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SECTION 230500 - COMMON WORK RESULTS FOR HVAC

PART 1 - GENERAL

1.1 SUMMARY
A. This Section includes the following items which apply to all Division 23 sections:

Submittals.

Coordination drawings.

Record documents.

Maintenance manuals.

Piping materials and installation instructions common to most piping systems.
Transition fittings.

Dielectric fittings.

Mechanical sleeve seals.

Sleeves.

10. Escutcheons.

11. Grout.

12. Flashing.

13. Through penetration firestop assemblies.
14. HVAC demolition.

CoOoNOR~WNE

15. Equipment installation requirements common to equipment sections.
16. Painting and finishing.
17. Concrete bases.
18. Supports and anchorages.
B. Related Documents:
1. Drawings and general provisions of the contract, including General and Supple-

mentary Conditions and Division 01 Specification Sections, apply to this section
and the other sections of this Division.

2. Other sections of this Division, and of other Divisions, may contain requirements
that relate to this section.

1.2 DEFINITIONS
A. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred
spaces, pipe chases, unheated spaces immediately below roof, and spaces above ceilings,

unexcavated spaces, crawlspaces, and tunnels.

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

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

COMMON WORK RESULTS FOR HVAC 230500-1
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D.

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

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:

ABS: Acrylonitrile-butadiene-styrene plastic.
CPVC: Chlorinated polyvinyl chloride plastic.
PE: Polyethylene plastic.

PVC: Polyvinyl chloride plastic.

rPoONME

The following are industry abbreviations for rubber materials:

1. EPDM: Ethylene-propylene-diene terpolymer rubber.
2. NBR: Acrylonitrile-butadiene rubber.

Firestopping (Through-Penetration Protection System): Sealing of stuffing material or
assembly placed in spaces between and penetrations through building materials to arrest
movement of fire, smoke, heat, and hot gases through fire rated construction.

13 SUBMITTALS

A.

B.

Product Data for each kind of product indicated.
Welding certificates.

Firestopping Schedules: Submit schedule of opening locations and sizes, penetrating
items, and required listed design numbers to seal openings to maintain fire resistance
rating of adjacent assembly.

Submittal of shop drawings, product data, and samples will be accepted only when signed
and submitted by this Contractor and the General Contractor. Data submitted from
subcontractors and material suppliers directly to the Architect/Engineer will not be
processed.

Shop drawings submitted without this Contractor’s signature or approval and verification
will not be approved. Quantities will not be checked or verified. It is the Contractor’s
responsibility to provide the proper quantities required to complete the job.

Portions of the work requiring a shop drawing submittal shall not begin until the shop
drawing has been approved by the Engineer.

Submit wiring diagrams for all equipment requiring field wiring clearly showing all
required connections. This Contractor will send one copy of Engineer approved shop
drawings to the Electrical Contractor with a transmittal letter. Forward one copy of the
transmittal letter to the Engineer’s office.
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H.

Where catalog cuts are used, mark them to indicate equipment, capacities, controls,
fittings, valves, sizes, etc.

Reference each item to applicable specification paragraph number and plan sheet number.
Reference items not appearing in base specification to applicable alternate numbers,
change order numbers, letters of authorization, etc.

Engineers acceptance of Compliance Submittals will not relieve Contractor from his
responsibility for any deviations from the requirements of the Contract Documents unless
Contractor has in writing called Engineer’s attention to such deviation at the time of
submission and Engineer has given written approval to the specific deviation, nor shall
any acceptance by Engineer relieve Contractor from responsibility for errors or omissions
in Compliance Submittals.

14 GENERAL WORK REQUIREMENTS

A.

B.

Permits:

1. Obtain and pay for all licenses and permits, fees, inspection and certificates re-
quired for the execution of this work.

2. Pay fees and charges for connection to outside services and use of property.

3. Deliver permits and certificates to the Architect to be transmitted to the Owner.

Utility Services:

1. This Contractor shall pay for all expenses, deposits, reimbursements, etc., re-
quired by the local rules and codes for the service to the buildings, complete and
ready for use. See plot plan.

2. Consult gas, water and sewer utility for their requirements and for coordinating
with their installation. Contractor shall provide any work thus required beyond
that indicated by the drawings and specifications. He shall bear all expense in-
volved for the complete installation of the gas service (both temporary and per-
manent) to the building ready for operation, including utility service charges, ex-
cept as specifically excluded on the plans.

3. This Contractor shall consult all local departments to verify requirements and bid
installation for service in accordance with local codes and Utility company rules
and regulations.

15 RESPONSIBILITY

A.

This Contractor will be held responsible for any and all damage to any part of the
building or to the work of other contractors, as may be caused through his operation.

The operation and maintenance of the Mechanical Plant during construction shall be the
responsibility of this contractor until the acceptance of the building by the Owner.

This contractor shall make all provisions for entry of equipment, installed under this
contract, to the installed location. This contractor shall provide openings in existing
construction if necessary. This contractor shall do all repair necessary to restore the
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building to the original condition. During the period of entry of equipment and removal
of trash, no disruption of the Owner’s normal business shall occur.

1.6 QUALITY ASSURANCE

A. Execute work in compliance with all applicable Federal. State and Municipal laws, codes,
ordinances, and local customs regarding the trade to perform the work. The Contractor is
required to verify that all installations comply with applicable codes. The codes
applicable to this specific project may be listed on the Architect’s code compliance sheet.
If not, it is the Contractor’s responsibility to determine which codes apply to the
installations. Where code requirements conflict with those shown on the drawings and
specifications, the code requirements shall take precedence. The Contractor shall notify
the Architect immediately of any discrepancies between the applicable code requirements
and the documents. Changes made to comply with the applicable requirements shall not
justify an additional cost.

B. Inspect the existing site and conditions and check the drawings and specifications to be
fully informed of the requirements for completion of the work. Lack of such information
shall not justify an extra to the contract price.

C. The HVAC Work shall include labor, materials, and equipment to install systems and
place in proper working order, as shown on plans and hereinafter specified. The
installation shall include all labor, materials, tools, transportation, equipment, services
and facilities, required for the complete, proper and substantial installation of all
mechanical work shown on the plans, and/or outlined in these specifications. The
installation shall include all materials, appliances, and apparatus not specifically
mentioned herein or noted on the drawings but which are necessary to make a complete
working installation of all mechanical systems.

D. Material and equipment shall be new, of best quality and design and free from defects. A
manufacturer’s nameplate affixed in a conspicuous place will be required on each major
component of equipment stating manufacturer’s name, address and catalog number.

E. Furnish testing equipment and test all piping systems under methods and conditions as
specified.
F. Steel Support Welding: Qualify processes and operators according to AWS D1.1,

"Structural Welding Code--Steel."

G. Steel Pipe Welding: Qualify processes and operators according to ASME Boiler and
Pressure Vessel Code: Section IX, "Welding and Brazing Qualifications.”

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."
2. Certify that each welder has passed AWS qualification tests for welding process-
es involved and that certification is current.

H. Electrical Characteristics for HVAC Equipment: Equipment of higher electrical

characteristics may be furnished provided such proposed equipment is approved in
writing and connecting electrical services, circuit breakers, and conduit sizes are
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M.

appropriately modified. If minimum energy ratings or efficiencies are specified,
equipment shall comply with requirements.

Through Penetration Firestopping of Fire Rated Assemblies: UL 1479 and ASTM E814
with 0.10 inch water gage minimum positive pressure differential to achieve fire F-
Ratings and temperature T-Ratings as indicated on Drawings, but not less than 1-hour.

1. Wall Penetrations: Fire F-Ratings as indicated on Drawings, but not less than 1-
hour.
2. Floor and Roof Penetrations: Fire F-Ratings and temperature T-Ratings as indi-

cated on Drawings, but not less than 1-hour.
a. Floor Penetrations within Wall Cavities: T-Rating is not required.

Through Penetration Firestopping of Non-Fire Rated Floor and Roof Assemblies:
Materials to resist free passage of flame and products of combustion.

1. Noncombustible Penetrating Items: Noncombustible materials for penetrating
items connecting maximum of three stories.
2. Penetrating Items: Materials approved by authorities having jurisdiction for pene-

trating items connecting maximum of two stories.

Fire Resistant Joints in Fire Rated Floor, Roof, and Wall Assemblies: ASTM E1966 or
UL 2079 to achieve fire resistant rating as indicated on Drawings for assembly in which
joint is installed.

Fire Resistant Joints between Floor Slabs and Exterior Walls: ASTM E119 with 0.10 inch
water gage minimum positive pressure differential to achieve fire resistant rating as
indicated on Drawings for floor assembly.

Surface Burning Characteristics: 25/50 flame spread/smoke developed index when tested
in accordance with ASTM E84.

1.7 DELIVERY, STORAGE, AND HANDLING

A

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

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

18 WORKMANSHIP AND COORDINATION

A.

B.

Make installation substantially as shown on plans.

Pipe and duct routing and equipment location shown on the drawings are schematic in
nature. Make alterations in location of apparatus or piping as may be required to conform
to building construction without extra charge.
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C.

Equipment service clearances, per equipment manufacturer’s specifications, shall be
maintained from general construction. No pipe shall be installed within these clearances.
No piping shall be installed above electrical panels, starters or switchgear, or in elevator
equipment rooms.

Cooperate with other contractors in their installation of work.

The ductwork shall take precedence over all pipe work except where it is necessary to
maintain an even grade on the piping.

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

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

Coordinate requirements for access panels and doors for HVAC items requiring access
that are concealed behind finished surfaces.

Use only experienced mechanics.

1.9 ENVIRONMENTAL REQUIREMENTS

A

D.

Do not apply sealants, caulking, or mastic materials outside the range of the
manufacturer’s installation instructions.

Do not apply firestopping materials when temperature of substrate material and ambient
air is below 60 degrees F.

Maintain this minimum temperature before, during, and for minimum 3 days after
installation of firestopping materials.

Provide ventilation in areas to receive solvent cured materials.

1.10 ELECTRONIC DOCUMENT REQUESTS

A

The Contractor may request the use of the bidding documents in electronic format (CAD,
BIM, PDF etc.) for use in preparation of shop drawings and coordination drawings.

Professional Engineering Consultants, P.A. (PEC) reserves the right to refuse requests for
electronic files at its sole discretion. The format of the files will be at PEC’s sole
discretion.

All electronic documents provided are provided on an as-is basis, and are utilized by the
Contractor at his own risk. All files provided by the Engineer are subject to PEC’s
standard “CADD/Electronic File Disclaimer”. This disclaimer can be provided upon
request.

At PEC’s sole discretion, per sheet fee of up to $50 may be required to cover the costs of
preparing the electronic files for transmission.
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E.

By obtaining the bid document CAD or BIM files, the Contractor is not relieved from his
duty to create construction, shop and coordination drawings.

1.11 RECORD DOCUMENTS

A

Prepare record documents in accordance with Division 1. These drawings shall reflect
the actual “As-Built” condition including any change orders, of the mechanical systems
and installation. In addition to the requirements specified in Division 1, indicate the
following installed conditions:

1. Mains and branches of piping systems, with valves and control devices located
and numbered, concealed unions located, and with items requiring maintenance
located (i.e., traps, strainers, expansion compensators, tanks, etc.). Valve loca-
tion diagrams, complete with valve tag chart. Refer to Identification Section.
Indicate actual inverts and horizontal locations of underground piping.

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

3. Approved substitutions, contract modifications, and actual equipment and mate-
rials installed.

1.12  MAINTENANCE MANUALS

A.

Prepare Maintenance Manuals in accordance with Division 1 Sections. In addition to the
requirements specified in Division 1, include the following information for equipment
items:

1. Description of function, normal operating characteristics and limitations, perfor-
mance curves, engineering data and tests, and complete nomenclature and com-
mercial numbers of replacement parts.

2. Manufacturer’s printed operating procedures to include start-up, break-in, and
routine and normal operating instructions; regulation, control stopping, shut-
down, and emergency instructions.

3. Maintenance procedures for routing preventative maintenance and troubleshoot-
ing; disassembly, repair, and reassembly; aligning and adjusting instructions.

4. Approved shop drawing submittals.

5. Servicing instructions and lubrication charts and schedules.

6. Copy of valve tag chart.

1.13 FINAL ELECTRONIC SUBMITTAL

A

In addition to the hard-copy record documents above, provide a set of electronic
documents in PDF formats on CD-ROM media. The electronic shall include the
following:

1. Floor plans, O&M manuals, approved shop drawings, and valve tag schedules.

2. The floor plans shall contain labels and links for each piece of equipment speci-
fied in this Division. The equipment links shall open the O&M manual for the
respective piece of equipment with a single mouse click. Valve tag links shall
open the appropriate portion of the valve tag schedule.
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3. It is anticipated that there will be separate PDF floor plan documents for each
class of equipment, and separate PDF valve tag floor plan(s) for each unique sys-
tem. The exact format and quantity of PDF documents shall be submitted to the
Owner for approval prior to creation of the comprehensive final submittal.

PART 2 - PRODUCTS

2.1

2.2

2.3

2.4

2.5

MANUFACTURERS

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

1. Manufacturers: Subject to compliance with requirements, provide products by
the manufacturers specified or pre-approved equals.

PIPE, TUBE, AND FITTINGS

A. Refer to individual Division 23 piping Sections for pipe, tube, and fitting materials and
joining methods.

B. Pipe Threads: ASME B1.20.1 for factory-threaded pipe and pipe fittings.
JOINING MATERIALS

A Refer to individual Division 23 piping Sections for special joining materials.
DIELECTRIC FITTINGS

A Description: Combination fitting of copper alloy and ferrous materials with threaded,
solder-joint, plain, or weld-neck end connections that match piping system materials.

B. Insulating Material: Suitable for system fluid, pressure, and temperature.
C. Dielectric Unions: Not allowed.
D. Dielectric Nipples: Electroplated steel nipple with inert and noncorrosive, thermoplastic

lining; plain, threaded, or grooved ends; and 300-psig (2070-kPa) minimum working
pressure at 225 deg F (107 deg C).

MECHANICAL SLEEVE SEALS

A. Description: Modular sealing element unit, designed for field assembly, to fill annular
space between pipe and sleeve.

1. Manufacturers:
a. Advance Products & Systems, Inc.
b. Calpico, Inc.
C. Metraflex Co.
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d. Pipeline Seal and Insulator, Inc.
2. Sealing Elements: EPDM interlocking links shaped to fit surface of pipe. In-

clude type and number required for pipe material and size of pipe.

Pressure Plates: Stainless steel. Include two for each sealing element.

4. Connecting Bolts and Nuts: Stainless steel of length required to secure pressure
plates to sealing elements. Include one for each sealing element.

w

2.6 SLEEVES

A. Galvanized-Steel Sheet: 0.0239-inch minimum thickness; round tube closed with welded
longitudinal joint.

B. Steel Pipe: ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.

C. Cast Iron: Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with
plain ends and integral waterstop, unless otherwise indicated.

D. Stack Sleeve Fittings: Manufactured, cast-iron sleeve with integral clamping flange.
Include clamping ring and bolts and nuts for membrane flashing.

1. Underdeck Clamp: Clamping ring with set screws.
E. Molded PVC: Permanent, with nailing flange for attaching to wooden forms.
F. PVC Pipe: ASTM D 1785, Schedule 40.
G. Molded PE: Reusable, PE, tapered-cup shaped and smooth-outer surface with nailing

flange for attaching to wooden forms.
2.7 ESCUTCHEONS
A. Description: Manufactured wall and ceiling escutcheons and floor plates, with an ID to
closely fit around pipe, tube, and insulation of insulated piping and an OD that

completely covers opening.

B. One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with polished chrome-
plated finish.

C. One-Piece, Cast-Brass Type: With set screw.

1. Finish: Polished chrome-plated and rough brass.
D. Split-Casting, Cast-Brass Type: With concealed hinge and set screw.
1. Finish: Polished chrome-plated and rough brass.
E. One-Piece, Stamped-Steel Type: With set screw or spring clips and chrome-plated finish.

COMMON WORK RESULTS FOR HVAC 230500-9



Poudre School District Permit Set
Fort Collins HS Chiller Replacement May 25, 2022

F.

Split-Plate, Stamped-Steel Type: With concealed set screw or spring clips, and chrome-
plated finish.

G. One-Piece, Floor-Plate Type: Cast-iron floor plate.
H. Split-Casting, Floor-Plate Type: Cast brass with concealed hinge and set screw.
2.8 GROUT
A Description: ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement

grout.

1. Characteristics:  Post-hardening, volume-adjusting, nonstaining, noncorrosive,
nongaseous, and recommended for interior and exterior applications.

2. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.

3. Packaging: Premixed and factory packaged.

2.9 FLASHING

A.

B.

E.

Metal Flashing: 26 gage (0.5 mm) thick galvanized steel.
Metal Counterflashing: 22 gage (0.8 mm) thick galvanized steel.
Lead Flashing:

1. Waterproofing: 5 Ib./sq. ft (24.5 kg/sq m) sheet lead.
2. Soundproofing: 1 Ib./sq. ft (5 kg/sq m) sheet lead.

Flexible Flashing: 47 mil (1.2 mm) thick sheet of material compatible with roofing.
Coordinate with Architectural roofing specifications.

Caps: Steel, 22 gage (0.8 mm) minimum; 16 gage (1.5 mm) at fire resistant elements.

2.10 FIRESTOPPING

A.

Manufacturers:
1. Hilti Corp.
2. 3M fire Protection Products

Product Description: Different types of products by multiple manufacturers are
acceptable as required to meet specified system description and performance
requirements; provide only one type for each similar application.

1. Silicone Firestopping Elastomeric Firestopping: Single or multiple component
silicone elastomeric compound and compatible silicone sealant.

2. Foam Firestopping Compounds: Single or multiple component foam compound.

3. Formulated Firestopping Compound of Incombustible Fibers: Formulated com-

pound mixed with incombustible non-asbestos fibers.
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4. Fiber Stuffing and Sealant Firestopping: Composite of mineral or ceramic fiber

stuffing insulation with silicone elastomer for smoke stopping.
5. Mechanical Firestopping Device with Fillers: Mechanical device with incombus-

tible fillers and silicone elastomer, covered with sheet stainless steel jacket,
joined with collars, penetration sealed with flanged stops.

6. Intumescent Firestopping: Intumescent putty compound which expands on expo-
sure to surface heat gain.
7. Firestop Pillows: Formed mineral fiber pillows.
C. Color: As selected from manufacturer’s full range of colors.
D. Coordinate the above requirements with Division 7.

2.11 FIRESTOPPING ACCESSORIES

A Primer: Type recommended by firestopping manufacturer for specific substrate surfaces
and suitable for required fire ratings.

B. Installation Accessories: Provide clips, collars, fasteners, temporary stops or dams, and
other devices required to position and retain materials in place.

C. General:
1. Furnish UL listed products.
2. Select products with rating not less than rating of wall or floor being penetrated.
D. Non-Rated Surfaces:
1. Stamped steel, chrome plated, hinged, split ring escutcheons or floor plates or
ceiling plates for covering openings in occupied areas where piping is exposed.
2. For exterior wall openings below grade, furnish mechanical sealing device to

continuously fill annular space between piping and cored opening or water-stop
type wall sleeve.

2.12  ACCESS DOORS

A If specified in Division 7 that section shall apply. Where not specified in Division 7
provide access doors as follows.

B. Steel Access Doors and Frames: Factory-fabricated and assembled units, complete with
attachment devices and fasteners ready for installation.  Joints and seams shall be
continuously welded steel, with welds ground smooth and flush with adjacent surfaces.

C. Frames: 16-gage steel, with a 1-inch-wide exposed perimeter flange for units installed in
unit masonry, pre-cast, or cast-in-place concrete, ceramic tile, or wood paneling.

1. For installation in masonry, concrete, ceramic tile, or wood paneling: 1 inch-
wide-exposed perimeter flange and adjustable metal masonry anchors.
2. For gypsum wallboard or plaster: perforated flanges with wallboard bead.
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3. For full-bed plaster applications: galvanized expanded metal lath and exposed
casing bead, welded to perimeter of frame.

D. Flush Panel Doors: 14-gage sheet steel, with concealed spring hinges or concealed
continuous piano hinge set to open 175 degrees; factory-applied prime paint.

1. Fire-Rated Units: Insulated flush panel doors, with continuous piano hinge and
self-closing mechanism.

E. Locking Devices: Where indicated, provide 5-pin or 5-disc type cylinder locks
individually keyed; provide 2 keys.

F. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1. Bar-Co., Inc.
2. J.L. Industries.
3. Karp Associates, Inc.
4, Milcor Div. Inryco, Inc.
5. Nystrom, Inc.

2.13 DRIPPANS
A. Provide drip pans fabricated from corrosion-resistant sheet metal with watertight joints,

and with edges turned up 2-1/2". Reinforce top, either by structural angles or by rolling
top over 1/4" steel rod. Provide hole, gasket, and flange at low point for watertight joint
and 1" drainline connections.

PART 3 - EXECUTION

3.1 HVAC DEMOLITION REQUIREMENTS

A. This contractor shall closely coordinate with the Owner and/or his representative the
timing and schedule for any temporary cutoffs of any mechanical systems. The valve
location and scheduled shutdown shall be closely coordinated with the Owner. It is
recognized that temporary shutdown of systems will be required. These shall be
scheduled in advance with Owner’s representatives and restored to full service at the end
of the work period.

B. Disconnect, demolish, and remove HVAC systems, equipment, and components
indicated to be removed.

1. Piping to Be Removed: Remove portion of piping indicated to be removed and
cap or plug remaining piping with same or compatible piping material.

2. Ducts to Be Removed: Remove portion of ducts indicated to be removed and
plug remaining ducts with same or compatible ductwork material.

3. Ducts to Be Abandoned in Place: Cap or plug ducts with same or compatible
ductwork material.

4. Equipment to Be Removed: Disconnect and cap services and remove equipment.
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5. Equipment to Be Removed and Salvaged: Disconnect and cap services and re-
move equipment and deliver to Owner.

C. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable,
remove damaged or unserviceable portions and replace with new products of equal
capacity and quality.

D. Contractor shall provide protective plastic drop cloths to protect the existing occupied
areas and equipment from dust and debris during the construction work, and shall clean
the areas of all construction dirt daily, and upon completion of the work.

E. Connection to existing piping for HVAC, fire sprinkler or domestic water will require
temporary shutdown of those mains to accomplish the new tie-ins. Closely coordinate
and schedule this work with the Owner.

F. All drained piping risers and mains shall be refilled with fluid and properly vented by this
Contractor.
G. Coordinate with General Contractor the removal and replacement of all existing ceilings,

walls, etc. as required for mechanical demolition work.
3.2 PIPING SYSTEMS - COMMON REQUIREMENTS

A. Install piping according to the following requirements and Division 23 Sections
specifying piping systems.

B. 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 specially noted and approved on
Coordination Drawings.

C. Install piping in concealed locations, unless otherwise indicated and except in equipment
rooms and service areas.

D. Install piping indicated to be exposed and piping in equipment rooms and service areas at
right angles or parallel to building walls. Diagonal runs are prohibited unless specifically
indicated otherwise.

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel
removal.

F. Install piping to permit valve servicing.

G. Install piping at indicated slopes.

H. Install piping free of sags and bends.

. Install fittings for changes in direction and branch connections.
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J. Install piping to allow application of insulation.
K. Select system components with pressure rating equal to or greater than system operating
pressure.
L. Install escutcheons for penetrations of walls, ceilings, and floors according to the
following:
1. New Piping:

a. Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep-
pattern type.

b. Chrome-Plated Piping:  One-piece, cast-brass type with polished
chrome-plated finish.

C. Insulated Piping: One-piece, stamped-steel type with spring clips.

d. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-
piece, cast-brass or stamped steel type with polished chrome-plated fin-
ish.

e. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece, cast-
brass type or stamped steel with polished chrome-plated finish.

f. Bare Piping in Unfinished Service Spaces: One-piece, stamped-steel
type with concealed or exposed-rivet hinge and set screw.

g. Bare Piping in Equipment Rooms: One-piece, stamped-steel type with
set screw.

h. Bare Piping at Floor Penetrations in Equipment Rooms: One-piece,

floor-plate type.

2. Existing Piping: Use the following:

a. Chrome-Plated Piping: Split-casting, cast-brass type with chrome-plated
finish.

b. Insulated Piping: Split-plate, stamped-steel type with concealed or ex-
posed-rivet hinge and spring clips.

C. Bare Piping at Wall and Floor Penetrations in Finished Spaces: Split-
casting, cast-brass or stamped steel type with chrome-plated finish.

d. Bare Piping at Ceiling Penetrations in Finished Spaces: Split-casting,
cast-brass or stamped steel type with chrome-plated finish.

e. Bare Piping in Unfinished Service Spaces: Split-plate, stamped-steel
type with concealed or exposed-rivet hinge and set screw or spring clips.

f. Bare Piping in Equipment Rooms: Split-plate, stamped-steel type with
set screw or spring clips.

g. Bare Piping at Floor Penetrations in Equipment Rooms: Split-casting,

floor-plate type.

M. Sleeves are not required for core-drilled holes.
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N. 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.

N

Install sleeves in new walls and slabs as new walls and slabs are constructed.
3. Install sleeves that are large enough to provide 1/4-inch annular clear space be-
tween sleeve and pipe or pipe insulation. Use the following sleeve materials:

a. Steel Pipe Sleeves: For pipes smaller than NPS 6.

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

C. Stack Sleeve Fittings: For pipes penetrating floors with membrane wa-

terproofing. Secure flashing between clamping flanges. Install section
of cast-iron soil pipe to extend sleeve to 2 inches above finished floor
level. Refer to Division 07 for flashing.

1) Seal space outside of sleeve fittings with grout.

4. Except for underground wall penetrations, seal annular space between sleeve and
pipe or pipe insulation, using joint sealants appropriate for size, depth, and loca-
tion of joint. Refer to Division 07 Sections for materials and installation.

0. Aboveground, Exterior-Wall Pipe Penetrations: Seal penetrations using sleeves and
mechanical sleeve seals. Select sleeve size to allow for 1-inch (25-mm) annular clear
space between pipe and sleeve for installing mechanical sleeve seals.

1. Install steel pipe for sleeves smaller than 6 inches (150 mm) in diameter.

2. Install cast-iron "wall pipes" for sleeves 6 inches (150 mm) and larger in diame-
ter.

3. Mechanical Sleeve Seal Installation: Select type and number of sealing elements

required for pipe material and size. Position pipe in center of sleeve. Assemble
mechanical sleeve seals and install in annular space between pipe and sleeve.
Tighten bolts against pressure plates that cause sealing elements to expand and
make watertight seal.

P. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and
floors at pipe penetrations. Seal pipe penetrations with firestop materials.

3.3 ROUGH-IN

A. Verify final locations for rough-ins with field measurements and with the requirements of
the actual equipment to be connected. The Contractor shall field verify all existing
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conditions and dimensions. The Contractor shall make field adjustments as required to
accommodate the new work.

B. Verify final equipment locations for roughing-in.

C. Refer to equipment specifications in other Sections of these Specifications for roughing-
in requirements.

3.4 PIPING JOINT CONSTRUCTION

A. Join pipe and fittings according to the following requirements and Division 23 Sections
specifying piping systems.

B. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.
C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before
assembly.

D. Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated,
to tube end. Construct joints according to ASTM B 828 or CDA's "Copper Tube
Handbook," using lead-free solder alloy complying with ASTM B 32.

E. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and
Tube™ Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.

F. 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:

1. Apply appropriate tape or thread compound to external pipe threads unless dry
seal threading is specified.
2. 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.

G. Welded Joints: Construct joints according to AWS D10.12, using qualified processes and
welding operators according to Part 1 "Quality Assurance" Article.

H. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service
application. Install gasket concentrically positioned. Use suitable lubricants on bolt
threads.

l. Plastic Piping Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe and
fittings according to the following:

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

2. CPVC Piping: Join according to ASTM D 2846/D 2846M Appendix.

3. PVC Pressure Piping: Join schedule number ASTM D 1785, PVC pipe and PVC

socket fittings according to ASTM D 2672. Join other-than-schedule-number
PVC pipe and socket fittings according to ASTM D 2855.
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4. PVC Nonpressure Piping: Join according to ASTM D 2855.
J. Plastic Pressure Piping Gasketed Joints: Join according to ASTM D 3139.
K. Plastic Nonpressure Piping Gasketed Joints: Join according to ASTM D 3212.
L. PE Piping Heat-Fusion Joints: Clean and dry joining surfaces by wiping with clean cloth

3.5

3.6

3.7

or paper towels. Join according to ASTM D 2657 using manufacturer certified
mechanics and tools.

1. Plain-End Pipe and Fittings: Use butt fusion.
2. Plain-End Pipe and Socket Fittings: Use socket fusion.

PIPING CONNECTIONS

A.

Make connections according to the following, unless otherwise indicated:

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

final connection to each piece of equipment.

EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

A

D.

Install equipment to allow maximum possible headroom unless specific mounting heights
are indicated.

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

Install HVAC 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.

Install equipment to allow right of way for piping installed at required slope.

MECHANICAL INSTALLATIONS

A.

General:  Sequence, coordinate, and integrate the various elements of mechanical
systems, materials, and equipment. Comply with the following requirements:

1. Coordinate mechanical systems, equipment, and materials installation with other
building components, including the structure, fire sprinklers, and the electrical
lights and equipment.

2. Verify all dimensions by field measurements.

3. Arrange for chases, slots, and openings in other building components during pro-
gress of construction, to allow for mechanical installations.

4. Coordinate the installation of required supporting devices and sleeves to be set in
poured-in-place concrete and other structural components, as they are construct-
ed.
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10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

Sequence, coordinate, and integrate installations of mechanical materials and
equipment for efficient flow of the work. Give particular attention to large
equipment requiring positioning prior to closing in the building.

Where mounting heights are not detailed or dimensioned, install systems, materi-
als, and equipment to provide the maximum headroom possible.

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

Install systems, materials, and equipment to conform with approved submittal da-
ta, including coordination drawings, to greatest extent possible. Conform to ar-
rangements indicated by the Contract Documents, recognizing that portions of
the work are shown only in diagrammatic form. Where coordination require-
ments conflict with individual system requirements, refer conflict to the Archi-
tect.

Install systems, materials, and equipment level and plumb, parallel and perpen-
dicular to other building systems and components, where installed exposed in fin-
ished spaces.

Install access panel or doors where units are concealed behind finished surfaces.
Install systems, materials, and equipment giving right-of-way priority to systems
required to be installed at a specified slope, or systems requiring a fixed access
clearance.

The Mechanical Contractor shall locate and mark the location of all holes and
openings which require blocking out, cutting or core drilling.

All square openings through precast concrete shall be blocked out by precast
manufacturer. All openings 6" dia. or larger shall be blocked out by precast
manufacturer. All holes less than 6" dia. may be core drilled.

Contractor shall review with Owner location, accessibility, and method of operat-
ing all HVAC shut-off valves located in plumbing chases, ceiling cavity and me-
chanical rooms.

This Contractor shall assist with and provide supervised start-up of the hot water
systems, involving air venting, drainage, etc. Monitor the air venting until all air
has been eliminated from the building system and the lines within the buildings
are completely filled with fluid, or steam as applicable.

The ceiling cavity space is limited. Therefore the ductwork and piping locations
shall be closely coordinated with each other as well as the lights, ceiling height,
electrical conduit and fire sprinkler piping.

Ductwork and piping shall rise into the joist or beam space and run between
joists or beams where shown on the drawings and as may be required, whether
specifically shown or not, to avoid conflict with other trades.

This Contractor shall be responsible for coordination with the fire sprinkler sub-
contractor, plumbing contractor, and the Electrical Contractor as required to
avoid and or resolve conflicts. Conflicts between piping, ducts, electrical, sprin-
klers, etc. shall be resolved with no additional cost or change to the contract
amount.

Where new work conflicts with existing ductwork or piping (plumbing, HVAC,
fire protection, etc.) this contractor shall relocate those items as required to make
way for new work without additional charges.
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3.8 CUTTING AND PATCHING

A General: Perform cutting and patching in accordance with Division 1. In addition to the
requirements specified in Division 1, the following requirements apply:

1. Protection of Installed Work: During cutting and patching operations, protect ad-
jacent installations.

B. Perform cutting, fitting, and patching of mechanical equipment and materials required to:
1. Uncover work to provide for installation of ill-timed work.
2. Remove and replace defective work.
3. Remove and replace work not conforming to requirements of the Contract Doc-
uments.
4, Remove samples of installed work as specified for testing.
5. Install equipment and materials in existing structures.
6. Upon written instructions from the Architect, uncover and restore work to pro-

vide for Architect/Engineer observation of concealed work.
3.9 PAINTING
A. Painting of HVAC systems, equipment, and components is specified in other divisions.

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

3.10 CONCRETE BASES

A. Concrete Bases:  Anchor equipment to concrete base according to equipment
manufacturer’s written instructions and according to codes at Project.

1. Construct concrete bases of dimensions indicated, but not less than 4 inches larg-
er in both directions than supported units.
2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise

indicated, install dowel rods on 18-inch (450-mm) centers around the full perime-
ter of the base.

3. Install epoxy-coated anchor bolts for supported equipment that extend through
concrete base, and anchor into structural concrete floor.
4, Place and secure anchorage devices. Use supported equipment manufacturer’s

setting drawings, templates, diagrams, instructions, and directions furnished with
items to be embedded.

5. Install anchor bolts to elevations required for proper attachment to supported
equipment.

6. Install anchor bolts according to anchor-bolt manufacturer’s written instructions.

7. Use 3000-psi 38-day compressive-strength concrete and reinforcement. Refer to

architectural and structural for additional requirements.
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3.11

3.12

3.13

3.14

ERECTION OF METAL SUPPORTS AND ANCHORAGES

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

B. Field Welding: Comply with AWS D1.1.
GROUTING

A Mix and install grout for HVAC equipment base bearing surfaces, pump and other
equipment base plates, and anchors.

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

C. Provide forms as required for placement of grout.

D. Avoid air entrapment during placement of grout.

E. Place grout, completely filling equipment bases.

F. Place grout on concrete bases and provide smooth bearing surface for equipment.
G. Place grout around anchors.

H. Cure placed grout.

INSTALLATION - FLASHING

A Provide flexible flashing and metal counterflashing where piping penetrates weather or
waterproofed walls, floors, and roofs. Refer to Division 7.

INSTALLATION - FIRESTOPPING

A. Install material at fire rated construction perimeters and openings containing penetrating
sleeves, piping and other items, requiring firestopping.

B. Apply primer where recommended by manufacturer for type of firestopping material and
substrate involved, and as required for compliance with required fire ratings.

C. Apply firestopping material in sufficient thickness to achieve required fire and smoke
rating. Install per manufacturer’s instructions to comply with appropriate listing.

D. Fire Rated Surface:
1. Seal openings as follows:

a. Install sleeve through opening and extending beyond minimum of 1 inch
(25 mm) on both sides of building element.
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b. Size sleeve allowing minimum of 1 inch (25 mm) void between sleeve
and building element.
C. Pack void with backing material.
d. Seal ends of sleeve with UL listed fire resistive silicone compound to

meet fire rating of structure penetrated.

E. Non-Rated Surfaces:
1. Seal openings, where required by code, through non-fire rated openings as fol-
lows:
a. Install sleeve through opening and extending beyond minimum of 1 inch
(25 mm) on both sides of building element.
b. Size sleeve allowing minimum of 1 inch (25 mm) void between sleeve
and building element.
C. Install type of firestopping material recommended by manufacturer.
2. Exterior wall openings below grade: Assemble rubber links of mechanical seal-

ing device to size of piping and tighten in place, in accordance with manufactur-
er's instructions.

3. Interior partitions: Seal pipe penetrations at clean rooms, laboratories, hospital
spaces, computer rooms, telecommunication rooms, and data rooms. Apply seal-
ant to both sides of penetration to completely fill annular space between sleeve

and pipe.
F. Inspect installed firestopping for compliance with specifications and submitted schedule.
G. Clean adjacent surfaces of firestopping materials.

3.15 INSTALLATION OF ACCESS DOORS

A. Provide access doors in construction wherever access is required for valves, dampers,
equipment, etc.

B. Set frames accurately in position and securely attached to supports, with face panels
plumb and level in relation to adjacent finish surfaces.

C. Adjust hardware and panels after installation for proper operation.
3.16 INSTALLATION OF DRIP PANS
A. Locate drip pans under piping passing within 3' horizontally of electrical equipment, and
elsewhere as indicated. Hang from structure with rods and building attachments, weld
rods to sides of drip pan. Brace to prevent sagging or swaying. Connect 1" drain line to
drain connection, and run to nearest drain or elsewhere as indicated.

3.17 CLEANING

A. Refer to Division 1 for general requirements for final cleaning.
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B. Contractor shall clean work area of all construction dirt and debris at the end of each
work day.

3.18 WARRANTIES

A. Refer to Division 1 for procedures and submittal requirements for warranties. Refer to
individual equipment specifications for warranty requirements.

B. Compile and assemble the warranties as specified into a separated set of vinyl covered,
three ring binders, tabulated and indexed for easy reference.

C. Provide complete warranty information for each item to include product or equipment to
include date of beginning of warranty or bond; duration of warranty or bond; and names,
addresses, and telephone numbers and procedures for filing a claim and obtaining
warranty services.

D. This Contractor shall warrant all material and equipment installed by him for a period of
one year after completion of the project.

END OF SECTION 230500
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SECTION 230519 - METERS AND GAGES FOR HVAC PIPING

PART 1 - GENERAL

11 SUMMARY
A. Section Includes:

Liquid-in-glass thermometers.
Thermowells.

Dial-type pressure gages.
Gage attachments.

Test-plug kits.

Sight flow indicators.

Orifice flow meters.

Nook~whE

B. Related Documents:
1. Drawings and general provisions of the contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to this
section and the other sections of this Division.
2. Other sections of this Division, and of other Divisions, may contain requirements
that relate to this section.
1.2 SUBMITTALS
A. Product Data: For each type of product indicated.

B. Operation and Maintenance Data: For meters and gages to include in operation and
maintenance manuals.

PART 2 - PRODUCTS

2.1 LIQUID-IN-GLASS THERMOMETERS
A Metal-Case, Industrial-Style, Liquid-in-Glass Thermometers:

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

a. Miljoco Corporation.

b. Palmer Wahl Instrumentation Group.

C. Trerice, H. O. Co.

d. Weiss Instruments, Inc.
2. Standard: ASME B40.200.
3. Case: Cast aluminum; 9-inch nominal size unless otherwise indicated.
4. Case Form: Adjustable angle unless otherwise indicated.
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5. Tube: Glass with magnifying lens and red organic liquid.
6. Tube Background: Nonreflective aluminum with permanently etched scale
markings graduated in deg F.
7. Window: Glass.
8. Stem: Aluminum and of length to suit installation.
a. Design for Air-Duct Installation: With ventilated shroud.
b. Design for Thermowell Installation: Bare stem.
9. Connector: 1-1/4 inches with ASME B1.1 screw threads.
10. Accuracy: Plus or minus 1 percent of scale range or one scale division, to a
maximum of 1.5 percent of scale range.
11. Range: 30 to 240 degrees.

2.2 DUCT-THERMOMETER MOUNTING BRACKETS

A Description: Flanged bracket with screw holes, for attachment to air duct and made to
hold thermometer stem.

2.3 THERMOWELLS

A. Thermowells:

N

©ooN O~ W

11.

Standard: ASME B40.200.

Description: Pressure-tight, socket-type fitting made for insertion into piping tee
fitting.

Material: Brass or 304 stainless steel.

Type: Stepped shank unless straight or tapered shank is indicated.

External Threads: NPS 1/2, NPS 3/4, or NPS 1, ASME B1.20.1 pipe threads.
Internal Threads: 1/2, 3/4, and 1 inch, with ASME B1.1 screw threads.

Bore: Diameter required matching thermometer bulb or stemming.

Insertion Length: Length required matching thermometer bulb or stemming.
Lagging Extension: 2” minimum or longer as required for insulated piping and
tubing.

Bushings: For converting size of thermowell's internal screw thread to size of
thermometer connection.

Provide cap nut with chain fastened permanently to thermometer well.

B. Heat-Transfer Medium: Mixture of graphite and glycerin.

2.4 PRESSURE GAGES

A Direct-Mounted, Metal-Case, Dial-Type Pressure Gages:

1.

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

a. AMETEK, Inc.; U.S. Gauge.
b. Ashcroft Inc.

C. Marsh Bellofram.

d. Honeywell.
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e. Palmer Wahl Instrumentation Group.
f. Trerice, H. O. Co.
g. Weiss Instruments, Inc.
h. WIKA Instrument Corporation - USA.

2.5

2.6

N

Standard: ASME B40.100.

3. Case: Liquid-filled type(s); cast aluminum or drawn steel; 4-1/2-inch (114-mm)

nominal diameter.

Pressure-Element Assembly: Bourdon tube unless otherwise indicated.

Pressure Connection: Brass, with ASME B1.20.1 pipe threads and bottom-outlet

type unless back-outlet type is indicated.

6. Movement: Mechanical, with link to pressure element and connection to pointer.

7. Dial: Nonreflective or coated aluminum with permanently etched scale markings
graduated in psi and feet of water (for water use).

8. Pointer: Dark-colored metal.

9. Window: Glass.

10. Ring: Brass or stainless steel.

11. Accuracy: Grade A, plus or minus 1 percent of middle half of scale range.

ok~

GAGE ATTACHMENTS

A

B.

C.

Snubbers: ASME B40.100, brass; with NPS 1/4 or NPS 1/2 ASME B1.20.1 pipe threads
and piston-type surge-dampening device. Include extension for use on insulated piping.
Select disc material for fluid served and pressure rating.

Siphons: Loop-shaped section of steel pipe with NPS 1/4 or NPS 1/2 pipe threads.

Valves: Brass ball, with NPS 1/4 or NPS %, ASME B1.20.1 pipe threads.

TEST PLUGS

A.

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

Flow Design, Inc.

Nordel.

Peterson Equipment Co., Inc. “Petes Plug”
Sisco Manufacturing Company, Inc.
Trerice, H. O. Co.

Weiss Instruments, Inc.

ok E

Description: Test-station fitting made for insertion into piping tee fitting.

Body: Brass or stainless steel with core inserts and gasketed and threaded cap. Include
extended stem on units to be installed in insulated piping.

Thread Size: NPS 1/2, ASME B1.20.1 pipe thread.

Minimum Pressure and Temperature Rating: 500 psig at 200 deg F.
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F. Core Inserts: Chlorosulfonated polyethylene synthetic and EPDM self-sealing rubber
suitable for inserting 1/8” O.D. probe assembly from dial type insertion pressure gage or
temperature gage.

2.7 SIGHT FLOW INDICATORS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1. Archon Industries, Inc.
2. Dwyer Instruments, Inc.
3. Emerson Process Management; Brooks Instrument.
4. Ernst Co., John C., Inc.
5. Ernst Flow Industries.
6. OPW Engineered Systems; a Dover company.
7. Penberthy; A Brand of Tyco Valves & Controls - Prophetstown.
B. Description: Piping inline-installation device for visual verification of flow.
C. Construction: Bronze or stainless-steel body, with sight glass and ball, flapper, or paddle

wheel indicator, and threaded or flanged ends.
D. Minimum Pressure Rating: 125 psig.
E. Minimum Temperature Rating: 200 deg F.
F. End Connections for NPS 2 and Smaller: Threaded.
G. End Connections for NPS 2-1/2 and Larger: Flanged.
2.8 FLOWMETERS
A Orifice Flow meters:

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

a. Griswold
b. Bell & Gossett; ITT Industries.
C. Flow Design
d. S. A. Armstrong Limited; Armstrong Pumps Inc.

