable NEC, NEMA and UL requirements.

3.4 WARRANTY

A. Equipment manufacturer warrants that all goods supplied are free of non-conformities in workmanship
and materials for one year from date of initial operation, or up to eighteen months from date of
shipment.

END OF SECTION
SWITCHBOARDS
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SECTION 26 24 16

PANELBOARDS

PART 1 - GENERAL
1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and

Specification Sections, apply to this Section.
1.2 SUMMARY
A. This Section includes load centers and panelboards, overcurrent protective devices, and associated auxil-
iary equipment rated 600 V and less for the following types:

1.
2
3.
4. Expediate all material to be delivered in 25weeks.

Edit panelboards below to suit Project.

. Lighting and appliance branch-circuit panelboards.

Distribution panelboards.

B. Related Sections include the following:
1. List below only products, construction, and equipment that the reader might expect to find in this

Section but are specified elsewhere.
2. Retain subparagraph below if Project includes fusible panelboards.

3. Section "Fuses."
1.3 DEFINITIONS

6O mMmMmoO® >

Retain abbreviations that remain after this Section has been edited.
EMI: Electromagnetic interference.

GFCl: Ground-fault circuit interrupter.

. RFI: Radio-frequency interference.

RMS: Root mean square.

SPDT: Single pole, double throw.

. TVSS: Transient voltage surge suppressor.

1.4 SUBMITTALS
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, equip-
ment 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.

e. UL listing for series rating of installed devices.

Delete subparagraph below if series rating of overcurrent protective devices is not used.

PANELBOARDS
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f. 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. Delete paragraph below if independent testing agency is not used.

D. Qualification Data: Submit data for testing agencies indicating that they comply with qualifications speci-
fied 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 require-
ments.

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
other sections. In addition to requirements specified in Section "Contract Closeout," include the follow-
ing:

1. Manufacturer's written instructions for testing and adjusting overcurrent protective devices.
2. Time-current curves, including selectable ranges for each type of overcurrent protective device.
1.5 QUALITY ASSURANCE

A. Retain paragraph and subparagraph below if Contractor or manufacturer selects testing agency.

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.

1.6 COORDINATION

A. Edit below to delete or add types of equipment that affect panelboard installation.

B. Coordinate layout and installation of panelboards and components with other construction that pene-
trates walls or is supported by them, including electrical and other types of equipment, raceways, piping,
and encumbrances to workspace clearance requirements.

1.7 EXTRA MATERIALS
A. Extra materials may not be allowed for publicly funded projects. Revise quantity below to suit Project.
B. Keys: [SIX] 6 spares 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. Retain above for nonproprietary or below for semiproprietary Specification. Refer to Division 1 Section
"Materials and Equipment."

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

1. Lists below are examples only. Retain or insert only those manufacturers whose products correspond
with other requirements and whose availability and suitability for the application have been verified.
2. Panelboards, Overcurrent Protective Devices, Controllers, Contactors, and Accessories:
a. Eaton
b. Square D Co.

PANELBOARDS
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c. General Electric
d. Siemens

2.2 FABRICATION AND FEATURES

2.3

A

S -~ IommooOn

Enclosures: Flush- and surface-mounted cabinets. NEMA PB 1, Type 1, to meet environmental conditions
at installed location.

1. Delete items below if not applicable. Add other Project-specific requirements.

2. Outdoor Locations: NEMA 250, Type 3R.

3. Other Wet or Damp Indoor Locations: NEMA 250, Type 4.

4. Enclosures in hazardous locations must be carefully selected to meet the division and group listing of

the environment.
5. Hazardous Areas Indicated on Drawings: NEMA 250, Type 7C.

. Front: Secured to box with concealed trim clamps. For surface-mounted fronts, match box dimensions;

for flush-mounted fronts, overlap box.

. Retain paragraph above or below.
. Hinged Front Cover: Entire front trim hinged to box and with standard door within hinged trim cover.

Finish: Manufacturer's standard enamel finish over corrosion-resistant treatment or primer coat.
Directory Card: With transparent protective cover, mounted inside metal frame, inside panelboard door.

. Bus: Hard-drawn copper, 98 percent conductivity.
. Main and Neutral Lugs: Copper mechanical type suitable for use with conductor material.

Ten paragraphs below are special features. Add other required features and coordinate with Drawings.
Equipment Ground Bus: Copper and adequate for feeder and branch-circuit equipment ground conduc-
tors; bonded to box.

Service Equipment Label: UL labeled for use as service equipment for panelboards with main service dis-
connect switches.

Delete paragraph below if future provisions are not required.

.Isolated Equipment Ground Bus: Copper and adequate for branch-circuit equipment ground conductors;

insulated from box.

. Extra-Capacity Neutral Bus: Copper neutral bus rated 200 percent of phase bus and UL listed as suitable

for nonlinear loads.

O. Split Bus: Vertical buses divided into individual vertical sections.

Skirt for Surface-Mounted Panelboards: Same gage and finish as panelboard front with flanges for at-
tachment to panelboard, wall, and ceiling or floor.

. Gutter Barrier: Arrange to isolate individual panel sections.
. Column-Type Panelboards: Narrow gutter extension, with cover, to overhead junction box equipped with

ground and neutral terminal buses.
Feed-through Lugs: Copper mechanical type suitable for use with conductor material. Locate at opposite
end of bus from incoming lugs or main device.

PANELBOARD SHORT-CIRCUIT RATING

A.

B.

Select one of two paragraphs below for series-rated system or system that has panelboards and circuit
breakers rated for full value of short-circuit current available at location of equipment. Edit to suit Project
and coordinate with Drawings.

Fully rated to interrupt symmetrical short-circuit current available at terminals.

2.4 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS

PANELBOARDS
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A. Branch Overcurrent Protective Devices: Plug-in or bolt on circuit breakers, replaceable without disturbing
adjacent units.

B. Coordinate below with Drawings.

C. Doors: Front mounted with concealed hinges; secured with flush latch with tumbler lock; keyed alike.

2.5 DISTRIBUTION PANELBOARDS

A. Edit three paragraphs and associated subparagraphs below to suit Project. Coordinate with Drawings.

B. Doors: Front mounted, except omit in fused-switch panelboards; secured with vault-type latch with tum-
bler lock; keyed alike.

