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Scope Summary

Tarrant County Administration Building Air Handling Units Replacement

10.

11.

The five (5) story administration building has a mechanical room on each floor. Each mechanical
room has three (3) air handling units (AHU’s). The three (3) AHU’s consist of two (2) constant
volume (CV) AHU’s and one (1) variable air volume (VAV) AHU.

There will be a total of fifteen (15) AHU’s which will be replaced. The CV AHU’s range in capacity
of 2300 -2700 CFM. The VAV AHU’s are approximately 2,400 CFM. In all, there are ten (10) CV
AHU’s and five (5) VAV AHU’s which will be replaced.

Each AHU has chiller and hot water coils, prefilter, final filters, return and supply fans. The AHU’s
are to be replaced with associated dampers, controls, and valves. The work will include
modifications to supply, return, outside and exhaust ducts for new equipment.

The mechanical rooms are located next to a service elevator which can be used for the removal
and installation of equipment, piping, and ductwork. The work also includes cleaning of
ductwork and testing and balancing of new AHU’s and existing VAV boxes. The controls for the
new AHU’s will be direct digital controls (DDC).

Remove existing indoor air handling units and replace with new air handling units per the
Drawings and Specifications.

The Mechanical Contractor for this project will be the Prime Contractor and will be responsible
for ALL work on the project. The Mechanical Vendor will need to acquire ALL required
subcontractors that are needed to complete all elements of the work. This will include, but not
be limited to: Electrical work, Piping work, General Construction work, and Controls work.

Perform all work in accordance with all applicable National and Local Codes and Code
Authorities.

Submit electronic copy of Shop Drawings for all materials furnished under this work.

Secure and pay for all necessary permits, licenses and inspections required by Law for the
completion of the work. Secure and pay for all certificates of approval that are required and
deliver them to the Engineer before final acceptance of the work.

Examine the project site and make allowances in the Bid to accommodate existing conditions.

All material shall be new, UL listed, and free from defects, unless existing material is specifically
shown to be reused. Install all material in accordance with good workmanship standards.



12.

13.

14.

15.

16.

17.

18.

19.

Requests for substitutions of specified material must be submitted to Tarrant County Purchasing
Department as a Pre-Bid question.

Provide factory finish on all material furnished to the jobsite and touch up finishes which have
been damaged.

The schedule for removing existing units and installation of replacement units shall be carefully
coordinated and scheduled with Tarrant County Facilities Management prior to any work. The
County’s intent is that each building remain occupied with normal weekday activity schedules.
For Base Bid anticipate that all work will be performed during regular hours, 7:00 am to 5:00 pm
Monday thru Friday. For Alternate Bid anticipate that all work will be performed after hours,
5:01 pm to 6:59 am Monday thru Friday, or anytime Saturday, Sunday.

All equipment and accessories will be new.

Provide all electrical work required to support the new equipment in conformance with NEC
requirements.

Any roofing alteration work will be discussed and approved by the County’s Roofing Contractor,
Rooftech. Contact Shawn Clark, ph 817-496-4631 x115 or 682-301-3806.

All Controls work will be provided and installed by Enviromatic Systems. The costs for all
Controls work will be included in the bid. Contact Sid Ellis, ph 972-206-2590.

All Testing and Balancing work will be provided by the County’s TAB Contractor, Air Balancing
Company, and will be contracted direct to the County. TAB costs will not be included in the bid.
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SECTION 230130.52 - EXISTING HVAC AIR DISTRIBUTION SYSTEM CLEANING

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.

1.2 SUMMARY

A.  Section includes cleaning existing HVAC air-distribution equipment, ducts, plenums, and
system components.

B.  Related Requirements:

1. Section 230593.00 "Testing, Adjusting, Balancing for HVAC" for system flow
documentation before cleaning and balancing and following cleaning and restoration.

13 DEFINITIONS

A. NADCA: National Air Duct Cleaners Association.

1.4 ACTION SUBMITTALS
A. Product Data:

1. Cleaning agents
2. Antimicrobial surface treatments.

15 INFORMATIONAL SUBMITTALS
A.  Field Quality-Control Reports:
1. Project's existing conditions.

2. Evaluations and recommendations, including cleanliness verification.
3. Strategies and procedures plan.

1.6 CLOSEOUT SUBMITTALS

A.  Post-Project report.

EXISTING HVAC AIR DISTRIBUTION SYSTEM CLEANING 230130.52 -1
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PART 2 - PRODUCTS

2.1

2.2

A.

A

HVAC CLEANING AGENTS
Description:

1. Formulated for each specific soiled coil condition that needs remedy.
2. Will not corrode or tarnish aluminum, copper, or other metals.

ANTIMICROBIAL SURFACE TREATMENT

Description: Specific product selected shall be as recommended by the IEP based on the
specific antimicrobial needs of the specific Project conditions.

1. Formulated to kill and inhibit growth of microorganisms.

2. EPA-registered for use in HVAC systems and for the specific application in which it will
be used.

3. Have no residual action after drying, with zero VOC off-gassing.

4. OSHA compliant.

5 Treatment shall dry clear to allow continued visual observation of the treated surface.

PART 3 - EXECUTION

3.1

A

B.

C.

D.

E.

PREPARATION

Inspect HVAC air-distribution equipment, ducts, plenums, and system components to determine
appropriate methods, tools, and equipment required for performance of the Work.

Perform "Project Evaluation and Recommendation according to NADCA ACR.

Cleaning Plan: Prepare a written plan for air-distribution system cleaning that includes
strategies and step-by-step procedures. At a minimum, include the following:

Supervisor contact information.

Work schedule, including location, times, and impact on occupied areas.
Methods and materials planned for each HVAC component type.
Required support from other trades.

Equipment and material storage requirements.

Exhaust equipment setup locations.

ocouprLNOE

Existing Conditions Report: Prepare a written report that documents existing conditions of the
systems and equipment. Include documentation of existing conditions, including inspection
results, photo images, laboratory results, and interpretations of the laboratory results by an IEP.

1. Prepare written report listing conditions detrimental to performance of the Work.

Proceed with work only after conditions detrimental to performance of the Work have been
corrected.

EXISTING HVAC AIR DISTRIBUTION SYSTEM CLEANING 230130.52 - 2
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F. Use the existing service openings, as required for proper cleaning, at various points of the

HVAC system for physical and mechanical entry and for inspection.

G. Comply with NADCA ACR, "Guidelines for Constructing Service Openings in HVAC
Systems" Section.

H.  Mark the position of manual volume dampers and air-directional mechanical devices inside the
system prior to cleaning.

3.2 CLEANING

A.  Comply with NADCA ACR, including items identified as "recommended,” "advised,"” and
""suggested."

B.  Perform electrical lockout and tagout according to Owner's standards or authorities having
jurisdiction.

C.  Remove non-adhered substances and deposits from within the HVAC system.

D. Complete cleaning in accordance with Owner-Contractor agreed-upon scope of work.

E.  Systems and Components to Be Cleaned: All air-moving and -distribution equipment.

F. Systems and Components to Be Cleaned:

1. Ductwork:

a. Supply-air ducts, including turning vanes and reheat coils, to the air-handling unit.
b. Return-air ducts to the air-handling unit.
C. Exhaust-air ducts.

2. Exhaust fans and power ventilators.

G.  Collect debris removed during cleaning. Ensure that debris is not dispersed outside the HVAC
system during the cleaning process.

H.  Particulate Collection:

1. For particulate collection equipment, include adequate filtration to contain debris
removed. Locate equipment downwind and away from all air intakes and other points of
entry into the building.

I Control odors and mist vapors during the cleaning and restoration process.

J. Mark the position of manual volume dampers and air-directional mechanical devices inside the
system prior to cleaning. Restore them to their marked position on completion of cleaning.

K.  System components shall be cleaned so that all HVAC system components are visibly clean. On
completion, all components must be returned to those settings recorded just prior to cleaning
operations.

L.  Air-Distribution Systems:

EXISTING HVAC AIR DISTRIBUTION SYSTEM CLEANING 230130.52 -3
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1. Create service openings in the HVAC system as necessary to accommodate cleaning.

3.3

3.4

2. Mechanically clean air-distribution systems specified to remove all visible contaminants,
so that the systems are capable of passing the HVAC System Cleanliness Tests (see
NADCA ACR).

Debris removed from the HVAC system shall be disposed of according to applicable Federal,
state, and local requirements.

Mechanical Cleaning Methodology:

1. Source-Removal Cleaning Methods: The HVAC system shall be cleaned using source-
removal mechanical cleaning methods designed to extract contaminants from within the
HVAC system and to safely remove these contaminants from the facility. No cleaning
method, or combination of methods, shall be used that could potentially damage
components of the HVAC system or negatively alter the integrity of the system.

a. Use continuously operating vacuum-collection devices to keep each section being
cleaned under negative pressure.

b. Cleaning methods that require mechanical agitation devices to dislodge debris that
is adhered to interior surfaces of HVAC system components shall be equipped to
safely remove these devices. Cleaning methods shall not damage the integrity of
HVAC system components or damage porous surface materials, such as duct and
plenum liners.

CLEANLINESS VERIFICATION

Verify cleanliness according to NADCA ACR, "Verification of HVAC System Cleanliness"
Section.

Verify HVAC system cleanliness after mechanical cleaning and before applying any treatment
or introducing any treatment-related substance to the HVAC system, including biocidal agents
and coatings.

Surface-Cleaning Verification: Perform visual inspection for cleanliness. If no contaminants are
evident through visual inspection, the HVAC system shall be considered clean. If visible
contaminants are evident through visual inspection, those portions of the system where
contaminants are visible shall be re-cleaned and subjected to re-inspection for cleanliness.

Prepare a written cleanliness verification report. At a minimum, include the following:
1. Written documentation of the success of the cleaning.

2. Site inspection reports, initialed by supervisor, including notation on areas of inspection,
as verified through visual inspection.

RESTORATION

Restore and repair HVAC air-distribution ducts, plenums, and components according to
NADCA ACR, "Restoration and Repair of Mechanical Systems™ Section.

EXISTING HVAC AIR DISTRIBUTION SYSTEM CLEANING 230130.52 -4
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B.  Replace damaged insulation according to Section 230713 "Duct Insulation."
C. Ensure that closures do not hinder or alter airflow.

D. New closure materials, including insulation, shall match opened materials and shall have
removable closure panels fitted with gaskets and fasteners.

END OF SECTION 230130.52
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SECTION 230510 - BASIC MECHANICAL MATERIALS AND METHODS

PART 1 - GENERAL

11

A.

1.2

1.3

14

RELATED DOCUMENTS

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

SUMMARY
This Section includes the following:

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

Grout.

Mechanical demolition.

Equipment installation requirements common to equipment sections.
Concrete bases.

Supports and anchorages.

Nook~whE

DEFINITIONS

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

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

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

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

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

QUALITY ASSURANCE

Electrical Characteristics for Mechanical 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 appropriately modified, at

BASIC MECHANICAL MATERIALS AND METHODS 230510 -1
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15

A.

1.6

A

no cost to the Owner. If minimum energy ratings or efficiencies are specified, equipment shall
comply with requirements.

DELIVERY, STORAGE, AND HANDLING
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.

COORDINATION

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

PART 2 - PRODUCTS

2.1

A

2.2

A

B.

2.3

A

MANUFACTURERS

In other Part2 articles where subparagraph titles below introduce lists, the following
requirements apply for product selection:

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

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

PIPE, TUBE, AND FITTINGS
Refer to individual 232113 section for pipe, tube, and fitting materials and joining methods.

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

JOINING MATERIALS
Refer to individual Division 15 piping Sections for special joining materials not listed below.
Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.

Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to
ASTM B 813.

Brazing Filler Metals: AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty
brazing, unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping,
unless otherwise indicated.

BASIC MECHANICAL MATERIALS AND METHODS 230510 -2
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E.  Welding Filler Metals: Comply with AWS D10.12 for welding materials appropriate for wall

2.4

2.5

PART 3 -

3.1

3.2

A

A

thickness and chemical analysis of steel pipe being welded.

DIELECTRIC FITTINGS

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

Insulating Material: Suitable for system fluid, pressure, and temperature.

Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig minimum working
pressure at 180 deg F.

Dielectric Couplings: Galvanized-steel coupling with inert and noncorrosive, thermoplastic
lining; threaded ends; and 300-psigminimum working pressure at 225 deg F.

Dielectric Nipples: Electroplated steel nipple with inert and noncorrosive, thermoplastic lining;
plain, threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F.

GROUT

Description: ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout.

EXECUTION

MECHANICAL DEMOLITION

Disconnect, demolish, and remove mechanical 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. Equipment to Be Removed: Disconnect and cap services and remove equipment.

4, Equipment to Be Removed and Salvaged: Disconnect and cap services and remove
equipment and deliver to Owner.

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.

PIPING SYSTEMS - COMMON REQUIREMENTS

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

BASIC MECHANICAL MATERIALS AND METHODS 230510 -3
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B.  Drawing plans, schematics, and diagrams indicate general location and arrangement of piping

r @©

3.3

systems. Indicated locations and arrangements were used to size pipe and calculate friction
loss, expansion, pump sizing, and other design considerations. Install piping as indicated unless
deviations to layout are approved on Coordination Drawings.

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.

Install piping to permit valve servicing.

Install piping at indicated slopes.

Install piping free of sags and bends.

Install fittings for changes in direction and branch connections.

Install piping to allow application of insulation.

Select system components with pressure rating equal to or greater than system operating
pressure.

Install escutcheons for penetrations of walls, ceilings, and floors according to the following:

Install sleeves for pipes passing through concrete and masonry walls and concrete floor and roof
slabs.

PIPING JOINT CONSTRUCTION

Join pipe and fittings according to the following requirements and Division 15 Sections
specifying piping systems.

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

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

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.

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.

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.

BASIC MECHANICAL MATERIALS AND METHODS 230510 -4
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3.4

3.5

3.6

3.7

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.

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

PIPING CONNECTIONS

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.

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

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

EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

Install equipment to allow maximum possible headroom unless specific mounting heights are
not indicated.

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

Install mechanical equipment to facilitate service, maintenance, and repair or replacement of
components. Alteration of permanent construction is not acceptable. For equipment above hard
ceilings, provide access panels. For all equipment above ceilings, access shall be available
within three feet of ceiling opening or lay-in tile. 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.

PAINTING

Painting of mechanical systems, equipment, and components is specified in Division 9 Section
"Painting."

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

CONCRETE BASES

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

BASIC MECHANICAL MATERIALS AND METHODS 230510 -5
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1. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both
directions than supported unit.

2. 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 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, 28-day compressive-strength concrete and reinforcement as specified in
Division 3 Section "Cast-in-Place Concrete."

8. Provide 6 high bases for air handling units and 4” bases for other equipment.

3.8

3.9

w

o O

m

ERECTION OF METAL SUPPORTS AND ANCHORAGES

Refer to Division 5 Section "Metal Fabrications" for structural steel.

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

Field Welding: Comply with AWS D1.1.

GROUTING

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

Clean surfaces that will come into contact with grout.

Provide forms as required for placement of grout.

Avoid air entrapment during placement of grout.

Place grout, completely filling equipment bases.

Place grout on concrete bases and provide smooth bearing surface for equipment.

Place grout around anchors.

Cure placed grout.

END OF SECTION 230510

BASIC MECHANICAL MATERIALS AND METHODS 230510 - 6



Air Handling Unit Replacement Project Technical Specifications
Tarrant Administration Building 100% Submittal
100 E. Weatherford Street Fort Worth, Texas April 3,2023

SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

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.

1.2 SUMMARY
A. Section Includes:

Metal pipe hangers and supports.
Trapeze pipe hangers.

Metal framing systems.
Thermal-hanger shield inserts.
Fastener systems.

Pipe stands.

Equipment supports.

Nook~whE

B. Related Sections:

1. Division 05 Section "Metal Fabrications" for structural-steel shapes and plates for trapeze
hangers for pipe and equipment supports.

2. Division 23 Section "Vibration Controls for HVAC Piping and Equipment" for vibration
isolation devices.

3. Division 23 Section(s) "Metal Ducts" for duct hangers and supports.

13 DEFINITIONS

A.  MSS: Manufacturers Standardization Society of The Valve and Fittings Industry Inc.

14 PERFORMANCE REQUIREMENTS

A. Delegated Design: Design trapeze pipe hangers and equipment supports, including
comprehensive engineering analysis by a qualified professional engineer, using performance
requirements and design criteria indicated.

B.  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.

HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 230529 - 1
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15

1.6

A.

B.

C.

D.

A

B.

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

SUBMITTALS
Product Data: For each type of product indicated.

Shop Drawings: 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.

agrwbdE

Delegated-Design Submittal:  For trapeze hangers 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. Detail fabrication and assembly of trapeze hangers.
2. Design Calculations: Calculate requirements for designing trapeze hangers.

Welding certificates.

QUALITY ASSURANCE

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

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

PART 2 - PRODUCTS

2.1

A

METAL PIPE HANGERS AND SUPPORTS
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.

o
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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.
2.3 METAL FRAMING SYSTEMS
A.  MFMA Manufacturer Metal Framing Systems:

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

a. Cooper B-Line, Inc.

b. Flex-Strut Inc.

C. Hayden Corp.

d. Powerstrut Corp.

e. Thomas & Betts Corporation.

f. Unistrut Corporation; Tyco International, Ltd.
g. Wesanco, Inc.

2. Description: Shop- or field-fabricated pipe-support assembly for supporting multiple
parallel pipes.

3. Standard: MFMA-4.

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

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

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

7. Metallic Coating: Hot-dipped galvanized.

B.  Manufacturers: Subject to compliance with requirements, available manufacturers offering
2.4 THERMAL-HANGER SHIELD INSERTS
A.  Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

1. Carpenter & Paterson, Inc.

2. Clement Support Services.

3. ERICO International Corporation.

4. National Pipe Hanger Corporation.

5. PHS Industries, Inc.

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

7. Piping Technology & Products, Inc.

8. Rilco Manufacturing Co., Inc.

9. Value Engineered Products, Inc.

B. Insulation-Insert Material for Cold Piping: ASTM C 552, Type Il cellular glass with 100-psig

minimum compressive strength and vapor barrier.
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C. Insulation-Insert Material for Hot Piping: ASTM C 552, Type Il cellular glass with 100-psig
minimum compressive strength.

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

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

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

2.5 FASTENER SYSTEMS

A.  Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement concrete
with pull-out, tension, and shear capacities appropriate for supported loads and building
materials where used.

B.  Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated or stainless-steel anchors, for
use in hardened portland cement concrete; with pull-out, tension, and shear capacities
appropriate for supported loads and building materials where used.

2.6 PIPE STANDS

A.  General Requirements for Pipe Stands: Shop- or field-fabricated assemblies made of
manufactured corrosion-resistant components to support roof-mounted piping.

B.  Low Type Pipe Stand (For Single Pipes <2 1/2" in diameter): Plastic base unit with galvanized
steel rods and roller to support pipe, for roof installation without membrane penetration.
Product to equal to Portable Pipe Hanger #SS8-R.

C.  High-Type, Single-Pipe Stand (For Pipes > 2 1/2” in diameter):

1. Description: Assembly of base, vertical and horizontal members, and pipe support, for
roof installation without membrane penetration.
2. Base: Plastic.
3. Vertical Members: Two HDG-steel channels.
4. Horizontal Member: HDG-steel channel.
5. Rod/Hanger: HDG continuous thread rod and clevis hanger.
6. Product equal to PPH #PS-1-2.
D. High-Type, Multiple-Pipe Stand:

1. Description: Assembly of bases, vertical and horizontal members, and pipe supports, for
roof installation without membrane penetration.

Bases: Plastic.

Vertical Members: Two or more HDG-steel channels.

Horizontal Member: HDG-steel channel.

Pipe Supports: Galvanized-steel, clevis-type pipe hangers, and continuous thread rod.
Product equal to PPH #PSE-2-2.

ok wN
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E.  Curb-Mounted-Type Pipe Stands: Shop- or field-fabricated pipe supports made from structural-

2.7

2.8

A

A

B.

steel shapes, continuous-thread rods, and rollers, for mounting on permanent stationary roof
curb.

EQUIPMENT SUPPORTS

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

MISCELLANEOUS MATERIALS

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

Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and
nonmetallic grout; suitable for interior and exterior applications.

1. Properties: Nonstaining, noncorrosive, and nongaseous.
2. Design Mix: 5000-psi, 28-day compressive strength.

PART 3 - EXECUTION

3.1

A

B.

C.

D.

E.

HANGER AND SUPPORT INSTALLATION

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

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.

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

Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.
Fastener System Installation:

1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less
than 4 inches thick in concrete after concrete is placed and completely cured. Use
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operators that are licensed by powder-actuated tool manufacturer. Install fasteners
according to powder-actuated tool manufacturer's operating manual.

2. Install mechanical-expansion anchors in concrete after concrete is placed and completely
cured. Install fasteners according to manufacturer's written instructions.

F. Pipe Stand Installation:

1. Pipe Stand Types except Curb-Mounted Type: Assemble components and mount on
smooth roof surface with use of isolation pad. Do not penetrate roof membrane.

2. Curb-Mounted-Type Pipe Stands: Assemble components or fabricate pipe stand and
mount on permanent, stationary roof curb. See Division 07 Section "Roof Accessories"
for curbs.

G. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts,
washers, and other accessories.

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

I Install hangers and supports to allow controlled thermal 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.

J. Install lateral bracing with pipe hangers and supports to prevent swaying.

K. Install building attachments within concrete slabs or attach to structural steel. Install additional
attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger
and at changes in direction of piping. Install concrete inserts before concrete is placed; fasten
inserts to forms and install reinforcing bars through openings at top of inserts.

L. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses
from movement will not be transmitted to connected equipment.

M.  Insulated Piping:

1. Attach clamps and spacers to piping.
a. Piping Operating above Ambient Air Temperature: Clamp may project through
insulation.
b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield
insert with clamp sized to match OD of insert.
c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services
piping.
2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is
indicated. Fill interior voids with insulation that matches adjoining insulation.
a. Option:  Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.
3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier. Shields
shall span an arc of 180 degrees.
a. Option:  Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.
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4. 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.
5. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation.

3.2 EQUIPMENT SUPPORTS

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

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

C.  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.

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

C.  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.

B.  Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.

35 HANGER AND SUPPORT SCHEDULE

A.  Specific hanger and support requirements are in Sections specifying piping systems and
equipment.

B.  Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in
piping system Sections.
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C.  Use hangers and supports with galvanized metallic coatings for piping and equipment that will
not have field-applied finish.
D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in
direct contact with copper tubing.
E. Use coated carbon-steel pipe hangers and supports, metal trapeze pipe hangers, and metal
framing systems and attachments for general service applications.
F. Use thermal-hanger shield inserts for insulated piping and tubing.
G.  Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in
piping system Sections, 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.

2. 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 of insulation.

3. 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.

4. 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.

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

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

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

8. 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.

9. 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.

10. 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.

11. 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.

12.  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.

13.  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.

H.  Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system

Sections, install the following types:

1.
2.

Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy loads.
Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.
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3. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various types of

4.

building attachments.
Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping installations.

I Building Attachments: Unless otherwise indicated and except as specified in piping system
Sections, 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.

6. 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.

8. 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 I-
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:
a. Light (MSS Type 31): 750 Ib.
b. Medium (MSS Type 32): 1500 Ib.
C. Heavy (MSS Type 33): 3000 Ib.

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.

J. Saddles and Shields: Unless otherwise indicated and except as specified in piping system

Sections, install the following types:

1.

2.

3.

Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with
insulation that matches adjoining insulation.

Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer
to prevent crushing insulation.

Thermal-Hanger Shield Inserts: For supporting insulated pipe.

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

L. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not
specified in piping system Sections.

M.  Comply with MFMA-103 for metal framing system selections and applications that are not
specified in piping system Sections.

N.  Use powder-actuated fasteners or mechanical-expansion anchors instead of building

attachments where required in concrete construction.

END OF SECTION 230529
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1 - GENERAL

11

A.

1.2

13

w

o 0O

m

14

RELATED DOCUMENTS

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

SUMMARY
Section Includes:
1. Balancing Air Systems:
a. Constant-volume air systems.
b. Variable-air-volume systems.
2. Balancing Hydronic Piping Systems:

a. Chilled Water Coils.
b. Hot Water Coils.

DEFINITIONS

AABC: Associated Air Balance Council.

NEBB: National Environmental Balancing Bureau.
TAB: Testing, adjusting, and balancing.

TABB: Testing, Adjusting, and Balancing Bureau.

TAB Specialist: An entity engaged to perform TAB Work.

INFORMATIONAL SUBMITTALS

Qualification Data: Within 30 days of Contractor's Notice to Proceed, submit documentation
that the TAB contractor and this Project's TAB team members meet the qualifications specified
in "Quality Assurance" Article.

Contract Documents Examination Report: Within 45 days of Contractor's Notice to Proceed,
submit the Contract Documents review report as specified in Part 3.

Strategies and Procedures Plan: Within 60 days of Contractor's Notice to Proceed, submit TAB
strategies and step-by-step procedures as specified in "Preparation” Article.

Certified TAB reports.

Sample report forms.
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F. Instrument calibration reports, to include the following:

15

Instrument type and make.
Serial number.
Application.

Dates of use.

Dates of calibration.

S

QUALITY ASSURANCE
TAB Contractor Qualifications: Engage a TAB entity certified by AABC or NEBB.

1. TAB Field Supervisor: Employee of the TAB contractor and certified by AABC or
NEBB.

2. TAB Technician: Employee of the TAB contractor and who is certified by AABC or
NEBB as a TAB technician.

TAB Conference: Meet with General Contractor and HVAC Engineer (and, if applicable
Commissioning Authority) on approval of the TAB strategies and procedures plan to develop a
mutual understanding of the details. Require the participation of the TAB field supervisor and
technicians. Provide seven days' advance notice of scheduled meeting time and location.

1. Agenda ltems:
a. The Contract Documents examination report.
b. The TAB plan.
C. Coordination and cooperation of trades and subcontractors.
d. Coordination of documentation and communication flow.

Certify TAB field data reports and perform the following:

1. Review field data reports to validate accuracy of data and to prepare certified TAB
reports.

2. Certify that the TAB team complied with the approved TAB plan and the procedures
specified and referenced in this Specification.

TAB Report Forms: Use standard TAB contractor's forms approved by Engineer.

Instrumentation Type, Quantity, Accuracy, and Calibration: As described in ASHRAE 111,
Section 5, "Instrumentation.”

ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section7.2.2 - "Air
Balancing.”

ASHRAE/IESNA Compliance: Applicable requirements in ASHRAE/IESNA 90.1,
Section 6.7.2.3 - "System Balancing."
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1.6 PROJECT CONDITIONS

A.  Full Owner Occupancy: Owner will occupy the site and existing building during entire TAB
period. Cooperate with Owner during TAB operations to minimize conflicts with Owner's
operations.

B.  Partial Owner Occupancy: Owner may occupy completed areas of building before Substantial
Completion. Cooperate with Owner during TAB operations to minimize conflicts with Owner's
operations.

1.7 COORDINATION

A.  Notice: Provide seven days' advance notice for each test. Include scheduled test dates and
times.

B.  Perform TAB after leakage and pressure tests on air and water distribution systems have been

satisfactorily completed.

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

3.1

A

D.

EXAMINATION

Examine the Contract Documents to become familiar with Project requirements and to discover
conditions in systems' designs that may preclude proper TAB of systems and equipment.

Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer
wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify
that locations of these balancing devices are accessible.

Examine the approved submittals for HVAC systems and equipment.

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

Examine equipment performance data including fan curves.

Examine system and equipment installations and verify that field quality-control testing,
cleaning, and adjusting specified in individual Sections have been performed.

Examine test reports specified in individual system and equipment Sections.

Examine HVAC equipment and filters and verify that bearings are greased, belts are aligned
and tight, and equipment with functioning controls is ready for operation.
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3.2

3.3

3.4

@

o 0O

m

Examine strainers. Verify that startup screens are replaced by permanent screens with indicated
perforations.

Examine three-way valves for proper installation for their intended function of diverting or
mixing fluid flows.

Examine heat-transfer coils for correct piping connections and for clean and straight fins.
Examine operating safety interlocks and controls on HVAC equipment.
Report deficiencies discovered before and during performance of TAB procedures. Observe

and record system reactions to changes in conditions. Record default set points if different from
indicated values.

PREPARATION
Prepare a TAB plan that includes strategies and step-by-step procedures.
Complete system-readiness checks and prepare reports. Verify the following:

Permanent electrical-power wiring is complete.

Hydronic systems are filled, clean, and free of air.

Automatic temperature-control systems are operational.

Equipment and duct access doors are securely closed.