2. Description: Flow meter with sensor, hoses or tubing, fittings, valves, indicator,
and conversion chart.

3. Flow Range: Sensor and indicator shall cover operating range of equipment or
system served.

4, Sensor: Wafer-orifice-type, calibrated, flow-measuring element; for installation

between pipe flanges.

a. Design: Differential-pressure-type measurement for water.
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b. Construction: Cast-iron body, brass valves with integral check valves
and caps, and calibrated stainless steel nameplate. Nameplate shall be
installed with a stainless steel chain to allow for insulation.

C. Minimum Pressure Rating: 300 psig.
d. Minimum Temperature Rating: 250 deg F.
5. Operating Instructions: Include complete instructions and flow rate data with

each flow meter.

PART 3 - EXECUTION

3.1 INSTALLATION

A.

Install thermowells with socket extending one-third of pipe diameter and in vertical
position in piping tees.

Install thermowells of sizes required to match thermometer connectors. Include bushings
if required to match sizes.

Install thermowells with extension on insulated piping.
Fill thermowells with heat-transfer medium.

Install direct-mounted thermometers in thermowells and adjust vertical and tilted
positions.

Install remote-mounted thermometer bulbs in thermowells and install cases on panels;
connect cases with tubing and support tubing to prevent kinks. Use minimum tubing
length.

Install duct-thermometer mounting brackets in walls of ducts. Attach to duct with screws.

Install direct-mounted pressure gages in piping tees with pressure gage located on pipe at
the most readable position.

Install remote-mounted pressure gages on panel.

Install valve and snubber in piping for each pressure gage for fluids (except steam).
Install valve and syphon fitting in piping for each pressure gage for steam.

Install flow indicators in piping systems in accessible positions for easy viewing.

Assemble and install connections, tubing, and accessories between flow-measuring
elements and flow meters according to manufacturer's written instructions.

Install flow meter elements in accessible positions in piping systems.

Install wafer-orifice flow meter elements between pipe flanges. Chain mounted stainless
steel nameplate shall be secured to the valve outside of the insulation.
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3.2

3.3

3.4

3.5

Install differential-pressure-type flow meter elements, with at least minimum straight
lengths of pipe, upstream and downstream from element according to manufacturer's
written instructions.

Install connection fittings in accessible locations for attachment to portable indicators.

Install all gages so they can be read from the floor.

Install thermometers in the following locations:

1. Inlet and outlet of each hydronic boiler.
2. Inlet and outlet of each thermal-storage tank.
3. Elsewhere as indicated on the drawings.

Install pressure gages in the following locations:

1. Discharge of each pressure-reducing valve.
2. Suction and discharge of each pump.
3. Elsewnhere as indicated on the drawings.

Install test plugs in the following locations:

Inlet and outlet of each hydronic boiler.

Inlet and outlet of each hydronic coil.

Inlet and outlet of each thermal-storage tank.
Elsewhere as indicated on drawings.

poONPE

CONNECTIONS

Install meters and gages adjacent to machines and equipment to allow service and
maintenance of meters, gages, machines, and equipment.

ADJUSTING

After installation, calibrate meters according to manufacturer's written instructions.
Adjust faces of meters and gages to proper angle for best visibility.

Thermometer stems shall be of length to match thermowell insertion length.

THERMOMETER SCALE-RANGE SCHEDULE

Scale Range for Condenser-Water Piping: 0 to 150 deg F.
Scale Range for Heating, Hot-Water Piping: 40 to 240 deg F and 0 to 150 deg C.

Scale Range for Air Ducts: Minus 40 to plus 160 deg F and minus 40 to plus 100 deg C.

PRESSURE-GAGE SCALE-RANGE SCHEDULE

Scale Range for Condenser-Water Piping: 0 to 100 psi and 0 to 600 kPa.
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B. Scale Range for Heating, Hot-Water Piping: 0 to 100 psi and 0 to 600 kPa.

END OF SECTION 230519
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

11 SUMMARY
A. Section Includes:

Metal pipe hangers and supports.
Trapeze pipe hangers.

Metal framing systems.
Thermal-hanger shield inserts.
Equipment supports.
Miscellaneous equipment.

oL E

B. Related Documents:

1. Drawings and general provisions of the contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to this
section and the other sections of this Division.

2. Other sections of this Division, and of other Divisions, may contain requirements
that relate to this section.

1.2 DEFINITIONS
A. MSS: Manufacturers Standardization Society of the Valve and Fittings Industry Inc.
1.3 PERFORMANCE REQUIREMENTS
A Structural Performance: Hangers and supports for HVAC piping and equipment shall

withstand the effects of gravity loads and stresses within limits and under conditions
indicated according to ASCE/SEI 7.

1. Design supports for multiple pipes, including pipe stands, capable of supporting
combined weight of supported systems, system contents, and test water.

2. Design equipment supports capable of supporting combined operating weight of
supported equipment and connected systems and components.

3. Design seismic-restraint hangers and supports for piping and equipment where
required.

14 SUBMITTALS

A Product Data: For each type of product indicated.
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B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication
and installation details and include calculations for the following; include Product Data
for components:

Trapeze pipe hangers.
Metal framing systems.
Fiberglass strut systems.
Pipe stands.

Equipment supports.

abrwdE

C. Welding certificates.
15 QUALITY ASSURANCE

A Structural Steel Welding Qualifications: Qualify procedures and personnel according to
AWS D1.1/D1.1M, "Structural Welding Code - Steel."”

B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME
Boiler and Pressure Vessel Code.

PART 2 - PRODUCTS

2.1 METAL PIPE HANGERS AND SUPPORTS
A Carbon-Steel Pipe Hangers and Supports:

Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
Galvanized Metallic Coatings: Pregalvanized or hot dipped.

Nonmetallic Coatings: Plastic coating, jacket, or liner.

Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion
to support bearing surface of piping.

5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.

PR

2.2 TRAPEZE PIPE HANGERS

A. Description: MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made
from structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts,
saddles, and U-bolts. All trapeze hangers to be unistrut type with clamps sized for the
insulation inserts.

2.3 METAL FRAMING SYSTEMS

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

1. Allied Tube & Conduit.

2. Cooper B-Line, Inc.
3. Unistrut Corporation; Tyco International, Ltd.
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B. Description: Shop- or field-fabricated pipe-support assembly for supporting multiple
parallel pipes.

C. Standard: MFMA-4.

D. Channels: Continuous slotted steel channel with inturned lips.

E. Channel Nuts: Formed or stamped steel nuts or other devices designed to fit into channel
slot and, when tightened, prevent slipping along channel.

F. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel or stainless
steel.

G. Metallic Coating: Hot-dipped galvanized.

H. Paint Coating: Epoxy.

Plastic Coating: Polyurethane.

24 THERMAL-HANGER SHIELD INSERTS

A.

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

Carpenter & Paterson, Inc.

Clement Support Services.

ERICO International Corporation.

National Pipe Hanger Corporation.

PHS Industries, Inc.

Pipe Shields, Inc.; a subsidiary of Piping Technology & Products, Inc.
Piping Technology & Products, Inc.

Rilco Manufacturing Co., Inc.

Value Engineered Products, Inc.

CoNOO~wWNE

Insulation-Insert Material for Cold Piping: ASTM C 552, Type Il cellular glass with 100-
psig or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum
compressive strength and vapor barrier.

Insulation-Insert Material for Hot Piping: Water-repellent treated, ASTM C 533, Type |
calcium silicate with 100-psig or ASTM C 552, Type Il cellular glass with 100-psig
minimum compressive strength.

For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of
pipe.

For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.

Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below
ambient air temperature.
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25 EQUIPMENT SUPPORTS

A. Description: Welded, shop- or field-fabricated equipment support made from structural
carbon-steel shapes.

2.6 MISCELLANEOUS MATERIALS

A. Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and
galvanized.

PART 3 - EXECUTION

3.1 HANGER AND SUPPORT INSTALLATION

A. Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install
hangers, supports, clamps, and attachments as required to properly supporting piping
from the building structure.

B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89.
Arrange for grouping of parallel runs of horizontal piping, and support together on field-
fabricated trapeze pipe hangers.

1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe size
or install intermediate supports for smaller diameter pipes as specified for
individual pipe hangers.

2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads
being supported. Weld steel according to AWS D1.1/D1.1M.

C. Metal Framing System Installation: Arrange for grouping of parallel runs of piping, and
support together on field-assembled metal framing systems.

D. Thermal-Hanger Shield Installation:
1. Install in pipe hanger or shield for insulated piping.
2. All insulated pipes to have insulation inserts with shield at all locations.
3. Install at all wall and roof penetrations.
E. Install hangers and supports complete with necessary attachments, inserts, bolts, rods,

nuts, washers, and other accessories.

F. Equipment Support Installation: Fabricate from welded-structural-steel shapes.

G. Install hangers and supports to allow controlled thermal and seismic movement of piping
systems, to permit freedom of movement between pipe anchors, and to facilitate action of

expansion joints, expansion loops, expansion bends, and similar units.

H. Install lateral bracing with pipe hangers and supports to prevent swaying.
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Load Distribution: Install hangers and supports so that piping live and dead loads and
stresses from movement will not be transmitted to connected equipment.

Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not
exceed maximum pipe deflections allowed by ASME B31.9 for building services piping.

Insulated Piping:

1. All insulated pipe to have hangers or clamps sized for insulation inserts.

2. Shield Dimensions for Pipe: Not less than the following:
a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.
b. NPS 4: 12 inches long and 0.06 inch thick.

3. Thermal-Hanger Shields: Install with insulation same thickness as piping
insulation.

4. Place a hanger within 12” of each horizontal elbow.

3.2 EQUIPMENT SUPPORTS

A

B.

C.

Fabricate structural-steel stands to suspend equipment from structure overhead or to
support equipment above floor.

Grouting: Place grout under supports for equipment and make bearing surface smooth.

Provide lateral bracing, to prevent swaying, for equipment supports.

3.3 METAL FABRICATIONS

A

Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and
equipment supports.

Fit exposed connections together to form hairline joints. Field weld connections that
cannot be shop welded because of shipping size limitations.

Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc
welding; appearance and quality of welds; and methods used in correcting welding work;
and with the following:

1. Use materials and methods that minimize distortion and develop strength and
corrosion resistance of base metals.

2. Obtain fusion without undercut or overlap.

3. Remove welding flux immediately.

4. Finish welds at exposed connections so no roughness shows after finishing and

so contours of welded surfaces match adjacent contours.

3.4 ADJUSTING

A

Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to
achieve indicated slope of pipe.
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B.

Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches (40
mm).

3.5 PAINTING

A

B.

Touchup: Cleaning and touchup painting of field welds, bolted connections, and abraded
areas of shop paint on miscellaneous metal are specified in Division 09.

Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply
galvanizing-repair paint to comply with ASTM A 780.

3.6 INSTALLATION - PIPE HANGER AND SUPPORT

A

B.

Install in accordance with ASME B31.9, MSS SP 58, MSS SP69, and MSS SP 89.
Support horizontal and vertical piping as scheduled.

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

Provide clearance in hangers and from structure and other equipment for installation of
insulation.

Use hangers with 1-1/2 inch (38 mm) minimum vertical adjustment.
Design hangers for pipe movement without disengagement of supported pipe

Comply with MSS SP-69 for pipe-hanger selections and applications that are not
otherwise specified.

Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers, and metal
framing systems and attachments for general service applications.

Use stainless-steel pipe hangers, fiberglass pipe hangers, fiberglass strut systems and
stainless-steel or corrosion-resistant attachments for outdoors and/or hostile environment
applications.

Use copper-plated pipe hangers and copper or stainless-steel attachments for copper
piping and tubing. Use vinyl-coated hangers and attachments for PEX, PVC, and CPVC
piping. Use stainless steel hangers and stainless steel attachments on stainless steel pipes.

Use padded hangers for piping that is subject to scratching, including plastic pressure
piping and all glass piping.

Use thermal-hanger shield inserts for insulated piping and tubing.

Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as
specified elsewhere, install the following types:

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated
or insulated, stationary pipes NPS 1/2 to NPS 30.
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2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F (566

deg C), pipes NPS 4 to NPS 24, requiring up to 4 inches (100 mm) of insulation.

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension
of pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches (100
mm) of insulation.

4. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2
to NPS 24 if little or no insulation is required.

5. Pipe Hangers (MSS Type 5): For suspension of pipes NPS 1/2 to NPS 4, to allow
off-center closure for hanger installation before pipe erection.

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension
of noninsulated, stationary pipes NPS 3/4 to NPS 8.

7. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated,
stationary pipes NPS 1/2 to NPS 8.

8. Adjustable Band Hangers (MSS Type 9): For suspension of noninsulated,
stationary pipes NPS 1/2 to NPS 8.

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10): For suspension of
noninsulated, stationary pipes NPS 1/2 to NPS 8.

10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For
suspension of noninsulated, stationary pipes NPS 3/8 to NPS 8.

11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For
suspension of noninsulated, stationary pipes NPS 3/8 to NPS 3.

12. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30.

13. Clips (MSS Type 26): For support of insulated pipes not subject to expansion or
contraction.

14. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36,
with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel
plate.

15. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36,
with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel
plate, and with U-bolt to retain pipe.

16. Adjustable Pipe Saddle Supports (MSS Type 38): For stanchion-type support for
pipes NPS 2-1/2 to NPS 36 if vertical adjustment is required, with steel-pipe base
stanchion support and cast-iron floor flange.

17. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30,
from two rods if longitudinal movement caused by expansion and contraction
might occur.

18. Adjustable Roller Hangers (MSS Type 43): For suspension of pipes NPS 2-1/2
to NPS 24, from single rod if horizontal movement caused by expansion and
contraction might occur.

19. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 if
longitudinal movement caused by expansion and contraction might occur but
vertical adjustment is not necessary.

20. Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24
if small horizontal movement caused by expansion and contraction might occur
and vertical adjustment is not necessary.

21. Adjustable Pipe Roll and Base Units (MSS Type 46): For support of pipes

NPS 2 to NPS 30 if vertical and lateral adjustment during installation might be
required in addition to expansion and contraction.
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N.

Vertical-Piping Clamps: Unless otherwise indicated and except as specified elsewhere,
install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers
NPS 3/4 to NPS 24.
2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers

NPS 3/4 to NPS 24 if longer ends are required for riser clamps.

Hanger-Rod Attachments: Unless otherwise indicated and except as specified elsewhere,
install the following types:

1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy
loads.

2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.

3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe
rings.

4. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various
types of building attachments.

5. Steel Weldless Eye Nuts (MSS Type 17); For 120 to 450 deg F piping
installations.

Building Attachments: Unless otherwise indicated and except as specified elsewhere,
install the following types:

1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to
suspend pipe hangers from concrete ceiling.

2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-
joist construction, to attach to top flange of structural shape.

3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange
of beams, channels, or angles.

4. Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange
of beams.

5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if

loads are considerable and rod sizes are large.

C-Clamps (MSS Type 23): For structural shapes.

7. Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required

tangent to flange edge.

Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams.

9. Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of
steel I-beams for heavy loads.

10. Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of
steel I1-beams for heavy loads, with link extensions.

11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to
structural steel.

12. Welded-Steel Brackets: For support of pipes from below or for suspending from
above by using clip and rod. Use one of the following for indicated loads:

o

o

a. Light (MSS Type 31): 750 Ib (340 kg).
b. Medium (MSS Type 32): 1500 Ib (680 kg).
C. Heavy (MSS Type 33): 3000 Ib (1360 kg).
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13. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.
14. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is
required.
15. Horizontal Travelers (MSS Type 58): For supporting piping systems subject to
linear horizontal movement where headroom is limited.
Q. Saddles and Shields: Unless otherwise indicated and except as specified elsewhere, install

the following types:

1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids
with insulation that matches adjoining insulation.
2. Protection Shields (MSS Type 40): Of length recommended in writing by
manufacturer to prevent crushing insulation.
3. Thermal-Hanger Shield Inserts: For supporting insulated pipe.
R. Spring Hangers and Supports: Unless otherwise indicated and except as specified in

piping system sections, install the following types:

1. Restraint-Control Devices (MSS Type 47): Where indicated to control piping
movement.

2. Spring Cushions: (MSS Type 48): For light loads if vertical movement does not
exceed 1-1/4 inches (32 mm).

3. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41, roll
hanger with springs.

4. Spring Sway Braces (MSS Type 50): To retard sway, shock, vibration, or
thermal expansion in piping systems.

5. Variable-Spring Hangers (MSS Type 51): Preset to indicated load and limit
variability factor to 25 percent to allow expansion and contraction of piping
system from hanger.

6. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load and
limit variability factor to 25 percent to allow expansion and contraction of piping
system from base support.

7. Variable-Spring Trapeze Hangers (MSS Type 53): Preset to indicated load and
limit variability factor to 25 percent to allow expansion and contraction of piping
system from trapeze support.

8. Constant Supports: For critical piping stress and if necessary to avoid transfer of
stress from one support to another support, critical terminal, or connected
equipment. Include auxiliary stops for erection, hydrostatic test, and load-
adjustment capability. These supports include the following types:

a. Horizontal (MSS Type 54). Mounted horizontally.
b. Vertical (MSS Type 55): Mounted vertically.
C. Trapeze (MSS Type 56): Two vertical-type supports and one trapeze
member.
S. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not

otherwise specified.

T. Comply with MFMA-103 for metal framing system selections and applications that are
not otherwise specified.
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U. Use powder-actuated fasteners or mechanical-expansion anchors instead of building

attachments where required in concrete construction.

3.7 PROTECTION OF FINISHED WORK

A Protect adjacent surfaces from damage by material installation.

3.8 SCHEDULES

HORIZONTAL PIPE HANGER SPACING

MAXIMUM HANGER SPACING

HANGER ROD DIAMETER

PIPE MATERIAL Feet (m) Inches (mm)
CPVC, 1 inch (25 mm) and smaller 3(0.9) 1/2 (13)
CPVC, 1-1/4 inch (32 mm) to 3 inch (75) 4(1.2) 1/2 (13)
CPVC, 4 inch (100) to 8 inch (200) 4(1.2) 7/8 (22)
Copper Tube, 1-1/4 inch (32 mm) and smaller 5(1.5) 3/8 (10)
Copper Tube, 1-1/2 inch (38 mm) to 5 inches (DN125) 8(2.4) 1/2 (13)
Copper Tube 6 inch (DN150) 10(3) 5/8 (16)
Copper Tube 8 inch (DN200) 10 (3) 3/4 (19)
Fiberglass up to 4 inch (100 mm) 10 (3) 5/8 (16)
Polypropylene/Polyethylene 3 inches (75 mm) and smaller | 3(.9) 1/2 (13)
Polypropylene/Polyethylene 4 inches (100 mm) to 8 4(1.2) 7/8 (22)
inches (200 mm)

PVC 3 inches (75 mm) and smaller 4(1.2) 1/2 (13)
PVC 4 inches (100 mm) to 8 inch (100 mm) 4(1.2) 7/8 (22)
Stainless Steel or Steel, 3 inches (75 mm) and smaller 12 (3.7) 1/2 (13)
Stainless Steel or Steel, 4 inches (100 mm) to 6 inch (150 12 (3.7) 3/4 (19)
mm)

Stainless Steel or Steel, 8 inches (200 mm) and larger 12 (3.7) 7/8 (22)

NOTE: 1. Where code requirements for hangers are more stringent than above, code requirements

shall apply.

2. Place hangers within 12 inches (300 mm) of each horizontal elbow, fitting, valve and

coupling.

3. Support horizontal cast iron pipe adjacent to each hub.

4. Rod diameters may be reduced one size for double-rod hangers, with 3/8 inch (10mm)

minimum rods.
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VERTICAL PIPE SUPPORT SPACING
MAXIMUM SUPPORT
PIPE MATERIAL SPACING
Feet (m)
CPVC 1 inch (25 mm) and smaller 5(1.5)
CPVC 1-1/4 inch (32mm) and larger 6(1.8)
Copper Tube 10(3)
Fiberglass 12 (3.7)
Polypropylene/Polyethylene 5(1.5)
PVC 4(1.2)
Steel or Stainless Steel 15 (4.5)
NOTE: 1. Where not otherwise indicated, support vertical piping at each floor.
2. Support cast iron at hubs.
3. Support riser piping independently of connected horizontal piping.
END OF SECTION 230529
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SECTION 230548 - VIBRATION AND SEISMIC CONTROLS FOR HVAC

PART 1 - GENERAL

11 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes the following:
1. Isolation pads.
2. Isolation mounts.
3. Freestanding and restrained spring isolators.
4, Spring hangers.

1.3 PERFORMANCE REQUIREMENTS
A. Wind-Restraint:

1. Basic Wind Speed: 90 mph

2. Minimum 10 Ib/sg. ft. multiplied by the maximum area of the HVAC component
projected on a vertical plane that is normal to the wind direction, and 45 degrees
either side of normal, or higher as required by local code.

1.4 ACTION SUBMITTALS
A Product Data: For the following:

1. Include rated load, rated deflection, and overload capacity for each vibration
isolation device.

B. Delegated-Design Submittal: ~ For vibration isolation and seismic-restraint details
indicated to comply with performance requirements and design criteria, including
analysis data signed and sealed by the qualified professional engineer responsible for
their preparation.

1. Design Calculations: Calculate static and dynamic loading due to equipment
weight and operation, seismic and wind forces required to select vibration
isolators, seismic and wind restraints, and for designing vibration isolation bases.

a. Coordinate design calculations with wind load calculations required for

equipment mounted outdoors. Comply with requirements in other Sec-
tions for equipment mounted outdoors.
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2.

Riser Supports: Include riser diagrams and calculations showing anticipated
expansion and contraction at each support point, initial and final loads on
building structure, spring deflection changes, and seismic loads. Include
certification that riser system has been examined for excessive stress and that
none will exist.

Vibration Isolation Base Details: Detail overall dimensions, including
anchorages and attachments to structure and to supported equipment. Include
auxiliary motor slides and rails, base weights, equipment static loads, power
transmission, component misalignment, and cantilever loads.

Wind-Restraint Details:

a. Design Analysis: To support selection and arrangement of seismic and
wind restraints. Include calculations of combined tensile and shear
loads.

b. Details: Indicate fabrication and arrangement. Detail attachments of re-

straints to the restrained items and to the structure. Show attachment lo-
cations, methods, and spacings. Identify components, list their strengths,
and indicate directions and values of forces transmitted to the structure
during seismic events. Indicate association with vibration isolation de-
vices.

C. Coordinate seismic-restraint and vibration isolation details with wind-
restraint details required for equipment mounted outdoors. Comply with
requirements in other Sections for equipment mounted outdoors.

15 INFORMATIONAL SUBMITTALS

A.

B.

Qualification Data: For professional engineer and testing agency.

Welding certificates.

1.6 QUALITY ASSURANCE

A.

Testing Agency Qualifications: An independent agency, with the experience and
capability to conduct the testing indicated, that is a nationally recognized testing
laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is acceptable to
authorities having jurisdiction.

Comply with seismic-restraint requirements in the Building Code unless requirements in
this Section are more stringent.

Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural
Welding Code - Steel."

VIBRATION AND SEISMIC CONTROLS FOR HVAC 230548 -2



Poudre School District Permit Set
Fort Collins HS Chiller Replacement May 25, 2022

PART 2 - PRODUCTS

2.1 VIBRATION ISOLATORS

A.

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

1. Kinetics Noise Control.
2. Mason Industries.
3. Vibration Mountings & Controls, Inc.

Pads (Type I): Arranged in single or multiple layers of sufficient stiffness for uniform
loading over pad area, molded with a nonslip pattern and galvanized-steel baseplates, and
factory cut to sizes that match requirements of supported equipment.

1. Resilient Material: Qil- and water-resistant neoprene.

Mounts (Type 2): Double-deflection type, with molded, oil-resistant rubber, hermetically
sealed compressed fiberglass, or neoprene isolator elements with factory-drilled,
encapsulated top plate for bolting to equipment and with baseplate for bolting to
structure. Color-code or otherwise identify to indicate capacity range.

1. Materials: Cast-ductile-iron or welded steel housing containing two separate and
opposing, oil-resistant rubber or neoprene elements that prevent central threaded
element and attachment hardware from contacting the housing during normal
operation.

Spring Isolators (Type 3): Freestanding, laterally stable, open-spring isolators.

1. Outside Spring Diameter: Not less than 80 percent of the compressed height of
the spring at rated load.

2. Minimum Additional Travel: 50 percent of the required deflection at rated load.

3. Lateral Stiffness: More than 80 percent of rated vertical stiffness.

4. Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

5. Baseplates: Factory drilled for bolting to structure and bonded to 1/4-inch- (6-

mm-) thick, rubber isolator pad attached to baseplate underside. Baseplates shall
limit floor load to 500 psig (3447 kPa).

6. Top Plate and Adjustment Bolt: Threaded top plate with adjustment bolt and cap
screw to fasten and level equipment.

Spring Hangers (Type 3): Combination coil-spring and elastomeric-insert hanger with
spring and insert in compression.

1. Frame: Steel, fabricated for connection to threaded hanger rods and to allow for
a maximum of 30 degrees of angular hanger-rod misalignment without binding
or reducing isolation efficiency.

2. Outside Spring Diameter: Not less than 80 percent of the compressed height of
the spring at rated load.
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3. Minimum Additional Travel: 50 percent of the required deflection at rated load.

4. Lateral Stiffness: More than 80 percent of rated vertical stiffness.

5 Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

6. Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-
reinforced cup to support spring and bushing projecting through bottom of frame.
7. Self-centering hanger rod cap to ensure concentricity between hanger rod and

support spring coil.
2.2 FACTORY FINISHES

A Finish:  Manufacturer's standard paint applied to factory-assembled and -tested
equipment before shipping.

1. Powder coating on springs and housings.

2. All hardware shall be galvanized. Hot-dip galvanized metal components for
exterior use.

3. Baked enamel or powder coat for metal components on isolators for interior use.

4. Color-code or otherwise mark vibration isolation and seismic and wind control

devices to indicate capacity range.

PART 3 - EXECUTION

3.1 EXAMINATION
A Examine areas and equipment to receive vibration isolation and seismic and wind-control
devices for compliance with requirements for installation tolerances and other conditions
affecting performance.

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual
locations before installation.

C. Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 APPLICATIONS

A Multiple Pipe Supports: Secure pipes to trapeze member with clamps approved for
application by an agency acceptable to authorities having jurisdiction.

3.3 VIBRATION-CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION

A Comply with requirements in Division 07 for installation of roof curbs, equipment
supports, and roof penetrations.

B. Piping Restraints:
1. Comply with requirements in MSS SP-127.
2. Space lateral supports a maximum of 40 feet (12 m) o.c., and longitudinal
supports a maximum of 80 feet (24 m) o.c.
3. Brace a change of direction longer than 12 feet (3.7 m).
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C. Install cables so they do not bend across edges of adjacent equipment or building
structure.

D. Install seismic-restraint devices using methods approved by an agency acceptable to
authorities having jurisdiction providing required submittals for component.

E. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to
provide resilient media between anchor bolt and mounting hole in concrete base.

F. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to
provide resilient media where equipment or equipment-mounting channels are attached to
wall.

G. Attachment to Structure: If specific attachment is not indicated, anchor bracing to

structure at flanges of beams, at upper truss chords of bar joists, or at concrete members.

3.4 ADJUSTING

A

B.

Adjust isolators after piping system is at operating weight.

Adjust limit stops on restrained spring isolators to mount equipment at normal operating
height. After equipment installation is complete, adjust limit stops so they are out of
contact during normal operation.

Adjust active height of spring isolators.

Adjust restraints to permit free movement of equipment within normal mode of
operation.

END OF SECTION 230548
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

11 SUMMARY

A

Section Includes:

Equipment labels.
Warning signs and labels.
Pipe labels.

Valve tags.

Warning tags.

Duct labels.

oL E

Related Documents:

1. Drawings and general provisions of the contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to this
section and the other sections of this Division.

2. Other sections of this Division, and of other Divisions, may contain requirements
that relate to this section.

1.2 SUBMITTALS

A

B.

F.

Product Data: For each type of product indicated.

Samples: For color, letter style, and graphic representation required for each
identification material and device.

Equipment Label Schedule: Include a listing of all equipment to be labeled with the
proposed content for each label including color scheme, wording, symbols, and letter
size.

Valve numbering scheme including color scheme, wording, symbols, and letter size.

Valve Schedules: For each piping system to include in maintenance manuals including
color scheme.

A drawing showing all valve tag numbers shown at valve location shall be provided.

1.3 COORDINATION

A.

B.

Coordinate installation of identifying devices with completion of covering and painting
of surfaces where devices are to be applied.

Coordinate installation of identifying devices with locations of access panels and doors.
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C.

Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 - PRODUCTS

2.1

2.2

EQUIPMENT LABELS

A

Plastic Labels for Equipment:

1. Material and Thickness: Plastic labels for mechanical engraving, 1/16 inch thick,
and having predrilled holes for attachment hardware.

2. Maximum Temperature: Able to withstand temperatures up to 160 deg F (71
deg C).

3. Minimum Label Size: Length and width vary for required label content, but not

less than 4x6 inch.

4, Minimum Letter Size: 1 inch.
5. Fasteners: Stainless-steel rivets or self-tapping screws.
6. Adhesive: Contact-type permanent adhesive, compatible with label and with

substrate.
Label Content: Include equipment's Drawing designation or unique equipment number.

Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-
inch bond paper. Tabulate equipment identification number and identify Drawing
numbers where equipment is indicated (plans, details, and schedules), plus the
Specification Section number and title where equipment is specified. Equipment schedule
shall be included in operation and maintenance data.

WARNING SIGNS AND LABELS

A.

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,
1/8 inch thick, and having predrilled holes for attachment hardware.

Maximum Temperature: Able to withstand temperatures up to 160 deg F.

Minimum Label Size: Length and width vary for required label content, but not less than
2-1/2 by 3/4 inch.

Minimum Letter Size: 1 inch.
Fasteners: Stainless-steel rivets or self-tapping screws.
Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

Label Content: Include caution and warning information, plus emergency notification
instructions.

Letter Color: White.

Background Color: Red
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2.3 PIPE LABELS
A. General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with
lettering indicating service, and showing flow direction.
B. Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to partially cover or cover
full circumference of pipe and to attach to pipe without fasteners or adhesive.
C. Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive
backing.
D. Pipe Label Contents: Include identification of piping service using same designations or

24

abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.

1. Flow-Direction Arrows: Integral with piping system service lettering to
accommodate both directions or as separate unit on each pipe label to indicate
flow direction.

2. Lettering Size: At least 1-1/2 inches high.

DUCT LABELS

A.

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,
1/8 inch thick, and having predrilled holes for attachment hardware.

Maximum Temperature: Able to withstand temperatures up to 160 deg F.

Minimum Label Size: Length and width vary for required label content, but not less than
2-1/2 by 3/4 inch.

Minimum Letter Size: 1 inch.
Fasteners: Stainless-steel rivets or self-tapping screws.
Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

Duct Label Contents: Include identification of duct service using same designations or
abbreviations as used on Drawings, duct size, and an arrow indicating flow direction.

1. Flow-Direction Arrows: Integral with duct system service lettering to
accommodate both directions or as separate unit on each duct label to indicate
flow direction.

2. Lettering Size: At least 1-1/2 inches high.
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25 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.

1. Tag Material: Brass, 0.032-inch, and having predrilled or stamped holes for
attachment hardware.
2. Fasteners: Chain and hook.

B. Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate
valve number, piping system, system abbreviation (as shown on valve tag), location of
valve (room or space), normal-operating position (open, closed, or modulating), and
variations for identification. Mark valves for emergency shutoff and similar special uses.

1. Valve-tag schedule shall be included in operation and maintenance data. Also
see project record drawing requirements.
2. For each valve schedule, provide a glazed display frame with screws for mount to

masonry walls.
2.6 WARNING TAGS

A. Warning Tags: Preprinted or partially preprinted, accident-prevention tags, of plasticized
card stock with matte finish suitable for writing.

1. Size: Approximately 4 by 7 inches (100 by 178 mm).

2. Fasteners: Brass grommet and wire.

3. Nomenclature: Large-size primary caption such as "DANGER," "CAUTION,"
or "DO NOT OPERATE."

4. Color: Yellow background with black lettering.

PART 3 - EXECUTION

3.1 PREPARATION

A. Clean piping and equipment surfaces of substances that could impair bond of
identification devices, including dirt, oil, grease, release agents, and incompatible
primers, paints, and encapsulants.

3.2 EQUIPMENT LABEL INSTALLATION

A. Install or permanently fasten plastic or metal labels on each major item of mechanical
equipment.
B. Locate equipment labels where accessible and visible.
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3.3

3.4

3.5

3.6

3.7

PIPE LABEL INSTALLATION

A

Locate pipe labels where piping is exposed or above accessible ceilings in finished
spaces; mechanical rooms; accessible maintenance spaces such as shafts, tunnels, and
plenums; and exterior exposed locations as follows:

1. Near each valve and control device.

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

Near penetrations through walls, floors, ceilings, and inaccessible 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 25 feet along each run.

On piping above removable acoustical ceilings.

There shall be a minimum of one label for each system per room.

Pw

NGO

DUCT LABEL INSTALLATION

A

Install plastic-laminated duct labels with permanent adhesive on air ducts in the following
color codes:

Blue: For cold-air supply ducts.

Yellow: For hot-air supply ducts.

Green: For exhaust-, outside-, relief-, return-, and mixed-air ducts.
ASME A13.1 Colors and Designs: For hazardous material exhaust.

PR

Locate labels near points where ducts enter into concealed spaces and at maximum
intervals of 50 feet in each space where ducts are exposed or concealed by removable
ceiling system.

VALVE-TAG INSTALLATION

A

Install tags on valves and control devices in piping systems, except check valves; valves
within factory-fabricated equipment units; faucets; convenience and lawn-watering hose
connections; and similar roughing-in connections of end-use fixtures and units. List
tagged valves in a valve schedule.

WARNING-TAG INSTALLATION

A

Write required message on, and attach warning tags to, equipment and other items where
required.

THERMOSTAT IDENTIFICATION

A.

Write zone number corresponding to VAV box number on clear background with black
lettering.

END OF SECTION 230553
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SECTION 230800 - COMMISSIONING OF HVAC

PART 1 - GENERAL
1.1 DESCRIPTION
A. Commissioning

Commissioning is a systematic process of ensuring that all building systems perform
interactively according to the owner’s project requirements and operational needs. The
commissioning process shall encompass and coordinate the traditionally separate functions
of system documentation, equipment startup, control system calibration, testing adjusting
and balancing, performance testing and training. Commissioning during the construction
phase is intended to achieve the following specific objectives:

1. Verify that applicable equipment and systems are installed according to the
manufacturer’s recommendations and to industry accepted minimum standards
and that they receive adequate operational checkout by installing contractors.

2. Verify and document proper functional performance of equipment and systems.
3. Verify that O&M documentation left on site is complete.
4. Verify that the Owner’s operating personnel are adequately trained.

1.2 RELATED WORK

A. Section 019113 — General Commissioning Requirements

B. Attachment ‘A’ to this specification section: Sample AHU Functional Test
1.3 ABBREVIATIONS AND DEFINITIONS

A. AJ/E: Design Professional

B. ASI: Architectural Supplemental Instruction

C. BAS: Building Automation System

D. CxA: Commissioning Authority

E. CC: Controls Contractor

F. CM: Construction Manager

G. Cx: Commissioning

H. Cx Plan: Commissioning Plan

I DDC: Direct Digital Control System

J. Deficiency: A condition in the installation or function of a component, piece of equipment

or system that is not in compliance with the Contract Documents and cannot be corrected
in five (5) minutes time.
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K. EC: Electrical Contractor
L. MC: Mechanical Contractor

M. O&M: Operation and Maintenance
N. OPM: Owner Project Manager
0. Sub(s): Subcontractors or Prime Contractor
P. TAB: Test, Adjust and Balance
14 MECHANICAL EQUIPMENT AND SYSTEMS TO BE COMMISSIONED
A. HVAC Mechanical Systems (and all integral equipment controls)

Air Handling Units/ RTUs

Central Heating Equipment

Hydronic Pumps

Heat Exchangers

Air Terminal Units

Testing, Adjusting and Balancing

HVAC Controls

(Existing Equipment to be tested with respect to new integrated equipment
controls)

NG~ E

1.5 SUBMITTALS

A Provide a Start-Up Plan in accordance with subsection 3.3.
PART 2 - PRODUCTS
2.1 TEST EQUIPMENT

A. Refer to Specification Section 019113, Subsection 2.1.
PART 3 - EXECUTION

3.1 RESPONSIBILITIES

A Subcontractors/Suppliers
1. Shall be responsible for providing labor, material, equipment, etc., required within
the scope of their specialty to implement and facilitate the commissioning process.
2. Shall include all special tools, software, and instruments (only available from

vendor, specific to a piece of equipment) required for testing equipment according
to these contract documents in the base bid price to the contractor, except for stand-
alone data-logging equipment that may be used by the CxA.

3. Shall demonstrate the operation of the equipment and systems is per the contract
documents.
4. Shall assist the CM in the development of the master schedule as relates to

commissioning and milestones.
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5. Shall respond in writing to written submittal review comments by the CxA.
6. Shall respond in writing as to the completion or resolution of each issue in the
commissioning issue log.
7. Shall meet requirements of other commissioning requirements within the Project
Manual.

3.2 MEETINGS
A Refer to Specification Section 019113, Subsection 3.3.
33 START-UP PLAN AND PROCEDURES

A The following procedures apply to all equipment and building systems to be commissioned
in Subsection 1.4.

B. General. Start-up procedures and checklists are important to ensure that the equipment and
systems are completely installed and integrated with other building components and
systems, started in accordance with manufacturer’s recommended procedures and standard
industry practices, and are fully operational. The start-up documentation for a given system
must be successfully completed prior to formal functional performance testing of the
equipment or subsystems of the given system. It ensures that functional performance
testing (in-depth system checkout) may proceed without unnecessary delays. Each piece
of equipment or assembly receives a full checkout — no sampling strategies are used.

C. Start-up Plan. The CxA shall assist the commissioning team members responsible for start-
up of any equipment in developing a detailed Start-Up Plans for all equipment. The
primary role of the CxA in this process is to review the Plans created by the Subs, assist in
developing checkout forms, witness start-up of equipment at the CxA’s discretion, and
review the completed Start-Up Plans prior to functional performance testing.

1. Organize and submit for review a binder of blank documents with sufficient detail,
which upon project completion, will demonstrate the commissioned systems and
equipment have been fully inspected and started in accordance with
manufacturer’s recommendations and standard industry procedures. At minimum
this Plan must include:

e

Manufacturer’s installation procedures.

b. Manufacturer’s start-up checklists. The Subs shall use their own internal
procedural forms and checklists in instances where one is not provided by
the manufacturer. In cases where the Sub does not have a commonly used
checklist for a particular piece of equipment, the CxA shall assist the Sub
in developing an appropriate checklist tailored to the project. The CxA’s
functional testing forms shall be provided to the controls contractor in lieu
of a manufacturer’s startup checklist.

Duct leakage testing forms identifying ductwork to be tested.

Pipe leakage testing results.

HVAC water treatment results.

Test, adjust and balance report.

Forms for any additional testing required by the specifications.

Q D a0
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2. Submit the full Start-Up Plan to the CxA for review and approval within 45 days
of equipment approval by the A/E.
3. The CxA reviews and approves the procedures and the format for documenting
them, noting any procedures that need to be added.
4. The full start-up procedures and the approval form may be provided to the PM for
review and approval, depending on management protocol.
5. Any checklist for a particular system must be complete prior to beginning

functional testing of that system.

D. Execution of Start-Up Plan

1.

2.

w

6.

Two weeks prior to startup, the Subs and vendors schedule startup and checkout
with the OPM, CM and CxA.

The CxA and possibly the A/E will observe the procedures and tests for selected
pieces of primary equipment. It is the intent the CxA will observe the tests during
contractor testing. If the contractor does not inform the CxA of testing, the CxA
may request the contractor to repeat the test.

The CxA will observe the physical start-up of select major systems.

The Subs and vendors shall execute startup and update the Start-Up Plan with a
signed and dated copy of the completed start-up checklists. The CM reviews for
completion and accuracy, then submits to the CxA.

Only individuals that have direct knowledge and witnessed that a line item task on
the checklist was actually performed shall initial or check that item off. It is not
acceptable for witnessing supervisors to fill out these forms.

Completed startup test report must be provided to CxA prior to functional testing.

3.4 FUNCTIONAL PERFORMANCE TESTING

A This subsection applies to functional testing and demonstration for equipment and system
in this division.

B. Objectives and Scope

1.

The objective of functional performance testing is to demonstrate that each system
is operating according to the owner's project requirements, documented project
program, and Contract Documents. Functional testing facilitates bringing the
systems from a state of material completion to full dynamic operation.
Additionally, during the testing process, areas of deficient performance are
identified and corrected, improving the operation and function of the systems.
Each system shall be operated through all modes of operation where there is a
specified system response. Verifying each sequence in the sequences of operation
is required.

Testing proceeds from components to subsystems to systems. When the proper
performance of all interacting individual systems has been achieved, the interface
or coordinated responses between systems is checked.

The contractor shall supply all personnel and equipment for the demonstration,
including, but not limited to, tools, instruments, ladders, lifts, computers, software,
cables, etc. Contractor supplied personnel must be competent with and
knowledgeable of all project-specific systems, and automation hardware and
software. The Start-Up Plan must be complete prior to functional testing.
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C. Development of Test Procedures
1. The CxA develops specific functional test procedures and forms to verify and

document proper operation of each piece of equipment and system. The CxA
provides a copy of the test procedures to the A/E, OPM and installing Sub who
shall review the tests prior to testing. The A/E and Sub(s) shall point out to the
CxA any specific problems as related to feasibility, safety, equipment and warranty
protection. An example of a standard AHU FTP is provided in Attachment ‘A.’

D. Coordination and Scheduling

1. The CM shall provide sufficient notice to the CxA regarding the Subs completion
schedule for the installation checklists and startup of all equipment and systems.
The CxA will schedule functional tests after written notification from the CM and
affected Subs. Completed startup testing report must be provided to CxA prior to
functional testing. The CxA shall direct, witness and document the functional
testing of all equipment and systems. The Subs shall execute the tests.

2. Mechanical system functional testing shall not be scheduled until the final TAB
report is approved and all reported deficiencies by TAB firm are corrected.
Scheduling of functional testing shall be done with a minimum of two weeks notice
prior to testing. Functional testing of the equipment and systems listed in
Subsection 1.4 of this specification section shall not be conducted out of the
presence of the CxA and OPM, unless specifically approved to do so in writing by
the CxA or OPM. Any functional testing which occurs outside the presence of the
CxA or OPM without written authorization to do so will be required to be re-tested
at no expense to the owner.

E. Test Methods

1. Functional performance testing and verification may be achieved by manual
testing (persons manipulate the equipment and observe performance) or by
monitoring the performance and analyzing the results using the control system’s
trend log capabilities or by stand-alone dataloggers.

