
CHEROKEE HARD ROCK CASINO 4

03242018.0922 Computer-Room Air-Conditioners
H17018.01 238123 - 1

SECTION 238123 COMPUTER-ROOM AIR-CONDITIONERS

PART 1 -  GENERAL

1.1 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. Floor-mounted computer-room air conditioners, 6 tons and larger.

1.3 DEFINITION

A. BAS:  Building automation system.

1.4 SUBMITTALS

A. Product Data:  For each type of product indicated.  Include rated capacities, operating 
characteristics, electrical characteristics, and furnished specialties and accessories.

B. Shop Drawings:  For computer-room air conditioners.  Include plans, elevations, sections, 
details, and attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each 
field connection.

2. Wiring Diagrams:  For power, signal, and control wiring.

C. Color Samples:  For unit cabinet, discharge grille, and exterior louver and for each color and 
texture specified.

D. Coordination Drawings:  Plans, elevations, and other details, drawn to scale, using input from 
Installers of the items involved.

E. Seismic Qualification Certificates:  For computer-room air conditioners, accessories, and 
components, from manufacturer.

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

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

5. Detailed description of equipment anchorage devices on which the certification is 
based and their installation requirements.
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F. Field quality-control reports.

G. Operation and Maintenance Data:  For computer-room air conditioners to include in emergency, 
operation, and maintenance manuals.

H. Warranty:  Sample of special warranty.

1.5 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. ASHRAE Compliance:

6. Fabricate and label refrigeration system to comply with ASHRAE 15, "Safety 
Standard for Refrigeration Systems."

7. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004,  
Section 4 - "Outdoor Air Quality," Section 5 - "Systems and Equipment," Section 
6 - "Ventilation Rate Procedures," and Section 7 - "Construction and Startup."

C. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004.

D. ASME Compliance:  Fabricate and label water-cooled condenser shell to comply with ASME 
Boiler and Pressure Vessel Code:  Section VIII, "Pressure Vessels," Division 1.

1.6 COORDINATION

A. Coordinate layout and installation of computer-room air conditioners and suspension system 
with other construction that penetrates ceilings or is supported by them, including light fixtures, 
HVAC equipment, fire-suppression system, and partition assemblies.

B. Coordinate installation of computer-room air conditioners with computer-room access flooring 
Installer.

C. Coordinate sizes and locations of concrete bases with actual equipment provided.

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

1.7 WARRANTY

A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or 
replace components of computer-room air conditioners that fail in materials or workmanship 
within specified warranty period.

8. Warranty Period for Compressors:  Manufacturer's standard, but not less than 
five years from date of Substantial Completion.

9. Warranty Period for Humidifiers:  Manufacturer's standard, but not less than 
three years from date of Substantial Completion.

10. Warranty Period for Control Boards:  Manufacturer's standard, but not less than 
three years from date of Substantial Completion.
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1.8 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. Fan Belts:  Two set(s) for each belt-driven fan.
2. Filters:  Two set(s) of filters for each unit.

PART 2 -  PRODUCTS

2.1 FLOOR-MOUNTED UNITS 6 TONS AND LARGER

A. Basis-of-Design Product:  Subject to compliance with requirements, provide comparable 
product by one of the following:

1. Airflow Company; a division of The McClain Company, Inc.
2. Compu-Aire, Inc.
3. Liebert Corporation.
4. Trane; a business of American Standard Companies.

B. Description:  Packaged, factory assembled, prewired, and prepiped; consisting of cabinet, fans, 
filters, humidifier, and controls.

C. Cabinet and Frame:  Welded steel, braced for rigidity, and supporting compressors and other 
mechanical equipment and fittings.

1. Doors and Access Panels:  Galvanized steel with polyurethane gaskets, hinges, 
and concealed fastening devices.

2. Insulation:  Thermally and acoustically insulate cabinet interior with 1-inch- 
thick duct liner.

3. Finish of Interior Surfaces:  Surfaces in contact with the airstream shall comply 
with requirements in ASHRAE 62.1-2004.

4. Finish of Exterior Surfaces:  Baked-on, textured vinyl enamel; color as selected 
from manufacturer's standard colors.

5. Floor Stand:  Welded tubular steel, high, with adjustable legs and vibration 
isolation pads.

D. Supply-Air Fan(s):

1. Double-inlet, forward-curved centrifugal fan(s); statically and dynamically 
balanced.

2. Drive:  V-belt, with steel shaft with self-aligning ball bearings and cast-iron or 
steel sheaves, variable- and adjustable-pitch motor sheave, minimum of two 
matched belts, with drive rated at a minimum of two times the nameplate rating 
of motor.
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E. Refrigeration System:

1. Compressors:  Semihermetic reciprocating; with suction-gas-cooled, 1750-rpm 
motors; thermal overloads; oil sight glass; suction-line strainer; and reversible oil 
pumps; with oil strainer, internal motor overload protection, resilient suspension 
system, crankcase heater, manual-reset high-pressure switch, and pump-down 
low-pressure switch.

2. Compressors:  Hermetic reciprocating; with oil strainer, internal motor overload 
protection, resilient suspension system, crankcase heater, manual-reset high-
pressure switch, and pump-down low-pressure switch.

3. Compressors:  Hermetic scroll; with oil strainer, internal motor overload 
protection, resilient suspension system, crankcase heater, manual-reset high-
pressure switch, and pump-down low-pressure switch.

4. Refrigeration Circuits:  Two; each with hot-gas mufflers, thermal-expansion 
valve with external equalizer, liquid-line solenoid valve, liquid-line filter-dryer, 
sight glass with moisture indicator, service shutoff valves, charging valves, and 
charge of refrigerant.

5. Refrigerant:  R-407C.
6. Refrigerant:  R-407C.
7. Refrigerant Evaporator Coil:  Alternate-row or split-face-circuit, direct-expansion 

coil of seamless copper tubes expanded into aluminum fins.

a. Mount coil assembly over stainless-steel drain pan complying with ASHRAE 
62.1-2004 and having a condensate pump unit with integral float switch, 
pump-motor assembly, and condensate reservoir.

8. Integral, Water-Cooled Refrigerant Condenser:  Shell-and-tube type fabricated 
and labeled according to ASME Boiler and Pressure Vessel Code:  Section VIII 
with liquid-line stop valve and head-pressure-actuated, two-way regulating valve.  
Terminate fluid connections outside cabinet.

a. Cooling Medium:  Water.

9. Remote Air-Cooled Refrigerant Condenser:  Corrosion-resistant cabinet, copper-
tube aluminum-fin coils arranged for two circuits, multiple direct-drive propeller 
fans with permanently lubricated ball bearings, and single-phase motors with 
internal overload protection and integral electric control panel and disconnect 
switch.  Control capacity by modulating fan speeds.

F. Hydronic Cooling Coil:  Seamless copper tubes expanded into aluminum fins with modulating 
two-way control valve.

1. Cooling Medium:  Water.
2. Control Valve:  Class 125 body.

a. Maximum Pressure Drop:  5 psig at design flow rate.

b. Close-Off (Differential) Pressure Rating:  100 percent of pressure differential 
across valve or 100 percent of total system (pump) head.

3. Mount coil assembly over stainless-steel drain pan complying with ASHRAE 
62.1-2004 and having a condensate pump unit with integral float switch, pump-
motor assembly, and condensate reservoir.



CHEROKEE HARD ROCK CASINO 4

03242018.0922 Computer-Room Air-Conditioners
H17018.01 238123 - 5

G. Remote, Air-Cooled, Glycol-Solution Cooler:  Corrosion-resistant cabinet, copper-tube 
aluminum-fin coil, multiple direct-drive propeller fans with fan guards, and single-phase motors 
with internal overload protection and integral electric control panel.  Control capacity by 
cycling fans.

1. Disconnect Switch:  Nonautomatic, molded-case circuit breaker with handle 
accessible when panel is closed and capable of preventing access until switched 
to off position.

H. Electric-Resistance Heating Coil:  Enclosed finned-tube electric elements arranged for 
minimum of three stages, with thermal safety switches, manual-reset overload protection, and 
branch-circuit overcurrent protection.

I. Refrigerant Heating Coil:  Hot-gas coil of seamless copper tubes expanded into aluminum fins 
with three-way solenoid valve on first-stage refrigerant circuit.

J. Hot-Water Heating Coil:  Seamless copper tubes expanded into aluminum fins with two-way 
modulating control valve and strainer.

1. Control Valve:  Class 125 body.

a. Maximum Pressure Drop:  5 psig at design flow rate.

b. Close-Off (Differential) Pressure Rating:  100 percent of pressure differential 
across valve or 100 percent of total system (pump) head.

K. Extended-Surface, Disposable, Panel Filter:  Pleated, lofted, nonwoven, reinforced cotton 
fabric; supported and bonded to welded-wire grid; enclosed in cardboard frame with 2-inch-  
thick, disposable, glass-fiber prefilter.

1. Thickness:  2 inches.
2. Arrestance (ASHRAE 52.1):  90 percent.
3. Merv (ASHRAE 52.2):  7.

L. Infrared Humidifier:  High-intensity quartz lamps mounted above stainless-steel evaporator pan, 
serviceable without disconnecting water, drain, or electrical connections; prepiped and using 
condensate water from cooling coils with stainless-steel or brass float-valve mechanism; located 
in bypass airstream; with flush-cycle timer and solenoid drain valve.

M. Evaporative Pan Humidifier:  Stainless-steel pan and cover, serviceable without disconnecting 
water, drain, or electrical connections; prepiped with stainless-steel or brass float-valve 
mechanism; electric-resistance heating coil; low-water-cutoff switch; flush-cycle timer; and 
solenoid drain valve.

N. Electrode Steam Humidifier:  Self-contained, microprocessor-controlled unit with disposable, 
polypropylene-plastic cylinders, and having field-adjustable steel electrodes and stainless-steel 
steam dispersion tube.

1. Plumbing Components and Valve Bodies:  Plastic, linked by flexible rubber 
hosing, with water fill with air gap and solenoid valve incorporating built-in 
strainer, pressure-reducing and flow-regulating orifice, and drain with integral air 
gap.

2. Control:  Fully modulating to provide gradual 0 to 100 percent capacity with 
field-adjustable maximum capacity; with high-water probe.
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3. Drain Cycle:  Field-adjustable drain duration and drain interval.

O. Integral Electrical Controls:  Unit-mounted electrical enclosure with piano-hinged door, 
grounding lug, combination magnetic starters with overload relays, circuit breakers and cover 
interlock, and fusible control-circuit transformer.

P. Disconnect Switch:  Nonautomatic, molded-case circuit breaker with handle accessible when 
panel is closed and capable of preventing access until switched to off position.

Q. Electronic-Control System:  Solid state, with start button, stop button, temporary loss of power 
indicator, manual-reset circuit breakers, temperature control, humidity control, and monitor 
panel.

1. Monitor Panel:  Backlighted, with no visible indicator lights until operating 
function is activated; indicators include cooling, humidification, loss of airflow, 
change filters, high temperature, low temperature, high humidity, low humidity, 
high head pressure (each compressor), and low suction pressure (each 
compressor).

2. Temperature- and Humidity-Control Modules:  Solid state, plug-in; with 
adjustable set point, push-to-test calibration check button, and built-in visual 
indicators to show mode of operation.

3. Location:  Behind hinged door in front of unit; isolated from conditioned 
airstream to allow service while system is operating.

R. Microprocessor-Control System:  Continuously monitors operation of process cooling system; 
continuously displays room temperature and room relative humidity; sounds alarm on system 
malfunction and simultaneously displays problem.  If more than one malfunction occurs, system 
displays fault in sequence with room temperature and continues to display fault when 
malfunction is cleared until system is reset.

1. Malfunctions:

a. Power loss.

b. Loss of airflow.

c. Clogged air filter.

d. High room temperature.

e. Low room temperature.

f. High humidity.

g. Low humidity.

h. Smoke/fire.

i. Water under floor.

j. Supply fan overload.

k. Compressor No. 1 - Overload.
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l. Compressor No. 1 - Low Pressure.

m. Compressor No. 1 - High Pressure.

n. Compressor No. 2 - Overload.

o. Compressor No. 2 - Low Pressure.

p. Compressor No. 2 - High Pressure.

2. Digital Display:

a. Control power on.

b. Humidifying.

c. Dehumidifying.

d. Compressor No. 1 - Operating.

e. Compressor No. 2 - Operating.

f. Heat operating.

g. Economy cooling.

3. Push buttons shall stop and start process cooling system, silence audible alarm, 
test indicators, and display room's relative humidity.

4. BAS Interface:  Factory-installed hardware and software to enable the BAS to 
monitor, control, and display unit status and alarms.

h. Hardwired Points:

1) Monitoring:  On-off status, space temperature, space relative humidity.
2) Control:  On-off operation, space temperature set-point adjustment, space 

relative humidity set-point adjustment.

i. Industry-accepted, open-protocol communication interface with the BAS shall 
enable the BAS operator to remotely control and monitor the unit from an operator 
workstation.  Control features and monitoring points displayed locally at unit 
control panel shall be available through the BAS.

PART 3 -  EXECUTION

3.1 EXAMINATION

A. Examine substrates, areas, and conditions, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance of the Work.

B. Examine roughing-in for hydronic piping systems to verify actual locations of piping 
connections before equipment installation.
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C. Examine walls, floors, and roofs for suitable conditions where computer-room air conditioners 
will be installed.

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

3.2 INSTALLATION

A. Install computer-room air conditioners level and plumb, maintaining manufacturer's 
recommended clearances.

B. Computer-Room Air-Conditioner Mounting:  Install using elastomeric pads.  Comply with 
requirements for vibration isolation devices specified in Division 23 Section "Vibration and 
Seismic Controls for HVAC Piping and Equipment."

1. Minimum Deflection:  1/4 inch.

C. Suspended Computer-Room Air Conditioners:  Install using continuous-thread hanger rods and 
elastomeric hangers of size required to support weight of computer-room air conditioner.

1. Comply with requirements for vibration isolation devices specified in 
Division 23 Section "Vibration and Seismic Controls for HVAC Piping and 
Equipment." Fabricate brackets or supports as required.

2. Comply with requirements for hangers and supports specified in Division 23 
Section "Hangers and Supports for HVAC Piping and Equipment."

D. Air-Cooled Refrigerant Condenser Mounting:  Install using elastomeric pads.  Comply with 
requirements for vibration isolation devices specified in Division 23 Section "Vibration and 
Seismic Controls for HVAC Piping and Equipment."

1. Minimum Deflection:  1/4 inch.

E. Remote, Air-Cooled, Glycol-Solution Cooler Mounting:  Install using elastomeric pads.  
Comply with requirements for vibration isolation devices specified in Division 23 Section 
"Vibration and Seismic Controls for HVAC Piping and Equipment."

1. Minimum Deflection:  1/4 inch.

F. Glycol-Solution Pump Package Mounting:  Install using elastomeric pads.  Comply with 
requirements for vibration isolation devices specified in Division 23 Section "Vibration and 
Seismic Controls for HVAC Piping and Equipment."

3.3 CONNECTIONS

A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties.

B. Install piping adjacent to machine to allow service and maintenance.

C. Water and Drainage Connections:  Comply with applicable requirements in Division 22 Section 
"Domestic Water Piping." Provide adequate connections for water-cooled units, condensate 
drain, and humidifier flushing system.



CHEROKEE HARD ROCK CASINO 4

03242018.0922 Computer-Room Air-Conditioners
H17018.01 238123 - 9

D. Chilled-Water Piping:  Comply with applicable requirements in Division 23 Section "Hydronic 
Piping." Provide shutoff valves in water inlet and outlet piping on water-cooled units.

E. Refrigerant Piping:  Comply with applicable requirements in Division 23 Section "Refrigerant 
Piping." Provide shutoff valves and piping.

3.4 FIELD QUALITY CONTROL

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

B. 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.

C. Tests and Inspections:

1. Inspect for and remove shipping bolts, blocks, and tie-down straps.
2. After installing computer-room air conditioners and after electrical circuitry has 

been energized, test for compliance with requirements.
3. Operational Test:  After electrical circuitry has been energized, start units to 

confirm proper motor rotation and unit operation.
4. Test and adjust controls and safeties.  Replace damaged and malfunctioning 

controls and equipment.

D. Computer-room air conditioners will be considered defective if they do not pass tests and 
inspections.

E. Prepare test and inspection reports.

F. After startup service and performance test, change filters and flush humidifier.

3.5 ADJUSTING

A. Adjust initial temperature and humidity set points.

B. Set field-adjustable switches and circuit-breaker trip ranges as indicated.

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 
two 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 computer-room air conditioners.

END OF SECTION 238123
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SECTION 238219                                                                                                            FAN-COIL UNITS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. 1.        This Section includes fan-coil units and accessories.

1.3 SUBMITTALS

A. Product Data:  Include specialties and accessories for each unit type and configuration.

B. Shop Drawings:  Submit the following for each fan-coil unit type and configuration:

1. Plans, elevations, sections, and details.
2. Details of anchorages and attachments to structure and to supported equipment.
3. Power, signal, and control wiring diagrams.  Differentiate between manufacturer-installed 

and field-installed wiring.
4. Equipment schedules to include rated capacities; shipping, installed, and operating 

weights; furnished specialties; and accessories.

C. Field Test Reports:  Written reports of tests specified in Part 3 of this Section.

D. Maintenance Data:  For fan-coil units to include in maintenance manuals specified in 
Division 1.  Include the following:

1. Maintenance schedules and repair parts lists for motors, coils, integral controls, and 
filters.

1.4 QUALITY ASSURANCE

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

1.5 COORDINATION

A. Coordinate layout and installation of fan-coil units and suspension system components with 
other construction that penetrates ceilings or is supported by them, including light fixtures, 
HVAC equipment, fire-suppression-system components, and partition assemblies.
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1.6 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. Fan-Coil Unit Filters: Furnish 1 spare filter for each filter installed.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

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

1. Carrier Corp.

2. York.

3. Trane Company (The); North American Commercial Group.

4. International Environmental.

5. Daikin.

2.2 CONFIGURATION

A. Horizontal Units:  An assembly including filter, chassis, coil, drain pan, fan, and motor in blow-
through configuration with hydronic cooling coil and hydronic heating coil.

2.3 MATERIALS

A. Chassis:  Galvanized steel, with flanged edges.

B. Coil Section Insulation:  1-inch duct liner complying with ASTM C 1071 and attached with 
adhesive complying with ASTM C 916.

1. Fire-Hazard Classification:  Duct liner and adhesive shall have a maximum flame-spread 
rating of 25 and smoke-developed rating of 50 when tested according to ASTM E 84.

C. Drain Pans:  Galvanized steel, with connection for drain.  Drain pan shall have a removable 
plastic liner and be insulated with polystyrene or polyurethane insulation.  Drain pan and liner 
shall be formed to slope from all directions to drain connection.

D. Cabinet:  Galvanized steel, concealed unit cabinet.

1. Horizontal Unit Side Panels:  Fastened to unit with cam fasteners and hinge and attached 
with safety chain.



CHEROKEE HARD ROCK CASINO 4

03242018.0922 Fan-Coil Units
H17018.01 238219 - 3

2.4 WATER COILS

A. Primary Coil:  Copper tube, with mechanically bonded aluminum fins spaced no closer than 
0.1 inch and with manual air vent.  Coils shall be rated for a minimum working pressure of 300 
psig and a maximum entering water temperature of 275 deg F.

B. Auxiliary Heating Coil:  One row, copper tube, with mechanically bonded aluminum fins 
spaced no closer than 0.1 inch and with manual air vent.  Coils shall be rated for a minimum 
working pressure of 200 psig and a maximum entering water temperature of 220 deg F.

1. Circuit Protection:  One-time fuses in terminal box for overcurrent protection and limit 
controls for over temperature protection of heaters.

2. Wiring Terminations:  Match conductor materials and sizes indicated.

2.5 FAN

A. Centrifugal, with forward-curved, double-width wheels and fan scrolls made of galvanized 
steel; directly connected to motor.

2.6 FAN MOTORS

A. Motors for Direct-Drive Units: Permanent-split capacitor, multispeed motor with integral 
thermal-overload protection and resilient mounts.

B. Wiring Terminations:  Match conductor materials and sizes of connecting power circuit.  
Connect motor to chassis wiring with plug connection.

2.7 ACCESSORIES

A. Filters:  1-inch-thick, throwaway filters in fiberboard frames.

2.8 CONTROL SYSTEMS

A. Four-Pipe, Valve Cycle: Wall-mounted thermostat, with deadband and manual fan-speed 
switch, cycles electric valves.

2.9 SOURCE QUALITY CONTROL

A. Test and rate units according to ARI 440.

B. Test unit coils according to ASHRAE 33.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas to receive fan-coil units for compliance with requirements for installation 
tolerances and other conditions affecting performance.

B. Examine roughing-in for piping and electrical connections to verify actual locations before fan-
coil unit installation.

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

3.2 INSTALLATION

A. Install fan-coil units level and plumb.

B. Install fan-coil units to comply with NFPA 90A.

C. Suspend fan-coil units from structure with rubber-in-shear vibration isolators (rubber hangers).  
Vibration isolators are specified in Division 23 Section "Mechanical Vibration Controls."

D. Install wall-mounting thermostats and switch controls in electrical outlet boxes at heights to 
match lighting controls.

3.3 CONNECTIONS

A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties.

B. Unless otherwise indicated, install shutoff valve and union or flange at each connection.

C. Install piping adjacent to machine to allow service and maintenance.

D. Ground equipment.

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

3.4 FIELD QUALITY CONTROL

A. Testing:  Perform the following field quality-control testing and report results in writing:

1. After electrical circuitry has been energized, start units to confirm proper motor rotation 
and unit operation.

2. Operate electric heating elements through each stage to verify proper operation and 
electrical connections.

3. Test and adjust controls and safeties.
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B. Repair or replace malfunctioning units.  Retest as specified above after repairs or replacements 
are made.

3.5 CLEANING

A. After installing units, inspect unit cabinet for damage to finish.  Remove paint splatters and 
other spots, dirt, and debris.  Repair damaged finish to match original finish.

B. After installing units, clean fan-coil units internally according to manufacturer's written 
instructions.

C. Install new filters in each fan-coil unit within two weeks after Substantial Completion.

3.6 DEMONSTRATION

A. Installer is to train Owner's maintenance personnel to adjust, operate, and maintain fan-coil 
units.

1. Train Owner's maintenance personnel on procedures and schedules for starting and 
stopping, troubleshooting, servicing, and maintaining equipment.

2. Review data in maintenance manuals.  Refer to Division 1 Section "Closeout 
Procedures."

3. Review data in maintenance manuals.  Refer to Division 1 Section "Operation and 
Maintenance Data."

4. Schedule training with Owner, through Architect, with at least seven days' advance 
notice.

END OF SECTION 238219
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SECTION 238239                                                                                                               UNIT HEATERS

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

This Section Includes:

1. Wall and ceiling heaters with propeller fans and electric-resistance heating coils.

1.3 DEFINITIONS

BAS:  Building automation system.

CWP:  Cold working pressure.

PTFE:  Polytetrafluoroethylene plastic.

TFE:  Tetrafluoroethylene plastic.

1.4 SUBMITTALS

Product Data:  Include rated capacities, operating characteristics, furnished specialties, and 
accessories for each product indicated.

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. Plans, elevations, sections, and details.

2. Location and size of each field connection.

3. Details of anchorages and attachments to structure and to supported equipment.

4. Equipment schedules to include rated capacities, operating characteristics, furnished 
specialties, and accessories.

5. Location and arrangement of piping valves and specialties.

6. Location and arrangement of integral controls.

7. Wiring Diagrams:  Power, signal, and control wiring.
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Coordination Drawings:  Floor plans, reflected ceiling plans, and other details, drawn to scale, 
on which the following items are shown and coordinated with each other, based on input from 
installers of the items involved:

8. Suspended ceiling components.

9. Structural members to which unit heaters will be attached.

10. Method of attaching hangers to building structure.

11. Size and location of initial access modules for acoustical tile.

12. Items penetrating finished ceiling, including the following:
a. Lighting fixtures.
b. Air outlets and inlets.
c. Speakers.
d. Sprinklers.
e. Access panels.

13. Perimeter moldings for exposed or partially exposed cabinets.

Samples for Initial Selection:  Finish colors for units with factory-applied color finishes.

Samples for Verification:  Finish colors for each type of cabinet unit heater and wall and ceiling 
heaters indicated with factory-applied color finishes.

Manufacturer Seismic Qualification Certification:  Submit certification that cabinet unit heaters, 
accessories, and components will withstand seismic forces defined in Division 23 Section 
"Vibration and Seismic Controls for HVAC Piping and Equipment." Include the following:

14. Basis for Certification:  Indicate whether withstand certification is based on actual test of 
assembled components or on calculation.
a. The term "withstand" means "the unit will remain in place without separation of 

any parts from the device when subjected to the seismic forces specified."
b. The term "withstand" means "the unit will remain in place without separation of 

any parts from the device when subjected to the seismic forces specified and the 
unit will be fully operational after the seismic event."

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

16. Detailed description of equipment anchorage devices on which the certification is based 
and their installation requirements.

Field quality-control test reports.

Operation and Maintenance Data:  For cabinet unit heaters to include in emergency, operation, 
and maintenance manuals.
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1.5 QUALITY ASSURANCE

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

ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 5 - "Systems 
and Equipment" and Section 7 - "Construction and Startup."

ASHRAE/IESNA 90.1-2004 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-
2004, Section 6 - "Heating, Ventilating, and Air-Conditioning."

1.6 EXTRA MATERIALS

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. Cabinet Unit Heater Filters:  Furnish one spare filter(s) for each filter installed.

PART 2 -  NOT APPLICABLE

PART 3 -  EXECUTION

3.1 EXAMINATION

Examine areas to receive unit heaters for compliance with requirements for installation 
tolerances and other conditions affecting performance.

Examine roughing-in for electrical connections to verify actual locations before unit heater 
installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

Install wall boxes in finished wall assembly; seal and weatherproof.  Joint-sealant materials and 
applications are specified in Division 07 Section "Joint Sealants."

Install cabinet unit heaters to comply with NFPA 90A.

Install propeller unit heaters level and plumb.

Suspend cabinet unit heaters from structure with elastomeric hangers.  Vibration isolators are 
specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and 
Equipment."

Suspend propeller unit heaters from structure with all-thread hanger rods and elastomeric 
hangers.  Hanger rods and attachments to structure are specified in Division 23 Section 
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"Hangers and Supports for HVAC Piping and Equipment." Vibration hangers are specified in 
Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."

Install wall-mounting thermostats and switch controls in electrical outlet boxes at heights to 
match lighting controls.  Verify location of thermostats and other exposed control sensors with 
Drawings and room details before installation.

Install new filters in each fan-coil unit within two weeks of Substantial Completion.

3.3 CONNECTIONS

Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties.

Install piping adjacent to machine to allow service and maintenance.

Connect piping to cabinet unit heater's factory, hot-water piping package.  Install the piping 
package if shipped loose.

Connect supply and return ducts to cabinet unit heaters with flexible duct connectors specified 
in Division 23 Section "Air Duct Accessories."

Comply with safety requirements in UL 1995.

Unless otherwise indicated, install union and gate or ball valve on supply-water connection and 
union and calibrated balancing valve on return-water connection of unit heater.  Hydronic 
specialties are specified in Division 23 Section "Hydronic Piping."

Unless otherwise indicated, install union and gate or ball valve on steam-supply connection and 
union, strainer, steam trap, and gate or ball valve on condensate-return connection of unit 
heater.  Steam specialties are specified in Division 23 Section "Steam and Condensate Heating 
Piping."

Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems."

Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors 
and Cables."

3.4 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.  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 motor rotation and unit operation.

2. Operate electric heating elements through each stage to verify proper operation and 
electrical connections.
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3. Test and adjust controls and safety devices.  Replace damaged and malfunctioning 
controls and equipment.

Remove and replace malfunctioning units and retest as specified above.

3.5 ADJUSTING

Adjust initial temperature set points.

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

3.6 DEMONSTRATION

Engage a factory-authorized service representative to train Owner's maintenance personnel to 
adjust, operate, and maintain cabinet unit heaters.  Refer to Division 01 Section "Demonstration 
and Training."

END OF SECTION 238239
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SECTION 230001 HVAC GENERAL REQUIREMENTS

PART 1 - GENERAL

1.1 GENERAL NOTES

A. The Drawing General Conditions, Supplementary Conditions and Divisional 
Specification Sections shall apply to and form part of this Division.

B. Where items of this section contradict with Division I, the more stringent of the sections 
shall apply.

C. This Contractor shall be responsible for the review of all project drawings and 
specification that affect work of this section.

1.2 SCOPE

A. Work includes but is not necessarily limited to the following:
1. Provide all labor, material, equipment and transportation to complete the Work as 

shown on the drawings, specified herein and/or implied thereby.
B. Applicable provisions of General Conditions, Supplementary Conditions and all sections 

in Division No. 1 “General Requirements” govern work under this section.
C. This contractor shall review all contract documents including but not limited to Division 

1 specifications regarding Savings by Design and requirements.  In addition to the entire 
set of contract documents, the following items are critical to Savings by Design:
1. Installation of equipment at efficiencies as specified.
2. Installation of premium energy efficient motors.

1.3 WORK NOT INCLUDED IN THIS DIVISION

A. Painting, except as hereinafter specified.  See Division 9 for painting.
B. Electrical, except for controls hereinafter specified.  See Division 26 for electrical.

1.4 DEFINITIONS:

A. Unless otherwise specified, "all clarification from," "field direction by," "submittals to," 
"approved by," "processed by," "permission from," and like mentioned herein shall mean 
from/by/to the Owner's Authorized Representative.

B. "Provide" means furnish and install referenced item with all appurtenances.
C. "Shall" indicates a mandatory requirement.
D. "Air conditioning" is defined as the treatment and/or handling of any air to any degree by 

the systems shown on the drawings and herein specified and is not restricted to 
refrigerated cooling.

E. "Or Equal" is defined as approved as equal by the Owner's Authorized Representative.
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1.5 DELIVERY AND STORAGE OF MATERIALS

A. Provide for the safety and good condition of all materials and equipment until final 
acceptance by the Owner.  Protect all materials and equipment from damage from any 
cause whatever, and provide adequate and proper storage facilities during the progress of 
the work.  Replace all damaged and defective work, material or equipment prior to filing 
application for final acceptance.

B. Cap or plug openings in equipment, piping, ducts, and other systems to exclude entrance 
of dirt and other foreign material during construction.

C. Material storage shall be the contractor’s responsibility. Coordinate the storage of 
materials on site prior to purchasing of materials.  Storage shall comply with Owner’s 
Authorized Representative’s requirements. 

1.6 CODES AND STANDARDS

A. All work and materials shall be in full accordance with the latest adopted rules and 
regulations of the Local Fire Marshal; the California Electrical Code (NEC); the 
California Plumbing Code; local Building Codes; the California Mechanical Code; 
California Building Code; and other applicable codes, laws or regulations of bodies 
lawfully empowered and having jurisdiction over this project.  Nothing in the plans or 
specifications is to be construed to permit work not conforming to these codes.  When 
codes conflict with one another, provide larger, higher or more restrictive standards 
without additional costs.

1.7 PERMITS

A. Obtain all permits, patent rights, and licenses that are required for the performing of this 
work by all laws, ordinances, rules and regulations, or orders of any officer and/or body.  
Provide all notices necessary in connection therewith, and pay all fees relating thereto 
and all costs and expenses incurred on account thereof.  No work shall be covered before 
inspection by the jurisdictional authorities and observation by the Architect.

1.8 EXPLANATION AND PRECEDENCE OF DRAWINGS

A. Drawings and specifications are intended to be read together so that any work mentioned 
in one and not the other shall be executed the same as if mentioned in both.

B. For purposes of clearness and legibility, drawings are essentially diagrammatic, and, 
although size and location of equipment are drawn to scale wherever possible, Contractor 
shall make use of all data in all the contract documents and shall verify this information 
at building site.

C. Where the contract specifications and/or drawings are in conflict, obtain clarification of 
such during bidding.  Clarification will only be given in written addendum form.  Where 
addenda for clarification of such is not timely, base the bid on the higher standards or 
more restrictive requirements; prior to fabrication, obtain written clarification.

D. The drawings indicate required size and points of termination of piping and ductwork, 
and suggest proper routes to conform to structure, avoid obstructions and preserve 
clearances.  However, it is not intended that drawings indicate all necessary offsets, and it 
shall be the work of the Contractor to make the installation in such a manner as to 
conform to the structure, avoid obstructions, preserve headroom and keep openings and 
passageways clear, without further instructions or costs to the Owner.

E. It is intended that all mechanical systems be located symmetrically with all architectural 
elements.  Refer to architectural, structural, electrical, plumbing plans and details in 
completing the required coordination.
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F. The Contractor shall fully inform himself regarding any and all peculiarities and 
limitations of the spaces available for the installation of all work and materials furnished 
and installed under the Contract.  He shall exercise due and particular caution to 
determine that all parts of his work are made quickly and easily accessible.

G. The Contractor shall study all drawings and specifications to determine any conflict with 
ordinances and statutes.  Any discrepancies shall be reported, and any changes shall be 
shown in the as-built drawings and the additional work performed at no cost to the 
Owner.

H. Submittal of bid shall indicate the Contractor has examined the site, drawings and 
specifications and has included all required allowances in his bid.  No allowance shall be 
made for any error resulting from Contractor's failure to visit job site and to review 
drawings and specifications, and bid shall include costs for all required drawings and 
changes as outlined above, all at no cost to Owner.

1.9 COORDINATION DRAWINGS

A. In areas where clearances are limited and in places where several disciplinary works must 
be located or areas noted by Architect/Engineer, prepare coordination drawings at a scale 
not less than 1/8" equals 1'-0".

B. These drawings shall be mutually prepared by all contractors.  The sheet metal contractor 
shall initiate the drawing production.  Each additional trade shall aid their systems as 
required to complete full coordination.  Each trade shall date and sign composite 
drawing.

C. If locations arise during construction where multiple disciplinary systems cannot fit in the 
space allocated as a result of one non-coordinate disciplinary system installation.  The 
general contractor or the subcontractor who fails to coordinate shall be responsible for the 
system modifications required to make them fit.

D. Where conflicts arise during the completion of the coordination drawings, the general 
contractors shall determine resolution.

1.10 RECORD DRAWINGS

A. Provide and maintain on the job one complete set of blueline prints of the drawings for 
the mechanical work.  Carefully record on this set of prints, all work including ductwork, 
piping, valves, etc., which is installed differently from that indicated on the drawings; 
locate dimensionally from fixed points all buried piping including depths relative to 
finish floor elevations.  The depth shall also be indicated for all plugged wyes, tees and 
capped lines.  Mark all changes of location of piping, ducts, and equipment in accordance 
with Division 1, Section “Project Record Drawings”.

B. These drawings shall be continuously kept up-to-date, and shall be available for 
inspection at all times.  All existing lines discovered shall be indicated on these drawings 
and located dimensionally from fixed points along with depths, if buried.

C. At completion of work, provide a neat and legible reproducible set of these up-to-date 
drawings which shall be individually signed and dated by the Contractor and the job 
inspector as to their accuracy.

D. Such drawings shall be submitted for acceptance and approval to the Owner's Authorized 
Representative before final certificate of acceptance will be issued.

1.11 COORDINATION WITH OTHER DIVISIONS

A. This contractor shall coordinate but not limited to the following:
1. All duct conduit and pipe openings with structural contractor.
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2. All equipment support locations (hung on floor mounted) with structural 
contractor.

3. All fire smoke damper and powered equipment locations with the electrical 
contractor.

1.12 CUTTING AND PATCHING

A. Perform all cutting and fitting required for work of this section in rough construction of 
the building.

B. All patching of finished construction of building shall be performed under the sections of 
specifications covering these materials by the trades at no additional cost to the Owner.

C. All cutting of concrete work by Contractor shall be by core drilling or concrete saw.  No 
cutting or coring shall be done without first obtaining the permission of the Owner's 
Authorized Representative.

D. All patching of existing surfaces shall match existing material and finish.

1.13 DAMAGE BY LEAKS

A. Contractor shall be responsible for damage to the grounds, walks, roads, buildings, piping 
systems, electrical systems and their equipment and contents, caused by leaks in the 
piping systems being installed or having been installed herein.  He shall repair at his 
expense all damage so caused.  All repair work shall be done as directed by the Owner's 
Authorized Representative.

1.14 EMERGENCY REPAIRS

A. The Owner reserves the right to make emergency repairs as required to keep equipment 
in operation without voiding the Contractor's guarantee bond nor relieving the Contractor 
of his responsibilities.

1.15 LOCATIONS

A. The Contractor shall fully inform himself regarding any and all peculiarities and 
limitations of the spaces available for the installation of all work and materials furnished 
and installed under the contract.  Coordinate with all other trades in advance of the work, 
requirements for openings, recesses and chases in the walls, partitions, equipment 
housekeeping pads, framing or openings and routing of piping, ductwork, conduit, etc. 
relative to each trade to alleviate conflicts.  Should furnishing this information be 
neglected, delayed or incorrect and additional cutting is found to be required, the cost of 
same shall be borne by the Contractor.  Nothing in this paragraph shall be construed to 
relieve the Contractor of the responsibility for providing and paying for the required core 
drilling and openings in existing work.

B. Diagrammatic Indications on Drawings Are:
1. Approximate only.
2. At various locations shown distorted for clarity.

C. Exact Locations Shall:
1. Be as required for proper installation in available space.
2. Avoid interference with architectural and structural features, other trade's piping, 

ductwork, conduit, etc.
3. Be coordinated with the work of other trades toward the general purpose of 

having the work progress rapidly and smoothly with a minimum interference 
between one trade and another.

4. Preserve headroom and keep openings and passageways clear.  
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5. Include a neat arrangement of piping, ductwork, conduit, etc. symmetrical to the 
building lines, light and tile patterns and other building elements. Any deviations 
shall be requested in writing prior to implementation.

1.16 SUPPORTS, EQUIPMENT PADS, STAGING, ETC.:

A. Construct all supports required for the proper installation of equipment in accordance 
with the drawings and if not indicated on drawings.  Provide an engineered shop drawing 
indicating proposed supports and mounting methods.  Refer to architectural and structural 
drawings for equipment pads by others.  Provide all staging, scaffolds, platforms, ladders 
or similar facilities required to properly install the work.

1.17 SUBSTITUTIONS

A. If substitutions of controls or equipment requires any changes in the structural design 
and/or electrical work from that shown on the drawings, the extra cost of the equipment, 
added structural and/ or electrical work shall be the responsibility of the Contractor 
requesting the substitution.

B. If the Contractor proposes substitutions of any equipment specified herein or on the 
drawings, it shall be the Contractor's responsibility to obtain approval for such equipment 
as well as approval for anchorage of such equipment from governing approval agencies.  
All costs required for such approval shall be the responsibility of the Contractor 
requesting the substitution.

C. The Contractor shall coordinate the installation of an approved substitute, make such 
changes as may be required for the work to be completed and be made compatible with 
other systems in all respects.

1.18 SUBMITTALS

A. Prior to commencement of work and in accordance with the General Requirements, 
submit for review a minimum of six copies of a list of all proposed equipment and 
material to be provided.  By submitting the proposed equipment lists, it is deemed that 
the Contractor has performed the following:  verified the delivery dates and such are 
compatible with the specified construction schedule; verified that the equipment is of 
proper size to accommodate the conditions specified or indicated.  Where manufacturers 
without specific model numbers are named, such shall be regarded as acceptable as to the 
manufacturer only and not as to any specific equipment of the named manufacturer.  
Specific equipment of such name manufacturers shall comply with all requirements and 
shall be submitted for review.  By proposing the substitutions, it is deemed that the 
Contractor shall bear the cost of any changes necessary to accommodate the substitutions.

B. Provide formal submittal to Owner's Authorized Representative. Review of the formal 
submittal is only for general conformance with design concept of project and general 
compliance with the information given in the contract documents.  The Contractor is 
responsible for confirmation and correlation of the dimensions, quantities and sizes, for 
information that pertains to fabrication methods or construction techniques, and for 
coordination of work of all trades.  Deviations from Drawings and Specifications shall be 
clearly and completely indicated by a separate letter in the formal submittals, and the lack 
of such is deemed complete compliance with Drawings and Specifications without any 
deviations.  Submittals favorably processed will not relieve the Contractor of 
responsibility for errors or deviations not so reported by a separate letter.
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1. Products and equipment specified and/or scheduled on the drawings with 
manufacturers names and models identified, constitutes the basis of design, 
including but not limited to performance, acoustical characteristics, fit in 
allocated space, service and maintenance clearances, equipment replacement 
access space, and availability of reliable service at the project location and 
substitution of products and equipment specified and/or scheduled on the 
drawings with products or equipment of another manufacturer requires prior 
approval by Owners Authorized Representative in accordance with General 
Requirements.

2. Model numbers used may not indicate all features or options required for this 
specific installation.  Modify the specified models to comply with all 
requirements, as specified and/or shown.

3. Product Data for Proposed Substitutions:
a. Submit copies of complete data, with drawings and samples as 

appropriate, including:
1) Comparison of the qualities of the proposed substitution with 

that specified.
2) Changes required in other elements of the work because of the 

substitution.
3) Affect on construction schedule.
4) Cost data comparing the proposed substitution with the product 

specified.
5) Availability of maintenance service and source of replacement 

materials at the project location.
6) Any requests for equipment substitution shall include    1/4" =1'-

0" scale layouts of proposed equipment in plan, elevations and 
sections complete with piping and ductwork hookups as 
applicable, to verify fit within allocated spaces, service and 
maintenance clearances and equipment replacement access 
spaces.

b. Acceptance of substitutions is entirely at the discretion of the Owner's 
Authorized Representative.

C. All formal submittals shall be complete and with catalog data and information properly 
marked to show, among other things, equality of material (where substitution is allowed 
and desired), adequacy in capacity and performance to meet minimum capacities or 
performance as specified or indicated.  Arrange the submittals in the same sequence as 
these Specifications and reference (at the upper right-hand side with tabs) the particular 
Specification provision for which each submittal is intended.  Incomplete submittals shall 
be rejected.

D. Do not fabricate or deliver materials or equipment until formal submittals have been 
approved.  Where material or equipment is used without such approval, it is deemed that 
the material or equipment shall be in complete compliance with drawings and 
specifications, without additional cost where such compliance is lacking.

E. Submittals shall be bound and shall include, as a minimum, the following:
1. Complete bill of materials listing equipment furnished.
2. Catalog cut sheets of every component being provided with all items clearly 

highlighted.
3. Provide complete blueline shop drawings of the equipment detailing all field 

connection points.
4. Dimensions including weights and capacities.
5. Wiring diagrams showing control interface as applicable.
6. Warranty sheets.
7. Pressure drops as applicable.
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8. Required clearances for maintenance.
F. Upon permission to proceed, after review of the formal submittal and prior to the 

installation of work, submit dimensional and scaled, not less than 1/4" equal to one foot, 
coordination drawings of all mechanical ductwork and piping floor plans, plumbing 
piping floor plans and mechanical equipment rooms and areas.  Such layouts shall 
indicate but not necessarily be limited to, all mechanical equipment, control panels, pipe 
risers, routes of major pipes, housekeeping pads, electrical stub-ups and points of 
connection, clearances for servicing and maintaining equipment, proposed routing of 
larger equipment into and thru the building during construction, and other like items.  The 
layouts shall also indicate major equipment to be provided under other sections of work.  
Prepare floor plans, reflected ceiling plans, elevations, sections and details as required to 
indicate a coordinated effort has been addressed between all trades to alleviate problem 
areas due to limited space, sequencing of construction, etc. so as to not impede the 
efficient flow of work and account for unwarranted delays and costs.

G. Contractor shall incur all costs for time spent by Engineer for review of more than two 
submittals on each item.  Costs shall be based on Engineer's hourly billing rate schedule 
at the time of review.  Rate schedule available upon request.  Engineer shall invoice the 
contractor upon completion of review and shall be paid by the contractor within 30 days 
of date of invoice.

1.19 ELECTRICAL REQUIREMENTS

A. When electrical work is specified in subsequent sections to be furnished and installed by 
the Mechanical Contractor, it shall be installed in metallic conduit and in strict and full 
accordance with the requirements of Division 26.

B. The power wiring, safety switches, motor starters, combination controllers (indicated on 
the electrical drawings), circuit breakers, motor-control equipment forming part of motor 
control centers or switchgear assemblies, and the electrical connections of the mechanical 
equipment to the electrical power source shall be provided under Division 26.

C. The electrical components of mechanical equipment including, but not limited to, VFD 
drives, control or push-button stations, float/pressure switches, solenoid valves, 
thermostats, junction boxes and other devices functioning to control mechanical 
equipment shall be provided under Division 23.  Interconnecting wiring for packaged 
equipment shall be provided as an integral part of the equipment.

D. Control Wiring:  Line voltage wiring and conduit controlling mechanical equipment not 
shown on electrical drawings shall be provided under Division 23.  All low voltage 
wiring and conduit required for controlling mechanical equipment shall be provided 
under Division 23 of this specification (unless otherwise shown on Electrical Drawings).  
Installation of these items shall comply with Division 26 and all wiring shall be installed 
in conduit.

1.20 MOTORS

A. The Contractor shall furnish and/or align all motors when the equipment is furnished and 
installed by him.  Motors shall be designed to operate at full load continuously in 40 
degrees C environment, and for temperature rise in accordance with ANSI/NEMA MG 1 
limits for insulation class, service factor, and motor enclosure type and shall be premium 
energy efficient type for 2 HP and above.  The size of all motors shall be the size required 
by the equipment it drives.  Each belt connected motor shall be fitted with base and slide 
rails. Each motor shall have a sufficient starting torque to start the apparatus driven.  
Motors shall be fitted with conduit connection boxes, threaded for conduit.  Motors shall 
be wound for the voltage shown on the electrical drawings.
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1. Each motor for a belt drive shall be fitted with "V" belt sheaves.  These shall be 
key seated and set screwed to the motor shafts and the combined motor and 
sheave shall run in perfect balance.

2. All motors less than 1/2 HP shall have built-in running protection.  Motors 1/2 
h.p. and larger shall be for 3-phase service unless otherwise scheduled.

3. Each motor shall have a visible nameplate indicating motor horsepower, voltage, 
phase, cycles, RPM, full load amps, locked rotor amps, frame size, 
manufacturer's name and model number, service factor and efficiency.

4. All motors 2 H.P. and larger shall be premium energy efficient type.

B. Before order is placed for motors or other electrical devices, the Contractor shall check 
with the Electrical contractor and verify requirements as to type, mounting, voltage, 
phase, hertz, and current characteristics as well as to any special delivery instructions.

1.21 DRIVES

A. The contractor shall allow for each belt driven unit furnished by him a minimum of one 
drive changes including sheaves/pulleys, belts, etc.

B. Changes shall be as directed by the Owners Authorized Representative and may be 
required there conditions warrant an increase/decrease in airflow delivery.

1.22 ACCESS DOORS AND PANELS

A. Access Doors and Panels.
1. Wherever volume dampers, fire dampers, smoke dampers, combination 

fire/smoke dampers, controls, valves or other items or parts of the installation 
which require periodic inspection or adjustments are concealed by permanent 
non-removable construction, an access door or panel shall be provided.  Doors or 
panels shall be as manufactured by Milcor, Ruskin or approved equal with slotted 
head cam locks.  Rating of access door or panel shall be determined by rating of 
wall or ceiling in which door or panel is installed.  Types to be as approved and 
as appropriate for the surface and construction in which it is installed.  Furnishing 
and locating by this Contractor; installation by other Division; verify all locations 
with Owners Authorized Representative.  Submit drawings indicating all access 
door or panel locations.