Balance, smoke, and fire dampers are open.

Isolating and balancing valves are open and control valves are operational.

S A

GENERAL PROCEDURES FOR TESTING AND BALANCING

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

1. Comply with requirements in ASHRAE 62.1, Section 7.2.2 - "Air Balancing."

GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

Prepare test reports for both fans and outlets. Obtain manufacturer's outlet factors and
recommended testing procedures. Crosscheck the summation of required outlet volumes with
required fan volumes.

Prepare schematic diagrams of systems' "as-built" duct layouts.
For variable-air-volume systems, develop a plan to simulate diversity.
Determine the best locations in main and branch ducts for accurate duct-airflow measurements.

Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air
dampers through the supply-fan discharge and mixing dampers.
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F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
G.  Verify that motor starters are equipped with properly sized thermal protection.
H Check dampers for proper position to achieve desired airflow path.
I Check for airflow blockages.
J. Check condensate drains for proper connections and functioning.
K. Check for proper sealing of air-handling-unit components.
L.  Verify that air duct system is sealed as specified in Section 233113 "Metal Ducts."
3.5 PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS
A.  Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by

fan manufacturer.

1.

Measure total airflow.

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

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

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

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

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

d. Measure inlet static pressure of double-inlet fans through the wall of the plenum
that houses the fan.

Measure static pressure across each component that makes up an air-handling unit,

rooftop unit, and other air-handling and -treating equipment.

a. Report the cleanliness status of filters and the time static pressures are measured.

Measure static pressures entering and leaving other devices, such as sound traps, heat-

recovery equipment, and air washers, under final balanced conditions.

Review Record Documents to determine variations in design static pressures versus

actual static pressures. Calculate actual system-effect factors. Recommend adjustments

to accommodate actual conditions.

Obtain approval from Engineer for adjustment of fan speed higher or lower than

indicated speed. Comply with requirements in HVAC Sections for air-handling units for

adjustment of fans, belts, and pulley sizes to achieve indicated air-handling-unit
performance.

Do not make fan-speed adjustments that result in motor overload. Consult equipment

manufacturers about fan-speed safety factors. Modulate dampers and measure fan-motor

amperage to ensure that no overload will occur. Measure amperage in full-cooling, full-
heating, economizer, and any other operating mode to determine the maximum required
brake horsepower.
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B.  Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated

3.6

airflows within specified tolerances.

1. Measure airflow of submain and branch ducts.

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

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

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

Measure air outlets and inlets without making adjustments.

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

Adjust air outlets and inlets for each space to indicated airflows within specified tolerances of
indicated values. Make adjustments using branch volume dampers rather than extractors and
the dampers at air terminals.

1. Adjust each outlet in same room or space to within specified tolerances of indicated
guantities without generating noise levels above the limitations prescribed by the
Contract Documents.

2. Adjust patterns of adjustable outlets for proper distribution without drafts.

PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS

Compensating for Diversity: When the total airflow of all terminal units is more than the
indicated airflow of the fan, place a selected number of terminal units at a minimum set-point
airflow with the remainder at maximume-airflow condition until the total airflow of the terminal
units equals the indicated airflow of the fan. Select the reduced-airflow terminal units so they
are distributed evenly among the branch ducts.

Pressure-Independent, Variable-Air-Volume Systems: After the fan systems have been
adjusted, adjust the variable-air-volume systems as follows:

1. Set outdoor-air dampers at minimum, and set return- and exhaust-air dampers at a
position that simulates full-cooling load.

2. Select the terminal unit that is most critical to the supply-fan airflow and static pressure.
Measure static pressure. Adjust system static pressure so the entering static pressure for
the critical terminal unit is not less than the sum of the terminal-unit manufacturer's
recommended minimum inlet static pressure plus the static pressure needed to overcome
terminal-unit discharge system losses.

3. Measure total system airflow. Adjust to within indicated airflow.

4. Set terminal units at maximum airflow and adjust controller or regulator to deliver the
designed maximum airflow. Use terminal-unit manufacturer's written instructions to
make this adjustment. When total airflow is correct, balance the air outlets downstream
from terminal units the same as described for constant-volume air systems.
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3.7

3.8

3.9

5. Set terminal units at minimum airflow and adjust controller or regulator to deliver the
designed minimum airflow. Check air outlets for a proportional reduction in airflow the
same as described for constant-volume air systems.

a. If air outlets are out of balance at minimum airflow, report the condition but leave
outlets balanced for maximum airflow.

6. Remeasure the return airflow to the fan while operating at maximum return airflow and
minimum outdoor airflow.

a. Adjust the fan and balance the return-air ducts and inlets the same as described for
constant-volume air systems.

7. Measure static pressure at the most critical terminal unit and adjust the static-pressure
controller at the main supply-air sensing station to ensure that adequate static pressure is
maintained at the most critical unit.

8. Record final fan-performance data.

GENERAL PROCEDURES FOR HYDRONIC SYSTEMS
Prepare schematic diagrams of systems' "as-built" piping layouts.

Prepare hydronic systems for testing and balancing according to the following, in addition to the
general preparation procedures specified above:

1. Open all manual valves for maximum flow.

2. Check flow-control valves for specified sequence of operation, and set at indicated flow.
3. Set differential-pressure control valves at the specified differential pressure.

4. Check air vents for a forceful liquid flow exiting from vents when manually operated.
TOLERANCES

Set HVAC system's air flow rates and water flow rates within the following tolerances:

1. Supply, Return, and Exhaust Fans and Equipment with Fans: Plus or minus 10 percent.
2. Air Outlets and Inlets: Plus or minus 10 percent.

3. Heating-Water Flow Rate: Plus or minus 10 percent.

4, Cooling-Water Flow Rate: Plus or minus 10 percent.

REPORTING

Initial Construction-Phase Report: Based on examination of the Contract Documents as
specified in "Examination™ Article, prepare a report on the adequacy of design for systems'
balancing devices. Recommend changes and additions to systems' balancing devices to
facilitate proper performance measuring and balancing. Recommend changes and additions to
HVAC systems and general construction to allow access for performance measuring and
balancing devices.

Status Reports: Prepare weekly progress reports to describe completed procedures, procedures
in progress, and scheduled procedures. Include a list of deficiencies and problems found in
systems being tested and balanced. Prepare a separate report for each system and each building
floor for systems serving multiple floors.
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3.10 FINAL REPORT
A.  General: Prepare a certified written report; tabulate and divide the report into separate sections
for tested systems and balanced systems.
1. Include a certification sheet at the front of the report's binder, signed and sealed by the
certified testing and balancing engineer.
2. Include a list of instruments used for procedures, along with proof of calibration.
B.  Final Report Contents: In addition to certified field-report data, include the following:
1. Pump curves.
2. Fan curves.
3. Manufacturers' test data.
4. Field test reports prepared by system and equipment installers.
5. Other information relative to equipment performance; do not include Shop Drawings and
product data.
C.  General Report Data: In addition to form titles and entries, include the following data:
1. Title page.
2. Name and address of the TAB contractor.
3. Project name.
4. Project location.
5. Architect's name and address.
6. Engineer's name and address.
7. Contractor's name and address.
8. Report date.
9. Signature of TAB supervisor who certifies the report.
10. Table of Contents with the total number of pages defined for each section of the report.
Number each page in the report.
11.  Summary of contents including the following:
a. Indicated versus final performance.
b. Notable characteristics of systems.
C. Description of system operation sequence if it varies from the Contract
Documents.
12. Nomenclature sheets for each item of equipment.
13.  Data for terminal units, including manufacturer's name, type, size, and fittings.
14.  Notes to explain why certain final data in the body of reports vary from indicated values.
D.  Air-Handling-Unit Test Reports: For air-handling units with coils, include the following:

1. Unit Data:
a. Unit identification.
b. Location.
C. Make and type.
d. Model number and unit size.
e. Manufacturer's serial number.
f. Unit arrangement and class.
g. Discharge arrangement.
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h. Number, type, and size of filters.

2. Motor Data:

a Motor make, and frame type and size.

b Horsepower and rpm.

c Volts, phase, and hertz.

d Full-load amperage and service factor.

e Sheave make, size in inches, and bore.

f. Center-to-center dimensions of sheave, and amount of adjustments in inches.

3. Test Data (Indicated and Actual Values):

a. Total air flow rate in cfm.

b Total system static pressure in inches wg.

c Fan rpm.

d Discharge static pressure in inches wg.

e Filter static-pressure differential in inches wg.

f. Preheat-coil static-pressure differential in inches wg.

g Cooling-coil static-pressure differential in inches wg.

h Heating-coil static-pressure differential in inches wg.

i. Outdoor airflow in cfm.

J- Return airflow in cfm.

k Outdoor-air damper position.

l.
m.

Return-air damper position.
Vortex damper position.

E.  Apparatus-Coil Test Reports:

1. Coil Data:

a
b
c
d
e
f.
g
h
i
j.
2. Test Data (Indicated and Actual Values):
a.
b
c
d
e
f.
g
h
i.
j-
k

System identification.
Location.

Coil type.

Number of rows.

Fin spacing in fins per inch o.c.
Make and model number.

Face area in sq. ft.

Tube size in NPS.

Tube and fin materials.
Circuiting arrangement.

Air flow rate in cfm.
Average face velocity in fpm.
Air pressure drop in inches wg.
Outdoor-air, wet- and dry-bulb temperatures in deg F.
Return-air, wet- and dry-bulb temperatures in deg F.
Entering-air, wet- and dry-bulb temperatures in deg F.
Leaving-air, wet- and dry-bulb temperatures in deg F.
Water flow rate in gpm.
Water pressure differential in feet of head or psig.
Entering-water temperature in deg F.
Leaving-water temperature in deg F.

END OF SECTION 230593

TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 -9



This page wasintentionally left blank for duplex printing.



Air Handling Unit Replacement Project Technical Specifications
Tarrant Administration Building 100% Submittal
100 E. Weatherford Street Fort Worth, Texas April 3,2023

SECTION 230719 - HVAC PIPING INSULATION

PART 1 - GENERAL

11

1.2

1.3

14

15

A

RELATED DOCUMENTS

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

SUMMARY

Section includes insulating the following HVAC piping systems:
1. Condensate drain piping.

2. Chilled-water and brine piping, indoors and outdoors.

3. Heating hot-water piping, indoors and outdoors.

Related Sections:

1. Section 230713 "Duct Insulation."

ACTION SUBMITTALS

Product Data: For each type of product indicated. Include thermal conductivity, water-vapor
permeance thickness, and jackets (both factory and field applied if any).

INFORMATIONAL SUBMITTALS
Qualification Data: For qualified Installer.

Material Test Reports: From a qualified testing agency acceptable to authorities having
jurisdiction indicating, interpreting, and certifying test results for compliance of insulation
materials, sealers, attachments, cements, and jackets, with requirements indicated. Include
dates of tests and test methods employed.

Field quality-control reports.

QUALITY ASSURANCE

Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship
program or another craft training program certified by the Department of Labor, Bureau of
Apprenticeship and Training.

Surface-Burning Characteristics: For insulation and related materials, as determined by testing
identical products according to ASTM E 84, by a testing and inspecting agency acceptable to
authorities having jurisdiction. Factory label insulation and jacket materials and adhesive,
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mastic, tapes, and cement material containers, with appropriate markings of applicable testing

agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
index of 50 or less.

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

index of 150 or less.

1.6 DELIVERY, STORAGE, AND HANDLING

A.  Packaging: Insulation material containers shall be marked by manufacturer with appropriate
ASTM standard designation, type and grade, and maximum use temperature.

1.7 COORDINATION

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in
Section 230529 "Hangers and Supports for HVAC Piping and Equipment.”

B. Coordinate clearance requirements with piping Installer for piping insulation application.
Before preparing piping Shop Drawings, establish and maintain clearance requirements for
installation of insulation and field-applied jackets and finishes and for space required for
maintenance.

C.  Coordinate installation and testing of heat tracing.

PART 2 - PRODUCTS

2.1 INSULATION MATERIALS
A.  Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation
Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground
Piping Insulation Schedule" articles for where insulating materials shall be applied.

B. Products shall not contain asbestos, lead, mercury, or mercury compounds.

C. Products that come in contact with stainless steel shall have a leachable chloride content of less
than 50 ppm when tested according to ASTM C 871.

D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable
according to ASTM C 795.

E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing
process.

F. Cellular Glass: Inorganic, incombustible, foamed or cellulated glass with annealed, rigid,

hermetically sealed cells. Factory-applied jacket requirements are specified in "Factory-
Applied Jackets" Article.
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2.2

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

a. Pittsburgh Corning Corporation; Foamglas.

Block Insulation: ASTM C 552, Type I.

Special-Shaped Insulation: ASTM C 552, Type IlI.

Board Insulation: ASTM C 552, Type IV.

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

7. Factory fabricate shapes according to ASTM C 450 and ASTM C 585.

ok own

Mineral-Fiber, Preformed Pipe Insulation:

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Johns Manville; Micro-Lok.

b. Knauf Insulation; 1000-Degree Pipe Insulation.
C. Owens Corning; Fiberglas Pipe Insulation.

2. Type I, 850 deg F Materials: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 547, Type |, Grade A, with factory-applied ASJ. Factory-applied
jacket requirements are specified in "Factory-Applied Jackets" Article.

3. Type I1, 1200 deg F Materials: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 547, Type Il, Grade A, with factory-applied ASJ. Factory-applied
jacket requirements are specified in "Factory-Applied Jackets" Article.

Mineral-Fiber, Pipe and Tank Insulation: Mineral or glass fibers bonded with a thermosetting
resin.  Semirigid board material with factory-applied FSK jacket complying with
ASTM C 1393, Type Il or Type IIIA Category 2, or with properties similar to ASTM C 612,
Type IB. Nominal density is 2.5 Ib/cu. ft. or more. Thermal conductivity (k-value) at 100
deg F is 0.29 Btu x in./h x sq. ft. x deg F or less. Factory-applied jacket requirements are
specified in "Factory-Applied Jackets" Article.

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

CertainTeed Corp.; CrimpWrap.

Johns Manville; MicroFlex.

Knauf Insulation; Pipe and Tank Insulation.

Manson Insulation Inc.; AK Flex.

Owens Corning; Fiberglas Pipe and Tank Insulation.

o0 o

INSULATING CEMENTS
Mineral-Fiber Insulating Cement: Comply with ASTM C 195.
Expanded or Exfoliated Vermiculite Insulating Cement: Comply with ASTM C 196.

Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C 449.
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2.3 ADHESIVES
A.  Materials shall be compatible with insulation materials, jackets, and substrates and for bonding
insulation to itself and to surfaces to be insulated unless otherwise indicated.
B.  Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Childers Brand, Specialty Construction Brands, Inc.; CP-127.
b. Foster Brand, Specialty Construction Brands, Inc.; 85-60/85-70.
2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
3. Adhesive shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."
C.  ASJ Adhesive, and FSK and PVDC Jacket Adhesive: Comply with MIL-A-3316C, Class 2,
Grade A for bonding insulation jacket lap seams and joints.
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Childers Brand, Specialty Construction Brands, Inc.; CP-82.
b. Foster Brand, Specialty Construction Brands, Inc.; 85-50.
2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
3. Adhesive shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."
2.4 MASTICS
A.  Materials shall be compatible with insulation materials, jackets, and substrates; comply with
MIL-PRF-19565C, Type II.
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
B. Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. Foster Brand, Specialty Construction Brands, Inc.; 30-80/30-90.

2. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-mil dry

film thickness.

Service Temperature Range: Minus 20 to plus 180 deg F.

Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.

Color: White.

ok w
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C.  Vapor-Barrier Mastic: Solvent based; suitable for outdoor use on below-ambient services.

25

2.6

2.7

1. Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 30-mil dry film thickness.
2. Service Temperature Range: Minus 50 to plus 220 deg F.

3. Solids Content: ASTM D 1644, 33 percent by volume and 46 percent by weight.
4. Color: White.

Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services.

1. Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness.
2. Service Temperature Range: Minus 20 to plus 180 deg F.

3. Solids Content: 60 percent by volume and 66 percent by weight.

4. Color: White.

LAGGING ADHESIVES

Description: Comply with MIL-A-3316C, Class |, Grade A and shall be compatible with
insulation materials, jackets, and substrates.

1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

2. Products: Subject to compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc.; CP-50 AHV2.
b. Foster Brand, Specialty Construction Brands, Inc.; 30-36.
C. Vimasco Corporation; 713 and 714.

3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over pipe insulation.

4. Service Temperature Range: 0 to plus 180 deg F.
5. Color: White.
SEALANTS

ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants:

Materials shall be compatible with insulation materials, jackets, and substrates.

Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg F.

Color: White.

For indoor applications, sealants shall have a VOC content of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

Sealants shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

agrwnE

o

FIELD-APPLIED JACKETS

Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
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B.  FSKJacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.

C. FSP Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with polyethylene or
polypropylene jacketing.

D. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784,
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.
Thickness is indicated in field-applied jacket schedules.

1. Adhesive: As recommended by jacket material manufacturer.
2. Color: White.
3. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.

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

b. Sheet and roll stock ready for shop or field sizing.

C. Material, finish, and thickness are indicated in field-applied jacket schedules.

d. Moisture Barrier for Indoor Applications: 3-mil- thick, heat-bonded polyethylene
and kraft paper.

e. Moisture Barrier for Outdoor Applications: 3-mil- thick, heat-bonded
polyethylene and kraft paper.

f. Factory-Fabricated Fitting Covers:

1)  Same material, finish, and thickness as jacket.

2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius
elbows.

3)  Tee covers.

4) Flange and union covers.

5) End caps.

6) Beveled collars.

7)  Valve covers.

8) Field fabricate fitting covers only if factory-fabricated fitting covers are not
available.

2.8 SECUREMENTS
A.  Bands:

1. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 316; 0.015 inch thick, 3/4
inch wide with closed seal.

2. Aluminum: ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch
thick, 3/4 inch wide with closed seal.

PART 3 - EXECUTION

3.1

A

EXAMINATION

Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of insulation application.
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1. Verify that systems to be insulated have been tested and are free of defects.
2. Verify that surfaces to be insulated are clean and dry.
3. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

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

B.  Coordinate insulation installation with the trade installing heat tracing. Comply with
requirements for heat tracing that apply to insulation.

C.  Mix insulating cements with clean potable water; if insulating cements are to be in contact with
stainless-steel surfaces, use demineralized water.

3.3 GENERAL INSTALLATION REQUIREMENTS

A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces;
free of voids throughout the length of piping including fittings, valves, and specialties.

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required
for each item of pipe system as specified in insulation system schedules.

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

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

E. Install multiple layers of insulation with longitudinal and end seams staggered.

F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
G.  Keep insulation materials dry during application and finishing.

H.  Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

I Install insulation with least number of joints practical.

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers,
supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.

2. For insulation application where vapor barriers are indicated, extend insulation on anchor
legs from point of attachment to supported item to point of attachment to structure. Taper
and seal ends at attachment to structure with vapor-barrier mastic.
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3. Install insert materials and install insulation to tightly join the insert. Seal insulation to

insulation inserts with adhesive or sealing compound recommended by insulation
material manufacturer.

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

K.  Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet
and dry film thicknesses.

L. Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.

2. Cover circumferential joints with 3-inch-wide strips, of same material as insulation
jacket. Secure strips with adhesive and outward clinching staples along both edges of
strip, spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with
longitudinal seams at bottom of pipe. Clean and dry surface to receive self-sealing lap.
Staple laps with outward clinching staples along edge at 2 inches o.c.

a. For below-ambient services, apply vapor-barrier mastic over staples.

4, Cover joints and seams with tape, according to insulation material manufacturer's written
instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at

ends adjacent to pipe flanges and fittings.

M.  Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal
thickness.

N.  Finish installation with systems at operating conditions. Repair joint separations and cracking
due to thermal movement.

O. Repair damaged insulation facings by applying same facing material over damaged areas.
Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches similar
to butt joints.

P. For above-ambient services, do not install insulation to the following:

ocoukrwdE

Vibration-control devices.
Testing agency labels and stamps.
Nameplates and data plates.
Manholes.

Handholes.

Cleanouts.

3.4 GENERAL PIPE INSULATION INSTALLATION

A.  Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:

1.

Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with
continuous thermal and vapor-retarder integrity unless otherwise indicated.
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2. Stencil or label the outside insulation jacket of each union with the word "union.” Match

size and color of pipe labels.

B.  Insulate instrument connections for thermometers, pressure gages, pressure temperature taps,
test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape
insulation at these connections by tapering it to and around the connection with insulating
cement and finish with finishing cement, mastic, and flashing sealant.

C. Install removable insulation covers at locations indicated. Installation shall conform to the
following:
1. Make removable flange and union insulation from sectional pipe insulation of same

thickness as that on adjoining pipe. Install same insulation jacket as adjoining pipe
insulation.

When flange and union covers are made from sectional pipe insulation, extend insulation
from flanges or union long at least two times the insulation thickness over adjacent pipe
insulation on each side of flange or union. Secure flange cover in place with stainless-
steel or aluminum bands. Select band material compatible with insulation and jacket.
Construct removable valve insulation covers in same manner as for flanges, except divide
the two-part section on the vertical center line of valve body.

When covers are made from block insulation, make two halves, each consisting of
mitered blocks wired to stainless-steel fabric. Secure this wire frame, with its attached
insulation, to flanges with tie wire. Extend insulation at least 2 inches over adjacent pipe
insulation on each side of valve. Fill space between flange or union cover and pipe
insulation with insulating cement. Finish cover assembly with insulating cement applied
in two coats. After first coat is dry, apply and trowel second coat to a smooth finish.
Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed
surfaces with a metal jacket.

3.5 INSTALLATION OF MINERAL-FIBER INSULATION

A.  Insulation Installation on Straight Pipes and Tubes:

1. Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten
bands without deforming insulation materials.

2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions
with vapor-barrier mastic and joint sealant.

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

4, For insulation with factory-applied jackets on below-ambient surfaces, do not staple
longitudinal tabs. Instead, secure tabs with additional adhesive as recommended by
insulation material manufacturer and seal with vapor-barrier mastic and flashing sealant.

B. Insulation Installation on Pipe Flanges:
1. Install preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation section same as overall width of flange and bolts, plus twice the

thickness of pipe insulation.

HVAC PIPING INSULATION 230719 -9



Air Handling Unit Replacement Project Technical Specifications

Tarrant Administration Building 100% Submittal
100 E. Weatherford Street Fort Worth, Texas April 3,2023
3. Fill voids between inner circumference of flange insulation and outer circumference of

3.6

3.7

4.

adjacent straight pipe segments with mineral-fiber blanket insulation.
Install jacket material with manufacturer's recommended adhesive, overlap seams at least
1 inch, and seal joints with flashing sealant.

Insulation Installation on Pipe Fittings and Elbows:

1.

2.

Install preformed sections of same material as straight segments of pipe insulation when
available.

When preformed insulation elbows and fittings are not available, install mitered sections
of pipe insulation, to a thickness equal to adjoining pipe insulation. Secure insulation
materials with wire or bands.

Insulation Installation on Valves and Pipe Specialties:

1.

2.

3.

4.

Install preformed sections of same material as straight segments of pipe insulation when
available.

When preformed sections are not available, install mitered sections of pipe insulation to
valve body.

Arrange insulation to permit access to packing and to allow valve operation without
disturbing insulation.

Install insulation to flanges as specified for flange insulation application.

INDOOR PIPING INSULATION SCHEDULE

Condensate and Equipment Drain Water below 60 Deg F:

1.

All Pipe Sizes: Insulation shall be the following:
a. Flexible Elastomeric: 3/4 inch thick.

Chilled Water, above 40 Deg F:

1.

2.

NPS 4 and Smaller: Insulation shall be the following:
a. Cellular Glass: 1-1/2 inches thick.

NPS 6 and Larger: Insulation shall be the following:
a. Cellular Glass: 2 inches thick.

Heating-Hot-Water Supply and Return, 200 Deg F and Below:

1.

NPS 12 and Smaller: Insulation shall be the following:
a. Mineral-Fiber, Preformed Pipe, Type I: 2 inches thick.

INDOOR, FIELD-APPLIED JACKET SCHEDULE

Install jacket over insulation material. For insulation with factory-applied jacket, install the
field-applied jacket over the factory-applied jacket.

Piping, Exposed:
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1. PVC: 20 mils thick.

END OF SECTION 230719
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SECTION 230900 - INSTRUMENTATION AND CONTROL FOR HVAC

PART 1 - GENERAL

11

A.

1.2

13

14

RELATED DOCUMENTS

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

SUMMARY

This Section includes control equipment for HVAC systems and components, including control
components for VAV and CV air handling units with factory-wired controls for end devices.

The work contained in this project for replacement of air handling units which includes:

1. Reuse of DDC unitary controllers for air handling units manufactured by Reliable and
installed by Enviromatic Controls.

Replacement of two way chilled and three way hot water control valves and actuators.
Replacement of air handling unit end devices including sensors, transmitters freeze stats
and control transformers. Refer to drawings.

Reuse of smoke detectors in supply and exhaust ducts.

Installation of new outside airflow measurement devices.

Installation of VFD’s w/ bypass for air handling units and return/ exhaust fans.

Upgrade BAS front end graphics for new air handling systems.

New exhaust and outside air dampers with damper actuators.

Reuse VAV transformer distribution panels.

wmn

© XN O~

DEFINITIONS
DDC: Direct digital control.

1/0: Input/output.

SYSTEM PERFORMANCE
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.

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.

INSTRUMENTATION AND CONTROL FOR HVAC 230900 - 1



Air Handling Unit Replacement Project Technical Specifications

Tarrant Administration Building 100% Submittal
100 E. Weatherford Street Fort Worth, Texas April 3,2023
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

15

1.6

variables within tolerances as follows:

Water Temperature: Plus or minus 1 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 1 deg F.

Ducted Air Temperature: Plus or minus 1 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.

Airflow (Pressurized Spaces): Plus or minus 3 percent of full scale.
Airflow (Measuring Stations): Plus or minus 5 percent of full scale.
Air Pressure (Ducts): Plus or minus 0.1-inch wg.

Electrical: Plus or minus 5 percent of reading.

—FRT T SQ@me o0 T

SEQUENCE OF OPERATION

Refer to HVAC plans.

SUBMITTALS

Product Data: Include manufacturer's technical literature for each control device. Indicate
dimensions, capacities, performance characteristics, electrical characteristics, finishes for
materials, and installation and startup instructions for each type of product indicated.

1.

DDC System Hardware: Bill of materials of equipment indicating quantity,
manufacturer, and model number. Include technical data for operator workstation
equipment, interface equipment, control units, transducers/transmitters, sensors,
actuators, valves, relays/switches, control panels, and operator interface equipment.
Control System Software: Include technical data for operating system software, operator
interface, color graphics, and other third-party applications.

Controlled Systems:  Instrumentation list with element name, type of device,
manufacturer, model number, and product data. Include written description of sequence
of operation including schematic diagram.

Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field

connection.

1. Bill of materials of equipment indicating quantity, manufacturer, and model humber.
2. Schematic flow diagrams showing fans, coils, dampers, valves, and control devices.
3. Wiring Diagrams: Power, signal, and control wiring.

4. Details of control panel faces, including controls, instruments, and labeling.
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5. Written description of sequence of operation.
6. Schedule of dampers including size, leakage, and flow characteristics.
7. Schedule of valves including flow characteristics.
8. DDC System Hardware:

1.7

a. Wiring diagrams for control units with termination numbers.

b. Schematic diagrams and floor plans for field sensors and control hardware.

C. Schematic diagrams for control, communication, and power wiring, showing trunk
data conductors and wiring between operator workstation and control unit
locations.

9. Control System Software: List of color graphics indicating monitored systems, data

(connected and calculated) point addresses, output schedule, and operator notations.

10.  Controlled Systems:

a. Schematic diagrams of each controlled system with control points labeled and
control elements graphically shown, with wiring.

b. Scaled drawings showing mounting, routing, and wiring of elements including
bases and special construction.

C. Written description of sequence of operation including schematic diagram.

d. Points list.

Data Communications Protocol Certificates: Certify that each proposed DDC system
component complies with ASHRAE 135.

Data Communications Protocol Certificates:  Certify that each proposed DDC system
component complies with LonWorks.

Software and Firmware Operational Documentation: Include the following:

1. Software operating and upgrade manuals.

2. Program Software Backup: On a magnetic media or compact disc, complete with data
files.

3. Device address list.

4, Printout of software application and graphic screens.

5 Software license required by and installed for DDC workstations and control systems.

Software Upgrade Kit: For Owner to use in modifying software to suit future systems revisions
or monitoring and control revisions if available.

Qualification Data: For Installer and manufacturer.