2. Simulated Conditions. Simulating conditions (not by an overwritten value) shall
be allowed, though timing the testing to experience actual conditions is encouraged
wherever practical.

3. Overwritten Values. Overwriting sensor values to simulate a condition, such as
overwriting the outside air temperature reading in a control system to be something
other than it really is, shall be allowed, but shall be used with caution and avoided
when possible. Such testing methods often can only test a part of a system, as the
interactions and responses of other systems will be erroneous or not applicable.
Simulating a condition is preferable. e.g., for the above case, by heating the outside
air sensor with a hair dryer rather than overwriting the value or by altering the
appropriate setpoint to see the desired response. Before simulating conditions or
overwriting values, sensors, transducers and devices shall have been calibrated.

4. Simulated Signals. Using a signal generator which creates a simulated signal to
test and calibrate transducers and DDC constants is generally recommended over
using the sensor to act as the signal generator via simulated conditions or
overwritten values.

5. Altering Setpoints. Rather than overwriting sensor values, and when simulating
conditions is difficult, altering setpoints to test a sequence is acceptable. For
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example, to see the AC compressor lockout work at an outside air temperature
below 55° F, when the outside air temperature is above 55° F, temporarily change
the lockout setpoint to be 2° F above the current outside air temperature.

6. Indirect Indicators. Relying on indirect indicators for responses or performance
shall be allowed only after visually and directly verifying and documenting, over
the range of the tested parameters, that the indirect readings through the control
system represent actual conditions and responses. Much of this verification is
completed during prefunctional testing.

7. Setup. Each function and test shall be performed under conditions that simulate
actual conditions as close as is practically possible. The Sub executing the test
shall provide all necessary materials, system modifications, etc. to produce the
necessary flows, pressures, temperatures, etc. necessary to execute the test
according to the specified conditions. At completion of the test, the Sub shall
return all affected building equipment and systems, due to these temporary
modifications, to their pre-test condition.

F. Demonstration, Verification, and Validation
1. TAB Validation
a. The air balancing and water balancing is de-bugged, completed and

approved before the CxA completes a TAB validation of air-related and
water-related equipment or systems. The CxA will direct a TAB checkout
by verifying the values reported in the final TAB report. The contractor
shall supply all personnel and equipment for the checkout, including, but
not limited to, tools, instruments, ladders, lifts, computers, software,
cables, etc. The TAB checkout shall verify:

1) 10% of all grilles, diffusers, hoods, terminal devices, and
equipment testing.

2. HVAC and Controls Equipment
a. 100% of all HVAC equipment and controls shall undergo functional
testing.
3. Metering Equipment
a. Demonstrate meters are calibrated in accordance with the manufacturer’s
published data approved.
b. Demonstrate accuracy of all meters.
C. Demonstrate utility monitoring integration with EMS.

G. Problem Solving

1. The CxA will recommend solutions to problems found, however the burden of
responsibility to solve, correct and retest problems is with the CM, Subs and A/E.

3.5 DOCUMENTATION, NON-CONFORMANCE AND APPROVAL OF TESTS

A. Refer to Specification Section 019113, Subsection 3.6.
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3.6 OPERATION AND MAINTENANCE MANUALS
A In addition to Installation manuals, the contractor shall provide one copy of the Operation
and Maintenance Manuals to the CxA for the systems to be commissioned. The O&M
Manuals shall be provided to the CxA at least 8 weeks prior to the start of Functional
Testing — Demonstration.

3.7 TRAINING OF OWNER PERSONNEL

A See Specification Section 019113, Subsection 3.8.

B. Provide designated Owner personnel with comprehensive training in the understanding of
the systems and the operation and maintenance of each major piece of HVAC equipment
or system.

C. CxA shall witness a sampling of the training sessions and provide approval of the content.

3.8 DEFERRED TESTING
A. See Specification Section 019113, Subsection 3.9.

END OF SECTION 230800
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230800 — ATTACHMENT “A”

PARTIAL SAMPLE AHU FUNCTIONAL TEST

System Name: AHU-1

Project: ES Renovation

Description

Model #

Serial #

Functional Testing

Analog Inputs

System Name: AHU-1

Name BAS Units [BAS/Gauge |Measured |Tolerance |Error [Pass |Date Initials |Note #
Name
Locker Room Static Pressure in +/-0.01 0
WG
Corridor Static Pressure in +/-0.01 0
WG
Discharge Air Static Pressure in +/-0.5 0
WG
Discharge Air Temperature F +/-2.0 2




Heat Recovery Temperature F +/-2.0 -04
Preheat Temperature F +/-2.0 1
Return Air Relative Humidity % +/-2.0 0
Return Air Static Pressure in +/-0.5
WG
Analog Outputs
System Name: AHU-1
Name BAS |Units|Normal |Command |[Command |Command |Pass |Date Initials | Note #
Name Position [0% 50% 100%
Exhaust Face & Bypass Damper % Face
Output
Supply Fan Output 0%
Heat Recovery Output % Closed
Inlet Face & Bypass Damper % Face
Output
Outdoor Air Damper Output % Closed
Preheat Output % Closed
Relief Fan Output % 0%
Return Air Damper Output % Closed
Exhaust Air Damper Output Closed




Digital Inputs

System Name: AHU-1

Name BAS Name Normal State On/Open Off/Closed Pass |Date Initials | Note #

Relief Fan Start/Stop Off Start Stop

Supply Fan Start/Stop Off Start Stop

Digital Outputs

System Name: AHU-1

Name BAS Name Normal State On/Open Off/Closed Pass |Date Initials | Note #

Occupancy Status

Relief Fan Status

Supply Fan Lockout Switch

Supply Fan Status

Sequence of Operations

System Name: AHU-1

Procedure/Action/Response BAS Pass |Date Initials |Note #
Value

enabled.

Supply Fan Control: The constant speed supply fan will be started based on
occupancy schedule or from the occupancy override from the zone thermostat. When
the supply fan status indicates the fan has started, the control sequence will be




Occupied Control: The unit will be turned on/off from a command from the BAS or
from the zone thermostat occupancy override. In "Occupied" Mode, outside air
damper opens to a minimum position and the supply and exhaust air fans will run
continuously.

Ensure schedule = Occupied, then verify

Supply Fan S/S = On

Supply Fan Status = On

Outside air damper is at minimum position

Exhaust Fan S/S = On

Exhaust Fan Status = On

HWV and economizer dampers modulate to maintain room temperature set point

Sequence of Operations

System Name: AHU-1

Procedure/Action/Response

BAS
Value

Pass

Date

Initials

Note #

OSA damper and Recirculation damper modulate together to maintain return air humidity

Unit is disabled when schedule is overridden to Unoccupied

With Schedule = Unoccupied, press the occupancy override button on the zone
thermostat

Supply Fan Start/Stop=0n

Supply Fan Status=0n

Outside air damper opens to minimum position




Relief Fan Start/Stop=0n

Relief Fan Status=0On

HW Valve or Economizer Dampers modulate to maintain room set point

Outside air damper and recirculation Damper modulate to maintain space humidity.

Unit shuts down after two hour occupancy override period elapses

Heat Recovery Control: The face and bypass dampers shall be normally open to the
face and closed to the bypass. Damper modulation is for frost control and shall
respond to exhaust air plenum temperature of 40F. When the exhaust air temperature
drops below 40F the face and bypass damper is modulated to bypass air around the
heat pipe to maintain minimum 40F in the exhaust air plenum.

Record Heat Recovery Control Setpoints

Record EA low limit Setpoint: F

Simulate an exhaust air temperature above 40F

Inlet Face & Bypass Damper open 100% Face

Exhaust Face & Bypass Damper open 100% Face

Sequence of Operations

System Name: AHU-1

Procedure/Action/Response

BAS
Value

Pass

Date

Initials

Note #

Simulate an exhaust air temperature below 40F

Inlet Face & Bypass Damper modulate to maintain a exhaust air temperature above 40F

Exhaust Face & Bypass Damper modulate to maintain a exhaust air temperature above 40F




Remove All Overrides

System returns to normal operation.

Occupied Heating Control: The BAS shall modulate the hot water control valve to
maintain the room set point of 86F(adj)

Record Heating Control Setpoints

Record room temperature heating setpoint: F

Simulate a room temperature 4F below space temperature setpoint

Supply Fan Start/Stop and Status=0n

Relief Fan Start/Stop and Status=0n

HW Valve modulates open to meet space temperature setpoint.

Outside air damper and Recirculation damper modulate to maintain space humidity below
high limit setpoint

Simulate a room temperature above space setpoint of 86F

Supply Fan Start/Stop and Status=0n

Relief Fan Start/Stop and Status=0n

HW Valve modulates closed

Outside air damper and recirculation Damper modulate to maintain space humidity.

Remove All Overrides
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SECTION 230900 - INSTRUMENTATION AND CONTROL FORHVAC PART L - GENERAL

PART 1 - RELATED DOCUMENTS

A

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 0l Specification Sections, apply to this Section.

Regulatory Requirements:
1. The Controls Contractor shall be a fully owned subsidiary of the control manufacturer

or factory authorized installer of the major control components and has been in
continuous business for at least five years.

1.2 SUMMARY

A

This Section includes control equipment for HVAC systems and components, including
control components for terminal heating and cooling units not supplied with factory-wired
controls.

Scope
1. Central DDC Panel.
Software to monitor and control HVAC operations.

The term Central DDC Panel refers in this document to the main DDC controller in the
controlled building that acts as the hub for communication with individual equipment
controllers holds most or all of the control software, connects directly to the Ethernet LAN
and resides in the Communications Room. Actual nomenclature will differ among
manufacturers.

Electronic analog or direct digital automatic temperature controllers for individual HVAC
equipment.

13 DEFINITIONS

A.

1/0: Input/output.
MS/TP: Master slave/token passing.
PC: Personal computer.

PID: Proportional plus integral plus derivative.

14 SYSTEM PERFORMANCE

A.

Comply with the following performance requirements:

1. Graphic Display: Display graphic with minimum 20 dynamic points with current
data within 10 seconds.
2. Graphic Refresh: Update graphic with minimum 20 dynamic points with current data

within 8 seconds.
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3. Object Command: Reaction time of less than two seconds between operator
command of a binary object and device reaction.
4. Object Scan: Transmit change of state and change of analog values to control units
or workstation within six seconds.
5. Alarm Response Time: Annunciate alarm at workstation within 45 seconds. Multiple
workstations must receive alarms within five seconds of each other.
6. Program Execution Frequency: Run capability of applications as often as five
seconds, but selected consistent with mechanical process under control.
7. Performance: Programmable controllers shall execute DDC PID control loops, and
scan and update process values and outputs at least once per second.
8. Reporting Accuracy and Stability of Control: Report values and maintain

measured variables within tolerances as follows:

Water Temperature: Plus or minus | deg F.

Water Flow: Plus or minus 5 percent of full scale.

Water Pressure: Plus or minus 2 percent of full scale.

Space Temperature: Plus or minus I deg F.

Ducted Air Temperature: Plus or minus | deg F.

Outside Air Temperature: Plus or minus 2 deg F.

Dew Point Temperature: Plus or minus 3 deg F.

Temperature Differential: Plus or minus 0.25 deg F.

Relative Humidity: Plus or minus 5 percent.

Airflow (Pressurized Spaces): Plus or minus 3 percent of full scale.
Airflow (Measuring Stations): Plus or minus 5 percent of full scale.
Airflow (Terminal): Plus or minus 10 percent of full scale.

Air Pressure (Space): Plus or minus 0.0l-inch wg.

Air Pressure (Ducts): Plus or minus 0.1-inch wg.

Electrical: Plus or minus 5 percent of reading.

oS3 RT T S@Pa0 T

15 QUALITY ASSURANCE

A. Installer Qualifications: Automatic control system manufacturer's authorized representative
who is trained and approved for installation of system components required for this Project.

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

1.6 DELIVERY, STORAGE, AND HANDLING

A. Factory-Mounted Components: Where control devices specified in this Section are indicated
to be factory mounted on equipment, arrange for shipping of control devices to equipment
manufacturer.

B. System Software: Update to latest version of software at Project completion.

1.7 COORDINATION

A. Coordinate location of thermostats, humidistats, and other exposed control sensors with
plans and room details before installation.
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B.

Coordinate equipment with Section 281600 "Intrusion Detection™ to achieve compatibility
with equipment that interfaces with that system and with building master clock.

Coordinate equipment with Section 281300 "Access Control" to achieve compatibility
with equipment that interfaces with that system.

Coordinate equipment with Section 275313 "Clock Systems" to achieve compatibility with
equipment that interfaces with that system.

Coordinate equipment with Section 284619 "PLC Electronic Detention Monitoring and
Control Systems" to achieve compatibility with equipment that interfaces with that system.

Coordinate equipment with Section 260943 "Network Lighting Controls" to achieve
compatibility with equipment that interfaces with that system.

Coordinate equipment with Section 283lll "Digital, Addressable Fire-Alarm System"
and Section 283112 "Zoned (DC Loop) Fire-Alarm System" to achieve compatibility with
equipment that interfaces with that system.

Coordinate supply of conditioned electrical branch circuits for control units and operator
workstation.

Coordinate equipment with Section 260913 "Electrical Power Monitoring and Control" to
achieve compatibility of communication interfaces.

Coordinate equipment with Section 262416 "Panelboards” to achieve compatibility with
starter coils and annunciation devices.

Coordinate equipment with Section 262419 "Motor-Control Centers” to achieve
compatibility with motor starters and annunciation devices.

Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete,
reinforcement, and formwork requirements are specified in Section 033000 "Cast-in-Place
Concrete."

PART 2 - PRODUCTS

2.1 CONTRACTORS

A

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

1. Contractors: Subject to compliance with requirements, provide products by one of
the manufacturers specified.

a. Long.

2.2 CONTROL SYSTEM

A.

Control system shall consist of sensors, indicators, actuators, final control elements,
interface equipment, other apparatus, and accessories to control mechanical systems.
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B.

Control system shall consist of sensors, indicators, actuators, final control elements,
interface equipment, other apparatus, accessories, and software connected to distributed
controllers operating in multiuser, multitasking environment on token-passing network and
programmed to control mechanical systems. An operator workstation permits interface
with the network via dynamic color graphics with each mechanical system, building floor
plan, and control device depicted by point-and-click graphics.

Control system shall include the following:

1. l. Building intrusion detection system specified in Section 281600 "Intrusion
Detection."

2. Building clock control system specified in Section 275313 "Clock Systems."

3. Building lighting control system specified in Section 260943 "Network Lighting
Controls."

4. Fire alarm system specified in Section 283lll "Digital, Addressable Fire-Alarm

System" and Section 283112 "Zoned (DC Loop) Fire-Alarm System."

2.3 CONTROL VALVES

A.

E.

Flanged cast iron in sizes 2-1/2" and larger, otherwise bronze. Seat and inner valve material
of hardened steel. Sizes 2" and smaller with soldered or threaded connections.

Spring return to the normal position in the absence of control power, that is, fail with
the heating valves open and the cooling valves closed.

Modulating electric actuators with adjustable end switches to prevent overstroking are
acceptable in sizes greater than I". Use electric actuators for larger sizes. In remodel
projects where no instrument air compressor exists, consult the District.

Use a three-way design at the ends of long runs to keep piping near the service temperature
and maintaining pump flow above 25% of design. Otherwise use two-way valves.

Size for a 5 PSI maximum drop.

2.4 DAMPER ACTUATORS

A

Modulating in most applications or two-position in rare cases; i.e., minimum outside air
dampers or exhaust dampers.

Provide position indication or verification on the outside air, return air and exhaust air
dampers of air handling units larger than 15,000 cfm. An example is an analog input to the
DDC panel from an actuator potentiometer.

Provide at least one operator for each 16 square feet of damper, or for each length greater
than 48".

Modulating electric actuators with adjustable end switches to prevent overstroking are
acceptable in small dampers associated with unitary equipment like exhaust fans. Consult
the District if exceptions are desired or in remodel projects where no instrument air
COmpressor exists.
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E. 4-20 mA, 24 vac or 0-20 vdc for electric. Do not use 24 vdc if the actuator position has to
be reported.
F. Spring return to the fire alarm position upon power failure.
G. VAV box actuators: capable of permanent stall operation without damage. Adjustable stop

pins for stroke limits. Drive gears of nickel steel, no plastic.

25 INDICATORS

A
B.
C.
D

E.

Interface each indicator with remote sensor/controller to display measured value.

Supply selector switches for multiple indicators that show which variable is being measured.
Accurate and repeatable to +0.5% of the measured variable's maximum value.

Electro mechanical device or panel mounted back screen display.

Indicators are not required for values that can be reported by the DDC system.

2.6 TRANSDUCERS

A

B.

C.

Electronic transducer: Accuracy =% of maximum value.
Fully adjustable (not fixed) range.

Approved manufacturers: Johnson EPT-I0I or 102 or Triac Tech CP-3000 Series. Submit
others to District for approval.

2.7 SENSORS

A

Temperature: Thermistor or platinum RTD, Accuracy =I°F. Do not use RTDs that require
transmitters.

Differential Building Static pressure: vary output voltage linearly. Range: -0.1 to 0.I"
W.C.with an accuracy of 2% of its range, repeatable to 0.5% of range.

Duct static pressure: vary output linearly. Range -l to +4" W.C., accuracy 3% of range,
repeatable within 1.5% of range.

Air velocity: linear indication of the velocity of air in a duct from 0 to 2000 FPM, Accuracy,
+50 FPM from which the central controller can calculate CFM.

Outdoor air temperature: high resistance change versus temperature change, designed for
outdoor mounting insulated from the building and out of the sun, minimum range —20 to

+I10°F, accuracy =I°F, repeatable within 1/2°F.

Room temperature: minimum range 50°F to 95°F, accuracy *I°F, repeatable 1.5% of range.
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Duct temperature: minimum range 32°F to II0°F, accuracy #I°F, repeatable 1.5% of
range. Use averaging elements, not bulbs.

Liquid temperature: insert in a pipe well and immerse in a substance designed to enhance
heat transfer and rapid response. Minimum range 35°F to 220°F, 1% accuracy, repeatable

within 1% of range.

2.8 AIRFLOW MEASUREMENT DEVICES

A.

Manufacturers

1. Ebtron
2. No others allowed.

Product shall be gold series suitable for installation inside air handler. Refer to
control drawings for location.

Provide GTC transmitter. Contractor may choose to use GTC as both exhaust airflow
nad temperature sensor if desired.

2.9 MISCELLANEOUS DEVICES

A

Freeze Detection Thermostats (Freeze Stats):

1. Line voltage liquid-filled type responsive only to the lowest temperature sensed
along any one foot length of its element.

2. Adjustable.

3. Automatic reset.

Plastic laminate labels on all panels and major field devices screwed or riveted to the
panel faces, no adhesives. Do not attach labels to replaceable devices or room thermostats or
sensors. The definition of major is left to the consultant.

Flow Switches:

1. Pressure differential type with SPDT contacts. Do not use paddle switches except
where required to maintain a chiller or boiler warranty or where other devices would
not work reliably. If in doubt, check with the District. The engineer must include a
detail of paddle switch installation, if they are used, and assure that the contractor
installs them properly. Use McDonnell-Miller FS4-3 or approved equal.

2. Design an excessive water make-up alarm to alert the maintenance people in of too
much makeup water flowing into a closed heating or cooling loop and thus
indicating a major leak. In systems with a glycol feeder this may be no more than
a low level alarm in the glycol tank. In systems that lack a feeder design a DP switch
across the backflow preventer or the makeup solenoid valve that will trip with water
flow. Add a time delay relay adjustable from 30 to 120 seconds to prevent nuisance
alarms.

Use current switches to prove fan or low head pump flow where appropriate.

Wind dampening "weatherhead" on each atmospheric pressure sensing point; e.g., Dwyer
A-
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F. 306. Locate above wind eddies caused by the building structure and roof equipment.
G. Shielded cable on critical communication and sensor lines as recommended by the
manufacturer or advised by the consultant.
H. Place thermostats or temperature control sensors inside locking clear plastic covers that

discourage tampering and vandalism at gyms. Use surface mounted sensors mounted on
interior walls, installed with necessary insulation from wall.

Use DP switches across fans as fan status input points into the DDC panel.

2.10 CENTRAL DDC PANEL

A.

B.

Connect direct to field data points or individual equipment controllers.

Electrically isolate and otherwise protected against voltage transients, sudden drops, spikes,
and power surges unless this protection is provided to the DDC system from outside itself.

Removable circuit boards and plug-in terminal for ease of servicing.
Permit special global commands such as date, time of day, history, night setback, setpoint
adjustments, or summer/winter setpoint changeover that will automatically apply to all

subsidiary (individual equipment) controllers.

24 hours of battery backup with a programmed alarm after expiration of the
recommended battery life to prompt replacement.

If more than one panel is required to comprise the central DDC controller, seamlessly
connect them such that they will be addressable as if only a single DDC controller were
operating the system.

Power connections

NEMA | cabinet(s) assembled, furnished and installed by the Controls Contractor.

House the microprocessor, communication interface, all controllers (except those required

for individual equipment), relays, indicators, clocks, switches, pilot lights, override timers,
etc. to allow quick access for adjustment and troubleshooting.

2.11 CENTRAL DDC CONTROLLER SOFTWARE

A

Multi-tasking menu driven in plain English. If programming code is used, eg, C or Pascal,
provide a translator or explanatory remarks in the code so that a user unfamiliar with
programming codes can understand the program. An intelligent user shall be able to add,
delete, or modify any control sequence, value, schedule or assignment without additional
software or proficiency in a programming language.

Include but do not limit functions to:

1. Digital Inputs and outputs
2. Momentary Digital Outputs.
3. Accumulate Pulsed Inputs, eg, KW demand.
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11.

12.

13.

14.

15.

16.

17.
18.

Analog Inputs.
Analog Outputs with clamping.
Time Functions:

a. Weekly clock: 24 hours, 8 days.

b. Yearly clock: 365 days for holiday schedule.

Demand limiting.

Control Functions.

Analog to Digital Converter.
Math and Logic Functions:

Add, Subtract, Multiply, Divide.
Minimum, Maximum, Average
And, Or, Exclusive or.

Not and, Nor, Exclusive nor.
Square root.

Absolute value.

Sign value.

Equal or not equal to.
Exponentiation.

—SQ@ o0 oW

Accumulation Function:

a. RunTime Totalizationwithautomaticalarmandreset.
b. Analog Integration with automatic alarm and reset.

Alarm Functions:

Conditional Alarms with If/Then/Else logic.
Alarm Inhibiting.
Fluttering Alarm Suppression.

h0 OO0 o

combination or up to 5 phone numbers.

Digital, Analogand Hi/Losettingsanddeadband.

Customized Alarm Messages of at least 70 Characters.
Auto dial of any alarm condition to the dumb Epson printer/modem

Permit Set
May 25, 2022

g. Provide dry contact closures for up to seven alarms that can be wired by the
owner to the security panel. Install a I" conduit with a nylon pull line from

the point where alarms are gathered to the security panel.

Produce the necessary reverse acting or direct acting PID signals as required by the

particular control sequence of the equipment being controlled.

Include self-diagnostic procedures for checking the LED digital displays (if any) and

verify the integrity of the CPU memory and database.

Provide sequences to accommodate power failure, operate under emergency power

and restart after power has been restored.

Compare up to 100 analog readings to preset high and low limits, unique to each

data point, and annunciate each time a value exceeds a limit.

Where applicable assign each alarm point a return-to-normal deadband.
Any analog value resulting from a mathematical calculation shall be assignable

as an alarm.

INSTRUMENTATION AND CONTROL FOR HVAC
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19. An alarm point can be inhibited by another digital point if desired. The condition
of the digital point when the inhibit condition occurs can be operator programmed for
either an open contact or a closed contact.

20. 10. Provide time delays for alarms that are easily changed by the user.

21. Allow the operator to design, test, then implement desired ("What if") control
strategies on-line without harming controlled equipment. Once satisfied with a
particular control strategy, the user can release the controls to automatic and
monitor the performance of the system.

22. Reports:

a. Name: Returns all points with their assigned English names.

b. Type: Returns all points with their types such as analog or digital.

C. Address: Returns a list of controller addresses.

d. Status: Returns all points with a specific status; e.g., all zones in heating, all
zones in cooling, all zones unoccupied, or all zones in manual override
control.

e. Value: Returns all points greater to, equal to or less than a specified value.
For example, lists all zones with a temperature greater than 76°F.

f. History: Displays the history of a value over a specified time period at
specified intervals.

23. Allow "wild cards" or similar procedures to group points and functions. 14.

Diagnostics:

a. Capable of self-diagnosing without a query by an operator.

b. Alarm a power failure or a communication failure with any controller to the
dumb Epson printer/modem via telephone. Repeat alarms at programmable
intervals while the situation remains unattended and unacknowledged.
Acknowledging and silencing alarms shall be a simple procedure from a
remote PC or the central controller.

24. Password Security:

a. Level I—Proprietary: All functions available. Retained by the manufacturer
and NOT given to the District. May read or change any password by
keyboard entry, or itself by keyboard entry or new EPROM chip.

b. Level 2—Master: All functions available. May read or change passwords
including but no higher than itself. Give to the District's project manager or
mechanical engineer in a sealed envelope and do not reveal during training
and demonstration sessions.

C. Level 3—Working: All functions available. May read or change passwords
including but no higher than itself. May be revealed during training and
demonstrations.

d. Levels 4, 5 & 6: Functions assignable by higher passwords.

e. Level 7: Read only (except passwords).

25. To simplify error checking and reprogramming write software in logical groups or

subroutines each serving one piece of equipment or an intuitive collection. Add
nonfunctional remarks in the software to explain the function of each group and
identify the equipment controlled. As much as possible reuse standard routines
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that have been proven effective by experience and duplicate them for identical
equipment.

212 ALLINDIVIDUALEQUIPMENT (APPLICATION SPECIFIC) CONTROLLERS

A.

B.

Function independently on loss of communication with the central DDC controller.
Capable of program changes or displaying data while in communication with:

1. Aportablecomputerplugged intothe central DDC controller.
2. A remote computer via Ethernet LAN through the central DDC controller.

Locally adjustable address, setpoints and sensor scaling.

Control by proportional, integral, derivative or combination.

Proportional heating and cooling with adjustable dead band.

Either 0 to 20 vdc or 4 to 20 mA proportional output (except VAV boxes).

Internal switches (or software) for each output to change from direct to reverse acting.

2.13 MAJOR EQUIPMENT CONTROLLERS

A.

Locally and centrally control each item of equipment such as an air handling unit, boiler,
chiller or tower by a controller mounted on or near that piece of equipment. Preferably
boiler plants or the chiller/tower combination may be operated from one controller or directly
from the central DDC controller.

Each individual equipment controller shall have the below listed data (as applicable)
readable and commandable at the individual equipment controller with the plug-in computer,
at the central DDC controller or from a remote computer via Ethernet LAN, as applicable.
Design an EIA-232 communication bus or similar capability among major equipment
controllers so that the foregoing is possible.

Percentage data readings must state percent open. NOTE: * = Read only

1. Current building KW demand *.
2. Each air-handling unit:

Fan on/off.

Outside air damper percent open.

Return air damper percent open.

Exhaust air damper percent open.

Heating coil valve percent open.

Discharge air pressure using the same pressure sensor used to modulate VFD.
Discharge air temperature.

Smoke detector alarm *.

Freeze stat alarm*.

Mixed air temperature.

—oSe@me oo T

3. Outside air temperature using the sensor which resets heating water temperature*.
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2.14

2.15

4, Heating system:

Each boiler on or off.

Heating water pumps on or off.
Heating water supply temperature.
Heating water return temperature *.
Alarm status *:

PoooTe

1) No heating water flow.
2) Heating water temperature out of limits.
3) Extended glycol feeder or boiler water makeup.

VAV BOX CONTROLLERS

Pressure independent control.

Separate adjustable heating, cooling, and fan maximum and minimum volume setpoints, if
applicable.

Modulate the heating control valve (two-position valves are not permitted).

Each VAV box locally and centrally controlled by a single controller mounted accessible
and near the box.

Readable and adjustable at each VAV box controller, the central DDC controller or from
a remote computer via telephone modem:

Room heating setpoint temperature, occupied/unoccupied.

Room cooling setpoint temperature, occupied/unoccupied.

Maximum cooling velocity or cfm.

Minimum cooling velocity or cfm.

Minimum heating velocity or cfm.

Actual supply air velocity or cfm (read only).

Actual room temperature (read only).

Heating valve percent open.

Actual supply air temperature downstream of the heating coil (read only).

0. 10. Actual supply air temperature upstream of the VAV box (read for diagnostics

only).

Boo~Noourwd PR

BOILER PLANT CONTROLLER

A.

Use the central DDC control panel to sequence the boilers and reset heating water
temperature.

Use the central DDC outside air temperature sensor to reset heating water temperature. If a
second one is provided for the boiler plant, it remains the consultant's responsibility to specify
a location out of the sun and away from any other source of error-producing heat.

Follow the guidelines above for major equipment controllers.
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2.16 INDIVIDUAL EQUIPMENT CONTROLLER SOFTWARE

A

B.

Routinelyreporttothe central DDC controller.
Continuously poll data for changes at minimum intervals of 100ms.
Continuously accumulate data pulses up to two per second.

Digital outputs in four forms; pulsed, sustained, pulse width modulated and binary staged
closures.

Pulsed closures: 200 milliseconds.

Keep sustained closures in the commanded state until receipt of a contrary command.
Vary pulse width modulation from 100ms to 255 seconds.

Permit up to 25 levels of staging, e.g., boiler modules.

rPOONME

2.17 CONTROL CABLE

A.

Electronic and fiber-optic cables for control wiring are specified in Section 271500
"Communications Horizontal Cabling."”

PART 3 - EXECUTION

3.1 EXAMINATION

A.

Verify that conditioned power supply is available to control units and operator workstation.

3.2 INSTALLATION

A

Plenum rated cable inside of plenums. Wiring suspended neatly from the overhead structure.
Do not support on top of ceiling tiles. Minimum wire size, I8 AWG stranded.

Number or color code wiring terminals and provide a cross reference to ease later checkout
and diagnosis.

Place exposed control wiring in conduit with proper identification.

Sensors

1. Surface mount with standard plastic covers with exposed knobs only in classrooms
to permit a +3° deviation from setpoint.

2. Install liquid temperature sensors inside of pipe wells with an appropriate heat

transfer compound inside the well.

Accessibility
1. Installallcontroldevicesin"Readily Accessible" locations
2. Cleaning and Protection

The Controls Contractor is responsible for preassembling and installing panels and all
hardware with his own employees, proving the system and training District people in its
proper function and maintenance.
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G.

T.

u.

Wiring, conduit placement and the installing of actuators and related linkage may be
subcontracted to a District approved installer but in this case the controls contractor shall label
and connect all wiring terminations and be responsible for the subcontractor's work.

Install software in control units and operator workstation(s). Implement all features of
programs to specified requirements and as appropriate to sequence of operation.

Connect and configure equipment and software to achieve sequence of operation specified.

Verify location of thermostats, humidistats, and other exposed control sensors with
Drawings and room details before installation.

1. Install averaging elements in ductsand plenumsin crossing or zigzag pattern.

Install guards on thermostats in the following locations:

1. Entrances.
2. Public areas.
3. Where indicated.

Install automatic dampers according to Section 233300 "Air Duct Accessories."

Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor
temperatures.

Install labels and nameplates to identify control components according to Section 230553
"Identification for HVAC Piping and Equipment.”

Install hydronic instrument wells, valves, and other accessories according to Section
232113 "Hydronic Piping."

Install steam and condensate instrument wells, valves, and other accessories according to
Section 232213 "Steam and Condensate Heating Piping."”

Install refrigerant instrument wells, valves, and other accessories according to Section
232300 "Refrigerant Piping."

Install duct volume-control dampers according to Section 233lI3 "Metal Ducts" and
Section233116 "Nonmetal Ducts."

Install electronic and fiber-optic cables according to Section 271500 "Communications
Horizontal Cabling."”

Provide a printed copy of the final sequence of operations and a point assignment list.

Locate each individual equipment controller near the equipment served and label its function.

3.3 ELECTRICAL WIRING AND CONNECTION INSTALLATION

A.

Install raceways, boxes, and cabinets according to Section 260533 "Raceways and Boxes
for Electrical Systems."
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B. Install building wire and cable according to Section 260519 "Low-Voltage Electrical Power
Conductors and Cables."

C. Install signal and communication cable according to Section 271500 “Communications
Horizontal Cabling."

1. Conceal cable, except in mechanical rooms and areas where other conduit and piping
are exposed.

2. Install exposed cable in raceway.

3. Install concealed cable in raceway.

4. Bundle and harness multiconductor instrument cable in place of single cables
where several cables follow a common path.

5. Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect
against abrasion. Tie and support conductors.

6. Number-code or color-code conductors for future identification and service of
control system, except local individual room control cables.

7. Install wire and cable with sufficient slack and flexible connections to allow for
vibration of piping and equipment.

D. Connect manual-reset limit controls independent of manual-control switch positions.

Automatic duct heater resets may be connected in interlock circuit of power controllers.

E. Connect hand-off-auto selector switches to override automatic interlock controls when switch
is in hand position.

3.4 ADJUSTING

A. Calibrating and Adjusting:

poONMPE

Calibrate instruments.

Make three-point calibration test for both linearity and accuracy for each analog
instrument.

Calibrate equipment and procedures using manufacturer's written recommendations
and instruction manuals. Use test equipment with accuracy at least double that of
instrument being calibrated.

Control System Inputs and Outputs:

a. Check analog inputs at 0, 50, and 100 percent of span.
b. Check analog outputs using milliampere meter at 0, 50, and 100 percent
output.

Check digital inputs using jumper wire.

Check digital outputs using ohmmeter to test for contact making or breaking.
e. Check resistance temperature inputs at 0, 50, and 100 percent of span
using a precision-resistant source.

oo

Flow:

a. Set differential pressure flow transmitters for 0 and 100 percent values with
3-point calibration accomplished at 50, 90, and 100 percent of span.

b. Manually operate flow switches to verify that they make or break contact.

Pressure:
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a. Calibrate pressure transmitters at 0, 50, and 100 percent of span.
b. Calibrate pressure switches to make or break contacts, with adjustable

differential set at minimum.

8. Temperature:

a. Calibrate resistance temperature transmitters at 0, 50, and 100 percent of
span using a precision-resistance source.
b. Calibrate temperature switches to make or break contacts.

9. Stroke and adjust control valves and dampers without positioners, following the
manufacturer's recommended procedure, so that valve or damper is 100 percent open
and closed.

10. Stroke and adjust control valves and dampers with positioners, following

manufacturer's recommended procedure, so that valve and damper is 0, 50, and 100
percent closed.

11. Provide diagnostic and test instruments for calibration and adjustment of system.

12. Provide written description of procedures and equipment for calibrating each type of
instrument.  Submit procedures review and approval before initiating startup
procedures.

Adjust initial temperature and humidity set points.

Occupancy Adjustments: When requested within 12 months of date of Substantial
Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.
Provide up to three visits to Project during other than normal occupancy hours for this
purpose.

3.5 DEMONSTRATION

A.

12 hours at each elementary or I8 hours at each middle or high school to demonstrate the
controls to District personnel and answer questions.

Optionally 24 hours minimum of formal classroom training to District personnel in the
theory, function and application of each hardware and software element and each
component in the control system, plus 8 hours of telephone consultation.

The consultant shall confer with the District at the time of design to determine how
much training will be required by the construction documents.

Present 16 training hours in the proprietary software in addition to controls training
required elsewhere. The consultant shall confer with the District prior to issuing construction
documents to determine the amount of training desired.

END OF SECTION 230900
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SECTION 230913 - VARIABLE-FREQUENCY MOTOR CONTROLLERS

PART 1- GENERAL

11 SUMMARY

A

Permit Set
May 25, 2022

Section includes separately enclosed, pre-assembled, combination VFCs, rated 600 V and

less, for speed control of three-phase, squirrel-cage induction motors.

1.2 DEFINITIONS

A

W

o O

m

z

©

VARIABLE-FREQUENCY MOTOR CONTROLLERS

BAS: Building automation system.
CPT: Control power transformer.

EMI: Electromagnetic interference.

IGBT: Insulated-gate bipolar transistor.

LAN: Local area network.

LED: Light-emitting diode.

MCP: Motor-circuit protector.

NC: Normally closed.

NO: Normally open.

OCPD: Overcurrent protective device.

PCC: Point of common coupling.

PID: Control action, proportional plus integral plus derivative.

PWM: Pulse-width modulated.

RFI: Radio-frequency interference.

TDD: Total demand (harmonic current) distortion.
THD(V): Total harmonic voltage demand.

VFC: Variable-frequency motor controller.
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13 SUBMITTALS

A. Product Data: For each type and rating of VFC indicated. Include features, performance,
electrical ratings, operating characteristics, shipping and operating weights, and furnished
specialties and accessories.

B. Shop Drawings: For each VFC indicated. Include dimensioned plans, elevations, and
sections; and conduit entry locations and sizes, mounting arrangements, and details,
including required clearances and service space around equipment.

1. Show tabulations of installed devices, equipment features, and ratings. Include the
following:
a. Each installed unit's type and details.
b. Factory-installed devices.
C. Enclosure types and details.
d. Nameplate legends.
e. Short-circuit current (withstand) rating of enclosed unit.
f. Features, characteristics, ratings, and factory settings of each VFC and
installed devices.
2. Schematic and Connection Wiring Diagrams: For power, signal, and control wiring.
C. Load-Current and Overload-Relay Heater List: Compile after motors have been installed
and arrange to demonstrate that selection of heaters suits actual motor nameplate, full-load
currents.
D. Load-Current and List of Settings of Adjustable Overload Relays: Compile after motors

have been installed and arrange to demonstrate that switch settings for motor-running
overload protectoin suit actual motors to be protected.

14 CLOSEOUT SUBMITTALS
A. Operation and Maintenance Data: For VFCs to include in emergency, operation, and

maintenance manuals. In addition to items specified in Section 017823 "Operation and
Maintenance Data," include the following:

1. Manufacturer's written instructions for testing and adjusting thermal-magnetic circuit
breaker and MCP trip settings.

2. Manufacturer's written instructions for setting field-adjustable overload relays.

3. Manufacturer's written instructions for testing, adjusting, and reprogramming
microprocessor control modules.

4, Manufacturer's written instructions for setting field-adjustable timers, controls, and

status and alarm points.
15 MAINTENANCE MATERIAL SUBMITTALS

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. Power Fuses: Equal to 10 percent of quantity installed for each size and type, but
no fewer than three of each size and type.
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2. Control Power Fuses: Equal to 10 percent of quantity installed for each size and
type, but no fewer than two of each size and type.
3. Indicating Lights: Two of each type and color installed.
4. Auxiliary Contacts: Furnish one spare(s) for each size and type of magnetic
controller installed.
5. Power Contacts: Furnish three spares for each size and type of magnetic

contactor installed.
1.6 QUALITY ASSURANCE

A. 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.

B. Comply with NFPA 70.
1.7 DELIVERY, STORAGE, AND HANDLING
A If stored in space that is not permanently enclosed and air conditioned, remove loose
packing and flammable materials from inside controllers and install temporary electric
heating, with at least 250 W per controller.

18 PROJECT CONDITIONS

A Environmental Limitations: Rate equipment for continuous operation, capable of driving
full load without derating, under the following conditions unless otherwise indicated:

1. Ambient Temperature: Not less than 14 deg F and not exceeding 104 deg F.
2. Ambient Storage Temperature: Not less than -4 deg F and not exceeding 140 deg F
3. Humidity: Less than 95 percent (noncondensing).
4. Altitude: Not exceeding 6600 feet.
B. Interruption of Existing Electrical Systems: Do not interrupt electrical systems in facilities

occupied by Owner or others unless permitted under the following conditions and then
only after arranging to provide temporary electrical service according to requirements

indicated:

1. Notify Owner no fewer than two days in advance of proposed interruption of
electrical systems.

2. Indicate method of providing temporary electrical service.

3. Do not proceed with interruption of electrical systems without Owner's written
permission.

4. Comply with NFPA 70E.

1.9 COORDINATION

A Coordinate features of motors, load characteristics, installed units, and accessory devices to
be compatible with the following:

1. Torque, speed,and horsepower requirementsofthe load.
2. Ratings and characteristics of supply circuit and required control sequence.
3. Ambient and environmental conditions of installation location.
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B. Coordinate sizes and locations of concrete bases with actual equipment provided. Cast
anchor bolt inserts into bases.

1.10 WARRANTY

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
replace VFCs that fail in materials or workmanship within specified warranty period.

1. Warranty Period: Fiveyearsfrom date of Substantial Completion.
PART 2 - PRODUCTS
2.1 MANUFACTURED UNITS

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

1. ABB.
2. Yaskowa.

B. General Requirements for VFCs: Comply with NEMA ICS 7, NEMA ICS 61800-2, and

UL 508C.
C. Application: Constant torque and variable torque.
D. VFC Description: Variable-frequency power converter (rectifier, dc bus, and IGBT,

PWM inverter) factory packaged in an enclosure, with integral disconnecting means and
overcurrent and overload protection; listed and labeled by an NRTL as a complete unit;
arranged to provide self-protection, protection, and variable-speed control of one or more
three-phase induction motors by adjusting output voltage and frequency.

1. Units suitable for operation of inverter-duty motors as defined by NEMA MG |,
Section IV, Part 3l, "Definite-Purpose Inverter-Fed Polyphase Motors."

2. Listed and labeled for integrated short-circuit current (withstand) rating by an NRTL
acceptable to authorities having jurisdiction.

E. Design and Rating: Match load type, such as fans, blowers, and pumps; and type of
connection used between motor and load such as direct or through a power-transmission
connection.

F. Output Rating: Three-phase; 10 to 60 Hz, with voltage proportional to frequency
throughout voltage range; maximum voltage equals input voltage.

G. Unit Operating Requirements:

1. Input AC Voltage Tolerance: Plus 10 and minus 10 percent of VFC input voltage
rating.

2. Input AC Voltage Unbalance: Not exceeding 3 percent.

3. Input Frequency Tolerance: Plus or minus 3 percent of VFC frequency rating.

4. Minimum Efficiency: 96 percent at 60 Hz, full load.

5. Minimum Displacement Primary-Side Power Factor: 96 percent under any load

or speed condition.
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6. Minimum Short-Circuit Current (Withstand) Rating: 10 kA. Or as indicated on
drawings.
7. Ambient Temperature Rating: Not less than 14 deg F and not exceeding 104 deg F.
8. Ambient Storage Temperature Rating: Not less than minus 4 deg F and not
exceeding 140 deg F)
9. Humidity Rating: Less than 95 percent (noncondensing). 10. Altitude  Rating:
Not exceeding 6600 feet.
10. Vibration Withstand: Complywith IEC 60068-2-6.
11. Overload Capability: 1.5 times the base load current for 60 seconds; minimum of 1.8
times the base load current for three seconds.
12. Starting Torque: Minimum |00 percent of rated torque from 3 to 60 Hz. 14.Speed
Regulation: Plusor minus 10 percent.
13. Output Carrier Frequency: Selectable; 0.5to 15 kHz.
14. Stop Modes: Programmable; includes fast, free-wheel, and dc injection braking.
H. Inverter Logic: Microprocessor based, 16 bit, isolated from all power circuits.