2. Doors or panels shall be a minimum of 16 x 24 in walls and 24 x 24 in 
ceilings.

PART 2 - PRODUCTS

2.1 GENERAL

A. Products and materials shall be described in the pertinent section of Division 23 - 
Mechanical.

B. Products and materials not specified within the specifications but specified on the 
drawings shall be as described on the drawings.

C. Materials and equipment: wherever possible, all materials and/or equipment used for 
similar service shall be of the same manufacturer.

2.2 MATERIALS

A. All labor shall be carefully skilled for this kind of work, thorough and first class in all 
respects and under the direction of a competent foreman (HVAC work).
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B. All materials shall be new, in perfect condition.  Materials for similar uses shall be of 
same type and manufacturer.

C. Equipment shall bear the manufacturer's label showing performance characteristics.  
Identifying size number shall be given only when it is not practicable or customary to 
show performance characteristics.

D. All valves, pipe, fittings, etc., shall bear the manufacturer's name or trademark.
E. Unless otherwise specified herein, all equipment and fixtures shall be installed in 

accordance with the manufacturer's recommendations, including recommended service 
and removal clearances.

PART 3 - EXECUTION

3.1 EXCAVATION AND BACKFILL

A. See Division 31 for additional excavation and backfill requirements.
B. Underground piping shall be installed with a minimum of 24" cover from finish grade or 

as noted on drawings.
C. Excavation for pipes shall be cut a minimum of 6" below the required grade.  A 6" bed of 

sand or other approved material shall then be placed and properly compacted to provide 
an accurate grade and uniform bearing throughout the length of the pipe.

D. Backfill of pipes shall include a 6" layer of sand or other approved material over top of 
the pipe(s), properly compacted.  Balance of backfill material and all compaction shall be 
in compliance with Division 31.

E. Sand used shall be certified to a resistance of not less than the surrounding soil when wet 
with distilled water and shall consist of clean, natural, washed sand with particles of size 
which will pass through a 3/8" screen, 90% will pass through a 1/4" screen and 25% will 
pass through a No. 50 screen.

F. Backfilling shall not be placed until the work has been inspected, tested and approved.
G. Clods or lumps 2" in size or larger shall not be permitted in the backfill.  If the excavated 

material is not suitable, adequate material shall be provided by hauling from other 
locations.

H. Surplus earth or material remaining after backfilling shall be removed from the site as 
indicated in Division 31.

3.2 TESTS

A. Contractor shall make all tests required by all legally constituted authorities and as 
follows.
1. All tests shall be made in the presence of the Owner's Authorized Representative 

and a duly Authorized inspector.  The Owner's Authorized Representative shall 
be notified 5 working days before tests are made.

2. Concealed work and insulated work shall remain uncovered until required testing 
has been performed and approved by the Owner's Authorized Representative.  If 
work required to be tested is covered before the approval of the Owner's 
Authorized Representative has been obtained, it shall be uncovered for testing at 
the Contractor's expense.

3. Obtain all required documents of certification indicating approval, acceptance 
and compliance with the requirements of all administrative authorities having 
jurisdiction over the work.  No final payment shall be made until all such 
certificates are delivered to the Owner's Authorized Representative.

4. Furnish labor, materials, instruments and bear other costs in connection with all 
tests.
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5. All piping systems, except as hereinafter specified, shall be given hydrostatic 
(with water) test of a least 150% of the maximum operating pressure unless 
otherwise noted.

6. Before making test, remove or valve off from the system, gauges, traps, and other 
apparatus or equipment which may be damaged by test pressure.

7. Install a calibrated test pressure gauge in the system to observe any loss in 
pressure.  Maintain the required test pressure for a sufficient length of time to 
enable an inspection to be made of all joints and connections.  Perform tests after 
installation and prior to acceptance.

8. Final pressures at the end of the test period shall be no more or less than that 
caused by expansion or contraction of the test medium due to temperature 
changes.

9. After tests have been made and leaks repaired, clean and flush systems as 
hereinafter specified.  Water piping shall be left under supply main pressure for 
the balance of the construction period.

10. Tests for the following systems are specified within their respective section.

3.3 PROTECTION AND CLEAN-UP

A. Protection:  Provide for the safety and good condition of all materials and equipment until 
final acceptance of the Owner's Authorized Representative.  Protect all materials and 
equipment from damage from any cause whatever, and provide adequate and proper 
storage facilities during the progress of the work and replace all damaged and defective 
material, equipment or work prior to filing application for final acceptance.  Equipment, 
piping and ductwork shall be stored at least six inches off the ground on blocking and 
kept clean.  During construction properly cap all ducts, pipes and equipment and 
appurtenances to prevent the entrance of sand and dirt.

B. Cleaning:
1. Thoroughly clean all piping, ductwork and all parts of the fixtures, apparatus and 

equipment. Clean all ductwork, piping, apparatus and equipment that is to be 
insulated prior to installation of insulation.  All parts shall be thoroughly cleaned 
of sand, dirt, cement, plaster, rust, and other materials, and all grease and oil 
spots removed.  Such surfaces shall be carefully wiped and all cracks and corners 
scraped out.  All code stamps and nameplates shall be protected from damage 
and must be clean and legible before final inspection.

2. Exposed rough metal work shall be carefully brushed down with steel brushes to 
remove rust and other spots and left in clean condition to receive painter's finish.  
Where factory prime coat has been damaged, this Contractor shall be responsible 
for restoration of same.

3. All piping shall be flushed out or blown out after pressure testing is complete and 
before being put into use.  All strainer screens shall be removed and cleaned.  
After start-up and testing, strainer screens shall again be removed and cleaned.

3.4 PAINTING OF PIPING, DUCTWORK AND EQUIPMENT

A. Painting not herein specified shall be specified under Division 9 Painting.
B. Paint the surface of ducts visible through supply, return, exhaust or transfer openings flat 

black.
C. Paint all bare piping, equipment, ductwork, hangers, supports, etc., exposed to weather 

and within the mechanical rooms. Colors as selected by Architect.
D. Touch-up or repaint any factory finished mechanical equipment on which the finish is 

damaged with colored paint to match the original.
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E. Surface preparation, priming, finish coats application, etc., shall be in accordance with 
painting section of these specifications.

F. This Section shall be responsible for painting specified piping, ductwork and equipment 
(without factory finish) installed in Division 23.  This includes painting insulation.

3.5 COMMISSIONING AND PRELIMINARY OPERATIONAL TESTS

A. Prior to inspection to determine substantial completion, the Contractor shall put all 
mechanical systems into service and check that work required for that purpose has been 
done, including but not limited to the following condensed check list:
1. Correct rotation of motors and ratings of overload heaters are verified.
2. Specified filters are installed and spares are on hand when specified.
3. All equipment has been started, checked, lubricated and adjusted in accordance 

with the manufacturer=s recommendations.
4. All manufacturers certificates of start-up specified have been delivered to the 

Owners Authorized Representative.
5. All equipment has been cleaned, and damaged painted finishes touched-up
6. Damaged fins on heat exchangers have been combed out.  Missing or damaged 

parts have been replaced.
7. Flushing and chemical treatment of piping systems has been done and water 

treatment equipment, where specified, is in operation.
8. Equipment labels, pipe marker labels, ceiling markers and valve tags are 

installed.
9. Valve tag schedules, corrected control diagrams, sequence of operation lists and 

start-stop instructions have been posted.
10. Test and balance work is complete.
11. Maintenance manuals have been delivered and instructions to the Owners 

operating personnel have been made.
B. Prior to the inspection to determine substantial completion, the Contractor shall operate 

all mechanical systems as required to demonstrate that the installation and performance 
of these systems conform to the requirements of the Contract Documents.

C. Before handing over the system to Owner, replace temporary filters with complete new 
set of filters.

D. Refer to section 23-0800 “HVAC Commissioning Technical Requirements” for further 
requirements.

3.6 REVIEW OF CONTRACTOR’S TESTS

A. All tests made by the Contractor or manufacturer’s representatives are subject to 
observation and review by the Owner’s Authorized Representative; the Contractor shall 
provide timely notices.

3.7 TEST LOGS

A. The contractor shall maintain test logs listing the tests on all mechanical systems showing 
dates, items tested, inspector’s names, remarks on success or failure of the tests.

3.8 CLEANING UP AND REMOVAL OF SCRAP

A. For work under all mechanical sections, trash and scrap shall be cleaned up and removed 
from the site as the work progresses.
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3.9 DAMAGE RESPONSIBILITY

A. Be responsible for damage to the grounds, buildings or equipment, and the loss of 
refrigerants, fuels or gases, caused by leaks or breaks in pipes for equipment furnished or 
installed under this Division.

3.10 PRELIMINARY OPERATION

A. The Owner reserves the right to operate portions of the mechanical system on a 
preliminary basis without voiding the guarantee.

3.11 OPERATIONAL TESTS

A. Before operational tests are performed, demonstrate that all systems and components are 
complete and fully charged with operating fluid and lubricants.

B. Systems shall be operable and capable of maintaining continuous uninterrupted operation 
during the operating and demonstration period.  After all systems have been completely 
installed, connections made, and tests completed, operate the systems continuously for a 
period of five working days during the hours of a normal working day.

C. Control systems shall be completely operable with settings properly calibrated and 
adjusted.

D. Rotating equipment shall be in dynamic balance and alignment.
E. If the system fails to operate continuously during the test period, the deficiencies shall be 

corrected and the entire test repeated.

3.12 COMPLIANCE TESTS

A. Conduct such tests of all portions of the installation as may be required by the various 
sections of this Division.  Tests shall be made in the presence of the Owner’s Authorized 
Representative.

B. Provide all instruments, equipment, labor and materials to complete the tests.  These tests 
may be required at any time between the installation of the work and the end of the 
warranty period.  Should these tests expose any defective materials, poor workmanship or 
variance with requirements, make any changes necessary and remedy any defects at no 
cost to the Owner.

3.13 MAINTENANCE, OPERATION INSTRUCTIONS, ETC.

A. General:  Thoroughly instruct the Owner's operators in every detail of operation of the 
system.  Provide the Owner with a list of all equipment, giving the manufacturer's name, 
model number, serial number, parts list and complete internal wiring diagrams.  All 
directions for operation furnished by the manufacturer shall be carefully saved and turned 
over to the Owner, together with written sequence of operation, operating and 
maintenance instructions for each system and its equipment.  Coordinate scheduling of 
instruction times with Owner's operators.

B. Specific Data:  Submit four (4) complete sets of the following data to the Owner for 
approval prior to acceptance of the installation, complete and at one time; (partial or 
separate data will not be accepted) data shall consist of the following:
1. Valve Directory:  Indicating valve number, location, function and normal 

operating position for each.
2. Piping identification schedule.
3. Equipment:  List of nameplates, including nameplate data.
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4. Manufacturer's Literature:  Copies of manufacturer's instructions for operation 
and maintenance of all mechanical equipment, including replacement parts lists 
and drawings.  Mark or highlight brochure literature indicating the models, sizes, 
capacities, curve operating points, etc., in a manner to clearly indicate the 
equipment installed.  Remove all pages or sheets from the bulletin and catalogs 
that do not pertain to equipment installed on the project.

5. Written Instructions:  Typewritten instructions for operation and maintenance of 
the system composed of OPERATING INSTRUCTIONS, MAINTENANCE 
INSTRUCTIONS and a MAINTENANCE SCHEDULE.
a. OPERATING INSTRUCTIONS shall contain a brief description of the 

system.  Adjustments requiring the technical knowledge of the service 
agency personnel shall not be included in the operating instructions.  The 
fact such adjustments are required, however, shall be noted.

b. MAINTENANCE INSTRUCTIONS shall list each item of equipment 
requiring inspection, lubrication or service and describe the performance 
of such maintenance.

c. MAINTENANCE SCHEDULE shall list each item of equipment 
requiring maintenance, shall show the exact type of bearing on every 
component of each item of equipment, and shall show when each item of 
equipment should be inspected or serviced.

6. Instructions:  Operating personnel shall be instructed in the operation of the 
system in accordance with typewritten, approved instructions.

7. Letters of certification as required under other sections.
C. Binders:  Assemble sets of the above data in loose-leaf ring-type binders with permanent 

covers, with identification on front and on spline.
D. The above shall in no way preclude the requirements of other sections of these 

specifications -- and is to be supplemental to other paragraphs on this subject found in 
this section and other sections.

3.14 SPECIAL REQUIREMENTS

A. During the guarantee period and as directed by the Owner, make any additional tests, 
adjustment, etc., that may be required and correct any defects or deficiencies arising from 
operation of the systems.  Operational tests shall be made during both heating and 
cooling seasons and on all systems.

B. Guards:  Furnish and install removable guards around all moving parts of all equipment 
and/or apparatus.  Guards shall be securely anchored to floor or equipment, and shall 
provide protection at ends and sides to prevent contact with sheaves, belts, couplings, etc.  
Holes in suitable locations shall be provided for measuring speeds.

C. Completion:
1. When the installation is complete and adjustments specified herein have been 

made, the system shall be operated for a period of one week, during which time it 
shall be demonstrated to the Owner’s Authorized Representative as being 
completed and operating in conformance with these specifications.  The 
Contractor shall schedule all work so that this time period, which is to confirm a 
"bug-free" system, will occur before the total project is accepted for substantial 
completion by Owner.

2. The work hereunder shall not be reviewed for final acceptance until operating 
and maintenance data, manufacturer's literature, valve directories, piping 
identification code directory, and nameplates specified herein have been 
approved and properly posted in the building.
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3.15 GUARANTEE/WARRANTY

A. All materials, apparatus and equipment furnished and installed under the mechanical 
division of these specifications, shall be new and free from any defects.  Should any 
problems develop within one year from date of acceptance of the work, due to inferior or 
faulty materials and/or workmanship, the problems shall be corrected by this Contractor 
without expense to the Owner. Any defective materials or inferior workmanship noticed 
at the time of installation or during the guarantee period shall be corrected immediately to 
the entire satisfaction of the Owner.

B. The work shall be installed of such materials and in such a manner that:
1. The operation of all parts of the system shall be quiet to the extent that no 

objectionable sound of operation will be heard outside of the rooms enclosing the 
apparatus or equipment.

2. All apparatus or equipment shall operate in accordance with detailed 
specifications covering each item.

3. Contractor shall, at his own expense, make any adjustments or changes required 
to produce a condition of quietness satisfactory to the Architect or his 
Representative.  Such adjustments or changes shall not reduce the performance or 
quantities called for on the drawings.

4. Contractor shall guarantee that his installation of all materials and equipment will 
meet the performance requirements of these specifications and that all equipment 
will deliver the specified or required capacities.

5. The Owner reserves the right to make temporary or emergency repairs as 
necessary to keep equipment in operating condition without voiding the 
guarantee contained herein nor relieving the Contractor of his responsibilities 
during the guarantee period.

6. Contractor shall be responsible for all damage to any part of the premises caused 
by leaks or break in pipe lines, fixtures or equipment furnished and installed 
under his contract for a period of one year after date of acceptance of the project 
by Owner.  He shall replace in kind, at his own expense, any and all items so 
damaged to the complete satisfaction of the Owner.

7. The above shall be supplemental to and in no way preclude the requirements of 
other sections of these specifications.

8. After the operation of any liquid system and if any piping, coils or other 
components become air bound, this contractor shall make all necessary system 
modifications including but not limited to repiping (as approved), installation of 
air vents or fittings at no extra cost to the owner.
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SECTION 230002 BASIC HVAC MATERIALS AND METHODS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

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

1. Piping materials and installation instructions common to most piping systems.
2. Escutcheons.
3. Dielectric fittings.
4. Flexible connectors.
5. Mechanical sleeve seals.
6. Equipment nameplate data requirements.
7. Nonshrink grout for equipment installations.
8. Field-fabricated metal and wood equipment supports.
9. Installation requirements common to equipment specification sections.
10. Cutting and patching.
11. Touchup painting and finishing.

1.3 DEFINITIONS

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

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

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

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

F. The following are industry abbreviations for plastic materials:

1. ABS: Acrylonitrile-butadiene-styrene plastic.
2. CPVC: Chlorinated polyvinyl chloride plastic.
3. NP: Nylon plastic.
4. PE: Polyethylene plastic.
5. PVC: Polyvinyl chloride plastic.

G. The following are industry abbreviations for rubber materials:

1. CR: Chlorosulfonated polyethylene synthetic rubber.
2. EPDM: Ethylene propylene diene terpolymer rubber.

1.4 QUALITY ASSURANCE

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

B. Equipment Selection: Equipment of higher electrical characteristics, physical 
dimensions, capacities, and ratings may be furnished provided such proposed 
equipment is approved in writing and connecting mechanical and electrical services, 
circuit breakers, conduit, motors, bases, and equipment spaces are increased. If 
minimum energy ratings or efficiencies of equipment are specified, equipment must meet 
design and commissioning requirements.

1.5 DELIVERY, STORAGE, AND HANDLING

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

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

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

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

1.6 SEQUENCING AND SCHEDULING

A. Coordinate mechanical equipment installation with other building components.

B. Arrange for pipe spaces, chases, slots, and openings in building structure during progress 
of construction to allow for mechanical installations.
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C. Coordinate installation of required supporting devices and set sleeves in poured- in-place 
concrete and other structural components, as they are constructed.

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

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

F. Coordinate requirements for access panels and doors if mechanical items requiring 
access are concealed behind finished surfaces.

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

PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

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

1. Dielectric Unions:

a. Capitol Manufacturing Co.
b. Watts Industries, Inc.; Water Products Div.
c. Zurn Industries, Inc.; Wilkins Div.

2. Dielectric Flanges:

a. Capitol Manufacturing Co.
b. Epco Sales Inc.
c. Watts Industries, Inc.; Water Products Div.

3. Dielectric-Flange Insulating Kits:

a. Calpico, Inc.
b. Central Plastics Co.



CHEROKEE HARD ROCK CASINO 4

042318.0917 Basic HVAC Materials and Methods
H15022.00 230002 - 4

4. Dielectric Couplings:

a. Calpico, Inc.
b. Lochinvar Corp.

5. Dielectric Nipples:

a. Grinnell Corp.; Grinnell Supply Sales Co.
b. Perfection Corp.
c. Victaulic Co. of America.

6. Metal, Flexible Connectors:

a. Central Sprink, Inc.
b. Grinnell Corp.; Grinnell Supply Sales Co.
c. Metraflex Co.
d. Proco Products, Inc.

7. Rubber, Flexible Connectors:

a. General Rubber Corp.
b. Mercer Rubber Co.
c. Metraflex Co.
d. Proco Products, Inc.

8. Mechanical Sleeve Seals:

a. Calpico, Inc.
b. Metraflex Co.
c. Thunderline/Link-Seal.

2.2 JOINING MATERIALS

A. Refer to individual Division 23 piping Sections for special joining materials not listed 
below.

B. 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 (3.2-mm) 
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.

2. AWWA C110, rubber, flat face, 1/8 inch (3.2 mm) thick, unless otherwise 
indicated; and full-face or ring type, unless otherwise indicated.

C. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.
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D. Grooved Joint Lubricants: Lubricate gaskets with lubricant supplied by the coupling 
manufacturer in accordance with published installation instructions. The lubricant shall 
approved for the gasket elastomer and system media.

E. Solder Filler Metals: ASTM B 32.

1. Alloy Sn95 or Alloy Sn94: Approximately 95 percent tin and 5 percent 
silver, with 0.10 percent lead content.

2. Alloy E:   Approximately 95 percent tin and 5 percent copper, with 0.10 
percent maximum lead content.

3. Alloy HA: Tin-antimony-silver-copper zinc, with 0.10 percent maximum lead 
content.

4. Alloy HB:  Tin-antimony-silver-copper nickel, with 0.10 percent maximum lead 
content.

5. Alloy Sb5: 95 percent tin and 5 percent antimony, with 0.20 percent 
maximum lead content.

F. Brazing Filler Metals: AWS A5.8.

1. BCuP Series: Copper-phosphorus alloys.
2. BAg1: Silver alloy.

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

H. Flanged, Ductile-Iron Pipe Gasket, Bolts, and Nuts: AWWA C110, rubber gasket, 
carbon-steel bolts and nuts.

I. Couplings: Iron-body sleeve assembly, fabricated to match OD of plain-end, pressure 
pipes.

1. Sleeve: ASTM A 126, Class B, gray iron.
2. Followers: ASTM A 47 (ASTM A 47M) malleable iron or ASTM A 536 

ductile iron.
3. Gaskets: Rubber.
4. Bolts and Nuts: AWWA C111.
5. Finish: Enamel paint.

2.3 DIELECTRIC FITTINGS

A. General: Assembly or fitting with insulating material isolating joined dissimilar 
metals, to prevent galvanic action and stop corrosion.

B. Description: Combination of copper alloy and ferrous; threaded, solder, plain, and 
weld-neck end types and matching piping system materials.

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

D. Dielectric Unions: Factory-fabricated, union assembly, for 250-psig minimum 
working pressure at 180 deg F.
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E. Dielectric Flanges: Factory-fabricated, companion-flange assembly, for 150- or 300-
psig minimum working pressure as required to suit system pressures.

F. Dielectric-Flange Insulation Kits: Field-assembled, companion-flange assembly, full-
face or ring type. Components include neoprene or phenolic gasket, phenolic or 
polyethylene bolt sleeves, phenolic washers, and steel backing washers.

1. Provide separate companion flanges and steel bolts and nuts for 150- or 300-
psig minimum working pressure as required to suit system pressures.

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

H. 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.

I. Dielectric Waterway: Copper silicon casting conforming to UNS C87850 with grooved 
and/or threaded ends. UL classified in accordance with NSF-61 for potable water service, 
and shall meet the low-lead requirements of NSF-372. Basis of Design: Victaulic Series 
647.

2.4 FLEXIBLE CONNECTORS

A. General: Fabricated from materials suitable for system fluid and that will provide flexible 
pipe connections. Include 125-psig (860-kPa) minimum working- pressure rating, 
unless higher working pressure is indicated, and ends according to the following:

1. 2-Inch NPS and Smaller: Threaded.
2. 2-1/2-Inch NPS and Larger: Flanged.
3. Option for 2-1/2-Inch NPS and Larger: Grooved for use with keyed 

couplings.

B. Copper Pipe, Flexible Connectors: Corrugated, bronze, inner tubing covered with 
bronze wire braid. Include copper-tube ends or bronze flanged ends, braze welded to 
hose.

C. Steel Pipe, Flexible Connectors: Corrugated, stainless-steel, inner tubing covered 
with stainless-steel wire braid. Include steel nipples or flanges, welded to hose.

D. Three flexible type grooved joint couplings may be used in lieu of flexible connectors at 
equipment connections in applicable piping systems. The couplings shall be placed in 
close proximity to the vibration source. Basis of Design: Victaulic Company.

2.5 MECHANICAL SLEEVE SEALS

A. Description: Modular design, with interlocking rubber links shaped  to continuously fill 
annular space between pipe and sleeve. Include connecting bolts and pressure plates.
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2.6 PIPING SPECIALTIES

A. Sleeves: The following materials are for wall, floor, slab, and roof penetrations:

1. Steel Sheet Metal: 0.0239-inch minimum thickness, galvanized, round tube 
closed with welded longitudinal joint.

2. Steel Pipe: ASTM A 53, Type E, Grade A, Schedule 40, galvanized, plain ends.
3. Cast Iron: Cast or fabricated "wall pipe" equivalent to ductile-iron pressure 

pipe, with plain ends and integral waterstop, unless otherwise indicated.
4. Stack Sleeve Fittings: Manufactured, cast-iron sleeve with integral clamping 

flange. Include clamping ring and bolts and nuts for membrane flashing.

a. Underdeck Clamp: Clamping ring with set screws.

B. Escutcheons: Manufactured wall, ceiling, and floor plates; deep-pattern type if required 
to conceal protruding fittings and sleeves.

1. ID: Closely fit around pipe, tube, and insulation of insulated piping.
2. OD: Completely cover opening.
3. Cast Brass: One piece, with set screw.

a. Finish: Polished chrome-plate.

4. Cast Brass: Split casting, with concealed hinge and set screw.

a. Finish: Polished chrome-plate.

5. Cast-Iron Floor Plate: One-piece casting.

2.7 GROUT

A. Nonshrink, Nonmetallic Grout: ASTM C 1107, Grade B.

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

2. Design Mix: 5000-psig, 28-day compressive strength.
3. Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

3.1 PIPING SYSTEMS - COMMON REQUIREMENTS

A. General: Install piping as described below, unless piping Sections specify otherwise. 
Individual Division 23 piping Sections specify unique piping installation requirements.

B. General Locations and Arrangements: Drawing plans, schematics, and diagrams indicate 
general location and arrangement of piping systems. Install piping as indicated, unless 
deviations to layout are approved on Coordination Drawings.

C. Install piping at indicated slope if noted
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D. Install flexible pipe connectors on pipes connected to equipment supported by 
vibration isolation.

E. Accomplish structural work and provide equipment required to control expansion and 
contraction of piping, loops, pipe offsets and swing joints.

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

G. Install piping free of sags and bends.

H. Install piping at right angles or parallel to building walls. Diagonal runs are 
prohibited, unless otherwise indicated.

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

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

K. Locate groups of pipes parallel to each other, spaced to permit valve servicing.

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

M. Install couplings according to manufacturer's written instructions.

N. Install pipe escutcheons for pipe penetrations of concrete and masonry walls, wall 
board partitions, and suspended ceilings according to the following:

1. Chrome-Plated Piping: Cast brass, one piece, with set screw, and polished 
chrome-plated finish. Use split-casting escutcheons if required, for existing 
piping.

2. Uninsulated Piping Wall Escutcheons: Cast brass or stamped steel, with set 
screw.

3. Uninsulated Piping Floor Plates in Utility Areas: Cast-iron floor plates.
4. Insulated Piping: Cast brass or stamped steel; with concealed hinge, spring 

clips, and chrome-plated finish.
5. Piping in Utility Areas: Cast brass or stamped steel, with set-screw or spring 

clips.

O. Sleeves are not required for core drilled holes.

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

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

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

a. Exception: Extend sleeves installed in floors of mechanical equipment 
areas or other wet areas 2 inches above finished floor level. Extend cast-
iron sleeve fittings below floor slab as required to secure clamping ring if 
ring is specified.
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2. Build sleeves into new walls and slabs as work progresses.  Install sleeves large 
enough to provide 1/4-inch annular clear space between sleeve and pipe or pipe 
insulation. Use the following sleeve materials:

a. Steel Pipe Sleeves: For pipes smaller than 6-inch NPS.
b. Steel, Sheet-Metal Sleeves: For pipes 6-inch NPS and larger, 

penetrating gypsum board partitions.

3. Except for underground wall penetrations, seal annular space between sleeve 
and pipe or pipe insulation, using elastomeric joint sealants. Refer to Division 7 
Section "Joint Sealants" for materials.

a. Use Type S, Grade NS, Class 25, Use O, neutral-curing silicone 
sealant, unless otherwise indicated.

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

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

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

S. Underground, Exterior-Wall, Pipe Penetrations: Install cast-iron "wall pipes" for 
sleeves. Seal pipe penetrations using mechanical sleeve seals. Size sleeve for 1-inch 
annular clear space between pipe and sleeve for installing mechanical sleeve seals.

1. Assemble and install mechanical sleeve seals according to manufacturer's 
written instructions. Tighten bolts that cause rubber sealing elements to expand 
and make watertight seal.

T. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and 
floors at pipe penetrations. Seal pipe penetrations with firestopping materials. Refer to 
Division 7 Section "Firestopping" for materials.

U. Verify final equipment locations for roughing-in.

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

W. Piping Joint Construction: Join pipe and fittings as follows and as specifically 
required in individual piping specification Sections:

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

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

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

4. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," 
Chapter "Pipe and Tube."
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5. Threaded Joints: Thread pipe with tapered pipe threads according to ASME 
B1.20.1. Cut threads full and clean using sharp dies. Ream threaded pipe 
ends to remove burrs and restore full ID. Join pipe fittings and valves as follows:

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

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

c. Align threads at point of assembly.
d. Tighten joint with wrench. Apply wrench to valve end into which pipe 

is being threaded.
e. Damaged Threads: Do not use pipe or pipe fittings with threads that 

are corroded or damaged. Do not use pipe sections that have cracked or 
open welds.

6. Grooved Joints: Install in accordance with the manufacturer’s latest published 
installation instructions. Pipe ends shall be clean and free from indentations, 
projections and roll marks in the area from pipe end to (and including) groove. 
Gasket shall be manufactured by the coupling manufacturer and verified as 
suitable for the intended service. A factory trained representative (direct 
employee) of the coupling manufacturer shall provide on-site training for 
contractor’s field personnel in the use of grooving tools, application of groove, 
and product installation. The representative shall periodically visit the job site and 
review installation to ensure best practices in grooved joint installation are being 
followed. Contractor shall remove and replace any improperly installed products.

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

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

X. Piping Connections: Make connections according to the following, unless otherwise 
indicated:

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

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

3. Unions and flanges for servicing and disconnect are not required in installations 
using grooved mechanical joint couplings. (The couplings shall serve as 
disconnect points if required.)

4. Install dielectric coupling and nipple fittings to connect piping materials of 
dissimilar metals.
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3.2 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

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

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

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

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

E. Install equipment giving right of way to piping installed at required slope.
F. Install flexible connectors on equipment side of shutoff valves, horizontally and 

parallel to equipment shafts if possible.

3.3 PAINTING AND FINISHING

A. Refer to Division 9 Section "Painting" for paint materials, surface preparation, and 
application of paint.

B. Apply paint to exposed piping according to the following, unless otherwise indicated:

1. Interior, Ferrous Piping:  Use semigloss, acrylic-enamel finish.  Include finish 
coat over enamel undercoat and primer.

2. Interior, Galvanized-Steel Piping:  Use semigloss, acrylic-enamel finish. 
Include two finish coats over galvanized metal primer.

3. Interior, Ferrous Supports:  Use semigloss, acrylic-enamel finish.  Include finish 
coat over enamel undercoat and primer.

4. Exterior, Ferrous Piping:  Use semigloss, acrylic-enamel finish.  Include two 
finish coats over rust-inhibitive metal primer.

5. Exterior, Galvanized-Steel Piping:  Use semigloss, acrylic-enamel finish. 
Include two finish coats over galvanized metal primer.

6. Exterior, Ferrous Supports: Use semigloss, acrylic-enamel finish. Include two 
finish coats over rust-inhibitive metal primer.

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

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

3.4 ERECTION OF METAL SUPPORTS AND ANCHORAGE

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

B. Field Welding: Comply with AWS D1.1, "Structural Welding Code--Steel."
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3.5 ERECTION OF WOOD SUPPORTS AND ANCHORAGE

A. Cut, fit, and place wood grounds, nailers, blocking, and anchorage to support and anchor 
mechanical materials and equipment.

B. Select fastener sizes that will not penetrate members if opposite side will be 
exposed to view or will receive finish materials. Tighten connections between 
members. Install fasteners without splitting wood members.

C. Attach to substrates as required to support applied loads.

3.6 CUTTING AND PATCHING

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

B. Repair cut surfaces to match adjacent surfaces.

3.7 GROUTING

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

Mix grout

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

C. Provide forms as required for placement of grout.

D. Avoid air entrapment during placing of grout.

E. Place grout, completely filling equipment bases.

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

G. Place grout around anchors.

H. Cure placed grout according to manufacturer's written instructions.

END OF SECTION 230002
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SECTION 230516 PIPE EXPANSION FITTINGS AND LOOPS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes pipe expansion fittings and loops for mechanical piping systems, 
and the following:

1. Pipe bends and loops.
2. Guides and anchors.

1.3 PERFORMANCE REQUIREMENTS

A. Compatibility:  Products suitable for piping system fluids, materials, working pressures, 
and temperatures.

B. Capability:  Absorb 200 percent of maximum piping expansion between anchors.

1.4 SUBMITTALS

A. Product Data:  For each type of expansion fitting indicated.

B. Shop Drawings:  Signed and sealed by a qualified professional engineer.

1. Design Calculations:  For thermal expansion of piping systems and selection and 
design of expansion fittings and loops.

2. Anchor Details:  Detail fabrication of each indicated.  Show dimensions and 
methods of assembly.

3. Alignment Guide Details:  Detail field assembly and anchorage.

C. Welding Certificates:  Copies of certificates for welding procedures and personnel.

D. Schedule:  Indicate manufacturer's number, size, location, and features for each 
expansion fitting and loop.
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1.5 QUALITY ASSURANCE

A. Engineering Responsibility:  Design and preparation of Shop Drawings and calculations 
for expansion fittings and loops by a qualified professional engineer.

1. Professional Engineer Qualifications:  A professional engineer who is legally 
qualified to practice in jurisdiction where Project is located and who is 
experienced in providing engineering services of the kind indicated.  Engineering 
services are defined as those performed for installations of expansion fittings and 
loops that are similar to those indicated for this Project in material, design, and 
extent.

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

PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

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

2.2 GUIDES

A. Steel, factory fabricated, with bolted two-section outer cylinder and base for alignment of 
piping and two-section guiding spider for bolting to pipe.

2.3 MISCELLANEOUS MATERIALS

A. Structural Steel:  ASTM A 36/A 36M.

B. Bolts and Nuts:  ASME B18.10 or ASTM A 183, steel, hex head.

C. Washers:  ASTM F 844, steel, plain, flat washers.

D. Mechanical Fasteners:  Insert-wedge-type stud with expansion plug anchor for use in 
hardened portland cement concrete, and tension and shear capacities appropriate for 
application.

1. Stud:  Threaded, zinc-coated carbon steel.
2. Expansion Plug:  Zinc-coated steel.
3. Washer and Nut:  Zinc-coated steel.
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E. Chemical Fasteners:  Insert-type-stud bonding system anchor for use with hardened 
portland cement concrete, and tension and shear capacities appropriate for application.

1. Bonding Material:  ASTM C 881, Type IV, Grade 3, two-component epoxy resin 
suitable for surface temperature of hardened concrete where fastener is to be 
installed.

2. Stud:  ASTM A 307, zinc-coated carbon steel with continuous thread on stud, 
unless otherwise indicated.

F. Washer and Nut:  Zinc-coated steel.

G. Concrete:  Portland cement mix, 3000 psi (20.7 MPa) minimum.  Refer to Division 3 
Section "Cast-in-Place Concrete" for formwork, reinforcement, and concrete.

H. Grout:  ASTM C 1107, Grade B, factory-mixed and -packaged nonshrink and 
nonmetallic grout; suitable for interior and exterior applications.

1. Characteristics:  Post-hardening, volume-adjusting, dry, hydraulic-cement grout.
2. Properties:  Nonstaining, noncorrosive, and nongaseous.
3. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength.

PART 3 - EXECUTION

3.1 EXPANSION FITTING INSTALLATION

A. Install expansion fittings according to manufacturer's written instructions.

B. Install expansion fittings in sizes matching pipe size in which they are installed.

C. Align expansion fittings to avoid end-loading and torsional stress.

3.2 PIPE BEND AND LOOP INSTALLATION

A. Install pipe bends and loops cold-sprung in tension or compression as required to partly 
absorb tension or compression produced during anticipated change in temperature.

B. Attach pipe bends and loops to anchors.

1. Steel Anchors:  Attach by welding.  Comply with ASME B31.9 and ASME 
Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing 
Qualifications."

2. Concrete Anchors:  Attach by fasteners.  Follow fastener manufacturer's written 
instructions.

3.3 SWING CONNECTIONS

A. Connect risers and branch connections to mains with at least five pipe fittings, including 
tee in main.
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B. Connect risers and branch connections to terminal units with at least four pipe fittings, 
including tee in riser.

C. Connect mains and branch connections to terminal units with at least four pipe fittings, 
including tee in main.

3.4 GUIDE INSTALLATION

A. Install guides on piping adjoining expansion fittings and loops.

B. Attach guides to pipe and secure to building structure.

3.5 ANCHOR INSTALLATION

A. Install anchors at locations to prevent stresses from exceeding those permitted by 
ASME B31.9 and to prevent transfer of loading and stresses to connected equipment.

B. Fabricate and install steel anchors by welding steel shapes, plates, and bars to piping and 
to structure.  Comply with ASME B31.9 and AWS D1.1.

C. Construct concrete anchors of poured-in-place concrete of dimensions indicated and 
include embedded fasteners.

D. Install pipe anchors according to expansion fitting manufacturer's written instructions if 
expansion fittings are indicated.

E. Use grout to form flat bearing surfaces for expansion fittings, guides, and anchors 
installed on or in concrete.

3.6 PAINTING

A. Touching Up:  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 a minimum dry film thickness of 2.0 
mils.

B. Touching Up:  Cleaning and touchup painting of field welds, bolted connections, and 
abraded areas of shop paint on miscellaneous metal are specified in Division 9 Section 
"Painting."

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

END OF SECTION 230516
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SECTION 230518 ESCUTCHEONS FOR HVAC PIPING

PART 1 -  GENERAL

1.1 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. Escutcheons.
2. Floor plates.

1.3 SUBMITTALS

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

PART 2 -  PRODUCTS

2.1 FLOOR PLATES

A. One-Piece Floor Plates:  Cast-iron flange.

B. Split-Casting Floor Plates:  Cast brass with concealed hinge.

PART 3 -  EXECUTION

3.1 INSTALLATION

A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.

B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and 
with OD that completely covers opening.

1. Escutcheons for New Piping:

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

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

c. Insulated Piping:  One-piece, stamped-steel type or split-plate.
d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-

piece, cast-brass type with polished, chrome-plated finish.
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e. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-
piece, stamped-steel type or split-plate, stamped-steel type with 
concealed hinge.

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

g. Bare Piping at Ceiling Penetrations in Finished Spaces:  One-piece, 
stamped-steel type.

h. Bare Piping in Unfinished Service Spaces:  One-piece, cast-brass type 
with polished finish.

i. Bare Piping in Unfinished Service Spaces:  One-piece, stamped-steel 
type.

j. Bare Piping in Equipment Rooms:  One-piece, cast-brass type with 
polished finish.

k. Bare Piping in Equipment Rooms:  One-piece, stamped-steel type.

C. Install floor plates for piping penetrations of equipment-room floors.

D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and 
with OD that completely covers opening.

1. New Piping:  One-piece, floor-plate type.
2. Existing Piping:  Split-casting, floor-plate type.

3.2 FIELD QUALITY CONTROL

A. Replace broken and damaged escutcheons and floor plates using new materials.

END OF SECTION 230518
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SECTION 230519 HVAC METERS AND GAGES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes meters and gages for mechanical systems.

B. Related Sections include the following:

1. Mechanical equipment Sections that specify meters and gages as part of factory-
fabricated equipment.

1.3 SUBMITTALS

A. Product Data:  Include scale range, ratings, and calibrated performance curves for each meter, 
gage, fitting, specialty, and accessory specified.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

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

1. Liquid-in-Glass Thermometers:

a. Dresser Industries, Inc.; Instrument Div.; Weksler Instruments Operating 
Unit.

b. Ernst Gage Co.
c. Marsh Bellofram.
d. Palmer Instruments, Inc.
e. Trerice:  H. O. Trerice Co.
f. Weiss Instruments, Inc.
g. Winter's Thermogauges, Inc.
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2. Pressure Gages:

a. AMETEK, Inc.; U.S. Gauge Div.
b. Dresser Industries, Inc.; Instrument Div.; Ashcroft Commercial Sales 

Operation.
c. Dresser Industries, Inc.; Instrument Div.; Weksler Instruments Operating 

Unit.
d. Ernst Gage Co.
e. Marsh Bellofram.
f. Noshok, Inc.
g. Trerice:  H. O. Trerice Co.
h. Weiss Instruments, Inc.
i. WIKA Instruments Corp.
j. Winter's Thermogauges, Inc.

3. Test Plugs:

a. Flow Design, Inc.
b. MG Piping Products Co.
c. National Meter.
d. Peterson Equipment Co., Inc.
e. Sisco Manufacturing Co.
f. Trerice:  H. O. Trerice Co.
g. Watts Industries, Inc.; Water Products Div.

2.2 THERMOMETERS, GENERAL

A. Scale Range:  Temperature ranges for services listed are as follows:

1. Hot Water:  30 to 300 deg F, with 2-degree scale divisions

B. Accuracy:  Plus or minus 1 percent of range span or plus or minus one scale division to 
maximum of 1.5 percent of range span.

2.3 LIQUID-IN-GLASS THERMOMETERS

A. Description:  ASTM E 1.

B. Case:  Die cast and aluminum finished in baked-epoxy enamel, glass front, spring secured, 9 
inches (230 mm) long.

C. Adjustable Joint:  Finish to match case, 180-degree adjustment in vertical plane, 360-degree 
adjustment in horizontal plane, with locking device.

D. Tube:  Red or blue reading, organic-liquid filled with magnifying lens.

E. Tube:  Red or blue reading, mercury filled with magnifying lens.

F. Scale:  Satin-faced nonreflective aluminum with permanently etched markings.

G. Stem:  Copper-plated steel, aluminum, or brass for separable socket; of length to suit 
installation.
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2.4 SEPARABLE SOCKETS

A. Description:  Fitting with protective socket for installation in threaded pipe fitting to hold fixed 
thermometer stem.

1. Material:  Brass, for use in copper piping.
2. Material:  Steel, for use in steel piping.
3. Extension-Neck Length:  Nominal thickness of 2 inches (50 mm), but not less 

than thickness of insulation.  Omit extension neck for sockets for piping not 
insulated.

4. Insertion Length:  To extend to center of pipe.
5. Cap:  Threaded, with chain permanently fastened to socket.
6. Heat-Transfer Fluid:  Oil or graphite.

2.5 THERMOMETER WELLS

A. Description:  Fitting with protective well for installation in threaded pipe fitting to hold test 
thermometer.

1. Material:  Brass, for use in copper piping.
2. Material:  Stainless steel, for use in steel piping.
3. Material:  Steel, for use in steel piping.
4. Extension-Neck Length:  Nominal thickness of 2 inches (50 mm), but not less 

than thickness of insulation.  Omit extension neck for wells for piping not 
insulated.

5. Insertion Length:  To extend to center of pipe.
6. Cap:  Threaded, with chain permanently fastened to socket.
7. Heat-Transfer Fluid:  Oil or graphite.

2.6 PRESSURE GAGES

A. Description:  ASME B40.1, phosphor-bronze bourdon-tube type with bottom connection; dry 
type, unless liquid-filled-case type is indicated.

B. Case:  Drawn steel, brass, or aluminum with 4-1/2-inch- (115-mm-) diameter, glass lens.

C. Connector:  Brass, NPS 1/4 (DN8).

D. Scale:  White-coated aluminum with permanently etched markings.

E. Accuracy:  Grade D, plus or minus 5 percent of whole scale.

F. Range:  Comply with the following:

1. Vacuum:  30 inches Hg of vacuum to 15 psig of pressure (100 kPa of vacuum to 
103 kPa of pressure).

2. Fluids under Pressure:  Two times the operating pressure.

2.7 PRESSURE-GAGE FITTINGS

A. Valves:  NPS 1/4 brass or stainless-steel needle type.
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B. Syphons:  NPS 1/4 coil of brass tubing with threaded ends.

C. Snubbers:  ASME B40.5, NPS 1/4 brass bushing with corrosion-resistant porous-metal disc of 
material suitable for system fluid and working pressure.

2.8 TEST PLUGS

A. Description:  Nickel-plated, brass-body test plug in NPS 1/2 fitting.

B. Body:  Length as required to extend beyond insulation.

C. Pressure Rating:  500 psig minimum.

D. Core Inserts:  One or two self-sealing valves, suitable for inserting 1/8-inch OD probe from 
dial-type thermometer or pressure gage.

E. Core Material for Water:  Minus 30 to plus 275 deg F, ethylene-propylene-diene terpolymer 
rubber.

F. Test-Plug Cap:  Gasketed and threaded cap, with retention chain or strap.

G. Test Kit:  Pressure gage and adapter with probe, two bimetal dial thermometers, and carrying 
case.

1. Pressure Gage and Thermometer Ranges:  Approximately two times the 
system's operating conditions.

PART 3 - EXECUTION

3.1 METER AND GAGE INSTALLATION, GENERAL

A. Install meters, gages, and accessories according to manufacturer's written instructions for 
applications where used.

3.2 THERMOMETER INSTALLATION

A. Install thermometers and adjust vertical and tilted positions.

1. Install with socket extending to one-third of diameter of pipe.
2. Fill sockets with oil or graphite and secure caps.
3. Install with stem extending to one-third of diameter of pipe.
4. Fill wells with oil or graphite and secure caps.
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3.3 PRESSURE-GAGE INSTALLATION

A. Install pressure gages in piping tees with pressure-gage valve located on pipe at most readable 
position.

3.4 ADJUSTING AND CLEANING

A. Calibrate meters according to manufacturer's written instructions, after installation.

B. Adjust faces of meters and gages to proper angle for best visibility.

C. Clean windows of meters and gages and clean factory-finished surfaces.  Replace cracked and 
broken windows, and repair scratched and marred surfaces with manufacturer's touchup paint.

END OF SECTION 230519
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SECTION 230523 VALVES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes the following general-duty valves:

1. Gate
2. Plug
3. Butterfly
4. Ball
5. Check

B. Related Sections include the following:

1. Division 21 fire-suppression piping.
2. Division 23 Section "HVAC Identification" for valve tags and charts.
3. Division 23 Section "HVAC Instrumentation and Controls" for control valves 

and actuators.
4. Division 23 piping Sections for specialty valves applicable to those Sections 

only.

1.3 SUBMITTALS

A. Product Data:  For each type of valve indicated.  Include body, seating, and trim materials; 
valve design; pressure and temperature classifications; end connections; arrangement; 
dimensions; and required clearances.  Include list indicating valve and its application. 

1.4 DELIVERY, STORAGE, AND HANDLING

A. Use the following precautions during storage:

1. Maintain valve end protection.
2. Store valves indoors and maintain at higher than ambient dew-point 

temperature.  If outdoor storage is necessary, store valves off the ground in 
watertight enclosures.
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PART 2 - PRODUCTS

2.1 VALVES, GENERAL

A. Provide valves of same manufacturer throughout where possible.

B. Provide valves with manufacturers name and pressure rating clearly marked on outside of body.

C. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system 
pressures and temperatures.

D. Valve Sizes:  Same as upstream pipe, unless otherwise indicated.

E. Valve Actuators:

1. Chainwheel:  For attachment to valves, of size and mounting height, as 
indicated in the "Valve Installation" Article in Part 3.

2. Gear Drive:  For quarter-turn valves 8” and larger.
3. Handwheel:  For valves other than quarter-turn types.
4. Lever Handle:  For quarter-turn valves 6” and smaller, except plug valves.
5. Wrench:  For plug valves with square heads.  Furnish Owner with 1 wrench for 

every 10 plug valves, for each size square plug head.

F. Extended Valve Stems: On insulated valves.

G. Valve Flanges:  ASME B16.1 for cast-iron valves, ASME B16.5 for steel valves, and 
ASME B16.24 for bronze valves.

2.2 ACCEPTABLE MANUFACTURERS:

A. Gate Valves:

1. Milwaukee
2. Stockham
3. Nibco

B. Plug Valves:

1. DeAurik
2. Homestead

C. Butterfly Valves:

1. Keystone
2. Stockham
3. Nibco
4. Deming
5. Milwaukee
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D. Ball Valves:

1. Stockman
2. Apollo
3. Nibco
4. Milwaulee

E. Check valves:

1. Stockham
2. Nibco
3. Milwaukee

2.3 GATE VALVES

A.  Bronze, rising stem, union bonnet, solid wedge, solder or screwed ends.  Stockham B-105.

2.4 PLUG VALVES

A. Cast iron body, bronze or nickel-plated iron plug, Hycar seal with screwed ends for 2” and 
smaller, 150# flanges for larger sizes.  DeZurik Fig. 425.