C. Main Overcurrent Protective Devices: Circuit breaker.

D. Branch overcurrent protective devices shall be one of the following:

1. For Circuit-Breaker Frame Sizes 125 A and Smaller: Plug-in or Bolt-on circuit breakers.

2. For Circuit-Breaker Frame Sizes Larger Than 125 A: Bolt-on circuit breakers; plug-in circuit breakers
where individual positive-locking device requires mechanical release for removal.

2.6 OVERCURRENT PROTECTIVE DEVICES
A. Edit three paragraphs and associated subparagraphs below to suit Project. Coordinate with schedules and
Drawings.
B. 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 instan-
taneous magnetic trip element for short circuits. Adjustable magnetic trip setting for circuit-breaker
frame sizes 250 A and larger.

2. 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.

3. Current-Limiting Circuit Breakers: Frame sizes 400 A and smaller; let-through ratings less than
NEMA FU 1, RK-5.

4. Integrally 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.

5. GFCI Circuit Breakers: Single- and two-pole configurations with [5] [30]-mA trip sensitivity.

C. 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.

D. Fused Switch: NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle.
PART 3 - EXECUTION
3.1 INSTALLATION
A. Install panelboards and accessories according to NEMA PB 1.1.
B. Mounting Heights: Top of trim 74 inches (1880 mm) above finished floor, unless otherwise indicated.

PANELBOARDS
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3.2

3.3

3.4

. Mounting: Plumb and rigid without distortion of box. Mount recessed panelboards with fronts uniformly

flush with wall finish.

. Revise paragraph below if "Balancing Loads" Paragraph is deleted from "Field Quality Control" Article be-

low.

. 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 directo-
ries are not acceptable.
Install filler plates in unused spaces.

. Revise below if "Balancing Loads" Paragraph is deleted from "Field Quality Control" Article below.
. Wiring in Panelboard Gutters: Arrange conductors into groups and bundle and wrap with wire ties after

completing load balancing.

IDENTIFICATION

A. Select Division 16 Section "Basic Electrical Materials and Methods" for projects with simple requirements
and Division 16 Section "Electrical Identification" for projects with complex requirements.

B. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs as
specified in Section "Basic Electrical Materials and Methods] [Electrical Identification."

C. Panelboard Nameplates: Label each panelboard with engraved metal or laminated-plastic nameplate
mounted with corrosion-resistant screws.

CONNECTIONS

A. Coordinate paragraphs below with Drawings.

B. Install equipment grounding connections for panelboards with ground continuity to main electrical
ground bus.

C. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening val-

ues. If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.

FIELD QUALITY CONTROL

A.

B.

C.

Prepare for acceptance tests as follows:
1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, and con-
trol circuit.
2. Test continuity of each circuit.

Testing: After installing panelboards and after electrical circuitry has been energized, demonstrate prod-
uct capability and compliance with requirements.

1. Procedures: Perform each visual 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; other-
wise, replace with new units and retest.

Balancing Loads: After Substantial Completion, but not more than 60 days after Final Acceptance, meas-
ure 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.

PANELBOARDS
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3. After circuit changes, recheck loads during normal load period. Record all load readings before and
after changes and submit test records.
4. Tolerance: Difference exceeding 20 percent between phase loads, within a panelboard, is not ac-
ceptable. Rebalance and recheck as necessary to meet this minimum requirement.
3.5 ADIJUSTING
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 sur-
faces to match original finish.

END OF SECTION
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SECTION 26 28 13

FUSES

PART 1 - GENERAL
1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary Condi-
tions and Specification Sections, apply to this Section.
1.2 SUMMARY
A. This Section includes the following:
1. Fuses.
1.3 SUBMITTALS
A. Use this Article to convey basic design intent. Delete if Drawings show sufficient detail to clari-
fy intent.
B. General: Submit each item in this Article according to the Conditions of the Contract and Speci-
fication Sections.
C. Product Data for each fuse type specified.
D. Select above or below. Data listed in paragraph below are appropriate where selective coordi-
nation is necessary.
E. Field test reports indicating and interpreting test results.
Maintenance data for tripping devices to include in the operation and maintenance manual
specified in other sections.
1.4 QUALITY ASSURANCE
A. Source Limitations: Obtain fuses from one source and by a single manufacturer.
B. Comply with NFPA 70 for components and installation.
C. Listing and Labeling: Provide fuses specified in this Section that are listed and labeled.
1. The Terms "Listed" and "Labeled": As defined in the National Electrical Code, Article 100.
2. Subparagraph below is required by some Federal agencies.
3. Listing and Labeling Agency Qualifications: A "Nationally Recognized Testing Laboratory"
(NRTL) as defined in OSHA Regulation 1910.7.
1.5 EXTRA MATERIALS
A. Extra materials may not be allowed for publicly funded projects.
B. Furnish extra materials described below that match products installed, are packaged with pro-
tective covering for storage, and are identified with labels describing contents.
1. Spare Fuses: Furnish quantity equal to 20 percent of each fuse type and size installed, but not
less than 1 set of 3 of each type and size.
PART 2 - PRODUCTS
2.1 MANUFACTURERS
A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering
fuses that may be incorporated into the Work include, but are not limited to, the following:

FUSES
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B. Retain above for nonproprietary or below for semiproprietary Specification. Refer to Division 1
Section "Materials and Equipment."

C. Manufacturers: Subject to compliance with requirements, provide fuses by one of the follow-
ing:
1. See Editing Instruction No. 1 in the Evaluations for cautions about naming products and

manufacturers.

Cooper Industries, Inc.; Bussmann Div.

Eagle Electric Mfg. Co., Inc.

. Ferraz Corp.