. Isolated Control Interface: Allows VFCs to follow remote-control signal over a minimum
40:1 speed range.

1.

Signal: Electrical.

J. Internal Adjustability Capabilities:

agrwdE

Minimum Speed: 5to 25 percent of maximum rpm.

Maximum Speed: 80 to 100 percent of maximum rpm.
Acceleration: 0.1 to 999.9 seconds.

Deceleration: 0.1 to 999.9 seconds.

Current Limit: 30 to minimum of 150 percent of maximum rating.

K. Self-Protection and Reliability Features:

1.

ok w

Hoo~No®

0.

Input transient protection by means of surge suppressors to provide three-phase
protection against damage from supply voltage surges 10 percent or more above
nominal line voltage.

Loss of Input Signal Protection: Selectable response strategy, including speed default
to a percent of the most recent speed, a preset speed, or stop; with alarm.

Under- and overvoltage trips.

Inverter overcurrent trips.

VFC and Motor Overload/Overtemperature Protection: Microprocessor-based
thermal protection system for monitoring VFCs and motor thermal characteristics,
and for providing VFC overtemperature and motor overload alarm and trip; settings
selectable via the keypad; NRTL approved.

Critical frequency rejection, with three selectable, adjustable deadbands.
Instantaneous line-to-line and line-to-ground overcurrent trips.

Loss-of-phase protection.

Reverse-phase protection. 10.  Short-circuit protection.

Motor overtemperature fault.

L. Automatic Reset/Restart: Attempt three restarts after drive fault or on return of power after
an interruption and before shutting down for manual reset or fault correction; adjustable
delay time between restart attempts.
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M.

Power-Interruption Protection: To prevent motor from re-energizing after a power
interruption until motor has stopped, unless "Bidirectional Autospeed Search™ feature is
available and engaged.

Bidirectional Autospeed Search: Capable of starting VFC into rotating loads spinning in
either direction and returning motor to set speed in proper direction, without causing damage
to drive, motor, or load.

Torque Boost: Automatically varies starting and continuous torque to at least 1.5 times
the minimum torque to ensure high-starting torque and increased torque at slow speeds.

Motor Temperature Compensation at Slow Speeds: Adjustable current fall-back based on
output frequency for temperature protection of self-cooled, fan-ventilated motors at slow
speeds.

Integral Input Disconnecting Means and OCPD: NEMA AB I, thermal-magnetic circuit
breaker with pad-lockable, door-mounted handle mechanism.

1. Disconnect Rating: Not lessthan I15 percent of VFC input current rating.

2. Disconnect Rating: Not less than 115 percent of NFPA 70 motor full-load current
rating or VFC input current rating, whichever is larger.

3. Auxiliary Contacts: NO/NC, arranged to activate before switch blades open.

4, Auxiliary contacts "a" and "b" arranged to activate with circuit-breaker handle.

5 NO alarm contact that operates only when circuit breaker has tripped.

2.2 CONTROLS AND INDICATION

A.

Status Lights: Door-mounted LED indicators displaying the following conditions:

Power on.
Run.
Overvoltage.
Line fault.
Overcurrent.
External fault.

o~ E

Panel-Mounted Operator Station: Manufacturer's standard front-accessible, sealed keypad
and plain-English language digital display; allows complete programming, program
copying, operating, monitoring, and diagnostic capability.

1. Keypad: In addition to required programming and control keys, include keys for
HAND, OFF, and AUTO modes.
2. Security Access: Provide electronic security access to controls through identification

and password with at least three levels of access: View only; view and operate;
and view, operate, and service.

a. Control Authority: Supports at least four conditions: Off, local manual
control at VFC, local automatic control at VFC, and automatic control
through a remote source.
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C. Historical Logging Information and Displays:

Real-time clock with currenttime and date.

Running log of total power versus time.

Total run time.

Fault log, maintaining last four faults with time and date stamp for each.

pPoONME

D. Indicating Devices: Digital display mounted flush in VFC door and connected to display
VFC parameters including, but not limited to:

Output frequency (Hz).

Motor speed (rpm).

Motor status (running, stop, fault).

Motor current (amperes).

Motor torque (percent).

Fault or alarming status (code).

PID feedback signal (percent).

DC-link voltage (V dc).

Set point frequency (Hz). 10.  Motor output voltage (V ac).

CoNoO~wWwNE

E. Control Signal Interfaces:
1. Electric Input Signal Interface:

a. A minimum of two programmable analog inputs: 0- to 10-V dc 4- to 20-mA
dc.
b. A minimum of six multifunction programmable digital inputs.

2. Remote Signal Inputs: Capability to accept any of the following speed-setting
input signals from the BAS or other control systems:

0- to 10-V dc.

4- to 20-mA dc.

Potentiometer using up/down digital inputs.
Fixed frequencies using digital inputs.

cooe

3. Output Signal Interface: A minimum of one programmable analog output signal(s)
(4- to 20-mA dc ), which can be configured for any of the following:

Output frequency (Hz).
Output current (load).
DC-link voltage (V dc).
Motor torque (percent).
Motor speed (rpm).

Set point frequency (Hz).

hD o0 T

4. Remote Indication Interface: A minimum of two programmable dry-circuit relay
outputs (120-V ac, I A) for remote indication of the following:

a. Motor running.
b. Set point speed reached.
C. Fault and warning indication (overtemperature or overcurrent).
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d. PID high- or low-speed limits reached.
F. BAS Interface: Factory-installed hardware and software to enable the BAS to monitor,

2.3

control, and display VFC status and alarms and energy usage. Allows VFC to be used with
an external system within a multidrop LAN configuration; settings retained within VFC's
nonvolatile memory.

1. Network CommunicationsPorts: Ethernetand RS-422/485.
2. Embedded BAS Protocols for Network Communications: ASHRAE 135 BACnhet
and Echelon LonWorks; protocols accessible via the communications ports.
BYPASS SYSTEMS
A Bypass Operation: Safely transfers motor between power converter output and bypass

circuit, manually, automatically, or both. Selector switches set modes and indicator lights
indicate mode selected. Unit is capable of stable operation (starting, stopping, and running)
with motor completely disconnected from power converter.

Bypass Mode: Field-selectable automatic or manual, allows local and remote transfer
between power converter and bypass contactor and retransfer, either via manual operator
interface or automatic control system feedback.

Bypass Controller: Two-contactor-style bypass allows motor operation via the power
converter or the bypass controller; with input isolating switch and barrier arranged to isolate
the power converter and permit safe troubleshooting and testing, both energized and de-
energized, while motor is operating in bypass mode.

1. Bypass Contactor: Load-break, IEC-rated contactor.
2. Output Isolating Contactor: Non-load-break, IEC -rated contactor.
3. Isolating Switch: Non-load-break switch arranged to isolate power converter and

permit safe troubleshooting and testing of the power converter, both energized and
de-energized, while motor is operating in bypass mode; pad-lockable, door-mounted
handle mechanism.

Bypass Contactor Configuration: Reduced-voltage (autotransformer) type.

1. NORMAL/BYPASS selector switch.
2. HAND/OFF/AUTO selector switch.
3. NORMAL/TEST Selector Switch: Allows testing and adjusting of VFC while the
motor is running in the bypass mode.
4. Contactor Coils: Pressure-encapsulated type.
a. Operating Voltage: Depending on contactor NEMA size and line-voltage
rating, manufacturer's standard matching control power or line voltage.
b. Power Contacts: Totally enclosed, double break, and silver-cadmium oxide;
assembled to allow inspection and replacement without disturbing line or
load wiring.
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2.5

2.6

5. Control Circuits: 120 -V ac; obtained from integral CPT, with primary and secondary
fuses, with CPT of sufficient capacity to operate all integral devices and remotely
located pilot, indicating, and control devices.

a. CPT Spare Capacity: 50 VA.
6. Overload Relays: NEMA ICS 2.
a. Melting-Alloy Overload Relays:
1) Inverse-time-current characteristic.
2) Class 20 tripping characteristic.
3) Heaters in each phase matched to nameplate full-load current of
actual protected motor and with appropriate adjustment for duty
cycle.

OPTIONAL FEATURES

A Remote Indicating Circuit Terminals: Mode selection, controller status, and controller fault.
B. Remote digital operator Kit.
C. Communication Port: RS-232 port, USB 2.0 port, or equivalent connection capable of

connecting a printer and a hotebook computer.

ENCLOSURES

A. VFC Enclosures: NEMA 250, to comply with environmental conditions at installed location.
1. DryandCleanIndoorLocations: Typel.
2. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive

Liquids: Type 12.

B. Plenum Rating: UL 1995; NRTL certification label on enclosure, clearly identifying VFC
as "Plenum Rated."”

ACCESSORIES

A. General Requirements for Control-Circuit and Pilot Devices: NEMA ICS 5; factory
installed in VFC enclosure cover unless otherwise indicated.

1. Push Buttons, Pilot Lights, and Selector Switches: Heavy -duty type.
a. Push Buttons: Shielded types; momentary.
b. Pilot Lights: LED types; Insert color(s).
C. Selector Switches: Rotary type.
B. Reversible NC/NO bypass contactor auxiliary contact(s).
C. Control Relays: Auxiliary and adjustable solid-state time-delay relays.
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D. Phase-Failure, Phase-Reversal, and Undervoltage and Overvoltage Relays: Provide a
separate (i.e. non-integral to VFC) phase monitor with solid-state sensing circuit with
isolated output contacts for hard-wired connections. Provide adjustable undervoltage,
overvoltage, and time-delay settings.

1. Current Transformers: Continuous current rating, basic impulse insulating level
(BIL) rating, burden, and accuracy class suitable for connected circuitry. Comply
with IEEE C57.13.

E. Spare control-wiring terminal blocks; unwired.

F. Provide secondary starters to control motors independently of variable frequency drives,
single speed, in case of VFC failure.

2.7 SOURCE QUALITY CONTROL
A. Testing: Test and inspect VFCs according to requirements in NEMA ICS 61800-2.
1. Testeach VFC while connectedto its specified motor.
2. Verification of Performance: Rate VFCs according to operation of functions and
features specified.
B. VFCs will be considered defective if they do not pass tests and inspections.
C. Prepare test and inspection reports.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas, surfaces, and substrates to receive VFCs, with Installer present, for
compliance with requirements for installation tolerances, and other conditions affecting
performance.

B. Examine VFC before installation. Reject VFCs that are wet, moisture damaged, or mold
damaged.

C. Examine roughing-in for conduit systems to verify actual locations of conduit connections

before VFC installation.
D. Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 INSTALLATION
A. Coordinate layout and installation of VFCs with other construction including conduit,
piping, equipment, and adjacent surfaces. Maintain required workspace clearances and
required clearances for equipment access doors and panels.
B. Wall-Mounting Controllers: Install VFCs on walls with tops at uniform height and with

disconnect operating handles not higher than 79 inches above finished floor unless
otherwise indicated, and by bolting units to wall or mounting on lightweight structural-
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3.3

3.4

steel channels bolted to wall. For controllers not on walls, provide freestanding racks
complying with Section 260529 "Hangers and Supports for Electrical Systems."

Floor-Mounting Controllers: Install VFCs on 4-inch nominal thickness concrete base.
Comply with requirements for concrete base specified in Section 033000 "Cast-in-Place
Concrete."

1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise
indicated, install dowel rods on 18-inch centers around the full perimeter of
concrete base.

2. For supported equipment, install epoxy-coated anchor bolts that extend through
concrete motor(s) base and anchor into structural concrete floor.

3. Place and secure anchorage devices. Use setting drawings, templates, diagrams,
instructions, and directions furnished with items to be embedded.

4. Install anchor bolts to elevations required for proper attachment to supported
equipment.

Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets
and temporary blocking of moving parts from enclosures and components.

Install fuses in each fusible-switch VFC.

Install fuses in control circuits if not factory installed. Comply with requirements in
Section 262813 "Fuses."

Install heaters in thermal-overload relays. Select heaters based on actual nameplate full-
load amperes after motors have been installed.

Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven
equipment.

Comply with NECAI.

IDENTIFICATION

A.

Identify VFCs, components, and control wiring. Comply with requirements for
identification specified in Section 260553 "Identification for Electrical Systems."

1. Identify field-installed conductors, interconnecting wiring, and components;
provide warning signs.

2. Label each VFC with engraved nameplate.

3. Label each enclosure-mounted control and pilot device.

Operating Instructions: Frame printed operating instructions for VFCs, including control
sequences and emergency procedures. Fabricate frame of finished metal and cover
instructions with clear acrylic plastic. Mount on front of VFC units.

CONTROL WIRING INSTALLATION

A

Install wiring between VFCs and remote devices and facility's central-control system.
Comply with requirements in Section 260523 "Control-Voltage Electrical Power Cables."
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B. Bundle, train, and support wiring in enclosures.
C. Connect selector switches and other automatic control devices where applicable.
1. Connect selector switches to bypass only those manual- and automatic control devices

2.

that have no safety functions when switches are in manual-control position.

Connect selector switches with control circuit in both manual and automatic
positions for safety-type control devices such as low- and high-pressure cutouts, high-
temperature cutouts, and motor overload protectors.

3.5 FIELD QUALITY CONTROL

A. Perform tests and inspections.
B. Acceptance Testing Preparation:
1. Test insulation resistance for each VFC element, bus, component, connecting

supply, feeder, and control circuit.

2. Test continuity of each circuit.
C. Tests and Inspections:
1. Inspect VFC, wiring, components, connections, and equipment installation. Test
and adjust controllers, components, and equipment.
2. Test insulation resistance for each VFC element, component, connecting motor
supply, feeder, and control circuits.
3. Test continuity of each circuit.
4. Verify that voltages at VFC locations are within 10 percent of motor nameplate
rated voltages. If outside this range for any motor, notify Architect before starting the
5. Test each motor for proper phase rotation.
6. Perform each electrical test and visual and mechanical inspection stated in NETA
Acceptance Testing Specification. Certify compliance with test parameters.
7. Correct malfunctioning units on-site, where possible, and retest to demonstrate
compliance; otherwise, replace with new units and retest.
8. Test and adjust controls, remote monitoring, and safeties. Replace damaged and
malfunctioning controls and equipment.
D. VFCs will be considered defective if they do not pass tests and inspections.
E. Prepare test and inspection reports, including a certified report that identifies the VFC

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

3.6 STARTUP SERVICE

A Perform startup service.

1.

Complete installation and startup checks according to manufacturer's written
instructions.
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3.7 ADJUSTING

A. Program microprocessors for required operational sequences, status indications, alarms,
event recording, and display features. Clear events memory after final acceptance testing
and prior to Substantial Completion.

B. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay
pickup and trip ranges.

C. Set the taps on reduced-voltage autotransformer controllers.

3.8 PROTECTION

A. Temporary Heating: Apply temporary heat to maintain temperature according to
manufacturer's written instructions until controllers are ready to be energized and placed
into service.

B. Replace VFCs whose interiors have been exposed to water or other liquids prior to

Substantial Completion.

3.9 DEMONSTRATION

A Train Owner's maintenance personnel to adjust, operate, reprogram, and maintain VFCs.

END OF SECTION 230913

VARIABLE-FREQUENCY MOTOR CONTROLLERS 230913 - 13






Poudre School District

Permit Set

Fort Collins HS Chiller Replacement May 25, 2022

SECTION 232113 - HYDRONIC PIPING

PART 1 - GENERAL

11 SUMMARY

A. Section Includes:

1.

Chilled water piping, above grade.

2. Condenser water piping, above ground.
B. Related Documents:

1. Drawings and general provisions of the contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to this
section and the other sections of this Division.

2. Other sections of this Division, and of other Divisions, may contain requirements

that relate to this section.

1.2 PERFORMANCE REQUIREMENTS

A. Seismic Performance: Hydronic piping and support and installation shall withstand effects
of earthquake motions determined according to ASCE/SEI 7.

13 SUBMITTALS

A. Product Data:

1. Piping: Submit data on pipe materials, fittings, and accessories. Submit
manufacturers catalog information.
2. Valves: Submit manufacturers catalog information with valve data and ratings for
each service.
3. Hangers and Supports: Submit manufacturers catalog information including load
capacity.
B. Test Reports: Indicate results of piping system pressure test for each system.
C. Manufacturer's Installation Instructions: Submit hanging and support methods, joining

procedures and isolation.

D. Manufacturer's Certificate: Certify products meet or exceed specified requirements.

E. Welders’ Certificate: Include welders’ certification of compliance with AWS D1.1.

14 CLOSEOUT SUBMITTALS

A. Project Record Documents: Record actual locations of valves, equipment and accessories.

HYDRONIC PIPING
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B.

Operation and Maintenance Data: Submit instructions for installation and changing
components, spare parts lists, exploded assembly views.

15 QUALITY ASSURANCE

A

Perform Work in accordance with ASME B31.9 code for installation of piping systems and
ASME Section IX for welding materials and procedures.

Perform Work in accordance with AWS D1.1 for welding hanger and support attachments
to building structure.

All grooved couplings, fittings, valves, and specialties shall be the products of a single
manufacturer. Grooving tools shall be of the same manufacturer as the grooved
components.

All castings used for couplings housings, fittings, or valve and specialty bodies shall be
date stamped for quality assurance and traceability.

1.6 QUALIFICATIONS

A

Manufacturer;: Company specializing in manufacturing products specified in this section
with minimum three years experience.

Fabricator or Installer: Company specializing in performing Work of this section with
minimum three years experience.

1.7 PRE-INSTALLATION MEETINGS

A

Convene minimum one week prior to commencing work of this section.

1.8 DELIVERY, STORAGE, AND HANDLING

A

B.

Accept valves on site in shipping containers with labeling in place. Inspect for damage.

Provide temporary end caps and closures on piping and fittings. Maintain in place until
installation.

Protect piping systems from entry of foreign materials by temporary covers, completing
sections of the Work, and isolating parts of completed system.

1.9 FIELD MEASUREMENTS

A.

Verify field measurements prior to fabrication.

PART 2 - PRODUCTS

2.1 PIPING MATERIALS

A.

Comply with requirements in “Piping Schedule” article for applications of pipe, tube,
fitting materials and joining methods for specific services, service locations, and pipe sizes.

HYDRONIC PIPING 232113-2
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2.2 STEEL TUBE AND FITTINGS, ABOVE GROUND

A Steel Pipe: ASTM A53/A53M, Schedule 40 (0.375 inch (10 mm) wall for sizes 12 inch
(300 mm) and larger), black.

1. Fittings: ASME B16.3, malleable iron or ASTM A234/A234M, forged steel
welding type.
2. Joints: Threaded for pipe 2 inch (50 mm) and smaller; welded for pipe 2-1/2 inches

(65 mm) and larger.

B. Steel Pipe: ASTM A53/A53M, Schedule 40 (0.375 inch (10 mm) wall for sizes 12 inch
(300 mm) and larger), black, cut grooved ends.

1. Fittings: ASTM A395/A395M and ASTM A536 ductile iron, or ASTM
A234/A234M carbon steel, grooved ends.
2. Joints: Grooved mechanical couplings meeting ASTM F1476.
a. Housing Clamps: ASTM A395/A395M and ASTM Ab536 ductile iron,
enamel coated compatible with steel piping sizes.
b. Gasket: Elastomer composition for operating temperature range suitable
for service.
C. Accessories: Zinc electroplated steel bolts, nuts, and washers, comply
with ASTM A449.
d. Rigid: Coupling housings with offsetting, angle-pattern bolt pads shall be

used to provide system rigidity and support and hanging in accordance
with ANSI B31.1 and B31.9. Installation-Ready, for direct stab
installation without field disassembly.

e. Flexible: Use in locations where vibration attenuation and stress relief are
required.
3. Fittings: Cold press mechanical joint fitting shall conform to material

requirements of ASTM A420 or ASME B16.3 and performance criteria of IAPMO
PS117. Sealing elements for press fittings shall be EPDM. Sealing elements shall
be factory installed or an alternative supplied by fitting manufacturer.

2.3 COPPER TUBE AND FITTINGS, ABOVE GROUND

A. Copper Tubing: ASTM B88 (ASTM B88M), Type L, hard drawn.

1. Fittings: ASME B16.22 solder wrought copper.

2. Tee Connections: At contractor’s option, mechanically extracted collars with
notched and dimpled branch tube may be used.

3. Joints: Solder, lead free, ASTM B32, 95-5 tin-antimony, or tin and silver, with

melting range 430 to 535 degrees F (220 to 280 degrees C). Braze, AWS A5.8
BCuP silver/phosphorus/copper alloy with melting range 1190 to 1480 degrees F
(640 to 805 degrees C).
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4. Copper Pressure-Seal-Joint Fittings: ASME B16.18 or ASME B16.23.
a. Manufacturers:  Subject to compliance with requirements, provide
products by one of the following:
1) Viega, Plumbing and Heating Systems.
2) Preapproved equal.
b. NPS 2 (DN50 and Smaller: Wrought-copper fitting with EPDM-rubber
O-ring seal in each end.
C. NPS 2-1/2 to NPS 4 (DN 64 to DN 100): Cast-bronze or wrought-copper

B.

C.

fitting with EPDM-rubber O-ring seal in each end.

Copper Tubing: ASTM B88 (ASTM B88M), Type L, hard drawn, rolled grooved ends.

1. Fittings: ASME B16.22 wrought copper and bronze, or ASME B16.18 and ASTM
B584 bronze sand castings, with copper-tube dimensioned grooved ends.

2. Joints: Grooved mechanical couplings meeting ASTM F1476.
a. Housing Clamps: ASTM A395/A395M and ASTM A536 ductile iron

with offsetting angle-pattern bolt pads, enamel coated, compatible with
copper tubing sizes, to engage and lock.

Gasket: Elastomer composition for operating temperature range suitable
for service.

Accessories: ASTM A449 compliant Zinc electroplated steel bolts, nuts,
and washers.

Copper Tubing: ASTM B88 (ASTM B88M), Type M, hard drawn.

1. Fittings: ASME B16.18, cast brass, or ASME B16.22 solder wrought copper.
2. Joints: Solder, lead free, ASTM B32, 95-5 tin-antimony, or tin and silver, with
melting range 430 to 535 degrees F (220 to 280 degrees C).

2.4 PLASTIC PIPE AND FITTINGS

A

2.

PVC Pipe: ASTM D1785, polyvinyl chloride (PVC) material with wall thickness as
indicated in “Piping Schedule”.

1. Fittings: Socket-Type Pipe Fittings, ASTM D2466 for Schedule 40 Pipe; ASTM
D2467 for Schedule 80.
2. Joints: ASTM D2855, solvent weld with ASTM D2564 solvent cement.

CPVC Pipe: ASTM F 441/F 441M, chlorinated polyvinyl chloride (CVPV) material, with

wall thickness as indicated in “Piping Schedule”.

1. Fittings: Socket-Type Pipe Fittings, ASTM F438 for Schedule 40 Pipe; ASTM
F439 for Schedule 80 Pipe.

HYDRONIC PIPING
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25 FIBERGLASS REINFORCED PIPE AND FITTINGS
A FRP Pipe: ASTM D2310, glass fiber reinforced thermosetting resin material.

1. Fittings: Fiberglass reinforced epoxy.
2. Joints: Adhesive bonded bell and spigot or flanged coupling.

2.6 UNIONS AND FLANGES

A Unions for Pipe 2 inches (50 mm) and Smaller:
1. Ferrous Piping: Class 150, malleable iron, threaded.
2. Copper Piping: Class 150, bronze unions with soldered joints.
3. Dielectric Connections: Nipple with galvanized or plated steel threaded end,

copper solder end, water impervious isolation barrier.
4. PVC Piping: PVC.

B. Flanges for Pipe 2-1/2 inches (65 mm) and Larger:

1. Ferrous Piping: Class 150, forged steel, slip-on flanges.
2. Copper Piping: Class 150, slip-on bronze flanges.
3. PVC Piping: PVC flanges.
4. Gaskets: 1/16 inch (1.6 mm) thick preformed neoprene gaskets.
C. Unions or flanges for servicing and disconnect are not required in installations using

grooved joint couplings.

D. PVC Pipe Materials: For connections to equipment and valves with threaded connections,
furnish solvent-weld socket to screwed joint adapters and unions, or ASTM D2464,
Schedule 80, threaded, PVC pipe.

PART 3 - EXECUTION

3.1 PREPARATION

A. Ream pipe and tube ends. Remove burrs. Bevel or groove plain end ferrous pipe.

B. Remove scale and dirt on inside and outside before assembly.

C. Prepare piping connections to equipment with flanges, grooved joint couplings, or unions.

D. Keep open ends of pipe free from scale and dirt. Protect open ends with temporary plugs
or caps.

E. After completion, fill, clean, and treat systems.

F. The installing contractor shall insure that internal components of the cold press mechanical

joint press fitting are properly in place and free from damage. This is to include sealing
elements, grip ring, and separator rings.
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3.2

3.3

INSTALLATION - PIPE HANGERS AND SUPPORTS

A.

Install in accordance with Division 23 Section “Hangers and Supports for HVAC Piping
and Equipment”.

Support horizontal piping as scheduled.

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

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

Use hangers with 1-1/2 inch (38 mm) minimum vertical adjustment. Design hangers for
pipe movement without disengagement of supported pipe.

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

Where installing several pipes in parallel and at same elevation, provide multiple pipe
hangers or trapeze hangers.

Provide copper plated hangers and supports for copper piping.
Prime coat exposed steel hangers and supports. Refer also to Division 09. Hangers and
supports located in crawl spaces, pipe shafts, and suspended ceiling spaces are not

considered exposed.

Provide clearance in hangers and from structure and other equipment for installation of
insulation and access to valves and fittings.

Comply with requirements in Division 23 Section “Vibration and Seismic Controls for
HVAC Piping and Equipment” for seismic restraint devices.

INSTALLATION - ABOVE GROUND PIPING SYSTEMS

A.

Locations and Arrangements: Drawings (plans, schematics, and diagrams) indicate the
general location and arrangement of piping systems. Locations and arrangements of piping
take into consideration pipe sizing and friction loss, expansion, pump sizing, and other
design considerations. So far as practical, install piping as indicated.

Use fittings for all changes in direction and all branch connections.

Conceal all pipe installations in walls, pipe chases, utility spaces, above ceilings, below
grade or floors, unless indicated to be exposed to view.

Install piping tight to slabs, beams, joists, columns, walls, and other permanent elements
of the building. Provide space to permit insulation applications, with 1" clearance outside
the insulation. Allow sufficient space above removable ceiling panels to allow for panel
removal.
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E.

Install drains at low points in mains, risers, and branch lines consisting of a tee fitting, 3/4"
ball valve, and short 3/4" threaded nipple and cap.

Install piping at a uniform grade of 1 inch in 40 feet upward in the direction of flow.

Make reductions in pipe sizes using eccentric reducer fitting installed with the level side
up.

Install branch connections to mains using Tee fittings in main with take-off out the bottom
of the main, except for up-feed risers which shall have take-off out the top of the main line.

Install unions in pipes 2 inch and smaller, adjacent to each valve, at final connections to
each piece of equipment, and elsewhere as indicated. Unions are not required on flanged
devices.

Install dielectric nipples or waterway fittings to join dissimilar metals, including copper
coil connections with steel pipe.

Install flanges or grooved joint couplings on valves, apparatus, and equipment having 2-
1/2 inch and larger connections.

Install flexible connectors at inlet and discharge connections to pumps (except inline
pumps) and other vibration producing equipment.

1. Three flexible type grooved joint couplings may be used in lieu of flexible
connectors at equipment connections in applicable piping systems. The couplings
shall be placed in close proximity to the vibration source.

Install strainers on the supply side of each control valve, pressure reducing valve, pressure
regulating valve, solenoid valve, inline pump, and elsewhere as indicated. Install nipple
and ball valve in blow down connection of strainers 2 inch and larger.

Press Connections: Copper press fittings shall be made in accordance with manufacturer’s
installation instructions. The tubing shall be fully inserted into the fitting and the tubing
marked at the shoulder of the fitting. The fitting alignment shall be checked against the
mark on the tubing to assure the tubing is fully engaged (inserted) in the fitting. The joints
shall be pressed using the tool approved by the manufacturer.

Install piping in accordance with ASME B31.9.

Route piping parallel to building structure and maintain gradient. Diagonal runs are not
permitted, unless expressly indicated.

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

Group piping whenever practical at common elevations, spaced to permit applying
insulation and servicing of valves.

Sleeve pipe passing through partitions, walls and floors.
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T. Install firestopping at fire rated construction perimeters and openings containing
penetrating sleeves and piping.

U. Install pipe identification.

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

W. Provide access where valves and fittings are not exposed.

X. Slope hydronic piping and arrange systems to drain at low points. Use eccentric reducers
to maintain top of pipe aligned.

Y. Where pipe support members are welded to structural building framing, scrape, brush
clean, and apply one coat of zinc rich primer to welds.

Z. Prepare exposed unfinished pipe, fittings, supports, and accessories, ready for finish
painting.

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

BB. Insulate piping and equipment.

3.4 PIPE JOINT CONSTRUCTION

A

B.

Soldered Joints: Comply with the procedures contained in the AWS "Soldering Manual."

Brazed Joints: Comply with the procedures contained in the AWS "Brazing Manual."

1. CAUTION: Remove stems, seats, and packing of valves and accessible internal
parts at piping specialties before brazing.

2. Fill the pipe and fittings during brazing, with an inert gas (i.e., nitrogen or carbon
dioxide) to prevent formation of scale.

3. Heat joints using oxy-acetylene torch. Heat to proper and uniform temperature.

Threaded Joints: Conform to ANSI B1.20.1, tapered pipe threads for field cut threads.
Join pipe fittings and valves as follows:

1. Note the 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.

2. Align threads at point of assembly.

3. Apply appropriate tape or thread compound to the external pipe threads (except
where dry seal threading is specified).

4. Assemble joint wrench tight. Wrench on valve shall be on the valve end into which

the pipe is being threaded.

a. Damaged Threads: Do not use pipe with threads which are corroded or
damaged. If a weld opens during cutting or threading operations, that
portion of pipe shall not be used.
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D.

Grooved Joints: Install in accordance with the manufacturer’s latest published installation
instructions. Pipe ends shall be clean and free from indentations, projections, and roll
marks in the area from pipe end to (and including) groove. Gasket shall be manufacturer
by the coupling manufacturer and verified as suitable for the intended service. Grooved
coupling manufacturer’s factory trained field representative shall provide on-site training
for contractor’s field personnel in the proper use of grooving tools, application of groove,
and installation of grooved piping products. Factory trained representative shall
periodically visit the jobsite to ensure best practices in grooved product installation are
being followed. Contractor shall remove and replace any improperly installed products.

Flanged Joints: Align flanges surfaces parallel. 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.

3.5 VALVE APPLICATIONS:

A.

General Duty Valve Applications: The Drawings indicate valve types to be used. Where
specific valve types are not indicated the following requirements apply:

1. Shut-off duty: Use ball, valves for line size 2" and smaller, use butterfly valves
above 2" size.
2. Install shut-off duty valves at each branch connection to supply mains, at supply

connection to each piece of equipment, and elsewhere as indicated.

Install drain valves at low points in mains, risers, branch lines, and elsewhere as required
for system drainage.

3.6 FIELD QUALITY CONTROL

A

B.

Preparation for Testing - Prepare hydronic piping in accordance with ASME B 31.9 and as
follows:

1. Leave joints including welds uninsulated and exposed for examination during the
test.
2. Provide temporary restraints for expansion joints which cannot sustain the

reactions due to test pressure. If temporary restraints are not practical, isolate

expansion joints from testing.

Flush system with clean water. Clean strainers.

4. Isolate equipment that is not to be subjected to the test pressure from the piping. If
a valve is used to isolate the equipment, its closure shall be capable of sealing
against the test pressure without damage to the valve. Flanged joints at which
blinds are inserted to isolate equipment need not be tested.

w

Testing - Test hydronic piping as follows:

1. Use clean ambient temperature water as the testing medium, except where there is
a risk of damage due to freezing. Another liquid may be used if it is safe for
workmen and compatible with the piping system components.

2. Use vents installed at high points in the system to release trapped air while filling
the system. Use drains installed at low points for complete removal of the liquid.
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3. Examine system to see that equipment and parts that cannot withstand test
pressures are properly isolated. Examine test equipment to ensure that it is tight
and that low pressure filling lines are disconnected.

4. Subject piping system to a hydrostatic test pressure which at every point in the
system is not less than 125 PSIG. The test pressure shall not exceed the maximum
pressure for any vessel, pump, valve, or other component in the system under test.
Make a check to verify that the stress due to pressure at the bottom of vertical runs
does not exceed either 90 percent of specified minimum yield strength, or 1.7 times
the “SE” value in appendix A of ASME B31.9, Code for Pressure Piping, Building
Services Piping.

5. After the hydrostatic test pressure has been applied for at least 10 minutes, examine
piping, joints, and connections for leakage. Eliminate leaks by tightening,
repairing, or replacing components as appropriate, and repeat hydrostatic test until
there are no leaks. Continue test for 6 hours minimum and re-examine for leaks.

3.7 ADJUSTING AND CLEANING
A. Clean and flush hydronic piping systems. Remove, clean, and replace strainer screens.
After cleaning and flushing hydronic piping system, but before balancing, remove

disposable fine mesh strainers in pump suction diffusers.

B. During flushing use cleaning compounds specified in Division 23 Section “HVAC Water
Treatment.”

C. The following procedure shall be used for cleaning and flushing of hydronic water piping.

1. Mix cleaning compound with clean water per chemical manufacturer’s instructions
and distribute into the chilled water lines.

2. Completely fill system with water and chemical and bleed air.

3. Circulate system for 48 hours. Verify that all valves are open.

4, Clean strainers a minimum of every 2 hours for the first 4 hours; then clean every
4 hours minimum.

5. Drain water and chemical from piping system. Drain all low points. Allow the
drain to bleed while system is circulating and verify proper operation of automatic
make-up water valve.

6. Refill with clean water and circulate for 4 hours using the automatic make-up.

7. Completely drain water from piping system. Drain all low points.

8. Refill with clean water and corrosion inhibitor in quantity as recommended by the
chemical manufacturer, based on water samples taken at the site.

9. Test water sample; if test pH exceeds make-up pH continue flushing operation.

3.8 TESTING
A. 125 Pound Systems: Test hydronic piping subject to main system pressure at not less than

150 pounds per square inch gauge or 1-1/2 times the maximum working pressure devices
connected to the piping system, whichever is greater, measured at the low point of the
system.
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B. Test Result: After cleaning and filling the mechanical system, operate the system for a
period of not less than 48 hours continuously during which time water treatment samples
shall be taken at 4 hour intervals and the results plotted on a graph. Testing and sampling
shall continue until the graph indicates that the water treatment is maintaining the specified
levels of chemical within plus or minus 10 percent under all conditions of load.

3.9 COMMISSIONING

A. Fill system with clean water, both new and existing systems which must be drained in order
to make connections for new systems.

B. Check expansion tanks to determine that they are not air bound and that the system is
completely full of water.

C. Before operating the system perform these steps:
1. Open valves to full open position. Close coil bypass valves.
2. Remove and clean strainers.
3. Check pump for proper direction of rotation and correct improper wiring.
4. Check air vents at high points of systems and determine if all are installed and

bleed all air completely from the system.

Set temperature controls so all coils are calling for full flow.

Check operation of automatic bypass valves.

Lubricate motors and bearings.

After air is eliminated, circulate hydronic water systems for a minimum of 72 hours
prior to water balancing.

NGO

3.10 PIPING SCHEDULE

Application Piping Fittings

Chilled Water and Smaller (Above | ASTM A53/A53M Steel Pipe Threaded, Malleable Iron

Grade) Hard Copper Tube, Type L Wrought Copper, Soldered Joints
Copper Pressure Sealed Joints

Chilled Water and Larger (Above | ASTM A53/A53M Steel Pipe Forged Steel, Welded

Grade) Grooved-Joint

Hard Copper Tube, Type L Grooved-Joint Wrought Copper
Soldered Joints
Copper Pressure Seal Joints

Condenser Water Piping 2" (50 ASTM A53/A53M Steel Pipe Threaded, Malleable Iron
mm) and Smaller (Above Grade) PVC, Schedule 802¢ Schedule 80, Solvent Welded
Condenser Water Piping 2-1/2” ASTM A53/A53M Steel Pipe Forged Steel, Welded
(65mm) and Larger (Above Grooved-Joint
Grade)
PVC, Schedule 80P¢ Schedule 80, Solvent Welded
FRPPc Bell and Spigot
Flanged
Table Notes:
a. Allowed only where specifically indicated on the drawings.
b. Confirm suitability for penetrations of fire rated assemblies or through fire separations.
C. May not be installed in a return-air plenum.
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END OF SECTION 232113
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SECTION 232116 - HYDRONIC PIPING SPECIALTIES

PART 1 - GENERAL

11 SUMMARY

A

1.2 SUBMITTALS

A

C.

Section Includes:

©CoNoOR~wWNE

Flexible connectors.

Expansion tanks.

Alir vents.

Air separators.

Strainers.

Pump suction fittings.

Manual calibrated balance valves.
Automatic balance valves.

Relief valves.

Related Documents:

1.

Drawings and general provisions of the contract, including General and
Supplementary Conditions and Division 01 Specification Sections, apply to this
section and the other sections of this Division.

Other sections of this Division, and of other Divisions, may contain requirements
that relate to this section.

Product Data: Submit for manufactured products and assemblies used in this Project.

1.

2.

3.

4.

Manufacturer’s data and list indicating use, operating range, total range,
accuracy, and location for manufactured components.

Submit product description, model, dimensions, component sizes, rough-in
requirements, service sizes, and finishes.

Submit schedule indicating manufacturer, model number, size, location, rated
capacity, load served, and features for each piping specialty.

Submit electrical characteristics and connection requirements.

Manufacturer's Installation Instructions: Submit hanging and support methods, joining
procedures, application, selection, and hookup configuration. Include pipe and accessory
elevations.

Manufacturer's Certificate: Certify products meet or exceed specified requirements.

13 CLOSEOUT SUBMITTALS

A.

Project Record Documents: Record actual locations of actual locations of components
and equipment.

HYDRONIC PIPING SPECIALTIES 232116 -1



Poudre School District Permit Set
Fort Collins HS Chiller Replacement May 25, 2022

B. Operation and Maintenance Data: Submit instructions for calibrating instruments,
installation instructions, assembly views, servicing requirements, lubrication instruction,
and replacement parts list.

14 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section
with minimum three years experience.

B. Installer: Company specializing in performing Work of this section with minimum three
years documented experience approved by manufacturer.

15 DELIVERY, STORAGE, AND HANDLING

A Accept piping specialties on site in shipping containers with labeling in place. Inspect for
damage.

B. Provide temporary protective coating on cast iron and steel valves.

C. Protect systems from entry of foreign materials by temporary covers, caps and closures,
completing sections of the work, and isolating parts of completed system until
installation.

1.6 ENVIRONMENTAL REQUIREMENTS

A Do not install instruments when areas are under construction, except rough in, taps,
supports and test plugs.

1.7 FIELD MEASUREMENTS
A Verify field measurements before fabrication.

PART 2 - PRODUCTS

2.1 FLEXIBLE CONNECTORS

A Corrugated stainless steel hose with single layer of stainless steel exterior braiding,
minimum 9 inches long with copper tube ends; for maximum working pressure 300 psig.

2.2 DIAPHRAGM-TYPE EXPANSION TANKS

A. Manufacturers: Subject to compliance with requirements provide products by one of the
following:
1. Amtrol, Inc.
2. Armstrong Pumps, Inc.
3. Bell & Gossett/ITT Industries
4. Taco, Inc.
B. Construction: Welded steel, tested and stamped in accordance with ASME Section VIII;

supplied with National Board Form U-1, rated for working pressure of 125 psig (860
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2.3

24

2.5

kPa), with flexible butyl diaphragm sealed into tank. For systems utilizing glycol, EPDM
shall be utilized for the diaphragm.

C. Accessories: Pressure gage and air-charging fitting, tank drain; pre-charge to 12 psig (80
kPa) unless otherwise noted.

D. Automatic Cold Water Fill Assembly: Pressure reducing valve, reduced pressure double
check back flow prevention device, test cocks, strainer, vacuum breaker, and by-pass
valves.

AIR VENTS

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

1. Amtrol, Inc.
2. Armstrong Pumps, Inc.
3. Bell & Gossett/ITT Industries
4, Taco, Inc.
B. Manual Type: Short vertical sections of 2 inch diameter pipe to form air chamber, with

1/8 inch brass needle valve at top of chamber.

AIR SEPARATORS

A.

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

Amtrol, Inc.

Armstrong Pumps, Inc.

Bell & Gossett/ITT Industries
Spirotherm

Taco, Inc.

agrwdE

In-line Air Separators: Cast iron for sizes 1-1/2 inch and smaller, or steel for sizes 2 inch
and larger; tested and stamped in accordance with ASME Section VIII; for 125 psig
operating pressure.

Combination Air Separators/Strainers: Steel, tested and stamped in accordance with
ASME Section VIII; for 125 psig operating pressure, with integral bronze strainer,
tangential inlet and outlet connections, and internal stainless steel air collector tube.

STRAINERS

A.

Size 2 inch (50 mm) and Smaller:

1. Screwed brass (ASTM B 62, Grade C) or iron body (ASTM A 126, Class B) for
175 psig working pressure, Y pattern with 1/32 inch stainless steel perforated
screen.

HYDRONIC PIPING SPECIALTIES 232116 - 3



Poudre School District Permit Set
Fort Collins HS Chiller Replacement May 25, 2022

Size 2-1/2 inch to 4 inch;:

1. Flanged iron body (ASTM A 126, Class B) for 175 psig working pressure, Y
pattern with 3/64 inch stainless steel perforated screen.

Size 5 inch and Larger:

1. Flanged iron body for 175 psig working pressure, basket pattern with 1/8 inch
stainless steel perforated screen.

2.6 PUMP SUCTION FITTINGS

A.

B.

C.

Manufacturer same as pump manufacturer.

Fitting: Angle pattern, cast-iron body. Threaded for 2 inch and smaller, flanged for 2-1/2
inch and larger. Rated for 175 psig working pressure, with inlet vanes, cylinder strainer
with 3/16 inch diameter openings, disposable fine mesh strainer to fit over cylinder
strainer, and permanent magnet located in flow stream and removable for cleaning.

Accessories: Adjustable foot support, blow-down tapping in bottom, gage tapping in side.

2.7 MANUAL CALIBRATED BALANCE VALVES (MANUAL BALANCE VALVES)

A.

Manufacturer:  Subject to compliance with requirements, provide calibrated balance
valves by one of the following:

Armstrong Model CBV-S.CBV-T (1/2” through 2”)

Armstrong Model CBV-A/CBV-A (2 '4” through 127)

MEPCO Model MBVS/MBVT (1/2” through 2”)

MEPCO Model MBVF (2 % through 12”)

Tour & Anderson Model STAS/STAD (1/2” through 2”)

Tour & Anderson Model STAG/STAF (2 '4” through 12”)

TACO Model ACUF-AC/ACUF-AT (1/2” through 2”)

TACO Model ACUF-F (2 ' through 4”)

Flow Design Flow-set Model AS-S WT/AS-FPT (1/2” through 2”)
0. Flow Design Flow-set Model AG/AF (2 '4” through 14”)

Boo~NooRr~LNOE

General: Provide as indicated, calibrated balance valves equipped with readout test ports
to facilitate connecting of a differential pressure meter to balance valves. Equip each
readout test port with integral EPT check valve designed to minimize system fluid loss
during balancing process. Provide calibrated nameplate to indicate degree of closure of
precision machined orifice with tamper resistant memory step. Valves shall be capable of
positive shut-off with no leakage.