2.5 BUTTERFLY VALVES

A. Class 200, iron body, extended neck, aluminum-bronze disc, field replaceable EPDM seat.  
Stainless steel disc at copper piping.  Memory stop handle, except gear operator for sizes 4" and 
larger.  Stockham LG71(2)  1B(S3)E.

2.6 BALL VALVES

A. Bronze body, full port, threaded or extended solder cup ends.  TFE seat rings, C.P. brass ball, 
blowout proof stem, brass packing gland, & zinc chrome finished hardened steel handle with 
plastic grip.  Stockham S-216-BRRT.

2.7 CHECK VAVLES

A. Non-slam, wafer body for hydronic service with bronze trim and stainless steel hardware.  
Mission Figure 12-HMP.  Bronze body, ASTM B-62, threaded or solder end, class 125, swing 
type TFE disc for domestic water service.  Stockman B-310.

2.8 PRESSURE RATINGS

A. Unless otherwise indicated, use valves suitable for 125 psig and 350 degrees F.
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PART 3 - EXECUTION

3.1 VALVE INSTALLATION

A. Use ball valves for air and water service, 2" and smaller.

B. Use butterfly valves for water service, 2½" and larger.

C. Use gate valves as on option for shut-off water service.

D. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate 
general arrangement of piping, fittings, and specialties.

E. Install valves with unions or flanges at each piece of equipment arranged to allow service, 
maintenance, and equipment removal without system shutdown.

F. Locate valves for easy access and provide separate support where necessary.

G. Install valves in horizontal piping with stem at or above center of pipe.

H. Install valves in position to allow full stem movement.

I. Install chainwheel operators on valves 4” and larger and more than 96 inches above floor.  
Extend chains to 60 inches above finished floor elevation.

3.2 JOINT CONSTRUCTION

A. Refer to Division 23 Section "Basic HVAC Materials and Methods" for basic piping joint 
construction.

B. Soldered Joints:  Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free-
alloy solder; and ASTM B 828 procedure, unless otherwise indicated

3.3 ADJUSTING

A. Adjust or replace valve packing after piping systems have been tested and put into service but 
before final adjusting and balancing.  Replace valves if persistent leaking occurs.

END OF SECTION 230523
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SECTION 230529 HANGERS AND SUPPORTS

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes hangers and supports for mechanical system piping and equipment.

B. Related Sections include the following:

1. Division 5 Section "Metal Fabrications" for materials for attaching hangers and 
supports to building structure.

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

1.3 DEFINITIONS

A. MSS:  Manufacturers Standardization Society for the Valve and Fittings Industry.

B. Terminology:  As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers 
and Supports."

1.4 PERFORMANCE REQUIREMENTS

A. Design channel support systems for piping to support multiple pipes capable of 
supporting combined weight of supported systems, system contents, and test water.

B. Design heavy-duty steel trapezes for piping to support multiple pipes capable of 
supporting combined weight of supported systems, system contents, and test water.

C. Design seismic restraint hangers and supports for piping and equipment.

1.5 SUBMITTALS

A. Product Data:  For each type of pipe hanger, channel support system component, and 
thermal-hanger shield insert indicated.

1.6 QUALITY ASSURANCE

A. Welding:  Qualify processes and operators according to ASME Boiler and Pressure 
Vessel Code:  Section IX, "Welding and Brazing Qualification.
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PART 2 -  PRODUCTS

2.1 MANUFACTURERS

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

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

1. Pipe Hangers:

a. Carpenter & Patterson, Inc.
b. Empire Tool & Manufacturing Co., Inc.
c. Globe Pipe Hanger Products, Inc.
d. Grinnell Corp.

2. Channel Support Systems:

a. Grinnell Corp.; Power-Strut Unit.
b. National Pipe Hanger Corp.
c. Unistrut Corp.

3. Thermal-Hanger Shield Inserts:

a. Carpenter & Patterson, Inc.
b. Pipe Shields, Inc.
c. Rilco Manufacturing Co., Inc.
d. Value Engineered Products, Inc.

2.2 MANUFACTURED UNITS

A. Pipe Hangers, Supports, and Components:  MSS SP-58, factory-fabricated components.  
Refer to "Hanger and Support Applications" Article in Part 3 for where to use specific 
hanger and support types.

1. Galvanized, Metallic Coatings:  For piping and equipment that will not have 
field-applied finish.

2. Nonmetallic Coatings:  On attachments for electrolytic protection where 
attachments are in direct contact with copper tubing.

B. Channel Support Systems:  MFMA-2, factory-fabricated components for field assembly.

1. Coatings:  Manufacturer's standard finish, unless bare metal surfaces are 
indicated.

2. Nonmetallic Coatings:  On attachments for electrolytic protection where 
attachments are in direct contact with copper tubing.

C. Thermal-Hanger Shield Inserts:  24-psi (165-kPa) minimum compressive-strength 
insulation, encased in sheet metal shield.
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1. Material for Cold Piping:  ASTM D1622, cellular foam with vapor barrier.
2. Material for Hot Piping:  ASTM D1622,cellular foam.
3. Insert Length:  Extend 2 inches (50 mm) beyond sheet metal shield for piping 

operating below ambient air temperature.

2.3 MISCELLANEOUS MATERIALS

A. Mechanical-Anchor Fasteners:  Insert-type attachments with pull-out and shear capacities 
appropriate for supported loads and building materials where used.

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

C. Grout:  ASTM C 1107, Grade B, factory-mixed and -packaged, nonshrink and 
nonmetallic, dry, hydraulic-cement grout.

1. Characteristics:  Post hardening and volume adjusting; recommended for both 
interior and exterior applications.

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

PART 3 -  EXECUTION

3.1 HANGER AND SUPPORT APPLICATIONS

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

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

C. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as 
specified in piping system Specification Sections, install the following types:

1. Adjustable Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated 
or insulated stationary pipes 1/2 to 4”.

2. Single Pipe Rolls (MSS Type 41):  For suspension of pipes, NPS 5” to NPS 20, 
from two rods if longitudinal movement caused by expansion and contraction 
might occur.

3. Adjustable Roller Hangers (MSS Type 43):  For suspension of pipes, NPS 5” to 
NPS 20, from single rod if horizontal movement caused by expansion and 
contraction might occur.

D. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping 
system Specification Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers, 
NPS 3/4 to NPS 20.
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3.2 HANGER AND SUPPORT INSTALLATION

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

B. Channel Support System Installation:  Arrange for grouping of parallel runs of piping and 
support together on field-assembled channel systems.

1. Field assemble and install according to manufacturer's written instructions.

C. Heavy-Duty Steel Trapeze Installation:  Arrange for grouping of parallel runs of 
horizontal piping and support together on field-fabricated, heavy-duty trapezes.

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

2. Field fabricate from ASTM A 36/A 36M, steel shapes selected for loads being 
supported.  Weld steel according to AWS D-1.1.

D. Install building attachments within concrete slabs or attach to structural steel.  Space 
attachments within maximum piping span length indicated in MSS SP-69.  Install 
additional attachments at concentrated loads, including valves, flanges, guides, strainers, 
and expansion joints, 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.

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

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

G. Install hangers and supports to allow controlled thermal and seismic movement of piping 
systems, to permit freedom of movement between pipe anchors, and to facilitate action of 
expansion joints, expansion loops, expansion bends, and similar units.

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

I. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so 
maximum pipe deflections allowed by ASME B31.9, "Building Services Piping," is not 
exceeded.

J. Insulated Piping:  Comply with the following:

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 according to ASME B31.9.
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3.3 EQUIPMENT SUPPORTS

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

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

3.4 METAL FABRICATION

A. Cut, drill, and fit miscellaneous metal fabrications for heavy-duty steel trapezes 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 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 

contours of welded surfaces match adjacent contours.

3.5 ADJUSTING

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

3.6 PAINTING

A. Touching Up:  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 a minimum dry film thickness of 2.0 
mils.

B. Touching Up:  Cleaning and touchup painting of field welds, bolted connections, and 
abraded areas of shop paint on miscellaneous metal are specified in Division 9 Section 
"Painting."

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

END OF SECTION 230529
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SECTION 230548 HVAC VIBRATION CONTROLS

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes vibration isolators, vibration isolation bases, vibration and isolation 
roof curbs.

B. Related Sections include the following:

1. Division 23 Section "Hangers and Supports" for pipe hanger restraints.

1.3 SUBMITTALS (not required)

1.4 COORDINATION

A. Coordinate layout and installation of vibration isolation with other construction that 
penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, 
fire-suppression-system components, and partition assemblies.

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

C. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These 
items are specified in Division 7 Sections.

PART 2 -  PRODUCTS

2.1 MANUFACTURERS

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

1. Ace Mountings Co., Inc.
2. Isolation Technology, Inc.
3. Kinetics Noise Control, Inc.
4. Lord Industrial Products.
5. Mason Industries, Inc.
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6. Vibration Isolation Co., Inc.
7. Wagner Products Corp.

PART 3 -  EXECUTION

3.1 INSTALLATION

A. Install and anchor vibration and sound control products according to manufacturer's 
written instructions and authorities having jurisdiction.

B. Anchor interior mounts, isolators, hangers, and snubbers to vibration isolation bases.  
Bolt isolator baseplates to structural floors as required by authorities having jurisdiction.

C. Anchor exterior mounts, isolators and hangers to vibration isolation bases.  Bolt isolator 
baseplates to structural supports as required by authorities having jurisdiction.

D. Install pipe connectors at connections for equipment supported on vibration isolators.

3.2 ADJUSTING AND CLEANING

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

END OF SECTION 230548
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SECTION 230553 MECHANICAL IDENTIFICATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes mechanical identification materials and devices.

1.3 SUBMITTALS (NOT REQUIRED)

1.4 QUALITY ASSURANCE

A. Comply with ASME A13.1, "Scheme for the Identification of Piping Systems" for lettering size, 
length of color field, colors, and viewing angles of identification devices.

1.5 SEQUENCING AND SCHEDULING

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

B. Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 - PRODUCTS

2.1 IDENTIFYING DEVICES AND LABELS

A. General:  Products specified are for applications referenced in other Division 15 Sections.  If 
more than single type is specified for listed applications, selection is Installer's option.

B. Equipment Nameplates:  Metal permanently fastened to equipment with data engraved or 
stamped.

1. Data:  Manufacturer, product name, model number, serial number, capacity, 
operating and power characteristics, labels of tested compliances, and essential 
data.

2. Location:  Accessible and visible.

C. Stencils: Standard stencils, prepared with letter sizes conforming to recommendations of 
ASME A13.1.  Minimum letter height is 1-1/4 inches (30 mm) for ducts, and 3/4 inch (20 mm) 
for access door signs and similar operational instructions.
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1. Material:  Fiberboard.
2. Material:  Brass.
3. Stencil Paint:  Exterior, oil-based, alkyd gloss black enamel, unless otherwise 

indicated.  Paint may be in pressurized spray-can form.
4. Identification Paint:  Exterior, oil-based, alkyd enamel in colors according to 

ASME A13.1, unless otherwise indicated.

D. Snap-On Plastic Pipe Markers:  Manufacturer's standard preprinted, semirigid, snap-on type.  
Include color-coding according to ASME A13.1, unless otherwise indicated.

E. Pressure-Sensitive Pipe Markers:  Manufacturer's standard preprinted, color-coded, pressure-
sensitive, vinyl type with permanent adhesive.

F. Pipes with OD, Including Insulation, Less Than 6 Inches (150 mm):  Full-band pipe markers, 
extending 360 degrees around pipe at each location.

G. Pipes with OD, Including Insulation, 6 Inches (150 mm) and Larger:  Either full-band or strip-
type pipe markers, at least 3 times letter height and of length required for label.

H. Lettering:  Manufacturer's standard preprinted captions as selected by Architect.

I. Lettering:  Use piping system terms indicated and abbreviate only as necessary for each 
application length.

1. Arrows:  Either integrally with piping system service lettering, to accommodate 
both directions, or as separate unit, on each pipe marker to indicate direction of 
flow.

J. Plastic Duct Markers:  Manufacturer's standard laminated plastic, in the following color codes:

1. Green:  Cold-air supply.
2. Yellow:  Hot-air supply.
3. Blue:  Exhaust, outside, return, and mixed air.
4. Hazardous Material Exhausts:  Use colors and designs recommended by 

ASME A13.1.
5. Terminology:  Include direction of airflow; duct service such as supply, return, 

and exhaust.

K. Plastic Tape:  Manufacturer's standard color-coded, pressure-sensitive, self-adhesive, vinyl tape, 
at least 3 mils (0.08 mm) thick.

1. Width:  1-1/2 inches (40 mm) on pipes with OD, including insulation, less than 6 
inches (150 mm); 2-1/2 inches (65 mm) for larger pipes.

2. Color:  Comply with ASME A13.1, unless otherwise indicated.

L. Valve Tags:  Stamped or engraved with 1/4-inch (6-mm) letters for piping system abbreviation 
and 1/2-inch (13-mm) sequenced numbers.  Include 5/32-inch (4-mm) hole for fastener.  Choice 
of Installer.

3. Material:  0.032-inch- (0.8-mm-) thick, polished brass.
4. Material:  0.032-inch- (0.8-mm-) thick aluminum.
5. Material:  3/32-inch- (2.4-mm-) thick plastic laminate with 2 black surfaces and a 

white inner layer.
6. Material:  Valve manufacturer's standard solid plastic.
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7. Size:  1-1/2-inches (40-mm) diameter, unless otherwise indicated.
8. Shape:  As indicated for each piping system.

M. Access Panel Markers:  1/16-inch- (2-mm-) thick, engraved plastic-laminate markers, with 
abbreviated terms and numbers corresponding to concealed valve.  Provide 1/8-inch (3-mm) 
center hole for attachment.

N. Engraved Plastic-Laminate Signs:  ASTM D 709, Type I, cellulose, paper-base, phenolic-resin-
laminate engraving stock; Grade ES-2, black surface, black phenolic core, with white melamine 
subcore, unless otherwise indicated.  Fabricate in sizes required for message.  Provide holes for 
mechanical fastening.

1. Engraving:  Engraver's standard letter style, of sizes and with terms to match 
equipment identification.

2. Thickness:  1/16 inch (2 mm), for units up to 20 sq. in. (130 sq. cm) or 8 inches 
(200 mm) in length, and 1/8 inch (3 mm) for larger units.

3. Fasteners:  Self-tapping, stainless-steel screws or contact-type, permanent 
adhesive.

O. Plastic Equipment Markers:  Manufacturer's standard laminated plastic, in the following color 
codes:

1. Green:  Cooling equipment and components.
2. Yellow:  Heating equipment and components.
3. Brown:  Energy reclamation equipment and components.
4. Blue:  Equipment and components that do not meet criteria above.
5. Hazardous Equipment:  Use colors and designs recommended by ASME A13.1.
6. Terminology:  Match schedules as closely as possible.  Include the following:

a. Name and plan number.
b. Equipment service.
c. Design capacity.

7. Size:  2-1/2 by 4 inches (65 by 100 mm) for control devices, dampers, and 
valves; 4-1/2 by 6 inches (115 by 150 mm) for equipment.

P. Plasticized Tags:  Preprinted or partially preprinted, accident-prevention tags, of plasticized 
card stock with mat finish suitable for writing.

1. Size:  3-1/4 by 5-5/8 inches (85 by 145 mm).
2. Fasteners:  Brass grommets and wire.
3. Nomenclature:  Large-size primary caption such as DANGER, CAUTION, or 

DO NOT OPERATE.

Q. Lettering and Graphics:  Coordinate names, abbreviations, and other designations used in 
mechanical identification with corresponding designations indicated.  Use numbers, letters, and 
terms indicated for proper identification, operation, and maintenance of mechanical systems and 
equipment.

4. Multiple Systems:  Identify individual system number and service if multiple 
systems of same name are indicated.

PART 3 - EXECUTION
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3.1 LABELING AND IDENTIFYING PIPING SYSTEMS

A. Install pipe markers on each system.  Include arrows showing normal direction of flow.

B. Marker Type:  Stenciled markers with painted, color-coded bands or rectangles.

C. Marker Type:  Stenciled markers complying with ASME A13.1.

D. Marker Type:  Plastic markers, with application systems.  Install on pipe insulation segment 
where required for hot, noninsulated pipes.

E. Fasten markers on pipes and insulated pipes smaller than 6 inches (150 mm)  OD by one of 
following methods:

1. Snap-on application of pretensioned, semirigid plastic pipe marker.
2. Adhesive lap joint in pipe marker overlap.
3. Laminated or bonded application of pipe marker to pipe or insulation.
4. Taped to pipe or insulation with color-coded plastic adhesive tape, not less than 

3/4 inch (20 mm) wide, lapped a minimum of 1-1/2 inches (40 mm) at both ends 
of pipe marker, and covering full circumference of pipe.

F. Fasten markers on pipes and insulated pipes 6 inches (150 mm) in diameter and larger by one of 
following methods:

1. Laminated or bonded application of pipe marker to pipe or insulation.
2. Taped to pipe or insulation with color-coded plastic adhesive tape, not less than 

1-1/2 inches (40 mm) wide, lapped a minimum of 3 inches (75 mm) at both ends 
of pipe marker, and covering full circumference of pipe.

3. Strapped to pipe or insulation with manufacturer's standard stainless-steel bands.

G. Locate pipe markers and color bands where piping is exposed in finished spaces; machine 
rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior 
nonconcealed locations according to the following:

1. Near each valve and control device.
2. Near each branch connection, excluding short takeoffs for fixtures and terminal 

units.  Mark each pipe at branch, where flow pattern is not obvious.
3. Near penetrations through walls, floors, ceilings, or nonaccessible enclosures.
4. At access doors, manholes, and similar access points that permit view of 

concealed piping.
5. Near major equipment items and other points of origination and termination.
6. Spaced at a maximum of 50-foot (15-m) intervals along each run.  Reduce 

intervals to 25 feet (7.5 m) in areas of congested piping and equipment.
7. On piping above removable acoustical ceilings, except omit intermediately 

spaced markers.

3.2 VALVE TAGS

A. Install on valves and control devices in piping systems, except check valves, valves within 
factory-fabricated equipment units, plumbing fixture supply stops, shutoff valves, faucets, 
convenience and lawn-watering hose connections, and HVAC terminal devices and similar 
roughing-in connections of end-use fixtures and units.  List tagged valves in valve schedule.
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B. Valve Tag Application Schedule:  Tag valves according to size, shape, color scheme, and with 
captions similar to those indicated in the following:

C. Tag Material:  Brass.

D. Tag Size and Shape:  According to the following:

1. Cold Water:  1-1/2 inches (40 mm), round.
2. Hot Water:  1-1/2 inches (40 mm), round.
3. Fire Protection:  2 inches (50 mm), round.
4. Sprinkler:  2 inches (50 mm), round.
5. Gas:  2 inches (50 mm), square.
6. Chilled water 2 inches (50mm), square.
7. Heating hot water 2 inches (50mm), square.
8. Condenser water 2 inches (50mm), square.

E. Install mounted valve schedule in each major equipment room.

3.3 EQUIPMENT SIGNS AND MARKERS

A. Install engraved plastic-laminate signs or equipment markers on or near each major item of 
mechanical equipment.  Include signs for the following general categories of equipment:

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

2. Fire department hose valves and hose stations.
3. Meters, gages, thermometers, and similar units.
4. Fuel-burning units, including boilers and heaters.
5. Pumps, compressors, chillers, condensers, and similar motor-driven units.
6. Heat exchangers, coils, evaporators, cooling towers, heat recovery units, and 

similar equipment.
7. Fans, blowers, primary balancing dampers, and mixing boxes.
8. Packaged HVAC central-station and zone-type units.
9. Tanks and pressure vessels.
10. Strainers, filters, water-treatment systems, and similar equipment.

B. Optional Sign Types:  Stenciled signs may be provided instead of engraved plastic, at Installer's 
option, where lettering larger than 1-inch (25-mm) high is needed for proper identification 
because of distance from normal location of required identification.

1. Lettering Size:  Minimum 1/4 inch (6 mm) for name of units if viewing distance 
is less than 24 inches (600 mm), 1/2 inch (13 mm) for viewing distances up to 72 
inches (1800 mm), and proportionately larger lettering for greater viewing 
distances.  Include secondary lettering two-thirds to three-fourths the size of 
principal lettering.

2. Terms on Signs:  Distinguish between multiple units, indicate operational 
requirements, indicate safety and emergency precautions, warn of hazards and 
improper operations, and identify units.
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C. Plasticized Tags:  Install within concealed space, to reduce amount of text in exposed sign 
outside concealment, if equipment to be identified is concealed above acoustical ceiling or 
similar concealment.

1. Identify operational valves and similar minor equipment items located in 
unoccupied spaces, including machine rooms, by installing plasticized tags.

D. Duct Systems:  Identify air supply, return, exhaust, intake, and relief ducts with duct markers; or 
provide stenciled signs and arrows showing service and direction of flow.

1. Location:  Locate signs near points where ducts enter into concealed spaces 
and at maximum intervals of 50 feet (15 m) in each space where ducts are 
exposed or concealed by removable ceiling system.

3.4 ADJUSTING AND CLEANING

A. Relocate mechanical identification materials and devices that have become visually blocked by 
work of this or other Divisions.

B. Clean faces of identification devices and glass frames of valve charts.

END OF SECTION 230553
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SECTION 230593 TESTING, ADJUSTING, AND BALANCING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes testing, adjusting, and balancing HVAC systems to produce design 
objectives, including the following:

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

2. Adjusting total HVAC systems to provide indicated quantities.
3. Measuring electrical performance of HVAC equipment.
4. Setting quantitative performance of HVAC equipment.
5. Reporting results of the activities and procedures specified in this Section.
6. Verifying that automatic control devices are functioning properly.
7. Refer to section 23-0800 for additional commissioning requirements.

1.3 SUBMITTALS

A. Certified Testing, Adjusting, and Balancing Reports:  Submit 2 copies of reports 
prepared, as specified in this Section, on approved forms certified by the testing, 
adjusting, and balancing Agent.

B. Warranty:  Submit 2 copies of special warranty specified in the "Warranty" Article 
below.

1.4 QUALITY ASSURANCE

A. Agent Qualifications:  Engage a testing, adjusting, and balancing agent certified by either 
AABC or NEBB.

B. Certification of Testing, Adjusting, and Balancing Reports:  Certify the testing, adjusting, 
and balancing field data reports.  This certification includes the following:

1. Review field data reports to validate accuracy of data and to prepare certified 
testing, adjusting, and balancing reports.

2. Certify that the testing, adjusting, and balancing team complied with the 
approved testing, adjusting, and balancing plan and the procedures specified and 
referenced in this Specification.
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C. Testing, Adjusting, and Balancing Reports:  Use testing, adjusting, and balancing Agent's 
standard forms approved by the Architect.

D. Instrumentation Type, Quantity, and Accuracy:  As described in AABC national 
standards.

E. Instrumentation Type, Quantity, and Accuracy:  As described in NEBB's "Procedural 
Standards for Testing, Adjusting, and Balancing of Environmental Systems," Section II, 
"Required Instrumentation for NEBB Certification."

F. Instrumentation Calibration:  Calibrate instruments at least every 6 months or more 
frequently if required by the instrument manufacturer.

1.5 COORDINATION

A. Coordinate the efforts of HVAC installers, and other mechanics to operate HVAC 
systems and equipment to support and assist testing, adjusting, and balancing activities.

B. Notice:  If required, provide 7 days' advance notice for each test.  Include scheduled test 
dates and times.

C. Perform testing, adjusting, and balancing 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 EXAMINATION

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

1. Contract Documents are defined in the General and Supplementary Conditions of 
the Contrat.

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

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

C. Examine project record documents described in Division 1 Section "Project Record 
Documents."
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D. Examine equipment performance data, including fan and pump curves.  Relate 
performance data to project conditions and requirements, including system effects that 
can create undesired or unpredicted conditions that cause reduced capacities in all or part 
of a system. 

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

F. Examine system and equipment test reports.

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

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

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

J. Examine under floor plenum, utilized for supply air, to verify that they are airtight.  
Verify that pipe penetrations and other holes are sealed.

K. Examine strainers for clean screens and proper perforations.

L. Examine 3-way valves for proper installation for their intended function of diverting or 
mixing fluid flows.

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

N. Examine automatic temperature system components to verify the following:

1. Dampers, valves, and other controlled devices operate by the intended controller.
2. Dampers and valves are in the position indicated by the controller.
3. Integrity of valves and dampers for free and full operation and for tightness of 

fully closed and fully open positions. 
4. Automatic modulating and shutoff valves, including 2-way valves and 3-way 

mixing and diverting valves, are properly connected.
5. Thermostats are located to avoid adverse effects of sunlight, drafts, and cold 

walls.
6. Sensors are located to sense only the intended conditions.
7. Sequence of operation for control modes is according to the Contract Documents.
8. Controller set points are set at design values.  Observe and record system 

reactions to changes in conditions.  Record default set points if different from 
design values.

9. Interlocked systems are operating.
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O. Report deficiencies discovered before and during performance of testing, adjusting, and 
balancing procedures.

3.2 PREPARATION

A. Prepare a testing, adjusting, and balancing plan that includes strategies and step-by-step 
procedures.

B. Complete system readiness checks and prepare system readiness reports.  Verify the 
following:

1. Permanent electrical power wiring is complete.
2. Hydronic systems are filled, clean, and free of air.
3. Automatic temperature-control systems are operational.
4. Equipment and duct access doors are securely closed.
5. Balance, smoke, and fire dampers are open.
6. Isolating and balancing valves are open and control valves are operational.
7. Ceilings are installed in critical areas where air-pattern adjustments are required 

and access to balancing devices is provided.
8. Windows and doors can be closed so design conditions for system operations can 

be met.

3.3 GENERAL TESTING AND BALANCING PROCEDURES

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

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

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

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

3.4 FUNDAMENTAL AIR SYSTEMS' BALANCING PROCEDURES

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

B. Determine the best locations in main and branch ducts for accurate duct airflow 
measurements.
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C. Check the airflow patterns from the outside-air louvers and dampers and the return- and 
exhaust-air dampers, through the supply-fan discharge and mixing dampers.

D. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.

E. Check dampers for proper position to achieve desired airflow path.

F. Check for airflow blockages.

G. Check condensate drains for proper connections and functioning.

H. Check for proper sealing of air-handling unit components.

I. For variable-air-volume systems, develop a plan to simulate diversity.

J. Verify that motor starters are equipped with properly sized thermal protection.

K. Check for proper sealing of air duct system.

3.5 CONSTANT-VOLUME AIR SYSTEMS' BALANCING PROCEDURES

A. The procedures in this Article apply to constant-volume supply-, return-, and exhaust-air 
systems.  Additional procedures are required for variable-air-volume, and process 
exhaust-air systems.  These additional procedures are specified in other articles in this 
Section.

B. Adjust fans to deliver total design airflows within the maximum allowable rpm listed by 
the fan manufacturer.

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

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

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

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

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

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

3. Include ½” filter differential change out pressure drop, adjust fan speed higher or 
lower than design.
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4. Do not make fan-speed adjustments that result in motor overload.  Consult 
equipment manufacturers about fan-speed safety factors.  Modulate dampers and 
measure fan-motor amperage to ensure no overload will occur.  Measure 
amperage in full cooling, full heating, and economizer modes to determine the 
maximum required brake horsepower.

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

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

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

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

D. Measure terminal outlets and inlets without making adjustments.

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

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

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

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

3.6 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS

A. 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 maximum set-
point 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.

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

1. Set outside-air dampers at minimum and return- and exhaust-air dampers at a 
position that simulates full-cooling load.
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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 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 as described for constant-volume air 
systems.

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 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 outside airflow.  Adjust the fan and balance the return-air 
ducts and inlets 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.

C. Record the final fan performance data.

3.7 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS

A. Prepare test reports with pertinent design data and number in sequence starting at pump 
to end of system.  Check the sum of branch-circuit flows against approved pump flow 
rate.  Correct variations that exceed plus or minus 5 percent.

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

C. 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 expansion tank liquid level.
3. Check water-station pressure gage for adequate pressure for highest vent.
4. Check flow-control valves for specified sequence of operation and set at 

indicated flow.
5. Set differential-pressure control valves at the specified differential pressure.  Do 

not set at fully closed position when pump is positive-displacement type unless 
several terminal valves are kept open.

6. Set system controls so automatic valves are wide open to heat exchangers.
7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing 

device so motor nameplate rating is not exceeded.
8. Check air vents for a forceful liquid flow exiting from vents when manually 

operated.
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3.8 PROCEDURES FOR HYDRONIC SYSTEMS

A. Measure water flow at pumps.  Use the following procedures, except for positive-
displacement pumps:

1. Verify impeller size by operating the pump with the discharge valve closed.  
Read pressure differential across the pump.  Convert pressure to head and correct 
for differences in gage heights.  Note the point on manufacturer's pump curve at 
zero flow and verify that the pump has the intended impeller size.

2. Check system resistance.  With all valves open, read pressure differential across 
the pump and mark pump manufacturer's head-capacity curve.  Adjust pump 
discharge valve until indicated water flow is achieved.

3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower 
for the system based on pump manufacturer's performance data.  Compare 
calculated brake horsepower with nameplate data on the pump motor.  Report 
conditions where actual amperage exceeds motor nameplate amperage.

4. Report flow rates that are not within plus or minus 5 percent of design.

B. Set calibrated balancing valves, if installed, at calculated presettings.

C. Measure flow at all stations and adjust, where necessary, to obtain first balance.

1. System components that have Cv rating or an accurately cataloged flow-pressure-
drop relationship may be used as a flow-indicating device.

D. Measure flow at main balancing station and set main balancing device to achieve flow 
that is 5 percent greater than indicated flow.

E. Adjust balancing stations to within specified tolerances of indicated flow rate as follows:

1. Determine the balancing station with the highest percentage over indicated flow.
2. Adjust each station in turn, beginning with the station with the highest percentage 

over indicated flow and proceeding to the station with the lowest percentage over 
indicated flow.

3. Record settings and mark balancing devices.

F. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, 
pump heads, and systems' pressures and temperatures including outdoor-air temperature.

G. Measure the differential-pressure control valve settings existing at the conclusions of 
balancing.
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3.9 PROCEDURES FOR MOTORS

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following 
data:

1. Manufacturer, model, and serial numbers.
2. Motor horsepower rating.
3. Motor rpm.
4. Efficiency rating.
5. Nameplate and measured voltage, each phase.
6. Nameplate and measured amperage, each phase.
7. Starter thermal-protection-element rating.

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

3.10 PROCEDURES FOR CONDENSING UNITS

A. Verify proper rotation of fans.

B. Measure entering- and leaving-air temperatures.

C. Record compressor data.

3.11 PROCEDURES FOR BOILERS

A. Measure entering- and leaving-water temperatures and water flow.

3.12 PROCEDURES FOR HEAT-TRANSFER COILS

A. Water Coils:  Measure the following data for each coil:

1. Entering- and leaving-water temperature.
2. Water flow rate.
3. Water pressure drop.
4. Dry-bulb temperature of entering and leaving air.
5. Wet-bulb temperature of entering and leaving air for cooling coils.
6. Airflow.
7. Air pressure drop.

B. Refrigerant Coils:  Measure the following data for each coil:

1. Dry-bulb temperature of entering and leaving air.
2. Wet-bulb temperature of entering and leaving air.
3. Airflow.
4. Air pressure drop.
5. Refrigerant suction pressure and temperature.



CHEROKEE HARD ROCK CASINO 4

03242018.0922 Testing, Adjusting, And Balancing
H17018.01 230593 - 10

3.13 TEMPERATURE TESTING

A. During testing, adjusting, and balancing, report need for adjustment in temperature 
regulation within the automatic temperature-control system.

B. Measure indoor wet- and dry-bulb temperatures in each separately controlled zone.  
Measure when the building or zone is occupied if under occupancy.

C. Measure outside-air, wet- and dry-bulb temperatures.

3.14 TOLERANCES

A. Set HVAC system airflow and water flow rates within the following tolerances:

1. Supply, Return, and Exhaust Fans:  Plus 5 to plus 10 percent.
2. Air Outlets and Inlets:  0 to minus 10 percent.
3. Hot water flow rate: 0 to minus 10 percent.

3.15 REPORTING

A. 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.

B. Status Reports:  As Work progresses, prepare 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.

3.16 FINAL REPORT

A. General:  Computer printout in letter-quality font, on standard bond paper, in 3-ring 
binder, tabulated and divided into sections by tested and balanced systems.

B. Include a certification sheet in front of binder signed and sealed by the certified testing 
and balancing engineer.

1. Include a list of the instruments used for procedures, along with date of 
calibration.

C. Final Report Contents:  In addition to the certified field report data, include the 
following:

1. Pump curves.
2. Fan curves.
3. Other information relative to equipment performance, but do not include 

approved Shop Drawings and Product Data.
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D. General Report Data:  In addition to the form titles and entries, include the following data 
in the final report, as applicable:

1. Title page.
2. Name and address of testing, adjusting, and balancing Agent.
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 testing, adjusting, and balancing Agent who certifies the report.
10. Summary of contents, including the following:

a. Design versus final performance.
b. Notable characteristics of systems.
c. Description of system operation sequence if it varies from the Contract 

Documents.

11. Nomenclature sheets for each item of equipment.
12. Data for terminal units, including manufacturer, type size, and fittings.
13. Notes to explain why certain final data in the body of reports vary from design 

values.
14. Test conditions for fans and pump performance forms, including the following:

a. Settings for outside-, return-, and exhaust-air dampers.
b. Conditions of filters.
c. Cooling coil, wet- and dry-bulb conditions.
d. Fan drive settings.
e. Settings for supply-air, static-pressure controller.
f. Other system operating conditions that affect performance.

E. Air-Handling Unit Test Reports:  For air-handling units with coils, include the following:

1. Unit Data:  Include the following:

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.
h. Sheave make, size in inches (mm), and bore.
i. Sheave dimensions, center-to-center, and amount of adjustments in 

inches (mm).
j. Number of belts, make, and size.
k. Number of filters, type, and size.
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2. Motor Data:

a. 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 (mm), and bore.
f. Sheave dimensions, center-to-center, and amount of adjustments in 

inches (mm).

3. Test Data (Indicated and Actual Values):

a. Total airflow rate in cfm (L/s).
b. Total system static pressure in inches wg (Pa).
c. Fan rpm.
d. Discharge static pressure in inches wg (Pa).
e. Filter static-pressure differential in inches wg (Pa).
f. Preheat coil static-pressure differential in inches wg (Pa).
g. Cooling coil static-pressure differential in inches wg (Pa).
h. Heating coil static-pressure differential in inches wg (Pa).
i. Outside airflow in cfm (L/s).
j. Return airflow in cfm (L/s).
k. Outside-air damper position.
l. Return-air damper position.

F. Apparatus-Coil Test Reports:

1. Coil Data:

a. System identification.
b. Location.
c. Coil type.
d. Number of rows.
e. Fin spacing in fins per inch (mm) o.c.
f. Make and model number.
g. Face area in sq. ft. (sq. m).
h. Tube size in NPS (DN).
i. Tube and fin materials.
j. Circuiting arrangement.

2. Test Data (Indicated and Actual Values):

a. Airflow rate in cfm (L/s).
b. Average face velocity in fpm (m/s).
c. Air pressure drop in inches wg (Pa).
d. Outside-air, wet- and dry-bulb temperatures in deg F (deg C).
e. Return-air, wet- and dry-bulb temperatures in deg F (deg C).
f. Entering-air, wet- and dry-bulb temperatures in deg F (deg C).
g. Leaving-air, wet- and dry-bulb temperatures in deg F (deg C).
h. Water flow rate in gpm (L/s).
i. Water pressure differential in feet of head or psig (kPa).
j. Entering-water temperature in deg F (deg C).
k. Leaving-water temperature in deg F (deg C).
l. Refrigerant expansion valve and refrigerant types.
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m. Refrigerant suction pressure in psig (kPa).
n. Refrigerant suction temperature in deg F (deg C).
o. Inlet steam pressure in psig (kPa).

G. Fan Test Reports:  For supply, return, and exhaust fans, include the following:

1. Fan Data:

a. System identification.
b. Location.
c. Make and type.
d. Model number and size.
e. Manufacturer's serial number.
f. Arrangement and class.
g. Sheave make, size in inches (mm), and bore.
h. Sheave dimensions, center-to-center, and amount of adjustments in 

inches (mm).

2. Motor Data:

a. 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 (mm), and bore.
f. Sheave dimensions, center-to-center, and amount of adjustments in 

inches (mm).
g. Number of belts, make, and size.

3. Test Data (Indicated and Actual Values):

a. Total airflow rate in cfm (L/s).
b. Total system static pressure in inches wg (Pa).
c. Fan rpm.
d. Discharge static pressure in inches wg (Pa).
e. Suction static pressure in inches wg (Pa).

H. Round and Rectangular Duct Traverse Reports:  Include a diagram with a grid 
representing the duct cross-section and record the following:

1. Report Data:

a. System and air-handling unit number.
b. Location and zone.
c. Traverse air temperature in deg F (deg C).
d. Duct static pressure in inches wg (Pa).
e. Duct size in inches (mm).
f. Duct area in sq. ft. (sq. m).
g. Indicated airflow rate in cfm (L/s).
h. Indicated velocity in fpm (m/s).
i. Actual airflow rate in cfm (L/s).
j. Actual average velocity in fpm (m/s).
k. Barometric pressure in psig (Pa).
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I. Air-Terminal-Device Reports:

1. Unit Data:

a. System and air-handling unit identification.
b. Location and zone.
c. Test apparatus used.
d. Area served.
e. Air-terminal-device make.
f. Air-terminal-device number from system diagram.
g. Air-terminal-device type and model number.
h. Air-terminal-device size.
i. Air-terminal-device effective area in sq. ft. (sq. m).

2. Test Data (Indicated and Actual Values):

a. Airflow rate in cfm (L/s).
b. Air velocity in fpm (m/s).
c. Preliminary airflow rate as needed in cfm (L/s).
d. Preliminary velocity as needed in fpm (m/s).
e. Final airflow rate in cfm (L/s).
f. Final velocity in fpm (m/s).
g. Space temperature in deg F (deg C).

J. System-Coil Reports:  For reheat coils and water coils of terminal units, include the 
following:

1. Unit Data:

a. System and air-handling unit identification.
b. Location and zone.
c. Room or riser served.
d. Coil make and size.

2. Test Data (Indicated and Actual Values):

a. Airflow rate in cfm (L/s).
b. Entering-water temperature in deg F (deg C).
c. Leaving-water temperature in deg F (deg C).
d. Water pressure drop in feet of head or psig (kPa).
e. Entering-air temperature in deg F (deg C).
f. Leaving-air temperature in deg F (deg C).

3. Air-Cooled Condenser Test Data (Indicated and Actual Values):

a. Refrigerant pressure in psig (kPa).
b. Refrigerant temperature in deg F (deg C).
c. Entering- and leaving-air temperature in deg F (deg C).

4. Evaporator Test Reports (Indicated and Actual Values):

a. Refrigerant pressure in psig (kPa).
b. Refrigerant temperature in deg F (deg C).
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c. Entering-water temperature in deg F (deg C).
d. Leaving-water temperature in deg F (deg C).
e. Entering-water pressure in feet of head or psig (kPa).
f. Water pressure differential in feet of head or psig (kPa).

5. Compressor Test Data (Indicated and Actual Values):

a. Suction pressure in psig (kPa).
b. Suction temperature in deg F (deg C).
c. Discharge pressure in psig (kPa).
d. Discharge temperature in deg F (deg C).
e. Oil pressure in psig (kPa).
f. Oil temperature in deg F (deg C).
g. Voltage at each connection.
h. Amperage for each phase.
i. Kilowatt input.
j. Crankcase heater kilowatt.
k. Chilled-water control set point in deg F (deg C).
l. Condenser-water control set point in deg F (deg C).
m. Refrigerant low-pressure-cutoff set point in psig (kPa).
n. Refrigerant high-pressure-cutoff set point in psig (kPa).

6. Refrigerant Test Data (Indicated and Actual Values):

a. Oil level.
b. Refrigerant level.
c. Relief valve setting in psig (kPa).
d. Unloader set points in psig (kPa).
e. Percentage of cylinders unloaded.
f. Bearing temperatures in deg F (deg C).
g. Vane position.
h. Low-temperature-cutoff set point in deg F (deg C).

K. Net positive suction head is important for pumps in open circuits and for pumps handling 
fluids at elevated temperatures.

L. Pump Test Reports:  Calculate impeller size by plotting the shutoff head on pump curves 
and include the following:

1. Unit Data:

a. Unit identification.
b. Location.
c. Service.
d. Make and size.
e. Model and serial numbers.
f. Water flow rate in gpm (L/s).
g. Water pressure differential in feet of head or psig (kPa).
h. Required net positive suction head in feet of head or psig (kPa).
i. Pump rpm.
j. Impeller diameter in inches (mm).
k. Motor make and frame size.
l. Motor horsepower and rpm.
m. Voltage at each connection.
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n. Amperage for each phase.
o. Full-load amperage and service factor.
p. Seal type.

2. Test Data (Indicated and Actual Values):

a. Static head in feet of head or psig (kPa).
b. Pump shutoff pressure in feet of head or psig (kPa).
c. Actual impeller size in inches (mm).
d. Full-open flow rate in gpm (L/s).
e. Full-open pressure in feet of head or psig (kPa).
f. Final discharge pressure in feet of head or psig (kPa).
g. Final suction pressure in feet of head or psig (kPa).
h. Final total pressure in feet of head or psig (kPa).
i. Final water flow rate in gpm (L/s).
j. Voltage at each connection.
k. Amperage for each phase.

M. Flue-gas analysis is usually not part of TAB procedures but could be added.

N. Boiler Test Reports:

1. Unit Data:

a. Unit identification.
b. Location.
c. Service.
d. Make and type.
e. Model and serial numbers.
f. Fuel type and input in Btuh (kW).
g. Number of passes.
h. Ignition type.
i. Burner-control types.
j. Voltage at each connection.
k. Amperage for each phase.

2. Test Data (Indicated and Actual Values):

a. Operating pressure in psig (kPa).
b. Operating temperature in deg F (deg C).
c. Entering-water temperature in deg F (deg C).
d. Leaving-water temperature in deg F (deg C).
e. Number of safety valves and sizes in NPS (DN).
f. Safety valve settings in psig (kPa).
g. High-limit setting in psig (kPa).
h. Operating-control setting.
i. High-fire set point.
j. Low-fire set point.
k. Voltage at each connection.
l. Amperage for each phase.
m. Manifold pressure in psig (kPa).
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O. Instrument Calibration Reports:

1. Report Data:

a. Instrument type and make.
b. Serial number.
c. Application.
d. Dates of use.
e. Dates of calibration.

3.17 INSPECTIONS

A. Initial Inspection:

1. After testing and balancing are complete, operate each system and randomly 
check measurements to verify that the system is operating according to the final 
test and balance readings documented in the Final Report.

2. Randomly check the following for each system:
3. Edit random checks to coincide with TAB tests specified.

a. Measure airflow of at least 50 percent of air outlets.
b. Measure water flow of at least 50 percent of terminals.
c. Measure room temperature at each thermostat/temperature sensor.  

Compare the reading to the set point.
d. Measure sound levels at two locations.
e. Measure space pressure of at least 10 percent of locations.
f. Verify that balancing devices are marked with final balance position.
g. Note deviations to the Contract Documents in the Final Report.

B. Final Inspection:

1. After initial inspection is complete and evidence by random checks verifies that 
testing and balancing are complete and accurately documented in the final report, 
request that a final inspection be made by Owner.

2. Owner shall randomly select measurements documented in the final report to be 
rechecked.  The rechecking shall be limited to either 10 percent of the total 
measurements recorded, or the extent of measurements that can be accomplished 
in a normal 8-hour business day.

3. If the rechecks yield measurements that differ from the measurements 
documented in the final report by more than the tolerances allowed, the 
measurements shall be noted as "FAILED."

4. If the number of "FAILED" measurements is greater than 10 percent of the total 
measurements checked during the final inspection, the testing and balancing shall 
be considered incomplete and shall be rejected.

5. TAB firm shall recheck all measurements and make adjustments.  Revise the 
final report and balancing device settings to include all changes and resubmit the 
final report.

6. Request a second final inspection.  If the second final inspection also fails, 
Owner shall contract the services of another TAB firm to complete the testing 
and balancing in accordance with the Contract Documents and deduct the cost of 
the services from the final payment.
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3.18 ADDITIONAL TESTS

A. Within 90 days of completing TAB, perform additional testing and balancing to verify 
that balanced conditions are being maintained throughout and to correct unusual 
conditions.

B. Seasonal Periods:  If initial TAB procedures were not performed during near-peak 
summer and winter conditions, perform additional testing, inspecting, and adjusting 
during near-peak summer and winter conditions.

END OF SECTION 230593
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SECTION 230713 DUCT INSULATION

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

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

B. Related Sections include the following:

1. Division 7 Section "Firestopping" for firestopping materials and requirements for 
penetrations through fire and smoke barriers.

2. Division 23 Section "HVAC Pipe Insulation" for insulation for piping systems.
3. Division 23 Section "HVAC Ducts" for duct liner.

1.3 SUBMITTALS

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

B. Shop Drawings:  Not Required

1.4 QUALITY ASSURANCE

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

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

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

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

3.
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1.5 DELIVERY, STORAGE, AND HANDLING

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

1.6 COORDINATION

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

1.7 SCHEDULING

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

PART 2 -  PRODUCTS

2.1 MANUFACTURERS

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

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

1. Mineral-Fiber Insulation:

a. CertainTeed Manson.
b. Knauf FiberGlass GmbH.
c. Owens-Corning Fiberglas Corp.

2. Flexible Elastomeric Thermal Insulation:

a. Armstrong World Industries, Inc.
b. Rubatex Corp.

2.2 INSULATION MATERIALS

A. Mineral-Fiber Board Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 612, Type IB, without facing and with all-service jacket 
manufactured from kraft paper, reinforcing scrim, aluminum foil, and vinyl film.

B. Mineral-Fiber Blanket Thermal Insulation:  Glass fibers bonded with a thermosetting 
resin.  Comply with ASTM C 553, Type II, without facing and with all-service jacket 
manufactured from kraft paper, reinforcing scrim, aluminum foil, and vinyl film.

C. Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber 
materials.  Comply with ASTM C 534, Type II for sheet materials.
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1. Adhesive:  As recommended by insulation material manufacturer.
2. Ultraviolet-Protective Coating:  As recommended by insulation manufacturer.

D. Calcium Silicate Insulation:  Flat-, curved-, and grooved-block sections of 
noncombustible, inorganic, hydrous calcium silicate with a nonasbestos fibrous 
reinforcement.  Comply with ASTM C 533, Type I.

2.3 ACCESSORIES AND ATTACHMENTS

A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for 
tape.  Woven glass-fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd..

1. Tape Width:  4 inches.

B. Bands:  3/4 inch (19 mm) wide, in one of the following materials compatible with jacket:

1. Stainless Steel:  ASTM A 666, Type 304; 0.020 inch thick.
2. Galvanized Steel:  0.005 inch thick.
3. Aluminum:  0.007 inch thick.
4. Brass:  0.010 inch thick.
5. Nickel-Copper Alloy:  0.005 inch thick.