. General Electric Co.; Wiring Devices Div.

o UAWN

. Gould Shawmut.
7. Tracor, Inc.; Littelfuse, Inc. Subsidiary.
2.2 CARTRIDGE FUSES
A. Characteristics: NEMA FU 1, nonrenewable cartridge fuse; class as specified or indicated; cur-
rent rating as indicated; voltage rating consistent with circuit voltage.
2.3 SPARE FUSE CABINET
A. Cabinet: Wall-mounted, 0.05-inch- (1.27-mm-) thick steel unit with full-length, recessed piano-
hinged door with key-coded cam lock and pull.
1. Size: Adequate for orderly storage of spare fuses specified with 15 percent spare capacity
minimum.
2. Finish: Gray, baked enamel.
3. Identification: Stencil legend "SPARE FUSES" in 1-1/2-inch (40-mm) letters on door.
4. Fuse Pullers: For each size fuse.
PART 3 - EXECUTION
3.1 EXAMINATION
A. Examine utilization equipment nameplates and installation instructions to verify proper fuse lo-
cations, sizes, and characteristics.
B. Do not proceed with installation until unsatisfactory conditions have been corrected.
3.2 FUSE APPLICATIONS
A. Select and edit paragraphs below. Add paragraphs as Project requires to specify fuse applica-
tions rather than show them on Drawings.
B. Motor Branch Circuits: Class RK1, time delay.
C. Other Branch Circuits: Class RK5, non-time delay.
3.3 INSTALLATION
A. Install fuses in fusible devices as indicated. Arrange fuses so fuse ratings are readable without
removing fuse.
B. Install spare fuse cabinet where indicated.
3.4 IDENTIFICATION
A. Install typewritten labels on inside door of each fused switch to indicate fuse replacement in-
formation.

END OF SECTION
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SECTION 26 28 16.16

ENCLOSED SWITCHES

PART 1 - GENERAL
1.1 RELATED REQUIREMENTS
A. The General Provisions, Supplemental General Provisions, Special Provisions and Specification sections,
apply to work covered by this Section.
1.2 SCOPE OF WORK
A. Provide labor, materials, equipment, tools and services, and perform operations required for, and
reasonably incidental to, the providing of disconnect switches, including all related systems and
accessories.
1.3 SUBMITTALS
A. Submit product data and shop drawings in accordance with other Sections for products specified under
PART 2 - PRODUCTS.
B. Provide outline drawings with dimensions, and equipment ratings for voltage, amperage, horsepower
and short circuit.
C. Provide designations for each disconnect. RE: to section 16075.
14 REFERENCE STANDARDS
A. Switches shall be manufactured in accordance with the following standards:
1. UL 98 - Enclosed and Dead Front Switches
2. NEMA KS1 - Enclosed Switches
3. NEMA 250 - Enclosures for Electrical Equipment
PART 2 - PRODUCTS
2.1 MANUFACTURER
A. Eaton
B. Square D Co.
C. Siemens

2.2 GENERAL
A. Switches shall be heavy duty type.
2.3 SWITCH INTERIOR
A. Switches shall have switch blades which are visible when the switch is OFF and the cover is open.
D. Lugs shall be copper and front removable and UL listed for 60°C or 75°C conductors 30-100 ampere, 75°C
conductors 200 ampere and up.
E. Current carrying parts shall be plated to resist corrosion.
Switches shall have removable arc suppressor to facilitate easy access to line side lugs.
G. Switches shall have provisions for a field installable electrical interlock.
2.4 SWITCH MECHANISM
A. Switch operating mechanism shall be quick-make, quick-break such that, during normal operation of the
switch, the operation of the contacts shall not be capable of being restrained by the operating handle
after the closing or opening action of the contacts has started.
B. The operating handle shall be an integral part of the box, not the cover.

ENCLOSED SWITCHES
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C. Provisions for padlocking the switch in the OFF position with at least three padlocks shall be provided.

D. The handle position shall travel at least 90° between OFF and ON positions to clearly distinguish and
indicate handle position.

E. Switches shall have a dual cover interlock mechanism to prevent unintentional opening of the switch
cover when the switch is ON and prevent turning the switch ON when the cover is open. The cover
interlock mechanism shall have an externally operated override but the override shall not permanently
disable the interlock mechanism. The tool used to override the cover interlock mechanism shall not be
required to enter the enclosure in order to override the interlock.

2.5 SWITCH ENCLOSURES

A. Switch covers shall be attached with welded pin-type hinges (Type 1) or top-hinged, attached with
removable screws and securable in the open position (Type 3R).

B. The enclosure shall be finished with gray baked enamel paint which is electrodeposited on cleaned,
phosphate pre-treated steel (Type 1) or gray baked enamel paint which is electrodeposited on cleaned,
phosphate pre-treated galvannealed steel (Type 3R).

C. The enclosure shall have ON and OFF markings stamped into the cover.

D. The operating handle shall be provided with a dual colored, red/black position indication.

E. Switches shall have provisions to accept up to three 3/8" hasp padlocks to lock the operating handle in
the OFF position.

H. Tangential knockouts shall be provided to facilitate ease of conduit entry (Type 1).

I.  Type 3R enclosure shall contain no knockouts. Supply watertight hubs.

J.  Type 4x shall be stainless steel enclosure with no knockouts. Supply watertight hubs.

2.6 SWITCH RATINGS
Switches shall be horsepower rated.

B. The UL listed short circuit current rating of the switches shall be: 200,000 rms symmetrical amperes
when used with or protected by Class R or Class J fuses 30-600 ampere employing appropriate fuse
rejection schemes.

PART 3- EXECUTION

3.1 INSTALLATION
D. Install disconnect switches where indicated shown or not shown.
E. Install fuses in fusible disconnect switches.

END OF SECTION
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ALTERNATE#2

SECTION 26 43 13

SURGE PROTECTIVE DEVICES FOR LOW-VOLTAGE ELECTRICAL POWER CIRCUITS

PART 1 - GENERAL
1.1 RELATED REQUIREMENTS
A. The General Provisions, Supplemental General Provisions, Special Provisions, apply to work covered by

B.

this Section.
Comply with Electrical Sections, as applicable. Refer to other Sections for coordination of work.

1.2 SCOPE OF WORK

A.

B.