QUALITY ASSURANCE

Installer Qualifications: Automatic control system manufacturer's authorized representative
who is trained and approved for installation of system components by Tarrant County.

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

Comply with ASHRAE 135 for DDC system components.
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1.8 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.
1.9 COORDINATION
A.  Coordinate location of thermostats, and other exposed control sensors with plans and room
details before installation.
B.  Coordinate equipment with clock systems to achieve compatibility with equipment that
interfaces with that system.
C.  Coordinate equipment with fire detection and alarm to achieve compatibility with equipment
that interfaces with that system.
D. Coordinate supply of conditioned electrical branch circuits for control units and operator
workstation.
1.10 ELECTRICAL SERVICE
A.  The HVAC Controls Contractor shall be responsible for the provision of line voltage electrical

power to each individual HVAC control component that requires it. The HVAC Controls
Contractor shall either self-perform this work using licensed electricians of their employ or
contract with the project’s electrical contractor to perform this work. In doing so, all electrical
specifications from the project manual apply. All work shall be performed and completed to
comply with and maintain all electrical warranties.

PART 2 - PRODUCTS

2.1

A

2.2

A

MANUFACTURERS

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.

CONTROL SYSTEM
Manufacturers:

1. Reliable installed by Enviromatic Systems.
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2.3

INSTRUMENTATION AND CONTROL FOR HVAC

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.

DDC EQUIPMENT

Retain one or both of first two subparagraphs and associated subparagraphs below.

1.

Application Software:

1/0O capability from operator station.

System security for each operator via software password and access levels.
Automatic system diagnostics; monitor system and report failures.
Database creation and support.

Automatic and manual database save and restore.

Dynamic color graphic displays with up to 20 screen displays at once.

@+rooo0ow

symbols.

Alarm processing, messages, and reactions.

Trend logs retrievable in spreadsheets and database programs.
Alarm and event processing.

Obiject and property status and control.

Automatic restart of field equipment on restoration of power.
Data collection, reports, and logs. Include standard reports for the following:
1)  Current values of all objects.

2)  Current alarm summary.

3)  Disabled objects.

4)  Alarm lockout objects.

5) Logs.

Custom report development.

Utility and weather reports.

Workstation application editors for controllers and schedules.
. Maintenance management.

tandard Application Programs:

3 —x Tz
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fine tuning, and trend logging.

b. HVAC Control Programs: Optimal run time, supply-air reset, and enthalpy

switchover.

C. Programming Application Features: Include trend point; alarm processing and
messaging; weekly, monthly, and annual scheduling; energy calculations; run-time

totalization; and security access.

d. Remote communications.
e. Maintenance management.
f. Units of Measure: Inch-pound and SI (metric).

Technical Specifications
100% Submittal
April 3, 2023

Custom graphics generation and graphics library of HVAC equipment and

Electric Control Programs: Demand limiting, duty cycling, automatic time
scheduling, start/stop time optimization, night setback/setup, on-off control with
differential sequencing, staggered start, antishort cycling, PID control, DDC with
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B. I/0 Interface: Hardwired inputs and outputs may tie into system through controllers. Protect

24

2.5

points so that shorting will cause no damage to controllers.

1. Binary Inputs: Allow monitoring of on-off signals without external power.

2. Pulse Accumulation Inputs: Accept up to 10 pulses per second.

3. Analog Inputs: Allow monitoring of low-voltage (0- to 10-V dc), current (4 to 20 mA),
or resistance signals.

4. Binary Outputs: Provide on-off or pulsed low-voltage signal, selectable for normally
open or normally closed operation with three-position (on-off-auto) override switches and
status lights.

5. Analog Outputs: Provide modulating signal, either low voltage (0- to 10-V dc) or current
(4 to 20 mA) with status lights, two-position (auto-manual) switch, and manually
adjustable potentiometer.

6. Tri-State Outputs: Provide two coordinated binary outputs for control of three-point,
floating-type electronic actuators.

7. Universal I/Os: Provide software selectable binary or analog outputs.

Power Supplies: Transformers with Class 2 current-limiting type or overcurrent protection;
limit connected loads to 80 percent of rated capacity. DC power supply shall match output
current and voltage requirements and be full-wave rectifier type with the following:

1. Output ripple of 5.0 mV maximum peak to peak.

2. Combined 1 percent line and load regulation with 100-mic.sec. response time for 50
percent load changes.

3. Built-in overvoltage and overcurrent protection and be able to withstand 150 percent
overload for at least 3 seconds without failure.

Power Line Filtering: Internal or external transient voltage and surge suppression for
workstations or controllers with the following:

1. Minimum dielectric strength of 1000 V.

2. Maximum response time of 10 nanoseconds.

3. Minimum transverse-mode noise attenuation of 65 dB.

4, Minimum common-mode noise attenuation of 150 dB at 40 to 100 Hz.
TIME CLOCKS

Solid-state, programmable time control with 8 separate programs each with up to 100 on-off
operations; 1-second resolution; lithium battery backup; keyboard interface and manual
override; individual on-off-auto switches for each program; 365-day calendar with 20
programmable holidays; choice of fail-safe operation for each program; system fault alarm; and
communications package allowing networking of time controls and programming from PC.

ELECTRONIC SENSORS

Description:  Vibration and corrosion resistant; for wall, immersion, or duct mounting as
required.

1. Accuracy: Plus or minus 0.5 deg F at calibration point.
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2. Wire: Twisted, shielded-pair cable.
3. Insertion Elements in Ducts: Single point, 8 inches long; use where not affected by
temperature stratification or where ducts are smaller than 9 sq. ft.
4. Averaging Elements in Ducts: As required 36 inches or 72 inches long, flexible; use
where prone to temperature stratification or where ducts are larger than 10 sqg. ft.
5. Insertion Elements for Liquids: Brass or stainless-steel socket with minimum insertion
length of 2-1/2 inches.
6. Room Sensor Cover Construction: Manufacturer's standard locking covers.
a. Set-Point Adjustment: Exposed.
b. Set-Point Indication: Exposed.
C. Thermometer: Concealed.
d. Color: Manufacturer's standard.
7. Outside-Air Sensors: Watertight inlet fitting, shielded from direct sunlight.
8. Room Security Sensors: Stainless-steel cover plate with insulated back and security

SCrews.

B. RTDs and Transmitters:

.

~

Accuracy: Plus or minus 0.2 percent at calibration point.

Wire: Twisted, shielded-pair cable.

Insertion Elements in Ducts: Single point, 8 inches long; use where not affected by
temperature stratification or where ducts are smaller than 9 sq. ft..

Averaging Elements in Ducts: 24 feet long, flexible; use where prone to temperature
stratification or where ducts are larger than 9 sq. ft.; length as required.

Insertion Elements for Liquids: Brass socket with minimum insertion length of 2-1/2
inches.

Room Sensor Cover Construction: Manufacturer's standard locking covers.

a. Set-Point Adjustment: Exposed.

b. Set-Point Indication: Exposed.

C. Thermometer: Concealed.

d. Color: Manufacturer's standard.

Outside-Air Sensors: Watertight inlet fitting, shielded from direct sunlight.

Room Security Sensors: Stainless-steel cover plate with insulated back and security
SCrews.

C.  Humidity Sensors: Bulk polymer sensor element.

A

Accuracy: 2 percent full range with linear output.

Room Sensor Range: 20 to 80 percent relative humidity.

Room Sensor Cover Construction: Manufacturer's standard locking covers.

a. Set-Point Adjustment: Exposed.

b. Set-Point Indication: Exposed.

C. Thermometer: Concealed.

d. Color: manufacturer's standard.

Duct Sensor: 20 to 80 percent relative humidity range with element guard and mounting
plate.

Outside-Air Sensor: 20 to 80 percent relative humidity range with mounting enclosure,
suitable for operation at outdoor temperatures of 32 to 120 deg FDuct and Sensors: With
element guard and mounting plate, range of 0 to 100 percent relative humidity.
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2.6

Pressure Transmitters/Transducers:

1. Static-Pressure Transmitter:  Nondirectional sensor with suitable range for expected
input, and temperature compensated.

a. Accuracy: 1 percent of full scale with repeatability of 0.5 percent.
b. Output: 4to 20 mA.

C. Building Static-Pressure Range: 0- to 0.25-inch wag.

d. Duct Static-Pressure Range: 0- to 5-inch wg.

2. Water Pressure Transducers: Stainless-steel diaphragm construction, suitable for service;
minimum 150-psig operating pressure; linear output 4 to 20 mA.

3. Water Differential-Pressure Transducers:  Stainless-steel diaphragm construction,
suitable for service; minimum 150-psig operating pressure and tested to 300-psig; linear
output 4 to 20 mA.

4, Differential-Pressure Switch (Air or Water): Snap acting, with pilot-duty rating and with
suitable scale range and differential.

5. Pressure Transmitters: Direct acting for gas, liquid, or steam service; range suitable for
system; linear output 4 to 20 mA.

Room sensor accessories include the following:

1. Insulating Bases: For sensors located on exterior walls.
2. Guards: Locking; heavy-duty, transparent plastic; mounted on separate base.
3. Adjusting Key: As required for calibration and cover screws.

STATUS SENSORS

Status Inputs for Fans: Differential-pressure switch with pilot-duty rating and with adjustable
range of 0- to 5-inch wg.

Status Inputs for Pumps: Differential-pressure switch with pilot-duty rating and with adjustable
pressure-differential range of 8 to 60 psig, piped across pump.

Status Inputs for Electric Motors: Comply with ISA 50.00.01, current-sensing fixed- or split-
core transformers with self-powered transmitter, adjustable and suitable for 175 percent of rated
motor current.

Voltage Transmitter (100- to 600-V ac): Comply with ISA 50.00.01, single-loop, self-powered
transmitter, adjustable, with suitable range and 1 percent full-scale accuracy.

Power Monitor: 3-phase type with disconnect/shorting switch assembly, listed voltage and
current transformers, with pulse kilowatt hour output and 4- to 20-mA kW output, with
maximum 2 percent error at 1.0 power factor and 2.5 percent error at 0.5 power factor.

Current Switches: Self-powered, solid-state with adjustable trip current, selected to match
current and system output requirements.

Electronic Valve/Damper Position Indicator: Visual scale indicating percent of travel and 2- to
10-V dc, feedback signal.
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H.  Water-Flow Switches: Bellows-actuated mercury or snap-acting type with pilot-duty rating,

2.7

2.8

stainless-steel or bronze paddle, with appropriate range and differential adjustment, in
NEMA 250, Type 1 enclosure.

FLOW MEASURING STATIONS

Duct Airflow Station: Combination of air straightener and multiport, self-averaging pitot tube
station.

1. Casing: Galvanized-steel frame.

2. Flow Straightener: Aluminum honeycomb, 3/4-inch parallel cell, 3 inches deep.

3. Sensing Manifold: Copper manifold with bullet-nosed static pressure sensors positioned
on equal area basis.

THERMOSTATS

Combination Thermostat and Fan Switches: Line-voltage thermostat with push-button or lever-
operated fan switch.

1. Label switches "FAN ON-OFF".
2. Mount on single electric switch box.

Fire-Protection Thermostats: Listed and labeled by an NRTL acceptable to authorities having
jurisdiction; with fixed or adjustable settings to operate at not less than 75 deg F above normal
maximum operating temperature, and the following:

1. Reset: Manual.

Immersion Thermostat: Remote-bulb or bimetal rod-and-tube type, proportioning action with
adjustable throttling range and adjustable set point.

Airstream Thermostats: Two-pipe, fully proportional, single-temperature type; with adjustable
set point in middle of range, adjustable throttling range, plug-in test fitting or permanent
pressure gage, remote bulb, bimetal rod and tube, or averaging element.

Electric, Low-Limit Duct Thermostat: Snap-acting, single-pole, single-throw, manual-reset
switch that trips if temperature sensed across any 12 inches of bulb length is equal to or below
set point.

1. Bulb Length: Minimum 20 feet.
2. Quantity: One thermostat for every 20 sq. ft. of coil surface.

Electric, High-Limit Duct Thermostat: Snap-acting, single-pole, single-throw, manual-reset
switch that trips if temperature sensed across any 12 inches of bulb length is equal to or above
set point.

1. Bulb Length: Minimum 20 feet.
2. Quantity: One thermostat for every 20 sq. ft. of coil surface.
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2.9 HUMIDISTATS

A.  Duct-Mounting Humidistats: Electric insertion, 2-position type with adjustable, 2 percent
throttling range, 20 to 80 percent operating range, and single- or double-pole contacts.

2.10 ACTUATORS

A.  Electric Motors: Size to operate with sufficient reserve power to provide smooth modulating
action or two-position action.

1.

Permanent Split-Capacitor or Shaded-Pole Type: Gear trains completely oil immersed
and sealed. Equip spring-return motors with integral spiral-spring mechanism in
housings designed for easy removal for service or adjustment of limit switches, auxiliary
switches, or feedback potentiometer.

Nonspring-Return Motors for VValves Larger Than NPS 2-1/2: Size for running torque of
150 in. x Ibf and breakaway torque of 300 in. x Ibf.

Spring-Return Motors for Valves Larger Than NPS 2-1/2: Size for running and
breakaway torque of 150 in. x Ibf.

Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft.: Size for running torque
of 150 in. x Ibf and breakaway torque of 300 in. x Ibf.

Spring-Return Motors for Dampers Larger Than 25 Sq. Ft.: Size for running and
breakaway torque of 150 in. x Ibf.

B.  Electronic Actuators: Direct-coupled type designed for minimum 60,000 full-stroke cycles at
rated torque.

1.

2.

o

oo

10.
11.

Manufacturers:

a. Belimo Aircontrols (USA), Inc.

Valves: Size for torque required for valve close off at maximum pump differential

pressure.

Dampers: Size for running torque calculated as follows:

Parallel-Blade Damper with Edge Seals: 7 inch-1b/sq. ft. of damper.

Opposed-Blade Damper with Edge Seals: 5 inch-Ib/sq. ft. of damper.

Parallel-Blade Damper without Edge Seals: 4 inch-lb/sq. ft of damper.

Opposed-Blade Damper without Edge Seals: 3 inch-lb/sq. ft. of damper.

Dampers with 2- to 3-Inch wg of Pressure Drop or Face Velocities of 1000 to 2500

fpm: Increase running torque by 1.5.

f. Dampers with 3- to 4-Inch wg of Pressure Drop or Face Velocities of 2500 to
3000 fpm: Increase running torque by 2.0.

Coupling: V-bolt and V-shaped, toothed cradle.

Overload Protection: Electronic overload or digital rotation-sensing circuitry.

Fail-Safe Operation: Mechanical, spring-return mechanism. Provide external, manual

gear release on nonspring-return actuators.

Power Requirements (Two-Position Spring Return): 24-V ac.

Power Requirements (Modulating): Maximum 10 VA at 24-V ac or 8 W at 24-V dc.

Proportional Signal: 2- to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position feedback

signal.

Temperature Rating: 40to 104 deg F.

Temperature Rating (Smoke Dampers): Minus 22 to plus 250 deg F.

o0 o
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12.  Run Time: 30 seconds;

2.11 CONTROL VALVES

A.  Control Valves: Factory fabricated, of type, body material, and pressure class based on
maximum pressure and temperature rating of piping system, unless otherwise indicated.

B.  Hydronic system globe valves shall have the following characteristics:

1.

2.

NPS 2 and Smaller: Class 125 bronze body, bronze trim, rising stem, renewable

composition disc, and screwed ends with backseating capacity repackable under pressure.

NPS 2-1/2 and Larger: Class 125 iron body, bronze trim, rising stem, plug-type disc,

flanged ends, and renewable seat and disc.

Internal Construction: Replaceable plugs and stainless-steel or brass seats.

a. Single-Seated Valves: Cage trim provides seating and guiding surfaces for plug on
top and bottom.

b. Double-Seated Valves: Balanced plug; cage trim provides seating and guiding
surfaces for plugs on top and bottom.

Sizing: 5-psig maximum pressure drop at design flow rate or the following:

a. Two Position: Line size.

b. Two-Way Modulating: Either the value specified above or twice the load pressure
drop, whichever is more.

C. Three-Way Modulating: Twice the load pressure drop, but not more than value
specified above.

Flow Characteristics: Two-way valves shall have equal percentage characteristics; three-

way valves shall have linear characteristics.

Close-Off (Differential) Pressure Rating: Combination of actuator and trim shall provide

minimum close-off pressure rating of 150 percent of total system (pump) head for two-

way valves and 100 percent of pressure differential across valve or 100 percent of total

system (pump) head.

C. Butterfly Valves: 200-psig maximum pressure differential, ASTM A 126 cast-iron or
ASTM A 536 ductile-iron body and bonnet, extended neck, stainless-steel stem, field-
replaceable EPDM or Buna N sleeve and stem seals.

1.
2.
3.

Body Style: Lug.
Disc Type: Stainless steel.
Sizing: 1-psig maximum pressure drop at design flow rate.

D.  Pressure Independent Characterized Control Valves: Brass body, brass trim, two ports,
replaceable plugs and seats, and union and threaded ends.

1.
2.
3.

Rating: 600 psi at 212 of operating conditions.
Sizing: 5-50 psi operating range to close against 200 psi.
Flow Characteristics: Two-way valves shall have equal percentage characteristics.
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2.12 DAMPERS

A.  Dampers: AMCA-rated, parallel or opposed-blade design; 0.108-inch- minimum thick,

2.13

galvanized-steel or 0.125-inch- minimum thick, extruded-aluminum frames with holes for duct
mounting; damper blades shall not be less than 0.064-inch- thick galvanized steel with
maximum blade width of 8 inches and length of 48 inches.

1.

wn

Secure blades to 1/2-inch- diameter, zinc-plated axles using zinc-plated hardware, with
oil-impregnated sintered bronze blade bearings, blade-linkage hardware of zinc-plated
steel and brass, ends sealed against spring-stainless-steel blade bearings, and thrust
bearings at each end of every blade.

Operating Temperature Range: From minus 40 to plus 200 deg F.

Edge Seals, Standard Pressure Applications: Closed-cell neoprene.

Edge Seals, Low-Leakage Applications: Use inflatable blade edging or replaceable
rubber blade seals and spring-loaded stainless-steel side seals, rated for leakage at less
than 10 cfm per sq. ft. of damper area, at differential pressure of 4-inch wg when damper
is held by torque of 50 in. x Ibf; when tested according to AMCA 500D.

AIRFLOW MEASUREMENT DEVICE

=

o

10.

11.

Basis of Design: EBTRON model GTx116e-PC.

Each AMD shall be suitable for installation in ducts and plenums; including air handling
equipment cabinets and outdoor air intakes to determine the airflow rate, velocity-
weighted temperature and humidity of the airstream. Humidity and enthalpy shall be
calculated using the velocity weighted temperature, humidity and on-board pressure
sensor.

Provide one to four gold anodized 6063 aluminum probes and one remote transmitter.
Probes shall have integral 304 stainless steel mounting brackets for insertion, internal or
standoff mounting.

Probe connector plug and receptacle pins shall be gold plated.

Each sensor node shall be individually wind-tunnel calibrated at 16 points to NIST
traceable airflow standards and have an accuracy of +2% of reading over the entire
operating range. Provide a copy of the NIST calibration report for the reference standard
used to calibrate the production tunnels used to calibrate individual sensor nodes.
Reference standards calibrated to third-party NIST traceable labs are not acceptable.
Devices claiming AMCA certification are not acceptable.

Provide up to 16 sensing nodes per measurement location as required for the opening size
and published sensor density tables to achieve an installed airflow accuracy of £+3% of
reading (£5% of reading on close coupled outdoor air intakes) between 0 and 5,000 fpm
[0 to 25.4 m/s] over a temperature range of -20 to 160 °F [-28.9 to 71.1 °C] and a
humidity range between 0 and 100% RH (non-condensing).

Provide the velocity weighted temperature of the airstream with an accuracy of +0.15 °F
[0.08 °C].

[optional: This product may be used for temperature measurement when the required
measurement location for temperature is satisfied by the measurement location of the
AMD.]

Provide humidity measurement (/H option) capable of determining the velocity-weighted
humidity, velocity-weighted enthalpy, or dewpoint of the airstream.  The humidity
sensor shall have the following accuracy at 77 °F [25.0 °C]:

+2% of reading between 20 and 80% RH.

INSTRUMENTATION AND CONTROL FOR HVAC 230900 - 12



Air Handling Unit Replacement Project Technical Specifications

Tarrant Administration Building 100% Submittal
100 E. Weatherford Street Fort Worth, Texas April 3,2023

12.  Better than +4% of reading at all other % RH at 77 °F.

13.  The humidity sensor shall have a temperature coefficient of 0.07% RH/ °F.

14.  Annual drift shall not exceed 0.5% RH/year.

15.  Provide low and high airflow alarms with a user defined setpoint and tolerance.

16. The airflow rate, temperature, humidity, enthalpy or dewpoint, airflow alarm and system
status alarm shall be visible on the transmitters display.

17.  Provide one of the following output transmitter models:

18. GTAl1l6e: Three isolated, field selectable (4-20mA, 0-5/0-10 VDC) analog output
signals.

19. GTC116e: Three isolated, field selectable (4-20mA, 0-5/0-10 VDC) analog output signals
and one isolated RS-485, field selectable (BACnet MS/TP or Modbus RTU) network
connection.

20. GTM116e: Three isolated, field selectable (4-20mA, 0-5/0-10 VDC) analog output
signals and one isolated Ethernet, field selectable (BACnet Ethernet, BACnet IP, Modbus
TCP or TCP/IP) network connection.

21. GTF116e: Three isolated, field selectable (4-20mA, 0-5/0-10 VDC) analog output signals
and one isolated Lonworks Free Topology network connection.

22. GTU1l6e: Three isolated, field selectable (4-20mA, 0-5/0-10 VDC) analog output
signals and one USB Flash Drive (Thumb drive) memory device for logging average and
individual airflow rates, temperatures, and psychrometric measurements at user specified
time intervals.

23.  Transmitters with analog output signals shall provide:

24.  One linear output signal for airflow.

25.  One linear output signal for velocity-weighted temperature or one binary signal for the
airflow alarm or system status alarm.

26.  One linear output signal for velocity-weighted humidity, velocity-weighted enthalpy, or
dewpoint when the /H option is provided.

27. Transmitters with network capability shall provide the airflow, velocity-weighted
temperature, velocity-weighted-humidity, velocity-weighted-enthalpy, dewpoint, airflow
alarm status, individual sensor node airflow and temperature data and device fault status.

28.  Transmitters shall be provided with a 16-character by two-line, backlit, alpha-numeric
LCD.

29. Provide a Bluetooth, low-energy interface and free Android® or iIOS® software that
allows real-time airflow, temperature and humidity monitoring and airflow and
temperature  traverses.  Software  shall  capture, save and/or  e-mail
airflow/temperature/humidity data, transmitter settings and diagnostics information.
[replace section with the following for installations that do now allow any radio devices:
Transmitters shall not be provided any radio transmitter or receiver.]

30. Each AMD shall be powered by 24 VAC (22.8 to 26.4 VAC under load) and have a

maximum power

PART 3 - EXECUTION

3.1 EXAMINATION

A.  Verify that conditioned power supply is available to control units and operator workstation.
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3.2 INSTALLATION
A. Install software in control units and operator workstation(s). Implement all features of
programs to specified requirements and as appropriate to sequence of operation.
B.  Connect and configure equipment and software to achieve sequence of operation specified.
C.  Verify location of thermostats, humidistats, and other exposed control sensors with Drawings
and room details before installation. Install devices 48 inches above the floor.
1. Install averaging elements in ducts and plenums in crossing or zigzag pattern.
D. Install automatic dampers according to Division 15 Section "Air Duct Accessories."
E. Install damper motors on outside of duct in warm areas, not in locations exposed to outdoor
temperatures.
F. Install labels and nameplates to identify control components according to Division 15 Section
"Mechanical Identification.”
G. Install hydronic instrument wells, valves, and other accessories according to Division 15
Section "Hydronic Piping."
H.  Install duct volume-control dampers according to Division 15 Sections specifying air ducts.
3.3 ELECTRICAL WIRING AND CONNECTION INSTALLATION
A. Install raceways, boxes, and cabinets according to "Raceway and Boxes for Electrical Systems."
B. Install building wire and cable according to "Low-Voltage Electrical Power Conductors and
Cables."
C. Install signal and communication cable:
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.
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E. Connect hand-off-auto selector switches to override automatic interlock controls when switch is

3.4

3.5

in hand position.

FIELD QUALITY CONTROL

Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect, test, and adjust field-assembled components and equipment installation, including
connections, and to assist in field testing. Report results in writing.

Perform the following field tests and inspections and prepare test reports:

1. Operational Test: After electrical circuitry has been energized, start units to confirm
proper unit operation. Remove and replace malfunctioning units and retest.

2. Test and adjust controls and safeties.

3. Test calibration of electronic controllers by disconnecting input sensors and stimulating
operation with compatible signal generator.

4, Test each point through its full operating range to verify that safety and operating control
set points are as required.

5. Test each control loop to verify stable mode of operation and compliance with sequence
of operation. Adjust PID actions.

6. Test each system for compliance with sequence of operation.

7. Test software and hardware interlocks.

DDC Verification:

1. Verify that instruments are installed before calibration, testing, and loop or leak checks.

2. Check instruments for proper location and accessibility.

3. Check instrument installation for direction of flow, elevation, orientation, insertion depth,
and other applicable considerations.

4, Check instrument tubing for proper fittings, slope, material, and support.

5. Check flow instruments. Inspect tag number and line and bore size, and verify that inlet
side is identified and that meters are installed correctly.

6. Check pressure instruments, piping slope, installation of valve manifold, and self-
contained pressure regulators.

7. Check temperature instruments and material and length of sensing elements.

8. Check control valves. Verify that they are in correct direction.

9. Check DDC system as follows:

a. Verify that DDC controller power supply is from emergency power supply, if
applicable.

b. Verify that wires at control panels are tagged with their service designation and
approved tagging system.

C. Verify that spare 1/0 capacity has been provided.

d. Verify that DDC controllers are protected from power supply surges.

Replace damaged or malfunctioning controls and equipment and repeat testing procedures.

ADJUSTING

Calibrating and Adjusting:
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1. Calibrate instruments.

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

3. 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.

4. 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.

C. Check digital inputs using jumper wire.

d. 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.

5. 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.
6. Pressure:
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.

7. 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.

8. 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.

9. 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.

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

11. Provide written description of procedures and equipment for calibrating each type of

instrument. Submit procedures review and approval before initiating startup procedures.

B.  Adjust initial temperature and humidity set points.

C.  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.

3.6 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain HVAC instrumentation and controls.

END OF SECTION 230900
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SECTION 232113 - HYDRONIC PIPING

PART 1 - GENERAL

11

1.2

13

14

A.

A

A

A

B.

RELATED DOCUMENTS

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

SUMMARY

This Section includes pipe and fitting materials, joining methods, special-duty valves, and
specialties for the following:

1. Hot-water heating piping.
2. Chilled-water piping.

PERFORMANCE REQUIREMENTS

Hydronic piping components and installation shall be capable of withstanding the following
minimum working pressure and temperature:

1. Hot-Water Heating Piping: 150 psig at 200 deg F.
2. Chilled-Water Piping: 150 psig at 200 deg F.

QUALITY ASSURANCE

Steel Support Welding: Qualify processes and operators according to AWS D1.1/D1.1M,
"Structural Welding Code - Steel."

Welding: Qualify processes and operators according to ASME Boiler and Pressure Vessel
Code: Section IX.

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

PART 2 - PRODUCTS

21

A

B.

COPPER TUBE AND FITTINGS
Drawn-Temper Copper Tubing: ASTM B 88, Type L ASTM B 88, Type M.

Annealed-Temper Copper Tubing: ASTM B 88, Type K.
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2.2

Wrought-Copper Fittings: ASME B16.22.

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

a. Anvil International, Inc.
b. S. P. Fittings; a division of Star Pipe Products.
C. Victaulic Company.

2. Grooved-End Copper Fittings: ASTM B 75, copper tube or ASTM B 584, bronze
casting.

3. Grooved-End-Tube Couplings: Rigid pattern, unless otherwise indicated; gasketed
fitting. Ductile-iron housing with keys matching pipe and fitting grooves, prelubricated
EPDM gasket rated for minimum 230 deg F for use with housing, and steel bolts and
nuts.

Wrought-Copper Unions: ASME B16.22.

STEEL PIPE AND FITTINGS

Steel Pipe: ASTM A 53/A 53M, black steel with plain ends; type, grade, and wall thickness as
indicated in Part 3 "Piping Applications" Article.