C. Wire:  0.080-inch, nickel-copper alloy; 0.062-inch, soft-annealed, stainless steel; or 
0.062-inch, soft-annealed, galvanized steel.

D. Weld-Attached Anchor Pins and Washers:  Copper-coated steel pin for capacitor-
discharge welding and galvanized speed washer.  Pin length sufficient for insulation 
thickness indicated.

1. Welded Pin Holding Capacity:  100 lb for direct pull perpendicular to the 
attached surface.

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

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

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

2.4 VAPOR RETARDERS

A. Mastics:  Materials recommended by insulation material manufacturer that are 
compatible with insulation materials, jackets, and substrates.
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PART 3 -  EXECUTION

3.1 EXAMINATION

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

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

3.2 PREPARATION

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

3.3 GENERAL APPLICATION REQUIREMENTS

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

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

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

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

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

F. Keep insulation materials dry during application and finishing.

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

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

I. Apply insulation over fittings and specialties, with continuous thermal and vapor-retarder 
integrity, unless otherwise indicated.

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

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

1. Pull jacket tight and smooth.
2. Joints and Seams:  Cover with tape and vapor retarder as recommended by 

insulation material manufacturer to maintain vapor seal.
3. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on 

seams and joints and at ends adjacent to duct flanges and fittings.

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

N. Install vapor-retarder mastic on ducts and plenums scheduled to receive vapor retarders.

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

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

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

1. Seal penetrations with vapor-retarder mastic.
2. Apply insulation for exterior applications tightly joined to interior insulation 

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

P. Interior Wall and Partition Penetrations:  Apply insulation continuously through walls 
and partitions, except fire-rated walls and partitions.

Q. Fire-Rated Wall and Partition Penetrations:  Terminate insulation at fire/smoke damper 
sleeves for fire-rated wall and partition penetrations.

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

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

3.4 MINERAL-FIBER INSULATION APPLICATION

A. Blanket Applications for Ducts and Plenums:  Secure blanket insulation with adhesive 
and anchor pins and speed washers.

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

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and 
transitions.

3. Install anchor pins and speed washers on sides and bottom of horizontal ducts 
and sides of vertical ducts as follows:
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a. On duct sides with dimensions 18 inches and smaller, along longitudinal 
centerline of duct.  Space 3 inches maximum from insulation end joints, 
and 16 inches o.c.

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

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

d. Do not overcompress insulation during installation.

4. Impale insulation over anchors and attach speed washers.
5. Cut excess portion of pins extending beyond speed washers or bend parallel with 

insulation surface.  Cover exposed pins and washers with tape matching 
insulation facing.

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

7. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end 
joints.  Secure with steel band at end joints and spaced a maximum of 18 inches 
o.c.

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

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

3.5 DUCT SYSTEM APPLICATIONS

A. Insulation materials and thicknesses are specified in schedules at the end of this Section.  
Line the first 20 feet of all supply and return work duct with acoustical duct liner.  All 
other duct work will be externally wrapped with blanket insulation.

B. Materials and thicknesses for systems listed below are specified in schedules at the end of 
this Section.

C. Insulate the following plenums and duct systems:

1. Indoor concealed supply-, return-, and outside-air ductwork.
2. Indoor exposed supply-, return-, and outside-air ductwork.
3. Outdoor exposed supply and return ductwork.
4. As indicated on drawings.

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

1. Fibrous-glass ducts.
2. Metal ducts with duct liner.
3. Factory-insulated flexible ducts.
4. Factory-insulated plenums, casings, terminal boxes, and filter boxes and sections.
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5. Flexible connectors.
6. Vibration-control devices.
7. Testing agency labels and stamps.
8. Nameplates and data plates.
9. Access panels and doors in air-distribution systems.

3.6 INDOOR DUCT AND PLENUM APPLICATION SCHEDULE

A. Service:  Round, supply-air ducts, concealed.

1. Material: Mineral-fiber blanket
2. Thickness 1-1/2 inches 
3. Number of Layers:  One.
4. Field-Applied Jacket: Foil and paper.
5. Vapor Retarder Required:  Yes.

B. Service:  Round, return-air ducts, concealed. (Not required in conditioned areas)

1. Material: Mineral-fiber blanket
2. Thickness: 1-1/2 inches.
3. Number of Layers:  One.
4. Field-Applied Jacket: Foil and paper.
5. Vapor Retarder Required: Yes.

C. Service:  Rectangular, supply-air ducts, concealed. 

1. Material: Mineral-fiber blanket
2. Thickness: 1-1/2 inches.
3. Number of Layers:  One.
4. Field-Applied Jacket: Foil and paper
5. Vapor Retarder Required:  Yes.

D. Service:  Rectangular, return-air ducts, concealed. (Not required in conditioned areas)

1. Material: Mineral-fiber blanket
2. Thickness: 1-1/2 inches.
3. Number of Layers:  One.
4. Field-Applied Jacket: Foil and paper
5. Vapor Retarder Required:  Yes.

E. Service:  Round, supply-air ducts, exposed. 

1. Material: Mineral-fiber blanket
2. Thickness: 1-1/2 inches.
3. Number of Layers:  One.
4. Field-Applied Jacket: Foil and paper
5. Vapor Retarder Required: Yes.

F. Service:  Round, return-air ducts, exposed. (Not required in conditioned areas)

1. Material: Mineral-fiber blanket
2. Thickness: 1-1/2 inches.
3. Number of Layers:  One.
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4. Field-Applied Jacket: Foil and paper.
5. Vapor Retarder Required:  Yes.

G. Service:  Rectangular, supply-air ducts, exposed. 

1. Material: Mineral-fiber blanket.
2. Thickness: 1-1/2 inches.
3. Number of Layers:  One.
4. Field-Applied Jacket: Foil and paper
5. Vapor Retarder Required: Yes.

H. Service:  Rectangular, return-air ducts, exposed. (Not required in non-conditioned areas)

1. Material: Mineral-fiber blanket
2. Thickness: 1-1/2 inches.
3. Number of Layers: One.
4. Field-Applied Jacket: Foil and paper
5. Vapor Retarder Required:  Yes.

3.7 OUTDOOR DUCT AND PLENUM APPLICATION SCHEDULE

A. Service:  Rectangular, supply and return air ducts.

1. Material:  Flexible elastomeric.
2. Thickness:  2 inches.
3. Number of Layers:  One.
4. Field-Applied Jacket:  Aluminum.

a. Aluminum Thickness:  0.032 inch.

END OF SECTION 230713
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SECTION 230717 EQUIPMENT INSULATION

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes blanket, board, and block insulation; insulating cements; field-applied 
jackets; accessories and attachments; and sealing compounds.

B. Related Sections include the following:

1. Division 23 Section "Duct Insulation" for insulation materials and application for 
ducts and plenums.

2. Division 23 Section "Pipe Insulation" for insulation for piping systems.

1.3 SUBMITTALS (Not Required)

1.4 QUALITY ASSURANCE

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

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

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

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

1.5 DELIVERY, STORAGE, AND HANDLING

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

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

PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

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

1. Mineral-Fiber Insulation:

a. CertainTeed Manson.
b. Knauf FiberGlass GmbH.
c. Owens-Corning Fiberglas Corp.
d. Schuller International, Inc.

2. Cellular-Glass Insulation:

a. Pittsburgh-Corning Corp.

3. Flexible Elastomeric Thermal Insulation:

a. Armstrong World Industries, Inc.
b. Rubatex Corp.

4. Calcium Silicate Insulation:

a. Owens-Corning Fiberglas Corp.
b. Pabco.
c. Schuller International, Inc.

2.2 INSULATION MATERIALS

A. Mineral-Fiber Board Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 612, Type IB, without facing and with all-service jacket manufactured 
from kraft paper, reinforcing scrim, aluminum foil, and vinyl film.

B. Mineral-Fiber Blanket Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  
Comply with ASTM C 553, Type II, without facing and with all-service jacket manufactured 
from kraft paper, reinforcing scrim, aluminum foil, and vinyl film.

C. Cellular-Glass Insulation:  Inorganic, foamed or cellulated glass, annealed, rigid, hermetically 
sealed cells, incombustible.

1. Block Insulation:  ASTM C 552, Type I.
2. Special-Shaped Insulation:  ASTM C 552, Type III.
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3. Board Insulation:  ASTM C 552, Type IV.

D. Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber materials.  
Comply with ASTM C 534, Type II for sheet materials.

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

E. Calcium Silicate Insulation:  Flat-, curved-, and grooved-block sections of noncombustible, 
inorganic, hydrous calcium silicate with a nonasbestos fibrous reinforcement.  Comply with 
ASTM C 533, Type I.

2.3 FIELD-APPLIED JACKETS

A. General:  ASTM C 921, Type 1, unless otherwise indicated.

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

C. Aluminum Jacket:  Deep corrugated sheets manufactured from aluminum alloy complying with 
ASTM B 209 (ASTM B 209M), and having an integrally bonded moisture barrier over entire 
surface in contact with insulation.  Metal thickness and corrugation dimensions are scheduled at 
the end of this Section.

1. Finish:  Smooth finish.
2. Moisture Barrier:  1-mil- (0.025-mm-) thick, heat-bonded polyethylene and kraft 

paper.

D. Stainless-Steel Jacket:  Deep corrugated sheets of stainless steel complying with ASTM A 666, 
Type 304 or 316; 0.10 inch (2.5 mm) thick; and roll stock ready for shop or field cutting and 
forming to indicated sizes.

1. Moisture Barrier:  3-mil- (0.075-mm-) thick, heat-bonded polyethylene and kraft 
paper.

2. Jacket Bands:  Stainless steel, Type 304, 3/4 inch (19 mm) wide.

2.4 ACCESSORIES AND ATTACHMENTS

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

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

B. Bands:  3/4 inch (19 mm) wide, in one of the following materials compatible with jacket:

1. Stainless Steel:  ASTM A 666, Type 304; 0.020 inch (0.5 mm) thick.
2. Galvanized Steel:  0.005 inch (0.13 mm) thick.
3. Aluminum:  0.007 inch (0.18 mm) thick.
4. Brass:  0.010 inch (0.25 mm) thick.
5. Nickel-Copper Alloy:  0.005 inch (0.13 mm) thick.
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C. Wire:  0.080-inch (2.0-mm), nickel-copper alloy; 0.062-inch (1.6-mm), soft-annealed, stainless 
steel; or 0.062-inch (1.6-mm), soft-annealed, galvanized steel.

D. Weld-Attached Anchor Pins and Washers:  Copper-coated steel pin for capacitor-discharge 
welding and galvanized speed washer.  Pin length sufficient for insulation thickness indicated.

1. Welded Pin Holding Capacity:  100 lb (45 kg) for direct pull perpendicular to the 
attached surface.

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

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

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

2.5 VAPOR RETARDERS

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

PART 3 - EXECUTION

3.1 EXAMINATION

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

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

3.2 PREPARATION

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

3.3 GENERAL APPLICATION REQUIREMENTS

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

B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses 
required for each equipment system.
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C. Use accessories compatible with insulation materials and suitable for the service.  Use 
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either the wet 
or dry state.

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

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

F. Keep insulation materials dry during application and finishing.

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

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

I. Apply insulation over fittings and specialties, with continuous thermal and vapor-retarder 
integrity, unless otherwise indicated.

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

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

L. Apply insulation with integral jackets as follows:

1. Pull jacket tight and smooth.
2. Joints and Seams:  Cover with tape and vapor retarder as recommended by 

insulation material manufacturer to maintain vapor seal.
3. Vapor-Retarder Mastics:  Where vapor retarders are indicated, apply mastic on 

seams and joints and at ends adjacent to flanges and fittings.

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

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

O. Insulate the following indoor equipment:

1. Chilled-water air separators (small tanks).
2. Chilled-water compression tanks (small tanks).
3. Chilled-water centrifugal pump housings.
4. Low-temperature brine tanks.
5. Heating hot-water air separators (small tanks).
6. Heating hot-water compression tanks (small tanks).
7. Heating hot-water heat exchangers.
8. Condensate receivers, not factory insulated.
9. Deaerators, not factory insulated.
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P. Omit insulation from the following:

1. Vibration-control devices.
2. Testing agency labels and stamps.
3. Nameplates and data plates.
4. Manholes.
5. Handholes.
6. Cleanouts.

3.4 INDOOR TANK AND VESSEL INSULATION APPLICATION

A. Blankets, Board, and Block Applications for Tanks and Vessels:  Secure insulation with 
adhesive and anchor pins and speed washers.

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

2. Groove and score insulation materials to fit as closely as possible to the 
equipment, including contours.  Bevel insulation edges for cylindrical surfaces 
for tight joint.  Stagger end joints.

3. Protect exposed corners with secured corner angles.
4. Install adhesive-attached or self-adhesive anchor pins and speed washers on sides 

of tanks and vessels as follows:

a. Do not weld anchor pins to ASME-labeled pressure vessels.
b. On tank and vessel, 3 inches (75 mm) maximum from insulation end 

joints, and 16 inches (400 mm) o.c. in both directions.
c. Do not overcompress insulation during installation.
d. Cut and miter insulation segments to fit curved sides and dome heads of 

tanks and vessels.

5. Impale insulation over anchor pins and attach speed washers.
6. Cut excess portion of pins extending beyond speed washers or bend parallel with 

insulation surface.  Cover exposed pins and washers with tape matching 
insulation facing

7. Secure each layer of insulation with stainless-steel bands.
8. Stagger joints between insulation layers at least 3 inches (75 mm).
9. Apply insulation in removable segments on equipment access doors and other 

elements that require frequent removal for service.
10. Bevel and seal insulation ends around manholes, handholes, ASME stamps, and 

nameplates.
11. Apply vapor-retarder mastic to open joints, breaks, and punctures for insulation 

indicated to receive vapor retarder.
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B. Flexible Elastomeric Thermal Insulation Applications for Tanks and Vessels:  Apply 
insulation over entire surface of tanks and vessels according to the manufacturer's written 
instructions.

1. Apply 100 percent coverage of adhesive to surface with manufacturer's 
recommended adhesive.

2. Seal longitudinal seams and end joints.

3.5 FIELD-APPLIED JACKET APPLICATION

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

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

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

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

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

1. Draw jacket material smooth and tight.
2. Apply lap or joint strips with the same material as jacket.
3. Secure jacket to insulation with manufacturer's recommended adhesive.
4. Apply jackets with 1-1/2-inch (40-mm) laps at longitudinal seams and 3-inch- 

(75-mm-) wide joint strips at end joints.
5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed 

insulation with vapor-retarder mastic.

C. PVC Jackets:  Apply jacket with longitudinal seams along top and bottom of tanks and vessels 
for horizontal applications.  Secure and seal seams and end joints with manufacturer's welding 
adhesive.

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap 
and the finish bead along the seam and joint edge.

D. Aluminum Jackets:  Secure jackets according to jacket manufacturer's written instructions.

E. Stainless-Steel Jackets:  Secure jackets according to jacket manufacturer's written instructions.

3.6 FINISHES

A. Glass-Cloth Jacketed Insulation:  Paint insulation finished with glass-cloth jacket as specified in 
Division 9 Section "Painting."

B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of 
insulation manufacturer's recommended protective coating.

C. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual 
inspection of the completed Work.
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3.7 FIELD QUALITY CONTROL

A. Inspection:  Perform the following field quality-control inspections, after installing insulation 
materials, jackets, and finishes, to determine compliance with requirements:

1. Inspect pumps and tanks randomly selected by Architect.
2. Remove insulation and covers from two chilled-water pumps or one percent of 

chilled-water pumps, whichever is greater.
3. Remove insulation and covers from two small tanks or one percent of small 

tanks, whichever is greater.

B. Insulation applications will be considered defective if sample inspection reveals noncompliance 
with requirements.  Remove defective Work and replace with new materials according to these 
Specifications.

C. Reinstall insulation and covers on pumps and tanks uncovered for inspection according to these 
Specifications.

3.8 EQUIPMENT APPLICATIONS

A. Insulation materials and thicknesses are specified in schedules at the end of this Section.

B. Materials and thicknesses for systems listed below are specified in schedules at the end of this 
Section.

3.9 INTERIOR TANK AND VESSEL INSULATION APPLICATION SCHEDULE

A. Equipment:  Chilled-water air separators and compression tanks.

1. Operating Temperature:  35 to 75 deg F (2 to 24 deg C).
2. Insulation Material: Cellular foam with jacket
3. Insulation Thickness:  ¾”
4. Vapor Retarder Required: Yes
5. Finish: None.

B. Equipment:  Heating hot-water air separators and compression tanks.

1. Operating Temperature:  100 to 200 deg F (38 to 93 deg C).
2. Insulation Material: Cellular foam, with jacket
3. Insulation Thickness:  1”
4. Field-Applied Jacket:  Foil and paper.
5. Vapor Retarder Required: No
6. Finish: None.

END OF SECTION 230717
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SECTION 230719 HVAC PIPE INSULATION

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

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

B. Related Sections include the following:

1. Division 7 Section "Firestopping" for firestopping materials and requirements for 
penetrations through fire and smoke barriers.

2. Division 23 Section "Duct Insulation" for insulation for ducts and plenums.
3. Division 23 Section "Hangers and Supports" for pipe insulation shields and 

protection saddles.

1.3 SUBMITTALS (Not Required)

1.4 QUALITY ASSURANCE

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

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

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

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

1.5 DELIVERY, STORAGE, AND HANDLING

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

A. Coordinate size and location of supports, hangers, and insulation shields specified in 
Division 23 Section "Hangers and Supports."

B. Coordinate clearance requirements with piping Installer for insulation application.

C. Coordinate installation and testing of steam or electric heat tracing.

1.7 SCHEDULING

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

PART 2 -  PRODUCTS

2.1 MANUFACTURERS

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

1. Mineral-Fiber Insulation:

a. CertainTeed Manson.
b. Knauf FiberGlass GmbH.
c. Owens-Corning Fiberglas Corp.
d. Schuller International, Inc.

2. Flexible Elastomeric Thermal Insulation:

a. Armstrong World Industries, Inc.
b. Rubatex Corp.

2.2 INSULATION MATERIALS

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

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

2. Blanket Insulation:  Comply with ASTM C 553, Type II, without facing.
3. Fire-Resistant Adhesive:  Comply with MIL-A-3316C in the following classes 

and grades:

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

b. Class 2, Grade A for bonding glass-fiber insulation to metal surfaces.
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4. Vapor-Retarder Mastics:  Fire- and water-resistant, vapor-retarder mastic for 
indoor applications.  Comply with MIL-C-19565C, Type II.

5. Mineral-Fiber Insulating Cements:  Comply with ASTM C 195.
6. Expanded or Exfoliated Vermiculite Insulating Cements:  Comply with 

ASTM C 196.
7. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with 

ASTM C 449/C 449M.

B. Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber 
materials.  Comply with ASTM C 534, Type I for tubular materials and Type II for sheet 
materials.

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

C. Prefabricated Thermal Insulating Fitting Covers:  Comply with ASTM C 450 for 
dimensions used in performing insulation to cover valves, elbows, tees, and flanges.

2.3 FIELD-APPLIED JACKETS

A. General:  ASTM C 921, Type 1, unless otherwise indicated.

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

C. PVC Jacket:  High-impact, ultraviolet-resistant PVC; 20 mils thick; roll stock ready for 
shop or field cutting and forming.

1. Adhesive:  As recommended by insulation material manufacturer.
2. PVC Jacket Color:  White or gray.
3. PVC Jacket Color:  Color-code piping jackets based on materials contained 

within the piping system.

D. Aluminum Jacket:  Factory cut and rolled to indicated sizes.  Comply with ASTM B 209, 
3003 alloy, H-14 temper.

2.4 ACCESSORIES AND ATTACHMENTS

A. Bands:  3/4 inch wide, in one of the following materials compatible with jacket:

1. Stainless Steel:  ASTM A 666, Type 304; 0.020 inch thick.
2. Galvanized Steel:  0.005 inch thick.
3. Aluminum:  0.007 inch thick.
4. Brass:  0.010 inch thick.
5. Nickel-Copper Alloy:  0.005 inch thick.



CHEROKEE HARD ROCK CASINO 4

03242018.0922 HVAC Pipe Insulation
H17018.01 230719 - 4

2.5 VAPOR RETARDERS

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

PART 3 -  EXECUTION

3.1 EXAMINATION

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

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

3.2 PREPARATION

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

3.3 GENERAL APPLICATION REQUIREMENTS

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

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

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

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

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

H. Keep insulation materials dry during application and finishing.

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

J. Apply insulation with the least number of joints practical.
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K. Apply insulation over fittings, valves, and specialties, with continuous thermal and vapor-
retarder integrity, unless otherwise indicated.  Refer to special instructions for applying 
insulation over fittings, valves, and specialties.

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

1. Apply insulation continuously through hangers and around anchor attachments.
2. For insulation application where vapor retarders are indicated, extend insulation 

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

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

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

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

N. Apply adhesives and mastics at the manufacturer's recommended coverage rate.

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

1. Seal penetrations with vapor-retarder mastic.
2. Apply insulation for exterior applications tightly joined to interior insulation 

ends.
3. Extend metal jacket of exterior insulation outside roof flashing at least 2 inches 

(50 mm) below top of roof flashing.
4. Seal metal jacket to roof flashing with vapor-retarder mastic.

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

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

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

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

S. Floor Penetrations:  Apply insulation continuously through floor assembly.

1. For insulation with vapor retarders, seal insulation with vapor-retarder mastic 
where floor supports penetrate vapor retarder.

T. Provide aluminum jacket for all exterior piping.
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3.4 MINERAL-FIBER INSULATION APPLICATION

A. Apply insulation to straight pipes and tubes as follows:

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

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

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

4. For insulation with factory-applied jackets with vapor retarders, do not staple 
longitudinal tabs but secure tabs with additional adhesive as recommended by the 
insulation material manufacturer and seal with vapor-retarder mastic.

B. Apply insulation to flanges as follows:

1. Apply preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation segment the same as overall width of the flange and 

bolts, plus twice the thickness of the pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer 

circumference of adjacent straight pipe segments with mineral-fiber blanket 
insulation.

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

C. Apply insulation to fittings and elbows as follows:

1. Apply premolded insulation sections of the same material as straight segments of 
pipe insulation when available.  Secure according to manufacturer's written 
instructions.

2. When premolded insulation elbows and fittings are not available, apply mitered 
sections of pipe insulation, or glass-fiber blanket insulation, to a thickness equal 
to adjoining pipe insulation.  Secure insulation materials with wire, tape, or 
bands.

3. Cover fittings with standard PVC fitting covers.

D. Apply insulation to valves and specialties as follows:

1. Apply premolded insulation sections of the same material as straight segments of 
pipe insulation when available.  Secure according to manufacturer's written 
instructions.

2. When premolded insulation sections are not available, apply glass-fiber blanket 
insulation to valve body.  Arrange insulation to permit access to packing and to 
allow valve operation without disturbing insulation.  For check valves, arrange 
insulation for access to stainer basket without disturbing insulation.

3. Apply insulation to flanges as specified for flange insulation application.
4. Use preformed standard PVC fitting covers for valve sizes where available.  

Secure fitting covers with manufacturer's attachments and accessories.  Seal 
seams with tape and vapor-retarder mastic.
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3.5 FLEXIBLE ELASTOMERIC THERMAL INSULATION APPLICATION

A. Apply insulation to straight pipes and tubes as follows:

1. Follow manufacturer's written instructions for applying insulation.
2. Seal longitudinal seams and end joints with manufacturer's recommended 

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

B. Apply insulation to flanges as follows:

1. Apply pipe insulation to outer diameter of pipe flange.
2. Make width of insulation segment the same as overall width of the flange and 

bolts, plus twice the thickness of the pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer 

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

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

C. Apply insulation to fittings and elbows as follows:

1. Apply mitered sections of pipe insulation.
2. Secure insulation materials and seal seams with manufacturer's recommended 

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

D. Apply insulation to valves and specialties as follows:

1. Apply preformed valve covers manufactured of the same material as pipe 
insulation and attached according to the manufacturer's written instructions.

2. Apply cut segments of pipe and sheet insulation to valve body.  Arrange 
insulation to permit access to packing and to allow valve operation without 
disturbing insulation.  For check valves, fabricate removable sections of 
insulation arranged to allow access to stainer basket.

3. Apply insulation to flanges as specified for flange insulation application.
4. Secure insulation to valves and specialties and seal seams with manufacturer's 

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

3.6 FINISHES

A. Flexible Elastometric Thermal Insulation:  After adhesive has fully cured, apply two 
coats of the insulation manufacturer's recommended protective coating.

B. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual 
inspection of the completed Work.
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3.7 PIPING SYSTEM APPLICATIONS

A. Insulation materials and thicknesses are specified in schedules at the end of this Section.

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

1. Flexible connectors.
2. Vibration-control devices.
3. Fire-suppression piping.
4. Below-grade piping, unless otherwise indicated.
5. Air chambers, unions, strainers, check valves, plug valves, and flow regulators.

3.8 FIELD QUALITY CONTROL

A. Inspection:  Perform the following field quality-control inspections, after installing 
insulation materials, jackets, and finishes, to determine compliance with requirements:

1. Inspect fittings and valves randomly selected by Architect.
2. Remove fitting covers from 20 elbows or 1 percent of elbows, whichever is less, 

for various pipe sizes.
3. Remove fitting covers from 20 valves or 1 percent of valves, whichever is less, 

for various pipe sizes.

B. Insulation applications will be considered defective if sample inspection reveals 
noncompliance with requirements.  Remove defective Work and replace with new 
materials according to these Specifications.

C. Reinstall insulation and covers on fittings and valves uncovered for inspection according 
to these Specifications.

3.9 INSULATION APPLICATION SCHEDULE, GENERAL

A. Refer to insulation application schedules for required insulation materials, vapor 
retarders, and field-applied jackets.

B. Application schedules identify piping system and indicate pipe size ranges and material, 
thickness, and jacket requirements.

3.10 INTERIOR INSULATION APPLICATION SCHEDULE

A. Service:  Heating and Chilled Water.

1. Operating Temperature:  120 to 180° F (heating), 42 to 56° F (cooling).
2. Insulation Material: Mineral fiber, with jacket

a. Insulation Thickness:  1 ½”

3. Field-Applied Jacket: Foil and paper
4. Vapor Retarder Required:  Yes.
5. Finish: None.
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B. Service:  Refrigerant suction and hot-gas piping.

1. Operating Temperature:  35 to 50 deg F (2 to 10 deg C).
2. Insulation Material: Flexible Elastomeric.
3. Insulation Thickness:  Apply the following insulation thicknesses:

a. Copper Pipe, ¾” min.

4. Field-Applied Jacket:  Foil and paper
5. Vapor Retarder Required:  Yes.
6. Finish: None.

C. Condensate and Equipment Drain Water below 60 Deg F (16 Deg C):

1. All Pipe Sizes:  Insulation shall bethe following:

Cellular Glass:  1-1/2 inches.
a. Flexible Elastomeric:  1 inch thick.
b. Mineral-Fiber, Preformed Pipe Insulation, Type I:  1 inch.
c. Phenolic:  1 inch thick.
d. Polyisocyanurate:  1 inch thick.
e. Polyolefin:  1 inch thick.

3.11 OUTDOOR, UNDERGROUND PIPING INSULATION SCHEDULE

A. Loose-fill insulation, for belowground piping, is specified in Division 33 piping 
distribution Sections.

B. Condenser-Water Supply and Return, All Sizes:  Cellular glass, 2 inches thick.

3.12 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE

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

D. If more than one material is listed, selection from materials listed is Contractor's option.

E. Piping, Concealed:

1. None.
2. Color-Coded by System:  20 mils thick.
3. Aluminum, Smooth:  0.016 inch thick.
4. Painted Aluminum, Smooth:  0.016 inch thick.
5. Stainless Steel, Type 304, Smooth 2B Finish:  0.010 inch thick.

F. Piping, Exposed:

1. PVC:  20 mils thick.
2. Painted Aluminum, Smooth:  0.016 inch thick.
3. Stainless Steel, Type 304, Smooth 2B Finish:  0.010 inch thick.
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3.12 UNDERGROUND, FIELD-INSTALLED INSULATION JACKET

A. For underground piping applications, install underground concrete pit with cover jacket 
over insulation material.

END OF SECTION 230719
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SECTION 230800 COMMISSIONING OF HVAC SYSTEMS

PART 1 - GENERAL

1.1 DESCRIPTION

A. Commissioning is a systematic process of ensuring that selected building systems 
perform interactively according to the design intent and the owner’s operational needs.  
This is achieved by beginning in the design phase and continuing through construction, 
acceptance and the warranty period with actual verification of performance.  The 
commissioning process shall encompass and coordinate the traditionally separate 
functions of system documentation, equipment startup, control system calibration, testing 
and balancing, performance testing and training.

B. Commissioning during the construction phase is intended to achieve the following 
specific objectives according to the Contract Documents:

1. Verify that applicable equipment and systems are installed according to the 
contract documents, the manufacturer’s recommendations and to industry 
accepted minimum standards and that they receive adequate operational checkout 
by the Installing Contractor.

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

C. The commissioning process does not take away from or reduce the responsibility of the 
system designers or Installing Contractors/Sub-Contractors to provide a finished and fully 
functioning product.

1.2 COORDINATION

A. Commissioning Team. The members of the commissioning team consist of the 
Commissioning Authority (CxA), the Owner’s Project Manager (PM), the Construction 
Manager (CM), the design Architects/Engineers (A/E), the HVAC Contractor (HC), the 
Plumbing Contractor (PC), the Electrical Contractor (EC) and any other Installing Sub-
Contractors or suppliers of equipment.

B. Management. The Owner hires the CxA directly.  The CxA directs and coordinates the 
commissioning activities and is part of the commissioning team. Heapy Engineering shall 
be the CxA for this project.  The CxA is responsible to the Owner and shall have the 
authority to grant final acceptance of each system commissioned. All members work 
together to fulfill their contracted responsibilities and meet the objectives of the Contract 
Documents.  Refer to Para. 1.5 for additional management details.
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C. Scheduling.  The CxA shall work with the CM according to established protocols to 
schedule the commissioning activities.  The CxA shall provide sufficient notice to the 
CM for scheduling commissioning activities.  The CM shall integrate all commissioning 
activities into the master schedule.  All parties shall address scheduling problems and 
make necessary notifications in a timely manner in order to expedite the commissioning 
process.

1. The CM shall provide the initial schedule of primary commissioning events at the 
commissioning scoping meeting.  As construction progresses more detailed 
schedules are developed by the CxA. The Commissioning Plan also provides a 
format for detailed schedules.

1.3 COMISSIONING PROCESS

A. Commissioning Process.  The following narrative provides a brief overview of the typical 
commissioning tasks during construction and the general order in which they occur.

1. Commissioning during construction begins with a scope meeting conducted by 
the CxA where the commissioning process is reviewed with the commissioning 
team members.

2. Additional meetings shall be required throughout construction, scheduled by the 
CxA with necessary parties attending, to plan, scope, coordinate, schedule future 
activities and resolve problems.

3. Equipment documentation is submitted to the CxA during normal submittals, 
including detailed startup procedures.

4. The CxA works with the Contractors/Sub-Contractors in developing startup plans 
and startup documentation formats, including providing the Contractors/Sub-
Contractors with construction and startup checklists to be completed, during the 
startup process.

5. In general, the checkout and performance verification proceeds from simple to 
complex; from component level to equipment to systems and intersystem levels 
with construction and startup checklists being completed before functional 
testing.

6. The Contractors/Sub-Contractors, under their own direction, execute and 
document the construction and startup checklists.  The CxA documents that the 
checklists were completed according to the contract documents.  This may 
include the CxA witnessing startup of selected equipment.  The CxA shall be 
notified 48 hours in advance of starting up equipment.  Where applicable, 
manufacturers representative executes and documents startup of equipment.

7. The CxA develops specific equipment and system functional performance test 
procedures.  The Contractors/Sub-Contractors review the procedures.

8. The procedures are executed by the Contractors/Sub-Contractors, under the 
direction of, and documented by the CxA.

9. Items of non-compliance in material, installation or setup are corrected at the 
Contractors’/Sub-Contractors’ expense and the system retested in accordance 
with paragraphs 3.5 of this section. 

10. The CxA reviews the O&M documentation for completeness.
11. Commissioning is completed before Substantial Completion is achieved.
12. The CxA reviews, pre-approves and coordinates the training provided by the 

Contractors/Sub-Contractors and verifies that it was completed. The CxA shall 
attend five (5) training sessions.

13. Deferred testing is conducted, as specified or required. 
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1.4 RELATED WORK

A. Drawings and general requirements of the Contract, including General Conditions and 
Requirements, Supplementary Conditions, Revisions and other Specification sections, 
apply to work in this section.

1.5 RESPONSIBILITIES

A. The responsibilities of various parties in the commissioning process are provided in this 
section, including the responsibilities of the HVAC Contractor.  The responsibilities of 
the (other) contractors are noted in their specification documents. It is noted that the 
services for the HVAC, plumbing and electrical engineers, and CxA are not provided for 
in this contract.  That is, the Contractor/Sub-Contractor is not responsible for providing 
their services.  Their responsibilities are listed here to clarify the commissioning process.

B. All Parties

1. Attend commissioning scoping meeting and additional meetings, as scheduled.
2. Participate in 10-month warranty walk inspection.

C. Mechanical and Electrical Engineers (A/E)

1. Perform normal submittal review, construction observation, as-built drawing 
preparation, records, etc., as contracted.  

2. Provide any design narrative and sequences documentation requested by the 
CxA. The designers shall assist (along with the contractors) in clarifying the 
operation and control of commissioned equipment in areas where the 
specifications, control drawings or equipment documentation is not sufficient for 
writing detailed testing procedures.

3. Organize and participate in a control / software review meeting with Owner 
representative, the HVAC Contractor and automatic temperature controls 
installer.  The meeting is to review system function with the Commissioning 
Agent.

4. Attend commissioning scoping meetings and other selected commissioning team 
meetings, as requested.

5. Participate in the resolution of system deficiencies identified during 
commissioning, according to the contract documents.

6. Review and approve the O&M manuals.
7. Participate in the resolution of non-compliance, non-conformance and design 

deficiencies identified during commissioning including warranty-period 
commissioning.
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D. Commissioning Authority (CxA)

1. The CxA is not responsible for design concept, design criteria, compliance with 
codes, design or general construction scheduling, cost estimating, or construction 
management, means or methods.  The CxA may assist with problem-solving non-
conformance or deficiencies, but ultimately that responsibility resides with the 
CM and the A/E.  

2. The primary role of the CxA is to develop and coordinate the execution of a 
testing plan, observe and document performance - that systems are functioning in 
accordance with the Contract Documents. The Contractors/Sub-Contractors shall 
provide all tools or the use of tools to start, checkout and functionally test 
equipment and systems.

3. Coordinates and directs the commissioning activities in a logical, sequential and 
efficient manner using consistent protocols and forms, centralized 
documentation, clear and regular communications and consultations with all 
necessary parties, frequently updated timelines and schedules and technical 
expertise.

4. Coordinate the commissioning work and, with the CM, ensure that 
commissioning activities are being scheduled into the master schedule.

5. Attend the temperature control system software review meeting software with the 
Engineer and Contractors/Sub-Contractors.  The purpose of the meeting will be 
to review temperature control submittal with specification sequence of operations 
and contract drawings.

6. Plan and conduct a commissioning scoping meeting and other commissioning 
meetings.

7. Request and review additional information required to perform commissioning 
tasks, including O&M materials, Contractor/Sub-Contractor startup and checkout 
procedures.

8. Before startup, gather and review the current control sequences and interlocks 
and work with Contractors/Sub-Contractors and design engineers until sufficient 
clarity has been obtained, in writing, to be able to write detailed testing 
procedures.

9. Concurrent with the A/E reviews, the CxA shall review normal Contractors/Sub-
Contractors submittals related to the commissioned equipment for conformance 
to the Contract Documents as it relates to the commissioning process, to the 
functional performance of the equipment and adequacy for developing test 
procedures.  The CxA shall notify the CM, PM or A/E as requested, of items 
missing or areas that are not in conformance with Contract Documents and which 
require resubmission.

10. Write and distribute construction checklists.  
11. Review factory startup plan and develop a startup plan and initial systems 

checkout plan with Contractors/Sub-Contractors.
12. Perform site visits, as necessary, to observe component and system installations.  

Attends selected progress meetings and job-site meetings to obtain information 
on construction progress. Review construction meeting minutes for 
revisions/substitutions relating to the commissioning process.  Assist in resolving 
any discrepancies. 
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13. Witness all or part of the HVAC piping test and flushing procedure, sufficient to 
be confident that proper procedures were followed.  Include the testing report and 
cleaning procedures documentation in O&M manuals.  Notify owner’s 
representative of any deficiencies in results or procedures.

14. Witness all or part of any ductwork testing and cleaning procedures, sufficient to 
be confident that proper procedures were followed.  Include the testing report and 
cleaning procedures documentation in O&M manuals.  Notify owner’s 
representative of any deficiencies in results or procedures.

15. Review and approve construction and startup checklists completion in 
conjunction with selected site observation and spot checking.

16. Review the air and water balance execution plan.
17. Oversee sufficient startup and initial testing of the control system and verify it is 

ready to be used for air and water balancing, before the balancing is executed.  
18. Review air and water systems balancing by spot testing, by reviewing completed 

reports and by selected site observation.
19. After balancing is complete and with necessary assistance and review from 

Installing Contractors/Sub-Contractors, write the functional performance test 
procedures for equipment and systems.  This may include direct digital control 
system trending, stand-alone datalogger monitoring or manual functional testing. 

20. Analyze up to 3 functional performance trend logs and monitoring data to verify 
performance.

21. Maintain a master deficiency and resolution log and a separate testing record.  
Provide the CM and PM with written progress reports and test results with 
recommended actions.

22. Review equipment warranties to ensure that the Owner’s responsibilities are 
clearly defined.

23. Oversee and coordinate the training of the Owner’s operating personnel by 
attending 5 sessions. 

24. Compile and maintain a commissioning record. 
25. Review of the final O&M manuals.
26. Provide a final commissioning report (as described in this section).
27. Coordinate and supervise required seasonal or deferred testing and deficiency 

corrections.

E. Owner’s Project Manager (PM)

1. Manage the contract of the A/E and of the CM.
2. Arrange the opportunity for facility operating and maintenance personnel to 

attend various field commissioning activities and field training.
3. Identify any possible warranty items, document and contact the Contractors/Sub-

Contractors for follow-up.  
4. Ensure that any seasonal or deferred testing and any deficiency issues are 

identified.

F. Construction Manager (CM) 

1. Facilitate the coordination of the commissioning work by the CxA.  The CM and 
CxA ensure that commissioning activities are being scheduled into the master 
schedule.

2. Furnish a copy of all construction documents, addenda, change orders and 
approved submittals and shop drawings related to commissioned equipment to 
the CxA.
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3. In each purchase order or subcontract written, include requirements for submittal 
data, O&M data, commissioning tasks and training.

4. Ensure that all Contractors/Sub-Contractors execute their commissioning 
responsibilities according to the Contract Documents and schedule.

5. Perform the normal review of Contractors/Sub-Contractors submittals.
6. A representative shall attend the commissioning scope meeting and other 

necessary meetings scheduled by the CxA to facilitate the Cx process.
7. When necessary, observe and witness construction, construction and startup 

checklists, startup, and functional testing of selected equipment.
8. Review commissioning progress and deficiency reports.
9. Coordinate the resolution of non-compliance and design deficiencies identified in 

all phases of commissioning.
10. Coordinate the training of owner personnel.
11. Prepare O&M manuals, according to the Contract Documents, including 

clarifying and updating the original sequences of operation to as-built conditions.

G. Contractors/Sub-Contractors

1. Coordinate the commissioning work with the CxA.
2. Execute their commissioning responsibilities according to the Contract 

Documents and schedule.
3. Attend the commissioning scope meeting(s) and other necessary meetings 

scheduled by the CxA to facilitate the Cmx process.
4. Participate in control software review meeting.  The meeting is for walk-thru 

systems and sequences with the CxA, after the temperature control submittals are 
approved.

5. When necessary, observe and witness construction, construction and startup 
checklists, startup, and functional testing of selected equipment.

6. Review commissioning progress and deficiency reports.
7. Resolve the non-compliance and design deficiencies identified in all phases of 

commissioning.
8. Coordinate the training of Owner personnel for the systems provided under this 

contract.
9. Prepare O&M manuals, according to the Contract Documents, including 

clarifying and updating the original sequences of operation to as-built conditions.

H. Equipment Suppliers

1. Provide all requested submittal data, including detailed startup procedures and 
specific responsibilities of the Owner to keep warranties in force.

2. Assist in equipment testing per agreements with Contractors/Sub-Contractors.
3. Include all special tools and instruments (only available from vendor, specific to 

a piece of equipment) required for testing equipment according to these Contract 
Documents in the base bid price to the Contractors/Sub-Contractors.

4. Provide information requested by CxA regarding equipment sequence of 
operation and testing procedures.

5. Review test procedures for equipment started up by factory representatives.

1.6 DEFINITIONS

A. Acceptance Phase - phase of construction after startup and initial checkout when 
functional performance tests, O&M documentation review and training occur.
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B. Approval - acceptance that a piece of equipment or system has been properly installed 
and is functioning in the tested modes according to the Contract Documents.

C. Architect / Engineer (A/E) - the prime consultant and sub-consultants who comprise the 
design team, generally the HVAC mechanical designer/engineer and the electrical 
designer/engineer.

D. Commissioning Authority (CxA) - an agent, not otherwise responsible for the design or 
the construction.  The CxA directs and coordinates the day-to-day commissioning 
activities.  The CxA does not take an oversight role like the CM.  The CxA is part of the 
commissioning team and shall report directly to the Owner.

E. Construction Checklist (CC) and Startup Checklist (SC) - a list of items to inspect and 
elementary component tests to conduct to verify proper installation of equipment, 
provided by the CxA to the Contractor/Sub-Contractor.  Construction and startup 
checklists are primarily static inspections and procedures to prepare the equipment or 
system for initial operation (e.g., belt tension, oil levels OK, labels affixed, gages in 
place, sensors calibrated, etc.).  However, some construction and startup checklist items 
entail simple testing of the function of a component, a piece of equipment or system 
(such as measuring the voltage imbalance on a three phase pump motor of a chiller 
system).  Construction and startup checklists augment and are combined with the 
manufacturer’s startup checklist.

F. Construction Manager (CM) – coordinates, communicates and directs the entire process 
of construction in terms of scope, quality, time and cost within the authority and 
responsibility limits of the contract documents.

G. Contract Documents - the documents binding on parties involved in the construction of 
this project (drawings, specifications, change orders, amendments, contracts, etc.).

H. Contractors/Sub-Contractors – Construction Contractors and their Sub-Contractors who 
are awarded a contract for the construction or some aspect of the construction of the 
project in accordance with the contract documents.

I. Control System - the central building direct digital control system.

J. Deferred Functional Tests - FTs that are performed later, after substantial completion, 
due to partial occupancy, equipment, seasonal requirements, design or other site 
conditions that disallow the test from being performed.

K. Deficiency - a condition in the installation or function of a component, piece of 
equipment or system that is not in compliance with the Contract Documents (that is, does 
not perform properly or is not complying with the sequence of operations).

L. Factory Testing - testing of equipment on-site or at the factory, by factory personnel with 
an Owner’s representative present.

M. Functional Performance Test (FT)

1. Test of the dynamic function and operation of equipment and systems using 
manual (direct observation) or monitoring methods. Functional testing is the 
dynamic testing of systems (rather than just components) under full operation.  

2. Systems are tested under various modes, such as during low cooling or heating 
loads, high loads, component failures, unoccupied, varying outside air 
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temperatures, fire alarm condition, power failure, etc.  The systems are run 
through all the control system’s sequences of operation and components are 
verified to be responding as the sequences state. 

3. Traditional air or water test and balancing is not functional testing, in the 
commissioning sense of the word.  The balancer’s primary work is setting up the 
system flows and pressures as specified, while functional testing is verifying that 
which has already been set up.

4. The CxA develops the functional test procedures in a sequential written form, 
coordinates, oversees and documents the actual testing, which is usually 
performed by the installing Contractors/Sub-Contractors or vendor. FTs are 
performed after construction and startup checklists, and startup are complete.

N. Construction Manager (CM) - the prime Contractor for this project.  Generally refers to 
all the CM’s Sub-Contractors as well.  Also referred to as the Contractor in some 
contexts.

O. Indirect Indicators - indicators of a response or condition, such as a reading from a 
control system screen reporting a damper to be 100% closed.

P. Manual Test - using hand-held instruments, immediate control system readouts or direct 
observation to verify performance (contrasted to analyzing monitored data taken over 
time to make the “observation”).

Q. Monitoring - the recording of parameters (flow, current, status, pressure, etc.) of 
equipment operation using dataloggers or the trending capabilities of control systems.

R. Non-Compliance - see Deficiency.

S. Non-Conformance - see Deficiency.

T. Over-written Value - writing over a sensor value in the control system to see the response 
of a system (e.g., changing the outside air temperature value from 50F to 75F to verify 
economizer operation).  See also “Simulated Signal.”

U. Project Manager  (PM) - the contracting and managing authority for the owner over the 
construction of the project, a staff position.

V. Sampling - functionally testing only a fraction of the total number of identical or near 
identical pieces of equipment.  Refer to Part 3.4 for details.

W. Seasonal Performance Tests - FT that are deferred until the system(s) shall experience 
conditions closer to their design conditions.

X. Simulated Condition - condition that is created for the purpose of testing the response of 
a system (e.g., applying a hair dryer to a space sensor to see the response in a VAV box).

Y. Simulated Signal - disconnecting a sensor and using a signal generator to send an 
amperage, resistance or pressure to the transducer and DDC system to simulate a sensor 
value.

Z. Specifications - the construction specifications of the Contract Documents.

AA. Startup - the initial starting or activating of dynamic equipment, including executing 
startup checklists.
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BB. Subs - the Sub-Contractors to the Contractor who provide and install building 
components and systems.

CC. Substantial Completion – Refer to the description defined in the General Conditions.

DD. Test Procedures - the step-by-step process which must be executed to fulfill the test 
requirements.  The CxA develops the test procedures.  

EE. Test Requirements - requirements specifying what modes and functions, etc. shall be 
tested.  The test requirements are not the detailed test procedures.  The test requirements 
are specified in the Contract Documents. 

FF. Trending - monitoring using the building control system.

GG. Vendor - supplier of equipment.

HH. Warranty Period - warranty period for entire project, including equipment components.  
Warranty begins at Substantial Completion and extends for at least one year, unless 
specifically noted otherwise in the Contract Documents and accepted submittals. 
Equipment that does not initially pass seasonal or deferred functional testing shall have 
the warranty start date adjusted to date of passing test completion. 

II. Warranty Walk – On-site inspection of all commissioned systems to verify proper 
operation approximately 10 months into the warranty period.  As part of this inspection a 
review will also be conducted of trend log data from the Building Automation System 
and service/maintenance records.