Provide labor, material, equipment, tools and services, and perform operations required for, and
reasonably incidental to, the providing of a high-energy power conditioning surge protection device(s) at
branch circuit panelboards where indicated on the Drawings. The device shall incorporate transient
voltage surge suppression (TVSS) and high-frequency electrical line noise filtering. The device shall
provide effective high energy transient voltage suppression, surge current diversion, high-frequency
attenuation, and line stabilization in ANSI/IEEE C62.41-2002 environments connected downstream from
the facility's main overcurrent protective device. The device shall be connected in parallel with the
facility's wiring system.

The device shall be installed as an integral part or external of the panelboard, switchboard.

1.3 SUBMITTALS

A.
B.

C.

E.

Submit product data and shop drawings for products specified under PART 2 - PRODUCTS.
Manufacturers' Product Data: Submit material specifications and installation data for products specified
under PART 2 - PRODUCTS.

Shop Drawings: Submit shop drawings to indicate information not fully described by the product data to

indicate compliance with the contract documents.

1 Include electrical characteristics and ratings for the specified equipment.

2 Include wiring diagrams indicating the internal connections of the specified equipment within its
enclosure.

3 Drawings shall be provided indicating device dimensions, weights, mounting provisions, connection
details and wiring diagrams.

4 Documentation of the specified device UL 1449 3" Edition voltage protection rating (VPR) and per mode
surge current rating shall be included. All submittals without this documentation will be rejected.

5 The manufacturer shall make available upon request certified documentation of applicable Location
Category Testing in full compliance with ANSI/IEEE C62.41-1991 and ANSI/IEEE C62.45-1987 Guidelines.

Record Drawings

1 A complete set of manufacturers' product data and shop drawings indicating all post bid revisions and
field changes.

1.4 QUALITY ASSURANCE

A.

Industry Reference Standards and Publications: The device shall be designed, manufactured, tested and

installed in compliance with the latest editions of:

1 American National Standards Institute (ANSI) and Institute of Electrical and Electronic Engineers
(ANSI/IEEE C62.41-2002 and C62.45-2002)

2 Federal Information Processing Standards Publication 94 (FIPS PUB 94)

National Electrical Manufacturers Association (NEMA LS-1)

4 National Fire Protection Association (NFPA 70, National Electrical Code (NEC), 75 and 78)

SURGE PROTECTIVE DEVICES FOR LOW-VOLTAGE ELECTRICAL POWER CIRCUITS
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ALTERNATE#2

5 Underwriters Laboratories UL 1449 Standard for Transient Voltage Surge Suppressors Surge Protection
Devices and UL 1283 Standard for Electromagnetic Interference Filters.
B. The device shall be UL listed under UL 1449 and UL 1283 complimentary listed.
C. The device shall be warranted against defects in material and/or workmanship and any failure or end-of-
life event including lighting for a minimum of TEN (10) years from the date of shipment.

E. The device shall be thoroughly factory-tested before shipment. Testing of the device shall include but
not be limited to quality control checks, maximum continuous operating voltage (MCOV) check, and
clamping voltage verification tests. The MCOV check shall consist of a minimum of one (1) hour burn-in
at the applicable MCOV.

F.

1.5 SYSTEM DESCRIPTION
A. Environmental Requirements
1 Storage Temperature: Storage temperature range shall be -402 to +852 C (-402 to +1852 F).
2 Operating Temperature: Operating temperature range shall be -402 to +602 C (-402 to 1409 F).
3 Relative Humidity: Operation shall be reliable in an environment with 5% to 95% non-condensing relative
humidity.
4 Operating Altitude: The device shall be capable of operation in an altitude of 0 - 12,000 feet above sea
level.
5 Audible Noise: The device shall not generate any audible noise.
6 Magnetic Fields: No appreciable magnetic fields shall be generated. The device shall be capable of use
directly in computer rooms in any location without danger to data storage systems or devices.
7 Electrical Requirements
8 Device Operating Voltage: The nominal operating voltage and configuration shall be that of the
switchgear, distribution panel, sub or branch panelboard. Maximum Continuous Operating Voltage
(MCOV): The allowable maximum continuous operating voltage of all suppression components utilized in
the unit shall not be less than 115% of the nominal operating voltage.
9 Operating Frequency: The operating frequency range of the device shall be 47 to 63 Hertz.
10 Protection Modes: The devices primary mode of protection shall be line-to-neutral. The secondary modes of
protection shall be line-to-ground and neutral-to-ground.
11 Surge Current Capacity and Voltage Protection Rating: Unless specifically noted on the drawings and/or the
schedules, the surge current capacity, and the voltage protection rating of the SPD shall be not less than listed on
the following table.

The above text gives you the option to request a specific Per 120/ | 277/480va
surge current rating on the riser or panel schedules Location Mode 208v | c3phase
5. Construction: SPD’s with a surge current rating of greater Surge ac3 VPR
than 155,000 amps per mode shall be field serviceable Current | phas
modular devices. SPD’s with a surge current rating of less Rating e
than 155,000 amps may be non-modular. VPR
Switchgear 200,000 | 900v 1200v
1.6 DOCUMENTATION amps
A. Equipment Manual. The manufacturer shall furnish an | pistribution 150,000 | 900v 1200v
equipment manual with installation, operation, and | panel amps
maintenance instructions for the system. SuborBranch | 100,000 | 900v 1200v
Panel amps

PART 2 - PRODUCTS
3.1 MANUFACTURER
1 SquareD
2 Cutler-Hammer

SURGE PROTECTIVE DEVICES FOR LOW-VOLTAGE ELECTRICAL POWER CIRCUITS
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3 Current Technology
4 THOR SYSTEMS

3.2 TRANSIENT VOLTAGE SURGE SUPPRESSION COMPONENTS
A. The device shall include a solid-state suppression system which includes arrays of fused non-linear
voltage dependent metal oxide varistors (MOV's) with similar operating characteristics. The suppression
system shall not utilize gas tubes, spark gaps, silicon avalance diodes or other components which might
short or crowbar the line, thus leading to interruption of normal power flow to or system upset of
connected loads. The suppression system shall not incorporate any other components which may
degrade performance or reliability of the

3.3 HIGH-FREQUENCY FILTER

A. The device shall include a UL 1283 high frequency extended range tracking filter. The filter shall reduce
fast rise-time, high-frequency, error-producing transients and electrical line noise eliminating
disturbances which may lead to system upset. The filter shall provide minimum insertion loss of 45 dB at
100 kHz attenuation frequency utilizing the MIL-STD-E220A 50 ohm insertion loss methodology.