Cast-lron Threaded Fittings: ASME B16.4; Classes 125 and 250 as indicated in Part 3 "Piping
Applications™ Article.

Malleable-Iron Threaded Fittings: ASME B16.3, Classes 150 and 300 as indicated in Part 3
"Piping Applications" Article.

Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300 as indicated in Part 3
"Piping Applications" Article.

Cast-lron Pipe Flanges and Flanged Fittings: ASME B16.1, Classes 25, 125, and 250; raised
ground face, and bolt holes spot faced as indicated in Part 3 "Piping Applications™ Article.

Wrought-Steel Fittings: ASTM A 234, wall thickness to match adjoining pipe.

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

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

Grooved Mechanical-Joint Fittings and Couplings:

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

a. Anvil International, Inc.
b. National Fittings, Inc.
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2.3

24

C. Victaulic Company.

2. Joint Fittings: ASTM A 536, Grade 65-45-12 ductile iron; ASTM A 47, Grade 32510
malleable iron; ASTM A 53, Type F, E, or S, Grade B fabricated steel; or ASTM A 106,
Grade B steel fittings with grooves or shoulders constructed to accept grooved-end
couplings; with nuts, bolts, locking pin, locking toggle, or lugs to secure grooved pipe
and fittings.

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

JOINING MATERIALS

Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system
contents.

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless
thickness or specific material is indicated.
a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges.
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.

Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.

Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to
ASTM B 813.

Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials appropriate
for wall thickness and chemical analysis of steel pipe being welded.

Fiberglass Pipe Adhesive: As furnished or recommended by pipe manufacturer.

1. Fiberglass adhesive shall have a VOC content of 80 g/L or less when calculated
according to 40 CFR 59, Subpart D (EPA Method 24).

2. Adhesive shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

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

DIELECTRIC FITTINGS

General Requirements: Assembly of copper alloy and ferrous materials with separating
nonconductive insulating material. Include end connections compatible with pipes to be joined.

Dielectric Unions:
1. Manufacturers:  Subject to compliance with requirements, available manufacturers

offering products that may be incorporated into the Work include, but are not limited to,
the following:
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a Capitol Manufacturing Company.

b Hart Industries International, Inc.
C Jomar International Ltd.
d McDonald, A. Y. Mfg. Co.
e. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
f. Wilkins; a Zurn company.
Description:

a. Standard: ASSE 1079.

b. Pressure Rating: 125 psig minimum at 180 deg F.

C. End Connections: Solder-joint copper alloy and threaded ferrous.

C.  Dielectric Flanges:

1.

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

a. Capitol Manufacturing Company.

b. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

C. Wilkins; a Zurn company.

Description:

Standard: ASSE 1079.

Factory-fabricated, bolted, companion-flange assembly.

Pressure Rating: 125 psig minimum at 180 deg F.

End Connections: Solder-joint copper alloy and threaded ferrous; threaded solder-
joint copper alloy and threaded ferrous.

oooTw

D. Dielectric-Flange Insulating Kits:

1.

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

a. Advance Products & Systems, Inc.

b. Calpico, Inc.

C. Pipeline Seal and Insulator, Inc.

Description:

Nonconducting materials for field assembly of companion flanges.

Pressure Rating: 150 psig.

Gasket: Neoprene or phenolic.

Bolt Sleeves: Phenolic or polyethylene.

Washers: Phenolic with steel backing washers.

o0 oW

E. Dielectric Nipples:

1.

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

a. Grinnell Mechanical Products.

b. Precision Plumbing Products, Inc.

C. Victaulic Company.

Description:
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Standard: IAPMO PS 66

Electroplated steel nipple. complying with ASTM F 1545.
Pressure Rating: 300 psig at 225 deg F.

End Connections: Male threaded or grooved.

Lining: Inert and noncorrosive, propylene.

®PoooTe

2.5 VALVES

A.  Automatic Temperature-Control Valves, Actuators, and Sensors: Comply with requirements
specified in Division 23 Section "Instrumentation and Control for HVAC."

B. Bronze, Calibrated-Orifice, Balancing Valves:

1.

HBOo~NoOr~wWN

0.

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

a. Armstrong Pumps, Inc.

b. Bell & Gossett Domestic Pump; a division of ITT Industries.

C. Griswold Controls.

d. Taco.

Body: Bronze, ball or plug type with calibrated orifice or venturi.

Ball: Brass or stainless steel.

Plug: Resin.

Seat: PTFE.

End Connections: Threaded or socket.

Pressure Gage Connections: Integral seals for portable differential pressure meter.
Handle Style: Lever, with memory stop to retain set position.

CWP Rating: Minimum 125 psig.

Maximum Operating Temperature: 250 deg F.

C.  Cast-lron or Steel, Calibrated-Orifice, Balancing Valves:

1.

N

©ooN O AW

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

a. Armstrong Pumps, Inc.

b. Bell & Gossett Domestic Pump; a division of ITT Industries.

C. Griswold Controls.

d. Taco.

e. Tour & Andersson; available through Victaulic Company.

Body: Cast-iron or steel body, ball, plug, or globe pattern with calibrated orifice or
venturi.

Ball: Brass or stainless steel.

Stem Seals: EPDM O-rings.

Disc: Glass and carbon-filled PTFE.

Seat: PTFE.

End Connections: Flanged or grooved.

Pressure Gage Connections: Integral seals for portable differential pressure meter.
Handle Style: Lever, with memory stop to retain set position.
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10. CWP Rating: Minimum 125 psig.

2.6

11.

Maximum Operating Temperature: 250 deg F.

Automatic Flow-Control Valves:

1.

Noookrwn

o

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

a. Flow Design. Inc.

b. Griswold Controls.

Body: Brass or ferrous metal.

Piston and Spring Assembly: Stainless steel, tamper proof, self cleaning, and removable.
Combination Assemblies: Include bonze or brass-alloy ball valve.

Identification Tag: Marked with zone identification, valve number, and flow rate.

Size: Same as pipe in which installed.

Performance: Maintain constant flow, plus or minus 5 percent over system pressure
fluctuations.

Minimum CWP Rating: 175 psig.

Maximum Operating Temperature: 200 deg F.

AIR CONTROL DEVICES

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

el N

Amtrol, Inc.

Armstrong Pumps, Inc.

Bell & Gossett Domestic Pump; a division of ITT Industries.
Taco.

Manual Air Vents:

NookrwdbE

Body: Bronze.

Internal Parts: Nonferrous.

Operator: Screwdriver or thumbscrew.

Inlet Connection: NPS 1/2.

Discharge Connection: NPS 1/8.

CWP Rating: 150 psig.

Maximum Operating Temperature: 225 deg F.

Automatic Air Vents:

NookrwdE

Body: Bronze or cast iron.

Internal Parts: Nonferrous.

Operator: Noncorrosive metal float.

Inlet Connection: NPS 1/2.

Discharge Connection: NPS 1/4.

CWP Rating: 150 psig.

Maximum Operating Temperature: 240 deg F.

HYDRONIC PIPING 232113 -6



Air Handling Unit Replacement Project Technical Specifications

Tarrant Administration Building 100% Submittal
100 E. Weatherford Street Fort Worth, Texas April 3,2023
2.7 HYDRONIC PIPING SPECIALTIES
A. Y -Pattern Strainers:
1. Body: ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection.
2. End Connections: Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and
larger.
3. Strainer Screen: 40-mesh startup strainer, and perforated stainless-steel basket with 50
percent free area.
4. CWP Rating: 125 psig.
B. Stainless-Steel Bellow, Flexible Connectors:

1. Body: Stainless-steel bellows with woven, flexible, bronze, wire-reinforcing protective
jacket.

End Connections: Threaded or flanged to match equipment connected.

Performance: Capable of 3/4-inch misalignment.

CWP Rating: 150 psig.

Maximum Operating Temperature: 250 deg F.

arwn

PART 3 - EXECUTION

3.1

A

B.

C.

D.

E.

PIPING APPLICATIONS

Hot-water heating piping, aboveground, NPS 2 and smaller, shall be the following:

1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints.

Hot-water heating piping, aboveground, NPS 2-1/2 shall be any of the following:

1. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges
and flange fittings, and welded and flanged joints.

2. Schedule 40 steel pipe; grooved, mechanical joint coupling and fittings; and grooved,
mechanical joints.

Chilled-water piping, aboveground, NPS 2 and smaller, shall be the following:

1. Type L, drawn-temper copper tubing, wrought-copper fittings, and soldered joints.

Chilled-water piping, aboveground, NPS 2-1/2 and larger, shall be any of the following:

1. Schedule 40 steel pipe, wrought-steel fittings and wrought-cast or forged-steel flanges
and flange fittings, and welded and flanged joints.

2. Schedule 40 steel pipe; grooved, mechanical joint coupling and fittings; and grooved,

mechanical joints.

Air-Vent Piping:
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1. Inlet: Same as service where installed with metal-to-plastic transition fittings for plastic

piping systems according to the piping manufacturer's written instructions.
2. Outlet: Type K, annealed-temper copper tubing with soldered or flared joints.

3.2 VALVE APPLICATIONS

A. Install shutoff-duty valves at each branch connection to supply mains, and at supply connection
to each piece of equipment.

B. Install calibrated-orifice, balancing valves at each branch connection to return main.

C. Install calibrated-orifice, balancing valves in the return pipe of each heating or cooling terminal.

3.3 PIPING INSTALLATIONS

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

B. 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.

C. Install piping to permit valve servicing.

D. Install piping at indicated slopes.

E. Install piping free of sags and bends.

F. Install fittings for changes in direction and branch connections.

G. Install piping to allow application of insulation.

H.  Select system components with pressure rating equal to or greater than system operating
pressure.

I Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing
of valves.

J. Install drains, consisting of a tee fitting, NPS 3/4 ball valve, and short NPS 3/4 threaded nipple
with cap, at low points in piping system mains and elsewhere as required for system drainage.

K.  Reduce pipe sizes using eccentric reducer fitting installed with level side up.

L. Install branch connections to mains using tee fittings in main pipe, with the branch connected to
the bottom of the main pipe. For up-feed risers, connect the branch to the top of the main pipe.

M. Install valves according to Division 23 Section "General-Duty Valves for HVAC Piping."

HYDRONIC PIPING 232113 -8



Air Handling Unit Replacement Project Technical Specifications

Tarrant Administration Building 100% Submittal

100 E. Weatherford Street Fort Worth, Texas April 3,2023

N. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of
equipment, and elsewhere as indicated.

O. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere
as indicated.

P. Install strainers on inlet side of each control valve, pressure-reducing valve, solenoid valve, in-
line pump, and elsewhere as indicated. Install NPS 3/4 nipple and ball valve in blowdown
connection of strainers NPS 2 and larger. Match size of strainer blowoff connection for
strainers smaller than NPS 2. Pipe discharge to nearest floor drain.

Q. Identify piping as specified in Division 23 Section "ldentification for HVAC Piping and
Equipment."

3.4 HANGERS AND SUPPORTS

A.  Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and
Supports for HVAC Piping and Equipment.” Comply with the following requirements for
maximum spacing of supports.

B. Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.

2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or
longer.

3. Provide copper-clad hangers and supports for hangers and supports in direct contact with
copper pipe.

C. Install hangers for steel piping with the following maximum spacing and minimum rod sizes:

1. NPS 3/4: Maximum span, 7 feet; minimum rod size, 1/4 inch.

2. NPS 1: Maximum span, 7 feet; minimum rod size, 1/4 inch.

3. NPS 1-1/2: Maximum span, 9 feet; minimum rod size, 3/8 inch.
4. NPS 2: Maximum span, 10 feet; minimum rod size, 3/8 inch.

5. NPS 2-1/2: Maximum span, 11 feet; minimum rod size, 3/8 inch.
6. NPS 3: Maximum span, 12 feet; minimum rod size, 3/8 inch.

7. NPS 4: Maximum span, 14 feet; minimum rod size, 1/2 inch.

D. Install hangers for drawn-temper copper piping with the following maximum spacing and

minimum rod sizes:
1. NPS 3/4: Maximum span, 5 feet; minimum rod size, 1/4 inch.
2. NPS 1: Maximum span, 6 feet; minimum rod size, 1/4 inch.
3. NPS 1-1/2: Maximum span, 8 feet; minimum rod size, 3/8 inch.
4, NPS 2: Maximum span, 8 feet; minimum rod size, 3/8 inch.
5. NPS 2-1/2: Maximum span, 9 feet; minimum rod size, 3/8 inch.
6. NPS 3: Maximum span, 10 feet; minimum rod size, 3/8 inch.
E. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.
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3.5 PIPE 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.  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.

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

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

H.  Grooved Joints: Assemble joints with coupling and gasket, lubricant, and bolts. Cut or roll
grooves in ends of pipe based on pipe and coupling manufacturer's written instructions for pipe
wall thickness. Use grooved-end fittings and rigid, grooved-end-pipe couplings.

3.6 HYDRONIC SPECIALTIES INSTALLATION

A. Install manual air vents at high points in piping, at heat-transfer coils, and elsewhere as required
for system air venting.

B. Install automatic air vents at high points of system piping in mechanical equipment rooms only.
Manual vents at heat-transfer coils and elsewhere as required for air venting.

3.7 CHEMICAL TREATMENT

A.  Fill system with fresh water and add liquid alkaline compound with emulsifying agents and
detergents to remove grease and petroleum products from piping. Circulate solution for a
minimum of 24 hours, drain, clean strainer screens, and refill with fresh water.

B.  Add initial chemical treatment and maintain water quality in ranges noted above for the first

year of operation.
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3.8 FIELD QUALITY CONTROL

A.  Prepare hydronic piping according to ASME B31.9 and as follows:

1.
2.

3.

Leave joints, including welds, uninsulated and exposed for examination during test.
Provide temporary restraints for expansion joints that cannot sustain reactions due to test
pressure. If temporary restraints are impractical, isolate expansion joints from testing.
Flush hydronic piping systems with clean water; then remove and clean or replace
strainer screens.

Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall be
capable of sealing against test pressure without damage to valve. Install blinds in flanged
joints to isolate equipment.

Install safety valve, set at a pressure no more than one-third higher than test pressure, to
protect against damage by expanding liquid or other source of overpressure during test.

B.  Perform the following tests on hydronic piping:

1.

@

6.

Use ambient temperature water as a testing medium unless there is risk of damage due to
freezing. Another liquid that is safe for workers and compatible with piping may be
used.

While filling system, use vents installed at high points of system to release air. Use
drains installed at low points for complete draining of test liquid.

Isolate expansion tanks and determine that hydronic system is full of water.

Subject piping system to hydrostatic test pressure that is not less than 1.5 times the
system's working pressure. Test pressure shall not exceed maximum pressure for any
vessel, pump, valve, or other component in system under test. Verify that stress due to
pressure at bottom of vertical runs does not exceed 90 percent of specified minimum
yield strength or 1.7 times "SE" value in Appendix A in ASME B31.9, "Building
Services Piping."”

After 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, and repeat hydrostatic test until there are no leaks.

Prepare written report of testing.

C.  Perform the following before operating the system:

Eall N

oo

Open manual valves fully.

Inspect pumps for proper rotation.

Set makeup pressure-reducing valves for required system pressure.

Inspect air vents at high points of system and determine if all are installed and operating
freely (automatic type), or bleed air completely (manual type).

Set temperature controls so all coils are calling for full flow.

Inspect and set operating temperatures of hydronic equipment, such as boilers, chillers,
cooling towers, to specified values.

Verify lubrication of motors and bearings.

END OF SECTION 232113
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SECTION 232923 - VARIABLE-FREQUENCY DRIVES

PART 1 - GENERAL

11

1.2

1.3

A.
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RELATED DOCUMENTS

Technical Specifications
100% Submittal
April 3, 2023

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

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

SUMMARY

Section includes separately enclosed, pre-assembled, combination VFDs, rated 600 V and less,

for speed control of three-phase, squirrel-cage induction motors.

DEFINITIONS

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.

VARIABLE-FREQUENCY DRIVES
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Q. VFD: Variable-frequency drive.

14 SUBMITTALS

A.  Product Data: For each type and rating of VFD indicated. Include features, performance,
electrical ratings, operating characteristics, shipping and operating weights, and furnished
specialties and accessories.

B.  Shop Drawings: For each VFD 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:

Each installed unit's type and details.

Factory-installed devices.

Enclosure types and details.

Nameplate legends.

Short-circuit current (withstand) rating of enclosed unit.

Features, characteristics, ratings, and factory settings of each VFD and installed

devices.

g. Specified modifications.

hD OO0 o

2. Schematic and Connection Wiring Diagrams: For power, signal, and control wiring.
C.  Qualification Data: For qualified testing agency.
D. Product Certificates: For each VFD, from manufacturer.
E.  Source quality-control reports.
F. Field quality-control reports.

G.  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.

H.  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
protection suit actual motors to be protected.

15 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.
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1.6 DELIVERY, STORAGE, AND HANDLING

A.  Store in a space that is clean and dry. Protect units from dirt, water, debris, and traffic.

1.7 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 minus 4 deg F and not exceeding 140 deg F
3. Humidity: Less than 95 percent (noncondensing).

4. Altitude: Not exceeding 3300 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 Architect or Engineer 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 written permission.

4. Comply with NFPA 70E.

C.  Product Selection for Restricted Space: Drawings indicate maximum dimensions for VFDs,
including clearances between VFDs, and adjacent surfaces and other items.

1.8 COORDINATION

A. Coordinate features of motors, load characteristics, installed units, and accessory devices to be

compatible with the following:

1. Torque, speed, and horsepower requirements of the load.

2. Ratings and characteristics of supply circuit and required control sequence.
3. Ambient and environmental conditions of installation location.

B.  Coordinate sizes and locations of concrete bases with actual equipment provided. Cast anchor-
bolt inserts into bases.

C.  Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with
actual equipment provided.

1.9 WARRANTY
A.  Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or

replace VFDs that fail in materials or workmanship within specified warranty period.

1. Warranty Period: Two years from date of Substantial Completion for “standard” VFDs..
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1.10 EXTRA MATERIALS

A

Furnish extra materials described below that match products installed and that are packaged
with protective covering for storage and identified with labels describing contents.

1. Power Fuses: Equal to 10 percent of quantity installed for each size and type, but no
fewer than three of each size and type.

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 for each size and type of magnetic controller
installed.

5. Power Contacts: Furnish three spares for each size and type of magnetic contactor
installed.

PART 2 - PRODUCTS

2.1

A

B.

C.

D.

E.

“STANDARD” VARIABLE FREQUENCY DRIVES

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

1. Danfoss Inc. Model VLT
2. Yaskawa Electric America, Inc. Model E7

General Requirements for VFDs: Comply with NEMA ICS 7, NEMA ICS 61800-2, and
UL 508C.

Application: Constant torque and variable torque.

VFD 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 NEMA MG 1, Design A and Design B motors as defined
by NEMA MG 1, Section IV, Part 30, "Application Considerations for Constant Speed
Motors Used on a Sinusoidal Bus with Harmonic Content and General Purpose Motors
Used with Adjustable-Voltage or Adjustable-Frequency Controls or Both."

2. Units suitable for operation of inverter-duty motors as defined by NEMA MG 1,
Section IV, Part 31, "Definite-Purpose Inverter-Fed Polyphase Motors."

3. Listed and labeled for integrated short-circuit current (withstand) rating by an NRTL
acceptable to authorities having jurisdiction.

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.
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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:

arwbdE

~No

9

10.
11.
12.
13.

14.
15.

Input AC Voltage Tolerance: Plus 10 and minus 10 percent of VFD input voltage rating.
Input AC Voltage Unbalance: Not exceeding 3 percent.

Input Frequency Tolerance: Plus or minus 3 percent of VFD frequency rating.

Minimum Efficiency: 98 percent at 60 Hz, full load.

Minimum Displacement Primary-Side Power Factor: 98 percent under any load or speed
condition.

Minimum Short-Circuit Current (Withstand) Rating: 100 kKA.

Ambient Temperature Rating: Not less than 14 deg F and not exceeding 104 deg F.
Ambient Storage Temperature Rating: Not less than minus 4 deg Fand not exceeding
140 deg.

Humidity Rating: Less than 95 percent (noncondensing).

Altitude Rating: Not exceeding 3300 feet.

Overload Capability: 1.1 times the base load current for 60 seconds; minimum of 1.8
times the base load current for instantaneously.

Starting Torque: Minimum 100 percent of rated torque from 3 to 60 Hz.

Speed Regulation: Plus or minus 5 percent.

Output Carrier Frequency: Selectable; at or above 5 kHz without derating.

Stop Modes: Programmable; includes fast, free-wheel, and dc injection braking.

H.  Inverter Logic: Microprocessor based, 32 bit, isolated from all power circuits.

l. Isolated Control Interface: Allows VFDs to follow remote-control signal over a minimum 40:1
speed range.

1.

Signal: Electrical.

J. Internal Adjustability Capabilities:

agrwbdE

Minimum Speed: 5 to 25 percent of maximum rpm.

Maximum Speed: 80 to 100 percent of maximum rpm.
Acceleration: 0 - 1000 seconds.

Deceleration: 0 — 1000 seconds.

Current Limit: 30 to minimum of 150 percent of maximum rating.

K.  Self-Protection and Reliability Features:

1.

w

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.
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2.2

5. VFD and Motor Overload/Overtemperature Protection: Microprocessor-based thermal
protection system for monitoring VFD and motor thermal characteristics, and for
providing VFD 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.

0.  Short-circuit protection.

1. Motor overtemperature fault.

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.

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 VFD 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 1, thermal-magnetic circuit
breaker with pad-lockable, door-mounted handle mechanism.

1. Disconnect Rating: Not less than 115 percent of NFPA 70 motor full-load current rating
or VFD input current rating, whichever is larger.
2. Auxiliary contacts "a" and "b" arranged to activate with circuit-breaker handle.

CONTROLS AND INDICATION
Status Lights: Door-mounted LED indicators displaying the following conditions:

Power on.
Run.
Overvoltage.
Line fault.
Overcurrent.
External fault.

ocouprwhE
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B.  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.

Historical Logging Information and Displays:

el NS

Real-time clock with current time and date.

Running log of total power versus time.

Total run time.

Fault log, maintaining last ten faults with time and date stamp for each.

Indicating Devices: Digital display and additional readout devices as required, mounted flush in
VFD door and connected to display VFD parameters including, but not limited to:

BoOoo~NooOR~wNE

0.

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).

Motor output voltage (V ac).

Control Signal Interfaces:

1.

Electric Input Signal Interface:

a. A minimum of two programmable analog inputs: 0- to 10-V dc or 4- to 20-mA dc.
Operator-selectable.

b. A minimum of six multifunction programmable digital inputs.

Remote Signal Inputs: Capability to accept any of the following speed-setting input

signals from the BAS or other control systems:

a. 0- to 10-V dc.

b. 4- to 20-mA dc.

C. Potentiometer using up/down digital inputs.

d. Fixed frequencies using digital inputs.

Output Signal Interface: A minimum of one programmable analog output signal. 0- to
10-V dc or 4- to 20-mA dc operator-selectable, 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).

hD0 OO0 oTE
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2.3

24

4. Remote Indication Interface: A minimum of two programmable dry-circuit relay outputs
(120-V ac, 1 A) for remote indication of the following:
a. Motor running.
b. Set point speed reached.
C. Fault and warning indication (overtemperature or overcurrent).
d. PID high- or low-speed limits reached.

PID Control Interface: Provides closed-loop set point, differential feedback control in response
to dual feedback signals. Allows for closed-loop control of fans and pumps for pressure, flow,
or temperature regulation.

1. Number of Loops: Two.

BAS Interface: Factory-installed hardware and software to enable the BAS to monitor, control,
and display VFD status and alarms and energy usage. Allows VFD to be used with an external
system within a multidrop LAN configuration; settings retained within VFD's nonvolatile
memory.

1. Network Communications Ports: Ethernet and RS-422/485.
2. Embedded BAS Protocols for Network Communications for communication with project
specific BAS; protocols accessible via the communications ports.

LINE CONDITIONING AND FILTERING

Input Line Conditioning: provide input filtering, as required, to limit TDD at input terminals of
all VFDs to less than 8 percent and THD(V) to 5 percent.

EMI/RFI Filtering: CE marked; certify compliance with IEC 61800-3

BYPASS SYSTEMS

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:  Three-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 input and output and permit safe testing and troubleshooting of the power
converter, both energized and de-energized, while motor is operating in bypass mode.

1. Bypass Contactor: Load-break, NEMA-rated contactor.

2. Input and Output Isolating Contactors: Non-load-break, IEC NEMA-rated contactors.

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,
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2.5

2.6

while motor is operating in bypass mode; pad-lockable, door-mounted handle
mechanism.

Bypass Contactor Configuration: Reduced-voltage (autotransformer) type.

.

NORMAL/BYPASS selector switch.

HAND/OFF/AUTO selector switch.

NORMAL/TEST Selector Switch: Allows testing and adjusting of VFC while the motor

is running in the bypass mode.

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.

Control Circuits: 120 -V ac; obtained from integral CPT, with primary fuses, with CPT

of sufficient capacity to operate all integral devices and remotely located pilot, indicating,

and control devices.

a. CPT Spare Capacity: 100 VA.

Overload Relays: NEMA ICS 2.

a. Melting-Alloy Overload Relays:

1) Inverse-time-current characteristic.

2)  Class 10 tripping characteristic.

3) Heaters in each phase matched to nameplate full-load current of actual
protected motor and with appropriate adjustment for duty cycle.

b. NC isolated overload alarm contact.

C. External overload reset push button.

ENCLOSURES

VFC Enclosures: NEMA 250, to comply with environmental conditions at installed location.

1.

Dry and Clean Indoor Locations: Type 1.

SOURCE QUALITY CONTROL

Testing: Test and inspect VFDs according to requirements in NEMA ICS 61800-2.

1.

2.

Test each VFC while connected to a motor that is comparable to that for which the VFD
is rated.

Verification of Performance: Rate VFDs according to operation of functions and features
specified.
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PART 3 - EXECUTION

3.1

A.

3.2

3.3

EXAMINATION

Examine areas, surfaces, and substrates to receive VFDs, with Installer present, for compliance
with requirements for installation tolerances

Examine roughing-in for conduit systems to verify actual locations of conduit connections
before VFD installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Coordinate layout and installation of VFDs with other construction including conduit, piping,
equipment, and adjacent surfaces. Maintain required workspace clearances and required
clearances for equipment access doors and panels.

Wall-Mounting Controllers: Install VFDs 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-steel channels
bolted to wall. For controllers not on walls, provide freestanding racks complying with
Division 26 Section "Hangers and Supports for Electrical Systems."

Install fuses in each fusible-switch VFD.

Install fuses in control circuits if not factory installed. Comply with requirements in
Division 16 Section "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 NECA 1.

IDENTIFICATION

Identify VFDs, components, and control wiring. Comply with requirements for identification
specified in Division 15 Section "Mechanical Identification."

1. Identify field-installed conductors, interconnecting wiring, and components; provide
warning signs.

2. Label each VFD with engraved nameplate.

3. Label each enclosure-mounted control and pilot device.

VARIABLE-FREQUENCY DRIVES 232923 - 10



Air Handling Unit Replacement Project Technical Specifications

Tarrant Administration Building 100% Submittal
100 E. Weatherford Street Fort Worth, Texas April 3,2023
B.  Operating Instructions: Frame printed operating instructions for VFDs, including control

3.4

3.5

sequences and emergency procedures. Fabricate frame of finished metal, and cover instructions
with clear acrylic plastic. Mount on front of VFD units.

CONTROL WIRING INSTALLATION

Install wiring between VFDs and remote devices and facility's central-control system.

Bundle, train, and support wiring in enclosures.

Connect selector switches and other automatic control devices where applicable.

1.

2.

Connect selector switches to bypass only those manual- and automatic control devices
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.

FIELD QUALITY CONTROL

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

Perform tests and inspections.

1.

Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect components, assemblies, and equipment installations, including connections, and
to assist in testing.

Tests and Inspections:

=

Inspect VFD, wiring, components, connections, and equipment installation.

Test insulation resistance for each VFD element, component, connecting motor supply,
feeder, and control circuits.

Test continuity of each circuit.

Verify that voltages at VFD locations are within 10 percent of motor nameplate rated
voltages. If outside this range for any motor, notify Engineer before starting the
motor(s).

Test each motor for proper phase rotation.

Correct malfunctioning units on-site, where possible, and retest to demonstrate
compliance; otherwise, replace with new units and retest.

Test and adjust controls, remote monitoring, and safeties. Replace damaged and
malfunctioning controls and equipment.

VFDs will be considered defective if they do not pass tests and inspections.
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E. Prepare test and inspection reports, including a certified report that identifies the VFD. Include

3.6

3.7

3.8

notation of deficiencies detected, remedial action taken, and observations made after remedial
action.