1.7 SYSTEMS TO BE COMISSIONED

A. The following systems shall be commissioned in this project. 

1. Air Handling Units
2. Make-Up Air Systems
3. Air Terminal Units (VAV Boxes)
4. Fan Coil Units
5. Unit Heater
6. Exhaust Fans
7. CRAC (Computer Room Air Conditioning) Units
8. Air Cooled Chillers
9. Chilled Water Pumps
10. Heating Hot Water Boilers
11. Heating Hot Water Pumps
12. Domestic Hot Water Generation
13. Automatic Temperature Controls
14. Kitchen Systems
15. Walk-In Freezers 
16. Walk-In Coolers
17. Kitchen Exhaust Hoods
18. Emergency Generators
19. Generator Fuel Diesel Systems
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PART 2 - PRODUCTS

2.1 TEST EQUIPMENT

A. All standard testing equipment required to perform startup and initial checkout and 
required functional performance testing shall be provided by the Contractors/Sub-
Contractors for the equipment being tested.

B. Special equipment, tools and instruments (only available from vendor, specific to a piece 
of equipment) required for testing equipment, shall be included in the Contractors/Sub-
Contractors bid price. 

C. All testing equipment shall be of sufficient quantity, quality and accuracy to test and/or 
measure system performance.  All equipment shall be calibrated within the last year, and 
according to the manufacturer’s recommended intervals, and when dropped or damaged.  
Calibration tags shall be affixed or certificates readily available.

D. Refer to Para. 3.4 for details regarding equipment that may be required to simulate 
required test conditions.

PART 3 - EXECUTION

3.1 MEETINGS

A. Orientation Meeting.  Within 90 days of commencement of construction, the CxA shall 
schedule, plan and conduct a commissioning orientation meeting with the entire 
commissioning team in attendance.  The CxA shall provide agenda and distribute 
meeting minutes to all parties.

B. Miscellaneous Meetings.  Other meetings shall be planned and conducted by the CxA as 
construction progresses.  These meetings shall cover coordination, deficiency resolution 
and planning issues with particular Contractors/Sub-Contractors.  The CxA shall organize 
these meetings and shall minimize unnecessary time being spent by Contractors/Sub-
Contractors.  For large projects, these meetings may be held monthly, until the final 3 
months of construction when they may be held as frequently as one per week. 

3.2 REPORTING

A. The CxA shall provide regular reports to the CM and PM, with increasing frequency as 
construction and commissioning progresses.

B. The CxA shall regularly communicate with all members of the commissioning team, 
keeping them apprised of commissioning progress and scheduling changes through 
memos, progress reports, etc.

C. Testing or review approvals and non-conformance and deficiency reports are made 
regularly with the review and testing as described in later sections.

D. A final summary report by the CxA shall be provided to the CM and PM, focusing on 
evaluating the commissioning process.  All acquired documentation, logs, minutes, 
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reports, deficiency lists, communications, findings, unresolved issues, etc., shall be 
compiled in appendices and provided with the summary report.

1. Construction and startup checklists, functional tests and monitoring reports shall 
not be part of the final report, but shall be stored as the Commissioning Record in 
the O&M manuals. 

3.3 START-UP CHECKLISTS AND INITIAL CHECKOUT

A. The following procedures apply to all equipment to be commissioned, according to para. 
1.7, Systems to be Commissioned.  Some systems that are not comprised of actual 
dynamic machinery may have very simplified CCs, SCs and startup.

B. Startup and Initial Checkout Plan.  The CxA shall assist the commissioning team 
members responsible for startup of any equipment in developing detailed startup plans for 
all equipment.  The primary role of the CxA in this process is to ensure that there is 
written documentation that each of the manufacturer-recommended procedures have been 
completed. Parties responsible for construction and startup checklists, and startup are 
identified in the commissioning orientation meeting and in the checklist forms.

1. The CxA provides these checklists and tests to the Contractors/Sub-Contractors.  
The Contractors/Sub-Contractors determines which trade is responsible for 
executing and documenting the tests. 

2. The Contractor/Sub-Contractor responsible for the purchase of the equipment 
develops the full startup plan by combining (or adding to) the CxA’s checklists 
with the manufacturer’s detailed startup and checkout procedures from the O&M 
manual and the normally used field checkout sheets.  The plan shall include 
checklists and procedures with specific boxes or lines for recording and 
documenting the checking and inspections of each procedure and a summary 
statement with a signature block at the end of the plan.  Where required, the 
equipment shall be started up by factory representatives.  The CxA shall be 
notified a minimum 48 hours prior to equipment startup.  

3. The Contractor/Sub-Contractor submits the full startup plan to the CxA for 
review. 

4. The CxA reviews the procedures and the format for documenting them, noting 
any procedures that need to be added.

C. Sensor and Actuator Calibration

1. All field-installed temperature, relative humidity, CO, CO2 and pressure sensors 
and gages, and all actuators (dampers and valves) on all equipment shall be 
calibrated using the methods described below.  Alternate methods may be used, if 
approved by the CxA beforehand. All test instruments shall have performed a 
certified calibration within the previous 12 months. Sensors installed in the unit 
at the factory with calibration certification provided, need not be field calibrated.

2. All procedures used shall be fully documented on the construction and startup 
checklists or other suitable forms, clearly referencing the procedures followed 
and written documentation of initial, intermediate and final results.

3. Sensor Calibration Methods

a. All Sensors. Verify that all sensor locations are appropriate and away 
from causes of erratic operation. For sensor pairs that are used to 
determine a temperature or pressure difference, make sure they are 
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reading within 0.2°F of each other for temperature and within a tolerance 
equal to 2% of the reading, of each other, for pressure.  Tolerances for 
critical applications may be tighter.

b. Sensors Without Transmitters--Standard Application.  Make a reading 
with a calibrated test instrument within 6 inches of the site sensor.  
Verify that the sensor reading (via the permanent meter, gage or direct 
digital control system (DDCS)) is within the tolerances in the table 
below of the instrument-measured value.  If not, install offset in DDCS, 
calibrate or replace sensor.

c. Sensors With Transmitters--Standard Application.  Disconnect sensor.  
Connect a signal generator in place of sensor.  Connect ammeter in series 
between transmitter and DDCS control panel.  Using manufacturer’s 
resistance-temperature data, simulate minimum desired temperature.  
Adjust transmitter potentiometer zero until the ammeter reads 4 mA.  
Repeat for the maximum temperature matching 20 mA to the 
potentiometer span or maximum and verify at the DDCS. Record all 
values and recalibrate controller as necessary to conform to specified 
control ramps, reset schedules, proportional relationship, reset 
relationship and P/I reaction.  Reconnect sensor.  Make a reading with a 
calibrated test instrument within 6 inches of the site sensor.  Verify that 
the sensor reading (via the permanent thermostat, gage or DDCS) is 
within the tolerances in the table below of the instrument-measured 
value.  If not, replace sensor and repeat.  For pressure sensors, perform a 
similar process with a suitable signal generator.

d. Critical Applications.  For critical applications (process, manufacturing, 
etc.) more rigorous calibration techniques may be required for selected 
sensors.  Describe any such methods used on an attached sheet.

4. Valve and Damper Stroke Setup and Check

a. DDCS Readout.  For all valve and damper actuator positions checked, 
verify the actual position against the DDCS readout.

b. Set pumps or fans to normal operating mode.  Command valve or 
damper closed, visually verify that valve or damper is closed and adjust 
output zero signal as required.  Command valve or damper open, verify 
position is full open and adjust output signal as required.  Command 
valve or damper to a few intermediate positions.  If actual valve or 
damper position doesn’t reasonably correspond, replace actuator or 
adjust.  

c. Closure for heating coil valves (NO):  Set heating setpoint 20°F above 
room temperature.  Observe valve open.  Remove control power from the 
valve and verify that the valve stem and actuator position do not change. 
Restore to normal.  Set heating setpoint to 20°F below room temperature.  
Observe the valve close.  Restore to normal. 

d. Closure for cooling coil valves (NC): Set cooling setpoint 20°F above 
room temperature. Observe the valve close.  Remove control power from 
the valve and verify that the valve stem and actuator position do not 
change. Restore to normal. Set cooling setpoint to 20°F below room 
temperature. Observe valve open. Restore to normal.  
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D. Execution of Construction and Startup Checklists, and Startup

1. The Contractors/Sub-Contractors and vendors schedule startup and checkout with 
the CM, PM and CxA.  The performance of the construction and startup 
checklists, startup and checkout are directed and executed by the 
Contractors/Sub-Contractors or vendor.  When checking off construction and 
startup checklists, signatures may be required of other Contractors/Sub-
Contractors for verification of completion of their work. 

2. The CxA shall observe, at minimum, the procedures for each piece of primary 
equipment.  In no case shall the number of units witnessed be less than the 
contractual agreement on any one building. 

3. For lower-level components of equipment, (e.g., VAV boxes, sensors, 
controllers), the CxA shall observe a sampling of the construction, and startup, 
and startup procedures.

4. The Contractors/Sub-Contractors and vendors shall execute startup and provide 
the CxA with a signed and dated copy of the completed startup, and construction 
and startup tests and checklists.

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

E. Deficiencies, Non-Conformance and Approval in Checklists and Startup

1. The Contractors/Sub-Contractors shall clearly list any outstanding items of the 
initial startup and construction and startup procedures that were not completed 
successfully, and any completed corrections, at the bottom of the procedures 
form or on an attached sheet.  The procedures form and any outstanding 
deficiencies are provided to the CxA within two days of test completion.  

2. The CxA reviews the report and submits either a non-compliance report or an 
approval form to the Contractor/Sub-Contractor or CM.  The CxA shall work 
with the Contractors/Sub-Contractors and vendors to correct and retest 
deficiencies or uncompleted items.  The CxA shall involve the CM and others as 
necessary.  The installing Contractors/Sub-Contractors or vendors shall correct 
all areas that are deficient or incomplete in the checklists and tests in a timely 
manner, and shall notify the CxA as soon as outstanding items have been 
corrected and resubmit an updated startup report and a Statement of Correction 
on the original non-compliance report.  When satisfactorily completed, the CxA 
recommends approval of the execution of the checklists and start up of each 
system.

3. Items left incomplete, which later cause deficiencies or delays during functional 
testing will result in incidental damages to the responsible party.  Refer to Para. 
3.5 sub-item B.4 herein for details.  

3.4 FUNCTIONAL PERFORMANCE TESTING (FT)

A. This sub-section applies to all commissioning functional testing for all divisions.

B. The general list of equipment to be commissioned is found in Para. 1.7.

C. Objectives and Scope.  The objective of Functional Performance Testing is to 
demonstrate that each system is operating according to the Contract Documents.   During 
the testing process, areas of deficient performance are identified and corrected, improving 
the operation and functioning of the systems.
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1. In general, each system should be operated through all modes of operation 
(seasonal, occupied, unoccupied, warm-up, cool-down, part- and full-load) where 
there is a specified system response.  Verifying each step in the sequences of 
operation is required.  Proper responses to such modes and conditions as power 
failure, freeze condition, low oil pressure, no flow, equipment failure, etc. shall 
also be tested.  

D. Development of Test Procedures. Before test procedures are written, the CxA shall obtain 
all requested documentation and a current list of change orders affecting equipment or 
systems, including an updated points list, program code, control sequences and 
parameters.  The CxA shall develop specific test procedures and forms to verify and 
document proper operation of each piece of equipment and system.  Each 
Contractors/Sub-Contractors or vendor responsible to execute a test shall provide limited 
assistance to the CxA in developing the procedures review.  Prior to execution, the CxA 
shall provide a copy of the test procedures to the Contractors/Sub-Contractors who shall 
review the tests for feasibility, safety, equipment and warranty protection.  When 
requested, the CxA will submit the tests to the A/E for review.

1. The purpose of any given specific test is to verify and document compliance with 
the stated criteria of acceptance given on the test form.

2. The test procedure forms developed by the CxA shall include (but not be limited 
to) the following information:

3. System and equipment or component name(s)
4. Equipment location and ID number
5. Unique test ID number, and reference to unique construction and startup 

checklist and startup documentation ID numbers for the piece of equipment
6. Date
7. Project name
8. Participating parties
9. A copy of the specific sequence of operations or other specified parameters being 

verified
10. Required pre-test field measurements
11. Instructions for setting up the test
12. Special cautions, alarm limits, etc.
13. Specific step-by-step procedures to execute the test, in a clear, sequential and 

repeatable format
14. Acceptance criteria of proper performance with a check box to allow for clearly 

marking whether or not proper performance of each part of the test was achieved
15. A section for comments
16. Signatures and date block for the CxA

E. Test Methods

1. Functional performance testing and verification may be achieved by manual 
testing (persons manipulate the equipment and observe performance) or by 
monitoring the performance and analyzing the results using the control system’s 
trend log capabilities or by stand-alone dataloggers.  The CxA may substitute 
specified methods or require an additional method to be executed, other than 
what was specified.  The CxA shall determine which method is most appropriate 
for tests that do not have a method specified.

2. Simulated Conditions.  Simulating conditions (not by an overwritten value) shall 
be allowed, though timing the testing to experience actual conditions is 
encouraged wherever practical.
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3. Overwritten Values.  Overwriting sensor values to simulate a condition, such as 
overwriting the outside air temperature reading in a control system to be 
something other than it really is, shall be allowed, but shall be used with caution 
and avoided when possible.  

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

5. Altering Setpoints.  Rather than overwriting sensor values, and when simulating 
conditions is difficult, altering setpoints to test a sequence is acceptable.

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

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

8. Sampling.  Multiple identical pieces of non-life-safety or otherwise non-critical 
equipment may be functionally tested using a sampling strategy.   Significant 
application differences and significant sequence of operation differences in 
otherwise identical equipment invalidates their common identity.  A small size or 
capacity difference, alone, does not constitute a difference.  It is noted that no 
sampling by Contractors/Sub-Contractors is allowed in construction and startup 
checklist execution.

F. Coordination and Scheduling.  The Contractors/Sub-Contractors shall provide sufficient 
notice to the CxA regarding their completion schedule for the construction and startup 
checklists and startup of all equipment and systems.  The CxA shall schedule functional 
tests through the CM and affected Contractors/Sub-Contractors.  The CxA shall direct, 
witness and document the functional testing of all equipment and systems.  The 
Contractors/Sub-Contractors shall execute the tests.

1. In general, functional testing is conducted after construction and startup testing 
has been satisfactorily completed.  The air balancing and water balancing is 
completed and debugged before functional testing of air-related or water-related 
equipment or systems.  Testing proceeds from components to subsystems to 
systems.  When the proper performance of all interacting individual systems has 
been achieved, the interface or coordinated responses between systems is 
checked.  

G. Test Equipment.  Refer to Part 2 for test equipment requirements.

H. Problem Solving.  The CxA may recommend solutions to problems found, however the 
burden of responsibility to solve, correct and retest problems is with the CM, 
Contractors/Sub-Contractors and A/E.



CHEROKEE HARD ROCK CASINO 4

03242018.0922 Commissioning of HVAC Systems
H17018.01 230800 - 16

3.5 DOCUMENTATION, NON-CONFORMANCE AND APPROVAL OF TESTS

A. Documentation.  The CxA shall witness and document the results of all functional 
performance tests using the specific procedural forms developed for that purpose.  Prior 
to testing, these forms are provided to the CM for review and approval and to the 
Contractors/Sub-Contractors for review.  The CxA shall include the filled out forms in 
the O&M manuals.

B. Non-Conformance

1. The CxA shall record the results of the functional test on the procedure or test 
form.  All deficiencies or non-conformance issues shall be noted and reported to 
the CM on a standard non-compliance form.

2. Corrections of minor deficiencies identified may be made during the tests at the 
discretion of the CxA.  In such cases the deficiency and resolution shall be 
documented on the procedure form.

3. As tests progress and a deficiency is identified, the CxA discusses the issue with 
the executing Contractors/Sub-Contractors.

a. When there is no dispute on the deficiency and the Contractors/Sub-
Contractors accepts responsibility to correct it:

1) The CxA documents the deficiency and the Contractors/Sub-
Contractors response and intentions and they go on to another 
test or sequence.  After the day’s work, the CxA submits the 
non-compliance reports to the CM for signature, if required.  A 
copy is provided to the Contractors/Sub-Contractors and CxA.  
The Contractors/Sub-Contractors corrects the deficiency, signs 
the statement of correction at the bottom of the non-compliance 
form certifying that the equipment is ready to be retested and 
sends it back to the CxA.

2) The CxA reschedules the test and the test is repeated. See sub-
item 3.5.B.4..

b. If there is a dispute about a deficiency, regarding whether it is a 
deficiency or who is responsible:

1) The deficiency shall be documented on the non-compliance form 
with the Contractors/Sub-Contractors’ response and a copy given 
to the CM and to the Contractors/Sub-Contractors’ 
representative assumed to be responsible.

2) Resolutions are made at the lowest management level possible.  
Other parties are brought into the discussions as needed.  Final 
interpretive authority is with the A/E.  Final acceptance authority 
is with the owners representative.

3) The CxA documents the resolution process. The CxA will test 
equipment once and provide one re-test, additional cost 
associated with further required re-testing of the same equipment 
shall be borne by the responsible Contractors/Sub-Contractors. 

4) Once the interpretation and resolution have been decided, the 
appropriate party corrects the deficiency, signs the statement of 
correction on the non-compliance form and provides it to the 
CxA.  The CxA reschedules the test and the test is repeated until 
satisfactory performance is achieved.
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4. COST OF RETESTING

a. The cost for the Contractors/Sub-Contractors to retest a construction and 
startup or functional test, if they are responsible for the deficiency, shall 
be theirs.  If they are not responsible, any cost recovery for retesting 
costs shall be negotiated with the CM. 

b. For a deficiency identified, not related to any construction and startup 
checklist or startup fault, the following shall apply:  The CxA and CM 
shall direct the retesting of the equipment once at no “charge” to the 
Owner for their time.  However, the CxA’s and CM’s time for a second 
retest shall be charged to the Contractor/Sub-Contractor, who may 
choose to recover costs from the responsible Sub-Contractor/vendor.

c. The time for the CxA and CM to direct any retesting required because a 
specific construction and startup checklist or startup test item, reported to 
have been successfully completed, but determined during functional 
testing to be faulty, shall be in the from of incidental damages to the CM, 
who may choose to recover costs from the party responsible for 
executing the faulty construction and startup test.  

d. Refer to the sampling section of Para. 3.4 for requirements for testing 
and retesting identical equipment.

5. The Contractors/Sub-Contractors shall respond in writing to the CxA and Owner 
at least as often as commissioning meetings are being scheduled concerning the 
status of each apparent outstanding discrepancy identified during commissioning.  
Discussion shall cover explanations of any disagreements and proposals for their 
resolution.

6. The CxA retains the original non-conformance forms until the end of the project.
7. The prime Contractors/Sub-Contractors shall not consider any required retesting 

by any Contractors/Sub-Contractors a justified reason for a claim of delay or for 
a time extension.

C. Failure Due to Manufacturer Defect.  If 10%, or three, whichever is greater, of identical 
pieces (size alone does not constitute a difference) of equipment fail to perform to the 
Contract Documents (mechanically or substantively) due to manufacturing defect, not 
allowing it to meet its submitted performance spec, all identical units may be considered 
unacceptable by the PM.  In such case, the Contractors/Sub-Contractors shall provide the 
Owner with the following:

1. Within one week of notification from the CM or PM, the Contractors/Sub-
Contractors or manufacturer’s representative shall examine all other identical 
units, making a record of the findings.  The findings shall be provided to the CM 
or PM within two weeks of the original notice.

2. Within two weeks of the original notification, the Contractors/Sub-Contractors or 
manufacturer shall provide a signed and dated, written explanation of the 
problem, cause of failures, etc. and all proposed solutions which shall include full 
equipment submittals.  The proposed solutions shall not significantly exceed the 
specification requirements of the original installation.

3. The PM shall determine whether a replacement of all identical units or a repair is 
acceptable.

4. Two examples of the proposed solution shall be installed by the Contractors/Sub-
Contractors and the CM shall be allowed to test the installations for up to one 
week, upon which the PM shall decide whether to accept the solution.
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5. Upon acceptance, the Contractors/Sub-Contractors and/or manufacturer shall 
replace or repair all identical items, at their expense and extend the warranty 
accordingly, if the original equipment warranty had begun.  The 
replacement/repair work shall proceed with reasonable speed beginning within 
one week from when parts can be obtained.

D. Approval.  The CxA notes each satisfactorily demonstrated function on the test form.  
Formal approval of the functional test is made later after review by the CxA.  The CxA 
recommends acceptance of each test to the PM using a standard form.  The CxA gives 
final approval on each test using the same form, providing a signed copy to the 
Contractors/Sub-Contractors.

3.6 OPERATION & MAINTENANCE MANUALS

A. Standard O&M Manuals

1. The specific content and format requirements for the standard O&M manuals are 
detailed in specifications. 

2. CxA Review.  Prior to substantial completion, the CxA shall review the O&M 
manuals, and documentation such as as-builts for systems that were 
commissioned to verify compliance with the contract documents.  The CxA shall 
communicate deficiencies in the manuals to the CM, PM or A/E, as requested.  
Upon a successful review of the corrections, the CxA acknowledges completion 
of the review of these sections of the O&M manuals to the CM, PM or A/E.

3.7 TRAINING OF OWNER PERSONNEL

A. The CM shall be responsible for training and scheduling and ultimately ensuring that 
training is completed.

B. The CxA shall be responsible for overseeing and approving the content and adequacy of 
the training of Owner personnel for commissioned equipment.

1. The CxA shall interview the facility manager and design engineer to determine 
the special needs and areas where training shall be most valuable. The Owner and 
CxA shall decide how rigorous the training should be for each piece of 
commissioned equipment. The CxA shall communicate the results to the 
Contractors/Sub-Contractors and vendors who have training responsibilities.  

2. In addition to these general requirements, the specific training requirements of 
Owner personnel by Contractors/Sub-Contractors and vendors is specified in 
Division 23 and 26.

3. Within 60 days of contract award, each Contractors/Sub-Contractors and vendor 
responsible for training shall submit a written training plan to the CxA for review 
and approval prior to training. The plan shall cover the following elements:  

a. Equipment (included in training)
b. Intended audience
c. Location of training
d. Objectives
e. Subjects covered (description, duration of discussion, special methods, 

etc.)
f. Duration of training on each subject
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g. Instructor for each subject
h. Methods (classroom lecture, video, site walk-through, actual operational 

demonstrations, written handouts, etc.)
i. Instructor qualifications

4. For the primary HVAC equipment, the HVAC and the automatic temperature 
controls installer shall provide a short discussion of the control of the equipment 
during the mechanical or electrical training conducted by others.

5. The CxA develops an overall training plan and coordinates and schedules, with 
the CM, the overall training for the commissioned systems.  The CxA develops 
criteria for determining that the training was satisfactorily completed, including 
attending 2 of the training sessions, etc.  The CxA recommends approval of the 
training to the PM using a standard form.  The CM also signs the approval form.

3.8 DEFFERRED TESTING

A. Unforeseen Deferred Tests.  If any check or test cannot be completed due to the building 
structure, required occupancy condition or other deficiency, execution of checklists and 
functional testing may be delayed upon approval of the PM.  These tests shall be 
conducted in the same manner as the seasonal tests as soon as possible.  Services of 
necessary parties shall be negotiated.  Equipment that does not initially pass deferred 
functional testing shall have the warranty start date adjusted to date of passing test 
completion.  

B. Seasonal Testing.  During the warranty period, seasonal testing (tests delayed until 
weather conditions are closer to the system’s design) shall be completed as part of this 
contract. The CxA shall coordinate this activity.  Tests shall be executed, documented 
and deficiencies corrected by the appropriate Contractors/Sub-Contractors, with facilities 
staff and the CxA witnessing.  Equipment that does not initially pass seasonal functional 
testing shall have the warranty start date adjusted to date of passing test completion.  Any 
final adjustments to the O&M manuals and as-builts due to the testing shall be made.

3.9 WRITTEN WORK PRODUCTS

A. The commissioning process generates a number of written work products described in 
various parts of the specifications.  In summary, the written products are:

Product Developed By

1.  Final commissioning plan CxA
2.  Cx Meeting minutes CxA
3.  Commissioning schedules CxA with CM
4.  Equipment documentation submittals Responsible Installing Contractors/Sub-

Contractors
5.  Sequence clarifications Responsible Installing Contractors/Sub-

Contractors and A/E as needed
6.  Construction and startup checklists CxA (included in Specifications)
7.  Startup and initial checkout plan Responsible Installing Contractors/Sub-

Contractors and CxA (compilation of 
existing documents)

8.  Startup and initial checkout forms filled out Responsible Installing Contractors/Sub-
Contractors/Mfg Rep (where applicable)
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Product Developed By

9.  Final Air and Water Balance Report HVAC Contractor/Balancer
10. Commissioning Progress Record CxA
11. Deficiency reports CxA

12. Functional test forms CxA
13. Filled out functional tests CxA
14. O&M manuals Responsible Installing Contractors/Sub-

Contractors
15. Commissioning record book CxA
16. Overall training plan CxA and CM
17. Specific training agendas Responsible Installing Contractors/Sub-

Contractors
18. Final commissioning report CxA
19. Misc. approvals CxA

END OF SECTION 230800
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SECTION 230900 AUTOMATIC TEMPERATURE CONTROL SYSTEMS

PART 1 - GENERAL

1.1 SCOPE OF WORK

A. The Building Automation System (BAS) manufacturer shall furnish and install a fully 
integrated building automation system, incorporating direct digital control (DDC) for 
energy management, equipment monitoring and control, and subsystems with open 
communications capabilities as herein specified. 

B. All materials and equipment used shall be standard components, regularly manufactured 
for this and/or other systems and not custom designed specially for this project. All 
systems and components shall have been thoroughly tested and proven in actual use for at 
least two years.

C. Installing contractor shall be responsible for all BAS and Temperature Control wiring for 
a complete and operable system.  All wiring shall be done in accordance with all local 
and national codes.

1.2 WORK BY OTHERS

A. Mechanical contractor installs all wells, valves, taps, dampers, flow stations, etc. 
furnished. 

B. Electrical Contractor provides:

1. Wiring of all power feeds through all disconnect starters to electrical motor.
2. Wiring of any remote start/stop switches and manual or automatic motor speed 

control devices not furnished by BAS contractor.
3. Wiring of any electrical sub-metering devices.

C. Products furnished but not installed under this section

1. Section 23- Hydronic Piping:

a. Control Valves
b. Flow Switches 
c. Temperature Sensor Wells and Sockets
d. Flow Meters

2. Section 23 - Refrigerant Piping: 

a. Pressure and Temperature Sensor Wells and Sockets

3. Section 23 - Duct-work Accessories: 
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a. Automatic Dampers
b. Air-flow Stations
c. Terminal Unit Controls

D. Products installed but not furnished under this section:

1. Section 23 - Refrigeration Equipment:

a. Pressure Transmitters
a. Temperature Transmitters
b. Power Transmitters
c. Refrigerant Leak Detectors

2. Section 23- Air Handling Equipment:

a. Thermostats
b. Sensors
c. Controllers

3. Section 26 - Fire Alarm Systems

a. Smoke Detectors

1.2 RELATED WORK

A. Division 1 General and Special Conditions

B. Division 23 Mechanical

C. Division 26 Electrical

1.3 QUALITY ASSURANCE

A. The BAS system shall be designed and installed, commissioned and serviced by, factory 
trained personnel. contractor shall have an in-place support facility within 100 miles of 
the site with technical staff, spare parts inventory and necessary test and diagnostic 
equipment. 

1. The installing contractor shall provide full time, on site, experienced project 
manager for this work, responsible for direct supervision of the design, 
installation, start up and commissioning of the B.M.S.

2. The Bidder shall be regularly engaged in the, installation, maintenance of BMS 
systems and shall have a minimum of ten (10) years of demonstrated technical 
expertise and experience in the, installation and maintenance of B.M.S. 
systems similar in size and complexity to this project. A maintained service 
organization consisting of at least ten (10) competent servicemen for a period 
of not less than ten years and provide a list of 10 projects, similar in size and 
scope to this project, completed within the last five years.

B. Materials and equipment shall be the catalogued products of manufacturers regularly 
engaged in production and installation of automatic temperature control systems and shall 
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be manufacturer's latest standard design that complies with the specification 
requirements.

C. All BAS peer-to-peer network controllers, central system controllers and local user 
displays shall be UL Listed under Standard UL 916, category PAZX; Standard ULC 
C100, category UUKL7; and under Standard UL 864, categories UUKL, UDTZ, and 
QVAX and be so listed at the time of bid. All floor level controllers shall comply, at a 
minimum, with UL Standard UL 91 6category PAZX; Standard UL 864, categories 
UDTZ, and QVAX and be so listed at the time of Bid.

D. DDC peer-to-peer controllers shall be compliant with the European EMC Directive, 
Standards EN 50081-2 and EN 50082-2, at the Industrial Levels. Additionally the 
equipment shall be compliant with the European LVD Directive and bear the CE mark in 
order to show compliance to both Directives."

E. All electronic equipment shall conform to the requirements of FCC Regulation, Part 15, 
Governing Radio Frequency Electromagnetic Interference and be so labeled.

F. The manufacturer of the building automation system shall provide documentation 
supporting compliance with ISO-9002 (Model for Quality Assurance in Production, 
Installation, and Servicing) and ISO-140001 (The application of well-accepted business 
management principles to the environment). The intent of this specification requirement 
is to ensure that the products from the manufacturer are delivered through a Quality 
System and Framework that will assure consistency in the products delivered for this 
project.

G. This system shall have a documented history of compatibility by design for a minimum 
of 15 years. Future compatibility shall be supported for no less than 10 years. 
Compatibility shall be defined as the ability to upgrade existing field panels to current 
level of technology, and extend new field panels on a previously installed network. 

1. Compatibility shall be defined as the ability for any existing field panel 
microprocessor to be connected and directly communicate with new field 
panels without bridges, routers or protocol converters.

H. The building automation system (BAS) shall conform to the following standard for Year 
2000 Compliance:

1. The system shall not produce errors when processing date data (including 
calculating, sorting or displaying) from, into and between the years 1999 and 
2000 and leap year calculations in the year 2000, to the extent that date 
information provided from other systems, is accurate.

2. The BAS supplier shall provide documentation to support the individual 
device(s) Year 2000 Compliance.  This document shall include a listing of 
compliance by device and any exceptions to the above definition. 

1.4 SUBMITTALS

A. Submit 10 complete sets of documentation in the following phased delivery schedule:
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1. Valve and damper schedules
2. Equipment data cut sheets
3. System schematics, including:

a. Sequence of operations
b. Point names
c. Point addresses
d. Interface wiring diagrams
e. Panel layouts.
f. System riser diagrams

4. Auto-CAD compatible as-built drawings

B. Upon project completion, submit operation and maintenance manuals, consisting of the 
following:

1. Index sheet, listing contents in alphabetical order
2. Manufacturer's equipment parts list of all functional components of the system, 

Auto-CAD disk of system schematics, including wiring diagrams
3. Description of sequence of operations
4. As-Built interconnection wiring diagrams
5. Operator's Manual
6. Trunk cable schematic showing remote electronic panel locations, and all trunk 

data
7. List of connected data points, including panels to which they are connected and 

input device (ionization detector, sensors, etc.)
8. Conduit routing diagrams

1.5 WARRANTY

A. Provide all services, materials and equipment necessary for the successful operation of 
the entire BAS system for a period of one year after beneficial use.

B. The adjustment, required testing, and repair of the system includes all computer 
equipment, transmission equipment and all sensors and control devices. 

C. The on-line support services shall allow the local BAS subcontractor to dial out over 
telephone lines to monitor and control the facility's building automation system.  This 
remote connection to the facility shall be within 2 hours of the time that the problem is 
reported.  This coverage shall be extended to include normal business hours, after 
business hours, weekends and holidays.

1. If the problem cannot be resolved on-line by the local office, the national office 
of the building automation system manufacturer shall have the same 
capabilities for remote connection to the facility.  If the problem cannot be 
resolved with on-line support services, the BAS manufacturer shall dispatch 
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the appropriate personnel to the job site to resolve the problem within 3 hours 
of the time that the problem is reported. 

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS

A. Automated Logic,  Trane, ABS, Northwest Controls

2.2 NETWORKING COMMUNICATIONS

A. The design of the BAS shall network operator workstations and stand-alone DDC 
Controllers. The network architecture shall consist of multiple levels for communication 
efficiency, a campus-wide (Management Level Network) Ethernet network based on 
TCP/IP protocol, high performance peer-to-peer building level network(s) and DDC 
Controller floor level local area networks with access being totally transparent to the user 
when accessing data or developing control programs.

B. The design of BAS shall allow the co-existence of new DDC Controllers with existing 
DDC Controllers in the same network without the use of gateways or protocol converters.

1. System shall have the capability to communicate with a BACnet network over 
Ethernet or BACnet/IP (according to Annex J).  The intent is to use the system 
provided under this contract to communicate with control systems provided by 
other vendors.  A PICS must be provided describing the BACnet, 
ANSI/ASHRAE 135-95, implementation.  Minimum system functionality must 
include monitoring, commanding, and alarming for daily operator functions 
from a common workstation.  

2. System shall have the capability to be an OPC Client and Server for dynamic 
communication with OPC Clients or Servers over an Ethernet network.  At a 
minimum, the following must be supported:

a. Data Access 1.0 (96), 1.0A (97) and 2.0 (11/98)
b. Alarms & Events 1.0 (1/99)

C. Peer-to-Peer Building Level Network:

1. All operator devices either network resident or connected via dial-up modems 
shall have the ability to access all point status and application report data or 
execute control functions for any and all other devices via the peer-to-peer 
network.  No hardware or software limits shall be imposed on the number of 
devices with global access to the network data at any time.

2. The peer-to-peer network shall support a minimum of 100 DDC controllers and 
PC workstations

3. Each PC workstation shall support a minimum of 4 peer to peer networks 
hardwired or dial up.

4. The system shall support integration of third party systems (fire alarm, 
security, lighting, PCL, chiller, boiler) via panel mounted open protocol 
processor. This processor shall exchange data between the two systems for 
interprocess control. All exchange points shall have full system functionality as 
specified herein for hardwired points.
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5. Field panels must be capable of integration with open standards including 
Modbus, BACnet, and Lonworks as well as with third party devices via 
existing vendor protocols.

2.3 DDC CONTROLLER FLOOR LEVEL NETWORK

A. This level communication shall support a family of application specific controllers and 
shall communicate with the peer-to-peer network through DDC Controllers for 
transmission of global data.

2.4 DDC & HVAC MECHANICAL EQUIPMENT CONTROLLERS

A. The DDC & HVAC Mechanical Equipment Controllers shall reside on the Building     
Level Network.

B. DDC & HVAC Mechanical Equipment Controllers shall use the same programming 
language and tools. DDC & HVAC Mechanical Equipment Controllers which require 
different programming language or tools on a network  are not acceptable.

C. DDC & HVAC Mechanical Equipment Controllers which do not meet the functions 
specified in Section 2.4.1 and Section 2.5 for DDC Controllers or Section 2.4.2 and 
Section 2.5  for HVAC Mechanical Equipment Controllers are not acceptable.

2.5 DDC CONTROLLER

A. DDC Controllers shall be a 16-bit stand-alone, multi-tasking, multi-user, real-time digital 
control processors consisting of modular hardware with plug-in enclosed processors, 
communication controllers, power supplies and input/output  point modules.  Controller 
size shall be sufficient to fully meet the requirements of this specification and the 
attached point I/O schedule.  Each controller shall support a minimum of three (3) Floor 
Level Application Specific Controller Device Networks.

B. Each DDC Controller shall have sufficient memory to support its own operating system 
and databases, including:

1. Control processes
2. Energy management applications
3. Alarm management applications including custom alarm messages for each 

level alarm for each point in the system.
4. Historical/trend data for points specified
5. Maintenance support applications
6. Custom processes
7. Operator I/O
8. Dial-up communications
9. Manual override monitoring

C. Each DDC Controller shall support firmware upgrades without the need to replace 
hardware.
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D. Provide all processors, power supplies and communication controllers so that the 
implementation of a point only requires the addition of the appropriate point  input/output 
termination module and wiring.

E. DDC Controllers shall provide a RS-232C serial data communication ports for operation 
of operator I/O devices such as industry standard printers, operator terminals, modems 
and portable laptop operator's terminals.  DDC Controllers shall allow temporary use of 
portable devices without interrupting the normal operation of permanently connected 
modems, printers or terminals.

F. As indicated in the point I/O schedule, the operator shall have the ability to manually 
override automatic or centrally executed commands at the DDC Controller via local, 
point discrete, on-board hand/off/auto operator override switches for digital control type 
points and gradual switches for analog control type points. 

1. Switches shall be mounted either within the DDC Controllers key-accessed 
enclosure, or externally mounted with each switch keyed to prevent 
unauthorized overrides.

2. DDC Controllers shall monitor the status of all overrides and inform the 
operator that automatic control has been inhibited.  DDC Controllers shall also 
collect override activity information for reports.

G. DDC Controllers shall provide local LED status indication for each digital input and  
output for constant, up-to-date verification of all point conditions without the need for an 
operator I/O device.  Graduated intensity LEDs or analog indication of value shall also be 
provided for each analog output.  Status indication shall be visible without opening the 
panel door.

H. Each DDC Controller shall continuously perform self-diagnostics, communication 
diagnosis and diagnosis of all panel components.  The DDC Controller shall provide both 
local and remote annunciation of any detected component failures, low battery conditions 
or repeated failure to establish communication.

I. Isolation shall be provided at all peer-to-peer network terminations, as well as all        
field point terminations to suppress induced voltage transients consistent with:

1. RF-Conducted Immunity (RFCI) per ENV 50141 (IEC 1000-4-6) at 3 V
2. Electro Static Discharge (ESD) Immunity per EN 61000-4-2 (IEC 1000-4-2) at 

8 kV air discharge, 4 kV contact
3. Electrical Fast Transient (EFT) per EN 61000-4-4 (IEC 1000-4-4) at 500 V 

signal, 1 kV power
4. Output Circuit Transients per UL 864 (2,400V, 10A, 1.2 Joule max)
5. Isolation shall be provided at all peer-to-peer panel's AC input terminals to 

suppress induced voltage transients consistent with:

a. IEEE Standard 587-1980
b. UL 864 Supply Line Transients
c. Voltage Sags, Surge, and Dropout per EN 61000-4-11 (EN 1000-4-11)

J. In the event of the loss of normal power, there shall be an orderly shutdown of all DDC 
Controllers to prevent the loss of database or operating system software.  Non-volatile 
memory shall be incorporated for all critical controller configuration data and battery 
backup shall be provided to support the real-time clock and all volatile memory for a 
minimum of 60 days.
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1. Upon restoration of normal power, the DDC Controller shall automatically 
resume full operation without manual intervention.

2. Should DDC Controller memory be lost for any reason, the user shall have the 
capability of reloading the DDC Controller via the local RS-232C port, via 
telephone line dial-in or from a network workstation PC.

K. Provide a separate DDC Controller for each AHU or other HVAC system as indicated in 
Section 3.02.  It is intended that each unique system be provided with its own point 
resident DDC Controller.

2.6 HVAC MECHANICAL EQUIPMENT CONTROLLERS

A. HVAC Mechanical Equipment Controllers shall be a 12-bit stand-alone, multi-tasking, 
multi-user, real-time digital control processors consisting of modular hardware with 
plug-in enclosed processors. 

B. Each HVAC Mechanical Controller shall have sufficient memory to support its own 
operating system and databases, including:

1. Control processes
2. Energy management applications
3. Alarm management applications including custom alarm messages for each 

level alarm for each point in the system.
4. Historical/trend data for points specified
5. Maintenance support applications
6. Custom processes
7. Operator I/O
8. Remote communications

C. HVAC Mechanical Equipment Controllers shall provide a RS-232C serial data 
communication port for operation of operator I/O devices such as industry standard 
printers, operator terminals, modems and portable laptop operator's terminals.  

D. HVAC Mechanical Equipment Controllers shall provide local LED status indication for 
each digital input and output for constant, up-to-date verification of all point conditions 
without the need for an operator I/O device.  

E. Each HVAC Mechanical Equipment Controller shall continuously perform 
self-diagnostics, communication diagnosis and diagnosis of all components.  The HVAC 
Mechanical Equipment Controller shall provide both local and remote annunciation of 
any detected component failures, low battery conditions or repeated failure to establish 
communication.

F. Isolation shall be provided at all peer-to-peer network terminations, as well as all field 
point terminations to suppress induced voltage transients consistent with:

1. RF-Conducted Immunity (RFCI) per ENV 50141 (IEC 1000-4-6) at 3 V
2. Electro Static Discharge (ESD) Immunity per EN 61000-4-2 (IEC 1000-4-2) at 

8 kV air discharge, 4 kV contact
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3. Electrical Fast Transient (EFT) per EN 61000-4-4 (IEC 1000-4-4) at 500 V 
signal, 1 kV power

4. Output Circuit Transients per UL 864 (2,400V, 10A, 1.2 Joule max)

G. Isolation shall be provided at all peer-to-peer panel's AC input terminals to suppress 
induced voltage transients consistent with:

1. IEEE Standard 587-1980
2. UL 864 Supply Line Transients
3. Voltage Sags, Surge, and Dropout per EN 61000-4-11 (EN 1000-4-11)

H. In the event of the loss of normal power, there shall be an orderly shutdown of all HVAC 
Mechanical Equipment Controllers to prevent the loss of database or operating system 
software.  Non-volatile memory shall be incorporated for all critical controller 
configuration data and battery backup shall be provided to support the real-time clock 
and all volatile memory for a minimum of 72 hours.

1. Upon restoration of normal power, the HVAC Mechanical Equipment 
Controller shall automatically resume full operation without manual 
intervention.

2. Should HVAC Mechanical Equipment Controller memory be lost for any 
reason, the user shall have the capability of reloading the HVAC Mechanical 
Equipment Controller via the local RS-232C port, via telephone line dial-in or 
from a network workstation PC.

2.7 DDC & HVAC MECHANICAL EQUIPMENT CONTROLLER RESIDENT SOFTWARE 
FEATURES

A. General:

1. The software programs specified in this Section shall be provided as an integral 
part of DDC and HVAC Mechanical Equipment Controllers and shall not be 
dependent upon any higher level computer for execution.

2. All points shall be identified by up to 30 character point name and 16 character 
point descriptor. The same names shall be used at the PC workstation.

3. All digital points shall have user defined two-state status indication 
(descriptors with minimum of 8 characters allowed per state (i.e. 
summer/winter)).

B. Control Software Description:

1. The DDC and HVAC Mechanical Equipment Controllers shall have the ability 
to perform the following pre-tested control algorithms:

a. Two-position control
b. Proportional control
c. Proportional plus integral control
d. Proportional, integral, plus derivative control
e. Automatic tuning of control loops

C. DDC and HVAC Mechanical Equipment Controllers shall provide the following energy 
management routines for the purpose of optimizing energy consumption while 
maintaining occupant comfort.
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1. Start-Stop Time Optimization (SSTO) shall automatically be coordinated with 
event scheduling.  The SSTO program shall start HVAC equipment at the latest 
possible time that will allow the equipment to achieve the desired zone 
condition by time of occupancy.  The SSTO program shall also shut down 
HVAC equipment at the earliest possible time before the end of the occupancy 
period, and still maintain desired comfort conditions. 

a. The SSTO program shall operate in both the heating and cooling seasons.

1) It shall be possible to apply the SSTO program to individual fan 
systems.

2) The SSTO program shall operate on both outside weather 
conditions as well as inside zone conditions and empirical 
factors.

b. The SSTO program shall meet the local code requirements for minimum 
outside air while the building is occupied.

2. Event Scheduling: Provide a comprehensive menu driven program to 
automatically start and stop designated points or groups of points according to 
a stored time.

a. It shall be possible to individually command a point or group of points.
b. For points assigned to one common load group, it shall be possible to 

assign variable time delays between each successive start or stop within 
that group.

c. The operator shall be able to define the following information:

1) Time, day
2) Commands such as on, off, auto, and so forth.
3) Time delays between successive commands.
4) There shall be provisions for manual overriding of each schedule 

by an appropriate operator.

d. It shall be possible to schedule events up to one year in advance.

1) Scheduling shall be calendar based.
2) Holidays shall allow for different schedules.

3. Enthalpy switchover (economizer) .The Energy Management Control Software 
(EMCS) will control the position of the air handler relief, return, and outside 
air dampers.  If the outside air dry bulb temperature falls below changeover set 
point the EMCS will modulate the dampers to provide 100 percent outside air.  
The user will be able to quickly changeover to an economizer system based on 
dry bulb temperature and will be able to override the economizer cycle and 
return to minimum outside air operation at any time.

4. Temperature-compensated duty cycling.

a. The DCCP (Duty Cycle Control Program) shall periodically stop and 
start loads according to various patterns.
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b. The loads shall be cycled such that there is a net reduction in both the 
electrical demands and the energy consumed.

5. Automatic Daylight Savings Time Switchover: The system shall provide 
automatic time adjustment for switching to/from Daylight Savings Time.

6. Night setback control: The system shall provide the ability to automatically 
adjust setpoints for night control.

7. The Peak Demand Limiting (PDL) program shall limit the consumption of 
electricity to prevent electrical peak demand charges.

a. PDL shall continuously track the amount of electricity being consumed, 
by monitoring one or more electrical kilowatt-hour/demand meters.  
These meters may measure the electrical consumption (kWh), electrical 
demand (kW), or both.

b. PDL shall sample the meter data to continuously forecast the demand 
likely to be used during successive time intervals.

c. If the PDL forecasted demand indicates that electricity usage is likely to 
exceed a user preset maximum allowable level, then PDL shall 
automatically shed electrical loads.

d. Once the demand peak has passed, loads that have been shed shall be 
restored and returned to normal control.

D. DDC and HVAC Mechanical Equipment Controllers shall be able to execute custom, 
job-specific processes defined by the user, to automatically perform calculations and 
special control routines.

1. A single process shall be able to incorporate measured or calculated data from 
any and all other DDC and HVAC Mechanical Equipment Controllers on the 
network.   In addition, a single process shall be able to issue commands to 
points in any and all other DDC and HVAC Mechanical Equipment Controllers 
on the network. Database shall support 30 character, English language point 
names, structured for searching and logs.

2. Processes shall be able to generate operator messages and advisories to 
operator I/O devices.  A process shall be able to directly send a message to a 
specified device or cause the execution of a dial-up connection to a remote 
device such as a printer or pager.

3. DDC and HVAC Mechanical Equipment Controller shall provide a HELP 
function key, providing enhanced context sensitive on-line help with task 
orientated information from the user manual.

4. DDC and HVAC Mechanical Equipment Controller shall be capable of 
comment lines for sequence of operation explanation.

E. Alarm management shall be provided to monitor and direct alarm information to operator 
devices.  Each DDC and HVAC Mechanical Equipment Controller shall perform  
distributed, independent alarm analysis and filtering to minimize operator interruptions 
due to non-critical alarms, minimize network traffic and prevent alarms from being lost.  
At no time shall the DDC and HVAC Mechanical Equipment Controllers ability to report 
alarms be affected by either operator or activity at a PC workstation, local I/O device or 
communications with other panels on the network.

1. All alarm or point change reports shall include the point's English language 
description and the time and date of occurrence.

2. The user shall be able to define the specific system reaction for each point.  
Alarms shall be prioritized to minimize nuisance reporting and to speed 
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operator response to critical alarms.  A minimum of six priority levels shall be 
provided for each point.  Point priority levels shall be combined with user 
definable destination categories (PC, printer, DDC Controller, etc.) to provide 
full flexibility in defining the handling of system alarms. Each DDC and 
HVAC Mechanical Equipment Controller shall automatically inhibit the 
reporting of selected alarms during system shutdown and start-up.  Users shall 
have the ability to manually inhibit alarm reporting for each point.