3.4 INTERNAL CONNECTIONS
a. Allinternal wiring associated with the suppression/filter device and subject to surge currents shall utilize low-
impedance copper bus bar and/or #4 AWG copper conductor or larger. Allinternal connections associated
with the suppression/filter device and subject to surge currents shall be made with compression solderless-
type lugs and shall be bolted to the bus bars in order to reduce overall system impedance.

3.5 FIELD CONNECTIONS
A. The device shall include mechanical lugs for each phase, neutral and ground, or permanently connected
conductors as applicable. The lugs shall accommodate up to #4 AWG copper conductor.

3.6 ENCLOSURE
A. The device shall be provided in a surface mounted NEMA 1 type hinged enclosure, with a NEMA rating
that matches or exceeds that of the switchgear, distribution panel, sub or branch panelboard that is
being protected. of minimum 14 gauge steel, painted inside and out. Enclosure width shall not be
greater than 24 inches.

3.7 MONITORING
a. Thedevice shallinclude solid-state, long-life externally mounted LED visual status indicators that indicate the
on-line status of each phase of the unit.
Dry Contacts
Audible alarm with silence switch

d. For Service Entrance or Switchgear SPD’s: LED visual status indicators, Audible alarm with silence switch, Dry

Contacts plus Surge Event Counter.
PART 3 - EXECUTION
3.1 INSTALLATION

A. The installation and testing of the system shall be in full accordance with the manufacturer's installation,
operation and maintenance instructions, and all national and local codes.

B. The device shall be installed as close as practical to the facility's wiring system in accordance with NEC
Article 285, IEEE 1100-2005 section 8.4.2.5, plus applicable national/local electrical codes and the
manufacturer's recommended installation instructions. Connection shall be from a minimum 40A branch
circuit breaker in the switchgear, distribution panel or panelboard with #4 AWG copper conductors not
any longer than necessary, avoiding unnecessary bends. Advise the engineer if the installed In no case

[glen
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shall conductors will be longer than 3 feet in length. Verify circuit breaker size with manufacturer.

3.2 TESTING

A. The system shall be field tested in the presence of the Owner. At the same time operational procedures
shall be reviewed with the Owner.

B. If external test equipment is required, two (2) testers shall be furnished to the owner and two (2) training
sessions shall be furnished. The first training session shall be with 90 days of occupancy and the second
training session shall be not less eight months, but not more than 12 months after the first training
session. Training and test equipment shall be furnished at no additional cost to the owner.

END OF SECTION
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SECTION 283111

ADDRESSABLE FIRE ALARM SYSTEMS

PART 1 - GENERAL
1.1 RELATED REQUIREMENTS
A. The General Provisions, Supplemental General Provisions, Special Provisions and Specification Sections
apply to Work covered by this Section.
B. Comply with applicable sections in division 26. Refer to other Sections for coordination of the Work.

1.2 SCOPE

OF WORK

A. Provide labor, materials, equipment, tools and services, and perform operations required for, and
reasonably incidental to, the providing additional and new devices for new OR existing building. Include
all cost in bid for a complete operable code compliant fire alarm system.

LN EWNRE
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18.

Fire alarm control panel
Remote Annunciator
Addressable or conventional manual fire alarm stations.
Addressable analog and conventional area smoke detectors.
Conventional beam detectors.
Addressable analog and conventional duct smoke detectors.
Addressable analog and conventional heat detectors.
Sprinkler water flow alarm switches.
Audible notification appliances; bells, horns, chimes.
Visual notification appliances; strobes.
Central station alarm connection control.
Air handling systems shutdown control.
Magnetic door holder release.
Dry pipe sprinkler release valve/deluge valve control.
Sprinkler supervisory switches and tamper switch supervision.
Dry pipe sprinkler release valve/deluge valve supervision.
Battery standby.
System shall activate the overhead gates. Provide all accessories for an active system.

1.3 SUBMITTALS
A. Submit product data and shop drawings in accordance with other Sections for products specified under
PART 2 - PRODUCTS. Shop drawings shall be generated by the Fire Alarm Contractor without the
Engineers plans.
B. The submittal data shall include, but not necessarily be limited to, the following:

1.
2.

3.

Complete bill of material indicating quantity, part numbers and brief description.

Data sheets for all products. If multiple models are shown on the same data sheet, highlight the
specific model used.

Provide drawing with all devices.

1.4 REFERENCE STANDARDS
A. The fire alarm system devices specified herein shall be designed, manufactured, installed and tested
according to the latest version of the following standards:
1 National Fire Protection Association Standards

1.

2.
3.
4.,

NFPA 70 - National Electric Code (NEC), Articles 725 & 760.
NFPA 71 - Central Station Signaling Systems

NFPA 72 - National Fire Alarm Code (NFAC)

NFPA 92A - Smoke Control Systems

ADDRESSABLE FIRE-ALARM SYSTEMS

TRINITY MEP ENGINEERING, LLC 283111-1/8



5. NFPA 101 - Life Safety Code
6. Underwriters Laboratories, Inc.
7. UL 38 - Manually Activated Signaling Boxes
8. UL 228 - Door Holders for Fire Protective Signaling Systems
9. UL 268 - Smoke Detectors for Fire Protective Signaling Systems
10. UL268A - Smoke Detectors for Duct Applications
11. UL 346 - Waterflow Indicators for Fire Protective Signaling Systems
12. UL 464 - Audible Signaling Appliances
13. UL 864/U0JZ/APOU - Control Units for Fire Protective Signaling Systems
14. UL 1481 - Power Supplies for Fire Protective Signaling Systems
15. UL 1638 - Visual Signaling Appliances
16. UL 1711 - Amplifiers for Fire Protective Signaling Systems
17. UL 1971 - Standard for Fire Protective Signaling Systems
18.  Americans with Disabilities Act (ADA)
19. Local and State Building Codes
20. Local Authorities Having Jurisdiction (LAHJ)
1.5 QUALITY ASSURANCE

A. The fire alarm system devices shall be listed and labeled by Underwriters Laboratories, Inc. for use in fire
protective signaling system.