STARTUP SERVICE
Engage a factory-authorized service representative to perform startup service.

1. Complete installation and startup checks according to manufacturer's written instructions.

ADJUSTING

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.

Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay
pickup and trip ranges.

Adjust the trip settings of MCPs and thermal-magnetic circuit breakers with adjustable,
instantaneous trip elements. Initially adjust to six times the motor nameplate full-load amperes
and attempt to start motors several times, allowing for motor cool-down between starts. If
tripping occurs on motor inrush, adjust settings in increments until motors start without tripping.
Do not exceed eight times the motor full-load amperes (or 11 times for NEMA Premium
Efficient motors if required). Where these maximum settings do not allow starting of a motor,
notify Engineer before increasing settings.

Set the taps on reduced-voltage autotransformer controllers.

Set field-adjustable circuit-breaker trip ranges as specified in Division 16 Section "Overcurrent
Protective Device Coordination Study."

Set field-adjustable pressure switches.

PROTECTION

Replace VFDs whose interiors have been exposed to water or other liquids prior to Substantial
Completion.

END OF SECTION 232923
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SECTION 233113 - METAL DUCTS

PART 1 - GENERAL

11

A.

1.2

1.3

14

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Single-wall rectangular ducts and fittings.
Sheet metal materials.

Sealants and gaskets.

Hangers and supports.

el NS>

Related Sections:

1. Section 230593 "Testing, Adjusting, and Balancing for HYAC" for testing, adjusting, and
balancing requirements for metal ducts.

PERFORMANCE REQUIREMENTS

Duct construction, including sheet metal thicknesses, seam and joint construction,
reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible" and performance requirements and design criteria
indicated in "Duct Schedule" Article.

Airstream Surfaces: Surfaces in contact with the airstream shall comply with requirements in
ASHRAE 62.1.

ACTION SUBMITTALS
Product Data: For each type of the following products:

1. Liners and adhesives.
2. Sealants and gaskets.

Shop Drawings:

1. Fabrication, assembly, and installation, including plans, elevations, sections, components,
and attachments to other work. Scale: 1/4" =1'-0".

2. Factory- and shop-fabricated ducts and fittings.

3. Duct layout indicating sizes, configuration, liner material, and static-pressure classes.

4. Elevation of top of ducts.
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15

A

B.

Dimensions of main duct runs from building grid lines.

Fittings.

Reinforcement and spacing.

Seam and joint construction.

Penetrations through fire-rated and other partitions.

Equipment installation based on equipment being used on Project.

Locations for duct accessories, including dampers, turning vanes, and access doors and
panels.

12.  Hangers and supports, including methods for duct and building attachment and vibration
isolation.

RB©oNo O
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QUALITY ASSURANCE

ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and
Equipment" and Section 7 - "Construction and System Start-up."

ASHRAE/IESNA Compliance: Applicable requirements in  ASHRAE/IESNA 90.1,
Section 6.4.4 - "HVAC System Construction and Insulation."

PART 2 - PRODUCTS

2.1

A

B.

C.

D.

SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS

General Fabrication Requirements: Comply with the latest edition of SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible™ based on indicated static-pressure class unless
otherwise indicated.

Transverse Joints: Select joint types and fabricate according to the latest edition of SMACNA's
"HVAC Duct Construction Standards - Metal and Flexible,” Figure 2-1, "Rectangular
Duct/Transverse Joints," for static-pressure class, applicable sealing requirements, materials
involved, duct-support intervals, and other provisions in the latest edition of SMACNA's
"HVAC Duct Construction Standards - Metal and Flexible."

Longitudinal Seams: Select seam types and fabricate according to the latest edition of
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-2,
"Rectangular Duct/Longitudinal Seams," for static-pressure class, applicable sealing
requirements, materials involved, duct-support intervals, and other provisions in the latest
edition of SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select types
and fabricate according to the latest edition of SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible,” Chapter 4, "Fittings and Other Construction,”" for static-
pressure class, applicable sealing requirements, materials involved, duct-support intervals, and
other provisions in the latest edition of SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."
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2.2 SHEET METAL MATERIALS
A.  General Material Requirements: Comply with the latest edition of SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and
duct construction methods unless otherwise indicated. Sheet metal materials shall be free of
pitting, seam marks, roller marks, stains, discolorations, and other imperfections.
B.  Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.
1. Galvanized Coating Designation: G90.
2. Finishes for Surfaces Exposed to View: Mill phosphatized.
C.  Carbon-Steel Sheets: Comply with ASTM A 1008, with oiled, matte finish for exposed ducts.
D.  Stainless-Steel Sheets: Comply with ASTM A 480/A 480M, Type 304 or 316, as indicated in
the "Duct Schedule" Article; cold rolled, annealed, sheet. Exposed surface finish shall be
No. 2B, No. 2D, No. 3, or No. 4 as indicated in the "Duct Schedule™ Article.
E.  Aluminum Sheets: Comply with ASTM B 209 Alloy 3003, H14 temper; with mill finish for
concealed ducts, and standard, one-side bright finish for duct surfaces exposed to view.
F. Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars; black and
galvanized.
1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum
ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.
G. Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.
2.3 SEALANT AND GASKETS
A.  General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and
gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index
of 50 when tested according to UL 723; certified by an NRTL.
B.  Two-Part Tape Sealing System:

1. Tape:  Woven cotton fiber impregnated with mineral gypsum and modified
acrylic/silicone activator to react exothermically with tape to form hard, durable, airtight
seal.

Tape Width: 4 inches.

Sealant: Modified styrene acrylic.

Water resistant.

Mold and mildew resistant.

Maximum Static-Pressure Class: 10-inch wg, positive and negative.

Service: Indoor and outdoor.

Service Temperature: Minus 40 to plus 200 deg F.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
steel, or aluminum.

©CoNoO~wWN
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10. For indoor applications, sealant shall have a VOC content of 250 g/L or less when

11.

calculated according to 40 CFR 59, Subpart D (EPA Method 24).

Sealant shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

C. Water-Based Joint and Seam Sealant:

©CoNO~wWNE

Application Method: Brush on.

Solids Content: Minimum 65 percent.

Shore A Hardness: Minimum 20.

Water resistant.

Mold and mildew resistant.

VOC: Maximum 75 g/L (less water).

Maximum Static-Pressure Class: 10-inch wg, positive and negative.

Service: Indoor or outdoor.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
steel, or aluminum sheets.

D. Solvent-Based Joint and Seam Sealant:

NG~ E

9.

10.

11.
12.
13.

Application Method: Brush on.

Base: Synthetic rubber resin.

Solvent: Toluene and heptane.

Solids Content: Minimum 60 percent.

Shore A Hardness: Minimum 60.

Water resistant.

Mold and mildew resistant.

For indoor applications, sealant shall have a VOC content of 250 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

VOC: Maximum 395 g/L.

Sealant shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."
Maximum Static-Pressure Class: 10-inch wg, positive or negative.

Service: Indoor or outdoor.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
steel, or aluminum sheets.

E. Flanged Joint Sealant: Comply with ASTM C 920.

ocouprLNOE

General: Single-component, acid-curing, silicone, elastomeric.

Type: S.

Grade: NS.

Class: 25.

Use: O.

For indoor applications, sealant shall have a VOC content of 250 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
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7. Sealant shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."
F. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
G.  Round Duct Joint O-Ring Seals:
1. Seal shall provide maximum 3 c¢fm/100 sq. ft. at 1-inch wg and shall be rated for 10-inch
wg static-pressure class, positive or negative.
2. EPDM O-ring to seal in concave bead in coupling or fitting spigot.

3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings
and fitting spigots.

2.4 HANGERS AND SUPPORTS
A.  Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.
B.  Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible,” Table 5-1, "Rectangular Duct Hangers Minimum Size,” and Table 5-2,
"Minimum Hanger Sizes for Round Duct."

C.  Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with ASTM A 603.

D. Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel, and
bolts designed for duct hanger service; with an automatic-locking and clamping device.

E. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible
with duct materials.

F. Trapeze and Riser Supports:

1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.

PART 3 - EXECUTION

3.1 DUCT INSTALLATION

A.  Drawing plans, schematics, and diagrams indicate general location and arrangement of duct
system. Indicated duct locations, configurations, and arrangements were used to size ducts and
calculate friction loss for air-handling equipment sizing and for other design considerations.
Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and
Coordination Drawings.

B. Install ducts according to the latest edition of SMACNA's "HVAC Duct Construction Standards
- Metal and Flexible" unless otherwise indicated.

C. Install ducts with fewest possible joints.
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D. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for
branch connections.
E. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and
perpendicular to building lines.
F. Install ducts close to walls, overhead construction, columns, and other structural and permanent
enclosure elements of building.
G. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.
3.2 INSTALLATION OF EXPOSED DUCTWORK
A.  Protect ducts exposed in finished spaces from being dented, scratched, or damaged.
B.  Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not use
two-part tape sealing system.
C.  Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings,
hangers and supports, duct accessories, and air outlets.
D. Repair or replace damaged sections and finished work that does not comply with these
requirements.
3.3 DUCT SEALING
A.  Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct
Schedule" Article according to the latest edition of SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible."
B.  Seal ducts to the following seal classes according to the latest edition of SMACNA's "HVAC

Duct Construction Standards - Metal and Flexible™:

1. Comply with the latest edition of SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

2. Outdoor, Supply-Air Ducts: Seal Class A.

3. Outdoor, Exhaust Ducts: Seal Class C.

4. Outdoor, Return-Air Ducts: Seal Class C.

5. Unconditioned Space, Supply-Air Ducts in Pressure Classes 1-1/2-Inch wg and Lower:
Seal Class B.

6. Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 1- 1/2-Inch wg:
Seal Class A.

7. Unconditioned Space, Exhaust Ducts: Seal Class C.

8. Unconditioned Space, Return-Air Ducts: Seal Class B.

9. Conditioned Space, Supply-Air Ducts in Pressure Classes 1-1/2-Inch wg and Lower:
Seal Class C.

10. Conditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 1-1/2-Inch wg:
Seal Class B.

11.  Conditioned Space, Exhaust Ducts: Seal Class B.

METAL DUCTS 233113 -6



Air Handling Unit Replacement Project Technical Specifications
Tarrant Administration Building 100% Submittal
100 E. Weatherford Street Fort Worth, Texas April 3,2023

3.4

3.5

3.6

12.  Conditioned Space, Return-Air Ducts: Seal Class C.

HANGER AND SUPPORT INSTALLATION

Comply with the latest edition of SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Chapter 5, "Hangers and Supports."

Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel fasteners
appropriate for construction materials to which hangers are being attached.

1. Where practical, install concrete inserts before placing concrete.

2. Install powder-actuated concrete fasteners after concrete is placed and completely cured.

3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for
slabs more than 4 inches thick.

4. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for
slabs less than 4 inches thick.

5. Do not use powder-actuated concrete fasteners for seismic restraints.

Hanger Spacing: Comply with the latest edition of SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and
Table 5-2, "Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install
hangers and supports within 24 inches of each elbow and within 48 inches of each branch
intersection.

Hangers Exposed to View: Threaded rod and angle or channel supports.

Support vertical ducts with steel angles or channel secured to the sides of the duct with welds,

bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16
feet.

Install upper attachments to structures. Select and size upper attachments with pull-out, tension,
and shear capacities appropriate for supported loads and building materials where used.

CONNECTIONS

Make connections to equipment with flexible connectors complying with Section 233300 "Air
Duct Accessories."

Comply with the latest edition of SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible" for branch, outlet and inlet, and terminal unit connections.

FIELD QUALITY CONTROL
Perform tests and inspections.
Leakage Tests:

1. Comply with the latest edition of SMACNA's "HVAC Air Duct Leakage Test Manual."
Submit a test report for each test.
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2. Test the following systems:

3.7

o

a. Supply Ducts with a Pressure Class of 2-Inch wg or Higher: Test representative
duct sections totaling no less than 95 percent of total installed duct area for each
designated pressure class.

b. Return Ducts with a Pressure Class of 2-Inch wg or Higher: Test representative
duct sections totaling no less than 95 percent of total installed duct area for each
designated pressure class.

C. Exhaust Ducts with a Pressure Class of 3-Inch wg or Higher: Test representative
duct sections totaling no less than 95 percent of total installed duct area for each
designated pressure class.

d. Outdoor Air Ducts with a Pressure Class of 2-Inch wg or Higher: Test
representative duct sections totaling no less than 95 percent of total installed duct
area for each designated pressure class.

Disassemble, reassemble, and seal segments of systems to accommodate leakage testing

and for compliance with test requirements.

Test for leaks before applying external insulation.

Conduct tests at static pressures equal to maximum design pressure of system or section

being tested. If static-pressure classes are not indicated, test system at maximum system

design pressure. Do not pressurize systems above maximum design operating pressure.

Give five days' advance notice for testing.

DUCT CLEANING

Clean new duct system(s) before testing, adjusting, and balancing.

Use service openings for entry and inspection.

1.

2.
3.

Create new openings and install access panels appropriate for duct static-pressure class if
required for cleaning access. Provide insulated panels for insulated or lined duct. Patch
insulation and liner as recommended by duct liner manufacturer. Comply with
Section 233300 "Air Duct Accessories" for access panels and doors.

Disconnect and reconnect flexible ducts as needed for cleaning and inspection.

Remove and reinstall ceiling to gain access during the cleaning process.

Particulate Collection and Odor Control:

1.

2.

When venting vacuuming system inside the building, use HEPA filtration with 99.97
percent collection efficiency for 0.3-micron-size (or larger) particles.

When venting vacuuming system to outdoors, use filter to collect debris removed from
HVAC system, and locate exhaust downwind and away from air intakes and other points
of entry into building.

Clean the following components by removing surface contaminants and deposits:

=

Air outlets and inlets (registers, grilles, and diffusers).

Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply
and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive
assemblies.
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3. Air-handling unit internal surfaces and components including mixing box, coil section,
air wash systems, spray eliminators, condensate drain pans, humidifiers and
dehumidifiers, filters and filter sections, and condensate collectors and drains.
4. Coils and related components.
5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and
mechanical equipment rooms.
6. Supply-air ducts, dampers, actuators, and turning vanes.
7. Dedicated exhaust and ventilation components and makeup air systems.

E.  Mechanical Cleaning Methodology:

1.

2.

o

Clean metal duct systems using mechanical cleaning methods that extract contaminants
from within duct systems and remove contaminants from building.

Use vacuum-collection devices that are operated continuously during cleaning. Connect
vacuum device to downstream end of duct sections so areas being cleaned are under
negative pressure.

Use mechanical agitation to dislodge debris adhered to interior duct surfaces without
damaging integrity of metal ducts, duct liner, or duct accessories.

Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner
to get wet. Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated
or that has friable material, mold, or fungus growth.

Clean coils and coil drain pans according to NADCA 1992. Keep drain pan operational.
Rinse coils with clean water to remove latent residues and cleaning materials; comb and
straighten fins.

Provide drainage and cleanup for wash-down procedures.

Antimicrobial Agents and Coatings: Apply EPA-registered antimicrobial agents if
fungus is present. Apply antimicrobial agents according to manufacturer's written
instructions after removal of surface deposits and debris.

3.8 START UP

A.  Air Balance: Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing
for HVAC."

3.9 DUCT SCHEDULE

A.  Supply Ducts:

1.

Ducts Connected to Constant-Volume Air-Handling Units:
a. Pressure Class: Positive 1-inch wg.
b. Minimum SMACNA Seal Class: Unconditioned — B. Conditioned-C.

Ducts Connected to Variable-Air-Volume Air-Handling Units.
a. Pressure Class: Positive 2-inch wg.
b. Minimum SMACNA Seal Class: Unconditioned — A. Conditioned-B.

Ducts Connected to Equipment Not Listed Above:
a. Pressure Class: Positive 1-inch wg.
b. Minimum SMACNA Seal Class: Unconditioned — B. Conditioned-C.
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B. Return Ducts:

1. Ducts Connected to Air-Handling Units:

a.
b.

Pressure Class: Positive or negative 1 inch wg.
Minimum SMACNA Seal Class: Unconditioned — B. Conditioned-None.

2. Ducts Connected to Equipment Not Listed Above:

a.
b.

Pressure Class: Positive or negative 1-inch wg.
Minimum SMACNA Seal Class;: Unconditioned — B. Conditioned-None.

C. Exhaust Ducts:

1. Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air:

a.
b.

Pressure Class: Negative 1-inch wg.
Minimum SMACNA Seal Class: C.

2. Ducts Connected to Air-Handling Units:

a.
b.

Pressure Class: Positive or negative 2-inch wg.

Minimum SMACNA Seal Class: Unconditioned — A. Conditioned-B.

D.  Outdoor-Air (Not Filtered, Heated, or Cooled) Ducts:

1. Ducts Connected to Air-Handling Units:

a.
b.

Pressure Class: Positive or negative 1-inch wg.

Minimum SMACNA Seal Class: C

2. Ducts Connected to Equipment Not Listed Above:

a. Pressure Class: Positive or negative 2-inch wg.
b. Minimum SMACNA Seal Class: B.
E. Intermediate Reinforcement:

1. Galvanized-Steel Ducts: Galvanized steel.

F. Elbow Configuration:

1. Rectangular Duct: Comply with the latest edition of SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 4-2, "Rectangular Elbows."

a.

METAL DUCTS

Velocity 1500 fpm or lower:

1) Radius Type RE 1 with minimum 1.0 radius-to-diameter ratio.

2)  Mitered Type RE 2 with vanes complying with the latest edition of
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible,"
Figure 4-3, "Vanes and Vane Runners," and Figure 4-4, "Vane Support in
Elbows." Type RE2 to be used only when types RE1 and RE3 are not
physically allowed. Mitered elbows are only to be used on 90° angles and
only when type REL1 fittings cannot be used.

3)  Square throat, radius heel elbows will not be allowed under any
circumstances.

Velocity 1500 fpm or Higher:

1) Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.

2) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible,” Figure 4-3, "Vanes and Vane
Runners," and Figure 4-4, "Vane Support in Elbows." Type RE2 to be used

233113 -10



Air Handling Unit Replacement Project Technical Specifications
Tarrant Administration Building 100% Submittal
100 E. Weatherford Street Fort Worth, Texas April 3,2023

only when types RE1 and RE3 are not physically allowed. Mitered elbows
are only to be used on 90° angles and only when type RE1 fittings cannot be
used.

3)  Square throat, radius heel elbows will not be allowed under any
circumstances.

G.  Branch Configuration:

1. Rectangular Duct: Comply with the latest edition of SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 4-6, "Branch Connection."
a. Rectangular Main to Rectangular Branch: 45-degree entry.
b. Rectangular Main to Round Branch under 1000 fpm: Spin in.
C. Rectangular Main to Round Branch over 1000 fpm: Conical Spin in or 45-degree
entry.

END OF SECTION 233113
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SECTION 233416 - CENTRIFUGAL HVAC FANS

PART 1 - GENERAL

11

A.

1.2

13

14

RELATED DOCUMENTS

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

SUMMARY
Section Includes: For each product.

1. Backward-inclined centrifugal fans.

ACTION SUBMITTALS
Product Data:

Include rated capacities, furnished specialties, and accessories for each fan.
Certified fan performance curves with system operating conditions indicated.
Certified fan sound-power ratings.

Motor ratings and electrical characteristics, plus motor and electrical accessories.
Material thickness and finishes, including color charts.

Dampers, including housings, linkages, and operators.

oL

Shop Drawings:

1. Include plans, elevations, sections, and attachment details.

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

3. Include diagrams for power, signal, and control wiring.

4, Design Calculations: Calculate requirements for selecting vibration isolators and seismic
restraints and for designing vibration isolation bases.

5. Vibration Isolation Base Details:  Detail fabrication, including anchorages and
attachments to structure and to supported equipment. Include auxiliary motor slides and
rails, and base weights.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For centrifugal fans to include in emergency, operation, and
maintenance manuals.
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PART 2 - PRODUCTS

2.1

A.

2.2

PERFORMANCE REQUIREMENTS

AMCA Compliance:

1. Comply with AMCA performance requirements and bear the AMCA-Certified Ratings
2. ?)i)ag;ating Limits: Classify according to AMCA 99.

Capacities and Characteristics: Refer to drawings

1. Vibration Isolators: Spring isolators having a static deflection of 1 inch deflection.

BACKWARD-INCLINED CENTRIFUGAL FANS

Manufacturers: Subject to compliance with requirements,

1. Acme Engineering & Mfg. Corp.

2. Loren Cook Company.

3. Greenheck

Description:

1. Factory-fabricated, -assembled, -tested, and -finished, direct-driven centrifugal fans

consisting of housing, wheel, fan shaft, bearings, motor, drive assembly, and support
structure.

2. Deliver fans as factory-assembled units, to the extent allowable by shipping limitations.
3. Factory-installed and -wired disconnect switch.

Housings:

1. Formed panels to make curved-scroll housings with shaped cutoff.

2. Panel Bracing: Steel angle- or channel-iron member supports for mounting and
supporting fan scroll, wheel, motor, and accessories.

Horizontally split, bolted-flange housing.

Spun inlet cone with flange.

5. Outlet flange.

hw

Backward-Inclined Wheels:

1. Single-width-single-inlet and double-width-double-inlet construction with curved inlet
flange, backplate, backward-inclined blades, and fastened to shaft with set screws.
2. Welded or riveted to flange and backplate; cast-iron or cast-steel hub riveted to backplate.

Shafts:

1. Statically and dynamically balanced and selected for continuous operation at maximum
rated fan speed and motor horsepower, with adjustable alignment and belt tensioning.
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2.3

24

A

A

B.

2. Turned, ground, and polished hot-rolled steel with keyway. Ship with protective coating
of lubricating oil.

3. Designed to operate at no more than 70 percent of first critical speed at top of fan's speed
range.

MOTORS

Comply with NEMA designation, temperature rating, service factor, and efficiency
requirements for motors specified in Division 23 Section "Common Motor Requirements for
HVAC Equipment.”

SOURCE QUALITY CONTROL

Sound-Power Level Ratings: Comply with AMCA 301, "Methods for Calculating Fan Sound
Ratings from Laboratory Test Data." Factory test fans according to AMCA 300, "Reverberant
Room Method for Sound Testing of Fans." Label fans with the AMCA-Certified Ratings Seal.

Fan Performance Ratings: Establish flow rate, pressure, power, air density, speed of rotation,
and efficiency by factory tests and ratings according to AMCA 210/ASHRAE 51, "Laboratory
Methods of Testing Fans for Certified Aerodynamic Performance Rating."

PART 3 - EXECUTION

3.1

3.2

A

A

B.

INSTALLATION
Install centrifugal fans level and plumb.

Disassemble and reassemble units, as required for moving to the final location, according to
manufacturer's written instructions.

Lift and support units with manufacturer's designated lifting or supporting points.
Equipment Mounting: Install centrifugal fans using restrained spring isolators
Unit Support: Secure units to structural support with anchor bolts.

Install units with clearances for service and maintenance.

CONNECTIONS

Duct installation and connection requirements are specified in other Division 23 Sections.
Drawings indicate general arrangement of ducts and duct accessories. Make final duct
connections with flexible connectors.

Install ducts adjacent to fans to allow service and maintenance.
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3.3 FIELD QUALITY CONTROL

A.  Perform the following tests and inspections.

1.
2.

w

5.

Verify that shipping, blocking, and bracing are removed.

Verify that unit is secure on mountings and supporting devices and that connections to
ducts and electrical components are complete. Verify that proper thermal-overload
protection is installed in motors, starters, and disconnect switches.

Verify that cleaning and adjusting are complete.

Disconnect fan drive from motor, verify proper motor rotation direction, and verify fan
wheel free rotation and smooth bearing operation. Reconnect fan drive system, align and
adjust belts, and install belt guards.

Verify lubrication for bearings and other moving parts.

B.  Test and adjust controls and safeties. Controls and equipment will be considered defective if
they do not pass tests and inspections.

C.  Prepare test and inspection reports.

3.4 DEMONSTRATION

A.  Engage a factory-authorized service representative to adjust, operate, and maintain centrifugal

fans.

END OF SECTION 233416
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SECTION 237313 - MODULAR INDOOR CENTRAL-STATION AIR-HANDLING UNITS

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.

1.2 SUMMARY
A. Section Includes:

1. Variable-air-volume, air-handling units.
2. Constant -air-volume, air-handling units.

13 PERFORMANCE REQUIREMENTS

A.  Structural Performance: Casing panels shall be self-supporting and capable of withstanding 133
percent of internal static pressures indicated, without panel joints exceeding a deflection of
L/200 where "L" is the unsupported span length within completed casings.

1.4 SUBMITTALS
A.  Product Data: For each air-handling unit indicated.

1. Unit dimensions and weight.
2. Cabinet material, metal thickness, finishes, insulation, and accessories.
3. Fans:
a. Certified fan-performance curves with system operating conditions indicated.
b. Certified fan-sound power ratings.
C. Fan construction and accessories.
d. Motor ratings, electrical characteristics, and motor accessories.
4, Certified coil-performance ratings with system operating conditions indicated.
5. Dampers, including housings, linkages, and operators.
6 Filters with performance characteristics.

B.  Source quality-control reports.
C.  Field quality-control reports.

D.  Operation and Maintenance Data: For air-handling units to include in emergency, operation,
and maintenance manuals.
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15 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. NFPA Compliance: Comply with NFPA 90A for design, fabrication, and installation of air-
handling units and components.
C.  ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and
Equipment" and Section 7 - "Construction and Startup."
D. ASHRAE/IESNA 90.1 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1,
Section 6 - "Heating, Ventilating, and Air-Conditioning."
E.  Comply with NFPA 70.
1.6 COORDINATION
A.  Coordinate sizes and locations of concrete bases with actual equipment provided.
B.  Coordinate sizes and locations of structural-steel support members, if any, with actual
equipment provided.
1.7 EXTRA MATERIALS
A.  Furnish extra materials that match products installed and that are packaged with protective

covering for storage and identified with labels describing contents.

1. Filters: One set for each air-handling unit.
2. Gaskets: One set for each access door.

PART 2 - PRODUCTS

2.1

A

2.2

A

MANUFACTURERS

Basis-of-Design Product: Subject to compliance with requirements, provide product indicated
on Drawings or comparable product by one of the following:

1. Carrier Corporation.
2. Trane.

3. Temtrol.

4, Aaon.

UNIT CASINGS

General Fabrication Requirements for Casings:

1. Forming: Form walls, roofs, and floors with at least two breaks at each joint.
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2. Casing Joints: Sheet metal screws or pop rivets.

3. Sealing: Seal all joints with water-resistant sealant.

4. Factory Finish for Galvanized-Steel Casings: Immediately after cleaning and pretreating,
apply manufacturer's standard two-coat, baked-on enamel finish, consisting of prime coat
and thermosetting topcoat.

5. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with

requirements in ASHRAE 62.1.

B.  Casing Insulation and Adhesive:

1.
2.

Materials: ASTM C 1071, Type Il
Location and Application: Encased between outside and inside casing.

C.  Inspection and Access Panels and Access Doors:

1.

2.

Panel and Door Fabrication: Formed and reinforced, single- or double-wall and insulated

panels of same materials and thicknesses as casing.

Inspection and Access Panels:

a. Fasteners: Two or more camlock type for panel lift-out operation. Arrangement
shall allow panels to be opened against air-pressure differential.

b. Gasket: Neoprene, applied around entire perimeters of panel frames.

C. Size: Large enough to allow inspection and maintenance of air-handling unit's
internal components.

Access Doors:

a. Hinges: A minimum of two ball-bearing hinges or stainless-steel piano hinge and
two wedge-lever-type latches, operable from inside and outside. Arrange doors to
be opened against air-pressure differential.

b. Gasket: Neoprene, applied around entire perimeters of panel frames.

C. Fabricate windows in doors of double-glazed, wire-reinforced safety glass with an
air space between panes and sealed with interior and exterior rubber seals.

d. Size: At least 24 inches wide by full height of unit casing up to a maximum height
of 60 inches.

Locations and Applications:

Fan Section Doors.

Access Section: Doors.

Coil Section: Inspection and access panel.

Damper Section: Inspection and access panels.

Filter Section: Doors large enough to allow periodic removal and installation of

filters.

Mixing Section: Doors.

g. Locations: Each section accessed with door.

Poo0 o
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D. Condensate Drain Pans:

1.