Features: Balancing Valves in sizes 2" through 2” shall be of bronze body construction
with solder or NPT connections to match piping systems. Balancing valves in sizes 2 5”
through 12” shall be of cast iron body design conforming to ASME/ANSI B16.5 with
brass interior parts and flanged or grooved connections to match piping systems.
Construct each valve for a minimum of 125 psig working pressure at a temperature of
250°F, and supplied with a preformed insulated housing suitable for use on heating and

HYDRONIC PIPING SPECIALTIES 232116 -4



Poudre School District Permit Set
Fort Collins HS Chiller Replacement May 25, 2022

cooling systems. Insulation shall have a flame spread not to exceed 25, fuel contributed
not to exceed 50 and smoke developed rating not to exceed 50.

1. Provide each valve with an engraved valve tag attached permanently to valve
with brass chain or wire link manufactured specifically for that purpose. A valve
schedule suitable for framing shall be provided referring each valve by
sequenced number and indicating a minimum of valve size, model, manufacturer,
piping system and unit served if applicable. A copy of the valve schedule shall
be provided with balancing valve shop drawings submittals.

2.8 AUTOMATIC BALANCE VALVE

A.

Manufacturer:  Subject to compliance with requirements, provide automatic balance
valves by one of the following:

1. Griswold
2. Auto Flow
3. Pre-approved equal

Capacity: Flow rate to match equipment served, regardless of system pressure
fluctuation, within + 5%. Control range shall be 1 to 14 PSI, 2 to 32 PSI, 4 to 57 PSl or 8
to 128 PSI depending on location within the piping system.

Submittal shall include a schedule which delineates the control range for each specific
flow controller at every unit along with the valve size.

Features: All internal working parts shall be of passivated stainless steel or nickel plated
brass. The valve shall be tamperproof when installed. Body pressure tappings suitable
for pressure gauge and thermometer installation and verification of pressure differential
across valve orifice shall be provided - Bronze body - 150 PSI and 250°F rating - Units 1
1/2" and smaller located at coils shall have female threaded ball valve with lever handle
on system side of controller for isolation with female sweat connection on unit side. A
metal identification tag on chain will be provided for each valve. The tag will give valve
model number, rated flow GPM, and pressure range. Units 3" and above shall be gray
iron body Class 150 for flanged installation.

29 RELIEF VALVES

A.

Bronze body, Teflon seat, stainless steel stem and springs, automatic, direct pressure
actuated capacities ASME certified and labeled.

PART 3 - EXECUTION

3.1 INSTALLATION - HYDRONIC PIPING SPECIALTIES

A

B.

Locate test plugs as indicated on Drawings.

Where large air quantities accumulate, provide enlarged air collection standpipes.
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C. Install manual air vents at system high points at heat transfer coils, and elsewhere as
required for system air venting.

D. For automatic air vents in ceiling spaces or other concealed locations, install vent tubing
to nearest drain.

E. Provide air separator on suction side of system circulation pump and connect to
expansion tank.

F. Provide drain and hose connection with valve on strainer blow down connection.

G. Provide pump suction fitting on suction side of base mounted centrifugal pumps and
vertical inline pumps. Remove temporary strainers after cleaning systems.

H. Provide combination pump discharge valve on discharge side of base mounted and
vertical inline centrifugal pumps.

I Support pump fittings with floor mounted pipe and flange supports.

J. Provide relief valves on pressure tanks, low-pressure side of reducing valves, heat
exchangers, and expansion tanks.

K. Select system relief valve capacity greater than make-up pressure reducing valve
capacity. Select equipment relief valve capacity to exceed rating of connected equipment.

L. Pipe relief valve outlet to nearest floor drain, or to glycol mixing drum.

M. Where one line vents several relief valves, make cross sectional area equal to sum of
individual vent areas.

N. Feed glycol solution to system through make-up line with pressure regulator, venting
system high points. Set to fill to pressure indicated on drawings.

END OF SECTION 232116
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SECTION 232123 - HYDRONIC PUMPS

PART 1 - GENERAL

11

1.2

13

14

15

RELATED DOCUMENTS

A. Drawings and general provisions of the contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this section and the other sec-
tions of this Division.

B. Other sections of this Division, and of other Divisions, may contain requirements that relate
to this section.

SUMMARY

A. This Section includes the following:
1. Close-coupled, end-suction centrifugal pumps.

DEFINITIONS

A. Buna-N: Nitrile rubber.

B. EPT: Ethylene propylene terpolymer.

SUBMITTALS

A Product Data: Include certified performance curves and rated capacities, operating charac-
teristics, furnished specialties, final impeller dimensions, and accessories for each type of

product indicated. Indicate pump's operating point on curves.

B. Shop Drawings: Show pump layout and connections. Include setting drawings with tem-
plates for installing foundation and anchor bolts and other anchorages.

1. Wiring Diagrams: Power, signal, and control wiring.
C. Operation and Maintenance Data: For pumps to include in operation, and maintenance
manuals.

QUALITY ASSURANCE

A Source Limitations: Obtain hydronic pumps through one source from a single manufac-
turer.
B. Product Options: Drawings indicate size, profiles, and dimensional requirements of hy-

dronic pumps and are based on the specific system indicated. Refer to Division 01 Section
"Product Requirements."
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C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA
70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and
marked for intended use.

D. UL Compliance: Comply with UL 778 for motor-operated water pumps.
1.6 DELIVERY, STORAGE, AND HANDLING
A Manufacturer's Preparation for Shipping: Clean flanges and exposed machined metal sur-

faces and treat with anticorrosion compound after assembly and testing. Protect flanges,
pipe openings, and nozzles with wooden flange covers or with screwed-in plugs.

B. Store pumps in dry location.

C. Retain protective covers for flanges and protective coatings during storage.

D Protect bearings and couplings against damage from sand, grit, and other foreign matter.
E. Comply with pump manufacturer's written rigging instructions.

1.7 COORDINATION

A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Con-
crete, reinforcement, and formwork requirements are specified in Division 03.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A In other Part 2 articles where titles below introduce lists, the following requirements apply
to product selection:

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

2.2 CLOSE-COUPLED, END-SUCTION CENTRIFUGAL PUMPS

A. Manufacturers:
1. Armstrong Pumps Inc.
2. Bell & Gossett; Div. of ITT Industries.
3. Taco, Inc.
B. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, close-cou-

pled, end-suction pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation with
pump and motor shafts mounted horizontally. Rate pump for 175-psig (1204-kPa) mini-
mum working pressure and a continuous water temperature of 225 deg F (107 deg C).
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C.

Pump Construction:

1. Casing: Radially split, cast iron, with replaceable bronze wear rings, drain plug at
bottom and air vent at top of volute, threaded gage tappings at inlet and outlet, and
flanged connections.

2. Impeller: ASTM B 584, cast bronze; statically and dynamically balanced, keyed
to shaft, and secured with a locking cap screw. Trim impeller to match specified
performance.

3. Pump Shaft: Steel, with bronze shaft sleeve.

4. Mechanical Seal: Carbon rotating ring against a ceramic seat held by a stainless-

steel spring, and Buna-N bellows and gasket. Include water slinger on shaft
between motor and seal.
5. Pump Bearings: Qil lubricated; bronze-journal or thrust type.

6. Motor: Single speed, unless otherwise indicated; rigidly mounted to pump casing
with integral pump support. Comply with requirements in Division 23 Section
"Common Motor Requirements for HVAC Equipment."

2.3 PUMP SPECIALTY FITTINGS

A.

Suction Diffuser: Angle pattern, 175-psig (1204-kPa) pressure rating, cast-iron body and
end cap, pump-inlet fitting; with bronze startup and bronze or stainless-steel permanent
strainers; bronze or stainless-steel straightening vanes; drain plug; and factory-fabricated
support.

Triple-Duty Valve: Angle or straight pattern, 175-psig (1204-kPa) pressure rating, cast-
iron body, pump-discharge fitting; with drain plug and bronze-fitted shutoff, balancing,
and check valve features. Brass gage ports with integral check valve, and orifice for flow
measurement.

PART 3 - EXECUTION

3.1 EXAMINATION

A.

Examine equipment foundations and anchor-bolt locations for compliance with require-
ments for installation tolerances and other conditions affecting performance of work.

Examine roughing-in for piping systems to verify actual locations of piping connections
before pump installation.

Examine foundations and inertia bases for suitable conditions where pumps are to be in-
stalled.

Proceed with installation only after unsatisfactory conditions have been corrected.
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3.2 CONCRETE BASES

A.

B.

Install concrete bases of dimensions required for pumps and controllers. Refer to Division
23 Section "Common Work Results for HVAC."

1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise
indicated, install dowel rods on 18-inch (450-mm) centers around full perimeter of
base.

2. For supported equipment, install epoxy-coated anchor bolts that extend through
concrete base and anchor into structural concrete floor.

3. Place and secure anchorage devices. Use setting drawings, templates, diagrams,
instructions, and directions furnished with items to be embedded.

4. Install anchor bolts to elevations required for proper attachment to supported
equipment.

Cast-in-place concrete materials and placement requirements are specified in Division 03.

3.3 PUMP INSTALLATION

A.

B.

Comply with HI 1.4 for centrifugal pumps.

Install pumps with access for periodic maintenance including removal of motors, impellers,
couplings, and accessories.

Independently support pumps and piping so weight of piping is not supported by pumps
and weight of pumps is not supported by piping.

Install continuous-thread hanger rods and vibration isolation hangers of sufficient size to
support pump weight. Vibration isolation devices are specified in Division 23 Section "Vi-
bration and Seismic Controls for HVAC Piping and Equipment." Fabricate brackets or
supports as required. Hanger and support materials are specified in Division 23 Section
"Hangers and Supports for HVAC Piping and Equipment.”

Suspend vertically mounted, in-line centrifugal pumps independent of piping. Install
pumps with motor and pump shafts vertical. Use continuous-thread hanger rods and vibra-
tion isolation hangers of sufficient size to support pump weight. Vibration isolation devices
are specified in Division 21 Section "Vibration and Seismic Controls for HVAC Piping
and Equipment.” Hanger and support materials are specified in Division 22 Section "Hang-
ers and Supports for HVAC Piping and Equipment/Hangers and Supports for HVAC Pip-
ing and Equipment.”

Set base-mounted pumps on concrete foundation. Disconnect coupling before setting. Do
not reconnect couplings until alignment procedure is complete.

1. Support pump baseplate on rectangular metal blocks and shims, or on metal
wedges with small taper, at points near foundation bolts to provide a gap of 3/4 to
1-1/2 inches (19 to 38 mm) between pump base and foundation for grouting.

2. Adjust metal supports or wedges until pump and driver shafts are level. Check
coupling faces and suction and discharge flanges of pump to verify that they are
level and plumb.
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G. Automatic Condensate Pump Units: Install units for collecting condensate and extend to

open drain.
3.4 ALIGNMENT

A. Align pump and motor shafts and piping connections after setting on foundation, grout has
been set and foundation bolts have been tightened, and piping connections have been made.

B. Comply with pump and coupling manufacturers' written instructions.

C. Adjust pump and motor shafts for angular and offset alignment by methods specified in HI
1.1-1.5, "Centrifugal Pumps for Nomenclature, Definitions, Application and Operation”
for centrifugal pumps.

D. After alignment is correct, 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.

3.5 CONNECTIONS

A

w

o O

m

Piping installation requirements are specified in other Division 23 Sections. Drawings in-
dicate general arrangement of piping, fittings, and specialties.

Install piping adjacent to machine to allow 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, unless shown otherwise.

Install suction diffuser and shutoff valve on suction side of pumps, unless shown otherwise.

Install flexible connectors on suction and discharge sides of base-mounted pumps between
pump casing and valves.

Install pressure gages on pump suction and discharge, at integral pressure-gage tapping, or
install single gage with multiple input selector valve.

Install calibrated orifice plate in suction piping to pump for flow measurement. Install per
manufacturer’s recommendation, including minimum lengths of straight pipe.

Install electrical connections for power, controls, and devices.
Ground equipment according to Division 26

Connect wiring according to Division 26.
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3.6 STARTUP SERVICE

A Engage a factory-authorized service representative to perform startup service.
1. Complete installation and startup checks according to manufacturer's written
instructions.

2. Check piping connections for tightness.
3. Clean strainers on suction piping.
4, Perform the following startup checks for each pump before starting:

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 the correct direction.

5. Prime pump by opening suction valves and closing drains, and prepare pump for
operation.

6. Start motor.

7. Open discharge valve slowly.

3.7 DEMONSTRATION

A Engage a factory-authorized service representative to train Owner's maintenance personnel
to adjust, operate, and maintain hydronic pumps. Refer to Division 01 Section "Demon-
stration and Training."

END OF SECTION 232123
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SECTION 232500 - HVAC WATER TREATMENT

PART 1 - GENERAL

11

1.2

13

14

RELATED DOCUMENTS

A Drawings and general provisions of the contract, including General and Supplementary
Conditions and Vision 01 specification sections, apply to this section and the other
section of this Division.

B. Other section of this Division, and of other Divisions, may contain requirements that
relate to this section.

SUMMARY
A This Section includes the following HVAC water-treatment systems:
1. Bypass chemical-feed equipment and controls.
2. Chemical treatment test equipment.
3. Glycol anti-freeze solutions.
DEFINITIONS
A EEPROM: Electrically erasable, programmable read-only memory.
B. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than

50 V or for remote-control, signaling power-limited circuits.
C. RO: Reverse osmosis.
D. TDS: Total dissolved solids.
PERFORMANCE REQUIREMENTS

A. Water quality for HVAC systems shall minimize corrosion, scale buildup, and biological
growth for optimum efficiency of HVAC equipment without creating a hazard to
operating personnel or the environment.

B. Base HVAC water treatment on quality of water available at Project site, HVAC system
equipment material characteristics and functional performance characteristics, operating
personnel capabilities, and requirements and guidelines of authorities having jurisdiction.

C. Closed hydronic systems, including hot-water heating, shall have the following water
qualities:

pH: Maintain a value within 9.0 to 10.5.

"P" Alkalinity: Maintain a value within 100 to 500 ppm.

Boron: Maintain a value within 100 to 200 ppm.

Chemical Oxygen Demand (Non-Glycol Systems): Maintain a maximum value
of 100 ppm.

Eal A
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5. Soluble Copper: Maintain a maximum value of 0.20 ppm.

6. TDS: Maintain a maximum value of 10 ppm.

7. Ammonia: Maintain a maximum value of 20 ppm.

8. Free Caustic Alkalinity: Maintain a maximum value of 20 ppm.

9. Microbiological Limits:

a. Total Aerobic Plate Count: Maintain a maximum value of 1000 organ-
isms/ml.

b. Total Anaerobic Plate Count: Maintain a maximum value of 100 organ-
isms/ml.

C. Nitrate Reducers: Maintain a maximum value of 100 organisms/ml.

d. Sulfate Reducers: Maintain a maximum value of O organisms/ml.

e. Iron Bacteria: Maintain a maximum value of 0 organisms/ml.

15 SUBMITTALS
A Product Data: Include rated capacities, operating characteristics, furnished specialties,
and accessories for the following products:

1. Chemical test equipment.

B. Operation and Maintenance Data: For sensors, injection pumps, water softeners, and
controllers to include in emergency, operation, and maintenance manuals.
C. Other Informational Submittals:

1. Water-Treatment Program: Written sequence of operation on an annual basis for
the application equipment required to achieve water quality defined in the "Per-
formance Requirements™ Article above.

2. Water Analysis: Illustrate water quality available at Project site.

3. Passivation Confirmation Report: Verify passivation of galvanized-steel surfac-
es, and confirm this observation in a letter to Architect.

1.6 QUALITY ASSURANCE
A HVAC Water-Treatment Service Provider Qualifications: An experienced HVAC water-
treatment service provider capable of analyzing water qualities, installing water-treatment
equipment, and applying water treatment as specified in this Section.
B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction,
and marked for intended use.
1.7 MAINTENANCE SERVICE

A.

Scope of Maintenance Service: Provide chemicals and service program to maintain water
conditions required above to inhibit corrosion, scale formation, and biological growth for
hydronic piping and equipment. Services and chemicals shall be provided for a period of
one year from date of Substantial Completion, and shall include the following:

1. Initial water analysis and HVAC water-treatment recommendations.
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2. Startup assistance for Contractor to flush the systems, clean with detergents, and
initially fill systems with required chemical treatment and glycol solutions prior
to operation.

Periodic field service and consultation.

Customer report charts and log sheets.

Laboratory technical analysis.

Analyses and reports of all chemical items concerning safety and compliance
with government regulations.

R

PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

Ampion Corp.

Anderson Chemical Co, Inc.
Agua-Chem, Inc.; Cleaver-Brooks Div.
Barclay Chemical Co.; Water Management, Inc.
Boland Trane Services

GE Betz-Power and Water

GE Osmonics.

H-O-H Water Technology, Inc.

. Metro Group. Inc. (The)

0. ONDEO Nalco Company.

1. Watcon, Inc.

REBowo~NoOR~LONE

2.2 MANUAL CHEMICAL-FEED EQUIPMENT

A Bypass Feeders: Steel, with corrosion-resistant exterior coating, minimum 3-1/2-inch fill
opening in the top, and NPS 3/4 bottom inlet and top side outlet. Quarter turn or threaded
fill cap with gasket seal and diaphragm to lock the top on the feeder when exposed to
system pressure in the vessel.

1. Capacity: 5 gal.
2. Minimum Working Pressure: 125 psig.

2.3 AUTOMATIC CHEMICAL-FEED EQUIPMENT
A. Water Meter:

AWWA C700, oscillating-piston, magnetic-drive, totalization meter.

Body: Bronze.

Minimum Working-Pressure Rating: 150 psig.

Maximum Pressure Loss at Design Flow: 3 psig.

Registration: Gallons (Liters) or cubic feet (cubic meters).

End Connections: Threaded.

Controls: Flow-control switch with normally open contacts; rated for maximum
10 A, 250-V ac; and that will close at adjustable increments of total flow.

NouokrwdE
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B. Inhibitor Injection Timers:
1. Microprocessor-based controller with LCD display in NEMA 250, Type 12 en-

closure with gasketed and lockable door. [Interface for start/stop and status indi-

cation at central workstation as described in Division 23 Section "Instrumenta-

tion and Control for HVAC."

Programmable timers with infinite adjustment over full range, and mounted in

cabinet with hand-off-auto switches and status lights.

Test switch.

Hand-off-auto switch for chemical pump.

Illuminated legend to indicate feed when pump is activated.

Programmable lockout timer with indicator light. Lockout timer to deactivate the

pump and activate alarm circuits.

7. LCD makeup totalizer to measure amount of makeup and bleed-off water from
two water meter inputs.

N

o 0ksw

C. pH Controller:

1. Microprocessor-based controller, 1 percent accuracy in a range from zero to 14
units. Incorporate solid-state integrated circuits and digital LCD display in
NEMA 250, Type 12 enclosure with gasketed and lockable door.

2. Digital display and touch pad for input.
3. Sensor probe adaptable to sample stream manifold.
4, High, low, and normal pH indication.
5. High or low pH alarm light, trip points field adjustable; with silence switch.
6. Hand-off-auto switch for acid pump.
7. Internal adjustable hysteresis or deadband.
D. Chemical Solution Injection Pumps:
1. Self-priming, positive-displacement; rated for intended chemical with minimum
25 percent safety factor for design pressure and temperature.
2. Adjustable flow rate.
3. Metal and thermoplastic construction.
4. Built-in relief valve.
5. Fully enclosed, continuous-duty, single-phase motor. Comply with requirements
in Division 23 Section "Common Motor Requirements for HVAC Equipment.”
E. Chemical Solution Tubing: Polyethylene tubing with compression fittings and joints

except ASTM A 269, Type 304, stainless steel for steam boiler injection assemblies.

F. Injection Assembly:

1. Quill:  Minimum NPS 1/2 with insertion length sufficient to discharge into at
least 25 percent of pipe diameter.

2. Ball Valve: stainless steel as described in "Stainless-Steel Pipes and Fittings"
Article below; and selected to fit quill.

3. Packing Gland: Mechanical seal on quill of sufficient length to allow quill re-
moval during system operation.

4. Assembly Pressure/Temperature Rating: Minimum 600 psig at 200 deg F.
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24 CHEMICAL TREATMENT TEST EQUIPMENT

A. Test Kit: Manufacturer-recommended equipment and chemicals in a wall-mounting
cabinet for testing pH, TDS, inhibitor, chloride, alkalinity, and hardness; sulfite and
testable polymer tests for high-pressure boilers, and oxidizing biocide test for open
cooling systems.

25 CHEMICALS

A Chemicals shall be as recommended by water-treatment system manufacturer that are
compatible with piping system components and connected equipment, and that can attain
water quality specified in Part 1 "Performance Requirements” Atrticle.

2.6 GLYCOL SOLUTION

A Propylene Glycol Fluid Material: The propylene glycol fluid to be used in such a system
must meet the following requirements:

1. The fluid must be an industrially inhibited propylene glycol (phosphate-based)

specifically designed for HYAC hydronic systems. Specifically excluded are au-

tomotive antifreezes or any formulations containing silicates. Dow Chemicals

Dow Frost, Arch Chemicals, Inc. Poly Chill, or pre-approved equal.

The fluid must be dyed to facilitate leak detection.

3. The fluid must be easily analyzed for glycol concentration and inhibitor level,
and easily re-inhibited using replacement inhibitor readily available from the flu-
id manufacturer.

4. For a system containing more than 250 gallons of fluid, annual analysis, includ-
ing analysis of the initial fill, must be provided for the first five years free of
charge by the fluid manufacturer. Manufacturer must also provide testing guide-
lines for use by the operator of a smaller system.

5. The fluid must pass ASTM D1384 (less than 0.5 mils penetration per year for all
system metals).

N

B. Fluid Installation - Follow these installation procedures:

1. Clean new or lightly corroded existing systems with a 1% to 2% solution of
trisodium phosphate in water prior to the installation of industrially inhibited
propylene glycol fluid.

2. Only distilled or deionized water shall be used in solution with glycol fluid.

PART 3 - EXECUTION
3.1 WATER ANALYSIS

A Perform an analysis of supply water to determine quality of water available at Project
site.
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3.2

3.3

INSTALLATION

A

@

o O

m

Install chemical application equipment on concrete bases, level and plumb. Maintain
manufacturer's recommended clearances. Arrange units so controls and devices that
require servicing are accessible. Anchor chemical tanks and floor-mounting accessories
to substrate.

Install water testing equipment on wall near water chemical application equipment.

Install interconnecting control wiring for chemical treatment controls and sensors.

Mount sensors and injectors in piping circuits.

Bypass Feeders: Install in closed hydronic systems, including and equipped with the
following:

1. Install bypass feeder in a bypass circuit around circulating pumps, unless other-
wise indicated on Drawings.

2. Install water meter in makeup water supply on closed systems larger than 400
gpm.

3. Install test-coupon assembly in bypass circuit around circulating pumps, unless
otherwise indicated on Drawings.

4. Install a gate or full-port ball isolation valves on inlet, outlet, and drain below
feeder inlet.

5. Install a swing check on inlet after the isolation valve.

CONNECTIONS

A

Piping installation requirements are specified in other Division 23 Sections. Drawings
indicate general arrangement of piping, fittings, and specialties.

Install piping adjacent to equipment to allow service and maintenance.

Make piping connections between HVAC water-treatment equipment and dissimilar-
metal piping with dielectric fittings.

Install shutoff valves on HVAC water-treatment equipment inlet and outlet.

Refer to Division 22 Section "Domestic Water Piping Specialties" for backflow
preventers required in makeup water connections to potable-water systems.

Confirm applicable electrical requirements in Division 26 Sections for connecting
electrical equipment.

Ground equipment according to Division 26.

Connect wiring according to Division 26.
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3.4 FIELD QUALITY CONTROL

A

Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect, test, and adjust components, assemblies, and equipment installations, including
connections. Report results in writing.

Perform tests and inspections and prepare test reports.
1. Manufacturer's Field Service: Engage a factory-authorized service representative
to inspect components, assemblies, and equipment installations, including con-

nections, and to assist in testing.

Tests and Inspections:

1. Inspect field-assembled components and equipment installation, including piping
and electrical connections.
2. Inspect piping and equipment to determine that systems and equipment have

been cleaned, flushed, and filled with water, and are fully operational before in-
troducing chemicals for water-treatment system.

3. Place HVAC water-treatment system into operation and calibrate controls during
the preliminary phase of HVAC systems' startup procedures.

4. Do not enclose, cover, or put piping into operation until it is tested and satisfacto-
ry test results are achieved.

5. Test for leaks and defects. If testing is performed in segments, submit separate
report for each test, complete with diagram of portion of piping tested.

6. Leave uncovered and unconcealed new, altered, extended, and replaced water

piping until it has been tested and approved. Expose work that has been covered
or concealed before it has been tested and approved.

7. Cap and subject piping to static water pressure of 50 psig above operating pres-
sure, without exceeding pressure rating of piping system materials. Isolate test
source and allow test pressure to stand for four hours. Leaks and loss in test
pressure constitute defects.

8. Repair leaks and defects with new materials and retest piping until no leaks exist.

Remove and replace malfunctioning units and retest as specified above.

Sample boiler water at one-week intervals after boiler startup for a period of five weeks,
and prepare test report advising Owner of changes necessary to adhere to Part 1
"Performance Requirements” Article for each required characteristic. Sample boiler
water at four-week intervals following the testing noted above to show that automatic
chemical-feed systems are maintaining water quality within performance requirements
specified in this Section.

At four-week intervals following Substantial Completion, perform separate water
analyses on hydronic systems to show that automatic chemical-feed systems are
maintaining water quality within performance requirements specified in this Section.
Submit written reports of water analysis advising Owner of changes necessary to adhere
to Part 1 "Performance Requirements" Article.
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G. Comply with ASTM D 3370 and with the following standards:
1. Silica: ASTM D 859.
2. Acidity and Alkalinity: ASTM D 1067.
3. Iron: ASTM D 1068.
4. Water Hardness: ASTM D 1126.

3.5 DEMONSTRATION

A Engage a factory-authorized service representative to train Owner's maintenance
personnel to adjust, operate, and maintain HVAC water-treatment systems and
equipment. Refer to Division 01 Section "Demonstration and Training."

B. Training: Provide a "how-to-use" self-contained breathing apparatus video that details
exact operating procedures of equipment.

END OF SECTION 232500
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SECTION 236416 - CENTRIFUGAL WATER CHILLERS

PART 1 - GENERAL

11

1.2

13

14

RELATED DOCUMENTS

A. Drawings and general provisions of the contract, including General and Supplementary
conditions and Division 01 specification sections, apply to this section and the other sec-
tions of this Division.

B. Other sections of this Division, and of other Division, may contain requirements that relate
to this section.

SUMMARY
A. Section Includes:
1. Packaged, water-cooled, electric-motor-driven centrifugal chillers.
2. Packaged, portable refrigerant recovery units.
3. Heat-exchanger, brush-cleaning system.
DEFINITIONS
A BAS: Building automation system.
B. COP: Coefficient of performance. The ratio of the rate of heat removal to the rate of

energy input using consistent units for any given set of rating conditions.

C. EER: Energy-efficiency ratio. The ratio of the cooling capacity given in terms of Btu/h to
the total power input given in terms of watts at any given set of rating conditions.

D. IPLV: Integrated part-load value. A single-number part-load efficiency figure of merit
calculated per the method defined by ARI 550/590 and referenced to ARI standard rating
conditions.

E. kW/Ton (kW/kW): The ratio of total power input of the chiller in kilowatts to the net

refrigerating capacity in tons (kW) at any given set of rating conditions.

F. NPLV: Nonstandard part-load value. A single-number part-load efficiency figure of merit
calculated per the method defined by ARI 550/590 and intended for operating conditions
other than the ARI standard rating conditions.

PERFORMANCE REQUIREMENTS

A Condenser-Fluid Temperature Performance:

1. Startup Condenser-Fluid Temperature: Chiller shall be capable of starting with an
entering condenser-fluid temperature of 40 deg F (4 deg C) and providing stable
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operation until the system temperature is elevated to the minimum operating en-
tering condenser-fluid temperature.

2. Minimum Operating Condenser-Fluid Temperature: Chiller shall be capable of
continuous operation over the entire capacity range indicated with an entering con-
denser-fluid temperature of 55 deg F (13 deg C).

3. Make factory modifications to standard chiller design if necessary to comply with
performance indicated.

B. Site Altitude: Chiller shall be suitable for altitude at which installed without affecting per-
formance indicated. Make adjustments to affected chiller components to account for site
altitude.

C. Performance Tolerance: Comply with the following in lieu of ARI 550/590:

1. Allowable Capacity Tolerance: Zero percent.
2. Allowable IPLV/NPLV Performance Tolerance: Zero percent.

15 SUBMITTALS

A Product Data: For each type of product indicated. Include refrigerant, rated capacities,
operating characteristics, furnished specialties, and accessories.

1. Performance at ARI standard conditions and at conditions indicated.

2. Performance at ARI standard unloading conditions.

3. Minimum evaporator flow rate.

4, Refrigerant capacity of chiller.

5. Oil capacity of chiller.

6. Fluid capacity of evaporator, condenser.

7. Characteristics of safety relief valves.

8. Minimum entering condenser-fluid temperature.

9. Performance at varying capacities with constant design condenser-fluid tempera-
ture. Repeat performance at varying capacities for different condenser-fluid tem-
peratures from design to minimum in 5 deg F (3 deg C) increments.

B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, load distribution,
required clearances, method of field assembly, components, and location and size
of each field connection.

2. Wiring Diagrams: For power, signal, and control wiring.

C. Coordination Drawings: Floor plans, drawn to scale, on which the following items are

shown and coordinated with each other, using input from installers of the items involved:

1. Structural supports.

2. Piping roughing-in requirements.

3. Wiring roughing-in requirements, including spaces reserved for electrical equip-
ment.

4. Access requirements, including working clearances for mechanical controls and

electrical equipment, and tube pull and service clearances.
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D. Certificates: For certification required in "Quality Assurance” Article.
E. Source quality-control reports.
F. Startup service reports.
G. Operation and Maintenance Data: For each chiller to include in emergency, operation, and

1.6

1.7

1.8

1.9

maintenance manuals.
H. Warranty: Sample of special warranty.
QUALITY ASSURANCE
A ARI Certification: Certify chiller according to ARI 550 certification program.
B. ARI Rating: Rate chiller performance according to requirements in ARl 550/590.

C. ASHRAE Compliance:

1. ASHRAE 15 for safety code for mechanical refrigeration.
2. ASHRAE 147 for refrigerant leaks, recovery, and handling and storage require-
ments.

D. ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1-2019.
E. Comply with NFPA 70.

F. Comply with requirements of UL and UL Canada, and include label by a qualified testing
agency showing compliance.

DELIVERY, STORAGE, AND HANDLING
A Ship chillers from the factory fully charged with refrigerant.
B. Ship each oil-lubricated chiller with a full charge of oil.

1. Ship oil factory installed in chiller.
COORDINATION

A. Coordinate sizes and locations of concrete bases with actual equipment provided. Cast
anchor-bolt inserts into bases.

WARRANTY
A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair
or replace components of chillers that fail in materials or workmanship within specified

warranty period.

1. Extended warranties include, but are not limited to, the following:
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2. Complete chiller including refrigerant and oil charge.
3. Parts and labor.
4. Loss of refrigerant charge for any reason.
5. Warranty Period: Five years from date of Substantial Completion.

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. McQuay International.
2. YORK International Corporation.

MANUFACTURED UNIT

A.

Description: Factory-assembled and -tested chiller complete with compressor, compressor
motor, compressor motor controller, lubrication system evaporator, condenser, heat-re-
claim condenser as indicated, controls, interconnecting unit piping and wiring, and indi-
cated accessories.

1. Disassemble chiller into major assemblies as required by the installation after fac-
tory testing and before packaging for shipment.
2. For chillers with dual compressors, provide each compressor with a dedicated mo-

tor and motor controller, and provide for continued operation when either com-
pressor-drive assembly fails or is being serviced.

COMPRESSOR-DRIVE ASSEMBLY

A.

Description: Single-stage or multistage, variable-displacement, centrifugal-type compres-
sor driven by an electric motor.

1. Where indicated, provide oil-free compressor technology using a permanent mag-
net synchronous motor, magnetic bearings, integral variable frequency controller,
and digital electronic controls.

Compressor:
1. Casing: Cast iron, precision ground.
2. Impeller: High-strength cast aluminum or cast-aluminum alloy on carbon- or al-

loy-steel shaft.

Drive: Gear-drive, hermetic or Gear-drive, open design using an electric motor as the
driver.

1. Gear Drives: For chillers with gear drives, provide single- or double-helical gear
design continuously coated with oil while chiller is operating. Gears shall comply
with American Gear Manufacturer Association standards.
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2. Drive Coupling: For chillers with open drives, provide flexible disc with all-metal
construction and no wearing parts to ensure long life without the need for lubrica-
tion.

3. Seals: Seal drive assembly to prevent refrigerant leakage.

D. Compressor Motor:

1. Continuous-duty, squirrel-cage, induction-type, two-pole motor with energy effi-
ciency required to suit chiller energy efficiency indicated.

2. Factory mounted, aligned, and balanced as part of compressor assembly before
shipping.

3. Motor shall be of sufficient capacity to drive compressor throughout entire operat-

ing range without overload and with sufficient capacity to start and accelerate com-
pressor without damage.

4. For chillers with open drives, provide motor with open-dripproof enclosure.

5. Provide motor with thermistor or RTD in each of three-phase motor windings to
monitor temperature and report information to chiller control panel.

6. Provide motor with thermistor or RTD to monitor bearing temperature and report
information to chiller control panel.

7. Provide open-drive motor with internal electric heater, internally powered from

chiller power supply.

E. Vibration Balance: Balance chiller compressor and drive assembly to provide a precision
balance that is free of noticeable vibration over the entire operating range.

1. Overspeed Test: 25 percent above design operating speed.
F. Service: Easily accessible for inspection and service.
1. Compressor's internal components shall be accessible without having to remove
compressor-drive assembly from chiller.
2. Provide lifting lugs or eyebolts attached to casing.
G. Economizers: For multistage chillers, provide interstage economizers.
H. Capacity Control: Modulating, variable-inlet, guide-vane assembly combined with hot-

gas bypass, if necessary, to achieve performance indicated.

1. Maintain stable operation that is free of surge, cavitation, and vibration throughout
range of operation. Configure to achieve most energy-efficient operation possible.

2. Operating Range: From 100 to 5 percent of design capacity.

3. Condenser-Fluid Unloading Requirements over Operating Range: Constant-de-
sign entering condenser-fluid temperature.

4. Chillers with variable frequency controllers shall modulate compressor speed with

variable-inlet, guide-vane control to achieve optimum energy efficiency.
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2.4

25

REFRIGERATION

Refrigerant:

1. Type: R-134a; ASHRAE 34, Class Al.

2. Compatibility: Chiller parts exposed to refrigerants shall be fully compatible with
refrigerants, and pressure components shall be rated for refrigerant pressures.

Refrigerant Flow Control: Manufacturer's standard refrigerant flow-control device satis-
fying performance requirements indicated.

Pressure Relief Device:

1. Comply with requirements in ASHRAE 15 and in applicable portions of ASME
Boiler and Pressure Vessel Code: Section VIII, Division 1.
2. For Chillers Using R-134a: ASME-rated, spring-loaded, pressure relief valve; sin-

gle- or multiple-reseating type. Pressure relief valve(s) shall be provided for each
heat exchanger. Condenser shall have dual valves with one being redundant and
configured to allow either valve to be replaced without loss of refrigerant.

Refrigeration Transfer: Provide service valves and other factory-installed accessories re-
quired to facilitate transfer of refrigerant from chiller to a remote refrigerant storage and
recycling system. Comply with requirements in ASHRAE 15 and ASHRAE 147.

Refrigerant Isolation for Chillers Using R-134a: Factory install isolation valves in the
compressor discharge line to the condenser and the refrigerant liquid line leaving the con-
denser to allow for isolation and storage of full refrigerant charge in the chiller condenser
shell. In addition, provide isolation valve on suction side of compressor from evaporator to
allow for isolation and storage of full refrigerant charge in the chiller evaporator shell.

Purge System:

1. For chillers operating at subatmospheric pressures (using R-123 refrigerant), fac-
tory install an automatic purge system for collection and return of refrigerant and
lubricating oil and for removal of noncondensables including, but not limited to,
water, water vapor, and noncondensable gases.

2. System shall be a thermal purge design, refrigerant or air cooled, equipped with a
carbon filter that includes an automatic regeneration cycle.

3. Factory wire to chiller's main power supply and system complete with controls,
piping, and refrigerant valves to isolate the purge system from the chiller.

4. Construct components of noncorrodible materials.

5. Controls shall interface with chiller control panel to indicate modes of operation,
set points, data reports, diagnostics, and alarms.

6. Efficiency of not more than 0.02 Ib of refrigerant per pound of air (9 g of refriger-
ant per gram of air) when rated according to ARI 580.

7. Operation independent of chiller per ASHRAE 147.

EVAPORATOR

Description: Shell-and-tube design with water in tubes and refrigerant surrounding tubes
within shell. Shell is separate from condenser.
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B. Shell Material: Carbon-steel rolled plates with continuously welded seams or seamless
pipe.
C. Designed to prevent liquid refrigerant carryover from entering compressor.
D. Provide evaporator with sight glass or other form of positive visual verification of liquid-
refrigerant level.
E. Tubes:
1. Individually replaceable from either end and without damage to tube sheets and
other tubes.
2. Mechanically expanded into end sheets and physically attached to intermediate
tube sheets.
3. Material: Copper.
4. Nominal OD: Manufacturer's choice
5. Minimum Wall Thickness: Manufacturer's choice.
6. External Finish: Manufacturer's standard.
7. Internal Finish: Enhanced or smooth.
F. End Tube Sheets: Continuously welded to each end of shell; drilled and reamed to accom-
modate tubes with positive seal between fluid in tubes and refrigerant in shell.
G. Intermediate Tube Sheets: Installed in shell and spaced along length of tube at intervals
required to eliminate vibration and to avoid contact of tubes resulting in abrasion and wear.
H. Water Box:
1. Cast-iron or carbon-steel construction; arranged to provide visual inspection and
cleaning of tubes from either end without disturbing refrigerant in shell.
2. Marine type for water box with piping connections. Standard type for water box

without piping connections.

3. Provide water boxes and marine water-box covers with lifting lugs or eyebolts.

4. Hinged or davited marine water-box covers.

5. Nozzle Pipe Connections: Grooved with mechanical-joint coupling and flange
adapter.

6. Thermistor or RTD temperature sensor factory installed in each nozzle.

7. Fit each water box with 3/4- or 1-inch (19- or 25-mm) drain connection at low

point and vent connection at high point, each with threaded plug.

2.6 CONDENSER

A

Description: Shell-and-tube design with water in tubes and refrigerant surrounding tubes
within shell. Shell is separate from evaporator.

Shell Material: Carbon-steel rolled plates with continuously welded seams or seamless
pipe.

Designed to prevent direct impingement of high-velocity hot gas from compressor dis-
charge on tubes.
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D. Provide condenser with sight glass or other form of positive visual verification of refriger-
ant charge and condition.
E. Tubes:
1. Individually replaceable from either end and without damage to tube sheets and
other tubes.
2. Mechanically expanded into end sheets and physically attached to intermediate
tube sheets.
3. Material: Copper, copper-nickel alloy, stainless steel, or titanium.
4. Nominal OD: Manufacturer's choice.
5. Minimum Wall Thickness: Manufacturer's choice.
6. External Finish: Manufacturer's standard.
7. Internal Finish: Enhanced or smooth.
F. End Tube Sheets: Continuously welded to each end of shell; drilled and reamed to accom-
modate tubes with positive seal between fluid in tubes and refrigerant in shell.
G. Intermediate Tube Sheets: Installed in shell and spaced along length of tube at intervals
required to eliminate vibration and to avoid contact of tubes resulting in abrasion and wear.
H. Water Box:
1. Cast-iron or carbon-steel construction; arranged to provide visual inspection and
cleaning of tubes from either end without disturbing refrigerant in shell.
2. Marine type for water box with piping connections. Standard type for water box

without piping connections.

3. Provide water boxes and marine water-box covers with lifting lugs or eyebolts.

4. Hinged or davited marine water-box covers.

5. Nozzle Pipe Connections: Grooved with mechanical-joint coupling and flange
adapter.

6. Thermistor or RTD temperature sensor factory installed in each nozzle.

7. Fit each water box with 3/4- or 1-inch (19- or 25-mm) drain connection at low

point and vent connection at high point, each with threaded plug.

2.7 INSULATION

A.

Closed-cell, flexible elastomeric thermal insulation complying with ASTM C 534, Type |
for tubular materials and Type |1 for sheet materials.

1. Thickness: 1-1/2 inches (38 mm).

Adhesive: As recommended by insulation manufacturer.

Factory-applied insulation over all cold surfaces of chiller capable of forming condensa-
tion. Components shall include, but not be limited to, evaporator shell and end tube sheets,
evaporator water boxes including nozzles, refrigerant suction pipe from evaporator to com-

pressor, cold surfaces of compressor, refrigerant-cooled motor, and auxiliary piping.

1. Apply adhesive to 100 percent of insulation contact surface.
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2.8

3.
4.
ELECTRICAL
A
B.
1.
2.
3.
C.
D.
E.

2.

Before insulating steel surfaces, prepare surfaces for paint, and prime and paint as
indicated for other painted components. Do not insulate unpainted steel surfaces.
Seal seams and joints to provide a vapor barrier.

After adhesive has fully cured, paint exposed surfaces of insulation to match other
painted parts.

Factory installed and wired, and functionally tested at factory before shipment.

Single-point, field-power connection to fused disconnect switch. Minimum withstand rat-
ing shall be as required by electrical power distribution system, but not less than 65,000 A.

Branch power circuit to each motor, electric heater, dedicated electrical load, and
controls with disconnect switch or circuit breaker.

a. NEMA KS 1, heavy-duty, fusible switch with rejection-type fuse clips
rated for fuses. Select and size fuses to provide Type 2 protection accord-
ing to IEC 60947-4-1.

b. NEMA AB 1, motor-circuit protector (circuit breaker) with field-adjusta-
ble, short-circuit-trip set point.

NEMA ICS 2-rated motor controller for auxiliary motors, hand-off-auto switch,
and overcurrent protection for each motor. Provide variable frequency controller
for each variable-speed motor furnished.

Control-circuit transformer with primary and secondary side fuses.

Terminal blocks with numbered and color-coded wiring to match wiring diagram. Spare
wiring terminal block for connection to external controls or equipment.

Factory-installed wiring outside of enclosures shall be in metal raceway except make ter-
minal connections with not more than a 24-inch (610-mm) length of liquidtight or flexible
metallic conduit.

Factory install and wire capacitor bank for the purpose of power factor correction to 0.95
at all operating conditions.

1.

If capacitors are mounted in a dedicated enclosure, use same NEMA enclosure
type as motor controller. Provide enclosure with service entrance knockouts and
bushings for conduit.