B. The Installing Contractor shall be factory authorized and trained and shall be NICET certified in the sub-
field of Fire Alarm Systems, for the engineering and technical installation and supervision of the system.
This certification shall be Level lll for engineering and Level Il for technical installation and supervision.
Proof of certification shall be provided. All work shall be performed by skilled technicians, under the
supervision and direction of the designated NICET engineering technician, all of whom shall be properly
trained and qualified for the work.

C. The fire alarm contractor shall not sub out portion of the work. The fire alarm shall be responsible to
complete the job.

D. Submission to Authority Having Jurisdiction: Submit copies of State Certificate as required by State Fire
Marshall. Provide copy with operating and maintenance manual.

1.6 QUALIFICATIONS

1. The fire alarm contractor, as a business entity, shall be an authorized and designated representative
of the equipment manufacturer and shall have been actively engaged in the business of selling,
installation and servicing fire alarm systems for a period of at least (5) years prior to the bid date.

2. The fire alarm contractor shall have an office within the Rio Grande Valley with trained
technicians who are qualified to manage the installation, to be responsible that the system is installed
as submitted, to conduct system start-up, to instruct the project coordinators representatives and
local authorities in the proper operation of the system, and to provide service throughout the
warranty period. 3. The fire alarm contractor SHALL NOT HAVE any grievances or complaints on
record regarding workmanship, code compliance, or service response with either the project
coordinator, Architect, Engineer, Owner or the State Fire Marshals office. A contractor that has any
prior finding(s) of a Fire Alarm license violation or has any litigation in process with the State Fire
Marshal is unacceptable.

3. The fire alarm contractor shall be an active installer on the approved manufacturer for a minimum of
5 years.

1.7 WARRANTY

1. Warranty of all control equipment, sensors, I/0 modules and all other peripherals and of materials,
installation and workmanship shall be for one (1) year from date of acceptance.

2. The Contractor shall guarantee all wiring and raceways to be free from inherent mechanical or
electrical defects for one (1) year from date of final acceptance.
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PART 2 - PRODUCTS
2.1 MANUFACTURER- new devices shall match existing provide additional devices needed to have a complete
operable code compliant Fire Alarm system.
A. WISD -Airport — Existing mfr: Silent Knight-#SK-5208
B. WISD -Memorial — Existing mfr: Honeywell —# IFP-300
C. WISD — North Bridge — Existing mfr: SK-5208
2.2 CIRCUITING GUIDELINES
D. Each addressable analog loop shall be circuited as shown on the drawings but device loading in not to
exceed 80% of loop capacity in order to leave for space for future devices. The loop shall have Class A
operation. When it is necessary to interface conventional initiating devices provide intelligent input
modules to supervise Class A zone wiring. The audio system components shall be an integral part of the
fire alarm system control panel.

2.3 DETECTORS
E. General

1.

Detectors shall be capable of full digital communications using both broadcast and polling protocol.
Each detector shall be capable of performing independent fire detection algorithms. The fire
detection algorithm shall measure sensor signal dimensions, time patterns and combine different fire
parameters to increase reliability and distinguish real fire conditions from unwanted deceptive
nuisance alarms. Signal patterns that are not typical of fires shall be eliminated by digital filters.
Detectors shall have an integral microprocessor capable of making alarm decisions based on fire
parameter information stored in the detector head. Distributed intelligence shall improve response
time by decreasing the data flow between detector and loop controller. Detectors not capable of
making independent alarm decisions shall not be acceptable. Maximum total loop response time for
detectors shall be 0.5 seconds.

Detectors shall have a separate means of displaying communication and alarm status. A green LED
shall flash to confirm communication with the loop controller. A red LED shall flash to display alarm
status. Both LEDs on steady shall indicate alarm-standalone mode status. Both LEDs shall be visible
through a full 360 degree viewing angle.

Detectors shall be capable of identifying diagnostic codes to be used for system maintenance. The
diagnostic codes shall be stored at the detector.

Detectors shall be capable of transmitting pre-alarm and alarm signals in addition to the normal,
trouble and need cleaning information. It shall be possible to program control panel activity to each
level. Each detector shall be individually programmable to operate at various sensibility settings.

The detector microprocessor shall contain an environmental compensation algorithm which identifies
and sets ambient "environmental thresholds." The microprocessor shall continually monitor the
environmental impact of temperature, humidity, other contaminates as well as detector aging. The
process shall employ digital compensation to adapt the detector to both long term and short term
environmental changes. The microprocessor shall monitor the environmental compensation value
and alert the system operator when the detector approaches the allowable environmental
compensation value. Differential sensing algorithms shall maintain a constant differential between
selected detector sensitivity and the "learned” base line sensitivity. The base line sensitivity
information shall be permanently stored at the detector.

The detector and loop controller shall provide increased reliability and inherent survivability through
intelligent conventional operation. The device shall automatically change to stand alone,
conventional device operation in the event of a loop controller polling communications failure. In the
standalone detector mode, the detector shall continue to operate using sensitivity and environmental
compensation information, stored in its microprocessor at the time of communications failure. The
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loop controller shall monitor the loop and activate a loop alarm if a detector reaches its alarm
sensitivity threshold.

. Detectors shall be capable of automatic electronic addressing and/or custom addressing. Devices
using DIP or rotary switches for addressing, either in the base or on the detector shall not be
acceptable.

9. Detectors shall be suitable for operation in the following environment:

10.
ii.

Vi.
vii.