Fabricated with two percent slope in at least two planes to collect condensate from

cooling coils (including coil piping connections, coil headers, and return bends) and from

humidifiers and to direct water toward drain connection.

a. Length: Extend drain pan downstream from leaving face to comply with
ASHRAE 62.1.

b. Depth: A minimum of 2 inches deep.
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2.3

2. Formed sections.

3. Double-wall, stainless-steel sheet with space between walls filled with foam insulation
and moisture-tight seal.

4. Drain Connection: Located at lowest point of pan and sized to prevent overflow.
Terminate with threaded nipple on one end of pan.
a. Minimum Connection Size: NPS 1.

5. Units with stacked coils shall have an intermediate drain pan to collect condensate from
top coil.

Air-Handling-Unit Mounting Frame: Formed galvanized-steel channel or structural channel
supports, designed for low deflection, welded with integral lifting lugs.

FAN, DRIVE, AND MOTOR SECTION

Fan and Drive Assemblies: Statically and dynamically balanced and designed for continuous
operation at maximum-rated fan speed and motor horsepower.

1. Shafts: Designed for continuous operation at maximum-rated fan speed and motor
horsepower, and with field-adjustable alignment.
a. Turned, ground, and polished hot-rolled steel with keyway. Ship with a protective
coating of lubricating oil.
b. Designed to operate at no more than 70 percent of first critical speed at top of fan's
speed range.

Centrifugal Fan Housings: Formed- and reinforced-steel panels to form curved scroll housings
with shaped cutoff and spun-metal inlet bell.

1. Bracing: Steel angle or channel supports for mounting and supporting fan scroll, wheel,
motor, and accessories.

2. Horizontal-Flanged, Split Housing: Bolted construction.

3. Housing for Supply Fan: Attach housing to fan-section casing with metal-edged flexible
duct connector.

4. Flexible Connector: Factory fabricated with a fabric strip 3-1/2 inches wide attached to 2
strips of 2-3/4-inch-wide, 0.028-inch thick, galvanized-steel sheet or 0.032-inch thick
aluminum sheets; select metal compatible with casing.

a. Flexible Connector Fabric: Glass fabric, double coated with neoprene. Fabrics,
coatings, and adhesives shall comply with UL 181, Class 1.
1) Fabric Minimum Weight: 26 0z./sg. yd.
2) Fabric Tensile Strength: 480 Ibf/inch in the warp and 360 Ibf/inch in the
filling.
3) Fabric Service Temperature: Minus 40 to plus 200 deg F.

Plenum Fan Housings: Steel frame and panel; fabricated without fan scroll and volute housing.
Fan Shaft Bearings:

1. Prelubricated and Sealed, Ball Bearings: Self-aligning, pillow-block type with a rated
life of 120,000 hours according to ABMA 9.
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2. Grease-Lubricated, Tapered-Roller Bearings: Self-aligning, pillow-block type with

double-locking collars and 2-piece, cast-iron housing with grease lines extended to
outside unit and a rated life of 120,000 hours according to ABMA 11.

3. Grease-Lubricated Bearings: Self-aligning, pillow-block-type, ball or roller bearings
with adapter mount and two-piece, cast-iron housing with grease lines extended to
outside unit.

E. Internal Vibration Isolation: Fans shall be factory mounted with manufacturer's standard

vibration isolation mounting devices having a minimum static deflection of 1 inch.

F. Motor: Comply with NEMA designation, temperature rating, service factor, enclosure type, and
efficiency requirements for motors specified in Division 23 Section "Common Motor
Requirements for HYAC Equipment."

1.
2.
3.
4.

5.

Enclosure Type: Totally enclosed, fan cooled.

NEMA Premium (TM) efficient motors as defined in NEMA MG 1.

Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven load
will not require motor to operate in service factor range above 1.0.

Controllers, Electrical Devices, and Wiring: Comply with requirements for electrical
devices and connections specified in Division 26 Sections.

Mount unit-mounted disconnect switches on exterior of unit.

G.  Variable Frequency Controllers:

1.

Description: NEMA ICS 2, IGBT, PWM, VFC; listed and labeled as a complete unit and
arranged to provide variable speed of an NEMA MG 1, Design B, 3-phase induction
motor by adjusting output voltage and frequency.

Output Rating: 3-phase; 6 to 60 Hz, with voltage proportional to frequency throughout
voltage range.

Unit Operating Requirements:

Input ac voltage tolerance of 380 to 500 V, plus or minus 10 percent.

Input frequency tolerance of 50/60 Hz, plus or minus 6 percent.

Minimum Efficiency: 96 percent at 60 Hz, full load.

Minimum Displacement Primary-Side Power Factor: 96 percent.

Overload Capability: 1.1 times the base load current for 60 seconds; 2.0 times the
base load current for 3 seconds.

f. Starting Torque: 100 percent of rated torque or as indicated.

g. Speed Regulation: Plus or minus 1 percent.

Isolated control interface to allow controller to follow control signal over an 11:1 speed
range.

Internal Adjustability Capabilities:

a. Minimum Speed: 5 to 25 percent of maximum rpm.

b Maximum Speed: 80 to 100 percent of maximum rpm.

c Acceleration: 2 to a minimum of 22 seconds.

d Deceleration: 2 to a minimum of 22 seconds.

e. Current Limit: 50 to a minimum of 110 percent of maximum rating.

S

a

b

®Poo0oTe

elf-Protection and Reliability Features:
Input transient protection by means of surge suppressors.
Undervoltage and overvoltage trips; inverter overtemperature, overload, and
overcurrent trips.
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10.

11.

12.

13.

C. Adjustable motor overload relays capable of NEMA ICS 2, Class 10 performance.

d. Notch filter to prevent operation of the controller-motor-load combination at a
natural frequency of the combination.

e. Instantaneous line-to-line and line-to-ground overcurrent trips.

f. Loss-of-phase protection.

g. Reverse-phase protection.

h. Short-circuit protection.

i.

Motor overtemperature fault.

Automatic Reset/Restart: Attempts three restarts after controller fault or on return of

power after an interruption and before shutting down for manual reset or fault correction.

Bidirectional autospeed search shall be capable of starting into rotating loads spinning in

either direction and returning motor to set speed in proper direction, without damage to

controller, motor, or load.

Power-Interruption Protection: To prevent motor from re-energizing after a power

interruption until motor has stopped.

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.

Door-mounted LED status lights shall indicate the following conditions:

Power on.

Run.

Overvoltage.

Line fault.

Overcurrent.

External fault.

Meters or digital readout devices and selector switch, mounted flush in controller door

and connected to indicate the following controller parameters:

Output frequency (Hertz).

Motor speed (rpm).

Motor status (running, stop, fault).

Motor current (amperes).

Motor torque (percent).

Fault or alarming status (code).

Proportional-integral-derivative (P1D) feedback signal (percent).

DC-link voltage (volts direct current).

Set-point frequency (Hertz).

Motor output voltage (volts).

Control Signal Interface:

a. Electric Input Signal Interface: A minimum of 2 analog inputs (0 to 10 V or 0/4-
20 mA) and 6 programmable digital inputs.

b. Remote signal inputs capable of accepting any of the following speed-setting input

signals from the control system:

1) 0to10-V dc.

2)  0-20 or 4-20 mA.

3) Potentiometer using up/down digital inputs.

4) Fixed frequencies using digital inputs.

5)  RS485.

6) Keypad display for local hand operation.

P o0 o
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C. Output signal interface with a minimum of 1 analog output signal (0/4-20 mA),

which can be programmed to any of the following:
1)  Output frequency (Hertz).

2)  Output current (load).

3) DC-link voltage (volts direct current).

4) Motor torque (percent).

5) Motor speed (rpm).

6)  Set-point frequency (Hertz).

d. Remote indication interface with a minimum of 2 dry circuit relay outputs (120-V

ac, 1 A) for remote indication of the following:
1) Motor running.
2)  Set-point speed reached.

3) Fault and warning indication (overtemperature or overcurrent).

4) High- or low-speed limits reached.

14. Communications: RS485 interface allows VFC to be used with an external system within
a multidrop LAN configuration. Interface shall allow all parameter settings of VFC to be
programmed via BMS control. Provide capability for VFC to retain these settings within

the nonvolatile memory.

15.  Integral Disconnecting Means: NEMA AB 1, molded-case switch with lockable handle.

16.  Accessories:

a. Devices shall be factory installed in controller enclosure unless otherwise

indicated.

b. Push-Button Stations, Pilot Lights, and Selector Switches: NEMA ICS 2, heavy-

duty type.
C. Standard Displays:
1)  Output frequency (Hertz).
2)  Set-point frequency (Hertz).
3) Motor current (amperes).
4)  DC-link voltage (volts direct current).
5) Motor torque (percent).
6) Motor speed (rpm).
7) Motor output voltage (volts).

2.4 COIL SECTION
A.  General Requirements for Coil Section:

1. Comply with ARI 410.

2. Fabricate coil section to allow removal and replacement of coil for maintenance and to

allow in-place access for service and maintenance of coil(s).
3. Coils shall not act as structural component of unit.

2.5 AIR FILTRATION SECTION
A.  General Requirements for Air Filtration Section:

1. Comply with NFPA 90A.

2. Provide minimum arrestance according to ASHRAE 52.1, and a minimum efficiency

reporting value (MERV) according to ASHRAE 52.2.
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2.6

2.7

3. Provide filter holding frames arranged for flat or angular orientation, with access doors
on both sides of unit. Filters shall be removable from one side or lifted out from access
plenum.

Filter Gage:

3-1/2-inch-diameter, diaphragm-actuated dial in metal case.

Vent valves.

Black figures on white background.

Front recalibration adjustment.

2 percent of full-scale accuracy.

Range: 0- to 1.0-inch wg.

Accessories: Static-pressure tips with integral compression fittings, 1/4-inch aluminum
tubing, and 2- or 3-way vent valves.

NoookrwdE

DAMPERS

General Requirements for Dampers: Leakage rate, according to AMCA 500, "Laboratory
Methods for Testing Dampers for Rating," shall not exceed 2 percent of air quantity at 2000-
fpm face velocity through damper and 4-inch wg pressure differential.

Damper Operators: Comply with requirements in Division 23 Section "Instrumentation and
Control for HVAC."

Outdoor- and Return-Air Dampers:  Low-leakage, double-skin, airfoil-blade, aluminum
dampers with compressible jamb seals and extruded-vinyl blade edge seals in parallel-blade
arrangement with cadmium-plated steel operating rods rotating in sintered bronze or nylon
bearings mounted in a single extruded-aluminum frame, and with operating rods connected with
a common linkage. Leakage rate shall not exceed 5 cfm/sq. ft. at 1-inch wg and 9 cfm/sq. ft. at
4-inch wg.

Mixing Section: Multiple-blade, air-mixer assembly located immediately downstream of
mixing section.

SOURCE QUALITY CONTROL

Fan Sound-Power Level Ratings: Comply with AMCA 301, "Methods for Calculating Fan
Sound Ratings from Laboratory Test Data." Test fans according to AMCA 300, "Reverberant
Room Method for Sound Testing of Fans." Fans shall bear AMCA-certified sound ratings seal.

Fan Performance Rating: Factory test fan performance for airflow, pressure, power, air density,
rotation speed, and efficiency. Rate performance according to AMCA 210, "Laboratory
Methods of Testing Fans for Aerodynamic Performance Rating."

Water Coils: Factory tested to 300 psig according to ARI 410 and ASHRAE 33.
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PART 3 - EXECUTION

3.1

A.

3.2

3.3

EXAMINATION

Examine areas and conditions, with Installer present, for compliance with requirements for
installation tolerances and other conditions affecting performance of the Work.

Examine casing insulation materials and filter media before air-handling unit installation.
Reject insulation materials and filter media that are wet, moisture damaged, or mold damaged.

Examine roughing-in for hydronic, and condensate drainage piping systems and electrical
services to verify actual locations of connections before installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Equipment Mounting: Install air-handling units on concrete bases using elastomeric mounts.
Secure units to anchor bolts installed in concrete bases.

1. Minimum Deflection: 1/2 inch.

2. 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.
3. 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.

Arrange installation of units to provide access space around air-handling units for service and
maintenance.

Do not operate fan system until filters (temporary or permanent) are in place. Replace
temporary filters used during construction and testing, with new, clean filters.

Install filter-gage, static-pressure taps upstream and downstream of filters. Mount filter gages

on outside of filter housing or filter plenum in accessible position. Provide filter gages on filter
banks, installed with separate static-pressure taps upstream and downstream of filters.

CONNECTIONS

Comply with requirements for piping specified in other Division 23 Sections. Drawings
indicate general arrangement of piping, fittings, and specialties.

Install piping adjacent to air-handling unit to allow service and maintenance.

Connect piping to air-handling units mounted on vibration isolators with flexible connectors.
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D.  Connect condensate drain pans using NPS 1-1/4, ASTM B 88, Type M copper tubing. Extend

3.4

3.5

to nearest equipment or floor drain. Construct deep trap at connection to drain pan and install
cleanouts at changes in direction.

Hot- and Chilled-Water Piping: Comply with applicable requirements in Division 23 Section
"Hydronic Piping.” Install shutoff valve and union or flange at each coil supply connection.
Install balancing valve and union or flange at each coil return connection.

Connect duct to air-handling units with flexible connections. Comply with requirements in
Division 23 Section "Air Duct Accessories."

FIELD QUALITY CONTROL

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

Perform tests and inspections.

1. Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect components, assemblies, and equipment installations, including connections, and
to assist in testing.

Tests and Inspections:

1. Leak Test: After installation, fill coils with water, and test coils and connections for
leaks.

2. Fan Operational Test: After electrical circuitry has been energized, start units to confirm
proper motor rotation and unit operation.

3. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

Air-handling unit or components will be considered defective if unit or components do not pass
tests and inspections.

Prepare test and inspection reports.

STARTUP SERVICE
Engage a factory-authorized service representative to perform startup service.

1. Complete installation and startup checks according to manufacturer's written instructions.

2. Verify that shipping, blocking, and bracing are removed.

3. Verify that unit is secure on mountings and supporting devices and that connections to
piping, ducts, and electrical systems are complete. Verify that proper thermal-overload
protection is installed in motors, controllers, and switches.

4. Verify proper motor rotation direction, free fan wheel rotation, and smooth bearing
operations. Reconnect fan drive system, align belts, and install belt guards.

5. Verify that outdoor- and return-air mixing dampers open and close, and maintain
minimum outdoor-air setting.
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6. Comb coil fins for parallel orientation.
7. Verify that proper thermal-overload protection is installed for electric coils.
8. Install new, clean filters.
9. Verify that manual and automatic volume control and fire and smoke dampers in

connected duct systems are in fully open position.

3.6 ADJUSTING
A.  Adjust damper linkages for proper damper operation.

B.  Comply with requirements in Division 23 Section "Testing, Adjusting, and Balancing for
HVAC" for air-handling system testing, adjusting, and balancing.

3.7 CLEANING

A.  After completing system installation and testing, adjusting, and balancing air-handling unit and
air-distribution systems and after completing startup service, clean air-handling units internally
to remove foreign material and construction dirt and dust. Clean fan wheels, cabinets, dampers,
coils, and filter housings, and install new, clean filters.

3.8 DEMONSTRATION

A.  Train Owner's maintenance personnel to adjust, operate, and maintain air-handling units.

END OF SECTION 237313
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

11

A.

1.2

A

B.

1.3

A

14

A

15

A

SUMMARY
Section Includes:

1. Copper building wire rated 600 V or less.
2. Metal-clad cable, Type MC, rated 600 V or less.

3. Connectors, splices, and terminations rated 600 V and less.

DEFINITIONS
RoHS: Restriction of Hazardous Substances.

VFC: Variable-frequency controller.

ACTION SUBMITTALS

Product Data: For each type of product.

INFORMATIONAL SUBMITTALS

Qualification Data: For testing agency.

QUALITY ASSURANCE

Testing Agency Qualifications: Member company of NETA.

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

PART 2 - PRODUCTS

2.1

A.

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

GENERAL

Brand or manufacturer’s references are descriptive only and indicate type and quality to be
provided. All references to brand or manufacturer names shall be interpreted to include the
language “or A/E approved equal”. Any brand or manufacturer meeting specifications will be
considered, irrespective of the language “or A/E approved equal” appearing in conjunction with

the brand or manufacturer name.
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2.2

A

2.3

COPPER BUILDING WIRE

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

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

Alpha Wire Company.

American Bare Conductor.

Belden Inc.

Cerro Wire LLC.

Encore Wire Corporation.

General Cable Technologies Corporation.
Okonite Company (The).

Service Wire Co.

Southwire Company.

0. WESCO.

RBoo~Noor~wNOE

Standards:

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

2. RoHS compliant.

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

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

Conductor Insulation:

1. Type THHN and Type THWN-2: Comply with UL 83.

METAL-CLAD CABLE, TYPE MC

Description: A factory assembly of one or more current-carrying insulated conductors in an
overall metallic sheath.

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

AFC Cable Systems; a part of Atkore International.
Alpha Wire Company.

American Bare Conductor.

Belden Inc.

Encore Wire Corporation.

General Cable Technologies Corporation.

Okonite Company (The).

Service Wire Co.

NG~ E
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9. Southwire Company.
10. WESCO.

C. Standards:

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

2. Comply with UL 1569.

3. RoHS compliant.

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

D. Circuits:

1. Single circuit.
2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424,

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

F. Ground Conductor: Insulated.
G.  Conductor Insulation:

1. Type THHN/THWN-2: Comply with UL 83.
H.  Armor: Steel, interlocked.

I Jacket: PVC applied over armor.

24 FIRE-ALARM WIRE AND CABLE

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

Allied Wire & Cable Inc.

CommScope, Inc.

Comtran Corporation.

Draka Cableteq USA; a Prysmian Group company.
Genesis Cable Products; Honeywell International, Inc.
Radix Wire.

Rockbestos-Suprenant Cable Corp.

Superior Essex Inc.

West Penn Wire.

©CoNO~wWNE

B.  General Wire and Cable Requirements: NRTL listed and labeled as complying with NFPA 70,
Avrticle 760.

C. Signaling Line Circuits: Twisted, shielded pair, not less than No. 18 AWG.
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2.5

D.

A.

B.

C.

D.

1. Circuit Integrity Cable: Twisted shielded pair, NFPA 70, Article 760, Classification Cl,
for power-limited fire-alarm signal service Type FPL. NRTL listed and labeled as
complying with UL 1424 and UL 2196 for a two-hour rating.

Non-Power-Limited Circuits: Solid-copper conductors with 600-V rated, 75 deg C, color-coded
insulation, and complying with requirements in UL 2196 for a two-hour rating.

1. Low-Voltage Circuits: No. 16 AWG, minimum, in pathway.
2. Line-Voltage Circuits: No. 12 AWG, minimum, in pathway.

CONNECTORS AND SPLICES

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

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

3M Electrical Products.

AFC Cable Systems; a part of Atkore International.
Gardner Bender.

Hubbell Power Systems, Inc.

Ideal Industries, Inc.

ILSCO.

NSi Industries LLC.

0O-Z/Gedney; a brand of Emerson Industrial Automation.
Service Wire Co.

TE Connectivity Ltd.

Thomas & Betts Corporation; A Member of the ABB Group.

RBPBooo~NooaR~MwNE

= o

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

Lugs: One piece, seamless, designed to terminate conductors specified in this Section.
1. Material: Copper.

2. Type: One hole with standard barrels.
3. Termination: Compression.

PART 3 - EXECUTION

3.1

A

CONDUCTOR MATERIAL APPLICATIONS

Feeders: Copper; solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
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B.  Feeders: Copper for feeders smaller than No. 4 AWG; copper or aluminum for feeders No. 4

3.2

3.3

AWG and larger. Conductors shall be solid for No. 10 AWG and smaller; stranded for No. 8
AWG and larger.

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

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

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

CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND
WIRING METHODS

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

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

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

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

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

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

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

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

Complete raceway installation between conductor and cable termination points according to
Section 260533 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and
cables.

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

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES 260519 -5



Air Handling Unit Replacement Project Technical Specifications
Tarrant Administration Building 100% Submittal
100 E. Weatherford Street Fort Worth, Texas April 3,2023

3.4

D.

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

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

Support cables according to Section 260529 "Hangers and Supports for Electrical Systems."

INSTALLATION OF FIRE-ALARM WIRING
Comply with NECA 1 and NFPA 72.

Wiring Method: Install wiring in metal pathway according to Section 260529 "Hangers and
Supports for Electrical Systems."

1. Install plenum cable in environmental airspaces, including plenum ceilings.

2. Fire-alarm circuits and equipment control wiring associated with fire-alarm system shall
be installed in a dedicated pathway system. This system shall not be used for any other
wire or cable.

Wiring Method:

1. Cables and pathways used for fire-alarm circuits, and equipment control wiring
associated with fire-alarm system, may not contain any other wire or cable.

2. Fire-Rated Cables: Use of two-hour, fire-rated fire-alarm cables, NFPA 70, Types Ml and
Cl, is permitted.

3. Signaling Line Circuits: Power-limited fire-alarm cables may be installed in the same
cable or pathway as signaling line circuits.

Wiring within Enclosures: Separate power-limited and non-power-limited conductors as
recommended by manufacturer. Install conductors parallel with or at right angles to sides and
back of the enclosure. Bundle, lace, and train conductors to terminal points with no excess.
Connect conductors that are terminated, spliced, or interrupted in any enclosure associated with
fire-alarm system to terminal blocks. Mark each terminal according to system's wiring
diagrams. Make all connections with approved crimp-on terminal spade lugs, pressure-type
terminal blocks, or plug connectors.

Cable Taps: Use numbered terminal strips in junction, pull, and outlet boxes; cabinets; or
equipment enclosures where circuit connections are made.

Color-Coding: Color-code fire-alarm conductors differently from the normal building power
wiring. Use one color-code for alarm circuit wiring and another for supervisory circuits. Color-
code audible alarm-indicating circuits differently from alarm-initiating circuits. Use different
colors for visible alarm-indicating devices. Paint fire-alarm system junction boxes and covers
red.

Risers: Install at least two vertical cable risers to serve the fire-alarm system. Separate risers in
close proximity to each other with a minimum one-hour-rated wall, so the loss of one riser does
not prevent receipt or transmission of signals from other floors or zones.
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H.  Wiring to Remote Alarm Transmitting Device: 1-inch conduit between the fire-alarm control

3.5

3.7

panel and the transmitter. Install number of conductors and electrical supervision for connecting
wiring as needed to suit monitoring function.

CONNECTIONS

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

Make splices, terminations, and taps that are compatible with conductor material.

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

IDENTIFICATION

Identify and color-code conductors and cables according to Section 260553 "ldentification for
Electrical Systems."

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

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

Perform tests and inspections.
1. After installing conductors and cables and before electrical circuitry has been energized,
test service entrance and feeder conductors for compliance with requirements.
2. Perform each of the following visual and electrical tests:
a. Inspect exposed sections of conductor and cable for physical damage and correct
connection according to the single-line diagram.
b. Test bolted connections for high resistance using one of the following:
1) A low-resistance ohmmeter.
2)  Calibrated torque wrench.
3)  Thermographic survey.
Inspect compression-applied connectors for correct cable match and indentation.
Inspect for correct identification.
Inspect cable jacket and condition.
Insulation-resistance test on each conductor for ground and adjacent conductors.
Apply a potential of 500-V dc for 300-V rated cable and 1000-V dc for 600-V
rated cable for a one-minute duration.
g. Continuity test on each conductor and cable.
h. Uniform resistance of parallel conductors.
3. Initial Infrared Scanning: After Acceptance, perform an infrared scan of each splice in
conductors No. 3 AWG and larger. Remove box and equipment covers so splices are
accessible to portable scanner. Correct deficiencies determined during the scan.

- a0
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a. Instrument: Use an infrared scanning device designed to measure temperature or to
detect significant deviations from normal values. Provide calibration record for
device.

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

4. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each
switch 11 months after date of Acceptance.

C.  Cables will be considered defective if they do not pass tests and inspections.
D.  Prepare test and inspection reports to record the following:

1. Procedures used.

2. Results that comply with requirements.

3. Results that do not comply with requirements, and corrective action taken to achieve
compliance with requirements.

END OF SECTION 260519
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

11

A.

12

1.3

14

SUMMARY

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

1. Underground distribution grounding.

2. Ground bonding common with lightning protection system.
3. Foundation steel electrodes.

ACTION SUBMITTALS

Product Data: For each type of product indicated.

INFORMATIONAL SUBMITTALS

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

Test wells.

Ground rods.

Ground rings.

Grounding arrangements and connections for separately derived systems.

ropbdE

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

CLOSEOUT SUBMITTALS

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

1. In addition to items specified in Section 017823 "Operation and Maintenance Data,"”

include the following:

a. Plans showing as-built, dimensioned locations of system described in "Field
Quality Control" Article, including the following:
1)  Testwells.
2)  Ground rods.
3)  Grounding arrangements and connections for separately derived systems.

b. Instructions for periodic testing and inspection of grounding features at test wells
grounding connections for separately derived systems Insert locations based on
NFPA 70B.
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1.5

A

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

2) Include recommended testing intervals.

QUALITY ASSURANCE

Testing Agency Qualifications: Certified by NETA.

PART 2 - PRODUCTS

2.1

A

2.2

A

B.

2.3

A

GENERAL

Brand or manufacturer’s references are descriptive only and indicate type and quality to be
provided. All references to brand or manufacturer names shall be interpreted to include the
language “or A/E approved equal”. Any brand or manufacturer meeting specifications will be
considered, irrespective of the language “or A/E approved equal” appearing in conjunction with
the brand or manufacturer name.

SYSTEM DESCRIPTION

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

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

MANUFACTURERS

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

Advanced Lightning Technology, Ltd.

Burndy; Part of Hubbell Electrical Systems.

Dossert; AFL Telecommunications LLC.

ERICO; a brand of nVent.

Fushi Copperweld Inc.

Galvan Industries, Inc.; Electrical Products Division, LLC.
Harger Lightning & Grounding.

ILSCO.

0-Z/Gedney; a brand of Emerson Industrial Automation.
10. Robbins Lightning, Inc.

11.  Siemens Industry, Inc., Energy Management Division.

12.  Thomas & Betts Corporation; A Member of the ABB Group.

CoNooak~wNE
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2.4 CONDUCTORS

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

B. Bare Copper Conductors:

Solid Conductors: ASTM B3.

Stranded Conductors: ASTM B8.

Tinned Conductors: ASTM B33.

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

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

Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8

inches wide and 1/16 inch thick.

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

o

C.  Grounding Bus: Predrilled 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 for mounting shall comply
with UL 891 for use in switchboards, 600 V and shall be Lexan or PVC, impulse tested at
5000 V.

2.5 CONNECTORS
A.  Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in
which used and for specific types, sizes, and combinations of conductors and other items
connected.

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

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

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

E.  Cable-to-Cable Connectors: Compression type, copper or copper alloy.

F. Cable Tray Ground Clamp: Mechanical type, zinc-plated malleable iron.

G.  Conduit Hubs: Mechanical type, terminal with threaded hub.

H.  Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt.

I Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt.

J. Lay-in Lug Connector: Mechanical type, copper rated for direct burial terminal with set screw.

K.  Service Post Connectors: Mechanical type, bronze alloy terminal, in short- and long-stud
lengths, capable of single and double conductor connections.
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L.

M.
N.
0.

2.6
A

B.

C.

Signal Reference Grid Clamp: Mechanical type, stamped-steel terminal with hex head screw.
Straps: Solid copper,. Rated for 600 A.
U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial.
Water Pipe Clamps:
1. Mechanical type, two pieces with stainless-steel bolts.

a. Material: Die-cast zinc alloy.

b. Listed for direct burial.

2. U-bolt type with malleable-iron clamp and copper ground connector rated for direct
burial.

GROUNDING ELECTRODES
Ground Rods: Copper-clad steel; 3/4 inch by 10 feet.

Chemical-Enhanced Grounding Electrodes: Copper tube, straight or L-shaped, charged with
nonhazardous electrolytic chemical salts.

1. Termination: Factory-attached No. 4/0 AWG bare conductor at least 48 inches long.
2. Backfill Material: Electrode manufacturer's recommended material.

Ground Plates: 1/4 inch thick, hot-dip galvanized.

PART 3 - EXECUTION

3.1

A

B.

C.

D.

APPLICATIONS

Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for
No. 6 AWG and larger unless otherwise indicated.

Underground Grounding Conductors: Install bare tinned-copper conductor, No.2/0 AWG
minimum.

1. Bury at least 30 inches below grade.
2. Duct-Bank Grounding Conductor: Bury 12 inches above duct bank when indicated as
part of duct-bank installation.

Grounding Conductors: Green-colored insulation.

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.