Capacitors shall be non-PCB dielectric fluid, metallized electrode design, low loss
with low-temperature rise. The kVAr ratings shall be indicated and shall not ex-
ceed the maximum limitations set by NFPA 70. Provide individual cells as re-
quired.

Provide each cell with current-limiting replaceable fuses and carbon-film dis-
charge resistors to reduce residual voltage to less than 50 V within one minute after
de-energizing.

Provide a ground terminal and a terminal block or individual connectors for phase
connection.
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2.9

MOTOR CONTROLLER

A.

Enclosure: Factory installed, unit mounted Type 4, with hinged full-front access door with
lock and key or padlock and key.

Control Circuit: Obtained from integral control power transformer with a control power
source of enough capacity to operate connected control devices.

Overload Relay: Shall be sized according to UL 1995 or shall be an integral component
of chiller control microprocessor.

Across-the-Line Controller: NEMA ICS 2, Class A, full voltage, nonreversing; include
isolation switch and current-limiting fuses.

Star-Delta, Reduced-Voltage Controller: NEMA ICS 2, closed transition.

Autotransformer Reduced-Voltage Controller: NEMA ICS 2, closed transition; include
isolation switch and current-limiting fuses.

Solid-State, Reduced-Voltage Controller: NEMA ICS 2.

1. Surge suppressor in solid-state power circuits providing three-phase protection
against damage from supply voltage surges 10 percent or more above nominal line
voltage.

2. Visual indication of motor and control status, including the following conditions:

Controller on.
Overload trip.
Loss of phase.
Starter fault.

oo oTw

Accessories: Devices shall be factory installed in controller enclosure unless otherwise
indicated.

1. Externally Operated, Door-Interlocked Disconnect: Fused disconnect switch. Min-
imum withstand rating shall be as required by electrical power distribution system,
but not less than 65,000 A.

2. Push-Button Stations, Pilot Lights, and Selector Switches: NEMA ICS 2, heavy-
duty type.
3. Stop and Lockout Push-Button Station: Momentary-break, push-button station

with a factory-applied hasp arranged so padlock can be used to lock push button
in depressed position with control circuit open.

Control Relays: Time-delay relays.

Elapsed-Time Meters: Numerical readout in hours on face of enclosure.
Number-of-Starts Counter: Numerical readout on face of enclosure.

Meters: Panel type, 4-1/4 inches (108 mm) with 270-degree scale and 2 percent
accuracy. Where indicated, provide transfer device with an off position. Meters
shall indicate the following:

No ok

a. Ammeter: Output current for each phase, with current sensors rated to suit
application.
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b. Frequency Meter: Output frequency.
C. Real-time clock with current time and date.
d. Total run time.
8. Multifunction Digital-Metering Monitor: Microprocessor-based unit suitable for

three- or four-wire systems and with the following features:

a. Selectable, digital display of the following:

1) Phase Currents, Each Phase: Plus or minus 1 percent.

2) Phase-to-Phase Voltages, Three Phase: Plus or minus 1 percent.

3) Phase-to-Neutral VVoltages, Three Phase: Plus or minus 1 percent.

4) Three-Phase Real Power: Plus or minus 2 percent.

5) Three-Phase Reactive Power: Plus or minus 2 percent.

6) Power Factor: Plus or minus 2 percent.

7) Frequency: Plus or minus 0.5 percent.

8) Integrated Demand with Demand Interval Selectable from Five to
60 Minutes: Plus or minus 2 percent.

9) Accumulated energy, in megawatt hours (joules), plus or minus 2
percent; stored values unaffected by power outages for up to 72
hours.

b. Mounting: Display and control unit flush or semirecessed in instrument

compartment door.

9. Phase-Failure, Phase-Reversal, Undervoltage Relays: Solid-state sensing circuit
with adjustable undervoltage setting and isolated output contacts for hardwired
connection.

10. Power Protection: Chiller shall shut down within six cycles of power interruption.

2.10 VARIABLE FREQUENCY CONTROLLER

A Motor controller shall be factory mounted and wired on the chiller to provide a single-
point, field-power termination to the chiller and its auxiliaries.

B. Description: NEMA ICS 2; listed and labeled as a complete unit and arranged to provide
variable speed by adjusting output voltage and frequency.

C. Enclosure: Unit mounted, NEMA 250, Type 4, with hinged full-front access door with

lock and key.

D. Integral Disconnecting Means: Door-interlocked, NEMA AB 1, instantaneous-trip circuit
breaker with lockable handle. Minimum withstand rating shall be as required by electrical
power distribution system, but not less than 65,000 A.

E. Technology: Pulse width modulated (PWM) output with insulated gate bipolar transistors
(IGBT); suitable for variable torque loads.
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F. Controller shall consist of a rectifier converter section, a digital/analog driver regulator
section, and an inverter output section.

1. Rectifier section shall be a full-wave diode bridge that changes fixed-voltage,

fixed-frequency, ac line power to a fixed dc voltage. Silicon controller rectifiers,

current source inverters, and paralleling of devices are unacceptable. Rectifier
shall be insensitive to phase rotation of the ac line.

Regulator shall provide full digital control of frequency and voltage.

3. Inverter section shall change fixed dc voltage to variable-frequency, variable ac
voltage, for application to a squirrel-cage motor. Inverter shall produce a sine-
coded, pulse width modulated (PWM) output wave form and shall conduct no ra-
dio-frequency interference back to the input power supply.

N

G. Output Rating: Three phase; with voltage proportional to frequency throughout voltage
range.
H. Operating Requirements:
1. Input AC Voltage Tolerance: 460-V ac, plus 10 percent or 506 V maximum.
2. Input frequency tolerance of 60 Hz, plus or minus 2 Hz.
3. Capable of driving full load, without derating, under the following conditions:
a. Ambient Temperature: 0 to 50 deg C.
b. Relative Humidity: Up to 90 percent (noncondensing).
C. Altitude: 6600 feet (2010 m).
4. Minimum Efficiency: 96 percent at 60 Hz, full load.
5. Minimum Displacement Primary-Side Power Factor: 95 percent without harmonic

filter, 98 percent with harmonic filter.

Overload Capability: 1.05 times the full-load current for 7 seconds.

Starting Torque: As required by compressor-drive assembly.

Speed Regulation: Plus or minus 1 percent.

Isolated control interface to allow controller to follow control signal over a 10:1

speed range.

10. To avoid equipment resonant vibrations, provide critical speed lockout circuitry to
allow bands of operating frequency at which controller shall not operate continu-
ously.

11. Capable of being restarted into a motor coasting in either the forward or reverse
direction without tripping.

© o~

I Internal Adjustability Capabilities:

Minimum Output Frequency: 6 Hz.

Maximum Output Frequency: 60 Hz.

Acceleration: 2 seconds to a minimum of 60 seconds.

Deceleration: 2 seconds to a minimum of 60 seconds.

Current Limit: 30 percent to a minimum of 100 percent of maximum rating.

agkrwndE
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J. Self-Protection and Reliability Features: Subjecting the controller to any of the following
conditions shall not result in component failure or the need for replacement:

1. Overtemperature.
2. Short circuit at controller output.
3. Ground fault at controller output. Variable frequency controller shall be able to

start a grounded motor.
4 Open circuit at controller output.
5. Input undervoltage.
6. Input overvoltage.
7 Loss of input phase.
8 Reverse phase.

9. AC line switching transients.
10. Instantaneous overload, line to line or line to ground.
11. Sustained overload exceeding 100 percent of controller rated current.
12. Starting a rotating motor.
K. Motor Protection: Controller shall protect motor against overvoltage and undervoltage,

phase loss, reverse phase, overcurrent, overtemperature, and ground fault.

L. Automatic Reset and Restart: Capable of three restarts after controller fault or on return of
power after an interruption and before shutting down for manual reset or fault correction.
Controller shall be capable of automatic restart on phase-loss and overvoltage and un-
dervoltage trips.

M. Visual Indication: On face of controller enclosure or chiller control enclosure; indicating
the following conditions:

Power on.

Run.

Overvoltage.

Line fault.

Overcurrent.

External fault.

Motor speed (percent).
Fault or alarm status (code).
DC-link voltage.

10. Motor output voltage.

11. Input kilovolt amperes.

12. Total power factor.

13. Input kilowatts.

14. Input kilowatt-hours.

15. Three-phase input voltage.
16. Three-phase output voltage.

CoNoO~wWNE

17. Three-phase input current.

18. Three-phase output current.

19. Three-phase input voltage total harmonic distortion.
20. Three-phase input current total harmonic distortion.

21. Output frequency (Hertz).
22. Elapsed operating time (hours).
23. Diagnostic and service parameters.
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N. Operator Interface: At controller or chiller control panel; with start-stop and auto-manual
selector with manual-speed-control potentiometer.

0. Control Signal Interface:
1. Electric Input Signal Interface: A minimum of two analog inputs (0 to 10 V or

0/4-20 mA) and six programmable digital inputs.

P. Active Harmonic Distortion Filter: Factory mounted and wired to limit total voltage and
current distortion to 5 percent.

Q. Cooling: Air, refrigerant, or water cooled.

R. Accessories: Devices shall be factory installed in controller enclosure unless otherwise
indicated.
1. Control Relays: Auxiliary and adjustable time-delay relays.

S. Chiller Capacity Control Interface: Equip chiller with adaptive control logic to automati-

cally adjust the compressor motor speed and the compressor pre-rotation inlet vane position
independently to achieve maximum part-load efficiency in response to sensor inputs that
are integral to the chiller controls.

2.11 CONTROLS

A.

Control: Standalone and microprocessor based, with all memory stored in nonvolatile
memory so that reprogramming is not required on loss of electrical power.

Enclosure: Unit mounted, NEMA 250, Type 4, hinged or lockable; factory wired with a
single-point, field-power connection and a separate control circuit.

Operator Interface: Multiple-character digital or graphic display with dynamic update of
information and with keypad or touch-sensitive display located on front of control enclo-
sure. In either imperial or metric units selectable through the interface, display the follow-
ing information:

1. Date and time.

2. Operating or alarm status.

3. Fault history with not less than last 10 faults displayed.

4. Set points of controllable parameters.

5. Trend data.

6. Operating hours.

7. Number of chiller starts.

8. Outdoor-air temperature or space temperature if required for chilled-water reset.
9. Entering- and leaving-fluid temperatures of evaporator and condenser.
10. Difference in fluid temperatures of evaporator and condenser.

11. Fluid flow of evaporator and condenser.

12. Fluid pressure drop of evaporator and condenser.

13. Refrigerant pressures in evaporator and condenser.

14. Refrigerant saturation temperature in evaporator and condenser shell.
15. Compressor refrigerant suction and discharge temperature.
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16. Compressor bearing temperature.
17. Motor bearing temperature.
18. Motor winding temperature.
19. Oil temperature.
20. Oil discharge pressure.
21, Phase current.
22. Percent of motor rated load amperage.
23. Phase voltage.
24. Demand power (kilowatts).
25. Energy use (kilowatt-hours).
26. Power factor.
217. For chillers equipped with variable frequency controllers and harmonic filters, in-

clude the following:

a. Output voltage and frequency.
b. Voltage total harmonic distortion for each phase.
C. Supply current total demand distortion for each phase.
d. Inlet vane position.
e. Controller internal ambient temperature.
f. Heatsink temperature.
D. Control Functions:

1. Manual or automatic startup and shutdown time schedule.

2. Entering and leaving chilled-water temperatures, control set points, and motor load
limits. Evaporator fluid temperature shall be reset based on outdoor-air tempera-
ture.

3. Current limit and demand limit.

4. Condenser-fluid temperature.

5. External chiller emergency stop.

6. Variable evaporator flow.

7. Thermal storage.

8. Heat reclaim.

E. Manually Reset Safety Controls: The following conditions shall shut down chiller and

require manual reset:

1. Low evaporator fluid temperature.
2. Low oil differential pressure.

3. High or low oil pressure.

4, High oil temperature.

5. High compressor-discharge temperature.
6. Loss of condenser-fluid flow.

7. Loss of evaporator fluid flow.

8. Motor overcurrent.

9. Motor overvoltage.

10. Motor undervoltage.

11. Motor phase reversal.

12. Motor phase failure.

13. Sensor- or detection-circuit fault.
14. Processor communication loss.
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15. Motor controller fault.
16. Extended compressor surge.
F. Trending: Capability to trend analog data of up to five parameters simultaneously over an

adjustable period and frequency of polling.

G. Security Access: Provide electronic security access to controls through identification and
password with at least three levels of access: view only; view and operate; and view, op-
erate, and service.

H. Control Authority: At least four conditions: Off, local manual control at chiller, local
automatic control at chiller, and automatic control through a remote source.

I Communication Port: RS-232 port, USB 2.0 port, or equivalent connection capable of
connecting a printer and a notebook computer.

J. BAS Interface: Factory-installed hardware and software to enable the BAS to monitor,
control, and display chiller status and alarms.

1. ASHRAE 135 (BACnet) communication interface with the BAS shall enable the
BAS operator to remotely control and monitor the chiller from an operator work-
station. Control features and monitoring points displayed locally at chiller control
panel shall be available through the BAS.

2.12  FINISH

A Paint chiller, using manufacturer's standard procedures, except comply with the following
minimum requirements:

1. Provide at least one coat of primer with a total dry film thickness of at least 2 mils
(0.05 mm).
2. Provide at least two coats of alkyd-modified, vinyl enamel finish with a total dry

film thickness of at least 4 mils (0.10 mm).

3. Paint surfaces that are to be insulated before applying the insulation.
4. Paint installed insulation to match adjacent uninsulated surfaces.
5. Color of finish coat to be manufacturer's standard.
B. Provide Owner with quart container of paint used in application of topcoat to use in touchup

applications after Project Closeout.
2.13 ACCESSORIES
A. Flow Switches:

1. Chiller manufacturer shall furnish a switch for each evaporator and condenser and
verify field-mounting location before installation.

2. Paddle Flow Switches:
a. Pressure rating equal to pressure rating of heat exchanger.
b. Construct body and wetted parts of Type 316 stainless steel.

CENTRIFUGAL WATER CHILLERS 236416-16



Poudre School District Permit Set
Fort Collins HS Chiller Replacement May 25, 2022

C. House switch in a NEMA 250, Type 4 enclosure constructed of die-cast
aluminum.

d. Vane length to suit installation.

3. Pressure Differential Switches:

a. Construction: Wetted parts of body and trim constructed of Type 316
stainless steel.

b. Performance: Switch shall withstand, without damage, the full-pressure
rating of the heat exchanger applied to either port and exhibit zero set-
point shift due to variation in working pressure.

C. Set Point: Screw type, field adjustable.

d. Electrical Connections: Internally mounted screw-type terminal blocks.

e. Switch Enclosure: NEMA 250, Type 4.

f. Switch Action: Double-pole, double-throw switch with one pole field
wired to the chiller control panel and the other pole field wired to the BAS.

B. Vibration Isolation:

1. Chiller manufacturer shall furnish vibration isolation for each chiller.

2. Spring Isolator:

a. Stable in operation and designed for not less than 30 percent reserve de-
flection beyond actual operating conditions. Isolators shall be designed so
that the Kx/KYy ratio shall be 1.0 or more for stability.

b. Provide PVC or neoprene-coated springs and hot-dip, galvanized-steel
components. Aluminum components shall be etched and painted. Nuts,
bolts, and washers shall be zinc electroplated.

C. Isolators shall be adjustable and with an open spring, having one or more
coil springs attached to a top compression plate and a baseplate. An elas-
tomeric pad with a minimum thickness of 0.25 inch (6 mm) shall be
bonded to the baseplate.

d. Spring assembly shall be removable and shall fit within a welded steel
enclosure consisting of a top plate and rigid lower housing, which serves
as a blocking device during installation. Isolated restraining bolts shall not
be engaged during normal operation and shall connect the top plate and
lower housing to prevent the isolated equipment from rising when drained
of fluid.

e. Isolators shall be selected for a nominal 1-inch (25-mm) deflection.

C. Sound Barrier:

1. Furnish removable and reusable sound-barrier covers over the compressor hous-
ing, hermetic motor, compressor suction and discharge piping, and condenser
shell.

2. Provide for repeated installation and removal without use of tape or calk.

3. Inner and outer cover shall consist of a PTFE-impregnated fiberglass cloth enclos-
ing heavy-density, needled fiberglass insulation material with a mass-loaded vinyl
acoustic barrier.

4. Covers shall be double sewn and lock stitched with edges folded and sewn so no

raw cut edges are exposed.
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5. Form covers around control devices, gages, conduit, piping, and supports without
degrading sound-barrier performance.

6. Continuously lap all exposed seams at least 2 inches (50 mm) for better sound
containment.

7. Permanently label each section of cover to indicate its location, description, size,
and number sequence.

8. Randomly place stainless-steel quilting pins to prevent covers from shifting and

sagging.

Tool Kit: Chiller manufacturer shall assemble a tool kit specially designed for use in serv-
ing the chiller(s) furnished. Include special tools required to service chiller components
not readily available to Owner service personnel in performing routine maintenance. Place
tools in a lockable case with hinged cover. Provide a list of each tool furnished and attach
the list to underside of case cover.

2.14 PACKAGED REFRIGERANT RECOVERY UNITS

A.

Packaged portable unit consisting of compressor, air-cooled condenser, recovery system,
tank pressure gages, filter-dryer, and valving that allows for switching between liquid and
vapor recovery mode. Refrigerant recovery unit shall be factory mounted on an ASME-
constructed and -stamped refrigerant storage vessel that is sized to hold the full refrigerant
charge of the largest chiller furnished.

2.15 SOURCE QUALITY CONTROL

A

B.

C.

Perform functional run tests of chillers before shipping.

Factory performance test chillers, before shipping, according to ARI 550/590.

1.

Test the following conditions:

a. Design conditions indicated.

b. Reduction in capacity from design to minimum load in steps of 10 with
condenser fluid at design conditions.

C. Reduction in capacity from design to minimum load in steps of 10 with

varying entering condenser-fluid temperature from design to minimum
conditions in 5 deg F (3 deg C) increments.

d. At three point(s) of varying part-load performance to be selected by Owner
at time of test.

Allow Owner access to place where chillers are being tested. Notify Architect 14
days in advance of testing.

Prepare test report indicating test procedures, instrumentation, test conditions, and
results. Submit copy of results within one week of test date.

Factory sound test chillers, before shipping, according to ARI 575.

1.

Test the following conditions:

a. Design conditions indicated.
b. Chiller operating at calculated worst-case sound condition.
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E.

C. At three point(s) of varying part-load performance to be selected by Owner
at time of test.

2. Allow Owner access to place where chillers are being tested. Notify Architect 14
days in advance of testing.
3. Prepare test report indicating test procedures, instrumentation, test conditions, and

results. Submit copy of results within one week of test date.

For chillers using R-134a refrigerant, factory test and inspect evaporator and condenser
according to ASME Boiler and Pressure Vessel Code: Section VIII, Division 1.

For chillers located indoors, rate sound power level according to ARI 575.

PART 3 - EXECUTION

3.1 EXAMINATION

A.

B.

C.

Examine chillers before installation. Reject chillers that are damaged.

Examine roughing-in for equipment support, anchor-bolt sizes and locations, piping, and
electrical connections to verify actual locations, sizes, and other conditions affecting chiller
performance, maintenance, and operations before equipment installation.

1. Final chiller locations indicated on Drawings are approximate. Determine exact
locations before roughing-in for piping and electrical connections.

Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 CHILLER INSTALLATION

A.

B.

Install chillers on support structure indicated.

Equipment Mounting: Install chiller on concrete bases using elastomeric pads. Comply
with requirements for concrete bases specified in Division 03 Section "Cast-in-Place Con-
crete." Comply with requirements for vibration isolation devices specified in Division 23
Section "Vibration and Seismic Controls for HVAC Piping and Equipment.”

1. Minimum Deflection: 1 inch (25 mm).

2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise
indicated, install dowel rods on 18-inch (450-mm) centers around the full perime-
ter of concrete base.

3. For supported equipment, install epoxy-coated anchor bolts that extend through
concrete base and anchor into structural concrete floor.

4. Place and secure anchorage devices. Use setting drawings, templates, diagrams,
instructions, and directions furnished with items to be embedded.

5. Install anchor bolts to elevations required for proper attachment to supported
equipment.
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3.3

Equipment Mounting: Install chiller on concrete bases. Comply with requirements for
concrete bases specified in Division 03 Section "Cast-in-Place Concrete.”

1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise
indicated, install dowel rods on 18-inch (450-mm) centers around the full perime-
ter of concrete base.

2. For supported equipment, install epoxy-coated anchor bolts that extend through
concrete base and anchor into structural concrete floor.

3. Place and secure anchorage devices. Use setting drawings, templates, diagrams,
instructions, and directions furnished with items to be embedded.

4. Install anchor bolts to elevations required for proper attachment to supported
equipment.

Maintain manufacturer's recommended clearances for service and maintenance.
Charge chiller with refrigerant and fill with oil if not factory installed.

Install separate devices furnished by manufacturer and not factory installed.

CONNECTIONS

A

Comply with requirements for piping specified in Division 23 Section "Hydronic Piping"
and Division 23 Section "Refrigerant Piping." Drawings indicate general arrangement of
piping, fittings, and specialties.

Install piping adjacent to chiller to allow service and maintenance.

Evaporator Fluid Connections: Connect to evaporator inlet with shutoff valve, strainer,
flexible connector, thermometer, and plugged tee with pressure gage. Connect to evapo-
rator outlet with shutoff valve, balancing valve, flexible connector, flow switch, thermom-
eter, plugged tee with shutoff valve and pressure gage, flow meter, and drain connection
with valve. Make connections to chiller with a flange.

Condenser-Fluid Connections: Connect to condenser inlet with shutoff valve, strainer,
flexible connector, thermometer, and plugged tee with pressure gage. Connect to conden-
ser outlet with shutoff valve, balancing valve, flexible connector, flow switch, thermome-
ter, plugged tee with shutoff valve and pressure gage, flow meter, and drain connection
with valve. Make connections to chiller with a flange.

Refrigerant Pressure Relief Device Connections: For chillers installed indoors, extend vent
piping to the outdoors without valves or restrictions. Comply with ASHRAE 15. Connect
to chiller pressure relief device with flexible connector and dirt leg with drain valve.

For chillers equipped with a purge system, extend purge vent piping to the outdoors. Com-
ply with ASHRAE 15 and ASHRAE 147.

Connect each chiller drain connection with a union and drain pipe, and extend pipe, full
size of connection, to floor drain. Provide a shutoff valve at each connection.
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34 STARTUP SERVICE
A Engage a factory-authorized service representative to perform startup service.

1. Complete installation and startup checks according to manufacturer's written in-

structions.

Verify that refrigerant charge is sufficient and chiller has been leak tested.

Verify that pumps are installed and functional.

Verify that thermometers and gages are installed.

Operate chiller for run-in period.

Check bearing lubrication and oil levels.

Verify that refrigerant pressure relief device is vented outside.

Verify proper motor rotation.

Verify static deflection of vibration isolators, including deflection during chiller

startup and shutdown.

Verify and record performance of fluid flow and low-temperature interlocks for

evaporator and condenser.

11. Verify and record performance of chiller protection devices.

12. Test and adjust controls and safeties. Replace damaged or malfunctioning controls
and equipment.

©CoOoNO~WN
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B. Inspect field-assembled components, equipment installation, and piping and electrical con-
nections for proper assembly, installation, and connection.

C. Prepare test and inspection startup reports.
3.5 DEMONSTRATION

A Engage a factory-authorized service representative to train Owner's maintenance personnel
to adjust, operate, and maintain chillers. Video record the training sessions.

END OF SECTION 236416

CENTRIFUGAL WATER CHILLERS 236416-21






Poudre School District Permit Set
Fort Collins HS Chiller Replacement May 25, 2022

SECTION 236500 - COOLING TOWERS GENERAL

11 SUMMARY

A. Section includes packaged cooling tower with structure, casing, fill and basin, controls,
heaters fans, motors and drive equipment, condensing water inlet and outlet with internal
distribution and ladder and handrails.

B. Related Documents:

1. Drawings and general provisions of the contract, including General and
Supplementary conditions and Division 01 specification sections, apply to this
section and the other sections of this Division.

2. Other sections of this Division, and of other Division, may contain requirements
that relate to this section.

1.2 REFERENCES

A American Bearing Manufacturers Association:
1. ABMA 9 - Load Ratings and Fatigue Life for Ball Bearings.
2. ABMA 11 - Load Ratings and Fatigue Life for Roller Bearings.
B. American Society of Heating, Refrigerating and Air-Conditioning Engineers:
1. ASHRAE 90.1 - Energy Standard for Buildings Except Low-Rise Residential
Buildings.
C. American Society of Mechanical Engineers:
1. ASME PTC 23 - Atmospheric Water Cooling Equipment.

D. ASTM International:

1. ASTM A90/A90M - Standard Test Method for Weight Mass of Coating on Iron
and Steel Articles with Zinc or Zinc-Alloy Coatings.
2. ASTM E84 - Standard Test Method for Surface Burning Characteristics of
Building Materials.
E. Cooling Technology Institute:
1. CTI - Acceptance Test Code.
2. CTI 201 - Certification Standard for Commercial Water Cooling Towers.
F. National Electrical Manufacturers Association:
1. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum).
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1.3 SUBMITTALS
A. Shop Drawings: Indicate structural steel supports including dimensions and locations for

14

15

1.6

1.7

1.8

1.9

mounting-bolt holes.

B. Product Data: Submit rated capacities, dimensions, weights and point loads, accessories,
required clearances, electrical requirements and wiring diagrams, and location and size of
field connections. Submit schematic indicating capacity controls. Submit performance
curve plotting leaving water temperature against wet bulb temperature.

C. Field Test Reports: Indicate compliance with specified performance.

D. Manufacturer's Certificate: Certify cooling tower performance meets or exceeds specified
requirements.

E. Manufacturer’s Field Reports: Submit start-up report [for each unit]. Indicate compliance
with field test.

CLOSEOUT SUBMITTALS

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

QUALITY ASSURANCE
A Construction and rating in accordance with CTI Acceptance Test Code and CTI 201.

B. Performance Ratings: Required performance not less than prescribed by ASHRAE 90.1
when tested in accordance with CTI Acceptance Test Code and CTI 201.

QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section
with minimum three years experience.

B. Installer: Company specializing in performing work of this section with minimum three
years experience.

PRE-INSTALLATION MEETINGS
A. Convene minimum one week prior to commencing work of this section.
DELIVERY, STORAGE, AND HANDLING

A. Follow manufacturer's installation instructions for rigging, unloading, and transporting
units.

FIELD MEASUREMENTS

A. Verify field measurements prior to fabrication.
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1.10 WARRANTY
A. Furnish five year manufacturer warranty for corrosion resistance of cooling tower

111

1.12

structure, cooling tower package, fan drive, motor, and labor and materials.

MAINTENANCE SERVICE

A.

Furnish service and maintenance of cooling tower for five years from Date of Substantial
Completion.

Examine unit components monthly. Clean, adjust, and lubricate equipment.

Include systematic examination, adjustment, and lubrication of unit, including fan belt
replacement, and controls checkout and adjustments. Repair or replace parts in accordance
with manufacturer's operating and maintenance data. Use parts produced by manufacturer
of original equipment.

Perform work without removing units from service during building normal occupied hours.
Provide emergency call back service at all hours for this maintenance period.

Maintain locally, near Place of the Work, adequate stock of parts for replacement or
emergency purposes. Have personnel available to ensure fulfillment of this maintenance

service, without unreasonable loss of time.

Perform maintenance work using competent and qualified personnel under supervision and
in direct employ of manufacturer or original installer.

Do not assign or transfer maintenance service to agent or subcontractor without prior
written consent of Owner.

EXTRA MATERIALS

A.

B.

C.

Furnish two spray nozzles for each cell.
Furnish two gaskets for each access door.

Furnish one valve seat for each make-up or control valve.

PART 2 - PRODUCTS

2.1

COOLING TOWERS

A.

Manufacturers:
1. Baltimore Aircoil Company
2. SPX Cooling Technologies

Product Description: factory assembled, sectional, cross flow induced draft design, with
fan and motor assemblies, built with pan, casing, fill and drift eliminators.
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2.2

STEEL COOLING TOWERS

A.

Framing, Pan and Casing: Galvanized steel, 12 gage (2.5 mm) for casing and 8 gage (4.0
mm) for reinforcing angles and channels with access doors at both ends of tower to air
plenum.

Casing: Fiberglass reinforced polyester panels with UV inhibitors, bolted to steel supports.

Louvers: Corrugated glass reinforced polyester spaced to minimize air resistance and
splash out. Fiberglass reinforced polyester with UV inhibitors, bolted to steel supports.

Induced Draft Fan: Axial cast aluminum multi-blade, adjustable pitch.

1. Drive: Geared, right angle drive with ABMA 9 or ABMA 11 L-10 life expectancy
of 40,000 hours bearings and drive shaft equipped with non-lubricated flexible
couplings.

2. Motor: variable with special moisture protection, mounted on welded steel frame
in fan deck.

3. Fan Cylinder: One-piece, welded steel, hot dipped galvanized fan assembly.

Fan Guard: Welded steel rod and wire guard, hot dipped galvanized after fabrication.
Safety: Safety railings, and ladder with safety cage from grade to fan deck.

Distribution Section: Polyvinyl chloride piping header and branches with ABS plastic
spray nozzles.

Fill material: Self-supporting, fluted, polyvinyl chloride with ASTM E84 flame spread
rating of 5.

Drift Eliminators: Two or three pass hot dipped galvanized steel, drift loss limited to 0.2
percent of total water circulated.

Float Valves: Brass or bronze balanced piston type make-up valve with plastic or copper
float.

Hardware: Stainless steel nuts, bolts, and washers.

Finish of steel components: ASTM A90/A90M G210 hot dipped galvanized steel with zinc
chromatized aluminum paint. Finish with electrostatic spray, thermosetting, polymer.

PART 3 - EXECUTION

3.1

EXAMINATION

A.

B.

Verify support is ready to accept tower.

Verify dimensions of support are as shown on shop drawings.
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3.2

3.3

3.4

3.5

3.6

INSTALLATION

A. Install tower on existing structural platform in accordance with manufacturer’s published
instructions.

B. Install tower on vibration isolators.

C. Install condenser water piping with flanged connections to tower. Pitch condenser water
supply to tower and condenser water suction away from tower.

D. Install make-up water piping with flanged or union connections to tower. Pitch to tower.
E. Install overflow, bleed, and drain, to grade.
FIELD QUALITY CONTROL

A Test for capacity under actual operating conditions in accordance with CTI Acceptance
Test Code and verify specified performance.

MANUFACTURER'S FIELD SERVICES
A. Supervise rigging, hoisting, and installation; include five eight-hour days per tower.

B. Inspect tower after installation and submit report prior to start-up, verifying installation is
in accordance with specifications and manufacturers recommendations.

ADJUSTING
A Adjust bleed, control settings and airflow.
DEMONSTRATION AND TRAINING

A Demonstrate starting, maintenance and operation of tower.

END OF SECTION 236500
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SECTION 260500 -COMMON WORK RESULTS FOR ELECTRICAL
PART 1 - GENERAL
1.1 GENERAL CONDITIONS:

A. The General Conditions, Supplementary General Conditions, General Requirements, and
Special Conditions shall be and are hereby made a part of this Section of the specifications.

B. In case of conflicts between the electrical drawings and Division 26 of these specifications,
the more stringent requirements shall govern. In all cases, notify the Engineer for direction.

C. The requirements of COMMON WORK RESULTS FOR ELECTRICAL establish
minimum requirements, apply to, and are hereby made a part of all sections of Division 26,
27, and 28 of this specification.

D. The Contractor shall be responsible for excavation of all earth, soil, and rock conditions at
the site. Review the elevations and soil boring logs and include all associated costs.

1.2 DESCRIPTION:

A. The electrical work shall include all labor, materials, tools, transportation, equipment,
services and facilities, required for the complete, proper and substantial installation of all
electrical work shown on the plans, and/or outlined in these specifications. The installation
shall include all materials, appliances, and apparatus not specifically mentioned herein or
noted on the drawings but which are necessary to make a complete working installation of
all electrical systems.

B. All of the electrical related work required for this project (unless specified otherwise) is a
part of the Electrical Contract price but is not necessarily specified under this division of
the specifications or shown on the electrical drawings. Therefore, all divisions of the
specifications and all drawings shall be consulted.

C. The plan drawings are schematic only and are not intended to show the exact routing of
raceway systems unless dimensions are noted on the drawings. Final routing will be
governed by field conditions (structural members, mechanical equipment, ductwork,
underground piping, duct banks, etc.) and shall be determined by the Contractor and
approved by the Architect. Any changes in routing shall not change the design of the
raceway system.

D. The plan drawings showing device and equipment locations are schematic only and are not
intended to show exact locations unless dimensions are noted on the drawings. The
Contractor shall review all contract drawings that may affect the location of devices and
equipment to avoid possible interference and permit full coordination of all work. The right
to make any reasonable change in location within 6'-0", is reserved by the Architect up
until the time of rough-in at no extra cost.

E. Furnish and install electrical wiring, systems, equipment and accessories in accordance
with the specifications and drawings. Capacities and ratings of transformers, cable,
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switchgear, panelboards, motor control, and other items, arrangement for specified items
in general are shown on drawings.

F. Ampacities specified or shown on the drawings are based on copper conductors, with the
conduit and raceways accordingly sized.

13 MINIMUM REQUIREMENTS:

A. Codes Rules and Regulations: Execute all work under ADA, the latest rules and regulations
of the National Electrical Code (NEC), the National Fire Protection Association, and with
all laws, regulations and ordinances of the County, State, City, and the Utility Company.

B. Codes shall govern in case of any direct conflict between codes, plans and specifications;
except when plans and specifications require higher standards than those required by code.
Variance from the plan and specifications made to comply with code must be approved by
the Architect. If approved they shall be made with no increased cost to the Owner.

14 STANDARDS:

A. All material and equipment shall be listed, labeled or certified by UL LLC, where such
standards have been established. Equipment and material which are not covered by UL
Standards will be accepted provided equipment and material is listed, labeled, certified or
otherwise determined to meet safety requirements of a nationally recognized testing
laboratory. Equipment of a class which no nationally recognized testing laboratory accepts,
certifies, lists, labels, or determines to be safe, will be considered if inspected or tested in
accordance with national industrial standards, such as NEMA, or ANSI. Evidence of
compliance shall include certified test reports and definitive shop drawings.

B. Definitions:
1. Certified: Equipment is "certified" if:
a. Equipment has been tested and found by a nationally recognized testing
laboratory to meet nationally recognized standards, or to be safe for use in
a specified manner.
b. Production is periodically inspected by a nationally recognized testing
laboratory.
C. It bears a label, tag, or other record of certification.
2. Nationally recognized testing laboratory: A testing laboratory which is approved,

in accordance with OSHA regulations, by the Secretary of Labor.
15 QUALIFICATIONS (PRODUCTS AND SERVICES):
A Manufacturers Qualifications: The manufacturer shall regularly and presently produce, as

one of the manufacturer's principal products, the equipment and material specified for this
project, and shall have manufactured the item for at least three years.
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B.

Product Qualification:

1. Manufacturer's product shall have been in satisfactory operation, on three
installations of similar size and type as this project, for approximately three years.
2. The Engineer reserves the right to require the Contractor to submit a list of

installations where the products have been in operation before approval.

1.6 MANUFACTURED PRODUCTS:

A

Materials and equipment furnished shall be new, of best quality and design, free from
defects, of current production by manufacturers regularly engaged in the manufacture of
such items, for which replacement parts should be available. All items used on this project
shall be free of asbestos, PCB, and mercury material.

When more than one unit of the same class of equipment is required, such units shall be
the product of a single manufacturer.

Equipment Assemblies and Components:

1. Components of an assembled unit need not be products of the same manufacturer
unless indicated otherwise.

2. Manufacturers of equipment assemblies, which include components made by
others, shall be completely responsible for the final assembled unit.

3. Components shall be compatible with each other and with the total assembly for
the intended service.

4. Constituent parts which are similar shall be the product of a single manufacturer.

Factory and Field wiring shall be identified on the equipment being furnished and on all
wiring diagrams.

When Factory Testing is Specified:

1. The Engineer shall have the option of witnessing factory tests. The Contractor shall
notify the Engineer a minimum of 15 working days prior to the manufacturer
making the factory tests.

2. Four copies of certified test reports containing all test data shall be furnished to the
Engineer prior to final inspection and not more than 90 days after completion of
the tests.

3. When equipment fails to meet factory test and reinspection is required, the
Contractor shall be liable for all additional expenses, including expenses of the
Engineer.

1.7 EQUIPMENT PROTECTION:

A

Equipment and material shall be protected during shipment and storage against physical
damage, dirt, moisture, cold and rain.

During installation, equipment, controls, controllers, circuit protective devices, and other
like items, shall be protected against entry of foreign matter and be vacuum cleaned both
inside and outside before testing, operating and painting.
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C. Damaged equipment shall be, as determined by the Engineer, placed in satisfactory
operating condition or be returned to the source of supply for repair or replacement.

D. Painted surfaces shall be protected with factory installed removable heavy Kraft paper,
sheet vinyl or equal.

E. Damaged paint on equipment and materials shall be restored to the original quality of paint
and workmanship as used by the manufacturer so repaired area is not obvious.

18 GENERAL WORK REQUIREMENTS:

A Arrange, phase and perform work to assure electrical service both temporary and
permanent for buildings at all times.

B. Coordinate location of equipment and conduit with other trades to minimize interferences.
C. Examination of Site:

1. Visit the site, inspect the existing conditions and check the drawings and
specifications so as to be fully informed of the requirements for completion of the
work.

2. Lack of such information shall not justify an extra to the contract price.

D. Permits:

1. Obtain and pay for all licenses and permits, fees, inspection and certificates
required for the execution of this work.

2. Pay fees and charges for connection to outside services and use of property.

3. Deliver permits and certificates to the Architect to be transmitted to the Owner.

E. Responsibility:

1. This Contractor will be held responsible for any and all damage to any part of the
building or to the work of other contractors, as may be caused through this
contractor’s operation.

2. Any mutilation of building finishes or equipment initiated by electrical
construction shall be properly corrected by the respective finishing contractor and
paid for by the Electrical Contractor.

3. The operation of the temporary power and the permanent electrical system shall
be the responsibility of this Contractor until acceptance of the building by the
Owner.
F. Work to be done by General Contractor:
1. Build in all openings, sleeves, chases, etc., for conduit and equipment as

established, furnished and set by this Contractor. The General Contractor shall seal
or grout all openings after this Contractor has installed the conduits.

2. Build in bolts, brackets, hangers etc., for work established, furnished and set by
this Contractor.
3. All concrete work required for equipment furnished and set by this Contractor

including clean up pads under electrical gear, fixture bases, transformer bases, etc.
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4. Painting: All painting of electrical equipment installed in finished areas shall be
done by the General Contractor. Painting will not be required on receptacles,
switches, circuit breakers etc. All fixtures and exterior poles specified to be
factory-primed shall be painted by General Contractor. Paint all wiremold,
exposed conduit and equipment, etc., to match final wall colors.

5. Provide fireproofing above fixtures located in fire rated ceilings per U.L.
requirements.

6. Pay all utility costs for operation of electrical system during construction until
acceptance of building by the Owner.

G. Work done by the Mechanical Contractor:

1. The Mechanical Contractor shall furnish wiring diagrams and temperature control
drawings of all equipment furnished to the Electrical Contractor. (Catalog
information is unacceptable, provide point to point drawings.)

2. The Mechanical Contractor shall furnish and install all control equipment requiring
connections to air, water, steam, etc., such as pneumatic electric relays, remote
bulb temperature controls, solenoid valves, aquastats and pressure controls.

3. The Mechanical Contractor shall reimburse the Electrical Contractor for any
changes in system design i.e.; control or equipment which affects the Electrical
Contractor. Also refer to equipment connections, controls and instrumentation in
260500.

H. Workmanship and Coordination:

1. Make installation substantially as shown on the plans.

2. Make alterations in location of apparatus or conduit as may be required to conform
to building construction without extra charge.

3. Mechanical equipment service clearances and electrical apparatus service
clearances as specified in their respective manufacturer's product data shall be
maintained free from conduit.

4. Cooperate with other trades in their installation of work.

5 Complete the installation in a workmanlike manner, completely connected and
ready to give proper and continuous service.

6. Use only experienced licensed electricians.

I Cutting and Patching:

1.

2.

Notify the General Contractor in ample time, of the location of all chases, sleeves,
and other openings required in connection with the work of this contract.

Cutting and patching made necessary because of failure to comply with the above
shall be done by the General Contractor at the expense of the Electrical Contractor.
When it is necessary for the Electrical Contractor to cut building materials, it shall
be done in a neat and workmanlike manner meeting with the approval of the
Architect.

Holes through concrete shall be carefully drilled with a "Concrete Termite" drill.
A Star Drill or Air Hammer will not be permitted. Structural members shall not be
cut without approval from the Architect.

Any penetrations thru the roof shall be made with "Stoneman" 900 Series flashing
connections as manufactured by Elmdor/Stoneman, City of Industry, California,
or as approved by the Architect.
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6. Any penetrations made in exterior or basement foundation walls shall be sealed
with Thunderline "Link-Seal" connections, as manufactured by Thunderline
Corporation, Wayne, Michigan.

J. Manufacturer’s Instructions:

1. Apply, install, connect, erect, use, clean, and condition articles, materials and
equipment as directed by the manufacturer.

1.9 EQUIPMENT INSTALLATION AND REQUIREMENTS:
A Equipment location shall be as close as practical to locations shown on the drawings.

B. Working spaces shall not be less than specified in the National Electrical Code for all
voltages specified.

C. Inaccessible Equipment:

1. Where the Engineer determines that the Contractor has installed equipment
without proper clearances or not conveniently accessible for operation and
maintenance, equipment shall be removed and reinstalled as directed at no
additional cost to the Owner.

a. Install access panels as approved by the Architect to provide access to all
equipment, J-boxes and outlets located in non-accessible spaces. Panels
shall be flush locking type with a fire rating equal to the ceiling system.

2. "Conveniently accessible" is defined as being capable of being reached without the
use of ladders, or without climbing or crawling under or over obstacles such as
motors, pumps, belt guards, transformers, piping, and ductwork. Outlet and box
covers shall be removable by using regular length (8") screw drivers.

D. Distribution Equipment:

1. All items of Electrical Distribution Equipment
(switchboards - panelboards - disconnects) shall be of one manufacturer, unless
specifically noted on the drawings, in the specifications, or approved by the
Engineer. Intermixing of distribution equipment by different manufacturers will
not be permitted.

2. Equipment layouts on the drawings are based on one manufacturer. Verify all
actual equipment sizes with equipment manufacturer prior to bidding.
3. If layout changes are required due to differing electrical manufacturer’s equipment

size, they must be submitted to and approved by the Engineer. National Electric
Code working clearances must be maintained at all times. Extra remuneration will
not be allowed for layout changes that differ from those shown.

4. Provide and install all steel supports as required for mounting of electrical
equipment.
5. Anchor all free standing electrical equipment including switchboards, switchgear,

substations, motor control centers, paralleling gear, transfer switches,
transformers, etc. to the floor with plated, 1/2" diameter minimum, anchor bolts or
as recommended by the manufacturer.
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1.10 EQUIPMENT CONNECTIONS, CONTROLS AND INSTRUMENTATION:

A.