1. Temperature: 329F to 120°F
2. Humidity: 0-93% RH, non-condensing
3. Elevation: Up to 6,000 ft.

Photoelectric Smoke Detectors
Addressable intelligent photoelectric smoke detectors shall be provided as indicated on the
Drawings. The detector shall use a light scattering type photo electric smoke sensor to sense
changes in air samples from its surroundings. An integral microprocessor shall dynamically
examine values from the sensor and initiate an alarm based on the analysis of data. The detector
shall utilize digital filters to remove signal patterns that are not typical of fires. Each detector shall
have twin red/green status LEDs. The red LED shall indicate alarm condition and green LED shall
indicate normal.
The detector shall continually monitor any changes in sensitivity due to the environmental affects
of dirt, smoke, temperature and humidity. The information shall be stored in the integral
processor and transferred to the loop controller.
Detector shall be programmable for different sensitivity during day and night periods.
The detector shall be suitable for direct insertion into air ducts up to 3 ft. high and 3 ft. wide with
air velocities up to 5,000 ft/min.
The detector shall be rated for ceiling installation at a minimum of 30 foot centers.
The percent smoke obscuration per foot alarm setpoint for the detector shall be field selectable to
various sensitive settings ranging from 1.0% to 3.5%.
Detector Mounting Bases
Detector mounting bases shall be suitable for mounting on a standard 4" square electrical outlet
box. The base shall contain no electronics, support all detector types and have the following
minimum requirements:
1. Removal of the respective detector shall not affect communications with other detectors.
2. Terminal connections shall be made on the room side of the base. Bases which must be
removed to gain access to the terminals shall not be acceptable.
3. Capable of supporting a remote LED indicator and test station. Provide remote LED
indicators and test stations as indicated on the Drawings.
Detector Mounting Plates
Provide detector mounting plate assemblies to facilitate mounting detectors for direct insertion
into low velocity ductwork. The mounting plate shall be code gauge steel with corrosion resistant
red enamel finish.
Duct Smoke Detectors
Air duct mounted smoke detectors shall be provided in the air supply stream of all central air
handling equipment above 2000 cfm, i.e. Provide all necessary interface wiring for proper system
operation.
The duct smoke detector shall be UL listed per UL 268A specifically for use in air handling systems.
The detector shall operate at velocities of 300-4000 ft./min. The detector housing shall be
equipped with an integral mounting base. It shall be capable of local testing via magnetic switch or
remote testing using a remote test station. The duct detector housing shall incorporate an airtight
smoke chamber in compliance with UL 268A. The housing shall be capable of mounting to either
rectangular or round ducts without adaptor brackets. An integral filter system shall be included to
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reduce dust and residue effects on detector housing, thereby reducing maintenance and servicing.
Sampling tubes shall be easily installed after the housing is mounted to the duct by passing
through the duct housing. The housing shall have a red enamel finish.
iii.  For each duct smoke detector provide a remote LED indicator and test station to be mounted in a
location indicated on the Drawings and approved by the local authority having jurisdiction.
b) SYSTEM MODULES
a. Addressable intelligent modules shall support supervised Class A circuits. The modules shall be
multi-function capable of field programming. The modules shall have a minimum of 2 diagnostic
LEDs mounted behind a finished cover plate. A green LED shall flash to confirm communication
with the loop controller. A red LED shall flash to display alarm status. The module shall be
capable of storing diagnostic codes which can be retrieved for troubleshooting assistance. Input
and output circuit wiring shall be supervised for open and ground faults. The module shall be
suitable for operation in the following environment:
i.Temperature: 32°F to 120°F (0°C to 49°C)
ii.Humidity: 0-93% RH, non-condensing
b. Single Input Module
i. Addressable intelligent single input modules shall be provided as required for the system
configuration. The single input module shall provide one (1) supervised Class A input circuit. The
module shall be suitable for mounting on 4” square electrical box. The single input module shall
support the following input circuit types:
1. Normally-Open Alarm Latching (Manual Stations, Smoke Detectors, etc.)
2. Normally-Open Alarm Delayed Latching (Waterflow Switches)
3. Normally-Open Active Non-Latching (Monitors, Fans, Dampers, Doors, etc.)
4. Normally-Open Active Latching (Supervisory, Tamper Switches)
c. Dual Input Module
1. Addressable intelligent dual input modules shall be provided as required for the system
configuration. The dual input module shall provide two (2) supervisedCLASS A input circuits.
The module shall be suitable for mounting on a standard 4” square electrical box. The dual
input module shall support the following input circuit types:
Normally-Open Alarm Latching (Manual Stations, Smoke Detectors, etc.)
Normally-Open Alarm Delayed Latching (Waterflow Switches)
Normally-Open Active Non-Latching (Monitors, Fans, Dampers, Doors, etc.)
5. Normally-Open Active Latching (Supervisory, Tamper Switches)
d. Monitor Module
1. Addressable intelligent monitor modules shall be provided as required for the system
configuration. The monitor module shall support one (1) supervised Class A normally-open
active non-latching monitor circuit. The monitor module shall be suitable for mounting on a
standard 4” square electrical box.
e. Waterflow/Tamper Module
1. Addressable intelligent waterflow/tamper modules shall be provided as required for the
system configuration. The waterflow/tamper module shall support two (2) supervised Class
A input circuits. Channel A shall support a normally-open alarm delayed latching waterflow
switch circuit. Channel B shall support a normally-open active latching tamper switch. The
waterflow/tamper module shall be suitable for mounting on a standard 4” square electrical
box.
f.  Single Input Signal Module
1. Addressable intelligent single input signal modules shall be provided as required for the
system configuration. The single input signal module shall provide one (1) supervised Class A
output circuit capable of supporting the operation of an audible/ visual sighal power selector