2. Where indicated on both sides of doorways, route bus up to top of door frame, across top
of doorway, and down; connect to horizontal bus.
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E. Conductor Terminations and Connections:

3.2

3.3

3.4

3.5

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

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

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

4. Connections to Structural Steel: Welded connectors.

GROUNDING AT THE SERVICE

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

GROUNDING SEPARATELY DERIVED SYSTEMS

Generator: Install grounding electrode(s) at the generator location. The electrode shall be
connected to the equipment grounding conductor and to the frame of the generator.

GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS
Comply with IEEE C2 grounding requirements.

Pad-Mounted Transformers and Switches: Install two ground rods and ground ring around the
pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with
substations by connecting them to underground cable and grounding electrodes. Install tinned-
copper conductor not less than No. 2 AWG for ground ring and for taps to equipment grounding
terminals. Bury ground ring not less than 6 inches from the foundation.

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

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

Feeders and branch circuits.

Lighting circuits.

Receptacle circuits.

Single-phase motor and appliance branch circuits.
Three-phase motor and appliance branch circuits.
Flexible raceway runs.

Armored and metal-clad cable runs.

Nook~wbhE

Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-mounted
electrical devices operating at 120 V and more, including air cleaners, heaters, dampers,
humidifiers, and other duct electrical equipment. Bond conductor to each unit and to air duct
and connected metallic piping.
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D.  Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated

3.6

equipment grounding conductor to each electric water heater and heat-tracing cable. Bond
conductor to heater units, piping, connected equipment, and components.

Isolated Equipment Enclosure Circuits: For designated equipment supplied by a branch circuit
or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway
fitting listed for the purpose. Install fitting where raceway enters enclosure, and install a
separate insulated equipment grounding conductor. Isolate conductor from raceway and from
panelboard grounding terminals. Terminate at equipment grounding conductor terminal of the
applicable derived system or service unless otherwise indicated.

Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate
insulated equipment grounding conductor in addition to grounding conductor installed with
branch-circuit conductors.

INSTALLATION

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

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

Ground Rods: Drive rods until tops are 2 inches below finished floor or final grade unless
otherwise indicated.

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

2. Use exothermic welds for all below-grade connections.

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

Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes are
specified in Section 260543 "Underground Ducts and Raceways for Electrical Systems," and
shall be at least 12 inches deep, with cover.

1. Install at least one test well for each service unless otherwise indicated. Install at the
ground rod electrically closest to service entrance. Set top of test well flush with finished
grade or floor.

Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance
except where routed through short lengths of conduit.
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1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate
any adjacent parts.

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

3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection
is required, use a bolted clamp.

F. Grounding and Bonding for Piping:

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

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

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

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

H.  Grounding for Steel Building Structure: Install a driven ground rod at base of each corner
column and at intermediate exterior columns at distances not more than 60 feet apart.

I Concrete-Encased Grounding Electrode (Ufer Ground): Fabricate according to NFPA 70; using
electrically conductive coated steel reinforcing bars or rods, at least 20 feet long. If reinforcing
is in multiple pieces, connect together by the usual steel tie wires or exothermic welding to
create the required length.

J. Connections: Make connections so possibility of galvanic action or electrolysis is minimized.
Select connectors, connection hardware, conductors, and connection methods so metals in direct
contact are galvanically compatible.

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

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

3. Make aluminum-to-steel connections with stainless-steel separators and mechanical
clamps.

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

5. Coat and seal connections having dissimilar metals with inert material to prevent future
penetration of moisture to contact surfaces.
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3.7 FIELD QUALITY CONTROL
A.  Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections.
B.  Testing Agency: Engage a qualified testing agency to perform tests and inspections.

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

D.  Perform tests and inspections.
E.  Tests and Inspections:

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

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

3. Test completed grounding system at each location where a maximum ground-resistance
level is specified, at service disconnect enclosure grounding terminal, at ground test wells
and at individual ground rods. Make tests at ground rods before any conductors are
connected.

a. Measure ground resistance no fewer than two full days after last trace of
precipitation and without soil being moistened by any means other than natural
drainage or seepage and without chemical treatment or other artificial means of
reducing natural ground resistance.

b. Perform tests by fall-of-potential method according to IEEE 81.

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

F. Grounding system will be considered defective if it does not pass tests and inspections.
G.  Prepare test and inspection reports.

H.  Report measured ground resistances that exceed the following values:

Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 ohms.
Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms.
Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 ohms.
Power Distribution Units or Panelboards Serving Electronic Equipment: 3 ohm(s).
Substations and Pad-Mounted Equipment: 5 ohms.

agrwnE

I Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect
promptly and include recommendations to reduce ground resistance.

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

PART 1 - GENERAL

11

A.

12

A

B.

SUMMARY
Section Includes:

Steel slotted support systems.

Conduit and cable support devices.

Support for conductors in vertical conduit.

Structural steel for fabricated supports and restraints.

Mounting, anchoring, and attachment components, including powder-actuated fasteners,
mechanical expansion anchors, concrete inserts, clamps, through bolts, toggle bolts, and
hanger rods.

6. Fabricated metal equipment support assemblies.

agkrwdE

QUALITY ASSURANCE
Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M.
Welding Qualifications: Qualify procedures and personnel according to the following:

1. AWS D1.1/D1.1M.

PART 2 - PRODUCTS

2.1

A.

2.2

A

GENERAL

Brand or manufacturer’s references are descriptive only and indicate type and quality to be
provided. All references to brand or manufacturer names shall be interpreted to include the
language “or A/E approved equal”. Any brand or manufacturer meeting specifications will be
considered, irrespective of the language “or A/E approved equal” appearing in conjunction with
the brand or manufacturer name.

PERFORMANCE REQUIREMENTS

Surface-Burning Characteristics: Comply with ASTM E 84; testing by a qualified testing
agency. ldentify products with appropriate markings of applicable testing agency.

1. Flame Rating: Class 1.
2. Self-extinguishing according to ASTM D 635.
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2.3 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

A.  Steel Slotted Support Systems: Preformed steel channels and angles with minimum 13/32-inch-
diameter holes at a maximum of 8 inches o.c. in at least one surface.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Allied Tube & Conduit; a part of Atkore International.
b. B-line, an Eaton business.
C. CADDY; a brand of nVent.
d. Flex-Strut Inc.
e. Gripple Inc.
f. GS Metals Corp.
g. G-Strut.
h. Haydon Corporation.
i. Metal Ties Innovation.
J. MIRO Industries.
k. Thomas & Betts Corporation; A Member of the ABB Group.
. Unistrut; Part of Atkore International.
m.  Wesanco, Inc.
2. Standard: Comply with MFMA-4 factory-fabricated components for field assembly.
3. Material for Channel, Fittings, and Accessories: Galvanized steel.
4, Channel Width: 1-5/8 inches.
5. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to MFMA-
4.
6. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester coating
applied according to MFMA-4.
7. Painted Coatings: Manufacturer's standard painted coating applied according to MFMA-
4.
8. Protect finishes on exposed surfaces from damage by applying a strippable, temporary
protective covering before shipping.

B.  Conduit and Cable Support Devices: Steel hangers, clamps, and associated fittings, designed for
types and sizes of raceway or cable to be supported.

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

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

E. Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or their

supports to building surfaces include the following:

1. Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland cement
concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for
supported loads and building materials where used.
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24

A

o

a. Manufacturers: Subject to compliance with requirements, provide products by one
of the following:
1) Hilti, Inc.
2) ITW Ramset/Red Head; Illinois Tool Works, Inc.
3) MKT Fastening, LLC.
4)  Simpson Strong-Tie Co., Inc.
Mechanical-Expansion Anchors: Insert-wedge-type, stainless steel, for use in hardened
portland cement concrete, with tension, shear, and pullout capacities appropriate for
supported loads and building materials where used.
a. Manufacturers: Subject to compliance with requirements, provide products by one
of the following:
1)  B-line, an Eaton business.
2) Empire Tool and Manufacturing Co., Inc.
3) Hilti, Inc.
4) ITW Ramset/Red Head; Illinois Tool Works, Inc.
5)  MKT Fastening, LLC.
Concrete Inserts: Steel or malleable-iron, slotted support system units are similar to MSS
Type 18 units and comply with MFMA-4 or MSS SP-58.
Clamps for Attachment to Steel Structural Elements: MSS SP-58 units are suitable for
attached structural element.
Through Bolts: Structural type, hex head, and high strength. Comply with
ASTM F 3125/F 3125M,Grade A325.
Toggle Bolts: All Stainless-steel springhead type.
Hanger Rods: Threaded steel.

FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

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

PART 3 - EXECUTION

3.1

A

B.

APPLICATION

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

agrwbdE

NECA 1.

NECA 101
NECA 102.
NECA 105.
NECA 111.

Comply with requirements for raceways and boxes specified in Section 260533 "Raceways and
Boxes for Electrical Systems."
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C.  Maximum Support Spacing and Minimum Hanger Rod Size for Raceways: Space supports for

3.2

EMT, IMC, and RMC as required by NFPA 70. Minimum rod size shall be 1/4 inch in
diameter.

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

1. Secure raceways and cables to these supports with two-bolt conduit clamps.

Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-
1/2-inch and smaller raceways serving branch circuits and communication systems above
suspended ceilings, and for fastening raceways to trapeze supports.

SUPPORT INSTALLATION

Comply with NECA 1 and NECA 101 for installation requirements except as specified in this
article.

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

Strength of Support Assemblies: Where not indicated, select sizes of components so strength
will be adequate to carry present and future static loads within specified loading limits.
Minimum static design load used for strength determination shall be weight of supported
components plus 200 Ib.

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

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

2. To New Concrete: Bolt to concrete inserts.

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

To Existing Concrete: Expansion anchor fasteners.

Instead of expansion anchors, powder-actuated driven threaded studs provided with lock
washers and nuts may be used in existing standard-weight concrete 4 inches thick or
greater. Do not use for anchorage to lightweight-aggregate concrete or for slabs less than
4 inches thick.

6. To Steel: Beam clamps (MSS SP-58, Type 19, 21, 23, 25, or 27), complying with

ok

MSS SP-69.
7. To Light Steel: Sheet metal screws.
8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets,

panelboards, disconnect switches, control enclosures, pull and junction boxes,
transformers, and other devices on slotted-channel racks attached to substrate.

Drill holes for expansion anchors in concrete at locations and to depths that avoid the need for
reinforcing bars.
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3.3 INSTALLATION OF FABRICATED METAL SUPPORTS
A.  Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation
to support and anchor electrical materials and equipment.
B.  Field Welding: Comply with AWS D1.1/D1.1M.
3.4 CONCRETE BASES
A.  Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both
directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from
edge of the base.
B.  Use 3000-psi, 28-day compressive-strength concrete.
C.  Anchor equipment to concrete base as follows:

1. Place and secure anchorage devices. Use supported equipment manufacturer's setting
drawings, templates, diagrams, instructions, and directions furnished with items to be
embedded.

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

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

3.5 PAINTING
A.  Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas immediately
after erecting hangers and supports. Use same materials as used for shop painting. Comply with

SSPC-PA 1 requirements for touching up field-painted surfaces.

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

B.  Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply

galvanizing-repair paint to comply with ASTM A 780.

END OF SECTION 260529

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 260529 - 5



This page wasintentionally left blank for duplex printing.



Air Handling Unit Replacement Project Technical Specifications
Tarrant Administration Building 100% Submittal
100 E. Weatherford Street Fort Worth, Texas April 3,2023

SECTION 260533 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

11

A.

1.2

A

B.

SUMMARY
Section Includes:

Metal conduits and fittings.

Nonmetallic conduits and fittings.

Metal wireways and auxiliary gutters.

Nonmetal wireways and auxiliary gutters.

Surface raceways.

Boxes, enclosures, and cabinets.

Handholes and boxes for exterior underground cabling.

NoouokrwdE

DEFINITIONS
GRC: Galvanized rigid steel conduit.

IMC: Intermediate metal conduit.

PART 2 - PRODUCTS

2.1

A.

2.2

A

GENERAL

Brand or manufacturer’s references are descriptive only and indicate type and quality to be
provided. All references to brand or manufacturer names shall be interpreted to include the
language “or A/E approved equal”. Any brand or manufacturer meeting specifications will be
considered, irrespective of the language “or A/E approved equal” appearing in conjunction with
the brand or manufacturer name.

METAL CONDUITS AND FITTINGS
Metal Conduit;

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

a. AFC Cable Systems; a part of Atkore International.

b. Allied Tube & Conduit; a part of Atkore International.
C. Anamet Electrical, Inc.

d. Calconduit.

e. Electri-Flex Company.

f. FSR Inc.

g. Korkap.
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Opti-Com Manufacturing Network, Inc (OMNI).
O-Z/Gedney; a brand of Emerson Industrial Automation.
Perma-Cote.

Picoma Industries, Inc.

Plasti-Bond.

Republic Conduit.

Southwire Company.

Thomas & Betts Corporation; A Member of the ABB Group.
Topaz Electric; a division of Topaz Lighting Corp.

Western Tube and Conduit Corporation.

Wheatland Tube Company.

Llstlng and Labeling: Listed and labeled as defined in NFPA 70, by a qualified testing
agency, and marked for intended location and application.

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

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

PVC-Coated Steel Conduit: PVC-coated IMC.

a. Comply with NEMA RN 1.

b. Coating Thickness: 0.040 inch, minimum.

EMT: Comply with ANSI C80.3 and UL 797.

FMC: Comply with UL 1; zinc-coated steel.

LFMC: Flexible steel conduit with PVC jacket and complying with UL 360.
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B. Metal Fittings:

1.

o ks

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

AFC Cable Systems; a part of Atkore International.

Allied Tube & Conduit; a part of Atkore International.

Anamet Electrical, Inc.

Calconduit.

Electri-Flex Company.

FSR Inc.

Korkap.

Opti-Com Manufacturing Network, Inc (OMNI).

0-Z/Gedney; a brand of Emerson Industrial Automation.
Perma-Cote.

Picoma Industries, Inc.

Plasti-Bond.

Republic Conduit.

Southwire Company.

Thomas & Betts Corporation; A Member of the ABB Group.
Topaz Electric; a division of Topaz Lighting Corp.

Western Tube and Conduit Corporation.

Wheatland Tube Company.

Comply with NEMA FB 1 and UL 514B.

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

Fittings, General: Listed and labeled for type of conduit, location, and use.
Fittings for EMT:

a. Material: Steel or die cast.
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b. Type: compression.

6. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated
for environmental conditions where installed, and including flexible external bonding
jumper.

7. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch, with
overlapping sleeves protecting threaded joints.

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

2.3 NONMETALLIC CONDUITS AND FITTINGS

A. Nonmetallic Conduit:

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

AFC Cable Systems; a part of Atkore International.

Anamet Electrical, Inc.

Arnco Corporation.

CANTEX INC.

CertainTeed Corporation.

Champion Fiberglass, Inc.

Condux International, Inc.

Electri-Flex Company.

FRE Composites.

Kraloy.

Lamson & Sessions.

Niedax Inc.

RACO; Hubbell.

Thomas & Betts Corporation; A Member of the ABB Group.

Topaz Electric; a division of Topaz Lighting Corp.

. United Fiberglass.

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

3. Fiberglass:

a. Comply with NEMA TC 14.

b. Comply with UL 2515 for aboveground raceways.

C. Comply with UL 2420 for belowground raceways.
4. ENT: Comply with NEMA TC 13 and UL 1653.

oS 3I—ATTS@rPo0Te
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5. RNC: Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise
indicated.

6. LFNC: Comply with UL 1660.

7. Rigid HDPE: Comply with UL 651A.

8. Continuous HDPE: Comply with UL 651A.

9. Coilable HDPE: Preassembled with conductors or cables, and complying with

ASTM D 3485.
10. RTRC: Comply with UL 2515A and NEMA TC 14.
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B.  Nonmetallic Fittings:

1.

N

Technical Specifications
100% Submittal
April 3, 2023

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

following:

AFC Cable Systems; a part of Atkore International.
Anamet Electrical, Inc.
Arnco Corporation.
CANTEX INC.
CertainTeed Corporation.
Champion Fiberglass, Inc.
Condux International, Inc.
Electri-Flex Company.
FRE Composites.

Kraloy.

Lamson & Sessions.
Niedax Inc.

RACO:; Hubbell.

oS 3I—ARTTS@rPo0Te

Topaz Electric; a division of Topaz Lighting Corp.
United Fiberglass.

o

Thomas & Betts Corporation; A Member of the ABB Group.

Fittings, General: Listed and labeled for type of conduit, location, and use.

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

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

Solvents and Adhesives: As recommended by conduit manufacturer.

BOXES, ENCLOSURES, AND CABINETS

following:

CoNO~wWNE
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Adalet.

Crouse-Hinds, an Eaton business.

EGS/Appleton Electric.

Erickson Electrical Equipment Company.

FSR Inc.

Hoffman; a brand of Pentair Equipment Protection.
Hubbell Incorporated.

Hubbell Incorporated; Wiring Device-Kellems.

Kraloy.

Milbank Manufacturing Co.

MonoSystems, Inc.

Oldcastle Enclosure Solutions.

0O-Z/Gedney; a brand of Emerson Industrial Automation.
Plasti-Bond.

RACO; Hubbell.

Spring City Electrical Manufacturing Company.
Thomas & Betts Corporation; A Member of the ABB Group.
Topaz Electric; a division of Topaz Lighting Corp.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS
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2.5

A

19.  Wiremold / Legrand.

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

Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.

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

Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C.

Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 50 Ib.
Outlet boxes designed for attachment of luminaires weighing more than 50 Ib shall be listed and
marked for the maximum allowable weight.

Small Sheet Metal Pull and Junction Boxes;: NEMA OS 1.

Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMA FB 1 and UL 1773, with
gasketed cover.

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

Device Box Dimensions: 4 inches square by 2-1/8 inches deep 4 inches by 2-1/8 inches by 2-1/8
inches deep.

Gangable boxes are prohibited.

Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Typel Type 3R with
continuous-hinge cover with flush latch unless otherwise indicated.

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.
2. Nonmetallic Enclosures: Fiberglass.
3. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.

Cabinets:

1. NEMA 250, Type 1 Type 3R galvanized-steel box with removable interior panel and
removable front, finished inside and out with manufacturer's standard enamel.

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

Key latch to match panelboards.

Metal barriers to separate wiring of different systems and voltage.

Accessory feet where required for freestanding equipment.

Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified
testing agency, and marked for intended location and application.

ok~ wn

HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING

General Requirements for Handholes and Boxes:
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1. Boxes and handholes for use in underground systems shall be designed and identified as

2.

defined in NFPA 70, for intended location and application.
Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a
qualified testing agency, and marked for intended location and application.

B.  Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover: Molded of sand and
aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a
combination of the two.

1.

N

o o

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

Armorcast Products Company.

Carson Industries LLC.

NewBasis.

Oldcastle Precast, Inc.

Quazite: Hubbell Power Systems, Inc.

f. Synertech Moulded Products.

Standard: Comply with SCTE 77.

Configuration: Designed for flush burial with integral closed bottom unless otherwise
indicated.

Cover: Weatherproof, secured by tamper-resistant locking devices and having structural
load rating consistent with enclosure and handhole location.

Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.

Cover Legend: Molded lettering, "ELECTRIC.".

Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts
for secure, fixed installation in enclosure wall.

Handholes 12 Inches Wide by 24 Inches Long and Larger: Have inserts for cable racks
and pulling-in irons installed before concrete is poured.

P00 o

2.6 SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES

A.  Handhole and Pull-Box Prototype Test: Test prototypes of handholes and boxes for compliance
with SCTE 77 (Society of Cable Telecommunications Engineers). Strength tests shall be for
specified tier ratings of products supplied.

1.
2.

Tests of materials shall be performed by an independent testing agency.

Strength tests of complete boxes and covers shall be by either an independent testing
agency or manufacturer. A qualified registered professional engineer shall certify tests by
manufacturer.

Testing machine pressure gages shall have current calibration certification complying
with 1SO 9000 and ISO 10012 and traceable to NIST standards.

PART 3 - EXECUTION

3.1 RACEWAY APPLICATION

A.  Outdoors: Apply raceway products as specified below unless otherwise indicated:
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1. Exposed Conduit: GRC IMC.
2. Concealed Conduit, Aboveground: GRC IMC.
3. Underground Conduit: RNC, Type EPC-40-PVC, direct buried Connection to Vibrating
Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or
Motor-Driven Equipment): LFMC.
4. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R.

Indoors: Apply raceway products as specified below unless otherwise indicated:

N

o

o

Exposed, Not Subject to Physical Damage: EMT.

Exposed, Not Subject to Severe Physical Damage: EMT.

Exposed and Subject to Severe Physical Damage: GRC IMC. Raceway locations include
the following:

a. Loading dock.

b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
C. Mechanical rooms.

Concealed in Ceilings and Interior Walls and Partitions: EMT.

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

Damp or Wet Locations: GRC.

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

Minimum Raceway Size: 3/4-inch trade size.

Raceway Fittings: Compatible with raceways and suitable for use and location.

1.

2.

w

Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings unless
otherwise indicated. Comply with NEMA FB 2.10.

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

EMT: Use setscrew or compression, cast-metal fittings. Comply with NEMA FB 2.10.
Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with
NEMA FB 2.20.

Install surface raceways only where indicated on Drawings.

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

INSTALLATION

Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems"
for hangers and supports.

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

C. Do not install raceways or electrical items on any "explosion-relief" walls or rotating
equipment.

D. Do not fasten conduits onto the bottom side of a metal deck roof.

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

F. Complete raceway installation before starting conductor installation.
G.  Arrange stub-ups so curved portions of bends are not visible above finished slab.

H. Install no more than the equivalent of three 90-degree bends in any conduit run except for
control wiring conduits, for which fewer bends are allowed. Support within 12 inches of
changes in direction.

l. Make bends in raceway using large-radius preformed ells. Field bending shall be according to
NFPA 70 minimum radii requirements. Use only equipment specifically designed for material
and size involved.

J. Conceal conduit within finished walls, ceilings, and floors unless otherwise indicated. Install
conduits parallel or perpendicular to building lines.

K.  Support conduit within 12 inches of enclosures to which attached.
L.  Raceways Embedded in Slabs:

1. Run conduit larger than 1-inch trade size, parallel or at right angles to main
reinforcement. Where at right angles to reinforcement, place conduit close to slab
support. Secure raceways to reinforcement at maximum 10-foot intervals.

2. Arrange raceways to cross building expansion joints at right angles with expansion

fittings.

Arrange raceways to keep a minimum of 1 inch of concrete cover in all directions.

4, Do not embed threadless fittings in concrete unless specifically approved by Architect for
each specific location.

5. Change from ENT to GRC before rising above floor.

w

M.  Stub-Ups to Above Recessed Ceilings:

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

N.  Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply

listed compound to threads of raceway and fittings before making up joints. Follow compound
manufacturer's written instructions.
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0.

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

Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings
to protect conductors including conductors smaller than No. 4 AWG.

Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes
or cabinets. Install bushings on conduits up to 1-1/4-inch trade size and insulated throat metal
bushings on 1-1/2-inch trade size and larger conduits terminated with locknuts. Install insulated
throat metal grounding bushings on service conduits.

Install raceways square to the enclosure and terminate at enclosures with locknuts. Install
locknuts hand tight plus 1/4 turn more.

Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in
the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.

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

Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not
less than 200-Ib tensile strength. Leave at least 12 inches of slack at each end of pull wire. Cap
underground raceways designated as spare above grade alongside raceways in use.

Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with
listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a
blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway
sealing fittings according to NFPA 70.

Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or
boxes are between the seal and the following changes of environments. Seal the interior of all
raceways at the following points:

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated
spaces.

Where an underground service raceway enters a building or structure.

Conduit extending from interior to exterior of building.

Conduit extending into pressurized duct and equipment.

Conduit extending into pressurized zones that are automatically controlled to maintain
different pressure set points.

6. Where otherwise required by NFPA 70.

agrwmn

Comply with manufacturer's written instructions for solvent welding RNC and fittings.
Expansion-Joint Fittings:
1. Install in each run of aboveground RNC that is located where environmental temperature

change may exceed 30 deg F and that has straight-run length that exceeds 25 feet. Install
in each run of aboveground RMC conduit that is located where environmental
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BB.

CC.

DD.

EE.

FF.

GG.

HH.

temperature change may exceed 100 deg F and that has straight-run length that exceeds
100 feet.

2. Install type and quantity of fittings that accommodate temperature change listed for each
of the following locations:

a. Outdoor Locations Not Exposed to Direct Sunlight: 125 deg F temperature change.

b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F temperature change.

C. Indoor Spaces Connected with Outdoors without Physical Separation: 125 deg F
temperature change.

d. Attics: 135 deg F temperature change.

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot
of length of straight run per deg F of temperature change for PVC conduits. Install
fitting(s) that provide expansion and contraction for at least 0.000078 inch per foot of
length of straight run per deg F of temperature change for metal conduits.

4. Install expansion fittings at all locations where conduits cross building or structure
expansion joints.
5. Install each expansion-joint fitting with position, mounting, and piston setting selected

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

Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches of
flexible conduit for recessed and semirecessed luminaires, equipment subject to vibration, noise
transmission, or movement; and for transformers and motors.

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

Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not
individually indicated, give priority to ADA requirements. Install boxes with height measured to
center of box unless otherwise indicated.

Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block,
and install box flush with surface of wall. Prepare block surfaces to provide a flat surface for a
raintight connection between box and cover plate or supported equipment and box.

Horizontally separate boxes mounted on opposite sides of walls so they are not in the same
vertical channel.

Locate boxes so that cover or plate will not span different building finishes.

Support boxes of three gangs or more from more than one side by spanning two framing
members or mounting on brackets specifically designed for the purpose.

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

Set metal floor boxes level and flush with finished floor surface.

Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface.
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3.3

A

3.4

INSTALLATION OF UNDERGROUND CONDUIT
Direct-Buried Conduit:

1. Excavate trench bottom to provide firm and uniform support for conduit.

2. After installing conduit, backfill and compact. Start at tie-in point, and work toward end
of conduit run, leaving conduit at end of run free to move with expansion and contraction
as temperature changes during this process. Firmly hand tamp backfill around conduit to
provide maximum supporting strength. After placing controlled backfill to within 12
inches of finished grade.

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

4, Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and
at building entrances through floor.

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase
coupling with 3 inches of concrete for a minimum of 12 inches on each side of the
coupling.

b. For stub-ups at equipment mounted on outdoor concrete bases and where conduits
penetrate building foundations, extend steel conduit horizontally a minimum of
60 inches from edge of foundation or equipment base. Install insulated grounding
bushings on terminations at equipment.

5. Underground Warning Tape: Comply with requirements in Section 260553
"ldentification for Electrical Systems."

INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES

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

Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from
1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.

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

Install handholes with bottom below frost line, below grade.

Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators,
as required for installation and support of cables and conductors and as indicated. Select arm
lengths to be long enough to provide spare space for future cables but short enough to preserve
adequate working clearances in enclosure.

Field-cut openings for conduits according to enclosure manufacturer's written instructions. Cut
wall of enclosure with a tool designed for material to be cut. Size holes for terminating fittings
to be used, and seal around penetrations after fittings are installed.
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3.5 PROTECTION
A.  Protect coatings, finishes, and cabinets from damage and deterioration.
1. Repair damage to galvanized finishes with zinc-rich paint recommended by
manufacturer.

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

END OF SECTION 260533
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

11

A.

1.2

A

13

A

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Color and legend requirements for raceways, conductors, and warning labels and signs.
Labels.

Bands and tubes.

Tapes and stencils.

Tags.

Signs.

Cable ties.

Paint for identification.

Fasteners for labels and signs.

©WoNo~wWhE

ACTION SUBMITTALS
Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual components
and profiles, and finishes for electrical identification products.

Samples: For each type of label and sign to illustrate composition, size, colors, lettering style,
mounting provisions, and graphic features of identification products.

Identification Schedule: For each piece of electrical equipment and electrical system
components to be an index of nomenclature for electrical equipment and system components
used in identification signs and labels. Use same designations indicated on Drawings.

Delegated-Design Submittal: For arc-flash hazard study.

PART 2 - PRODUCTS

21

A.

GENERAL

Brand or manufacturer’s references are descriptive only and indicate type and quality to be
provided. All references to brand or manufacturer names shall be interpreted to include the
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2.2

2.3

@
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language “or A/E approved equal”. Any brand or manufacturer meeting specifications will be
considered, irrespective of the language “or A/E approved equal” appearing in conjunction with
the brand or manufacturer name.

PERFORMANCE REQUIREMENTS

Comply with ASME A13.1.

Comply with NFPA 70.

Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
Comply with ANSI Z535.4 for safety signs and labels.

Comply with NFPA 70E and Section 260573.19 "Arc-Flash Hazard Analysis" requirements for
arc-flash warning labels.

Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks
used by label printers, shall comply with UL 969.