3. Alarm reports and messages will be directed to a user-defined list of operator 
devices or PCs based on time (after hour's destinations) or based on priority.

4. In addition to the point's descriptor and the time and date, the user shall be able 
to print, display or store a 200 character alarm message to more fully describe 
the alarm condition or direct operator response.

5. In dial-up applications, operator-selected alarms shall initiate a call to a remote 
operator device. 

F. A variety of historical data collection utilities shall be provided to manually or 
automatically sample, store and display system data for points as specified in the I/O 
summary.

1. Any point, physical or calculated may be designated for trending.  Any point, 
regardless of physical location in the network, may be collected and stored in 
each DDC and HVAC Mechanical Equipment Controllers point group.  Two 
methods of collection shall be allowed:  either by a pre-defined time interval or 
upon a pre-defined change of value.  Sample intervals of l minute to 7 days 
shall be provided.  Each DDC and HVAC Mechanical Equipment Controller 
shall have a dedicated RAM-based buffer for trend data and shall be capable of 
storing a minimum of __  data samples.  All trend data shall be available for 
transfer to a Workstation without manual intervention.

2. DDC and HVAC Mechanical Equipment Controllers shall also provide high 
resolution sampling capability for verification of control loop performance.  
Operator-initiated automatic and manual loop tuning algorithms shall be 
provided for operator-selected PID control loops as identified in the point I/O 
summary. 

a. Loop tuning shall be capable of being initiated either locally at the DDC 
and  HVAC Mechanical Equipment Controller, from a network 
workstation or remotely using dial-in modems. For all loop tuning 
functions, access shall be limited to authorized personnel through 
password protection.

G. DDC and HVAC Mechanical Equipment Controllers shall be capable of automatically 
accumulating and storing run-time hours for digital input and output points and 
automatically sample, calculate and store consumption totals for  analog and digital pulse 
input type points, as specified in the point I/O schedule.

H. The peer to peer network shall allow the DDC and HVAC Mechanical Equipment 
Controllers to access any data from or send control commands and alarm reports directly 
to any other DDC and HVAC Mechanical Equipment Controller or combination of 
controllers on the network without dependence upon a central or intermediate processing 
device. DDC and HVAC Mechanical Equipment Controllers shall send alarm reports to 
multiple workstations without dependence upon a central or intermediate processing 
device. The peer to peer network shall also allow any DDC and HVAC Mechanical 
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Equipment Controller to access, edit, modify, add, delete, back up, and restore all system 
point database and all programs.

I. The peer to peer network shall allow the DDC and HVAC Mechanical Equipment 
Controllers to assign a minimum of 50 passwords access and control priorities to each 
point individually. The logon password (at any PC workstation or portable operator 
terminal) shall enable the operator to monitor, adjust and control the points that the 
operator is authorized for. All other points shall not be displayed on the PC workstation 
or portable terminal (e.g. all base building and all tenant  points shall be accessible to any 
base building operators, but only tenant points shall be accessible to tenant building 
operators). Passwords and priorities for every point shall be fully programmable and 
adjustable.

2.8 FLOOR LEVEL NETWORK APPLICATION SPECIFIC CONTROLLERS (ASC)

A. Each DDC Controller shall be able to extend its performance and capacity through the 
use of remote application specific controllers (ASCs) through Floor Level LAN Device 
Networks.

B. Each ASC shall operate as a stand-alone controller capable of performing its specified 
control responsibilities independently of other controllers in the network.  Each ASC 
shall be a microprocessor-based, multi-tasking, real-time digital control processor.  Each 
ASC shall be capable of control of the terminal device independent of the manufacturer 
of the terminal device.

C. Terminal Equipment Controllers:

1. Provide for control of each piece of equipment, including, but not limited to, 
the following:

a. Variable Air Volume (VAV) boxes
b. Constant Air Volume (CAV) boxes 
c. Unit Conditioners
d. Room Pressurization

2. Controllers shall include all point inputs and outputs necessary to perform the 
specified control sequences. Analog outputs shall be industry standard signals 
such as 24V floating control, 3-15 psi pneumatic, 0-10v, allowing for interface 
to a variety of modulating actuators.  

3. All controller sequences and operation shall provide closed loop control of the 
intended application.  Closing control loops over the FLN, BLN or MLN is not 
acceptable

2.9 PERSONAL COMPUTER OPERATOR WORKSTATION HARDWARE

A. Personal computer operator workstations shall be provided for command entry, 
information management, system monitor, alarm management and database management 
functions.  All real-time control functions shall be resident in the DDC Controllers to 
facilitate greater distribution, fault tolerance and reliability of the building automation 
control.

1. Provide workstation(s) of equal capability located at MPE office.
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2. Workstation shall consist of a personal computer with minimum 256MB RAM, 
hard drive with 3.0 GB available space, video card capable of supporting 1024 
× 768 resolution with a minimum of 65536 colors (Windows NT) or 16 Bit 
color (Windows 2000), CD-ROM, CD-R, CD-RW, or DVD-ROM Drive, 
mouse and 101-key enhanced keyboard.  Personal computer shall be a 
Windows XP, 2000 or NT4 Compatible PC and shall include a minimum 
933MHz Pentium-III processor.

3. The PC monitor shall support a minimum display resolution of no less than 
1024 X 768 pixels.  Separate controls shall be provided for color, contrasts and 
brightness.  The screen shall be non-reflective.

B. Provide an Epson FX-870 or equivalent printer at each workstation location or on the 
network (Ethernet) for recording alarms, operator transactions and systems reports.

C. Provide a color printer for printing of dynamic trend graph report, Excel reports, graphics 
and any other screen displays.  Printer shall include as a minimum Okidata Microline 590 
or equivalent.

D. Alarm Display shall list the alarms with highest priority at the top of the display.  The 
alarm display shall provide selector buttons for display of the associated point graphic 
and message.  The alarm display shall provide a mechanism for the operator to sort 
alarms.

2.10 WORKSTATION OPERATOR INTERFACE

A. Basic Interface Description

1. Operator workstation interface software shall minimize operator training 
through the use of user-friendly and interactive graphical applications, 30-
character English language point identification, on-line help, and industry 
standard Windows application software.  Interface software shall 
simultaneously communicate with and share data between any combination of 
dedicated, modem autodial, and Ethernet-connected building level networks. 
The software shall provide, as a minimum, the following functionality:

a. Real-time graphical viewing and control of the BAS environment
b. Reporting
c. Scheduling and override of building operations
d. Collection and analysis of historical data
e. Point database editing, storage and downloading of controller databases.
f. Utility for combining points into logical Point Groups.  The Point Groups 

shall then be manipulated in Graphics, trend graphs and reports in order 
to streamline the navigation and usability of the system.

g. Alarm reporting, routing, messaging, and acknowledgment
h. “Collapsible tree,” dynamic system architecture diagram application:

1) Showing the real-time status and definition details of all 
workstations and devices on a management level network

2) Showing the real-time status and definition details of all DDC 
and HVAC Mechanical Controllers at the building level 

3) Showing the status and definition details of all field-level 
application controllers
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i. Definition and construction of dynamic color graphic displays.
j. Online, context-sensitive help, including an index, glossary of terms, and 

the capability to search help via keyword or phrase.
k. On-screen access to User Documentation, via online help or PDF-format 

electronic file.
l. Automatic database backup at the workstation for database changes 

initiated at DDC Controller operator interface terminals.
m. Display dynamic trend data graphical plot. 

1) Must be able to run multiple plots simultaneously
2) Each plot must be capable of supporting 10 pts/plot minimum
3) Must be able to command points directly off dynamic trend plot 

application.
4) Must be able to plot both real-time and historical trend data

n. Program editing
o. Transfer trend data to 3rd party spreadsheet software
p. Scheduling reports
q. Operator Activity Log

2. Provide a graphical user interface that shall minimize the use of keyboard 
through the use of a mouse or similar pointing device, with a "point and click" 
approach to menu selection and a “drag and drop” approach to inter-application 
navigation.  Selection of applications within the workstation software shall be 
via a graphical toolbar menu – the application toolbar menu shall have the 
option to be located in a docked position on any of the four sides of the visible 
desktop space on the workstation display monitor, and the option to 
automatically hide itself from the visible monitor workspace when not being 
actively manipulated by the user.

3. The software shall provide a multi-tasking type environment that allows the 
user to run several applications simultaneously.  BAS software shall run on a 
Windows XP, 2000 or NT 32 bit operating system.  System database 
parameters shall be stored within an object-oriented database, which is 
compliant with the Open Database Connectivity (ODBC) or Structured Query 
Language (SQL) standards.  Standard Windows applications shall run 
simultaneously with the BAS software. The mouse or Alt-Tab keys shall be 
used to quickly select and switch between multiple applications. The operator 
shall be able to work in Microsoft Word, Excel, and other Windows based 
software packages, while concurrently annunciating on-line BAS alarms and 
monitoring information

a. Provide functionality such that any of the following may be performed 
simultaneously on-line, and in any combination, via adjustable user-sized 
windows. Operator shall be able to drag and drop information between 
the following applications, reducing the number of steps to perform a 
desired function (e.g., Click on a point on the alarm screen and drag it to 
the dynamic trend graph application to initiate a dynamic trend on the 
desired point):

1) Dynamic color graphics application
2) Alarm management application
3) Scheduling application
4) Dynamic trend graph data plotter application
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5) Dynamic system architecture diagram application
6) Control Program and Point database editing applications
7) Reporting applications

b. Report and alarm printing shall be accomplished via Windows Print 
Manager, allowing use of network printers.

4. Operator-specific password access protection shall be provided to allow the 
administrator/manager to limit users’ workstation control, display and data 
base manipulation capabilities as deemed appropriate for each user, based upon 
an assigned password. Operator privileges shall "follow" the operator to any 
workstation logged onto (up to 999 user accounts shall be supported).  The 
administrator/manager shall be able to grant discrete levels of access and 
privileges, per user, for each point, graphic, report, schedule, and BAS 
workstation application.  And each BAS workstation user account shall use a 
Windows 2000/NT user account as a foundation.

a. The workstation software shall also include an application to track the 
actions of each individual operator, such as alarm acknowledgement, 
point commanding, schedule overriding, database editing, and 
logon/logoff.  The application shall list each of the actions in a tabular 
format, and shall have sorting capabilities based on parameters such as 
ascending or descending time of the action, or name of the object on 
which the action was performed.  The application shall also allow 
querying based on object name, operator, action, or time range.

5. Dynamic Color Graphics application shall include the following:

a. Must include graphic editing and modifying capabilities
b. A library of standard control application graphics and symbols must be 

included
c. Must be able to command points directly off graphics application
d. Graphic display shall include the ability to depict real-time point values 

dynamically with animation, picture/frame control, symbol association, 
or dynamic informational text-blocks

e. Navigation through various graphic screens shall be optionally achieved 
through a hierarchical “tree” structure

f. Graphics viewing shall include zoom capabilities
g. Graphics shall automatically display the HAND status of points that have 

been overridden by a field HAND switch, for points that have been 
designed to provide a field HAND override capability.

h. Advanced linking within the Graphics application shall provide the 
ability to navigate to outside documents (e.g., .doc, .pdf, .xls, etc.), 
internet web addresses, e-mail, external programs, and other workstation 
applications, directly from the Graphics application window with a 
mouse-click on a customizable link symbol.

6. Reports shall be generated on demand or via pre-defined schedule, and directed 
to CRT displays, printers or file.  As a minimum, the system shall allow the 
user to easily obtain the following types of reports:

a. A general listing of all or selected points in the network
b. List of all points currently in alarm 
c. List of all points currently in override status 
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d. List of all disabled points 
e. List of all points currently locked out 
f. List of user accounts and access levels
g. List all weekly schedules and events
h. List of holiday programming 
i. List of control limits and deadbands
j. Custom reports from 3rd party software
k. System diagnostic reports including, list of DDC panels on line and 

communicating, status of all DDC terminal unit device points
l. List of programs
m. List of point definitions
n. List of logical point groups
o. List of alarm strategy definitions
p. List of DDC Control panels
q. Point totalization report
r. Point Trend data listings
s. Initial Values report
t. User activity report

7. Scheduling and override

a. Provide a calendar type format for simplification of time and date 
scheduling and overrides of building operations.  Schedule definitions 
reside in the PC workstation, DDC Controller, and HVAC Mechanical 
Equipment Controller to ensure time equipment scheduling when PC is 
off-line -- PC is not required to execute time scheduling. Provide 
override access through menu selection, graphical mouse action or 
function key.  Provide the following capabilities as a minimum:
1) Weekly schedules
2) Zone schedules
3) Event schedules – an event consists of logical combinations of 

equipment and/or zones
4) Report schedules
5) Ability to schedule for a minimum of up to 365 days in advance

b. Additionally, the scheduling application shall:

1) Provide filtering capabilities of schedules, based on name, time, 
frequency, and schedule type (event, zone, report)

2) Provide sorting capabilities of schedules, based on name, time 
and type of schedule (zone, event, report)

3) Provide searching capabilities of schedules based on name – 
with wildcarding options

8. Collection and Analysis of Historical Data

a. Provide trending capabilities that allow the user to easily monitor and 
preserve records of system activity over an extended period of time.  Any 
system point may be trended automatically at time-based intervals (up to 
four time-based definitions per point) or change of value, both of which 
shall be user-definable.  Trend data shall be collected stored on hard disk 
for future diagnostics and reporting.  Automatic Trend collection may be 
scheduled at regular intervals through the same scheduling interface as 
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used for scheduling of zones, events, and reports.  Additionally, trend 
data may be archived to network drives or removable disk media for 
future retrieval.

b. Trend data reports shall be provided to allow the user to view all trended 
point data.  Reports may be customized to include individual points or 
predefined groups of selected points. Provide additional functionality to 
allow predefined groups of up to 250 trended points to be easily 
transferred on-line to Microsoft Excel.  DDC contractor shall provide 
custom designed spreadsheet reports for use by the owner to track energy 
usage and cost, equipment run times, equipment efficiency, and/or 
building environmental conditions.  DDC contractor shall provide setup 
of custom reports including creation of data format templates for 
monthly or weekly reports.

c. Provide additional functionality that allows the user to view real-time 
trend data on trend graphical plot displays.  A minimum of ten points 
may be plotted, of either real-time or historical data.  The dynamic 
graphs shall continuously update point values.  At any time the user may 
redefine sampling times or range scales for any point.  In addition, the 
user may pause the graph and take "snapshots" of plot screens to be 
stored on the workstation disk for future recall and analysis.  Exact point 
values may be viewed and the graphs may be printed.  A minimum of 8 
true graphs shall run simultaneously.  Operator shall be able to command 
points directly on the trend plot by double clicking on the point.  
Operator shall be able to zoom in on a specific time range within a plot.  
The dynamic trend plotting application shall support the following types 
of graphs, with option to graph in 3D:  line graph, area graph, curve 
graph, area-curve graph, step graph, and scatter graph.  Each graph may 
be customized by the user, for graph type, graph text, titles, line styles 
and weight, colors, and configurable x- and y-axes.

B. Dynamic Color Graphic Displays

1. Create color graphic floor plan displays and system schematics for each piece 
of mechanical equipment, including air handling units, chilled water systems 
and hot water boiler systems, and room level terminal units, shall be provided 
by the BAS contractor as indicated in the point I/O schedule of this 
specification to optimize system performance, analysis and speed alarm 
recognition.

2. The operator interface shall allow users to access the various system 
schematics and floor plans via a graphical penetration scheme, menu selection, 
point alarm association, or text-based commands.  Graphics software shall 
permit the importing of AutoCAD or scanned pictures for use in the system.

3. Dynamic temperature values, humidity values, flow values and status 
indication shall be shown in their actual respective locations within the system 
schematics or graphic floor plan displays, and shall automatically update to 
represent current conditions without operator intervention and without pre-
defined screen refresh rates.

a. Provide the user the ability to display real-time point values by animated 
motion or custom picture control visual representation.  Animation shall 
depict movement of mechanical equipment, or air or fluid flow.  Picture 
Control shall depict various positions in relation to assigned point values 
or ranges.  A library (set) of animation and picture control symbols shall 
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be included within the workstation software’s graphics application.  
Animation shall reflect, ON or OFF conditions, and shall also be 
optionally configurable for up to five rates of animation speed.

b. Sizable analog bars shall be available for monitor and control of analog 
values; high and low alarm limit settings shall be displayed on the analog 
scale. The user shall be able to "click and drag" the pointer to change the 
setpoint.

c. Provide the user the ability to display blocks of point data by defined 
point groups; alarm conditions shall be displayed by flashing point 
blocks.

d. Equipment state or values can be changed by clicking on the associated 
point block or graphic symbol and selecting the new state (on/off) or 
setpoint.

e. State text for digital points can be user-defined up to eight characters.
4. Colors shall be used to indicate status and change as the status of the 

equipment changes.  The state colors shall be user definable.
5. The windowing environment of the PC operator workstation shall allow the 

user to simultaneously view several applications at a time to analyze total 
building operation or to allow the display of a graphic associated with an alarm 
to be viewed without interrupting work in progress.

6. Off the shelf graphic software, Microgafx Designer or Corel Draw software, 
shall be provided to allow the user to add, modify or delete system graphic 
background displays.

7. A clipart library of HVAC application and automation symbols shall be 
provided including fans, valves, motors, chillers, AHU systems, standard 
ductwork diagrams and laboratory symbols.  The user shall have the ability to 
add custom symbols to the clipart library.  The clipart library shall include a 
minimum of 400 application symbols.  In addition, a library consisting of a 
minimum of 700 graphic background templates shall be provided.

8. The Graphics application shall include a set of standard Terminal Equipment 
controller application-specific background graphic templates.  Templates shall 
provide the automatic display of a selected Terminal Equipment controller’s 
control values and parameters, without the need to create separate and 
individual graphic files for each controller.

2.11 FIELD DEVICES

A. Provide instrumentation as required for monitoring, control or optimization functions.  
All devices and equipment shall be approved for installation in the City of New Orleans, 
Louisiana.

B. Room Temperature Sensors 

1. Digital room sensors shall have LCD display, day / night override button, and 
setpoint slide adjustment override options.  The setpoint slide adjustment can 
be software limited by the automation system to limit the amount of room 
adjustment.  

Temperature monitoring range +20/120°F -13° to 49°C)
Output signal
Changing resistance
Accuracy at Calibration point +0.5°F (+/- 0.3°C)
Set Point and Display Range 55° to 95° F (13° to 35°C)
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Liquid immersion temperature:
Temperature monitoring range +30/250°F (-1°/121°C)
Output signal

Changing resistance
Accuracy at Calibration point +0.5°F (+/-0.3°C)
Duct (single point) temperature:
Temperature monitoring range +20/120°F (-7°/49°C)
Output signal
Changing resistance
Accuracy at Calibration point +0.5°F (+/-0.3°C)
Duct Average temperature: 
Temperature monitoring range +20°+120°F(-7°/+49°C)
Output signal 4 – 20 mA DC
Accuracy at Calibration point +0.5°F (+03°C)
Sensor Probe Length 25’ L (7.3m)
Outside air temperature: Temperature monitoring range -58°+122°F(-50ºCto+50ºC)
Output signal 4 – 20 mA DC
Accuracy at Calibration point +0.5°F (+/-0.3°C)
Liquid Differential Pressure Transmitter:
Ranges 0-5/30 inches H20

0-25/150 inches H20
0-125/750 inches H20

Output 4 – 20 mA DC
Calibration Adjustments Zero and span
Accuracy +-0.2% of span
Linearity +-0.1% of span
Hysteresis +-0.05% of span
Differential pressure:
Unit for fluid flow proof shall be Penn P74.
Range 8 to 70 psi
Differential 3 psi
Maximum differential pressure 200 psi
Maximum pressure 325 psi
Unit for air flow shall be Siemens Building Technologies SW141.
Set point ranges: 0.5” WG to 1.0” WG

(124.4 to 248.8 Pa)
1.0” WG to 12.0” WG
(248.8 to 497.6 Pa)

Static pressure sensor:
Range 0 to .5” WG (0 to 124.4 Pa)

0 to 1” WG  (0 to 248.8 Pa)
0 to 2” WG  (0 to 497.7 Pa)
0 to 5” WG  (0 to 1.2 kPa
0 to 10” WG (0 to 2.5 kPa)

Output Signal 4 – 20 mA VDC
Combined static error 0.5% full range
Operating Temperature -40º to 175º F (-40C to 79.5ºC)
Air Pressure Sensor:
Range: 0 to 0.1 in. water (0 to 24.9 Pa)

0 to 0.25 in. water (0 to 63.2 Pa)
0 to 0.5 in. water (0 to 124.5 Pa)
0 to 1.0 in. water (o to 249 Pa)
0 to 2.0 in water 90 to 498 Pa)
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0 to 5.0 in. water (0 to 1.25 kPa)
0 to 10.0 in. water (0 to 2.49 kPa)

Output signal 4 to 20 mA
Accuracy +1.0% of full scale
Humidity Sensors:
Range 0 to 100% RH
Sensing Element Bulk Polymer
Output Signal 4 – 20 mA DC
Accuracy At 77°F(25ºC) + 2% RH
Insertion Flow Meters (Equal to Onicon Series F-1200)
Sensing Method Impedance Sensing
Accuracy + 2% of Actual Reading
Maximum Operating Pressure 400 PSI
Output Signal 4 – 20 mA
Bi-directional where required.
Pressure to Current Transducer
Range 3 to 15 psig (21 to 103 kPa) or

3 to 30 psig (21 to 207 kPa)
Output signal 4 – 20 mA
Accuracy + 1% of full scale (+ 0.3 psig)
Control Valves (all control valves shall have electric actuators).
Electric Control
Rangeability 40:1
Flow Characteristics Modified. Equal percentage
Control Action Normal open or closed as selected
Medium Steam, water, glycol
Body Type Screwed ends 2” and smaller, flanged

Valves 2½” and larger
Body Material Bronze
Body Trim Bronze
Stem Stainless Steel
Actuator 0-10 VDC, 4-20 MA or 2 position

24 VAC/120VAC
2. All automatic temperature control valves in water lines shall be provided with 

characterized throttling plugs and shall be sized for minimum 25% of the 
system pressure drop or 5 psi, whichever is less.

a. Positive positioning relays shall be provided on pneumatic control when 
required to provide sufficient power for sequencing.

b. Two position valves shall be line size.
C. Damper Actuators:

1. Electric control shall be Siemens Building Technologies OpenAir™ direct 
coupled actuators.

2. Damper actuators shall be Brushless DC Motor Technology with stall 
protection, bi-directional, fail safe spring return, all metal housing, manual 
override, independently adjustable dual auxiliary switch.

a. The actuator assembly shall include the necessary hardware and  proper mounting 
and connection to a standard ½” diameter shaft or damper blade.

3. Actuators shall be designed for mounting directly to the damper shaft without 
the need for connecting linkages.

4. All actuators having more than 100 lb-in torque output shall have a self-
centering damper shaft clamp that guarantees concentric alignment of the 
actuator’s output coupling with the damper shaft.  The self-centering clamp 
shall have a pair of opposed “v” shaped toothed cradles; each having two rows 
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of teeth to maximize holding strength.  A single clamping bolt shall 
simultaneously drive both cradles into contact with the damper shaft.

5. All actuators having more than a 100 lb-in  torque output shall accept a 1” 
diameter shaft directly, without the need for auxiliary adapters.

6. All actuators shall be designed and manufactured using ISO900registered 
procedures, and shall be Listed under Standards UL873 and CSA22.2 No. 24-
93 

2.12 MISCELLANEOUS DEVICES
A. Thermostats:

1. Room thermostats shall be of the gradual acting type with adjustable 
sensitivity.

2. They shall have a bi-metal sensing element capable of responding to a 
temperature change of one-tenth of one degree. (Provide all thermostats with 
limit stops to limit adjustments as required.)

3. Thermostats shall be arranged for either horizontal or vertical mounting.
4. In the vertical position thermostat shall fit on a mullion of movable partitions 

without overlap.
5. Mount the thermostat covers with tamper-proof socket head screws.

B. Freezestats:
1. Install freezestats as indicated on the plans and provide protection for every 

square foot of coil surface area with one linear foot of element per square foot 
of coil.

a. Upon detection of low temperature, the freezestats shall stop the 
associated supply fans and return the automatic dampers to their normal 
position.  Provide manual reset.

C. Firestats:
1. Provide manual reset, fixed temperature line voltage type with a bi-metal 

actuated switch.
a. Switch shall have adequate rating for required load.

D. Current Sensing Relay:
1. Provide solid-state, adjustable, current operated relay.  Provide a relay which 

changes switch contact state in response to an adjustable set point value of 
current in the monitored A/C circuit.

2. Adjust the relay switch point so that the relay responds to motor operation 
under load as an “on” state and so that the relay responds to an unloaded 
running motor as an “off” state.  A motor with a broken belt is considered an 
unloaded motor.

3. Provide for status device for all fans and pumps.
PART 3 - EXECUTION
3.1 PROJECT MANAGEMENT

A. Provide a designated project manager who will be responsible for the following:
1. Construct and maintain project schedule
2. On-site coordination with all applicable trades, subcontractors, and other 

integration vendors
3. Authorized to accept and execute orders or instructions from owner/architect
4. Attend project meetings as necessary to avoid conflicts and delays
5. Make necessary field decisions relating to this scope of work
6. Coordination/Single point of contact.

3.2 SEQUENCE OF OPERATION
A. AHU:

1. The Air Handling Unit will be started and stopped through the BAS based on a 
user defined time of day schedule. When the time of day schedule is in the 
occupied mode, the following sequence shall occur:
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2. The supply fan will be started. Once the supply fan has proofed positive run 
status (as sensed by current sensing relay), the hot water valve, chilled water 
valve, and mixed air dampers shall modulate in sequence to maintain room 
setpoint (adjustable).

3. When the outside air temperature is greater than 75 Degrees F, the mixed air 
dampers shall be set to minimum position (verify minimum position with 
balancing contractor).

4. When the time of day schedule is in the unoccupied mode the supply fan shall 
be stopped, mixed air dampers shall be closed, and all valves shall be in the 
bypass position.

5. Safeties:
a. When the mixed air temperature falls below 38 Degrees F (adjustable) 

the low temperature detector will shut down the supply fan (hard wire 
interlock) and alarm the BAS. All valves will be set to the full flow 
position.

B. Fan Coil Unit(s):
1. The Fan Coil Unit will be started and stopped through the BAS based on a user 

defined time of day schedule. When the time of day schedule is in the occupied 
mode, the following sequence shall occur:

2. The supply fan will be started. The hot water valve and chilled water valve 
shall modulate in sequence to maintain room setpoint (adjustable).

3. When the time of day schedule is in the unoccupied mode the supply fan shall 
be stopped, and all valves shall be in the bypass position. On a fall in room 
temperature below the night heating setpoint, the supply fan will be started and 
the hot water valve will be opened to meet night heating requirements.

C. Chilled Water System:
1. The chilled water system will be enabled when any AHU’s are in the occupied 

mode and the outside air temperature is greater than 53 Degrees F (adjustable). 
When enabled, the following sequence shall occur:

2. The chilled water pumps will operate in a lead / lag / standby configuration 
based on runtime. When the chilled water system is enabled, the lead chilled 
water pump will be enabled. Should be lead pump fail to provide positive run 
status proof in 30 seconds (adjustable), the lag pump will be started and an 
alarm will be sent to the operator workstation. Once the lead pump provides 
positive status, the lag pump will be shut down. The standby pump shall 
operate only when both lead and lag pumps are being called for and either 
pump has failed to provide positive run status proof. The chilled water pump 
lead / lag / standby pump rotation will be alternated based on runtime to 
equalize runtime on all pumps.

3. The lag pump will be enabled when the lead chilled water pump and chiller 
cannot meet chilled water demand for a period of 30 minutes (adjustable). 
Once the lag system is called for, it shall remain enabled for the remainder of 
the day to prevent excessive lag cycling.

4. Once the lead chilled water pump is enabled, the chiller isolation valve shall be 
opened. Once the isolation valve is opened, the lead chiller shall be enabled. In 
the event of lead chilled failure (as sensed by the alarm status point), the lag 
chiller isolation valve shall be opened and the chiller enabled. Once the alarm 
condition is cleared, the lag chiller will shut down and its isolation valve will 
close after a 5 minute time delay (adjustable).

5. The lag chiller will be enabled when the lead chiller cannot meet chilled water 
demand for a period of 30 minutes (adjustable). Once the lag system is called 
for, it shall remain enabled for the remainder of the day to prevent excessive 
lag cycling.
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6. On shutdown of the chilled water system, the chiller(s) operating will be 
disabled. The isolation valves for each chiller will be closed and chilled water 
pumps shut down after a 5 minute time delay (adjustable).

7. The chilled water pumps and chillers will have independent lead lag points to 
allow any chilled water pumps to operate with any chiller. All lead lag points 
will alternate based on runtime, with a setpoint of 200 hours (adjustable).

D. Hot Water System:
1. The hot water system will be enabled any time any AHU’s are in the occupied 

mode and the outside air temperature is less than 65 Degrees F (adjustable). 
When enabled, the following sequence shall occur:

2. The lead boiler and hot water pump will be enabled. Once enabled, the hot 
water valve will modulate to maintain common leaving water temperature 
based on the following reset schedule:

Outside Air temperature
Building Supply Hot Water Temperature 65 Deg F/90 Deg F
40 Deg F/150 Deg F
E. (reset schedule shall be user adjustable)

1. The hot water pumps and boilers will operate in a lead / lag configuration 
based on runtime. When the hot water system is enabled, the lead hot water 
pump and boiler will be enabled. Should be lead pump fail to provide positive 
run status proof in 30 seconds (adjustable), the lag pump and boiler will be 
started and an alarm will be sent to the operator workstation. Once the lead 
pump provides positive status, the lag pump and boiler will be shut down. The 
hot water pump and boiler lead / lag rotation will be alternated based on 
runtime.

2. The lag pump and boiler will be enabled when the lead hot water pump and 
boiler cannot meet hot water demand for a period of 30 minutes (adjustable). 
Once the lag system is called for, it shall remain enabled for the remainder of 
the day to prevent excessive lag cycling.

3.3 START-UP AND COMMISSIONING

A. When installation of the system is complete, calibrate equipment and verify transmission 
media operation before the system is placed on-line.  All testing, calibrating, adjusting 
and final field tests shall be completed by the manufacturer. Verify that all systems are 
operable from local controls in the specified failure mode upon panel failure or loss of 
power.

B. Provide any recommendation for system modification in writing to owner.  Do not make 
any system modification, including operating parameters and control settings, without 
prior approval of owner.

C. After manufacturer has completed system start-up and commissioning. Joint 
commissioning of integrated system segments shall be completed.

3.4 ELECTRICAL WIRING AND MATERIALS

A. Install, connect and wire the items included under this Section.  This work includes 
providing required conduit, wire, fittings, and related wiring accessories.  All wiring shall 
be installed in conduit. 

B. Provide wiring between thermostats, aquastats and unit heater motors, all control and 
alarm wiring for all control and alarm devices for all Sections of Specifications.
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C. Provide status function conduit and wiring for equipment covered under this Section.

D. Provide conduit and wiring between the B.M.S. panels and the temperature, humidity, or 
pressure sensing elements, including low voltage control wiring in conduit.

E. Provide conduit and control wiring for devices specified in this Section.

F. Provide conduit and signal wiring between motor starters in motor control centers and 
high and/or low temperature relay contacts and remote relays in B.M.S. panels located in 
the vicinity of motor control centers.

G. Provide conduit and wiring between the PC workstation, electrical panels, metering 
instrumentation, indicating devices, miscellaneous alarm points, remotely operated 
contractors, and B.M.S. panels, as shown on the drawings or as specified.

H. All wiring to be compliant to local building code and  the NEC. 

I. Provide electrical wall box and conduit sleeve for all wall mounted devices. 

3.5 PERFORMANCE

A. Unless stated otherwise, control temperatures within plus or minus 2oF humidity within 
plus or minus 3% of the set point and static pressure within 10% of set point.

3.6 COMMISSIONING, TESTING AND ACCEPTANCE

A. Perform a three-phase commissioning procedure consisting of field I/O calibration and 
commissioning, system commissioning and integrated system program commissioning. 
Document  all commissioning information on commissioning data sheets which shall be 
submitted prior to acceptance testing. Commissioning work which requires shutdown of 
system or deviation from normal function shall be performed when the operation of the 
system is not required. The commissioning must be coordinated with the owner and 
construction manager to ensure systems are available when needed. Notify the operating 
personal in writing of the testing schedule so that authorized personnel from the owner 
and construction manager are present throughout the commissioning procedure.

1. Prior to system program commissioning, verify that each control panel has 
been installed according to plans, specifications and approved shop drawings. 
Test, calibrate and bring on line each control sensor and device. 
Commissioning to include, but not be limited to:

a. Sensor accuracy at 10, 50 and 90% of range.
b. Sensor range.
c. Verify analog limit and binary alarm reporting.
d. Point value reporting.
e. Binary alarm and switch settings.
f. Actuator ranges.
g. Fail safe operation on loss of control signal, electric power, network 

communications.
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B. After control devices have been commissioned (i.e. calibrated, tested and signed off), 
each BMS program shall be put on line and commissioned. The contractor shall, in the 
presence of the owner and construction manager, demonstrate each programmed 
sequence of operation and compare the results in writing. In addition, each control loop 
shall be tested to verify proper response and stable control, within specified accuracy's. 
System program test results shall be recorded on commissioning data sheets and 
submitted for record. Any discrepancies between the specification and the actual 
performance will be immediately rectified and retested.

C. After all BMS programs have been commissioned, the contractor shall verify the overall 
system performance as specified. Tests shall include, but not be limited to:

1. Data communication, both normal and failure modes.
2. Fully loaded system response time.
3. Impact of component failures on system performance and system operation.
4. Time/Date changes.
5. End of month/ end of year operation.
6. Season changeover.
7. Global application programs and point sharing.
8. System backup and reloading.
9. System status displays.
10. Diagnostic functions.
11. Power failure routines.
12. Battery backup.
13. Smoke Control, stair pressurization, stair, vents,  in concert with Fire Alarm 

System testing.
14. Testing of all electrical and HVAC systems with other division of work.

D. Submit for approval, a detailed acceptance test procedure designed to demonstrate 
compliance with contractual requirements. This Acceptance test procedure will take place 
after the commissioning procedure but before final acceptance, to verify that sensors and 
control devices maintain specified accuracy's and the system performance does not 
degrade over time.

E. Using the commissioning test data sheets, the contractor shall demonstrate each point. 
The contractor shall also demonstrate all system functions. The contractor shall 
demonstrate all points and system functions until all devices and functions meet 
specification.

F. The contractor shall supply all instruments for testing and turn over same to the owner 
after acceptance testing.

1. All test instruments shall be submitted for approval.
2. Test Instrument Accuracy:
3. Temperature:  1/4F or 1/2% full scale, whichever is 

less.
4. Pressure: High Pressure (psi):  ½ psi or 1/2% full scale, whichever is less.
5. Low Pressure (in w.c.): 1/2% of full scale
6. Humidity: 2% RH
7. Electrical: 1/4% full scale
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G. After the above tests are complete and the system is demonstrated to be functioning as 
specified, a thirty day performance test period shall begin. If the system performs as 
specified throughout the test period, requiring only routine maintenance, the system shall 
be accepted. If the system fails during the test, and cannot be fully corrected within eight 
hours, the owner may request that performance tests be repeated.

3.7 TRAINING

A. The manufacturer shall provide factory trained instructor to give full instruction to 
designated personnel in the operation of the system installed.  Instructors shall be 
thoroughly familiar with all aspects of the subject matter they are to teach.  The 
manufacturer shall provide all students with a student binder containing product specific 
training modules for the system installed.  All training shall be held during normal 
working hours of 8:00 am to 4:30 PM weekdays.

B. Provide 16 hours of training for Owner's designated operating personnel.  Training shall 
include:

1. Explanation of drawings, operations and maintenance manuals
2. Walk-through of the job to locate control components
3. Operator workstation and peripherals
4. DDC controller and ASC operation/function
5. Operator control functions including graphic generation and field panel 

programming
6. Operation of portable operator's terminal
7. Explanation of adjustment, calibration and replacement procedures
8. Student binder with training modules

C. Since the Owner may require personnel to have more comprehensive understanding of 
the hardware and software, additional training must be available from the Manufacturer.  
If such training is required by the Owner, it will be contracted at a later date.

END OF SECTION 230900
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SECTION 230993 SEQUENCE OF OPERATIONS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 WORK DESCRIPTION

A. This Section includes control sequences for HVAC systems, subsystems, and equipment 
as well as trending and alarming requirements.

1.3 RELATED WORK SPECIFIED ELSEWHERE

A. Division 23 Section "HVAC Instrumentation and Controls” for control equipment and 
devices and submittal requirements.

1.4 DEFINITIONS

A. DDC:  Direct-digital controls.

B. VAV: Variable Air Volume

C. CV: Constant Volume

D. BAS: Building Automation System

E. AI: Analog Input

F. AO: Analog Output

G. DI: Digital Input

H. DO: Digital Output

I. I/O: Input/Output

J. PID: Proportional-Integral-Derivative 
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PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

3.1 GENERAL

A. Control Parameters:  

1. All setpoints and control parameters shall be adjustable both from the desktop 
workstation and portable workstation primary operator interface software, 
without any required re-programming of software code.  Room temperature 
setpoint offset (i.e. warmer/cooler) shall be additionally adjustable at the room 
sensor.  Provide graphical remote lockout of each room sensor setpoint 
adjustment dial.

2. All control loops shall utilize PID control algorithms unless otherwise specified 
in the sequence of operation.

B. Interface to Packaged Systems: 

1. The intent of all specified interface to packaged controls is that the interface be 
provided by this section, even if specific terminations for remote inputs or 
outputs are not provided by the packaged equipment controls.  This shall be 
provided by adding interposing relays, paralleling analog signals or biasing 
setpoints.  The specific means of interface shall be coordinated between the BAS 
contractor and the packaged equipment vendor.  If specific terminations for 
remote monitoring or control are provided, these shall be utilized.

2. It is not the intent for this section to provide major components for the packaged 
controls that do not exist (other than the interface methods listed above).  
However, the BAS hardware, software, conduit and wire shall be installed for 
future connection to the interface.  For example, if setpoint reset card for a boiler 
has not been provided with the boiler package, it is not the intent for this section 
to provide such card.

C. Alarms: 

1. All specified I/O critical and maintenance device alarms shall be stored on-site.  
Provide alarm messages tailored for the alarm by building, system type and 
device type (i.e. "Building 1, AH-1 High Discharge Air Temperature").

2. All system alarms shall be interlocked to only alarm when the associated system 
is enabled.  For example, do not alarm the boiler water supply temperature when 
the boiler water system is off or do not alarm discharge air temperature when the 
air handling system is off.  Alarms based on room temperature shall always be 
annunciated.

D. Trending:

1. Generate simultaneous on-site trending of the following:
a. All analog input and output values.
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b. All digital input and output values.

c. All setpoints.

2. Group the trend values in a logical way.
a. Group control loops values together.  An example would be an AH 

discharge air temperature with the analog temperature input, output(s) to 
the controlled device(s) and PID control loop setpoint on the same trend.

b. Group value for “systems” together.  An example would be heating 
water which would have heating water supply, heating water return, 
heating water supply setpoint and outside air temperature together.

c. Group zone temperatures, setpoints and zone dampers together.

3. Each analog trend shall be trended at 15 minute intervals with a minimum of 288 
samples (3 days). 

4. Each digital trend shall be trended based on a change of state.

5. All trends shall be uploadable to a remote computer.

E. Safeties: 

1. All HVAC safeties shall be hardwired such that the shutdown will occur both in 
Automatic and Hand modes at the BAS system and the starter.  

2. Software safeties are not acceptable.
a. Exception: All automatic reset type freeze protection thermostats shall 

have a separate DDC input and shall shutdown and lockout the system as 
specified.  Provide a freeze alarm reset button on the BAS workstation.

F. Normal (Fail) positions for dampers and valves are as follows:

1. Outside air damper:  Closed (NC)

2. Exhaust air damper:  Closed (NC)

3. Return air damper:  Open (NO)

3.2 SEQUENCES OF OPERATION:

A. This section provides the sequences of operation for each HVAC system.  The 
organization of the sequences for each system are:

1. Design Intent: 
a. This contains a brief outline of the purpose and the design engineer’s 

expectations for the system.

2. Sequences: 
a. The sequences are generally divided into smaller sequences for each 

component of the larger HVAC “System”.  
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b. The concept is that each of these smaller sequences operates essentially 
independently, although together they integrate into the larger “System”.

B. The number of field devices controlled shall be determined by the sizes of equipment 
scheduled on the mechanical drawings and the type of components selected by the 
Building Automation System Contractor.  An example is damper actuators, the points 
lists will identify a single analog output point, the P&ID’s may schematically show one 
or two actuators, but the size of the unit and the actuators dictates that multiple actuators 
are required.

3.7 VARIABLE AIR VOLUME TERMINAL UNIT

A. In cooling mode:  Refer to drawing.

B. In heating mode (Refer to drawing):

3.8 MISCELLENOUS MONITORING

A. Systems that will be monitored:

1. Electrical Power.
a. Monitor each building power (demand and consumption)

b. Monitor the associated electrical loads (demand and consumption) for 
lighting, mechanical, receptacle and house for each building.

2. Fire protection riser room space temperature.

3. Space 110 and 116 Warehouse space temperature.

4. Space 117,119 and 120 Fleet space temperature.

5. Space 100 Mobile Sub-Station space temperature.

3.9 PLUMBING CONTROL

A. Monitor and control all domestic hot water circulating pumps.

3.10 POINTS LIST

A. Points list:  Submit complete point list of devices or elements to be controlled or sensed 
by DDC system.  Include sufficient detail to enable Architect to determine that DDC 
system can perform control sequence or operations listed on this section.  Point count 
must contain at least:

1. List of every component to be sensed or controlled, keyed to terminology used in 
HVAC Control Drawings; that is Value V-1, AHU-1, etc.

2. List of hardware associated with each point; that is, solenoids, contactors, 
transducers, etc.
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3. List of analog inputs to be sensed at each point; that is, temperature, relative 
humidity, etc.

4. Alarms associated with each point.

5. Control functions associated with each point; that is, start/stop, setpoint control, 
etc.

END OF SECTION 230993
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SECTION 232113 HYDRONIC PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes piping, special-duty valves, and hydronic specialties for hot-
water heating, chilled-water cooling, and condenser water systems; makeup water for 
these systems; blowdown drain lines; and condensate drain piping.

1.3 SUBMITTALS

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

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

C. Grooved joint products shall be shown on drawings and product submittals and shall be 
specifically identified with the applicable Victaulic style or series number.

D. Welding Certificates: Copies of certificates for welding procedures and personnel.

E. Field Test Reports: Written reports of tests specified in Part 3 of this Section. Include 
the following:

1. Test procedures used.
2. Test results that comply with requirements.
3. Failed test results and corrective action taken to achieve requirements.

F. Maintenance Data: For hydronic specialties and special-duty valves to include in 
maintenance manuals specified in Division 1.
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1.4 QUALITY ASSURANCE

A. Welding: Qualify processes and operators according to the ASME Boiler and Pressure 
Vessel Code: Section IX, "Welding and Brazing Qualifications."

B. ASME Compliance: Comply with ASME B31.9, "Building Services Piping," for 
materials, products, and installation. Safety valves and pressure vessels shall bear the 
appropriate ASME label. Fabricate and stamp air separators and expansion tanks to 
comply with the ASME Boiler and Pressure Vessel Code, Section VIII, Division 1.

C. All grooved joint couplings, fittings, valves, and specialties shall be the products of a 
single manufacturer. Grooving tools shall be of the same manufacturer as the grooved 
components.

D. All castings used for coupling housings, fittings, valve bodies, etc., shall be date stamped 
for quality assurance and traceability.

1.5 COORDINATION

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

B. Coordinate pipe sleeve installations for foundation wall penetrations.

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

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

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

F. Coordinate installation of pipe sleeves for penetrations through exterior walls and floor 
assemblies. Coordinate with requirements for firestopping specified in Division 7 
Section "Through-Penetration Firestop Systems" for fire and smoke wall and floor 
assemblies.

1.6 EXTRA MATERIALS

A. Water Treatment Chemicals: Furnish sufficient chemicals for initial system startup and 
for preventive maintenance for one year from date of Substantial Completion.
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PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

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

1. Grooved Mechanical-Joint Fittings and Couplings:

a. Victaulic Company of America.

2. Calibrated Balancing Valves:

a. Victaulic Company / IMI TA.

b. Armstrong Pumps, Inc.

c. Griswold Controls.

d. ITT Bell & Gossett; ITT Fluid Technology Corp.

e. Hayes

3. Pressure-Reducing Valves:

a. Armstrong Pumps, Inc.

b. ITT Bell & Gossett; ITT Fluid Technology Corp.

c. Spence Engineering Company, Inc.

d. Watts Industries, Inc.; Watts Regulators.

4. Safety Valves:

a. Armstrong Pumps, Inc.

b. Conbraco Industries, Inc.

c. ITT McDonnell & Miller Div.; ITT Fluid Technology Corp.

d. Kunkle Valve Division.

e. Spence Engineering Company, Inc.
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5. Automatic Flow-Control Valves:

a. Victaulic Company.

b. Flow Design, Inc.

c. Griswold Controls.

d. Hayes

6. Expansion Tanks:

a. Armstrong Pumps, Inc.

b. ITT Bell & Gossett; ITT Fluid Technology Corp.

c. Wessels

7. Air Separators and Air Purgers:

a. Spirotherm

b. Armstrong Pumps, Inc.

c. Wessels

2.2 PIPING MATERIALS

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

2.3 COPPER TUBE AND FITTINGS

A. Drawn-Temper Copper Tubing: ASTM B 88, Type L (ASTM B 88M, Type B).

B. Annealed-Temper Copper Tubing: ASTM B 88, Type K (ASTM B 88M, Type A).

C. DWV Copper Tubing: ASTM B 306, Type DWV.

D. Wrought-Copper Fittings: ASME B16.22.

E. Wrought-Copper Unions: ASME B16.22.

F. Solder Filler Metals: ASTM B 32, 95-5 tin antimony.

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

H. Bronze Fittings for Grooved-End, Copper Tubing: ASME B16.22 wrought copper and 
ASTM B 75 copper tube or ASME B16.18 and ASTM B 584 bronze castings. 
Manufactured to copper-tube dimensions. (Flaring the adjoining pipe or fitting ends to 
accommodate alternate sized couplings is not permitted.)
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I. Grooved Mechanical-Joint Couplings: Ductile-iron housings and Grade EHP synthetic 
rubber gasket of pressure-responsive design and suitable for water temperatures to +250 
degrees F; with ASTM A449 electroplated steel nuts. Installation-Ready, for direct stab 
installation without field disassembly. Victaulic Style 607H.

2.4 STEEL PIPE AND FITTINGS

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

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

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

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

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

E. Cast-Iron Threaded Fittings: ASME B16.4; Classes 125 and 250.

F. Malleable-Iron Threaded Fittings: ASME B16.3, Classes 150 and 300.

G. Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300.

H. Cast-Iron Pipe Flanges and Flanged Fittings: ASME B16.1, Classes 25, 125, and 250; 
raised ground face, and bolt holes spot faced.