General: The following applies to all electrical power and control connections for all
equipment requiring electrical installation work provided by others.

Electrical Contractor shall install and connect the following items for equipment requiring
electrical power that is either furnished or specified by other Contractors and/or the Owner.
Where these required items are not furnished with the equipment being connected, it shall
be the Electrical Contractors responsibility to provide the necessary items including
conduit, boxes and wiring.

1. Starters

2. Variable Frequency Drives

3. Disconnecting Devices

4, Thermal Overload Devices

5. Overcurrent Devices

6. Short Circuit Protective Devices

7. Power Factor Correction Devices

8. Voltage Transformation Equipment

9. Control Devices (Local and Remote)

10. Audible and Visual Control Status Annunciation Devices

11. Equipment Mounting Structures
12. Additional Miscellaneous Devices

In general, all major equipment will be specified to be factory prewired with only service
and interconnecting wiring required at the site by the electrical contractor; however, the
Electrical Contractor shall check all divisions of the specification to verify if the equipment
is specified factory prewired and if not, then it shall be the responsibility of the Electrical
Contractor to provide the complete wiring of the equipment in accordance with wiring
diagrams provided by other contractors and/or Owner to the Electrical Contractor. All
interconnecting of equipment shall be by the Electrical Contractor.

All line and low voltage wiring and connections required to control the equipment are a
part of this section. All wiring shall be in conduit. All conduit, wiring, and terminations
shall be provided by the Electrical Contractor. All line and low voltage wiring in conduit.
TCC provides low voltage conduit. All line voltage wiring and connections required to
control the equipment are a part of this section and shall be provided by the Electrical
Contractor. Mechanical controls are to be provided by a Temperature Controls Contractor
(TCC). Low voltage control wiring and associated conduit for the control system shall be
provided and installed by the TCC. Terminations will be made by the TCC. All line and
low voltage wiring shall be in conduit.

The Electrical Contractor shall provide 120 volt control power supply; #12 Ga. CU.
THHN/THWN in 1/2"C. minimum at all points required by controls, instrumentation and
sprinkler risers. Circuit as shown on the plans or to the nearest 120 volt panel if no
circuiting is indicated. Use spare 20 Amp. breakers. Each control panel shall be on a
separate circuit unless otherwise indicated. If the controlled equipment is fed from the
emergency system, then the control power supply must feed from the emergency system.

The Contractor shall become familiar with the equipment to be furnished by the other
Contractors and/or the Owner in connection with this work and include provisions for such
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connections and work in the Contractor's price. Extra remuneration will not be allowed for
such work.

F. Connections to all equipment have been designed from units as specified on the drawings

or in the specifications. In the event equipment or control differs on approved shop
drawings it shall be the responsibility of the Supplying Contractor to coordinate electrical
connections to the units and reimburse Electrical Contractor for any changes in system
design. These changes shall not involve additional cost to the Owner.

G. Review all plans and specifications to verify all equipment connections that are required
by mechanical and/or other contractors. Although the electrical drawings will show
equipment connection requirements, it is the Electrical Contractor's responsibility to
connect all equipment furnished by other Contractor's at no extra cost to the Owner, even
if this equipment connection is not shown on the electrical drawings. Coordinate all
required connections not shown on the electrical drawings with the Engineer.

1.11 NAMEPLATES:
A General: The following items shall be equipped with nameplates:

1. Disconnect switches (fused or nonfused), transformers and switchboards
(including branch circuit breakers/switches), panelboards, separately mounted
circuit breakers, starters, contactors, relays, junction boxes and pull boxes.

B. Inscription: Nameplates shall adequately describe the function or use of the particular
equipment involved. Nameplates for panelboards and switchboards shall include the panel
designation, voltage, and phase, A.l.C. rating of the supply (see schedules, one-line
diagram, and color coding). For example, "Panel A" 120/208 V, 3-Phase, 4-Wire, 10,000
A.LC. or “50,000 AIC with 22 KA Breakers, Series with class ‘J’ Fuses™:

Phase A - Black
Phase B - Red
Phase C - Blue
Neutral - White
Ground - Green

aokrwdE

C. The name used for a machine nameplate shall be the same as the one used on the machine's
motor starter, disconnect and P.B. station nameplates. Nameplates for fused switches and
panels shall also indicate fuse type and size.

1. In addition to the instructions listed above:

2. Lettering shall be engraved through front layer to form 1/4" characters. Nameplates
shall be securely fastened to the equipment to be identified, with No. 4 Phillips,
round head, cadmium plated, steel self tapping screws or nickel plated brass bolts.
Motor nameplate may be nonferrous metal not less than 0.03 inches thick, die
stamped. In lieu of separate plastic nameplates, engraving directly on device plates
is acceptable. Letters engraved thus, shall be filled with contrasting enamel. All
nameplates and their installation are part of this work. Free hand lettering or dymo
label marker will not be acceptable.
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1.12

1.13

1.14

MATERIALS OF APPROVED EQUAL.:

A.

Where items of equipment and/or materials are specifically identified herein by a
manufacturer's name, model or catalog number, and only such specific items may be used
in the base bid, except as hereinafter provided.

Unless requests for changes in base bid specifications are received, approved and noted by
written addendum prior to the opening of bids, the successful contractor will be held to
furnish specified items.

After contract is awarded, changes in specifications shall be made only as defined under
"Substitution of Equipment”.

SUBSTITUTION OF EQUIPMENT:

A

After execution of the contract, substitution of equipment of makes other than those
specifically named in the contract documents, may be approved by the Engineer, only if
the equipment named in the specifications cannot be delivered to the job in time to
complete the work in proper sequence and due to conditions beyond control of the
Contractor. Provide documentary proof in writing from the manufacturer that the specified
equipment will not be available in time. If the Contractor is responsible for the delay, the
substitution will not be approved.

Requests for substitutions must be accompanied by documentary proof of equality or
difference in price and delivery, if any, in form of certified quotations from suppliers of
both specified and proposed equipment.

SUBMITTALS: IN ACCORDANCE WITH SECTION SAMPLES AND SHOP DRAWINGS,
FURNISH THE FOLLOWING:

A.

The Engineer's approval shall be obtained for all equipment and material before delivery
to the job site. Delivery, storage or installation of equipment or material which has not had
prior approval will not be permitted at the job site.

All submittals shall include adequate descriptive literature, catalog cuts, shop drawings and
other data necessary for the Engineer to ascertain that the proposed equipment and
materials comply with specification requirements. Catalog cuts submitted for approval
shall be legible and clearly identify equipment being submitted.

Submittals shall be complete and submitted together for each section. Individual systems
and equipment assemblies which consist of more than one item or component shall be made
for the system or assemble as a whole. Partial submittals will not be considered for
approval.

1. Mark the submittals, "SUBMITTED UNDER SECTION ". Mark out all
statements on sheets that do not apply otherwise. The Engineer may select options
and equipment not originally specified. All options that are not marked out will be
assumed that the Contractor will furnish the same.

2. Submittals shall be marked to show specification reference including the section
and paragraph numbers.
3. Submit each section separately.
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4, Mark catalog cuts to indicate equipment, capacities, finishes, sizes, etc. Each
individual item shall have its own sheet provided for approval. (Example: Separate
sheets for each panelboard.)

D. The submittals shall include the following:

1. Information that confirms compliance with contract requirements. Include the
manufacturer's name, model or catalog numbers, catalog information, technical
data sheets, shop drawings, pictures, nameplate data and test reports as required.

2. Elementary and interconnection wiring diagrams for communication and signal
systems, control system and equipment assemblies. All terminal points and wiring
shall be identified on wiring diagrams.

3. Parts list which shall include those replacement parts recommended by the
equipment manufacturer, quantity of parts, current price and availability of each
part.

4, Quantities of materials will not be verified by the Architect or Engineer. Approval
stamp on shop drawings does not constitute approval of quantities listed on shop
drawings.

5. Shop drawings:

a. All shop drawings shall be checked and signed by this contractor and
general contractor prior to submittal to the Architect/Engineer.

b. Shop drawings submitted without Contractor’s signatures or approval and
verification will not be approved.

C. Shop drawings shall be submitted on wire, cables, devices, lighting

fixtures (including distribution curves), motor starters, panelboards,
disconnects, conduit, raceway systems, etc.

6. Each sheet shall be either 8 1/2" x 11"; 8 1/2" x 13"; or 11" x 17" bond with a 5" X
3" clear area for engineer’s stamp. (This area shall not be used by this contractor
or the general contractor’s stamp.) Larger drawings shall be able to be blue printed.

E. Engineer’s acceptance of Compliance Submittals will not relieve the Contractor from his
responsibility for any deviations from the requirements of the contract documents, unless
Contractor has in writing called Engineer's attention to such deviation at the time of
submission and the Engineer has given written approval to the specific deviation; nor shall
any acceptance by Engineer relieve Contractor from responsibility for errors or omissions
in Compliance Submittals.

F. Quantity of Submittals: See the general specification sections.

1.15 ELECTRICAL WORK COMPLETION:

A. Before requesting final inspection the following work must be completed.
B. Operating Instructions:
1. The Contractor shall submit along with the shop drawings of the equipment, three

(3) copies of operating instructions for all items. Instructions shall be prepared by
the manufacturer of the equipment.
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2.

3.

After the operating instructions have been approved by the Engineer, the
Contractor shall include the three (3) copies in maintenance instructions brochures.
The Contractor shall also obtain all manufacturers’ instructions, manuals, and one
complete set of drawings and turn these over to the Architect at the completion of
the project.

The Contractor shall keep in a safe place; all keys and special wrenches furnished
with equipment under this contract and shall give same to the Architect at the
completion of the project.

The Contractor shall prepare a complete brochure, in triplicate, covering all
systems and equipment furnished and installed under his contract. Brochures shall
be submitted to the Architect-Engineer for approval and delivery to the Owner.
The cost of this brochure shall be included in the contract cost. Brochures shall
contain the following:

a. Certified equipment drawings and/or catalog data clearly marked for
equipment furnished as required for approval submission under detailed
section of the specifications.

b. Complete operating and maintenance instructions for each item of
equipment.

C. Complete part list for each equipment item.

d. Any special emergency operating instructions or a list of service
organizations (including addresses and telephone numbers) capable of
rendering emergency service to the various parts of the system.

Brochures shall be bound in hard backed three ring binders with an index, sub
dividers and reinforced sheets.

Project name and address.

Section of work covered by brochure, i.e., "Electrical Work".

Name and address of Architect.

Name and address of Engineer.

Name and address of Contractor.

Telephone number of Contractor, including night or emergency number.

hD OO0 T

In addition to these written instructions, each respective Contractor shall fully and
carefully instruct the Owner, or Owner’s selected representatives, as to the proper
operation, care and maintenance of each system and its equipment.

1.16 TESTING AND ADJUSTMENT:

A Check, test, and adjust the mechanisms of all electrical equipment and adjustable parts of
lighting fixtures as required for optimum performance.

B. Perform tests for insulation resistance in accordance with the requirements of the National
Electrical Code and insure that all circuits are free from short circuits.

C. Keep a calibrated voltmeter and ammeter available at all times and provides service for test
readings when and as required, up until the project is accepted by the Owner.
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1.17

1.18

1.19

1.20

1.21

D. Electrical Testing and Verification: Refer to the following specification sections (as
applicable) for required tests and verifications:

260519 — Low Voltage Electrical Power Conductors and Cables
260526 — Grounding and Bonding for Electrical Systems
262416 — Panelboards

262726 — Wiring Devices

PR

AS-BUILT DRAWINGS:

A Show on black or blue line prints in red ink all changes from original plans made during
the installation. Return two (2) sets of red marked drawings, specifications and addenda,
as set forth in the General Conditions, to the Architect upon completion of the project.

FINAL INSPECTION:

A Final inspection will be made upon written request from the General contractor after the
project is completed; in accordance with the Supplementary General Conditions.

B. This Contractor and his principal subcontractors shall be represented at the inspection by a
person of authority responsible to demonstrate to the engineer that his work conforms to
the intent of the plans and specifications.

C. Extra inspections made necessary by the Electrical Contractor's failure to comply with the
conditions as set forth above shall be charged to the Contractor for the Inspector's time both
on the job and spent in travel between the office and the project site.

GUARANTEE:

A. Guarantee all work, material and equipment for a period of two years after date of
substantial completion.

B. During the two year guarantee period the Electrical Contractor shall be responsible for any
defects which develop in the electrical systems. Upon notification of a defect by the
General Contractor the Electrical Contractor shall make immediate effort to correct it and
shall notify the Architect when this work is completed. This guarantee does not include
ordinary lamp failure.

C. Repairs and/or replacements shall be made with no cost to Owner.

SINGULAR NUMBER:

A. Where any device or part of equipment is referred to in these specifications in the singular
number (such as "the switch™), such reference shall be deemed to apply to as many such
devices as are required to complete the installation as shown on the drawings.

LOW-VOLTAGE SYSTEMS:

A. Power wiring for low-voltage systems shall be furnished and installed by the contractor as
shown on the drawings and as required by the equipment manufacturer.
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B. Low voltage outlets shall be installed as shown on the drawings and shall be as specified
for voice outlets, hereinbefore, or as otherwise shown or required by the application or by
the equipment manufacturer.

C. Conduit for low-voltage systems shall be limited to the following and shall be furnished
and installed by the Electrical Contractor.

1. Conduit in walls, from outlets to accessible ceilings, terminated with open end
bushing above ceiling.
2. Conduits between floors, terminated with open end bushings.
3. Conduits across fire and/or smoke walls, terminated with open end bushings, and
sealed with approved fire rated material.
4. Other conduits as shown on drawings.
D. Conduits shall be sized as required by the number and type of conductors applied and/or

as noted on plans (minimum 1") and shall be not smaller than sizes recommended by the
equipment manufacturer.

E. When ceiling voids are used as air return plenums, only U.L. Listed plenum cable shall be
used or cables shall be completely routed in conduit.

PART 2 - PRODUCTS (NOT USED)

PART 3 - EXECUTION (NOT USED)

END OF SECTION 260500
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES
PART 1 - GENERAL
1.1 RELATED DOCUMENTS:

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

1.2 SUMMARY:
A. Section includes:

Building wires and cables rated 600 VAC and less.
Connectors, splices, and terminations rated 600 VAC and less.
Wire lubricating compound.

Control wiring.

Communication and signal wiring.

Fireproofing tape.

ok~ whE

13 SUBMITTALS

A Product Data (Where indicated in Section “Common Work Results for Electrical”,
provide the following information): For each type of product indicated.

14 QUALITY ASSURANCE

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

B. Comply with NFPA 70.
C. Comply with NEMA WC 70.
PART 2 - PRODUCTS
2.1 CONDUCTORS AND CABLES (POWER AND LIGHTING):
A. Conductors and Cables: NEMA WC 70, except as hereinafter specified.

1. All conductors shown on plans are sized for copper.
2. UL label required.

B. Single Conductor:
1. Soft annealed copper.
2. Stranded for sizes No. 10 and larger. Solid or stranded for sizes No. 12 and

smaller, except that conductors for remote control, alarm, and signal circuits,
classes 1, 2, and 3, shall be stranded unless specifically indicated otherwise.
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2.2

3. Minimum size No. 12, except where larger sizes are shown. (Size No. 14
minimum for controls).

Stranding:

1. Conductors between stationary and moving devices, such as hinged doors or
panels, shall have Class H or Class K stranding. All other conductors shall have
Class B or Class C stranding.

Insulation:

1. THHN-THWN, XHHW - Sizes No. 12 and larger.

SPLICES AND JOINTS:

In accordance with UL 486 A, B, D and NEC.
Split-bolt type connectors are not allowed.

Branch circuits (No. 10 and smaller):

1. Connectors: Solderless, screw-on, reusable pressure cable type, 600 volt, 105
degree C. with integral insulation, approved for copper and aluminum
conductors.

2. The integral insulator shall have a skirt to completely cover the stripped wires.

3. The number, size, and combination of conductors, as listed on the manufacturer's

packaging shall be strictly complied with.
Branch Circuits (No. 8 and No. 6):

1. Connectors: Pre-insulated, mechanical, reusable cable type, 600 volt, 90 degree

C. with integral insulation, approved for copper and aluminum conductors, cold

temperature rated to -45 degree C. Connectors shall be equal to those

manufactured by Polaris Connectors.

Provide connectors rated for the location where installed.

3. The number, size, and combination of conductors, as listed on the manufacturer's
packaging shall be strictly complied with.

N

Feeder Circuits:

1. All feeder conductors shall be the same size and type and be continuous from the
overcurrent device to the panel or equipment the feeder terminates at.
2. Connectors shall be indent type, UL listed for use with the size and type of wire

installed of high conductivity and corrosion-resistant material. Do not install
more than one conductor per connector unless the connector is UL listed for use
with the number of conductors installed.

3. Power distribution blocks shall be provided for splices or where quantity or size
of conductors exceeds the terminal rating of the device to be connected. Power
distribution blocks shall be equal to Square D by Schneider Electric Class 9080
Type LB or Mersen Electrical Power MPDB series. Provide with covers. Power
distribution blocks shall be securely mounted in a code sized enclosure.
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4. Field installed compression connectors for cable sizes 250 kcmil and larger shall
have not less than two clamping elements or compression indents per wire.
5. Insulate splices and joints with materials approved for the particular use,

location, voltage, and temperature. Insulation rating shall be not less than that of
the conductor that is being joined.
6. Plastic electrical insulating tape: Flame retardant, cold and weather resistant.
2.3 CONTROL WIRING:
A Unless otherwise specified in other sections of these specifications, size control wiring as
specified for power and lighting wiring, except the minimum size shall be not less than
No. 14, 90 degrees C. insulation. Where stranded conductors are used, provide with spade
type insulated copper terminals.

B. Size wire large enough so that the voltage drop under inrush conditions does not
adversely affect operation of the controls.

2.4 COMMUNICATION AND SIGNAL WIRING:

A. Shall conform to the recommendations of the manufacturers of the communication and
signal systems; however, not less than what is shown.

B. Wiring shown is for typical systems. Provide wiring as recommended by the
manufacturer for the systems being furnished.

C. Multi-conductor cables shall have the conductors color coded.
25 WIRE LUBRICATING COMPOUND:
A. The cable pulling lubricant shall be compatible with all cable jackets. The lubricant shall
be UL (or CSA) listed. The lubricant shall contain no waxes, greases, silicones, or

polyalkylene glycol oils or waxes.

B. A 200-gram sample of the lubricant, when placed in an one-foot, split metal conduit and
fully dried for 24 hours at 105 degrees C, shall not spread a flame more than three-inches

beyond a point of ignition at a continued heat flux of 40 kW/mZ. Total time of test shall
be one-half hour.

C. Approved Lubricant is:
1. Polywater J from American Polywater Corporation
PART 3 - EXECUTION
3.1 INSTALLATION, GENERALLY:
A. Install in accordance with the NEC, and as specified.

B. Install all wiring in raceway systems.
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C. Where No. 10 or No. 12 stranded conductors terminate at receptacles, toggle switches, or
other devices with a screw-type connection, provide a solid conductor pigtail or spade-
type connector listed for use with the appropriate class of stranded wire.

D. Install a ground wire sized per NEC 250.122 in each conduit containing phase
conductors.

E. Color Code:

1. All conductors shall be identified by circuit number and color coding at all
termination points and splices. All conductors shall be identified in all pull and
junction boxes by the following method of color coding. Means of identification
shall be permanently posted at each branch circuit panel with a nameplate
identifying color coding system used in that panelboard.

Phase 208/120V 4801277V
A Black Brown
B Red Orange
C Blue Yellow
Neutral White Gray
Ground Green Green
Iso. Grd Green Green
w/Yellow w/Yellow
2. Use solid color compound or solid color coating for No. 6 and smaller branch
circuit conductors and neutral sizes.
3. Phase conductors No. 4 and larger color code using one of the following:
a. Solid color compound or solid color coating.
b. Colored as specified using 3/4-inch wide tape. Apply tape in half

overlapping turns for a minimum of three-inches for terminal points, and
in junction boxes, pull boxes, troughs, manholes, and handholes. Apply
the last two laps of tape with no tension to prevent possible unwinding.
Where cable markings are covered by tape, apply tags to cable stating
size and insulation type.

C. Yellow stripe on isolated ground may be 1/4-inch wide yellow tape on
top of green.

4. Where neutrals are located in the same raceway, junction box or enclosure,
neutrals shall be marked or labeled to indicate which circuit conductor (phase
conductor) they are associated with. Neutrals (with stripes matching the
associated phase conductor color) meeting the requirements of NEC Section
200.6 are acceptable for this purpose.

5. For modifications and additions to existing wiring systems, color coding shall
conform to the existing wiring system.

6. Provide plastic engraved color code legend on each panelboard and switchboard
per NEC Section 210.5 (C).

7. All improperly color coded conductors will be completely replaced at no

additional cost to Owner.
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F.

All cable and wiring shall be continuous between electrical equipment. Splices shall not
be added except as required for taps in branch circuits or as approved by the engineer.

Splice cables and wires only in outlet boxes, junction boxes, pull boxes, manholes, or
handholes. Do not splice cables in panelboards, switchboards, disconnects, etc.

Install cable supports for all vertical feeders in accordance with the NEC. Provide split
wedge type which firmly clamps each individual cable and tightens due to cable weight.

For panelboards, cabinets, wireways, switches, and equipment assemblies, neatly form,
and tie all cables.

Seal cable and wire entering a building from underground between the wire and conduit,
where the cable exits the conduit, with a non-hardening approved compound.

Wire Pulling:

1. Provide installation equipment that will prevent the cutting or abrasion of
insulation during pulling of cables.

Use ropes made of nonmetallic material for pulling feeders.

3. Attach pulling lines for feeders by means of either woven basket grips or pulling
eyes attached directly to the conductors, as approved by the Engineer.

Pull multiple cables into a single conduit with a single continuous pull.

Use wire lubricant per this specification when recommended by the cable
manufacturer or as required to prevent damage to cables during installation.

N

ok

Individual neutrals shall be provided for each circuit. Multi-wire branch circuits (i.e. Two
or more phase sharing a neutral conductor) shall not be allowed, unless specifically noted
or shown on the plans. Where multi-wire branch circuits are shown or noted on the plans,
provide a disconnecting means that will simultaneously disconnect all phase conductors
at the panel where the branch circuit originates.

3.2 SPLICE INSTALLATION:

A

B.

Splices and terminations shall be mechanically and electrically secure.

Where the Engineer determines that unsatisfactory splices or terminations have been
installed, remove the devices and install approved devices at no additional cost to the
Owner.

3.3 CONTROL, COMMUNICATION, AND SIGNAL WIRING INSTALLATION:

A

Unless otherwise specified in other sections of these specifications, install wiring as
described below. Wiring shall be connected to perform the functions shown and specified
in other sections of this specification.

Except where otherwise required, install a separate power supply circuit for each system,
or control equipment, or control power. Circuit to nearest 120 volt panel or nearest
emergency panel if equipment controlled is connected to emergency system. Use spare
20 Amp breakers in panels where none are designated. Verify all requirements with
actual equipment supplied in field.
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3.4

3.5

C.

Install a breaker lock-on clip on the handle of the branch circuit breaker for the power
supply circuit for each system to prevent accidental de-energizing of the systems. Lock-
on clips for circuit breakers serving fire alarm systems shall be painted red.

System voltages shall not exceed 120 volts and shall be lower voltages where shown on
the drawings or required by the NEC.

Wire and cable identification:

1. Install a permanent wire marker on each wire at each termination, outlet box,
junction box, panel, and device. Markers shall be typed or handwritten and shall
be clearly legible.

2. Identifying numbers and letters on the wire markers shall correspond to those on

the wiring diagrams used for installing the systems.

Wire markers shall retain their markings after cleaning.

4. In each manhole and handhole, install permanent, waterproof tags to identify the
cable type/system and the building or area served.

w

FEEDER IDENTIFICATION:

A

In each, interior pullbox and junction box, identify each phase, neutral and/or ground
conductor by conductor color coding or tape based on system voltage.

In manholes and handholes, install permanent, waterproof tags to identify the cable type.
Identify each phase, neutral, and/or ground conductor by conductor color coding or tape
based on system voltage.

FIELD TESTING:

A.

Feeders and branch circuits shall have their insulation tested after installation and before
connection to utilization devices such as fixtures, motors, or appliances.

Test shall be performed by megger and conductors shall test free from short-circuits and
grounds.

Test conductors’ phase-to-phase and phase-to-ground.
Megger motors after installation but before start-up and test free from grounds.

The Contractor shall furnish the instruments, materials, and labor for these tests.

END OF SECTION 260519
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SECTION 260526 - 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 other Division 01 Specification Sections, apply to this section.

1.2 SUMMARY:
A. This section includes grounding and bonding systems and equipment.
1.3 SUBMITTALS:

A. Product Data (Where indicated in Section “Common Work Results for Electrical”,
provide the following information): For each type of product indicated.

14 QUALITY ASSURANCE:

A 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.

B. Comply with UL 467 for grounding and bonding materials and equipment.
PART 2 - PRODUCTS
2.1 CONDUCTORS:

A. Insulated General Purpose: UL and NFPA 70 approved types, copper, with THW,
XHHW or dual rated THHN-THWN insulation color identified green.

B. Bare Copper Conductors:

1. Solid Conductors: ASTM B3.
2. Stranded Conductors: ASTM B8.

C. Size conductors not less than what is shown on the drawings and not less than required by
the NFPA 70.

2.2 GROUND BUS:

A Pre-drilled rectangular bars of annealed copper, 1/4 by 4 inches in cross-section with 9/32
inch holes spaced 1-1/8 inches apart. Stand-off insulators shall comply with UL 891 for
use in switchboards, 600V and shall be Lexan or PVC, impulse tested at 5000V.

2.3 GROUND RODS:

A Copper-clad steel, sectional type, 3/4-inch diameter by 20 feet long.
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2.4 CONNECTORS:

A.

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

Bolted Connectors for Conductors and Pipes: Copper or copper alloy.

Welded Connections:

1. Exothermic welding kits of types recommended by kit manufacturer for materials
being joined and installation conditions.
2. For structural steel, steel grounding stud for compression connector.

Compression Connectors: Hydraulic crimped, irreversible compression type Kits.
Connectors shall be factory filled with oxide inhibitor. All crimps shall be made with a
hydraulic tool that embosses the index number on the outside of the connector.

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

All splices and grounding electrode connections shall be made with exothermic welds or
with hydraulic compression fittings.

25 INTERSYSTEM GROUND BAR:

A.

B.

C.

D.

Complies with UL 467.
Base and cover shall be impact resistant and UV rated.
Shall be rated for copper and aluminum conductors.

Shall have provisions for one main grounding electrode conductor and a minimum of
four bonding conductors.

PART 3 - EXECUTION

3.1 APPLICATIONS:

A.

Conductors: Install solid or stranded conductors for #12 AWG and smaller and stranded
conductors for #10 AWG and larger unless otherwise indicated.

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

1. Install bus horizontally, on insulated spacers 2 inches minimum from wall, 6
inches above finished floor unless otherwise indicated.

Conductor Terminations and Connections:

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.
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2. Underground Connections: Welded connectors or hydraulic compression
connectors except as otherwise indicated.
3. Connections to Structural Steel: Welded connectors.
4. Aboveground Connections to Ground Rods: Bolted connectors.

3.2

3.3

INSTALLATION, GENERALLY:

A

Ground in accordance with the NFPA 70 as shown, and as hereinafter specified. All
equipment ground conductors shall be terminated on a ground bus or ground lug attached
to equipment can.

System Grounding:

1.

2.

Secondary service neutrals shall be grounded at the supply side of the secondary
disconnecting means and at the related transformers.

Separately derived systems (transformers downstream from the service entrance)
ground the secondary neutral.

Equipment Grounding:

1.

Metallic structures, enclosures, raceways, junction boxes, outlet boxes, cabinets,
machine frames, and other conductive items in close proximity with electrical
circuits shall be grounded for personnel safety and to provide a low impedance
path for possible ground fault currents.

SECONDARY EQUIPMENT AND CIRCUITS:

A.

Conduit Systems:

1.
2.
3.

Ground all metallic conduit systems.

Non-metallic conduit systems shall contain a grounding conductor.

Conduit provided for mechanical protection containing only a grounding
conductor, bond to that conductor at the entrance and exit from the conduit via
grounding bushings.

Feeders and Branch Circuits: Install green grounding conductors with feeders and branch
circuits in all feeders and branch circuits and in any raceway containing a phase
conductor.

Boxes, Cabinets, Enclosures, and Panelboards:

1.

Bond the grounding wires to each pullbox, junction box, outlet box, cabinets, and
other enclosures through which the ground wires pass (except for special
grounding systems for intensive care units and other critical units shown.).

Make ground wire connections to ground bus in motor control centers,
panelboards, etc.

Receptacles and toggle switches are not approved for grounding through their mounting
screws. Ground with a ground wire from green ground terminal on the device to the
outlet box ground screw.
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E. Ground lighting fixtures to the green grounding conductor of the wiring system when the
green ground is provided; otherwise, ground the fixtures through the conduit systems.
Fixture connected with flexible conduit shall have a green ground wire included with the
power wires from the fixture through the flexible conduit to the first outlet box.

F. Fixed electrical appliances and equipment shall have a ground lug installed for
termination of the green ground conductor.

3.4 CONDUCTIVE PIPING:
A Bond all conductive piping systems in the building to the electrical system ground.
Bonding connections shall be made as close as practical to the water pipe ground or
service equipment ground bus.

3.5 SPLICES:

A All splices and grounding electrode connections shall be made with exothermic welds or
with hydraulic compression fittings.

3.6 INSTALLATION:
A Grounding Conductors: Route along shortest and straightest paths possible unless
otherwise indicated or required by Code. Avoid obstructing access or placing conductors

where subject to strain, impact, or damage.

B. Grounding electrode conductors shall be continuous.

END OF SECTION 260526
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SECTION 260533 — RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

11

1.2

13

14

RELATED DOCUMENTS

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

SUMMARY
A. Description:

1. This section includes the furnishing, installation, and connection of raceways,
fittings, and boxes to form complete, coordinated, grounded raceway systems.
Raceways are required for all wiring unless shown or specified otherwise.

2. The term conduit, as used in this specification, shall mean any or all of the raceway
types specified.

B. Section Includes:

Metal conduits, tubing, and fittings.
Non-metallic conduits and fittings.

Metal wireways and auxiliary gutters.
Non-metallic wireways and auxiliary gutters.
Surface raceways.

Boxes and enclosures.

o~ E

DEFINITIONS:

A. ARC: Aluminum rigid conduit.

B. GRC: Galvanized rigid steel conduit.

C. IMC: Intermediate metal conduit.

D. RGS: Rigid galvanized steel.

ACTION SUBMITTALS:

A. Product Data (Where indicated in Section “Common Work Results for Electrical”, provide
the following information): For surface raceways, wireways and fittings, floor boxes,
hinged-cover enclosures, and cabinets.

B. Shop Drawings (Where indicated in Section “Common Work Results for Electrical”,

provide the following information): For custom enclosures and cabinets. Include plans,
elevations, sections, and attachment details.
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PART 2 - PRODUCTS
2.1 CONDUIT:
A. Raceway Size: In accordance with the NFPA 70 but not less than 3/4-inch unless otherwise

shown. Where permitted by the NFPA 70, 1/2-inch flexible conduit may be used for
connections to recessed lighting fixtures.

B. Raceway Supports:
1. Parts and hardware: Zinc-coat or provide equivalent corrosion protection.
2. Pipe Straps: Fed. Spec. FF-S-760, Type I, Style A or B.
3. Individual Raceway Hangers: Designed for the purpose, having a pre-assembled
closure bolt and nut, and provisions for receiving a hanger rod.
4. Multiple Raceway (trapeze) hangers: Not less than 1-1/2 by 1-1/2 inch, 12 gauge

steel, cold formed, lipped channels or not less than 2-1/8 by 2-1/8 inch, 18 gauge
B-Line “4Dimension Channel”; with not less than 3/8-inch diameter steel hanger

rods.

5. Solid Masonry and Concrete Anchors: Fed. Spec. FF-S-325; Group 11 self-drilling
expansion shields, or machine bolt expansion anchors Group 1, Type 2 or 4, or
Group VIII.

C. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886 and NFPA
70.

2.2 RACEWAYS:
A. Install raceway types as shown on drawings and as listed below.

B. Metal Conduit:

1. Rigid steel: UL 6 and ANSI C80.1.

2. Rigid aluminum: UL 6A and ANSI C80.5.

3. Rigid intermediate steel conduit (IMC): UL 1242 and ANSI C80.6.

4. Electrical metallic tubing (EMT): U.L. 797 and ANSI C80.3. Maximum size
5-inch. Permitted only with cable rated 600 volts or less.

5. Flexible steel conduit (commercial Greenfield): UL 1, zinc-coated steel.

6. Liquid-tight flexible metal conduit: UL 360 flexible galvanized steel tubing

covered with extruded liquid-tight jacket of polyvinyl chloride (PVC). Provide
conduit with a continuous copper bonding conductor spiral between the
convolutions.

7. PVC Coated Rigid Steel: NEMA RN 1. Conduit and fittings shall be as
manufactured by Robroy Industries; Plasti-Bond, Perma-Cote, and KorKap or
Thomas & Betts; Ocal. Any deviation will require approval of the specifying
Engineer or Owner.

a. Shall be UL listed.

b. All male threads on conduit, elbows and nipples shall be protected by
application of a urethane coating.

C. All female threads on fittings or conduit couplings shall be protected by

application of a urethane coating.
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C. Conduit Fittings for Metal Conduit:

1. Comply with NEMA FB 1 and UL 514B.
2. Rigid steel and IMC conduit fittings:
a. Standard threaded couplings, locknuts, bushings, and elbows: Fed. Spec.

W-F-408, except only material of steel or malleable iron is acceptable.
Integral retractable type IMC couplings are acceptable also.

Locknuts: Bonding type with sharp edges for digging into the metal wall
of an enclosure

Bushings: Metallic insulating type, consisting of an insulating insert
molded or locked into the metallic body of the fitting. Bushings made
entirely of metal or nonmetallic material are not permitted. Bushings for
conduit smaller than 1-1/4-inch shall have flared bottom with ribbed sides.
Erickson (union-type) and set screw type couplings: Approved for use in
concrete are permitted for use to complete a conduit run where conduit is
installed in concrete. Use set screws of case hardened steel with hex head
and cup point to firmly seat in conduit wall for positive ground. Tightening
of set screws with pliers is prohibited.

Sealing fittings: Threaded cast iron type. Use continuous drain type sealing
fittings to prevent passage of water vapor. In concealed work, install
fittings in flush steel boxes with blank coverplates having the same
finishes as that of other electrical plates in the room.

In trade sizes 2-1/2 inches to 4-inches for rigid steel raceway or
intermediate metal raceway, contractor may use Allied 'Kwik-Couple'
fittings in lieu of individual steel couplings. 'Kwik-Couple' fittings shall
not be used in hazardous locations. Where 'Kwik-Couple' fittings are used
exterior for vertical risers, install fitting with taper end up.

3. Rigid aluminum conduit fittings:

a.

b.
C.

Standard threaded couplings, locknuts, bushings, and elbows: Malleable
iron, steel or aluminum alloy materials. Zinc or cadmium plate iron or steel
fittings. Aluminum fittings containing more than 0.4 percent copper are
prohibited.

Locknuts and bushings: As specified for rigid steel and IMC raceways.
Set screw fittings: Not permitted for use with aluminum raceway.

4. Electrical metallic tubing fittings:

a.

Fed. Spec. W-F-408, except only material of steel for compression type.
Steel or die-cast is acceptable for set screw type. Die-cast compression is
not acceptable.

Couplings and connectors: Concrete tight and rain tight, with connectors
having flared throats. Use gland and ring compression type or set screw
type couplings and connectors. Set screw type couplings for conduit 2
inches and larger shall be four set screws each. Use set screws of
case-hardened steel with hex head and cup point to firmly seat in wall of
conduit for positive grounding.

Indenter type connectors or couplings are prohibited.
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d. In trade sizes 1-1/4 inches to 4 inches, contractor may use Allied “Kwik-
Fit EMT” or “Kwik-Fit Compression EMT” fittings in lieu of individual
steel couplings.

5. Flexible steel conduit (greenfield) fittings:

a. Fed. Spec. W-F-406 and UL 5, except only steel or malleable iron material
is acceptable.

b. Clamp type, with insulated throat.

6. Liquid-tight flexible metal conduit fittings:

a. Fed. Spec. W-F-406, except only steel or malleable iron material is
acceptable.

b. Type incorporating a threaded grounding cone, a steel or plastic
compression ring, and a gland for tightening. Connectors shall have
insulated throats.

7. Expansion and deflection couplings:

a. UL 467 and UL 514.

b. Accommodate, 1.9 cm (0.75”) deflection, expansion, or contraction in any
direction, and allow 30 degree angular deflections.

C. Include internal flexible metal braid sized to guarantee conduit ground
continuity and fault currents in accordance with UL 467, NFPA 70 Section
250.98, and the NFPA 70 code tables for ground conductors.

d. Shall be watertight, seismically qualified, corrosion-resistant, threaded for
and compatible with rigid or intermediate metal conduit.

e. Jacket: Flexible, corrosion-resistant, watertight, moisture and heat
resistant molded rubber material with stainless steel jacket clamps.

f. Expansion fittings shall accommodate a minimum of 4-inches of

2.3

D.

E.

movement.

Nonmetallic Conduit:

1. PVC Conduit: NEMA TC 2 and UL 651 Schedule 40, conduit size is 3/4-inch
minimum.

Conduit Fittings for Non-Metallic Conduits:

1. PVC Conduit: Comply with NEMA TC 3; match to conduit type and material.

OUTLET BOXES:

A

B.

UL-50, UL514A and NEMA OS 1.

Cast metal where required by NFPA 70 or shown, and equipped with rustproof boxes;

NEMA FB 1.

Sheet metal boxes: 4-inch square, galvanized steel, except where otherwise shown.
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D. Boxes installed in concrete or masonry and boxes larger than two gang shall be masonry
type.

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

F. Boxes for use with IMC or RGS raceways shall be cast ‘F’ type or stainless steel unless
noted otherwise on the drawings.

G. Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing

50 Ib. Outlet boxes designed for attachment of lumenaires weighing more than 50 Ib shall
be listed and marked for the maximum allowable weight.

24 WIREWAYS AND AUXILIARY GUTTERS:

A

B.

Sized according to NFPA 70.

Equip with hinged covers, except where removable covers are shown. Wireways shall only
be permitted as indicated on the drawings or approved by the Engineer.

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

Metal Wireways:
1. Sheet metal complying with UL 870 and NEMA 250.

2. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA
70 and shall be marked for intended location and application.

25 PULL AND JUNCTION BOXES:

A.

B.

Small boxes shall comply with NEMA OS 1.
Larger boxes shall comply with UL 50 and NEMA 250.

Pull and junction boxes shall be code gauge steel boxes with hinged, bolted or screwed
covers. Boxes shall be flush or surface mounted as shown or required.

Junction and pull box shall be installed where shown on drawings and additional boxes
shall be installed if required for pulling of wire provided location and installation is
approved by the Architect. All boxes shall be code construction with screw type cover and
shall be installed in accessible locations.

Pull and junction boxes for use with IMC or RGS raceways shall be cast ‘FS’ type or
stainless steel unless noted otherwise on the drawings. Comply with NEMA FB 1 and UL
1773 with gasketed cover.
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PART 3 - EXECUTION
3.1 RACEWAY:

A Minimum 3/4-inch above grade, 3/4-inch below grade, and 1-inch on site, unless otherwise
noted.

B. A ground wire, sized per NFPA 70 Section 250.122 shall be installed in all conduits
containing phase conductor(s).

C. RGS or IMC must be used at all times when exposed to weather or physical abuse and in
all NFPA 70 classified hazardous locations. EMT may not be used in direct contact with
earth, or in concrete slabs on grade.

D. All nonmetallic (PVC and fiberglass) conduits shall be provided with separate ground
conductor sized per NFPA 70.

3.2 PENETRATIONS:
A Cutting or Holes:

1. Locate holes in advance where they are proposed in the structural sections such as
ribs or beams. Obtain the approval of the Structural Engineer prior to drilling
through structural sections.

2. Cut holes through concrete and masonry in new and existing structures with a
diamond core drill or concrete saw. Pneumatic hammer, impact electric, hand or
manual hammer type drills are not allowed, except where permitted by the
Structural Engineer as required by limited working space.

B. Fire Stop:

1. Where conduits, wireways, and other electrical raceways pass through fire
partitions, fire walls, smoke partitions, or floors, install a fire stop that provides an
effective barrier against the spread of fire, smoke and gases, and maintains
specified fire rating. Completely fill and seal clearances between raceways and
openings with the fire stop material. See Section “Common Work Results for Low
Voltage Systems Cabling” for firestopping requirements for low voltage cabling

sleeves.
C. Fire Barrier Penetration Seals:
1. Manufacturer: Subject to compliance with requirements, provide fire barrier

penetration seals of one of the following:

a. Electro Products Div./3M
b. Nelson; Unit of General Signal.

2. Provide seals for any opening through fire-rated walls, floors, ceilings, or
assemblies used as passage for components such as conduits or cables.

3. Cracks, voids or holes up to 4-inch diameter: Use putty or caulking, one-piece

intumescent elastomer, non-corrosive to metal, compatible with synthetic cable
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jackets, and capable of expanding 10 times when exposed to flame or heat and

UL-listed.
4. Execution: Fill entire opening with sealing compound. Adhere to manufacturer's

installation instructions. All fire barrier seals shall meet the rating of the wall.
D. Waterproofing:

1. Install sleeves and sleeve seals at exterior floor, exterior wall, and roof conduit
penetrations and completely seal clearances around the conduit and sleeve and
make watertight as specified in Section, SEALING AND CAULKING.

3.3 CONDUIT SYSTEMS INSTALLATION, GENERAL.:
A. Installation: In accordance with UL, NFPA 70, as shown, and as hereinafter specified.

1. Where non-metallic (PVC or fiberglass) conduits are used, a ground wire sized per
NFPA 70 Section 250.122 shall be provided if not already specified.

B. All branches of the emergency system shall be installed entirely independent of other
raceway systems. Common supports and hangers may be used.

C. Raceway Burial Depths: (Underground work)

18” minimum, 30” maximum cover to grade or bottom of floor slab.

24 minimum under streets, highways, roads, alleys, driveways and parking lots.
2” minimum below concrete slab inside a building.

Prior to any underground work, contractor shall verify and locate all existing
underground utilities. All existing utilities may not be shown on the drawings.
Verify in field with owner and with utility locating services. The contractor shall
exercise extreme caution when trenching or boring, hand digging at all crossings
and where in close proximity of existing utilities. Repair existing parking lots,
streets, roads, alleys, driveways, etc. to its original condition in a timely manner
prior to substantial completion. Contractor shall be responsible for any damage to
underground utilities.

5. Underground conduits shall be installed in a sand bed and in an organized manner.

PO PE

D. Install raceways as follows:

1. Comply with NECA 1, comply with NECA 101 for metal conduit and NECA 102

for aluminum conduit except where requirements on drawings or this article are

stricter.