Thermal Movements: Allow for thermal movements from ambient and surface temperature
changes.

1. : 120 deg F, ambient; 180 deg F, material surfaces.

COLOR AND LEGEND REQUIREMENTS
Raceways and Cables Carrying Circuits at 600 V or Less:

1. Black letters on an orange field.
2. Legend: Indicate voltage and system or service type.

Color-Coding for Phase- and Voltage-Level Identification, 600 V' or Less: Use colors listed
below for ungrounded service feeder and branch-circuit conductors.

1. Color shall be factory applied or field applied for sizes larger than No. 8 AWG if
authorities having jurisdiction permit.
2. Colors for 208/120-V Circuits:
a. Phase A: Black.
b. Phase B: Red.
C. Phase C: Blue.
d. Color for Neutral: White.
e. Color for Equipment Grounds: Green.
3. Colors for 480/277-V Circuits:
a Phase A: Brown.
b Phase B: Orange.
c Phase C: Yellow.
d Color for Neutral: Grey.
e Color for Equipment Grounds: Green.
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24

Warning Label Colors:
1. Identify system voltage with black letters on an orange background.
Warning labels and signs shall include, but are not limited to, the following legends:

1. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES."

Equipment Identification Labels:

1. Black letters on a white field.

TAPES AND STENCILS

Floor Marking Tape: 2-inch- wide, 5-mil pressure-sensitive vinyl tape, with yellow and black
stripes and clear vinyl overlay.

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Carlton Industries, LP.
b. Seton Identification Products.

Underground-Line Warning Tape:

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

following:
a. Brady Corporation.
b. Ideal Industries, Inc.
C. LEM Products Inc.
d. Marking Services, Inc.
e. Reef Industries, Inc.
f. Seton Identification Products.
2. Tape:
a. Recommended by manufacturer for the method of installation and suitable to

identify and locate underground electrical and communications utility lines.

b. Printing on tape shall be permanent and shall not be damaged by burial operations.

C. Tape material and ink shall be chemically inert and not subject to degradation
when exposed to acids, alkalis, and other destructive substances commonly found
in soils.

3. Color and Printing:

a. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI z535.4, and
ANSI Z535.5.

b. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE, HIGH VOLTAGE".

C. Inscriptions for Orange-Colored Tapes: "TELEPHONE CABLE, CATV CABLE,
COMMUNICATIONS CABLE, OPTICAL FIBER CABLE".

Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height shall be
1inch.
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25 SIGNS

A.  Laminated Acrylic or Melamine Plastic Signs:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Brady Corporation.
b. Carlton Industries, LP.
C. emedco.
d. Marking Services, Inc.
Engraved legend.
3. Thickness:
a. For signs up to 20 sqg. in., minimum 1/16 inch thick.
b. For signs larger than 20 sq. in., 1/8 inch thick.
C. Engraved legend with black letters on white face.
d Punched or drilled for mechanical fasteners with 1/4-inch grommets in corners for
mounting.
e. Framed with mitered acrylic molding and arranged for attachment at applicable
equipment.

n

2.6 CABLE TIES

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

following:

1. HellermannTyton.

2. Ideal Industries, Inc.
3. Marking Services, Inc.
4. Panduit Corp.

B.  Plenum-Rated Cable Ties: Self-extinguishing, UV stabilized, one piece, and self-locking.

Minimum Width: 3/16 inch.

Tensile Strength at 73 Deg F according to ASTM D638: 7000 psi.
UL 94 Flame Rating: 94V-0.

Temperature Range: Minus 50 to plus 284 deg F.

Color: Black.

arwdE

2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS
A.  Paint: Comply with requirements in painting Sections for paint materials and application
requirements. Retain paint system applicable for surface material and location (exterior or
interior).

B.  Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine
screws with nuts and flat and lock washers.
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PART 3 - EXECUTION

3.1

A.

3.2

PREPARATION

Self-Adhesive Identification Products: Before applying electrical identification products, clean
substrates of substances that could impair bond, using materials and methods recommended by
manufacturer of identification product.

INSTALLATION

Verify and coordinate identification names, abbreviations, colors, and other features with
requirements in other Sections requiring identification applications, Drawings, Shop Drawings,
manufacturer's wiring diagrams, and operation and maintenance manual. Use consistent
designations throughout Project.

Install identifying devices before installing acoustical ceilings and similar concealment.
Verify identity of each item before installing identification products.

Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and operation
and maintenance manual.

Apply identification devices to surfaces that require finish after completing finish work.

Install signs with approved legend to facilitate proper identification, operation, and maintenance
of electrical systems and connected items.

System Identification for Raceways and Cables under 600 V: Identification shall completely
encircle cable or conduit. Place identification of two-color markings in contact, side by side.
1. Secure tight to surface of conductor, cable, or raceway.

Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control,
and signal connections.

Elevated Components: Increase sizes of labels, signs, and letters to those appropriate for
viewing from the floor.

Accessible Fittings for Raceways: ldentify the covers of each junction and pull box of the
following systems with the wiring system legend and system voltage. System legends shall be
as follows:

"EMERGENCY POWER."
"POWER."

"UPS."
“COMMUNICATIONS.”
“FIRE ALARM.”
“ACCESS CONTROL”
“CCTV.”

Nogak~wdhE
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3.3

K.

Floor Marking Tape: Apply stripes to finished surfaces following manufacturer's written
instructions.

Underground Line Warning Tape:

1. During backfilling of trenches, install continuous underground-line warning tape directly
above cable or raceway at 6 to 8 inches below finished grade. Use multiple tapes where
width of multiple lines installed in a common trench exceeds 16 inches overall.

2. Limit use of underground-line warning tape to direct-buried cables.

3. Install underground-line warning tape for direct-buried cables and cables in raceways.

Laminated Acrylic or Melamine Plastic Signs:

1. Attach signs that are not self-adhesive type with mechanical fasteners appropriate to the
location and substrate.

2. Unless otherwise indicated, provide a single line of text with 1/2-inch- high letters on 1-
1/2-inch- high sign; where two lines of text are required, use labels 2 inches high.

Cable Ties: General purpose, for attaching tags, except as listed below:

IDENTIFICATION SCHEDULE

Install identification materials and devices at locations for most convenient viewing without
interference with operation and maintenance of equipment. Install access doors or panels to
provide view of identifying devices.

Identify conductors, cables, and terminals in enclosures and at junctions, terminals, pull points,
and locations of high visibility. Identify by system and circuit designation.

Accessible Raceways, Armored and Metal-Clad Cables, More Than 600 V: Vinyl wraparound
labels.

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-
foot maximum intervals in straight runs, and at 25-foot maximum intervals in congested
areas.

Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch
Circuits, More Than 30 A and 120 V to Ground: Identify with self-adhesive vinyl tape applied
in bands.

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-
foot maximum intervals in straight runs, and at 25-foot maximum intervals in congested
areas.

Accessible Fittings for Raceways and Cables within Buildings: Identify the covers of each
junction and pull box of the following systems with self-adhesive labels containing the wiring
system legend and system voltage. System legends shall be as follows:

1. "EMERGENCY POWER."
2. "POWER."
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3. "UPS."

F. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and
junction boxes, manholes, and handholes, use vinyl wraparound labels to identify the phase.

1. Locate identification at changes in direction, at penetrations of walls and floors, at 50-
foot maximum intervals in straight runs, and at 25-foot maximum intervals in congested
areas.

G.  Locations of Underground Lines: Underground-line warning tape for power, lighting,
communication, and control wiring and optical-fiber cable.

H.  Workspace Indication: Apply floor marking tape to finished surfaces. Show working clearances
in the direction of access to live parts. Workspace shall comply with NFPA 70 and
29 CFR 1926.403 unless otherwise indicated. Do not install at flush-mounted panelboards and
similar equipment in finished spaces.

I Instructional Signs: Self-adhesive labels, including the color code for grounded and ungrounded
conductors.

J. Arc Flash Warning Labeling: Self-adhesive labels.
K.  Equipment Identification Labels:

1. Indoor Equipment: Laminated acrylic or melamine plastic sign.
2. Outdoor Equipment: Stenciled legend 1 inch high.
3. Equipment to Be Labeled:

a. Panelboards: Typewritten directory of circuits in the location provided by
panelboard manufacturer. Panelboard identification shall be in the form of a
engraved, laminated acrylic or melamine label.

Enclosures and electrical cabinets.

Access doors and panels for concealed electrical items.
Switchgear.

Switchboards.

Emergency system boxes and enclosures.

Enclosed switches.

Enclosed circuit breakers.

Enclosed controllers.

Variable-speed controllers.

Power-transfer equipment.

Contactors.

Remote-controlled switches, dimmer modules, and control devices.
Power-generating units.

Monitoring and control equipment.

UPS equipment.

ToS3ITATTSQ@rPo0DT

END OF SECTION 260553
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

11

A.

1.2

1.3

14

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

1. Nonfusible switches.
2. Molded-case circuit breakers (MCCBS).
3. Enclosures.

DEFINITIONS
NC: Normally closed.
NO: Normally open.

SPDT: Single pole, double throw.

ACTION SUBMITTALS

Product Data: For each type of enclosed switch, circuit breaker, accessory, and component
indicated. Include nameplate ratings, dimensioned elevations, sections, weights, and
manufacturers' technical data on features, performance, electrical characteristics, ratings,
accessories, and finishes.

Enclosure types and details for types other than NEMA 250, Type 1.

Current and voltage ratings.

Short-circuit current ratings (interrupting and withstand, as appropriate).

Include evidence of a nationally recognized testing laboratory (NRTL) listing for series

rating of installed devices.

5. Detail features, characteristics, ratings, and factory settings of individual overcurrent
protective devices, accessories, and auxiliary components.

6. Include time-current coordination curves (average melt) for each type and rating of

overcurrent protective device; include selectable ranges for each type of overcurrent

protective device. Provide in PDF electronic format.

el A

Shop Drawings: For enclosed switches and circuit breakers.

1. Include plans, elevations, sections, details, and attachments to other work.

ENCLOSED SWITCHES AND CIRCUIT BREAKERS 262816 - 1
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2. Include wiring diagrams for power, signal, and control wiring.
1.5 INFORMATIONAL SUBMITTALS
A.  Qualification Data: For qualified testing agency.
B.  Field quality-control reports.
1.6 CLOSEOUT SUBMITTALS
A.  Operation and Maintenance Data: For enclosed switches and circuit breakers to include in
emergency, operation, and maintenance manuals.
1. In addition to items specified in Section 017823 "Operation and Maintenance Data,"
include the following:
a. Manufacturer's written instructions for testing and adjusting enclosed switches and
circuit breakers.
1.7 QUALITY ASSURANCE
A.  Testing Agency Qualifications: Accredited by NETA.
1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site
testing.
1.8 FIELD CONDITIONS
A.  Environmental Limitations: Rate equipment for continuous operation under the following
conditions unless otherwise indicated:
1. Ambient Temperature: Not less than minus 22 deg F and not exceeding 104 deg F.
2. Altitude: Not exceeding 6600 feet.
1.9 WARRANTY
A.  Manufacturer's Warranty: Manufacturer and Installer agree to repair or replace components that

fail in materials or workmanship within specified warranty period.

1. Warranty Period: One year(s) from date of Acceptance.

PART 2 - PRODUCTS

21

A.

GENERAL

Brand or manufacturer’s references are descriptive only and indicate type and quality to be
provided. All references to brand or manufacturer names shall be interpreted to include the
language “or A/E approved equal”. Any brand or manufacturer meeting specifications will be
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2.2

2.3

considered, irrespective of the language “or A/E approved equal” appearing in conjunction with
the brand or manufacturer name.

GENERAL REQUIREMENTS

Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective
devices, components, and accessories, within same product category, from single manufacturer.

Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed
switches and circuit breakers, including clearances between enclosures, and adjacent surfaces
and other items. Comply with indicated maximum dimensions.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
an NRTL, and marked for intended location and application.

Comply with NFPA 70.

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

ABB Inc.

Eaton.

General Electric Company.
Siemens Industry, Inc.

Square D; by Schneider Electric.

akrwdPE

NONFUSIBLE SWITCHES

Type GD, General Duty, Three Pole, Single Throw, 240-V ac, 600 A and Smaller: UL 98 and
NEMA KS 1, horsepower rated, lockable handle with capability to accept two padlocks, and
interlocked with cover in closed position.

Type HD, Heavy Duty, Three Pole, Single Throw, 600-V ac, 1200 A and Smaller: UL 98 and
NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and
interlocked with cover in closed position.

Accessories:

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground
conductors.

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded;

labeled for copper and aluminum neutral conductors.

Lugs: Mechanical type, suitable for number, size, and conductor material.

Service-Rated Switches: Labeled for use as service equipment.

Auxiliary Switch: Where indicated, provide a single pole, single throw, field switchable

normally open or normally closed and activated by the operation of the switch

independent from the power contacts.

ok w
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2.4

A

25

MOLDED-CASE CIRCUIT BREAKERS

Circuit breakers shall be constructed using glass-reinforced insulating material. Current carrying
components shall be completely isolated from the handle and the accessory mounting area.

Circuit breakers shall have a toggle operating mechanism with common tripping of all poles,
which provides quick-make, quick-break contact action. The circuit-breaker handle shall be
over center, be trip free, and reside in a tripped position between on and off to provide local trip
indication. Circuit-breaker escutcheon shall be clearly marked on and off in addition to
providing international 1/0 markings. Equip circuit breaker with a push-to-trip button, located
on the face of the circuit breaker to mechanically operate the circuit-breaker tripping
mechanism for maintenance and testing purposes.

MCCB:s shall be equipped with a device for locking in the isolated position.

Standard: Comply with UL 489 with interrupting capacity to comply with available fault
currents.

Features and Accessories:

1. Standard frame sizes, trip ratings, and number of poles.
2. Lugs: Mechanical type, suitable for number, size, trip ratings, and conductor material.

ENCLOSURES

Enclosed Switches and Circuit Breakers: UL 489, NEMA KS 1, NEMA 250, and UL 50, to
comply with environmental conditions at installed location.

Enclosure Finish: The enclosure shall be gray baked enamel paint, electrodeposited on cleaned,
phosphatized steel (NEMA 250 Type 1).

Conduit Entry: NEMA 250 Types 4, 4X, and 12 enclosures shall contain no knockouts.
NEMA 250 Types 7 and 9 enclosures shall be provided with threaded conduit openings in both
endwalls.

Operating Mechanism: The circuit-breaker operating handle shall be externally operable with
the operating mechanism being an integral part of the box, not the cover. The cover interlock
mechanism shall have an externally operated override. The override shall not permanently
disable the interlock mechanism, which shall return to the locked position once the override is
released. The tool used to override the cover interlock mechanism shall not be required to enter
the enclosure in order to override the interlock.

Enclosures designated as NEMA 250 Type 4, 4X stainless steel, 12, or 12K shall have a dual
cover interlock mechanism to prevent unintentional opening of the enclosure cover when the
circuit breaker is ON and to prevent turning the circuit breaker ON when the enclosure cover is
open.

NEMA 250 Type 7/9 enclosures shall be furnished with a breather and drain kit to allow their
use in outdoor and wet location applications.
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PART 3 - EXECUTION

3.1

A.

3.2

3.3

3.4

EXAMINATION

Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance
with installation tolerances and other conditions affecting performance of the Work.

Proceed with installation only after unsatisfactory conditions have been corrected.

1. Commencement of work shall indicate Installer's acceptance of the areas and conditions
as satisfactory.

ENCLOSURE ENVIRONMENTAL RATING APPLICATIONS

Enclosed Switches and Circuit Breakers: Provide enclosures at installed locations with the
following environmental ratings.

Indoor, Dry and Clean Locations: NEMA 250, Type 1.

Outdoor Locations: NEMA 250, Type 3R.

Other Wet or Damp, Indoor Locations: NEMA 250, Type 4.

Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:
NEMA 250, Type 12.

roONME

INSTALLATION

Coordinate layout and installation of switches, circuit breakers, and components with equipment
served and adjacent surfaces. Maintain required workspace clearances and required clearances
for equipment access doors and panels.

Install individual wall-mounted switches and circuit breakers with tops at uniform height unless
otherwise indicated.

Temporary Lifting Provisions: Remove temporary lifting of eyes, channels, and brackets and
temporary blocking of moving parts from enclosures and components.

Install fuses in fusible devices.

Comply with NFPA 70 and NECA 1.

IDENTIFICATION
Comply with requirements in Section 260553 "Identification for Electrical Systems."
1. Identify field-installed conductors, interconnecting wiring, and components; provide

warning signs.
2. Label each enclosure with engraved metal or laminated-plastic nameplate.
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35 FIELD QUALITY CONTROL

A

3.6

Perform tests and inspections.

1.

Tests and Inspections for Switches and Molded Case Circuit Breakers:

Visual and Mechanical Inspection:

@rooo0ow

Inspect physical and mechanical condition.

Inspect anchorage, alignment, grounding, and clearances.

Verify that the unit is clean.

Verify blade alignment, blade penetration, travel stops, and mechanical operation.
Verify that fuse sizes and types match the Specifications and Drawings.

Verify that each fuse has adequate mechanical support and contact integrity.
Verify that operation and sequencing of interlocking systems is as described in the
Specifications and shown on the Drawings.

Verify correct phase barrier installation.

Verify lubrication of moving current-carrying parts and moving and sliding
surfaces.

Enclosed switches and circuit breakers will be considered defective if they do not pass tests and

inspections.

Prepare test and inspection reports.

1. Test procedures used.

2. Include identification of each enclosed switch and circuit breaker tested and describe test
results.

3. List deficiencies detected, remedial action taken, and observations after remedial action.

ADJUSTING

Adjust moving parts and operable components to function smoothly, and lubricate as
recommended by manufacturer.

END OF SECTION 262816
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SECTION 262923 - VARIABLE-FREQUENCY MOTOR CONTROLLERS

PART 1 - GENERAL

11

1.2

1.3

14

A.

w

mom g 0
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RELATED DOCUMENTS

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

SUMMARY

Section includes separately enclosed, preassembled, combination VFCs, rated 600 V and less,
for speed control of three-phase, squirrel-cage induction motors.

DEFINITIONS

CPT: Control power transformer.

DDC: Direct digital control.

EMI: Electromagnetic interference.

LED: Light-emitting diode.

NC: Normally closed.

NO: Normally open.

OCPD: Overcurrent protective device.

PID: Control action, proportional plus integral plus derivative.
RFI: Radio-frequency interference.

VFC: Variable-frequency motor controller.

ACTION SUBMITTALS

Product Data: For each type and rating of VFC indicated.

1. Include dimensions and finishes for VFCs.

2. Include rated capacities, operating characteristics, electrical characteristics, and furnished
specialties and accessories.

Shop Drawings: For each VFC indicated.

1. Include mounting and attachment details.
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1.5

16

1.7

18

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

3. Include diagrams for power, signal, and control wiring.

CLOSEOUT SUBMITTALS

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

1. In addition to items specified in Section 017823 "Operation and Maintenance Data,"
include the following:

a. Manufacturer's written instructions for testing and adjusting thermal-magnetic
circuit breaker and motor-circuit protector trip settings.

b. Manufacturer's written instructions for setting field-adjustable overload relays.

C. Manufacturer's written instructions for testing, adjusting, and reprogramming
microprocessor control modules.

d. Manufacturer's written instructions for setting field-adjustable timers, controls, and
status and alarm points.

e. 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.

f. 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 protection suit actual motors to be protected.

QUALITY ASSURANCE
Testing Agency Qualifications: Accredited by NETA.

1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site
testing.

DELIVERY, STORAGE, AND HANDLING
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.

WARRANTY

Special Warranty: Manufacturer agrees to repair or replace VFCs that fail in materials or
workmanship within specified warranty period.

1. Warranty Period: Five years from date of Acceptance.
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PART 2 - PRODUCTS

2.1

A.

2.2

2.3

GENERAL

Brand or manufacturer’s references are descriptive only and indicate type and quality to be
provided. All references to brand or manufacturer names shall be interpreted to include the
language “or A/E approved equal”. Any brand or manufacturer meeting specifications will be
considered, irrespective of the language “or A/E approved equal” appearing in conjunction with
the brand or manufacturer name.

MANUFACTURERS

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

ABB Low Voltage HVAC Drives.

Danfoss Inc.

Eaton.

General Electric Company.

Rockwell Automation, Inc.

Schneider Electric USA, Inc.

Siemens Industry, Inc., Building Technologies Division.
Siemens Industry, Inc., Energy Management Division.
Yaskawa Electric America, Inc.

©oNoO~wWhE

SYSTEM DESCRIPTION
General Requirements for VFCs:

1. VFCs and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing
agency, and marked for intended location and application.
2. Comply with NEMA ICS 7, NEMA ICS 61800-2, and UL 508A.

Application: variable torque.

VFC Description: Variable-frequency motor controller, consisting of power converter that
employs pulse-width-modulated inverter, factory built and tested 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 1,
Section IV, Part 31, "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.

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.
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E.  Output Rating: Three phase; 10 to 60 Hz, with voltage proportional to frequency throughout
voltage range; maximum voltage equals input voltage.

F. Unit Operating Requirements:

arwdPE

12.
13.
14.
15.

0.
1

Input AC Voltage Tolerance: Plus 10 and minus 10 percent of VFC input voltage rating.
Input AC Voltage Unbalance: Not exceeding 5 percent.

Input Frequency Tolerance: Plus or minus 3 percent of VFC frequency rating.

Minimum Efficiency: 96 percent at 60 Hz, full load.

Minimum Displacement Primary-Side Power Factor: 96 percent under any load or speed
condition.

Minimum Short-Circuit Current (Withstand) Rating: 10 kA.

Ambient Temperature Rating: Not less than 32 deg F and not exceeding 104 deg F.
Humidity Rating: Less than 95 percent (noncondensing).

Altitude Rating: Not exceeding 3300 feet.

Vibration Withstand: Comply with NEMA ICS 61800-2.

Overload Capability: 1.1 times the base load current for 60 seconds; minimum of 1.8
times the base load current for three seconds.

Starting Torque: Minimum 100 percent of rated torque from 3 to 60 Hz.

Speed Regulation: Plus or minus 5 percent.

Output Carrier Frequency: Selectable; 0.5 to 15 kHz.

Stop Modes: Programmable; includes fast, free-wheel, and dc injection braking.

G.  Inverter Logic: Microprocessor based, 32 bit, isolated from all power circuits.

H.  Isolated Control Interface: Allows VFCs to follow remote-control signal over a minimum 40:1
speed range.

1.

Signal: Electrical.

I Internal Adjustability Capabilities:

arwdE

Minimum Speed: 5 to 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.

J. Self-Protection and Reliability Features:

1.

ok w

Surge Suppression: Factory installed as an integral part of the VFC, complying with
UL 1449 SPD, Type 1 or Type 2.

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.
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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.

0.  Short-circuit protection.

1.  Motor-overtemperature fault.

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.

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.

UL 489, instantaneous-trip circuit breaker with pad-lockable, door-mounted handle
mechanism.

1. Disconnect Rating: Not less than 115 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 or 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.

CONTROLS AND INDICATION
Status Lights: Door-mounted LED indicators displaying the following conditions:

Power on.
Run.
Overvoltage.
Line fault.
Overcurrent.
External fault.

ocouprLNOE

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 maodes.
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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.

C.  Historical Logging Information and Displays:

1.
2.
3.

Running log of total power versus time.
Total run time.
Fault log, maintaining last four faults with time and date stamp for each.

D. Indicating Devices: Digital display mounted flush in VFC door and connected to display VFC
parameters including, but not limited to:

BoOoo~Noor~wNE

0.

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).

Motor output voltage (V ac).

E.  Control Signal Interfaces:

1.

Electric Input Signal Interface:

a. A minimum of two programmable analog inputs: 0- to 10-V dc or 4- to 20-mA dc.
b. A minimum of six multifunction programmable digital inputs.

Remote Signal Inputs: Capability to accept any of the following speed-setting input
signals from the DDC system for HVAC or other control systems:

a. 0- to 10-V dc.

b. 4-to 20-mA dc.

c. Potentiometer using up/down digital inputs.

d. Fixed frequencies using digital inputs.

Output Signal Interface: A minimum of one programmable analog output signal(s) (0- to
10-V dc or 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).

Remote Indication Interface: A minimum of two programmable dry-circuit relay outputs
(120-V ac, 1 A) for remote indication of the following:

a. Motor running.

b. Set point speed reached.

—~o o0 o
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C. Fault and warning indication (overtemperature or overcurrent).
d. PID high- or low-speed limits reached.

F. Interface with DDC System for HVAC: Factory-installed hardware and software shall interface
with DDC system for HVAC to monitor, control, display, and record data for use in processing
reports. VFC settings shall be retained within VFC's nonvolatile memory.

1. Refer to drawings for monitored points.

2. Communication Interface: Comply with ASHRAE 135. Communication shall interface
with DDC system for HVAC to remotely control and monitor lighting from a DDC
system for HVAC operator workstation. Control features and monitoring points displayed
locally at lighting panel shall be available through the DDC system for HVAC.

2.5 ENCLOSURES
A.  VFC Enclosures: NEMA 250, to comply with environmental conditions at installed location.

Dry and Clean Indoor Locations: Type 1.

Outdoor Locations: Type 3R.

Kitchen Areas: Type 4X,.

Other Wet or Damp Indoor Locations: Type 4.

Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:
Type 12.

akrwdPE

B.  Plenum Rating: UL 1995; NRTL certification label on enclosure, clearly identifying VFC as
"Plenum Rated."

2.6 SOURCE QUALITY CONTROL
A.  Testing: Test and inspect VFCs according to requirements in NEMA ICS 61800-2.
1. _Test each VFC while connected to a motor that is comparable to that for which the VFC
2. I\ierflit_figééion 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, insert Project-specific conditions, and other
conditions affecting performance of the Work.

VARIABLE-FREQUENCY MOTOR CONTROLLERS 262923 - 7



Air Handling Unit Replacement Project Technical Specifications

Tarrant Administration Building 100% Submittal
100 E. Weatherford Street Fort Worth, Texas April 3,2023
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.  Prepare written report, endorsed by Installer, listing conditions detrimental to performance of
the Work
E. Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 INSTALLATION
A.  Wall-Mounting Controllers: Install with tops at uniform height and with disconnect operating
handles not higher than 79 inches (2000 mm) above finished floor, unless otherwise indicated,
and by bolting units to wall or mounting on lightweight structural-steel channels bolted to wall.

For controllers not on walls, provide freestanding racks complying with Section 260529

"Hangers and Supports for Electrical Systems."

B.  Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and
temporary blocking of moving parts from enclosures and components.

C. Install heaters in thermal-overload relays. Select heaters based on actual nameplate full-load
amperes after motors are installed.

D. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven
equipment.

E. Comply with NECA 1.

3.3 CONTROL WIRING INSTALLATION

A. Install wiring between VFCs and remote devices and facility's central-control system.

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
that have no safety functions when switches are in manual-control position.

2. 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.

3.4 IDENTIFICATION
A. Identify VFCs, components, and control wiring. Comply with requirements for identification

specified in Section 260553 "Identification for Electrical Systems."”
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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.

3.5 FIELD QUALITY CONTROL
A. : Engage a qualified testing agency to perform tests and inspections.
B.  Perform tests and inspections.
C.  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.

D.  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.

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 Owner before starting the motor(s).

Test each motor for proper phase rotation.

6. Perform tests according to the Inspection and Test Procedures for Adjustable Speed
Drives 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. Perform the following infrared (thermographic) scan tests and inspections, and prepare
reports:

a. Initial Infrared Scanning: Not more than 60 days after Acceptance, perform an
infrared scan of each VFC. Remove front panels so joints and connections are
accessible to portable scanner.

b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of
each VFC 11 months after date of Acceptance.

C. Instruments and Equipment: Use an infrared scanning device designed to measure
temperature or to detect significant deviations from normal values. Provide
calibration record for device.

9. Test and adjust controls, remote monitoring, and safeties. Replace damaged and
malfunctioning controls and equipment.

@

o

E.  VFCswill be considered defective if they do not pass tests and inspections.
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F. Prepare test and inspection reports, including a certified report that identifies the VFC and

3.6

3.7

3.8

3.9

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

STARTUP SERVICE
Perform startup service.

1. Complete installation and startup checks according to manufacturer's written instructions.

ADJUSTING

Program microprocessors for required operational sequences, status indications, alarms, event
recording, and display features. Clear events memory after final testing and prior to Acceptance.

PROTECTION

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.

Replace VFCs whose interiors have been exposed to water or other liquids prior to Final
Completion.

DEMONSTRATION

Train Owner's maintenance personnel to adjust, operate, reprogram, and maintain VFCs.

END OF SECTION 262923
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