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

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

1. Material Group: 1.1.

2. End Connections: Butt welding.

3. Facings: Raised face.

K. Grooved Mechanical-Joint Fittings: ASTM A 536, Grade 65-45-12 ductile iron; ASTM 
A 53, Type F, E, or S, Grade B factory-fabricated steel; or ASTM A 234, Grade WPB 
steel fittings with grooves or shoulders designed to accept grooved end couplings.
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L. Grooved Mechanical-Joint Couplings: Two d uctile iron housings and synthetic rubber 
gasket of central cavity pressure-responsive design; with ASTM A449 electroplated 
steel nuts and bolts-to secure grooved pipe and fittings. ASTM F-1476 - Standard 
Specification for Performance of Gasketed Mechanical Couplings for Use in Piping 
Applications.

1. Rigid: Coupling housings with offsetting, angle-pattern bolt pads shall be used to 
provide system rigidity and support and hanging in accordance with ANSI B31.1 
and B31.9. With grade EHP gasket, suitable for water temperatures to +250 
degrees F. Installation-Ready, for direct stab installation without field 
disassembly. Basis of Design: Victaulic Style 107N.

2. Flexible: Use in locations where vibration attenuation and stress relief are 
required. Flexible couplings may be used in lieu of flexible connectors at 
equipment connections. Three couplings, for each connector, shall be placed in 
close proximity to the vibration source. Basis of Design: Victaulic Style 177 
Installation-Ready, and Style 77.

3. AGS series two-segment couplings with lead-in chamfer on housing key and 
wide-width FlushSeal gasket. Basis of Design: Victaulic Style W07 (rigid) and 
Style W77 (flexible).

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

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

O. Three flexible type grooved joint couplings may be used in lieu of flexible connectors at 
equipment connections in applicable piping systems. The couplings shall be placed in 
close proximity to the vibration source. Basis of Design: Victaulic Company.

P. Packed, Slip, Expansion Joints: 150-psig (1035-kPa) minimum working pressure, 
steel pipe fitting consisting of telescoping body and slip-pipe sections, packing ring, 
packing, limit rods, flanged ends, and chrome-plated finish on slip- pipe telescoping 
section.

Q. Packless, gasketed, type with grooved end telescoping body, suitable for axial end 
movement to 3”. 350 psi (2410 kPa). Victaulic Style 150 Mover®.

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

S. Gasket Material: Thickness, material, and type suitable for fluid to be handled; and 
design temperatures and pressures.
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2.5 STAINLESS STEEL PIPE AND FITTINGS

A. Stainless Steel Pipe: ASTM A312, Schedule 10S, Type 304/304L stainless steel with plain 
ends. 

B. Fittings: Precision, cold drawn, austenitic stainless steel with elastomer O-ring seals, 
suitable for working pressure to 500-psig (3450-kPa).

C. Basis of Design: Victaulic Vic-Press for Schedule 10S Pipe.

2.6 VALVES

A. Gate, globe, check, ball, and butterfly valves are specified in Division 23 Section 
"Valves."

B. Refer to Part 3 "Valve Applications" Article for applications of each valve.

C. Calibrated Balancing Valves, NPS 2 (DN 50) and Smaller: DZR Brass (Ametal®) 
globe type  or bronze body, ball type, 250-psig (1725-kPa) working pressure, 230 deg 
F (110 deg C) maximum operating temperature, and having threaded ends. Multiple-
turn handwheel for precise balancing. Valves shall have calibrated orifice or venture, 
connections for portable differential pressure meter with integral seals, and be equipped 
with a memory stop to retain set position.

1. Victaulic Koil-Kits Series 799, 79V, 79A, and 79B may be used at coil 
connections. The kit shall include a Series 786/787/78K circuit balancing valve, 
Series 78Y Strainer-Ball or Series 78T Union-Ball valve combination, Series 
78U Union-Port fitting, and required coil hoses. A Style 793 and/or 794 
differential pressure controller shall be provided as required. A meter shall be 
provided by the valve manufacturer that shall remain with the building owner 
after commissioning.

D. Pressure-Reducing Valves: Diaphragm-operated, bronze or brass body with low inlet 
pressure check valve, inlet strainer removable without system shutdown, and 
noncorrosive valve seat and stem. Select valve size, capacity, and operating pressure to 
suit system. Valve shall be factory set at  operating pressure and have capability for field 
adjustment.

E. Safety Valves: Diaphragm-operated, bronze or brass body with  brass  and rubber, 
wetted, internal working parts; shall suit system pressure and heat capacity and shall 
comply with the ASME Boiler and Pressure Vessel Code, Section IV.

F. Automatic Flow-Control Valves: Gray-iron body, factory set to maintain constant flow 
with plus or minus 5 percent over system pressure fluctuations, and equipped with a 
readout kit including flow meter, probes, hoses, flow charts, and carrying case. Each 
valve shall have an identification tag attached by chain, and be factory marked with the 
zone identification, valve number, and flow rate. Valve shall be line size and one of 
the following designs:

1. Gray-iron or brass body, designed for 175 psig (1206 kPa) at 200 deg F (93 
deg C) with stainless-steel piston and spring.
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2. DZR brass or ferrous-metal body, designed for 300 psig (2068 kPa) at 250 
deg F (121 deg C) with corrosion-resistant, tamperproof, self-cleaning, 
piston-spring assembly easily removable for inspection or replacement.

3. Combination assemblies, including bronze ball valve and brass alloy control 
valve, with stainless-steel piston and spring, fitted with pressure and 
temperature test valves, and designed for 300 psig (2067 kPa) at 250 deg F 
(121 deg C).

G. Plastic Ball Valves: 150-psig (1035-kPa) working pressure, 250 deg F (121 deg C) 
maximum operating temperature, full port design, 1- or 2-piece body design, CPVC 
body and ball, polytetrafluoroethylene seats, EPDM seals, and tee handle; with threaded, 
socket, union, or flanged connections.

H. Plastic Butterfly Valves: 150-psig (1035-kPa) working pressure, 250 deg F (121 deg C) 
maximum operating temperature, PVC wafer body, polytetrafluoroethylene seats, 
lever lock handle, and wafer style for installation between flanges.

2.7 HYDRONIC SPECIALTIES

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

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

C. Expansion Tanks: Welded carbon steel, rated for 125-psig (860-kPa) working 
pressure and 375 deg F (191 deg C) maximum operating temperature, with taps in 
bottom of tank for tank fitting and taps in end of tank for gage glass. Tanks shall be 
factory tested with taps fabricated and labeled according to the ASME Boiler and 
Pressure Vessel Code, Section VIII, Division 1. Include the following fittings and 
accessories:

1. Air-Control Tank Fitting: Cast-iron body, copper-plated tube, brass vent tube 
plug, and stainless-steel ball check, 100-gal. (379-L) unit only; sized for 
compression-tank diameter. Design tank fittings for 125-psig (860- kPa) 
working pressure and 250 deg F (121 deg C) maximum operating temperature.

2. Tank Drain Fitting: Brass body, nonferrous internal parts; 125-psig (860- kPa) 
working pressure and 240 deg F (116 deg C) maximum operating temperature; 
designed to admit air to compression tank, drain water, and close off system.

3. Gage Glass: Full height with dual manual shutoff valves, 3/4-inch- (20- mm-) 
diameter gage glass, and slotted-metal glass guard.
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D. Expansion Tanks: Welded carbon steel, rated for 125-psig (860-kPa) working 
pressure and 375 deg F (191 deg C) maximum operating temperature. Separate air 
charge from system water to maintain design expansion capacity by a flexible
bladder securely sealed into tank. Include drain fitting and taps for pressure gage 
and air-charging fitting. Support vertical tanks with steel legs or base; support 
horizontal tanks with steel saddles. Factory fabricate and test tank with taps and 
supports installed and labeled according to the ASME Boiler and Pressure Vessel Code, 
Section VIII, Division 1.

E. Combination dirt Air Separators: Welded black steel; ASME constructed and labeled 
for 150-psig (860-kPa) minimum working pressure and 375 deg F (191 deg C) 
maximum operating temperature; Copper spined or perforated stainless steel full length 
coalescing media.

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

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

G. Diverting Fittings: 125-psig (860-kPa) working pressure; 250 deg F (121 deg C) 
maximum operating temperature; cast-iron body with threaded ends, or wrought copper 
with soldered ends. Indicate flow direction on fitting.

H. Y-Pattern Strainers: 300-psig (2065-kPa) working pressure; ductile-iron body (ASTM 
A 536, grade 65-45-12) or cast-iron body (ASTM A 126, Class B), grooved or flanged 
ends for NPS 2-1/2 (DN 65) and larger, threaded connections for NPS 2 (DN 50) and 
smaller, bolted cover, perforated stainless-steel basket, and bottom drain connection. 
Basis of Design: Victaulic Style 732 / W732.

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

J. T-Pattern Strainers: 300-psig (2065-kPa) working pressure; ductile-iron or factory-
fabricated steel-body, grooved-end connections, stainless-steel basket with 2:1 total-
free area; removable access coupling and end cap or T-bolt hinged closure for strainer 
maintenance. Basis of Design: Victaulic Style 730 / W730.

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

L. Packed, Slip, Expansion Joints: 150-psig (1035-kPa) minimum working pressure, 
steel pipe fitting consisting of telescoping body and slip-pipe sections, packing ring, 
packing, limit rods, flanged ends, and chrome-plated finish on slip- pipe telescoping 
section.
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PART 3 - EXECUTION

3.1 PIPING APPLICATIONS

A. Hot and Chilled Water, NPS 2 (DN 50) and Smaller: Aboveground, use Type L (Type 
B) drawn-temper copper tubing with soldered joints, Schedule 40 steel pipe with 
threaded joints, or Schedule 10S stainless steel pipe with Vic-Press joints.   Belowground 
or within slabs, use Type K (Type A) annealed-temper copper tubing with soldered 
joints. Use the fewest possible joints belowground and within floor slabs.

B. Hot and Chilled Water: Aboveground, use Type L (Type B) drawn-temper copper tubing 
with soldered joints. Belowground or within slabs, use Type K (Type A) annealed-
temper copper tubing with soldered joints. Use the fewest possible joints 
belowground and within slabs.

C. Hot and Chilled Water, NPS 2-1/2 (DN 65) and Larger: Schedule 40 steel pipe with 
grooved, welded, and flanged joints.

D. Condenser Water, NPS 2 (DN 50) and Smaller: Aboveground,  use  Type L (Type B) 
drawn-temper copper tubing with soldered joints or Schedule 40 steel pipe with 
threaded joints. Belowground or within slabs, use Type K (Type A) annealed-temper 
copper tubing with brazed joints.

E. Condenser Water: Schedule 40 steel pipe with grooved, welded and flanged joints.

F. Condensate Drain Lines: Type L (Type B) drawn-temper copper tubing with 
soldered joints or Schedule 40, PVC pipe with solvent-welded joints.

3.2 VALVE APPLICATIONS

A. General-Duty Valve Applications:  Unless otherwise indicated, use the following valve types:

1. Shutoff Duty: Gate, ball, and butterfly valves.
2. Throttling Duty: Globe, ball, and butterfly valves.

B. Install shutoff duty valves at each branch connection to supply mains, at supply 
connection to each piece of equipment, unless only one piece of equipment is 
connected in the branch line. Install throttling duty valves at each branch connection to 
return mains, at return connections to each piece of equipment, and elsewhere as 
indicated.

C. Install calibrated balancing valves in the return water line of each heating or 
cooling element and elsewhere as required to facilitate system balancing.

D. Install check valves at each pump discharge and elsewhere as required to control 
flow direction.

E. Install safety valves on hot-water generators and elsewhere as required by the ASME 
Boiler and Pressure Vessel Code. Install safety-valve discharge piping, without valves, 
to floor. Comply with the ASME Boiler and Pressure Vessel Code, Section VIII, 
Division 1, for installation requirements.
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3.3 PIPING INSTALLATIONS

A. Refer to Division 23 Section "Basic HVAC Materials and Methods" for basic 
piping installation requirements.

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

C. Install drains, consisting of a tee fitting, NPS 3/4 (DN 20) ball valve, and short NPS 
3/4 (DN 20) threaded nipple with cap, at low points in piping system mains and 
elsewhere as required for system drainage.

D. Install piping at a uniform grade of 0.2 percent upward in direction of flow.

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

F. Unless otherwise indicated, install branch connections to mains using tee fittings in main 
pipe, with the takeoff coming out the bottom of the main pipe. For up- feed risers, 
install the takeoff coming out the top of the main pipe.

G. Install strainers on supply side of each control valve, pressure-reducing valve, 
solenoid valve, in-line pump,  and  elsewhere  as  indicated.  Install  NPS 3/4 (DN 20) 
nipple and ball valve in blowdown connection of strainers NPS 2 (DN 50) and larger. 
Match size of strainer blowoff connection for strainers smaller than NPS 2 (DN 50).

H. Anchor piping for proper direction of expansion and contraction.

3.4 HANGERS AND SUPPORTS

A. Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and 
Supports." Comply with requirements below for maximum spacing of supports.

B. Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 
feet (6 m) long.

2. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet (6
m) or longer, supported on a trapeze.

3. Spring hangers to support vertical runs.
4. On plastic pipe, install pads or cushions on bearing surfaces to prevent hanger 

from scratching pipe.

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

1. NPS 3/4 (DN 20):  Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch 
(6.4 mm).

2. NPS 1 (DN 25):  Maximum span, 7 feet (2.1 m); minimum rod size, 1/4 inch 
(6.4 mm).
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3. NPS 1-1/2 (DN 40):  Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 
inch (10 mm).

4. NPS 2 (DN 50):  Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch 
(10 mm).

5. NPS 2-1/2 (DN 65):  Maximum span, 11 feet (3.4 m); minimum rod size, 3/8 
inch (10 mm).

6. NPS 3 (DN 80):  Maximum span, 12 feet (3.7 m); minimum rod size, 3/8 inch 
(10 mm).

7. NPS 4 (DN 100):  Maximum span, 14 feet (4.3 m); minimum rod size, 1/2 inch 
(13 mm).

8. NPS 6 (DN 150):  Maximum span, 17 feet (5.2 m); minimum rod size, 1/2 inch 
(13 mm).

9. NPS 8 (DN 200):  Maximum span, 19 feet (5.8 m); minimum rod size, 5/8 inch 
(16 mm).

10. NPS 10 (DN 250):  Maximum span, 20 feet (6.1 m); minimum rod size, 3/4 
inch (19 mm).

11. NPS 12 (DN 300):  Maximum span, 23 feet (7 m); minimum rod size, 7/8 inch 
(22 mm).

12. NPS 14 (DN 350):  Maximum span, 25 feet (7.6 m); minimum rod size, 1 inch 
(25 mm).

13. NPS 16 (DN 400):  Maximum span, 27 feet (8.2 m); minimum rod size, 1 inch 
(25 mm).

14. NPS 18 (DN 450):  Maximum span, 28 feet (8.5 m); minimum rod size, 1- 1/4 
inches (32 mm).

15. NPS 20 (DN 500):  Maximum span, 30 feet (9.1 m); minimum rod size, 1- 1/4 
inches (32 mm).

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

1. NPS 3/4 (DN 20):  Maximum span, 5 feet (1.5 m); minimum rod size, 1/4 inch 
(6.4 mm).

2. NPS 1 (DN 25):  Maximum span, 6 feet (1.8 m); minimum rod size, 1/4 inch 
(6.4 mm).

3. NPS 1-1/2 (DN 40):  Maximum span, 8 feet (2.4 m); minimum rod size, 3/8 
inch (10 mm).

4. NPS 2 (DN 50):  Maximum span, 8 feet (2.4 m); minimum rod size, 3/8 inch 
(10 mm).

5. NPS 2-1/2 (DN 65):  Maximum span, 9 feet (2.7 m); minimum rod size, 3/8 
inch (10 mm).

6. NPS 3 (DN 80):  Maximum span, 10 feet (3 m); minimum rod size, 3/8 inch 
(10 mm).

E. Plastic Piping Hanger Spacing: Space hangers according to pipe manufacturer's written 
instructions for service conditions. Avoid point loading. Space and install hangers with 
the fewest practical rigid anchor points.

F. Support vertical runs at roof, at each floor, and at 10-foot (3-m) intervals between floors.
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3.5 PIPE JOINT CONSTRUCTION

A. Refer to Division 23 Section "Basic HVAC Materials and Methods" for joint 
construction requirements for soldered and brazed joints in copper tubing; threaded, 
welded, and flanged joints in steel piping.

B. Grooved Joints: Install in accordance with the manufacturer’s latest published installation 
instructions. Pipe ends shall be clean and free from indentations, projections and roll 
marks in the area from pipe end to (and including) groove. Gasket shall be manufactured 
by the coupling manufacturer and verified as suitable for the intended service. A factory 
trained representative (direct employee) of the coupling manufacturer shall provide on-site 
training for contractor’s field personnel in the use of grooving tools, application of groove, 
and product installation. The representative shall periodically visit the job site and review 
installation to ensure best practices in grooved joint installation are being followed. 
Contractor shall remove and replace any improperly installed products.

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 in mechanical equipment rooms only at high points of system 
piping, at heat-transfer coils, and elsewhere as required for system air venting.

C. Install dip-tube fittings in boiler outlet. Install piping to expansion tank with a 2 
percent upward slope toward tank. Connect boiler-outlet piping.

D. Install combination air separator and strainer in pump suction lines.  Install piping to 
compression tank with a 2 percent upward slope toward tank. Install blowdown piping 
with gate valve; extend to nearest drain.

E. Install bypass chemical feeders in each hydronic system where indicated, in upright 
position with top of funnel not more than 48 inches (1200 mm) above floor. Install 
feeder in bypass line, off main, using globe valves on each side of feeder and in the 
main between bypass connections. Pipe drain, with ball valve, to nearest equipment 
drain.

F. Install expansion tanks on floor. Vent and purge air from hydronic system, and ensure 
tank is properly charged with air to suit system design requirements.

3.7 TERMINAL EQUIPMENT CONNECTIONS

A. Size for supply and return piping connections shall be same as for equipment 
connections.

B. Install control valves in accessible locations close to connected equipment.

C. Install bypass piping with globe valve around control valve. If multiple, parallel 
control valves are installed, only one bypass is required.
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D. Install ports for pressure and temperature gages at coil inlet connections.

3.8 CHEMICAL TREATMENT

A. Perform an analysis of supply water to determine the type and quantities of 
chemical treatment needed to keep system free of scale, corrosion, and fouling.

B. Fill system and perform initial chemical treatment.

3.9 FIELD QUALITY CONTROL

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

1. Leave joints, including welds, uninsulated and exposed for examination during 
test.

2. Provide temporary restraints for expansion joints that cannot sustain reactions 
due to test pressure. If temporary restraints are impractical, isolate expansion 
joints from testing.

3. Flush system with clean water. Clean strainers.

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

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

B. Perform the following tests on hydronic piping:

1. 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.

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

3. Check expansion tanks to determine that they are not air bound and that system 
is full of water.

4. Subject piping system to hydrostatic test pressure that is not less than 1.5 times 
the design 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 either 90 
percent of specified minimum yield strength or
1.7 times "SE" value in Appendix A of ASME B31.9, "Building Services 
Piping."
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5. 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.

6. Prepare written report of testing.

3.10 ADJUSTING

A. Mark calibrated nameplates of pump discharge valves after hydronic system 
balancing has been completed, to permanently indicate final balanced position.

B. Perform these adjustments before operating the system:

1. Open valves to fully open position. Close coil bypass valves.

2. Check pump for proper direction of rotation.

3. Set automatic fill valves for required system pressure.
4. Check air vents at high points of system and determine if all are installed and 

operating freely (automatic type), or bleed air completely (manual type).

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

6. Check operation of automatic bypass valves.

7. Check and set operating temperatures of boilers, chillers, and cooling towers 
to design requirements.

8. Lubricate motors and bearings.

3.11 CLEANING

A. Flush hydronic piping systems with clean water. Remove and clean or replace strainer 
screens. After cleaning and flushing hydronic piping systems, but before balancing, 
remove disposable fine-mesh strainers in pump suction diffusers.

END OF SECTION 232113
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SECTION 232300 REFRIGERANT PIPING

PART 1 -  GENERAL

1.1 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. This Section includes refrigerant piping used for air-conditioning applications.

1.3 PERFORMANCE REQUIREMENTS

A. Line Test Pressure for Refrigerant R-407C:

1. Suction Lines for Air-Conditioning Applications:  230 psig.
2. Suction Lines for Heat-Pump Applications:  380 psig.
3. Hot-Gas and Liquid Lines:  380 psig.

1.4 SUBMITTALS

A. Product Data:  For each type of valve and refrigerant piping specialty indicated.  Include 
pressure drop, based on manufacturer's test data, for the following:

1. Thermostatic expansion valves.
2. Solenoid valves.
3. Hot-gas bypass valves.
4. Filter dryers.
5. Strainers.
6. Pressure-regulating valves.

B. Shop Drawings:  Show layout of refrigerant piping and specialties, including pipe, tube, 
and fitting sizes, flow capacities, valve arrangements and locations, slopes of horizontal 
runs, oil traps, double risers, wall and floor penetrations, and equipment connection 
details.  Show interface and spatial relationships between piping and equipment.

1. Shop Drawing Scale:  1/4 inch equals 1 foot
2. Refrigerant piping indicated on Drawings is schematic only.  Size piping and 

design actual piping layout, including oil traps, double risers, specialties, and 
pipe and tube sizes to accommodate, as a minimum, equipment provided, 
elevation difference between compressor and evaporator, and length of piping to 
ensure proper operation and compliance with warranties of connected equipment.

C. Welding certificates.

D. Field quality-control test reports.
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E. Operation and Maintenance Data:  For refrigerant valves and piping specialties to include 
in maintenance manuals.

1.5 QUALITY ASSURANCE

A. Welding:  Qualify procedures and personnel according to ASME Boiler and Pressure 
Vessel Code:  Section IX, "Welding and Brazing Qualifications."

B. Comply with ASHRAE 15, "Safety Code for Refrigeration Systems."

C. Comply with ASME B31.5, "Refrigeration Piping and Heat Transfer Components."

1.6 PRODUCT STORAGE AND HANDLING

A. Store piping in a clean and protected area with end caps in place to ensure that piping 
interior and exterior are clean when installed.

1.7 COORDINATION

A. Coordinate size and location of roof curbs, equipment supports, and roof penetrations.  
These items are specified in Division 07 Section "Roof Accessories."

PART 2 -  PRODUCTS

2.1 COPPER TUBE AND FITTINGS

A. Copper Tube:  ASTM B 88, Type K  ASTM B 88M, Type A.

B. Wrought-Copper Fittings:  ASME B16.22.

C. Wrought-Copper Unions:  ASME B16.22.

D. Solder Filler Metals:  ASTM B 32.  Use 95-5 tin antimony or alloy HB solder to join 
copper socket fittings on copper pipe.

E. Brazing Filler Metals:  AWS A5.8.

F. Flexible Connectors:

1. Body:  Tin-bronze bellows with woven, flexible, tinned-bronze-wire-reinforced 
protective jacket.

2. End Connections:  Socket ends.
3. Offset Performance:  Capable of minimum 3/4-inch misalignment in minimum 7-

inch- long assembly.
4. Pressure Rating:  Factory test at minimum 500 psig.
5. Maximum Operating Temperature:  250 deg F.
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2.2 STEEL PIPE AND FITTINGS

A. Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends; Type, Grade, and wall 
thickness as selected in Part 3 piping applications articles.

B. Wrought-Steel Fittings:  ASTM A 234/A 234M, for welded joints.

C. Steel Flanges and Flanged Fittings:  ASME B16.5, steel, including bolts, nuts, and 
gaskets, bevel-welded end connection, and raised face.

D. 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.

E. Flanged Unions:

1. Body:  Forged-steel flanges for NPS 1 to NPS 1-1/2 and ductile iron for NPS 2 to 
NPS 3.  Apply rust-resistant finish at factory.

2. Gasket:  Fiber asbestos free.
3. Fasteners:  Four plated-steel bolts, with silicon bronze nuts.  Apply rust-resistant 

finish at factory.
4. End Connections:  Brass tailpiece adapters for solder-end connections to copper 

tubing.
5. Offset Performance:  Capable of minimum 3/4-inch misalignment in minimum 7-

inch- long assembly.
6. Pressure Rating:  Factory test at minimum 400 psig.
7. Maximum Operating Temperature:  330 deg F.

F. Flexible Connectors:

1. Body:  Stainless-steel bellows with woven, flexible, stainless-steel-wire-
reinforced protective jacket

2. End Connections:

a. NPS 2 and Smaller:  With threaded-end connections.
b. NPS 2-1/2 and Larger:  With flanged-end connections.

3. Offset Performance:  Capable of minimum 3/4-inch misalignment in minimum 7-
inch- long assembly.

4. Pressure Rating:  Factory test at minimum 500 psig.
5. Maximum Operating Temperature:  250 deg F.

2.3 VALVES AND SPECIALTIES

A. Diaphragm Packless Valves:

1. Body and Bonnet:  Forged brass or cast bronze; globe design with straight-
through or angle pattern.

2. Diaphragm:  Phosphor bronze and stainless steel with stainless-steel spring.
3. Operator:  Rising stem and hand wheel.
4. Seat:  Nylon.
5. End Connections:  Socket, union, or flanged.
6. Working Pressure Rating:  500 psig.
7. Maximum Operating Temperature:  275 deg F.
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B. Packed-Angle Valves:

1. Body and Bonnet:  Forged brass or cast bronze.
2. Packing:  Molded stem, back seating, and replaceable under pressure.
3. Operator:  Rising stem.
4. Seat:  Nonrotating, self-aligning polytetrafluoroethylene.
5. Seal Cap:  Forged-brass or valox hex cap.
6. End Connections:  Socket, union, threaded, or flanged.
7. Working Pressure Rating:  500 psig.
8. Maximum Operating Temperature:  275 deg F.

C. Check Valves:

1. Body:  Ductile iron, forged brass, or cast bronze; globe pattern.
2. Bonnet:  Bolted ductile iron, forged brass, or cast bronze; or brass hex plug.
3. Piston:  Removable polytetrafluoroethylene seat.
4. Closing Spring:  Stainless steel.
5. Manual Opening Stem:  Seal cap, plated-steel stem, and graphite seal.
6. End Connections:  Socket, union, threaded, or flanged.
7. Maximum Opening Pressure:  0.50 psig.
8. Working Pressure Rating:  500 psig.
9. Maximum Operating Temperature:  275 deg F.

D. Service Valves:

1. Body:  Forged brass with brass cap including key end to remove core.
2. Core:  Removable ball-type check valve with stainless-steel spring.
3. Seat:  Polytetrafluoroethylene.
4. End Connections:  Copper spring.
5. Working Pressure Rating:  500 psig.

E. Solenoid Valves:  Comply with ARI 760 and UL 429; listed and labeled by an NRTL.

1. Body and Bonnet:  Plated steel.
2. Solenoid Tube, Plunger, Closing Spring, and Seat Orifice:  Stainless steel.
3. Seat:  Polytetrafluoroethylene.
4. End Connections:  Threaded.
5. Working Pressure Rating:  400 psig.
6. Maximum Operating Temperature:  240 deg F.
7. Manual operator.

F. Safety Relief Valves:  Comply with ASME Boiler and Pressure Vessel Code; listed and 
labeled by an NRTL.

1. Body and Bonnet:  Ductile iron and steel, with neoprene O-ring seal.
2. Piston, Closing Spring, and Seat Insert:  Stainless steel.
3. Seat Disc:  Polytetrafluoroethylene.
4. End Connections:  Threaded.
5. Working Pressure Rating:  400 psig.
6. Maximum Operating Temperature:  240 deg F.
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G. Thermostatic Expansion Valves:  Comply with ARI 750.

1. Body, Bonnet, and Seal Cap:  Forged brass or steel.
2. Diaphragm, Piston, Closing Spring, and Seat Insert:  Stainless steel.
3. Packing and Gaskets:  Non-asbestos.
4. Capillary and Bulb:  Copper tubing filled with refrigerant charge.
5. Suction Temperature:  40 deg F.
6. Superheat:  Adjustable.
7. Reverse-flow option for heat-pump applications.
8. End Connections:  Socket, flare, or threaded union.
9. Working Pressure Rating:  700 psig (4820kPa).

H. Hot-Gas Bypass Valves:  Comply with UL 429; listed and labeled by an NRTL.

1. Body, Bonnet, and Seal Cap:  Ductile iron or steel.
2. Diaphragm, Piston, Closing Spring, and Seat Insert:  Stainless steel.
3. Packing and Gaskets:  Non-asbestos.
4. Solenoid Tube, Plunger, Closing Spring, and Seat Orifice:  Stainless steel.
5. Seat:  Polytetrafluoroethylene.
6. Equalizer:  Internal.
7. End Connections:  Socket.
8. Throttling Range:  Maximum 5 psig.
9. Working Pressure Rating:  500 psig.
10. Maximum Operating Temperature:  240 deg F.

I. Straight-Type Strainers:

1. Body:  Welded steel with corrosion-resistant coating.
2. Screen:  100-mesh stainless steel.
3. End Connections:  Socket or flare.
4. Working Pressure Rating:  500 psig.
5. Maximum Operating Temperature:  275 deg F.

J. Angle-Type Strainers:

1. Body:  Forged brass or cast bronze.
2. Drain Plug:  Brass hex plug.
3. Screen:  100-mesh monel.
4. End Connections:  Socket or flare.
5. Working Pressure Rating:  500 psig.
6. Maximum Operating Temperature:  275 deg F.

K. Moisture/Liquid Indicators:

1. Body:  Forged brass.
2. Window:  Replaceable, clear, fused glass window with indicating element 

protected by filter screen.
3. Indicator:  Color coded to show moisture content in ppm.
4. Minimum Moisture Indicator Sensitivity:  Indicate moisture above 60 ppm.
5. End Connections:  Socket or flare.
6. Working Pressure Rating:  500 psig.
7. Maximum Operating Temperature:  240 deg F.
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L. Replaceable-Core Filter Dryers:  Comply with ARI 730.

1. Body and Cover:  Painted-steel shell with ductile-iron cover, stainless-steel 
screws, and neoprene gaskets.

2. Filter Media:  10 micron, pleated with integral end rings; stainless-steel support.
3. Desiccant Media:  Activated alumina.
4. Designed for reverse flow (for heat-pump applications).
5. End Connections:  Socket.
6. Access Ports:  NPS 1/4 connections at entering and leaving sides for pressure 

differential measurement.
7. Maximum Pressure Loss:  2 psig (14 kPa).
8. Working Pressure Rating:  500 psig.
9. Maximum Operating Temperature:  240 deg F.

M. Permanent Filter Dryers:  Comply with ARI 730.

1. Body and Cover:  Painted-steel shell.
2. Filter Media:  10 micron, pleated with integral end rings; stainless-steel support.
3. Desiccant Media:  Activated alumina.
4. Designed for reverse flow (for heat-pump applications).
5. End Connections:  Socket.
6. Access Ports:  NPS 1/4 connections at entering and leaving sides for pressure 

differential measurement.
7. Maximum Pressure Loss:  2 psig.
8. Working Pressure Rating:  500 psig.
9. Maximum Operating Temperature:  240 deg F.

N. Mufflers:

1. Body:  Welded steel with corrosion-resistant coating.
2. End Connections:  Socket or flare.
3. Working Pressure Rating:  500 psig.
4. Maximum Operating Temperature:  275 deg F.

O. Receivers:  Comply with ARI 495.

1. Comply with ASME Boiler and Pressure Vessel Code; listed and labeled by an 
NRTL.

2. Comply with UL 207; listed and labeled by an NRTL.
3. Body:  Welded steel with corrosion-resistant coating.
4. Tappings:  Inlet, outlet, liquid level indicator, and safety relief valve.
5. End Connections:  Socket or threaded.
6. Working Pressure Rating:  500 psig.
7. Maximum Operating Temperature:  275 deg F.

P. Liquid Accumulators:  Comply with ARI 495.

1. Body:  Welded steel with corrosion-resistant coating.
2. End Connections:  Socket or threaded.
3. Working Pressure Rating:  500 psig.
4. Maximum Operating Temperature:  275 deg F.
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2.4 REFRIGERANTS

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

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

1. Atofina Chemicals, Inc.
2. DuPont Company; Fluorochemicals Div.
3. Honeywell, Inc.; Genetron Refrigerants.
4. INEOS Fluor Americas LLC.

C. ASHRAE 34, R-407C: Difluoromethane/Pentafluoroethane/1,1,1,2-Tetrafluoroethane.

PART 3 -  EXECUTION

3.1 PIPING APPLICATIONS FOR REFRIGERANT R-407C

A. Suction Lines NPS 1-1/2 and Smaller for Conventional Air-Conditioning Applications:  
Copper, Type ACR, annealed-temper tubing and wrought-copper fittings with brazed 
joints.

B. Suction Lines NPS 4 and Smaller for Conventional Air-Conditioning Applications:  
Copper, Type ACR, drawn-temper tubing and wrought-copper fittings with brazed joints.

C. Safety-Relief-Valve Discharge Piping:  Schedule 40, black-steel and wrought-steel 
fittings with welded joints.

D. Safety-Relief-Valve Discharge Piping:  Copper, Type ACR, drawn-temper tubing and 
wrought-copper fittings with soldered joints.

E. Safety-Relief-Valve Discharge Piping: irresistible 

1. NPS 1 and Smaller:  Copper, Type ACR, annealed-temper tubing and wrought-
copper fittings with brazed joints.

2. NPS 1 and Smaller:  Copper, Type ACR, drawn-temper tubing and wrought-
copper fittings with brazed joints.

3. NPS 1-1/4 to NPS 2:  Copper, Type K, annealed- or drawn-temper tubing and 
wrought-copper fittings with brazed joints.

4. NPS 4:  Copper, Type ACR, drawn-temper tubing and wrought-copper fittings 
with soldered joints.

3.2 VALVE AND SPECIALTY APPLICATIONS

A. Install diaphragm packless valves in suction and discharge lines of compressor.

B. Install a check valve at the compressor discharge and a liquid accumulator at the 
compressor suction connection.
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C. Except as otherwise indicated, install diaphragm packless valves on inlet and outlet side 
of filter dryers.

D. Install a full-sized, three-valve bypass around filter dryers.

E. Install thermostatic expansion valves as close as possible to distributors on evaporators.

1. Install valve so diaphragm case is warmer than bulb.
2. Secure bulb to clean, straight, horizontal section of suction line using two bulb 

straps.  Do not mount bulb in a trap or at bottom of the line.
3. If external equalizer lines are required, make connection where it will reflect 

suction-line pressure at bulb location.

F. Install safety relief valves where required by ASME Boiler and Pressure Vessel Code.  
Pipe safety-relief-valve discharge line to outside according to ASHRAE 15.

G. Install moisture/liquid indicators in liquid line at the inlet of the thermostatic expansion 
valve or at the inlet of the evaporator coil capillary tube.

H. Install strainers upstream from and adjacent to the following unless they are furnished as 
an integral assembly for device being protected:

1. Solenoid valves.
2. Thermostatic expansion valves.
3. Hot-gas bypass valves.
4. Compressor.

I. Install filter dryers in liquid line between compressor and thermostatic expansion valve.

J. Install receivers sized to accommodate pump-down charge.

K. Install flexible connectors at compressors.

3.3 PIPING INSTALLATION

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

B. Install refrigerant piping according to ASHRAE 15.

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

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

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

F. Install piping adjacent to machines to allow service and maintenance.
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G. Install piping free of sags and bends.

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

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

J. Refer to Division 23 Sections "Instrumentation and Control for HVAC" and "Sequence of 
Operation" for solenoid valve controllers, control wiring, and sequence of operation.

K. Install piping as short and direct as possible, with a minimum number of joints, elbows, 
and fittings.

L. Arrange piping to allow inspection and service of refrigeration equipment.  Install valves 
and specialties in accessible locations to allow for service and inspection.  Install access 
doors or panels as specified in Division 08 Section "Access Doors and Frames" if valves 
or equipment requiring maintenance is concealed behind finished surfaces.

M. Install refrigerant piping in protective conduit where installed belowground.

N. Install refrigerant piping in rigid or flexible conduit in locations where exposed to 
mechanical injury.

O. Slope refrigerant piping as follows:

1. Install horizontal hot-gas discharge piping with a uniform slope downward away 
from compressor.

2. Install horizontal suction lines with a uniform slope downward to compressor.
3. Install traps and double risers to entrain oil in vertical runs.
4. Liquid lines may be installed level.

P. When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove 
valve stems, seats, and packing, and accessible internal parts of refrigerant specialties.  
Do not apply heat near expansion-valve bulb.

Q. Before installation of steel refrigerant piping, clean pipe and fittings using the following 
procedures:

1. Shot blast the interior of piping.
2. Remove coarse particles of dirt and dust by drawing a clean, lintless cloth 

through tubing by means of a wire or electrician's tape.
3. Draw a clean, lintless cloth saturated with trichloroethylene through the tube or 

pipe.  Continue this procedure until cloth is not discolored by dirt.
4. Draw a clean, lintless cloth, saturated with compressor oil, squeezed dry, through 

the tube or pipe to remove remaining lint.  Inspect tube or pipe visually for 
remaining dirt and lint.

5. Finally, draw a clean, dry, lintless cloth through the tube or pipe.
6. Safety-relief-valve discharge piping is not required to be cleaned but is required 

to be open to allow unrestricted flow.

R. Install pipe sleeves at penetrations in exterior walls and floor assemblies.

S. Seal penetrations through fire and smoke barriers according to Division 07 Section 
"Penetration Firestopping."
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T. Install piping with adequate clearance between pipe and adjacent walls and hangers or 
between pipes for insulation installation.

U. Install sleeves through floors, walls, or ceilings, sized to permit installation of full-
thickness insulation.

V. Seal pipe penetrations through exterior walls according to Division 07 Section "Joint 
Sealants" for materials and methods.

W. Identify refrigerant piping and valves according to Division 23 Section "Identification for 
HVAC Piping and Equipment."

3.4 PIPE JOINT CONSTRUCTION

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

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

C. Fill pipe and fittings with an inert gas (nitrogen or carbon dioxide), during brazing or 
welding, to prevent scale formation.

D. Soldered Joints:  Construct joints according to ASTM B 828 or CDA's "Copper Tube 
Handbook."

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

1. Use Type BcuP, copper-phosphorus alloy for joining copper socket fittings with 
copper pipe.

2. Use Type BAg, cadmium-free silver alloy for joining copper with bronze or steel.

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

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

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

G. Steel pipe can be threaded, but threaded joints must be seal brazed or seal welded.

H. Welded Joints:  Construct joints according to AWS D10.12/D10.12M.

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

A. Hanger, support, and anchor products are specified in Division 23 Section "Hangers and 
Supports for HVAC Piping and Equipment."

B. Install the following pipe attachments:

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

2. Roller hangers and spring hangers for individual horizontal runs 20 feet or 
longer.

3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet or 
longer, supported on a trapeze.

4. Spring hangers to support vertical runs.
5. Copper-clad hangers and supports for hangers and supports in direct contact with 

copper pipe.

C. Install hangers for copper tubing with the following maximum spacing and minimum rod 
sizes:

1. NPS 1/2:  Maximum span, 60 inches; minimum rod size, 1/4 inch.
2. NPS 5/8:  Maximum span, 60 inches; minimum rod size, 1/4 inch.
3. NPS 1:  Maximum span, 72 inches; minimum rod size, 1/4 inch.
4. NPS 1-1/4:  Maximum span, 96 inches; minimum rod size, 3/8 inch.
5. NPS 1-1/2:  Maximum span, 96 inches; minimum rod size, 3/8 inch.
6. NPS 2:  Maximum span, 96 inches; minimum rod size, 3/8 inch.
7. NPS 2-1/2:  Maximum span, 108 inches; minimum rod size, 3/8 inch.
8. NPS 3:  Maximum span, 10 feet; minimum rod size, 3/8 inch.
9. NPS 4:  Maximum span, 12 feet; minimum rod size, 1/2 inch.

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

1. NPS 2:  Maximum span, 10 feet; minimum rod size, 3/8 inch.
2. NPS 2-1/2:  Maximum span, 11 feet; minimum rod size, 3/8 inch.
3. NPS 3:  Maximum span, 12 feet; minimum rod size, 3/8 inch.
4. NPS 4:  Maximum span, 14 feet; minimum rod size, 1/2 inch.

E. Support multifloor vertical runs at least at each floor.

3.6 FIELD QUALITY CONTROL

A. Perform tests and inspections and prepare test reports.

B. Tests and Inspections:

1. Comply with ASME B31.5, Chapter VI.
2. Test refrigerant piping, specialties, and receivers.  Isolate compressor, condenser, 

evaporator, and safety devices from test pressure if they are not rated above the 
test pressure.

3. Test high- and low-pressure side piping of each system separately at not less than 
the pressures indicated in Part 1 "Performance Requirements" Article.
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a. Fill system with nitrogen to the required test pressure.
b. System shall maintain test pressure at the manifold gage throughout duration 

of test.
c. Test joints and fittings with electronic leak detector or by brushing a small 

amount of soap and glycerin solution over joints.
d. Remake leaking joints using new materials, and retest until satisfactory 

results are achieved.

3.7 SYSTEM CHARGING

A. Charge system using the following procedures:

1. Install core in filter dryers after leak test but before evacuation.
2. Evacuate entire refrigerant system with a vacuum pump to 500 micrometers.  If 

vacuum holds for 12 hours, system is ready for charging.
3. Break vacuum with refrigerant gas, allowing pressure to build up to 2 psig.
4. Charge system with a new filter-dryer core in charging line.

3.8 ADJUSTING

A. Adjust thermostatic expansion valve to obtain proper evaporator superheat.

B. Adjust high- and low-pressure switch settings to avoid short cycling in response to 
fluctuating suction pressure.

C. Adjust set-point temperature of air-conditioning or chilled-water controllers to the system 
design temperature.

D. Perform the following adjustments before operating the refrigeration system, according to 
manufacturer's written instructions:

1. Open shutoff valves in condenser water circuit.
2. Verify that compressor oil level is correct.
3. Open compressor suction and discharge valves.
4. Open refrigerant valves except bypass valves that are used for other purposes.
5. Check open compressor-motor alignment and verify lubrication for motors and 

bearings.

E. Replace core of replaceable filter dryer after system has been adjusted and after design 
flow rates and pressures are established.

END OF SECTION 232300
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SECTION 232500 HVAC WATER TREATMENT

PART 1 -  GENERAL

1.1 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. This Section includes the following HVAC water-treatment systems:

1. Bypass chemical-feed equipment and controls.
2. Biocide chemical-feed equipment and controls.
3. Chemical treatment test equipment.
4. HVAC water-treatment chemicals.

1.3 DEFINITIONS

A. EEPROM:  Electrically erasable, programmable read-only memory.

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

C. TDS:  Total dissolved solids.

1.4 PERFORMANCE REQUIREMENTS

A. Water quality for HVAC systems shall minimize corrosion, scale buildup, and biological 
growth for optimum efficiency of HVAC equipment without creating a hazard to 
operating personnel or the environment.

B. Base HVAC water treatment on quality of water available at Project site, HVAC system 
equipment material characteristics and functional performance characteristics, operating 
personnel capabilities, and requirements and guidelines of authorities having jurisdiction.

C. Closed hydronic systems, including hot-water heating, chilled water shall have the 
following water qualities:

1. PH:  Maintain a value within 7.8 – 8.4.
2. "P" Alkalinity:  Maintain a value within 100 to 500 ppm.
3. Boron:  Maintain a value within 100 to 200 ppm.
4. Chemical Oxygen Demand:  Maintain a maximum value of 100 ppm.
1. Soluble Copper:  Maintain a maximum value of 0.20 ppm.
2. TDS:  Maintain a maximum value of 10 ppm.
3. Ammonia:  Maintain a maximum value of 20 ppm.
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4. Free Caustic Alkalinity:  Maintain a maximum value of 20 ppm.
5. Microbiological Limits:

a. Total Aerobic Plate Count:  Maintain a maximum value of 1000 
organisms/ml.

b. Total Anaerobic Plate Count:  Maintain a maximum value of 100 
organisms/ml.

c. Nitrate Reducers:  Maintain a maximum value of 100 organisms/ml.
d. Sulfate Reducers:  Maintain a maximum value of 0 organisms/ml.
e. Iron Bacteria:  Maintain a maximum value of 0 organisms/ml.

1.5 SUBMITTALS

A. Product Data:  Include rated capacities, operating characteristics, furnished specialties, 
and accessories for the following products:

1. Bypass feeders.
2. Water meters.
3. Inhibitor injection timers.
4. pH controllers.
5. TDS controllers.
6. Biocide feeder timers.
7. Chemical solution tanks.
8. Injection pumps.
9. Chemical test equipment.
10. Chemical material safety data sheets.
11. Water softeners.
12. Multimedia filters.
13. Self-cleaning strainers.
14. Bag- or cartridge-type filters.
15. Centrifugal separators.

B. Shop Drawings:  Pretreatment and chemical treatment equipment showing tanks, 
maintenance space required, and piping connections to HVAC systems.  Include plans, 
elevations, sections, details, and attachments to other work.

1. Wiring Diagrams:  Power and control wiring.

C. Field quality-control test reports.

D. Operation and Maintenance Data:  For sensors, injection pumps, and controllers to 
include in emergency, operation, and maintenance manuals.

E. Other Informational Submittals:

1. Water-Treatment Program:  Written sequence of operation on an annual basis for 
the application equipment required to achieve water quality defined in the 
"Performance Requirements" Article above.

2. Water Analysis:  Illustrate water quality available at Project site.
3. Passivation Confirmation Report:  Verify passivation of galvanized-steel 

surfaces, and confirm this observation in a letter to Architect.
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1.6 QUALITY ASSURANCE

A. HVAC Water-Treatment Service Provider Qualifications:  An experienced HVAC water-
treatment service provider capable of analyzing water qualities, installing water-treatment 
equipment, and applying water treatment as specified in this Section.

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

1.7 MAINTENANCE SERVICE

A. Scope of Maintenance Service:  Provide chemicals and service program to maintain water 
conditions required above to inhibit corrosion, scale formation, and biological growth for 
cooling, chilled-water piping heating, hot-water piping, condenser-water piping and 
equipment.  Services and chemicals shall be provided for a period of one year from date 
of Substantial Completion, and shall include the following:

1. Initial water analysis and HVAC water-treatment recommendations.
2. Startup assistance for Contractor to flush the systems, clean with detergents, and 

initially fill systems with required chemical treatment prior to operation.
3. Periodic field service and consultation.
4. Customer report charts and log sheets.
5. Laboratory technical analysis.
6. Analyses and reports of all chemical items concerning safety and compliance 

with government regulations.

PART 2 -  PRODUCTS

2.1 MANUFACTURERS

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

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

1. Ecolab Water Care Services.

2.2 MANUAL CHEMICAL-FEED EQUIPMENT

A. Bypass Feeders:  Steel, with corrosion-resistant exterior coating, minimum 3-1/2-inch fill 
opening in the top, and NPS 3/4 bottom inlet and top side outlet.  Quarter turn or threaded 
fill cap with gasket seal and diaphragm to lock the top on the feeder when exposed to 
system pressure in the vessel.

1. Capacity:  6 Gallon.
2. Minimum Working Pressure:  125 psig.
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2.3 AUTOMATIC CHEMICAL-FEED EQUIPMENT

A. Water Meter:

1. AWWA C700, oscillating-piston, magnetic-drive.
2. Body:  Bronze.
3. Minimum Working-Pressure Rating:  150 psig.
4. Maximum Pressure Loss at Design Flow:  3 psig.
5. Registration:  Gallons or cubic feet.
6. End Connections:  Threaded.
7. Controls:  Flow-control switch with normally open contacts; rated for maximum 

10 A, 250-V ac; and that will close at adjustable increments of total flow.

B. Water Meter:

1. AWWA C701, turbine-type, totalization meter.
2. Body:  Bronze.
3. Minimum Working-Pressure Rating:  100 psig.
4. Maximum Pressure Loss at Design Flow:  3 psig.
5. Registration:  Gallons or cubic feet.
6. End Connections:  Threaded.
7. Control:  Low-voltage signal capable of transmitting 1000 feet.