In complete runs before pulling in cables or wires.

3. Flattened, dented, or deformed raceways are not permitted. Remove and replace
the damaged raceways with new undamaged material.

4. Assure raceway installation does not encroach into the ceiling height head room,

walkways, or doorways.

Cut square with a hacksaw, ream, remove burrs, and draw up tight.

Mechanically and electrically continuous.

7. Independently support raceway. Do not use other supports i.e., (suspended
ceilings, suspended ceiling supporting members, lighting fixtures, mechanical

N

oo
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piping, or mechanical ducts.). Group raceways with common supports where
possible. Conduit shall be supported within 12-inches of connectors.

8. Close ends of empty raceway with plugs or caps at the rough-in stage to prevent
entry of debris, until wires are pulled in.

9. Raceway installations under fume and vent hoods are prohibited.

10. Secure raceways to cabinets, junction boxes, pull boxes and outlet boxes with
bonding type locknuts. For RGS and IMC raceway installations, provide a locknut
on the inside of the enclosure, made up wrench tight. Do not make raceway
connections to junction box covers.

11. Flashing of penetrations of the roof membrane is specified in Section, FLASHING
AND SHEET METAL.

12. Raceways shall not be used as a support.

13. Use thread compounds that are UL approved conductive type to insure low
resistance ground continuity through the raceways.

14. Tightening set screws with pliers is prohibited.

15. Keep raceways a minimum of 6 inches away from parallel runs of flues and steam
or hot-water pipes.

E. Raceway Bends:

1. Make bends with standard raceway bending machines.

2. Raceway hickey may be used for slight offsets, and for straightening stubbed out
raceways.

3. Bending of raceways with a pipe tee or vise is prohibited.

F. Raceways Installed Under Metal - Corrugated Sheet Roof Decking
1. Where rigid metal conduit or intermediate metal conduit is not used, raceways shall

be installed and supported so the nearest outside surface of the raceway is not less
than 1.5 inches from the nearest surface of the roof decking.

G. PVC coated RGS:

=

Use only fittings listed for use with this type of conduit.

Patch and seal all joints, nicks, and scrapes in PVC coating after installing conduit
and fittings. Use sealant recommended by conduit manufacturer and apply in
thickness and number of coats recommended by manufacturer.

Right angle beam clamps and U bolts shall be specially formed and sized to snugly
fit the outside diameter of the coated conduit.

All clamping, cutting, threading, bending, and assembly instructions listed in the
manufacturer’s installation guide should be vigorously followed. Installer
certification, before installation, is required.

3.4 CONCEALED WORK INSTALLATION:

A. General:

1.

Raceway and Outlet Boxes Installation: All raceway systems work and outlet
boxes shall be installed concealed in walls, floor and roof construction or
concealed within furred spaces or above ceilings. In equipment or mechanical
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rooms exposed work shall include feeders and connections to equipment unless
noted otherwise.

B. In Concrete:
1. Raceway: RGS, IMC, PVC or EMT; except do not install EMT in concrete slabs
that are in contact with soil, gravel or vapor barriers.
2. Align and run raceways in direct lines.
3. Install raceways through concrete beams only when the following occurs:

a. Where shown on the structural drawings.

b. As approved by the Structural Engineer prior to construction, and after
submittal of drawing showing location, size, and position of each
penetration.

4. Installation of raceways in concrete that is less than three inches thick is prohibited.

All raceways installed in concrete shall be approved by the Structural Engineer.

a. Raceway outside diameter larger than one-third of the slab thickness is
prohibited.

b. Space between raceways in slabs: Approximately six conduit diameters
apart, except one conduit diameter at conduit crossings.

C. Install raceways approximately in the center of the slab so that there will

be a minimum of 3/4-inch of concrete around the raceways.
5. Make couplings and connections watertight.

C. Above Furred or Suspended Ceilings and in Walls:

1. Raceways for conductors 600 volts and below:
a. RGS, IMC, rigid aluminum, or EMT. Types mixed indiscriminately in the
same system are prohibited.
b. Do not use aluminum in wet locations or in contact with concrete.
2. Align and run raceways parallel or perpendicular to the building lines.
3. Connect recessed or lay-in lighting fixtures and all other devices installed in a

lay-in ceiling to raceway runs with flexible metal conduit extending from a
junction box to the fixture. Provide a ground wire in all flexible conduits.
4. Tightening set screws with pliers is prohibited.

3.5 EXPOSED WORK INSTALLATION:

A Raceways for Conductors 600 volts and below:
1. RGS, IMC, rigid aluminum, or EMT. Types mixed indiscriminately in the system
are prohibited.
2. Do not use aluminum in wet locations or in contact with concrete.
3. All raceways exposed to physical abuse and in all industrial pump, treatment plant

locations shall be RGS, or IMC.
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B. Align and run raceways parallel or perpendicular to the building lines.
C. Install horizontal runs close to the ceiling or beams and secure with raceway straps.
D. Surface metallic raceways:

1. Surface metallic raceway shall only be used where shown on the drawings, and in
remodels and modifications to existing where wall and ceiling voids do not permit
concealed installation but shall not be used at any other location unless called for
on the drawings.

2. All surface raceway and outlets must be painted to match the surface it is attached
to.

3. Install a ground wire sized per NFPA 70 Section 250.122 for the largest circuit in
the raceway if not already specified.

E. Painting:
1. Paint exposed raceways as specified in Section, PAINTING.

2. Paint raceways containing cables rated over 600 volts safety orange as specified in
Section, PAINTING. In addition, paint legends, using 2-inch high black numerals
and letters, showing the cable voltage rating. Provide legends where raceways pass
through walls and floors and at maximum 20-foot intervals in between.

3.6 WET OR DAMP LOCATIONS:

A

B.

Unless otherwise shown, use raceways of RGS or IMC above grade.

Provide sealing fittings, to prevent passage of water vapor, where raceways pass from
warm to cold locations, i.e., (refrigerated spaces, constant temperature rooms, air
conditioned spaces) or similar spaces.

Rooftops:
1. Where raceways or cables are exposed to direct sunlight on or above rooftops,

raceways or cables shall be installed a minimum of 7/8” above the roof to the
bottom of the raceway or cable.

2. The ampacity of conductors or cables shall be de-rated in accordance with N.E.C.
Section 310.15(B)(3)(c).
3. Raceways or cables shall be supported up off the surface of the roof with a

polymeric rooftop support equal to Caddy Pyramid series. Supports shall be non-
penetrating and shall be designed to prevent damage to the roofing materials.
Wood supports are not allowed.

3.7 MOTORS AND VIBRATING EQUIPMENT:

A

Use flexible metal conduit (Type FMC) for connections to motors and other electrical
equipment subject to movement, vibration, misalignment, cramped quarters, or noise
transmission. Provide liquid-tight flexible metal conduit Type (LFMC) for installation in
exterior locations, kitchens, moisture or humidity laden atmosphere, corrosive atmosphere,
water or spray wash-down operations, treatment plants, pump stations, and locations
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3.8

3.9

subject to seepage or dripping of oil, grease or water. Provide a green ground wire with all
flexible metal conduit.

EXPANSION JOINTS:

A

Expansion fittings shall be used wherever the change in length of PVC conduit due to
temperature variation exceeds 0.25-inches per NEC Section 352.44.

All conduits routed outdoors or in non-conditioned spaces (i.e., attics, non-insulated
plenums, etc.) shall have expansion fittings per the following:

1. Steel: One expansion fitting in runs longer than 40 feet. Provide additional
expansion fittings every 200 feet.

2. Aluminum: One expansion fitting in runs longer than 20 feet. Provide additional
expansion fittings every 100 feet.

3. PVC: One expansion fitting in runs longer than 20 feet. Provide additional

expansion fittings every 50 feet.

Equip raceways 3-inches and larger, that are rigidly secured to the building structure on
opposite sides of a building expansion joint, with expansion and deflection couplings.
Install the couplings in accordance with the manufacturer’s recommendations.

Equip raceways smaller than 3-inches, that are rigidly secured to the building structure on
opposite sides of a building expansion joint, with junction boxes located 12-inches either
side of the expansion joint. Connect junction boxes with 24-inches of flexible conduit that
is slack (to allow for movement). Flexible conduit shall have an insulated copper bonding
jumper installed. In lieu of this flexible conduit, expansion and deflection couplings as
specified above for 3-inches and larger conduits are acceptable.

RACEWAY SUPPORTS, INSTALLATION:

A

All raceways shall have supports at maximum spacing of 10-feet and within 3-feet of a
fitting, elbow, change of direction, box outlet or enclosure. Safe working load shall not
exceed 1/4 of proof test load of fastening devices. This shall apply to both vertical and
horizontal conduit runs.

Use pipe straps or individual raceway hangers for supporting individual conduits.

Support multiple raceway runs with trapeze hangers. Use trapeze hangers that are designed
to support a load equal to or greater than the sum of the weights of the raceways, wires,
hanger itself, and 200 pounds. Attach each raceway with U-bolts or other approved
fasteners.

Support raceways independently of junction boxes; pull boxes, fixtures, suspended ceiling
T-bars, angle supports, and similar items.

Fasteners and Supports in Solid Masonry and Concrete:

1. New Construction: Use steel or malleable iron concrete inserts set in place prior to
placing the concrete.
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2. Existing Construction:
a. Steel expansion anchors not less than 1/4-inch bolt size and not less than
1-1/8 inch embedment.
b. Power set fasteners not less than 1/4-inch diameter with depth of
penetration not less than 3-inches.
C. Use vibration and shock resistant anchors and fasteners for attaching to

3.10

concrete ceilings.

Hollow Masonry: Toggle bolts are permitted. Bolts supported only by plaster are not
acceptable.

Metal Structures: Use machine screw fasteners or other devices specifically designed and
approved for the application.

Attachment by wood plugs, rawl plug, plastic, lead or soft metal anchors, or wood blocking
and bolts supported only by plaster is prohibited.

Chair, wire, or perforated strap shall not be used to support or fasten conduit.

Spring steel type supports "caddy clips" that are listed for the intended use are acceptable
in appropriate locations.

Vertical Supports: Vertical raceway runs shall have riser clamps and supports in
accordance with NFPA 70 and as shown. Provide supports for cable and wire with fittings
that include internal wedges and retaining collars.

BOX INSTALLATION:

Boxes for Concealed Raceways:

1. Mount flush. Boxes protruding from the finished wall surface or with more than
1/8-inch gap between the wall or outlet mounted in the box will be changed out
with all wall reconstruction expense paid by the Electrical Contractor.

2. Provide raised covers for boxes to suit the wall or ceiling, construction and finish.

In addition to boxes shown, install additional boxes where needed to prevent damage to
cables and wires during pulling in operations.

Remove only knockouts as required and plug unused openings. Use threaded plugs for cast
metal boxes and snap-in metal covers for sheet metal boxes.

Outlet boxes in the same wall mounted back-to-back are prohibited.

Minimum size of outlet boxes for ground fault interrupter (GFI) receptacles is 4-inches
square by 2-1/8 inches deep, with device covers for the wall material and thickness
involved.

Where lighting fixtures and appliance outlets are to be mounted in concrete or in plaster
finish on concrete, outlet boxes shall be installed in forms at exact dimensions from bench
marks, columns, walls or floors.
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G.

Where lighting fixtures and appliances outlets are to be mounted on masonry walls and/or
plastered furring or other finish, outlet boxes shall be roughed in to general location before
installation of wall and furring and shall be reset to exact dimensions before walls and
furring are constructed.

All outlet boxes shall be set true to horizontal and vertical lines parallel to walls, floors and
ceilings and true to finish lines. All boxes shall be secured to ceilings or walls so all
installations are solidly mounted.

Boxes mounted to wall studs shall be secured to a horizontal box mounting bracket equal
to B-Line Series #BB2 or Caddy Series #SGB. B-Line Series #BB4, Caddy Series #H23
or equal one piece support brackets may be used for mounting light switch boxes only.
However, metal stud clips with far side box supports are not acceptable.

Boxes for exterior exposed work (where approved by the engineer) shall be Appleton or
Pyle National Type FS or FSC for shallow devices and Type FD or FDC for deep devices.
Boxes for ceiling mounted light fixtures shall have approved no-bolt fixture studs. Boxes
used as junction boxes shall have beveled edge flat steel blank cover.

Where outlet boxes are mounted exposed in unfinished areas, (where approved by the
engineer) surface mounted boxes shall be 4-inches square, have rounded corners and 1/2-
inch raised steel cover plates.

Location of outlets on small drawings is approximate and exact dimensions for locations
of outlets shall be as taken from large scale plans and details on drawings or as directed by
the Architect/Engineer.

1. Outlets shall be located generally from column centers and finished wall lines or
to center of wall or joints between wall panels. Ceiling outlets shall be installed at
elevation of suspended ceiling connected to outlets in ceiling or slab above. Where
necessary to fit and center with panel or ceilings and wall spaces, the contractor
must, at no expense the Owner, shift the lighting outlets or other outlets as required
by the Architect.

Boxes for switches and receptacles installed in columns shall be located off center to allow
for future partitions.

Boxes for switches at or near door shall be installed on the side opposite the hinge. Verify
door swing direction prior to rough-in.

To prevent sound from traveling through walls, electrical devices from different rooms
shall not be mounted in the same stud place. Through-wall boxes shall not be used. In fire
rated walls or partitions, outlet boxes on opposite sides of walls or partitions shall be
separated by a horizontal distance of 24-inches. Outlet boxes larger than 4-inch square shall
not be installed in fire rated walls or partitions. Verify location of fire rated walls or
partitions with Architectural drawings prior to rough-in.

Mark all junction boxes and pull boxes and/or the conduit where it enters the box with
panel designation and circuit number in permanent, black marker. Mark on the outside
where located in unfinished spaces and mark on the inside in finished spaces.
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Q. Verify exact location of floor boxes and poke-throughs with Architect prior to rough-in.
3.11 TELEPHONE, CABLE TV, COMMUNICATIONS, SECURITY AND OTHER SYSTEMS
CONDUIT:
A. These specifications include the furnishing of all labor and materials necessary for the

complete installation of a system of conduits, outlets, and boards for use by the system
suppliers.

This installation must be done according to the requirements of the system suppliers and
the general specifications covering "Light and Power" herewith.

Provide and install pull boxes at all locations as required by the system suppliers. Mark all
pull boxes and/or the conduit where it enters the box with type of system in permanent,
black marker. Mark on the outside where located in unfinished spaces and mark on the
inside in finished spaces.

Provide and install conduit sleeves thru floors and walls as required by the system
suppliers.

The systems shall be provided with main service conduit sized as indicated on drawings.
Each phone, data or TV location requires 1-inch empty conduit with pull rope unless noted
otherwise. Conduits shall be routed to nearest associated telephone or data terminal board
or above lay-in ceiling. If ceiling is an air return plenum, cables shall be routed completely
in conduit or must be rated for use in air return plenum. Verify conditions of job prior to
rough-in.

Outlets:

1. All wall outlets shall be installed with standard square box, plates furnished by
system suppliers, or as directed. All outlets to be located as directed. Outlet boxes
not used shall be provided with blank covers.

All conduit ends shall be equipped with non-metallic insulated bushings.

All 2, 3 and 4-inch conduits within buildings shall include pull boxes after every two 90
degree bends. Size per NFPA 70 Article 370.

Terminate conduit runs to/from the associated telephone or data backboard in a closet or
designated space at the top or bottom of the backboard. Conduits shall enter closets next to
the wall and be flush with the backboard.

All empty conduits located in equipment closets or on backboards shall be sealed with a
standard non-hardening duct seal compound to prevent the entrance of moisture and gases
and to meet fire resistance requirements.

Conduit runs shall contain no more than four quarter turns (90 degree bends) between pull
boxes/backboards.

Furnish and install nylon pull rope in all empty conduits. (Sleeves through floor/wall are
exceptions).
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END OF SECTION 260533
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SECTION 262726 - WIRING DEVICES

PART 1 - GENERAL

11

1.2

13

14

15

RELATED DOCUMENTS

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

SUMMARY:

A. This section includes the furnishing, installation, and connection of wiring devices.
1. Receptacles, receptacles with integral GFCI, and associated device plates.
2. Tamper-resistant receptacles.
3. Weather-resistant receptacles.
4, Snap switches and wall-box dimmers.
5. Pendant cord-connector devices.
6. Cord and plug sets.

DEFINITIONS:

A EMI: Electromagnetic interference.

B. GFCI: Ground-fault circuit interrupter.

C. Pigtail: Short lead used to connect a device to a branch-circuit conductor.

D. RFI: Radio-frequency interference.

E. SPD: Surge Protective Device.

ADMINISTRATIVE REQUIREMENTS:

A. Coordination:
1. Receptacles for Owner Furnished Equipment: Match plug configurations.
2. Cord and Plug Sets: Match equipment requirements.

ACTION SUBMITTALS:

A. Product Data (Where indicated in Section “Common Work Results for Electrical”,
provide the following information): For each type of product.

B. Shop Drawings (Where indicated in Section “Common Work Results for Electrical”,
provide the following information): List of legends and description of materials and
process used for premarking wall plates.
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1.6 CLOSEOUT SUBMITTALS:

A Operational and Maintenance Data: For wiring devices to include all manufacturers’
packing label warnings and instruction manuals that include labeling conditions.

PART 2 - PRODUCTS
2.1 GENERAL WIRING DEVICE REQUIREMENTS:

A Source Limitations: Obtain each type of wiring device and associated wall plate from
single source from single manufacturer.

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

C. Comply with NFPA 70.
2.2 RECEPTACLES:
A. Comply with NEMA WD 1, NEMA WD 6, and UL 498.

B. LIST OF ACCEPTABLE RECEPTACLE MANUFACTURERS

Cooper
Manufacturer Volt LU0 Leviton P&S Bryant Wiring
Kellems .
Devices
1. Specification Grade:
Duplex: 20 A. 125 V. 5352A 5352 5362 BRY5362 5352
Ground Fault: 20 A. 125 V. GFRST20 G5362-WT 2097
Tamper Resistant: 20 A. 125 V. BR20TR — TR5362 === TR5362
Weather Resistant 20A. 125V, GFWRST20 | G5362-WT | 2097TRWR
Ground Fault:
C. Weatherproof duplex receptacles shall be weather resistant GFCI grounded duplex
receptacles.
1. All receptacles shall be mounted with the same orientation (horizontal or

vertical). When a different orientation is required or desired, obtain permission
from the Architect/Engineer prior to rough-in.

Damp Locations: Provide with a single weatherproof coverplate.

3. Wet Locations: Provide “In-Use” extra-duty metallic weatherproof cover.

N

Hubbell #WP26E (vertical) or #WP26EH (horizontal)
Red Dot #CKMUV (vertical) or #CKMU (horizontal)
Taymac #MX3200(vertical) or #MX3300 (horizontal
Intermatic #WP1010MXD (vertical) or #WP1010HMXD (horizontal)

cooe

D. See plans for Special Outlet Schedule.

E. Receptacle body shall be formed of high-impact nylon faced thermoplastic or urea and
receptacle contacts shall be Bronze. Hard use industrial specification grade receptacles
shall have a one piece brass bridge with integral ground contacts.
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F. Receptacles:
1. All receptacles in schools shall be tamper-resistant.
2. Receptables shall be 20A commercial grade. Duplex receptacles shall be extra

heavy-duty tamper resistant type with nylon fronts and backs.

G. When only one receptacle is connected to a 20 amp circuit by itself, that receptacle must
be rated 20 Amp.

H. All receptacles shall be self-grounding with ground lug.
. Install receptacles to clear all cabinets, equipment, etc.
J. Color of receptacles: Receptacles to match existing.

K. All 120V, 15 or 20A receptacles located, within kitchens, within 6 feet of a sink, exterior
locations, elevator machine rooms, elevator pits, garages, per NFPA 70 and as located on
the plans shall be ground fault circuit interrupters (GFCI) for personnel protection (Class
A) with 5ma trip. Feed through GFCI receptacles or GFCI breakers may be used to
protect other receptacles in the same room and on the same circuit if wired per the
manufacturer's recommendations. Prior to final inspection, perform ground fault test on
each protected receptacle and submit list of all receptacles tested with results to the
Engineer. Label receptacles that are GFCI protected by another feed through GFCI
receptacle or by GFCI breaker "GFCI protected".

L. Provide duplex receptacle on separate circuit beside each telephone terminal board
location and other communications equipment requiring 120V, power.

M. All 15 and 20 amp, 125 or 250 volt non-locking receptacles in damp or wet locations
should be listed as “weather resistant™.

2.3 PENDANT CORD-CONNECTOR DEVICES:

A. Description:

1. Matching plug and receptacle body connector.

2. Body: Nylon with screw-open, cable-gripping jaws and provisions for attaching
external cable grip.

3. External Cable Grip: Woven wire mesh type made of high-strength, galvanized

steel wire strand, matched to cable diameter, and with attachment provision
designed for corresponding connector.

2.4 CORD AND PLUG SETS:

A Description:

1. Match voltage and current ratings and number of conductors to requirements of
equipment being connected.
2. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket,

with green-insulated grounding conductor and ampacity of at least 130 percent of
the equipment rating.
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3. Plug: Nylon body and integral cable clamping jaws. Match cord and receptacle
type for connection.

25 TOGGLE SWITCHES:

A. Wall Switches: Wall switches in general, used to control lighting shall be quiet operating.

B. Comply with NEMA WD 1, UL 20, and FS W-S-896.

C. Switches shall be single pole, two-pole, three-way, four-way, keyed, and with pilot light
as called for on the drawings. Groups of switches shall be under one gangplate. Where
switches are in fire rated walls groups of switches shall be maximum of two (2) gangs
under one cover plate.

D. Switches shall be as follows unless specified otherwise.

Single Pole 20 A.120V. /277 V.
Two Pole 20 A.120V. /277 V.
Three-Way 20 A.120V. /277 V.
Four-Way 20 A.120V. /277 V.
Pilot Light 20 A.120V. /277 V.
Key Switch 20 A.120V. /277 V.

E. When only one switch is connected to a 20 amp circuit by itself, it must be rated 20A.

F. All switches shall be self grounding w/ground lugs.

G. LIST OF ACCEPTABLE SWITCH MANUFACTURERS

Manufacturer: P&S Hubbell / Leviton Bryant Cooper
Kellems Wiring Devices
Specification Grade PS 20AC HBL 1220 1220 4901 AH 1220
Switches Series Series Series Series

H. Pilot light switches shall be illuminated toggle switch lighted red in "on" position. Key
switches shall be master keyed.

l. Color of switches: Match existing.

J. Provide barriers between 277V switches and between 277V and 120V switches installed

in a common outlet box.

2.6 WALL PLATES:

A

B.

WIRING DEVICES

Wall plates shall be stainless steel for all flush devices.

Wall plates in industrial areas, gymnasiums, maintenance areas, warehouses and other
high abuse areas shall be stainless steel.

For receptacles or switches mounted adjacent to each other, wall plates shall be common
for each group of receptacles or switches.
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D. Provide plates for all telephone, cable TV, communication outlets.
2.7 INDOOR OCCUPANCY SENSORS

A Manufacturers: Subject to compliance with requirements set forth by the drawings and
these specifications, provide products by one of the following:

Hubbell Building Automation/Unenco
Leviton Mfg. Company Inc.

Watt Stopper

Synergy Lighting Controls; Acuity Brands

el NS >

B. General:

1. Operation: Unless otherwise indicated, turn lights on when covered area is
occupied and off when unoccupied; with a time delay for turning lights off,
adjustable over a minimum range of 5 to 30 minutes. At time of installation,
Contractor to set sensor at maximum sensitivity and a time out of 20 minutes.

2. Sensor Output: Contacts rated to operate the connected relay, complying with UL
773A. Sensor shall be powered from the relay unit.

3. Relay Unit: Dry contacts rated for 20A ballast load at 120V and 277V ac, for
13A tungsten at 120V ac, and for 1 hp at 120-V ac. Power supply to sensor shall
be 24V dc, 150mA, Class 2 power source as defined by NFPA 70.

4. Mounting:

a. Sensor: Suitable for mounting in any position on a standard outlet box.

b. Relay/Power Pack: Externally mounted through a 1/2-inch (13-mm)
knockout in a standard electrical enclosure.

C. Time-Delay and Sensitivity Adjustments: Recessed and concealed
behind door.

5. Indicator: LED, to show when motion is being detected during testing and
normal operation of the sensor.

C. Sensor Types:

1. Passive infrared (PIR) Type: Ceiling mounting; detect occupancy by sensing a
combination of heat and movement in area of coverage. Typical usages include
(but are not limited to) small restrooms, storage rooms, and high volume spaces
(i.e. work bays, gymnasiums, etc.).

2. Ultrasonic Type: Ceiling mounting; detect occupancy by sensing a change in
pattern of reflected ultrasonic energy in area of coverage. Typical usages include
(but are not limited to) large storage spaces, large or multiple stall restrooms,
open offices, corridors, break rooms, and work areas.

3. Dual-Technology Type: Ceiling mounting; detect occupancy by using a
combination of PIR and ultrasonic detection methods in area of coverage.
Particular technology or combination of technologies that controls on-off
functions shall be selectable in the field by operating controls on unit. Typical
usages include (but are not limited to) classrooms, offices, and meeting rooms.

WIRING DEVICES 262726-5



Poudre School District Permit Set
Fort Collins HS Chiller Replacement May 25, 2022

D. List of approved products:

Manufacturer: Hubbell/ Leviton Wattstopper Synergy Greengate

Unenco

1. Wall Mounted, Single ONW-P-

Relay, LHIRS OSs-1D PW-100 LIRW 1001-MV

Passive Infrared (900SF)

2. Wall Mounted, Dual ONW-P-

Relay, LHIRD ODSO0D- PW-200 LIRW- 1001-

Passive Infrared TD DS DMV

3. Ceiling Mounted Ultrasonic ODC-U-

(1000SF) OMNIU 0OSC10- WT-1105 LUSO 1001
S1000 Uow H

4. Ceiling Mounted Ultrasonic ODC-U-

(2000SF) OMNIU 0OSC20- WT-2205 LUSO 2000
52000 uow H

5. Ceiling Mtd Ultrasonic

(Corridor) WT-2255

6. Ceiling Mounted Dual- OMC-DT-

Technology (1000SF) OMNID 0SC10- DT-300 LMTO 2000-R
T1000 MOW H

7. Wall/Ceiling Mounted

Dual- LODT DT-200

Technology (2000SF)

8. Electronic Timer Switch* TSW-MV
TD-200 TS-400

PART 3 - EXECUTION
3.1 INSTALLATION:
A Installation shall be in accordance with NFPA 70, and as shown on the drawings.
B. Comply with NECA 1.
C. Switches shall be located on the latch side of all doors. If switches must be located on the
hinge side of a door, they shall be located so that they are not behind the door when it is

open. All questionable locations shall be brought to the Engineers/Architects attention.

D. Verify all outlet locations on the job prior to rough-in. Locations may be altered up to
6'-0" in any direction without additional cost to the Owner.

E. When conductors larger than #12 AWG are used on 15A or 20A circuits, splice #12
AWG pigtails for device connections.

F. Install ground pin up on vertically mounted receptacles and install ground pin to the right
on horizontally mounted receptacles.

G. Dimmers: Do not remove cooling fins from dimmers. Space boxes as required.
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3.2 FIELD QUALITY CONTROL:

A. Convenience Receptacles:
1. Verify ground continuity.
2. Verify correct polarity of hot and neutral conductors.

END OF SECTION 262726
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SECTION 262810 - OVERCURRENT PROTECTIVE DEVICES

PART 1 - GENERAL

11

1.2

13

14

15

RELATED DOCUMENTS:

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

SUMMARY:
A. Section includes:

1. Cartridge fuses rated 600 VAC and less for use in control circuits, enclosed
switches, panelboards, switchboards, enclosed controllers, and motor control
centers.

2. Plug fuses rated 125 VAC and less for use in enclosed switches and fuseholders.

3. Spare fuse cabinets.

4. Molded Case Circuit Breakers (MCCBs)

5. Insulated Case Circuit Breakers (ICCBs)

6. Molded Case Switches

DEFINITIONS:
A. ICCB: Insulated Case Circuit Breaker

B. MCCB: Molded Case Circuit Breaker
SUBMITTALS:

A. Product Data: For each type of product indicated. Include construction details, material,
dimensions, and descriptions of individual components.

1. Dimensions and manufacturer’s technical data on features, performance, and
electrical characteristics.

2. Current and voltage ratings.

3. Short-circuit current ratings (both interrupting and withstand, as appropriate).

4. Evidence of UL listing for series rating of installed devices.

B. Operation and Maintenance Data:

1. Manufacturer’s written instructions for testing, operating, and adjusting
overcurrent protective devices.

2. Summary of final settings for all adjustable overcurrent protective devices.

QUALITY ASSURANCE:

A. Source Limitations: Obtain overcurrent protective devices, components, and accessories,
within same product category, through one source from a single manufacturer.
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B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA
70, by a qualified testing agency, and marked for the intended locations and application.
C. Comply with NFPA 70.
D. Comply with NEMA FU 1 for cartridge fuses.
E. Comply with UL 248-11 for plug fuses.
F. Comply with UL 489 for circuit breakers.

1.6 COORDINATION:

A.

Coordinate overcurrent protective device ratings with utilization equipment nameplate
limitations of maximum fuse and/or breaker size and with system short-circuit current
levels.

1.7 EXTRA MATERIALS:

A.

Furnish extra materials that match products installed and that are packaged in protective
covering for storage and identified with labels describing contents.

1. Fuses: Equal to 10 percent of quantity of installed fuses for each size and type
but no fewer than three for each size and type.

PART 2 - PRODUCTS

2.1 FUSES:

A.

Manufacturers: Subject to compliance with requirements, provide product from one of
the following list of manufacturers:

Cooper Bussmann, Inc.
Edison Fuse, Inc.
Mersen Electrical Power
Littelfuse, Inc.

roONPE

Cartridge Fuses:

1. Characteristics: NEMA FU 1, nonrenewable cartridge fuses with voltage ratings
consistent with circuit voltages.
2. Fuse Classes:
a. Class-CC: UL 248-4, time-delay, rejection type
b. Class-J: UL 248-8, dual-element, time-delay
C. Class-L: UL 248-10, dual-element, time-delay
Plug Fuses:
1. Characteristics: UL 248-11, dual-element, time-delay, Edison base.
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2.2 MOLDED-CASE CIRCUIT BREAKERS:

A.

Shall be provided as factory installed components of panelboards or switchboards, or as
separately enclosed units, as specified in other Sections or on the Drawings.

Manufacturers: Subject to compliance with requirements, provide product from one of
the following list of manufacturers:

1. Siemens Infrastructure and Cities (Siemens IC)
2. Square D by Schneider Electric

General Requirements: Comply with UL 489, NEMA AB 1, and NEMA AB 3, with
interrupting capacity to comply with available fault currents.

Standard Features and Accessories:

1. Standard frame sizes, trip ratings, and number of poles.

2. Line connections shall be bolt-on.

3. Lugs: Mechanical type, suitable for the trip rating, number and size of
conductors, and conductor material.

4. Multi-pole units shall be enclosed in a single housing or be factory-assembled to

operate as a single unit. They shall have a trip element for each pole, a common
trip bar for all poles, and a single operator.
5. Operating handle shall indicate ON, TRIPPED, and OFF positions.

6. Shall be 80% rated, unless 100% rating is shown on the Drawings or is otherwise
specified.
7. Application Listing: Appropriate for application:

a. Type SWD for switching fluorescent lighting loads.

b. Type HID for feeding fluorescent and high-intensity discharge (HID)
lighting circuits.

C. Type HACR for feeding heating, air conditioning, and refrigeration
equipment.

Optional Features and Accessories: Provide where indicated on the Drawings or
otherwise specified.

1. Ground-Fault Protection: Relay and trip unit with push-to-test feature.

2. Handle Clamp: Loose attachment, for holding circuit-breaker handle in on
position.

3. Handle Padlocking Device: Fixed attachment, for padlocking circuit-breaker
handle in off position.

4. Shunt Trip: 120-Volt trip coil energized from separate circuit, set to trip when at
least 75% of coil voltage is applied, with coil clearing contact.

5. Auxiliary Contacts: One SPDT switch with “a” and “b” contacts; “a” contacts
mimic circuit-breaker contacts; “b” contacts operate in reverse of circuit-breaker
contacts.

6. Key Interlock Kit: Externally mounted to prohibit circuit breaker operation; key

shall be removable only when circuit breaker is in off position.
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7. Alarm Contacts: One SPDT switch with “a” and ‘b” contacts; “a” contacts mimic
circuit breaker contacts; “b” contacts operate in reverse of circuit breaker
contacts.
F. Thermal-Magnetic (or Non-Adjustable Electronic Trip) Circuit Breakers:
1. Shall have inverse time element for low-level overloads.
2. Shall have instantaneous magnetic trip element for short circuits.
3. Shall have front-mounted, field-adjustable magnetic trip setting for circuit-

breaker frame sizes 250 amperes and larger. Factory setting shall be LO, unless
otherwise noted.

G. Current-Limiting Circuit Breakers: Frame sizes 400 amperes and smaller; shall have let-
through ratings less than NEMA FU 1, RK-5.

H. Ground-Fault Circuit Interrupter (GFCI) Circuit Breakers: Single- and two-pole
configurations with Class A ground-fault protection (5-mA trip) with self-test circuitry.

I Ground-Fault Equipment Protection (GFEP) Circuit Breakers: Class B ground-fault
protection (30-mA trip).

2.3 MOLDED-CASE SWITCHES:

A Manufacturers: Subject to compliance with requirements, provide product from one of
the following list of manufacturers:

1. Siemens Infrastructure and Cities (Siemens IC)
2. Square D by Schneider Electric
B. General Requirements: MCCB with fixed, high-set instantaneous trip only, and short-

circuit withstand rating equal to equivalent breaker frame interrupting rating.

C. Features and Accessories:
1. Standard frame sizes and number of poles.
2. Lugs: Suitable for the trip rating, number and size of conductors, and conductor
material.
3. Provide the following options or accessories where indicated on the Drawings or

otherwise specified:

a. Shunt Trip: 120-Volt trip coil energized from separate circuit, set to trip
at 75 percent of rated voltage, with coil clearing contact.
b. Auxiliary Contacts: Two SPDT switches with “a” and “b” contacts; “a”

contacts mimic circuit-breaker contacts; “b” contacts operate in reverse
of circuit-breaker contacts.

C. Key Interlock Kit: Externally mounted to prohibit circuit breaker
operation; key shall be removable only when circuit breaker is in off
position.
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PART 3 - EXECUTION

3.1

3.2

3.3

3.4

EXAMINATION:

A. Examine overcurrent protective devices before installation. Reject units that are moisture
damaged or physically damaged.

B. Examine holders to receive fuses for compliance with installation tolerances and other
conditions affecting performance, such as rejection features.

C. Examine utilization equipment nameplates and installation instructions. Install
overcurrent protective devices of sizes and with characteristics appropriate for each piece
of equipment.

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

FUSE APPLICATIONS:

A.

B.

Cartridge Fuses:

1. Feeders: Class-J for up to 600 A Class-RK1 for up to 600 A; Class-L for over
600 A

2. Motor branch circuits: Class-J for up to 600 A Class-RKS5 for up to 600 A; Class-
L for over 600 A

3. Single-phase motor and other branch circuits where appropriate fuse holders are

specified in other Sections: Class-CC
Plug Fuses:

1. Motor and other branch circuits: Edison-base type.

CIRCUIT BREAKER APPLICATIONS:

A.

Refer to applicable Drawings and Specification Sections for information on types of
circuit breakers to be installed in particular applications. Applicable Sections may
include, but not be limited to, “Switchboards”, “Panelboards”, and “Enclosed Switches
and Circuit Breakers”.

INSTALLATION:

A.

Install fuses in fusible devices. Arrange fuses so rating information is readable without
removing fuse.

END OF SECTION 262810
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

11

1.2

13

14

RELATED DOCUMENTS:

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

SUMMARY:

A. Section includes:

1. Fusible Switches

2. Nonfusible Switches

3. Toggle Type Switches

4. Fustats

5. Enclosed Circuit Breakers
6. Enclosures

DEFINITIONS:

A NC: Normally closed

B. NO: Normally open

SUBMITTALS:

A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and
component indicated. Include dimensions and manufacturers’ technical data on features,
performance, electrical characteristics, ratings, factory setting, accessories, and finishes.
1. Enclosure types and details for types other that NEMA 250, Type 1.

2. Current and voltage ratings.

B. Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations,
sections, details, and attachments to other work. Include wiring diagrams for power,
signal, and control wiring.

C. Operation and Maintenance Data: Include operation and maintenance data for all

enclosed switches and circuit breakers in the operation and maintenance manuals. Data
shall include, but not be limited to:

1. Manufacturer’s written instructions for testing and adjusting enclosed switches
and circuit breakers.
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15 QUALITY ASSURANCE:

A.

D.

Source Limitations: Obtain enclosed switches and circuit breakers, components, and
accessories, within same product category, through one source from a single
manufacturer.

Product Selection for Restricted Space: Drawings may indicate maximum dimensions for
enclosed switches and circuit breakers, including clearances between enclosures and
adjacent surfaces and other items. Comply with indicated maximum dimensions.

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

Comply with NFPA 70.

1.6 COORDINATION:

A.

Coordinate layout and installation of switches, circuit breakers, and components with
equipment served and adjacent surfaces. Maintain required workspace clearances and
requires clearances for equipment access doors and panels.

1.7 PROJECT CONDITIONS:

A

Interruption of Existing Electric Service: Do not interrupt electric service to facilities
occupied by Owner or others unless permitted under the following conditionsand then
only after arranging to provide temporary electric service according to requirements
indicated:

1. Notify Owner in writing, not fewer than two days in advance of proposed
interruption of service.

2. Do not proceed with interruption of electric service without Owner’s written
permission.

3. Comply with NFPA 70E.

PART 2 - PRODUCTS

2.1 FUSIBLE SWITCHES:

A.

Manufacturers: Subject to compliance with requirements, provide product from one of
the following list of manufacturers:

1. Siemens Infrastructure and Cities (Siemens IC)
2. Square D by Schneider Electric

Type GD General Duty switches are not allowed, unless specifically noted otherwise.
Type HD, Heavy Duty, Single Throw, 1200 A and smaller: UL 98 and NEMA KS 1.

1. Shall be horsepower rated for the load served.
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2. Shall have clips or bolt pads to accommodate the specified fuses, with rejection
features to reject fuses other than those specified.

a. Refer to Section “Overcurrent Protective Devices” for specified fuse
types.
3. Shall have an external operating handle indicating ON and OFF positions, with
provisions to padlock the switch in the OFF position.
4, Shall have a mechanical interlock to prevent the opening of the cover unless the

handle is in the OFF position. This interlock shall be defeatable with a special
tool to permit inspection.

5. Shall have an equipment ground kit. Equipment ground shall be internally
mounted and labeled for copper and aluminum ground conductors.
6. Accessories: Provide where indicated on the Drawings or required to complete

the intended design.

a. Neutral Kit: Internally mounted; insulated, capable of being grounded
and bonded; labeled for copper and aluminum neutral conductors.

b. Isolated Ground Kit: Internally mounted; insulated, capable of being
grounded and bonded; labeled for copper and aluminum neutral
conductors.

C. Auxiliary Contact Kit: One NO/NC (Form “C”) auxiliary contact
arranged to activate before switch blades open.

d. Hookstick Handle: Allows use of a hookstick to operate the handle.

e. Service Entrance Rating: Labeled for use as service entrance equipment.

D. Other specialty switch types, such as Six Pole or Double Throw, shall be provided where

indicated on the Drawings or as necessary for the equipment served, and shall meet the
requirements for Type HD single throw switches above.

2.2 NONFUSIBLE SWITCHES:

A. Shall meet all requirements for FUSIBLE SWITCHES above, except that they shall not
accept fuses.

2.3 TOGGLE TYPE SWITCHES:
A. Shall be installed where indicated on the Drawings or elsewhere in the Specifications.

B. Shall be 20 A, 30 A, 40 A, or 60 A, one, two, or three poles, voltage and horsepower
rated for the load served.

C. Shall be provided with matching steel coverplate, with provisions for padlocking the
switch in the OFF position.

D. Shall be provided with an appropriately sized mounting box where other than a standard
outlet box is necessary for switch installation.
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2.4 FUSTATS:

A. 120 V motor loads up to 0.5 horsepower: Shall be horsepower rated, and include an
Edison-base fuse holder and integral toggle switch. Where located in damp or wet
locations, provide weatherproof unit equal to Bussman #SSN.

B. 120 V motor loads, 0.75 horsepower: Shall consist of a horsepower rated Edison-base
fuse holder, with a separate horsepower rated toggle switch mounted adjacent to fuse
holder.

C. 120 V motor loads, 1 horsepower, or 277 V motor loads: Shall consist of a horsepower

and voltage rated manual motor starter switch and a horsepower and voltage rated fuse
holder designed to hold a time-delay Class CC rejection-type fuse.

1. Manual motor starter switch: NEMA ICS 2, general purpose, Class A, with
quick-make, quick-break toggle action, marked to indicate ON, OFF, and
TRIPPED. Shall include an ambient-compensated type overload relay with
inverse-time characteristics and NEMA ICS 2, Class 10 tripping characteristics.
Shall have heaters and sensors in each phase, matched to nameplate full-load
current of specific motor it protects and appropriately adjusted for duty cycle.

25 ENCLOSED CIRCUIT BREAKERS:

A Circuit breakers shall comply with Section “Overcurrent Protective Devices”.
1. Shall be Thermal-Magnetic or Non-adjustable Electronic Trip Molded-Case for
breakers less than 400 amperes, unless noted otherwise.
2. Shall be adjustable Electronic Trip Molded-Case for breakers 400 amperes and

larger, unless noted otherwise.
2.6 ENCLOSURES:
A Comply with NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50.
B. Enclosure Types: Shall be compatible with environmental conditions at installed

locations, unless more stringent requirements are specified on the Drawings or elsewhere
in the Specifications.

1. Indoor Dry and Clean Locations: NEMA 250, Type 1.
2. Outdoor Locations: NEMA 250, Type 3R.

C. Finished Spaces: In finished spaces, enclosures shall be flush mounted unless otherwise
noted.

PART 3 - EXECUTION
3.1 EXAMINATION:
A. Examine elements and surfaces to receive enclosed switches and circuit breakers for

compliance with installation tolerances and other conditions affecting performance of the
work.
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B. Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 INSTALLATION:

A. Install individual wall-mounted switches and circuit breakers with tops at uniform height
unless otherwise indicated. Maximum mounting height and required working clearances
shall comply with NFPA 70.

B. Install fuses in fusible devices.

1. Where fuses serve utilization equipment or motors, coordinate final fuse sizes
with equipment nameplates and comply with listed minimum and maximum
sizes.

2. Plug fuses installed in fustats shall be sized for 125 percent of the nameplate full

load amps or running load amps.
C. Comply with NECA 1.
3.3 IDENTIFICATION:

A. Identify field-installed conductors, interconnecting wiring, and components; provide
warning signs.

B. Label each enclosure with engraved nameplate.
3.4 ADJUSTING:

A Adjust moving parts and operable components to function smoothly, and lubricate as
recommended by manufacturer.

B. Set field-adjustable circuit breaker trip ranges.

END OF SECTION 262816
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