W
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and a telephone power selector with ring tone for fire fighter’s telephone. The module shall
be suitable for mounting on a standard 4” square electrical box.
g. Dual Input Signal Module
1. Addressable intelligent dual input signal modules shall be provided as required for the
system configuration. The dual input signal module shall provide a means to selectively
connect one of two (2) signaling circuits to one (1) supervised output circuit. The dual input
signal modules shall be capable of supporting the operation of an audible/visual signal power
selector. The module shall be suitable for mounting on a standard 4” square electrical box.
h. Control Relay Module
1. Addressable intelligent control relay modules shall be provided as required for the system
configuration. The control relay module shall provide one form “C” dry relay contact rated at
2 amps @ 24 Vdc to control external appliances or equipment shutdown. The control relay
shall be rated for pilot duty and releasing systems. The position of the relay contact shall be
confirmed by the system firmware. The control relay module shall be suitable for mounting
on a standard 4" square electrical box.
i. Universal Class A Module
i.Addressable intelligent class A modules shall be provided as required for the system
configuration. The universal class A module shall be capable of numerous operations.
The module shall be suitable for mounting on a standard 4” square electrical box. The
universal class A module shall support the following circuit types:
Two (2) supervised Class A Normally-Open Alarm Latching.
Two (2) supervised Class A Normally-Open Alarm Delayed Latching.
Two (2) supervised Class A Normally-Open Active Non-Latching.
Two (2) supervised Class A Normally-Open Active Latching.
One (1) form “C” dry relay contact rated at 2 amps @ 24 Vdc.
One (1) supervised Class A Normally-Open Alarm Latching.
One (1) supervised Class A Normally-Open Alarm Delayed Latching.
One (1) supervised Class A Normally-Open Active Non-Latching.
One (1) supervised Class A Normally-Open Active Latching.
10 One (1) supervised Class A 2-wire Smoke Alarm Non-Verified.
11.0ne (1) supervised Class A 2-wire Smoke Alarm Non-Verified.
12.0ne (1) supervised Class A 2-wire Smoke Alarm Verified
13.0ne (1) supervised Class A 2-wire Smoke Alarm Verified
14.0ne (1) supervised Class A Signal Circuit, 24Vdc @ 2A.
15.0ne (1) supervised Class A Signal Circuit, 24Vdc @ 2A.
c) MANUAL PULL STATIONS
a. Addressable intelligent dual action, non-break glass type, key reset, semi-flush mounted manual
pull stations shall be provided as indicated on the Drawings. The stations shall be of Lexan
construction, finished in red with white molded raised letters “PULL IN CASE OF FIRE”. The station
shall be suitable for mounting on a standard 4" square electrical box. The station shall have a
minimum of 2 diagnostic LEDs mounted on their integral, factory assembled single or two stage
input module. A green LED shall flash to confirm communication with the loop controller. A red
LED shall flash to display alarm status. The station shall be capable of storing diagnostic codes
which can be retrieved for troubleshooting assistance. Input circuit wiring shall be supervised for
open and ground faults. The fire alarm pull station shall be suitable for operation in the following
environment:
i.Temperature: 32°F to 120°F (0°C to 49°C)
ii.Humidity: 0-93% RH, non-condensing
d) ANCILLARY DEVICES
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a. Remote Relays
i.Multi-Voltage Control Relays
1. Remote control relays shall be provided as required for the system configuration for
connection to supervised ancillary circuits for control of fans, dampers, door releases, etc.
Relay contact ratings shall be SPDT or DPDT, as required, and rated for 10 amperes at 115
Vac. A single relay may be energized from a voltage source of 12 Vdc, 12 Vac, 24 Vdc, 24 Vac,
115 Vac, or 230 Vac, as required. A red LED shall indicate the relay is energized. A metal
enclosure shall be provided.
ii.Manual Override Control Relays
1. Remote control relays with a manual override shall be provided as required for the system
configuration for connection to supervised ancillary circuits for control of fans, dampers,
door releases, etc. Relay contact ratings shall be SPDT and rated for 10 amperes at 115 Vac
or 24 Vdc. A single relay may be energized from a voltage source of 24 Vdc or 24 Vac. A red
LED shall indicate the relay is energized.
iii.Heavy Duty Power Relays
1. Remote control relays shall be provided as required for the system configuration for
connection to supervised ancillary circuits for control of fans, dampers, door releases, etc.
Relay contact ratings shall be DPDT and rated for 30 amperes at 300 Vac or 2 HP motor load.
A single relay may be energized from a voltage source of 24 Vac,115 Vac, as required. A
metal enclosure shall be provided.
e) FIRE ALARM CABLE
a. The fire alarm cable shall plenum rated and be UL listed and suitable for use as power limited fire
protective signaling circuit cable in accordance with National Electric Code Article 760 (Fire Alarm
Systems) and Article 725 (Class 1, Class 2 and Class 3 - Remote Control, Signaling and Power-
Limited Circuits).
b. Cable Construction
i. Conductors shall be solid, soft annealed, uncoated copper.
ii. Insulation shall be 300 volt, 1052C polyvinylchloride.
iii.  Two conductor, non-shielded cables shall be parallel; shielded and three or more conductors shall
be cabled round.
iv.  Shielding shall be mylar backed aluminum foil, helically wrapped to provide 100% coverage. A
suitable copper drain wire shall be provided with shielded cables.
v. Jacket shall be red, 1052C polyvinylchloride, rated 300 volt.
vi. Cable shall be plenum rated when installed in air handling plenums.
c. Ingeneral, non-shielded cable is acceptable for use throughout except on voice circuits. All voice
circuits shall utilize shielded, twisted pair cable.

PART 3 - EXECUTION
3.1 APPROVALS
A. Complete fire alarm system drawings shall be issued to the Local Authority Having Jurisdiction for
approval prior to the installation of the fire alarm system.
3.2 INSTALLATION
A. Installation of the Fire Alarm System shall be in strict compliance with manufacturers recommendations.
The entire system shall be installed in accordance with approved manufacturers manuals and wiring
diagrams and as approved by the Local Authority Having Jurisdiction.
B. Fire alarm cable shall be installed in conduit in areas of exposed structure and within inaccessible
ceilings. Conduit shall also be provided from outlet boxes within walls stubbed up to accessible ceilings.
Provide end bushings on conduit stub-ups. Cable only is acceptable in accessible ceilings.
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C. All conduit, wiring, outlet boxes, junction boxes, cabinets and similar devices necessary for the complete
installation shall be included as part of the system. All junction box blank coverplates shall be labeled
with a red “F.A.” for identification purposes.

All wiring shall be color coded throughout.

E. The system shall be installed and fully tested under the supervision of trained manufacturer's

representatives. The system shall be demonstrated to perform all the functions as specified.

END OF SECTION
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