C. Water Meter:

1. AWWA C701, turbine-type, totalization meter.
2. Body:  Bronze.
3. Minimum Working-Pressure Rating:  150 psig.
4. Maximum Pressure Loss at Design Flow:  3 psig.
5. Registration:  Gallons or cubic feet.
6. End Connections:  Flanged.
7. Controls:  Flow-control switch with normally open contacts; rated for maximum 

10 A, 250-V ac; and that will close at adjustable increments of total flow.

D. Inhibitor Injection Timers:

1. Microprocessor-based controller with LCD display in NEMA 250, Type 12 
enclosure with gasketed and lockable door.  Interface for start/stop and status 
indication at central workstation as described in Division 23 Section 
"Instrumentation and Control for HVAC." 

2. Programmable timers with infinite adjustment over full range, and mounted in 
cabinet with hand-off-auto switches and status lights.

3. Test switch.
4. Hand-off-auto switch for chemical pump.
5. Illuminated legend to indicate feed when pump is activated.
6. Programmable lockout timer with indicator light.  Lockout timer to deactivate the 

pump and activate alarm circuits.
7. LCD makeup totalizer to measure amount of makeup and bleed-off water from 

two water meter inputs.
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E. pH Controller:

1. Microprocessor-based controller, 1 percent accuracy in a range from zero to 14 
units.  Incorporate solid-state integrated circuits and digital LCD display in 
NEMA 250, Type 12 enclosure with gasketed and lockable door.  Interface for 
start/stop and status indication at central workstation as described in Division 23 
Section "Instrumentation and Control for HVAC." 

2. Digital display and touch pad for input.
3. Sensor probe adaptable to sample stream manifold.
4. High, low, and normal pH indication.
5. High or low pH alarm light, trip points field adjustable; with silence switch.
6. Hand-off-auto switch for acid pump.
7. Internal adjustable hysteresis or deadband.

F. TDS Controller:

1. Microprocessor-based controller, 1 percent accuracy in a range from zero to 5000 
micromhos.  Incorporate solid-state integrated circuits and digital LCD display in 
NEMA 250, Type 12 enclosure with gasketed and lockable door.  Interface for 
start/stop and status indication at central workstation as described in Division 23 
Section "Instrumentation and Control for HVAC." 

2. Digital display and touch pad for input.
3. Sensor probe adaptable to sample stream manifold.
4. High, low, and normal conductance indication.
5. High or low conductance alarm light, trip points field adjustable; with silence 

switch.
6. Hand-off-auto switch for solenoid bleed-off valve.
7. Bleed-off valve activated indication.
8. Internal adjustable hysteresis or deadband.
9. Bleed Valves:

a. Cooling Systems:  Forged-brass body, globe pattern, general-purpose 
solenoid with continuous-duty coil, or motorized valve.

b. Steam Boilers:  Motorized ball valve, steel body, and TFE seats and 
seals.

G. Biocide Feeder Timer:

1. Microprocessor-based controller with digital LCD display in NEMA 250, 
Type 12 enclosure with gasketed and lockable door.  Interface for start/stop and 
status indication at central workstation as described in Division 23 Section 
"Instrumentation and Control for HVAC." 

2. 24-hour timer with 14-day skip feature to permit activation any hour of day.
3. Precision, solid-state, bleed-off lockout timer and clock-controlled biocide pump 

timer.  Prebleed and bleed lockout timers.
4. Solid-state alternator to enable use of two different formulations.
5. 24-hour display of time of day.
6. 14-day display of day of week.
7. Battery backup so clock is not disturbed by power outages.
8. Hand-off-auto switches for biocide pumps.
9. Biocide A and Biocide B pump running indication.
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H. Chemical Solution Tanks:

1. Chemical-resistant reservoirs fabricated from high-density opaque polyethylene 
with minimum 110 percent containment vessel.

2. Molded cover with recess for mounting pump.
3. Capacity:  50 gal.

I. Chemical Solution Injection Pumps:

1. Self-priming, positive-displacement; rated for intended chemical with minimum 
25 percent safety factor for design pressure and temperature.

2. Adjustable flow rate.
3. Metal and thermoplastic construction.
4. Built-in relief valve.
5. Fully enclosed, continuous-duty, single-phase motor.  Comply with requirements 

in Division 23 Section "Common Motor Requirements for HVAC Equipment."

J. Injection Assembly:

1. Quill:  Minimum NPS 1/2 with insertion length sufficient to discharge into at 
least 25 percent of pipe diameter.

2. Ball Valve:  Three-piece, stainless steel as described in "Stainless-Steel Pipes and 
Fittings" Article below; and selected to fit quill.

3. Packing Gland:  Mechanical seal on quill of sufficient length to allow quill 
removal during system operation.

4. Assembly Pressure/Temperature Rating:  Minimum 600 psig at 200 deg F.

2.4 STAINLESS-STEEL PIPES AND FITTINGS

A. Stainless-Steel Tubing:  Comply with ASTM A 269, Type 316.

B. Stainless-Steel Fittings:  Complying with ASTM A 815/A 815M, Type 316, Grade WP-
S.

C. Two-Piece, Full-Port, Stainless-Steel Ball Valves:  ASTM A 351, Type 316 stainless-
steel body; ASTM A 276, Type 316 stainless-steel stem and vented ball, carbon-filled 
TFE seats, threaded body design with adjustable stem packing, threaded ends, and 250-
psig SWP and 600-psig CWP ratings.

D. Three-Piece, Full-Port, Stainless-Steel Ball Valves:  ASTM A 351, Type 316 stainless-
steel body; ASTM A 276, Type 316 stainless-steel stem and vented ball, threaded body 
design with adjustable stem packing, threaded ends, and 150-psig SWP and 600-psig 
CWP rating.

2.5 CHEMICAL TREATMENT TEST EQUIPMENT

A. Test Kit:  Manufacturer-recommended equipment and chemicals in a wall-mounting 
cabinet for testing pH, TDS, inhibitor, chloride, alkalinity, and hardness; sulfite and 
testable polymer tests for high-pressure boilers, and oxidizing biocide test for open 
cooling systems.
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B. Sample Cooler:

1. Tube:  Sample.

a. Size:  NPS 1/4 tubing.
b. Material:  ASTM A 666, Type 316 stainless steel.
c. Pressure Rating:  Minimum 2000 psig.
d. Temperature Rating:  Minimum 850 deg F.

2. Shell:  Cooling water.

a. Material:  ASTM A 666, Type 304 stainless steel.
b. Pressure Rating:  Minimum 250 psig.
c. Temperature Rating:  Minimum 450 deg F.

3. Capacities and Characteristics:

a. Tube:  Sample.

1) Flow Rate:  0.25 gpm.
2) Entering Temperature:  400 deg F.
3) Leaving Temperature:  88 deg F.
4) Pressure Loss:  6.5 psig.

b. Shell:  Cooling water.

1) Flow Rate:  3 gpm.
2) Entering Temperature:  70 deg F.
3) Pressure Loss:  1.0 psig.

C. Corrosion Test-Coupon Assembly:  Constructed of corrosive-resistant material, complete 
with piping, valves, and mild steel and copper coupons.  Locate copper coupon 
downstream from mild steel coupon in the test-coupon assembly.

1. Two-station rack for closed-loop systems.
2. Four-station rack for open systems.

2.6 CHEMICALS

A. Chemicals shall be as recommended by water-treatment system manufacturer that are 
compatible with piping system components and connected equipment, and that can attain 
water quality specified in Part 1 "Performance Requirements" Article.

B. Water Softener Chemicals:

1. Mineral:  High-capacity, sulfonated-polystyrene ion-exchange resin that is stable 
over entire pH range with good resistance to bead fracture from attrition or 
shock.  Resin exchange capacity minimum 30,000 grains/cu. ft. of calcium 
carbonate of resin when regenerated with 15 lb of salt.

2. Salt for Brine Tanks:  High-purity sodium chloride, free of dirt and foreign 
material.  Rock and granulated forms are not acceptable.
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2.7 FILTRATION EQUIPMENT

A. Multimedia Filters:

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:

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

3. Basis-of-Design Product:  Subject to compliance with requirements, provide the 
product indicated on Drawings or a comparable product by one of the following:

a. LAKOS; a div. of Claude Laval Corporation.
b. Miami Filter LLC.
c. Puroflux Corporation.

4. Description:  Factory-fabricated and -tested, simplex, multimedia filter system of 
filter tank, media, strainer, circulating pump, piping, and controls for removing 
particles from water.

a. Filter Tank:  Corrosion resistant with distribution system and media.

1) Fabricate and label steel filter tanks to comply with ASME 
Boiler and Pressure Vessel Code:  Section VIII, Division 1.

2) Fabricate and label FRP filter tanks to comply with ASME 
Boiler and Pressure Vessel Code:  Section X, if indicated.

3) Pipe Connections NPS 2 and Smaller:  Threaded according to 
ASME B1.20.1.

4) Steel Tank Pipe Connections NPS 2-1/2 and Larger:  Steel, 
Class 150 flanges according to ASME B16.5 or grooved 
according to AWWA C606.

5) FRP Tank Pipe Connections NPS 2-1/2 and Larger:  Type A, 
integral; Designation E, 125-psig  pressure category flanges of 
grade same as tank material according to ASTM D 5421.

b. Motorized Valves:  Flanged or grooved-end, ductile-iron butterfly type 
with EPDM valve seat and stem seal; with ASTM B 148 aluminum 
bronze disc.

c. Strainer:  Basket type mounted on pump suction.
d. Piping:  ASTM A 53/A 53M, Type S, F, or E; Grade B, Schedule 40 

black steel, with flanged, grooved, or threaded joints and malleable, steel 
welding, or ductile-iron fittings.

e. Piping:  ASTM B 88, Type L copper water tube, copper-alloy solder-
joint fittings, and brazed, flanged, or grooved joints.

f. Safety Valves:  Automatic pressure relief.
g. Circulating Pump:  Overhung impeller, close coupled, single stage, end 

suction, centrifugal.  Comply with UL 778 and with HI 1.1-1.2 and 
HI 1.3.

1) Casing:  Radially split, cast iron.
2) Pressure Rating:  125 psig minimum.
3) Impeller:  ASTM B 584, cast bronze; statically and dynamically 

balanced, closed, and keyed to shaft.
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4) Shaft and Shaft Sleeve:  Steel shaft, with copper-alloy shaft 
sleeve.

5) Seal:  Mechanical.
6) Motor:  ODP motor supported on the pump-bearing frame.  

General requirements for motors are specified in Division 23 
Section "Common Motor Requirements for HVAC Equipment."

h. Controls:  Automatic control of circulating pump and tank backwash; 
factory wired for single electrical connection.

1) Panel:  NEMA 250, Type 4 enclosure with time clock and 
pressure gages.

2) Pump:  Automatic and manual switching; manual switch position 
bypasses safeties and controls.

3) Backwash:  Automatic; with time clock and differential pressure 
switch.

4) Backwash Valve:  Tank mounted with valves interlocked to 
single actuator.

i. Support:  Skid mounting. Fabricate supports and base and attachment to 
tank with reinforcement strong enough to resist filter movement during a 
seismic event when filter base is anchored to building structure.

B. Centrifugal Separators:

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:

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

PART 3 -  EXECUTION

3.1 WATER ANALYSIS

A. Perform an analysis of supply water to determine quality of water available at Project 
site.

3.2 INSTALLATION

A. Install chemical application equipment on concrete bases, level and plumb.  Maintain 
manufacturer's recommended clearances.  Arrange units so controls and devices that 
require servicing are accessible.  Anchor chemical tanks and floor-mounting accessories 
to substrate.

B. Install seismic restraints for equipment and floor-mounting accessories and anchor to 
building structure.  Refer to Division 23 Section "Vibration and Seismic Controls for 
HVAC Piping and Equipment" for seismic restraints.

C. Install water testing equipment on wall near water chemical application equipment.
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D. Install interconnecting control wiring for chemical treatment controls and sensors.

E. Mount sensors and injectors in piping circuits.

F. Bypass Feeders:  Install in closed hydronic systems, including hot-water heating, chilled 
water and equipped with the following:

1. Install bypass feeder in a bypass circuit around circulating pumps, unless 
otherwise indicated on Drawings.

2. Install water meter in makeup water supply.
3. Install test-coupon assembly in bypass circuit around circulating pumps, unless 

otherwise indicated on Drawings.
4. Install a gate or full-port ball isolation valves on inlet, outlet, and drain below 

feeder inlet.
5. Install a swing check on inlet after the isolation valve.

G. Install automatic chemical-feed equipment for steam boiler and steam condensate 
systems and include the following:

1. Install water meter in makeup water supply.
2. Install inhibitor injection pumps and solution tanks with injection timer sensing 

contacts in water meter.

a. Pumps shall operate for timed interval when contacts close at water 
meter in makeup water supply connection.  Injection pump shall 
discharge into boiler feedwater tank or feedwater supply connection at 
boiler.

3. Install test equipment and furnish test-kit to Owner.
4. Install TDS controller with sensor and bleed valves.

a. Bleed valves shall cycle to maintain maximum TDS concentration.

5. Install inhibitor injection timer with injection pumps and solution tanks.

a. Pumps shall operate for timed interval on contact closure at water meter 
in makeup water supply connection.  Injection pump shall discharge into 
main steam supply header.

H. Install automatic chemical-feed equipment for [condenser] [fluid-cooler spray] water and 
include the following:

1. Install makeup water softener.
2. Install water meter in makeup water supply.
3. Install inhibitor injection pumps and solution tanks with injection timer sensing 

contacts in water meter.

a. Pumps shall operate for timed interval on contact closure at water meter 
in makeup water supply connection.  Injection pump shall discharge into 
boiler feedwater tank or feedwater supply connection at boiler.

4. Install test equipment and provide test-kit to Owner.  Install test-coupon 
assembly in bypass circuit around circulating pumps, unless otherwise indicated 
on Drawings.
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5. Install TDS controller with sensor and bleed valves.

a. Bleed valves shall cycle to maintain maximum TDS concentration.

6. Install pH sensor and controller with injection pumps and solution tanks.

a. Injector pumps shall operate to maintain required pH.

7. Install biocide feeder alternating timer with two sets of injection pumps and 
solution tanks.

a. Injection pumps shall operate to feed biocide on an alternating basis.

3.3 CONNECTIONS

A. Piping installation requirements are specified in other Division 23 Sections.  Drawings 
indicate general arrangement of piping, fittings, and specialties.

B. Install piping adjacent to equipment to allow service and maintenance.

C. Make piping connections between HVAC water-treatment equipment and dissimilar-
metal piping with dielectric fittings.  Dielectric fittings are specified in Division 23 
Section "Common Work Results for HVAC."

D. Install shutoff valves on HVAC water-treatment equipment inlet and outlet.  Metal 
general-duty valves are specified in Division 23 Section "General-Duty Valves for 
HVAC Piping."

E. Refer to Division 22 Section "Domestic Water Piping Specialties" for backflow 
preventers required in makeup water connections to potable-water systems.

F. Confirm applicable electrical requirements in Division 26 Sections for connecting 
electrical equipment.

G. Ground equipment according to Division 26 Section "Grounding and Bonding for 
Electrical Systems."

H. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power 
Conductors and Cables."

3.4 FIELD QUALITY CONTROL

A. Manufacturer's Field Service:  Engage a factory-authorized service representative to 
inspect, test, and adjust components, assemblies, and equipment installations, including 
connections.  Report results in writing.

B. Perform tests and inspections and prepare test reports.

1. Manufacturer's Field Service:  Engage a factory-authorized service representative 
to inspect components, assemblies, and equipment installations, including 
connections, and to assist in testing.
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C. Tests and Inspections:

1. Inspect field-assembled components and equipment installation, including piping 
and electrical connections.

2. Inspect piping and equipment to determine that systems and equipment have 
been cleaned, flushed, and filled with water, and are fully operational before 
introducing chemicals for water-treatment system.

3. Place HVAC water-treatment system into operation and calibrate controls during 
the preliminary phase of HVAC systems' startup procedures.

4. Do not enclose, cover, or put piping into operation until it is tested and 
satisfactory test results are achieved.

5. Test for leaks and defects.  If testing is performed in segments, submit separate 
report for each test, complete with diagram of portion of piping tested.

6. Leave uncovered and unconcealed new, altered, extended, and replaced water 
piping until it has been tested and approved.  Expose work that has been covered 
or concealed before it has been tested and approved.

7. Cap and subject piping to static water pressure of 50 psig above operating 
pressure, without exceeding pressure rating of piping system materials.  Isolate 
test source and allow test pressure to stand for four hours.  Leaks and loss in test 
pressure constitute defects.

8. Repair leaks and defects with new materials and retest piping until no leaks exist.

D. Remove and replace malfunctioning units and retest as specified above.

E. Sample boiler water at one-week intervals after boiler startup for a period of five weeks, 
and prepare test report advising Owner of changes necessary to adhere to Part 1 
"Performance Requirements" Article for each required characteristic.  Sample boiler 
water at four week intervals following the testing noted above to show that automatic 
chemical-feed systems are maintaining water quality within performance requirements 
specified in this Section.

F. At four week intervals following Substantial Completion, perform separate water 
analyses on hydronic systems to show that automatic chemical-feed systems are 
maintaining water quality within performance requirements specified in this Section.  
Submit written reports of water analysis advising Owner of changes necessary to adhere 
to Part 1 "Performance Requirements" Article.

G. Comply with ASTM D 3370 and with the following standards:

1. Silica:  ASTM D 859.
2. Steam System:  ASTM D 1066.
3. Acidity and Alkalinity:  ASTM D 1067.
4. Iron:  ASTM D 1068.
5. Water Hardness:  ASTM D 1126.
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3.5 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain HVAC water-treatment systems and 
equipment.  Refer to Division 01 Section "Demonstration and Training."

B. Training:  Provide a "how-to-use" self-contained breathing apparatus video that details 
exact operating procedures of equipment.

END OF SECTION 232500
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SECTION 233113 HVAC DUCTS

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes rectangular and round, metal ducts and plenums for heating, 
ventilating, and air-conditioning systems in pressure classes from minus 2- to plus 2-inch 
wg.

B. Related Sections include the following:

1. Division 23 Section "Duct Insulation" for duct insulation.
2. Division 23 Section "Air Duct Accessories" for dampers, sound-control devices, 

duct-mounted access doors and panels, turning vanes, and flexible ducts.
3. Division 23 Section "Diffusers, Registers, and Grilles."
4. Division 23 Section "Testing, Adjusting, and Balancing" for air balancing and 

final adjusting of manual-volume dampers.

1.3 SYSTEM DESCRIPTION

A. Duct system design, as indicated, has been used to select and size air-moving and -
distribution equipment and other components of air system.  Changes to layout or 
configuration of duct system must be specifically approved in writing by Architect.  
Accompany requests for layout modifications with calculations showing that proposed 
layout will provide original design results without increasing system total pressure.

1.4 SUBMITTALS

A. Product Data:  For duct liner and sealing materials.

B. Shop Drawings:  Show details of the following:

1. Hangers and supports, including methods for building attachment, vibration 
isolation, and duct attachment for ductwork.

2. Duct layout.

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

D. Record Drawings:  Indicate actual routing, fitting details, reinforcement, support, and 
installed accessories and devices.
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1.5 QUALITY ASSURANCE

A. Welding Standards:  Qualify welding procedures and welding personnel to perform 
welding processes for this Project according to AWS D1.1, "Structural Welding Code--
Steel," for hangers and supports; AWS D1.2, "Structural Welding Code--Aluminum," for 
aluminum supporting members; and AWS D9.1, "Sheet Metal Welding Code," for duct 
joint and seam welding.

B. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," 
unless otherwise indicated.

C. Comply with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning 
Systems," unless otherwise indicated.

D. Comply with NFPA 96, "Ventilation Control and Fire Protection of Commercial Cooking 
Operations," Chapter 3, "Duct System," for range hood ducts, unless otherwise indicated.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Deliver sealant and firestopping materials to site in original unopened containers or 
bundles with labels indicating manufacturer, product name and designation, color, 
expiration period for use, pot life, curing time, and mixing instructions for 
multicomponent materials.

B. Store and handle sealant and firestopping materials according to manufacturer's written 
recommendations.

C. Deliver and store stainless-steel sheets with mill-applied adhesive protective paper 
maintained through fabrication and installation.

PART 2 -  PRODUCTS

2.1 SHEET METAL MATERIALS

A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653/A 653M, G90 (Z275) 
coating designation; mill-phosphatized finish for surfaces of ducts exposed to view.

B. Carbon-Steel Sheets:  ASTM A 366/A 366M, cold-rolled sheets; commercial quality; 
with oiled, exposed matte finish.

C. Tie Rods:  Provide “Condu-Lock Tie Rod reinforcement hardware.”

2.2 DUCT LINER

A. General:  Comply with NFPA 90A or NFPA 90B and NAIMA's "Fibrous Glass Duct 
Liner Standard."

B. Materials:  ASTM C 1071 with coated surface exposed to airstream to prevent erosion of 
glass fibers.
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1. Thickness:  1-1/2 inches.
2. Thermal Conductivity (k-Value):  0.26 at 75 deg F mean temperature.
3. Fire-Hazard Classification:  Maximum flame-spread rating of 25 and smoke-

developed rating of 50, when tested according to ASTM C 411.
4. Liner Adhesive:  Comply with NFPA 90A or NFPA 90B and ASTM C 916.
5. Mechanical Fasteners:  Galvanized steel, suitable for adhesive attachment, 

mechanical attachment, or welding attachment to duct without damaging liner 
when applied as recommended by manufacturer and without causing leakage in 
duct.

a. Tensile Strength:  Indefinitely sustain a 50-lb tensile, dead-load test 
perpendicular to duct wall.

b. Fastener Pin Length:  As required for thickness of insulation and without 
projecting more than 1/8 inch into airstream.

c. Adhesive for Attaching Mechanical Fasteners: Comply with fire-hazard 
classification of duct liner system.

2.3 SEALANT MATERIALS

A. Joint and Seam Sealants, General:  The term "sealant" is not limited to materials of 
adhesive or mastic nature but includes tapes and combinations of open-weave fabric 
strips and mastics.

1. Provide ductmate industries EZ-Seal industrial grade water based duct sealant. 

2.4 HANGERS AND SUPPORTS

A. Building Attachments: Concrete inserts or structural-steel fasteners appropriate for 
building materials.

B. Hanger Materials:  Galvanized, sheet steel or round, threaded steel rod.

1. Hangers Installed in Corrosive Atmospheres:  Electrogalvanized, all-thread rod 
or galvanized rods with threads painted after installation.

2. Straps and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction 
Standards--Metal and Flexible" for sheet steel width and thickness and for steel 
rod diameters.

C. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; 
compatible with duct materials.

D. Trapeze and Riser Supports:  Steel shapes complying with ASTM A 36/A 36M.

1. Supports for Galvanized-Steel Ducts:  Galvanized steel shapes and plates.
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2.5 RECTANGULAR DUCT FABRICATION

A. General:  Fabricate ducts, elbows, transitions, offsets, branch connections, and other 
construction with galvanized, sheet steel, according to SMACNA's "HVAC Duct 
Construction Standards--Metal and Flexible."  Comply with requirements for metal 
thickness, reinforcing types and intervals, tie-rod applications, and joint types and 
intervals.

1. Lengths:  Fabricate rectangular ducts in lengths appropriate to reinforcement and 
rigidity class required for pressure classification.

2. Materials:  Free from visual imperfections such as pitting, seam marks, roller 
marks, stains, and discolorations.

B. Static-Pressure Classifications:  Unless otherwise indicated, construct ducts to the 
following:

1. Supply Ducts:  
a. Medium Pressure: 3 inch wg.
b. Low Pressure: 2 inch wg.

2. Return Ducts:  2-inch wg, negative pressure.
3. Exhaust Ducts:  2-inch wg, negative pressure.

C. Cross Breaking or Cross Beading:  Cross break or cross bead duct sides 19 inches and 
larger and 0.0359 inch thick or less, with more than 10 sq. ft. of unbraced panel area, 
unless ducts are lined.

2.6 SHOP APPLICATION OF LINER IN RECTANGULAR DUCTS

A. Adhere a single layer of indicated thickness of duct liner with 90 percent coverage of 
adhesive at liner contact surface area.  Multiple layers of insulation to achieve indicated 
thickness are prohibited.

B. Apply adhesive to liner facing in direction of airflow not receiving metal nosing.

C. Butt transverse joints without gaps and coat joint with adhesive.

D. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-
edge overlapping.

E. Do not apply liners in rectangular ducts with longitudinal joints, except at corners of 
ducts, unless duct size and standard liner product dimensions make longitudinal joints 
necessary.

F. Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 fpm).

G. Secure liner with mechanical fasteners 4 inches from corners and at intervals not 
exceeding 12 inches transversely around perimeter; at 3 inches from transverse joints and 
at intervals not exceeding 18 inches longitudinally.

H. Secure transversely oriented liner edges facing the airstream with metal nosings that have 
either channel or "Z" profile or are integrally formed from duct wall.  Fabricate edge 
facings at the following locations:
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1. Fan discharge.
2. Intervals of lined duct preceding unlined duct.
3. Upstream edges of transverse joints in ducts.

I. Terminate liner with duct buildouts installed in ducts to attach dampers, turning vane 
assemblies, and other devices.  Fabricated buildouts (metal hat sections) or other buildout 
means are optional; when used, secure buildouts to duct wall with bolts, screws, rivets, or 
welds.  Terminate liner at fire dampers at connection to fire-damper sleeve.

2.7 ROUND DUCT FABRICATION

A. General:  Diameter as applied to flat-oval ducts in this Article is the diameter of the size 
of round duct that has a circumference equal to perimeter of a given size of flat-oval duct.

B. Round Ducts:  Fabricate supply ducts of galvanized steel according to SMACNA's 
"HVAC Duct Construction Standards--Metal and Flexible."

2.8 ROUND SUPPLY AND EXHAUST FITTING FABRICATION

A. 90-Degree Tees and Laterals and Conical Tees:  Fabricate to comply with SMACNA's 
"HVAC Duct Construction Standards--Metal and Flexible," with metal thicknesses 
specified for longitudinal seam straight duct.

B. Diverging-Flow Fittings:  Fabricate with a reduced entrance to branch taps with no 
excess material projecting from body onto branch tap entrance.

C. Elbows:  Fabricate in die-formed, gored, pleated, or mitered construction.  Fabricate bend 
radius of die-formed, gored, and pleated elbows one and one-half times elbow diameter.  

D. Low Pressure Duct: Duct run outs for 12 inch diameter and below adjustable elbows. 

PART 3 -  EXECUTION

3.1 DUCT INSTALLATION, GENERAL

A. Provide carbon steel ducts for kitchen exhaust system and as noted on drawings.  All 
remaining duct shall be galvanized steel.

B. Duct installation requirements are specified in other Division 23 Sections.  Drawings 
indicate general arrangement of ducts, fittings, and accessories.

C. Construct and install each duct system for the specific duct pressure classification 
indicated.

D. Install round ducts in lengths not less than 10’, unless interrupted by fittings.

E. Install ducts with fewest possible joints.

F. Install fabricated fittings for changes in directions, changes in size and shape, and 
connections.
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G. Install couplings tight to duct wall surface with a minimum of projections into duct.

H. Install ducts, unless otherwise indicated, vertically and horizontally, parallel and 
perpendicular to building lines; avoid diagonal runs.

I. Install ducts close to walls, overhead construction, columns, and other structural and 
permanent enclosure elements of building.

J. The duct dimensions indicated on the drawings shall be inside clear dimensions of 
ductwork

K. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.

L. Conceal ducts from view in finished spaces.  Do not encase horizontal runs in solid 
partitions, unless specifically indicated.

M. If duct can be seen in finished space, provide duct liner in lieu of exterior insulation of 
similar thickness.

N. Coordinate layout with suspended ceiling, fire- and smoke-control dampers, lighting 
layouts, and similar finished work.

O. Electrical Equipment Spaces:  Route ductwork to avoid passing through transformer 
vaults and electrical equipment spaces and enclosures.

P. Non-Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and 
exterior walls, and are exposed to view, conceal space between construction opening and 
duct or duct insulation with sheet metal flanges of same metal thickness as duct.  Overlap 
opening on four sides by at least 1-1/2 inches.

Q. Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and 
exterior walls, install appropriately rated fire damper, sleeve, and firestopping sealant.  
Fire and smoke dampers are specified in Division 23 Section "Air Duct Accessories."  
Firestopping materials and installation methods are specified in Division 7 Section 
"Firestopping."

3.2 SEAM AND JOINT SEALING

A. General:  Seal duct seams and joints according to the duct pressure class indicated and as 
described in SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."

B. Pressure Classification Less Than 2-Inch wg:  Transverse joints.

C. Seal externally insulated ducts before insulation installation.

3.3 HANGING AND SUPPORTING

A. Install rigid round, rectangular, and flat-oval metal duct with support systems indicated in 
SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."

B. Support horizontal ducts within 24 inches of each elbow and within 48 inches of each 
branch intersection.
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C. Support vertical ducts at a maximum interval of 16 feet and at each floor.

D. Install upper attachments to structures with an allowable load not exceeding one-fourth of 
failure (proof-test) load.

E. Install concrete inserts before placing concrete.

3.4 CONNECTIONS

A. Connect equipment with flexible connectors according to Division 23 Section "Air Duct 
Accessories."

B. For branch, outlet and inlet, and terminal unit connections, comply with SMACNA's 
"HVAC Duct Construction Standards--Metal and Flexible."

3.5 ADJUSTING

A. Adjust volume-control dampers in ducts, outlets, and inlets to achieve design airflow.

B. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for detailed procedures.

3.6 DUCTWORK PROTOCOL 

A. Fabrication: Shop fabricated ductwork will be manufactured to “shop” conditions. 
Ductwork will ship to jobsite assembled. 

B. Shipping: Protect shop fabricated ductwork; accessories are purchased products from 
damage during shipping. Ductwork will be protected from dirt and moisture during 
transit. 

C. Storage: Ductwork that is delivered to the site must be installed as soon as reasonably 
possible. If the ductwork is to be stored at site, it will either be in storage inside structure, 
4” above the ground or floor to avoid damage from weather or spills. Cover all stored 
ductwork to protect from moisture and debris. 

D. Handling: When moving or unloading ductwork shipments, DO NOT place ductwork in 
dirt, mud or debris. Place ductwork directly inside structure or inside storage facility 
upon arrival at jobsite. Whenever possible, store the ductwork inside and protect from 
weather per the storage requirements. 

E. Installation and final cleaning: Clean ductwork internally, unit by unit as installed, 
remove dust, dirt and debris. Clean external surfaces of foreign substances. Interior 
surfaces must be dust free prior to installation. At the end of the workday, a designated 
person shall verify all ends are covered before leaving the jobsite. 

F. Finishes: Prior to installation of grills, registers and diffusers, sheet metal contractor to 
notify general contractor that all sanding, grinding, painting or any other dust producing 
activities shall be completed. If this is not possible fur to the schedule, general contractor 
to approve the proceeding of G, R &D installation. 
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G. Terminal Unit: All terminal units to be covered on the ends and any critical components 
to avoid dust, dirt and debris from entering them during storage or rough-in stages of the 
project.

END OF SECTION 233113
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SECTION 233300  DUCT ACCESSORIES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes the following:

1. Backdraft dampers.
2. Manual-volume dampers.
3. Fire and smoke dampers.
4. Turning vanes.
5. Duct-mounted access doors and panels.
6. Flexible ducts.
7. Flexible connectors.
8. Duct accessory hardware.
9. Duct silencers.
10. Variable air volume terminal units.

1.3 SUBMITTALS

A. Product Data:  For the following:

1. Backdraft dampers.
2. Manual-volume dampers.
3. Fire and smoke dampers.
4. Duct-mounted access doors and panels.
5. Flexible ducts.
6. VAV terminal units.

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loadings, 
required clearances, method of field assembly, and components.

1.4 QUALITY ASSURANCE

A. NFPA Compliance:  Comply with the following NFPA standards:

1. NFPA 90A, "Installation of Air Conditioning and Ventilating Systems."
2. NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems.
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PART 2 - PRODUCTS

2.1 SHEET METAL MATERIALS

A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653/A 653M, G90 coating 
designation; mill-phosphatized finish for surfaces of ducts exposed to view.

B. Carbon-Steel Sheets:  ASTM A 366/A, cold-rolled sheets, commercial quality, with oiled, 
exposed matte finish.

C. Reinforcement Shapes and Plates:  Galvanized steel reinforcement where installed on 
galvanized, sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.

2.2 BACKDRAFT DAMPERS

A. Description:  Suitable for horizontal or vertical installations.

B. Frame:  0.063-inch thick extruded aluminum, with mounting flange.

C. Blades:  0.050-inch thick aluminum sheet.

D. Blade Seals:  Vinyl.

E. Blade Seals:  Neoprene.

F. Blade Axles:  Nonferrous.

G. Tie Bars and Brackets:  Aluminum.

H. Return Spring:  Adjustable tension.

2.3 MANUAL-VOLUME DAMPERS

A. General:  Fabricated with required hardware and accessories.  Stiffen damper blades for 
stability.  Include locking device to hold single-blade dampers in a fixed position without 
vibration.  Close duct penetrations for damper components to seal duct consistent with pressure 
class.

B. Pressure Classifications of 3-Inch wg or Higher:  End bearings or other seals for ducts with 
axles full length of damper blades and bearings at both ends of operating shaft.

C. Standard Volume Dampers:  Multiple- or single-blade, parallel- or opposed-blade design as 
indicated, standard leakage rating, with linkage outside airstream, and suitable for horizontal or 
vertical applications.

D. Frames:  Hat-shaped, 0.10-inch thick, aluminum sheet channels; frames with flanges where 
indicated for attaching to walls; and flangeless frames where indicated for installing in ducts.

E. Blade Axles:  Nonferrous.

F. Tie Bars and Brackets.
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G. Low-Leakage Volume Dampers:  Multiple- or single-blade, parallel- or opposed-blade design as 
indicated, low-leakage rating, with linkage outside airstream, and suitable for horizontal or 
vertical applications.

H. Frames:  Hat-shaped, 0.063-inch thick, channels; frames with flanges where indicated for 
attaching to walls; and flangeless frames where indicated for installing in ducts.

I. Blades:  0.050-inch thick extruded aluminum.

J. Blade Seals:  Neoprene.

K. Blade Axles:  Nonferrous.

L. Tie Bars and Brackets.

2.4 FIRE DAMPERS

A. General:  Labeled to UL 555.

B. Fire Rating:  One and one-half hours.

C. Frame:  SMACNA Type B with blades out of airstream; fabricated with roll-formed, 0.034-inch 
thick galvanized steel; with mitered and interlocking corners.

D. Mounting Sleeve:  Factory- or field-installed galvanized, sheet steel.
1. Minimum Thickness:  0.052 inch or 0.138 inch thick as indicated, and length to suit 

application.
2. Exceptions:  Omit sleeve where damper frame width permits direct attachment of 

perimeter mounting angles on each side of wall or floor, and thickness of damper frame 
complies with sleeve requirements.

E. Mounting Orientation:  Vertical or horizontal as indicated.

F. Blades:  Roll-formed, interlocking, 0.034-inch thick, galvanized, sheet steel.  In place of 
interlocking blades, use full-length, 0.034-inch thick, galvanized steel blade connectors.

G. Horizontal Dampers:  Include a blade lock and stainless-steel negator closure spring.

H. Fusible Link:  Replaceable, 165 or 212 deg F rated as indicated.

2.5 SMOKE DAMPERS

A. General:  Labeled to UL 555S.  Combination fire and smoke dampers shall be labeled for one-
and-one-half-hour rating to UL 555.

B. Fusible Link:  Replaceable, 165 or 212 deg F rated as indicated.

C. Frame and Blades:  0.064-inch thick, galvanized, sheet steel.

D. Mounting Sleeve:  Factory-installed, 0.052-inch thick, galvanized, sheet steel; length to suit 
wall or floor application.
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E. Damper Motors:  Provide for two-position action.
1. Two-Position Motor:  115 V, single phase, 60 Hz.

2.6 TURNING VANES

A. Fabricate to comply with SMACNA's "HVAC Duct Construction Standards--Metal and 
Flexible."

B. Manufactured Turning Vanes:  Provide sheet metal connectors inc. for turning vanes.

2.7 DUCT-MOUNTED ACCESS DOORS AND PANELS

A. General:  Fabricate doors and panels airtight and suitable for duct pressure class.

B. Frame:  Galvanized, sheet steel, with bend-over tabs and foam gaskets.

C. Door:  Double-wall, galvanized, sheet metal construction with insulation fill and thickness, and 
number of hinges and locks as indicated for duct pressure class.  Include 1-by-1-inch butt or 
piano hinge and cam latches.

D. Seal around frame attachment to duct and door to frame with neoprene or foam rubber.

E. Insulation:  1-inch thick, fibrous-glass or polystyrene-foam board.

2.8 FLEXIBLE CONNECTORS

A. General:  Flame-retarded or noncombustible fabrics, coatings, and adhesives complying with 
UL 181, Class 1.

B. Standard Metal-Edged Connectors:  Factory fabricated with a strip of fabric 3-1/2 inches (89 
mm) wide attached to two strips of 2-3/4-inch wide, 0.028-inch thick, galvanized, sheet steel or 
0.032-inch (0.8-mm) aluminum sheets.  Select metal compatible with connected ducts.

C. Conventional, Indoor System Flexible Connector Fabric:  Glass fabric double coated with 
polychloroprene.
1. Minimum Weight:  26 oz./sq. yd. 
2. Tensile Strength:  480 lbf/inch in the warp, and 360 lbf/inch in the filling.

D. Conventional, Outdoor System Flexible Connector Fabric:  Glass fabric double coated with a 
synthetic-rubber, weatherproof coating resistant to the sun's ultraviolet rays and ozone 
environment.
1. Minimum Weight:  26 oz./sq. yd. 
2. Tensile Strength:  530 lbf/inch in the warp, and 440 lbf/inch in the filling.
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2.9 FLEXIBLE DUCTS

A. General:  Comply with UL 181, Class 1.

B. Flexible Ducts, Insulated:  Factory-fabricated, insulated, round duct, with an outer jacket 
enclosing 1-1/2-inch thick, glass-fiber insulation around a continuous inner liner.
1. Reinforcement:  Steel-wire helix encapsulated in inner liner.
2. Outer Jacket:  Polyethylene film.
3. Inner Liner:  Polyethylene film.

C. Pressure Rating:  6-inch wg positive, 1/2-inch wg negative.

2.10 ACCESSORY HARDWARE

A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, including screw cap 
and gasket.  Size to allow insertion of pitot tube and other testing instruments, and length to suit 
duct insulation thickness.

B. Splitter Damper Accessories:  Zinc-plated damper blade bracket; 1/4-inch (6-mm), zinc-plated 
operating rod; and a duct-mounted, ball-joint bracket with flat rubber gasket and square-head set 
screw.

C. Flexible Duct Clamps:  Duct Strap the 36” and 48” applications include HVAC duct dtraps and 
UL 1841B listed. 

D. Adhesives:  High strength, quick setting, neoprene based, waterproof, and resistant to gasoline 
and grease.

2.11 VARIABLE AIR VOLUME TERMINAL UNITS

A. Units shall be 24 gauge galvanized steel, lined with 1-1/2 pound insulation as required by UL-
181 and NFPA-90A.  Insulation shall be totally encapsulated to prevent fibers from entering 
airstream.

B. Responsibility for the provision of damper actuator, DDC VAV box controller including 
velocity pressure transducer and control transformer shall be by the Automatic Temperature 
Controls contractor.  Terminal box manufacturer shall include with this bid, costs of mounting 
the controller on his box and piping the controller’s transducer to his flow sensor (in accordance 
with control manufacturer’s instructions).

C. Boxes shall have multipoint averaging type airflow sensors.  Boxes with single point sensors are 
unacceptable.

D. Differential static pressure drop of complete assembly shall not exceed 0.20” wg.  Damper leak 
rate shall not exceed 2% of full volume at 3” static pressure rated by ADC.  Units shall not 
deviate from set minimum or maximum flow settings by more than 10% regardless of inlet 
angle.  Inlet velocities shall not exceed 2000 fpm.

E. Unit’s control apparatus shall be compatible with the control system.
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F. The mechanical division contractor shall have complete responsibility for ensuring that the 
submitted terminal box and VAV DDC controller are compatible with each other, and that they 
can perform all sequences of operation shown on the control drawings.  Contractor shall submit 
the following items with this shop drawing submittal:

G. The name of the terminal box manufacturer.

H. The name of the temperature controls manufacturer.

I. A statement that the mechanical division contractor has contacted both vendors and verified that 
the terminal box and DDC controller are compatible with each other.

J. Provide control transformer, associated power wiring and breaker as required from electrical 
panelboard.  Coordinate with electrical contractor, location, number of circuits.

K. Hot Water Coils (where scheduled)

L. Provide hot water coils with capacities, pressure drops and leaving air temperatures as shown on 
Drawings.

M. Coil shall be ½” or 5/8 copper tube expanded mechanically into continuous aluminum fin 
collars, with copper or bronze headers and galvanized steel casings.  

N. Proof test at 300 psi and leak test at 250 psi air pressure under water.  Certify suitability for 200 
psi working pressure.

O. Coil shall meet requirements of ARI 410-74.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install duct accessories according to applicable details shown in SMACNA's "HVAC Duct 
Construction Standards--Metal and Flexible" for metal ducts and NAIMA's "Fibrous Glass Duct 
Construction Standards" for fibrous-glass ducts.

B. Install volume dampers in lined duct; avoid damage to and erosion of duct liner.

C. Provide test holes at fan inlet and outlet and elsewhere as indicated.

D. Install fire and smoke dampers according to manufacturer's UL-approved written instructions.
1. Install fusible links in fire dampers.

E. Install duct access panels for access to both sides of duct coils.  Install duct access panels 
downstream from volume dampers, fire dampers, turning vanes, and equipment.
1. Install duct access panels to allow access to interior of ducts for cleaning, inspecting, 

adjusting, and maintaining accessories and terminal units.
2. Install access panels on side of duct where adequate clearance is available.

F. Label access doors according to Division 15 Section "Mechanical Identification."
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3.2 ADJUSTING

A. Adjust duct accessories for proper settings.

B. Adjust fire and smoke dampers for proper action.

C. Final positioning of manual-volume dampers is specified in Division 15 Section "Testing, 
Adjusting, and Balancing."

END OF SECTION 233300
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SECTION 233423 HVAC POWER VENTILATORS

PART 1 -  GENERAL

1.1 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. This Section includes the following:

1. Utility set fans.
2. Centrifugal roof ventilators.
3. Ceiling-mounting ventilators.
4. In-line centrifugal fans.

1.3 PERFORMANCE REQUIREMENTS

A. Operating Limits:  Classify according to AMCA 99.

1.4 SUBMITTALS

A. Product Data:  Include rated capacities, furnished specialties, and accessories for each 
type of product indicated and include the following:

1. Certified fan performance curves with system operating conditions indicated.
2. Certified fan sound-power ratings.
3. Motor ratings and electrical characteristics, plus motor and electrical accessories.
4. Material thickness and finishes, including color charts.
5. Dampers, including housings, linkages, and operators.
6. Roof curbs.
7. Fan speed controllers.

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

1. Wiring Diagrams:  Power, signal, and control wiring.
2. Design Calculations:  Calculate requirements for selecting vibration isolators and 

seismic restraints and for designing vibration isolation bases.
3. 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.
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C. Coordination Drawings:  Reflected ceiling plans and other details, drawn to scale, on 
which the following items are shown and coordinated with each other, based on input 
from installers of the items involved:

1. Roof framing and support members relative to duct penetrations.
2. Ceiling suspension assembly members.
3. Size and location of initial access modules for acoustical tile.
4. Ceiling-mounted items including light fixtures, diffusers, grilles, speakers, 

sprinklers, access panels, and special moldings.

D. Field quality-control test reports.

E. Operation and Maintenance Data:  For power ventilators to include in emergency, 
operation, and maintenance manuals.

1.5 QUALITY ASSURANCE

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

B. AMCA Compliance:  Products shall comply with performance requirements and shall be 
licensed to use the AMCA-Certified Ratings Seal.

C. NEMA Compliance:  Motors and electrical accessories shall comply with NEMA 
standards.

D. UL Standard:  Power ventilators shall comply with UL 705.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Deliver fans as factory-assembled unit, to the extent allowable by shipping limitations, 
with protective crating and covering.

B. Disassemble and reassemble units, as required for moving to final location, according to 
manufacturer's written instructions.

C. Lift and support units with manufacturer's designated lifting or supporting points.

1.7 COORDINATION

A. Coordinate size and location of structural-steel support members.

B. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  
Concrete, reinforcement, and formwork requirements are specified in Division 03.

C. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These 
items are specified in Division 07 Section "Roof Accessories."
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1.8 EXTRA MATERIALS

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

1. Belts:  One set(s) for each belt-driven unit.

PART 2 -  PRODUCTS

2.1 UTILITY SET FANS

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

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

C. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 
indicated on Drawings or a comparable product by one of the following:

1. Aerovent; a Twin City Fan Company.
2. Greenheck
3. Carnes Company HVAC.
4. JencoFan; Div. of Breidert Air Products.
5. Loren Cook Company.
6. Penn Ventilation.

D. Description:  Belt-driven centrifugal fans consisting of housing, wheel, fan shaft, 
bearings, motor and disconnect switch, drive assembly, and accessories.

E. Housing:  Fabricated of  galvanized steel with side sheets fastened with a deep lock seam 
or welded to scroll sheets.

1. Housing Discharge Arrangement:  Adjustable to eight standard positions.

F. Fan Wheels:  Single-width, single inlet; welded to cast-iron or cast-steel hub and spun-
steel inlet cone, with hub keyed to shaft.

1. Blade Materials:  Aluminum.
2. Blade Type:  Backward inclined.
3. Spark-Resistant Construction:  AMCA 99, Type A.

G. Fan Shaft:  Turned, ground, and polished steel; keyed to wheel hub.

H. Shaft Bearings:  Prelubricated and sealed, self-aligning, pillow-block-type ball bearings 
with ABMA 9, L50 of 200,000 hours.

I. Belt Drives:  Factory mounted, with final alignment and belt adjustment made after 
installation.
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1. Service Factor Based on Fan Motor Size:  1.2.
2. Motor Pulleys:  Adjustable pitch for use with motors through 5 hp; fixed pitch for 

use with larger motors.  Select pulley so pitch adjustment is at the middle of 
adjustment range at fan design conditions.

3. Belts:  Oil resistant, nonsparking, and nonstatic; matched sets for multiple belt 
drives.

4. Belt Guards:  Fabricate of steel for motors mounted on outside of fan cabinet.

J. Accessories:

1. Inlet and Outlet:  Flanged.
2. Backdraft Dampers:  Gravity actuated with counterweight and interlocking 

aluminum blades with felt edges in steel frame installed on fan discharge.
3. Access Door:  Gasketed door in scroll with latch-type handles.
4. Scroll Dampers:  Single-blade damper installed at fan scroll top with adjustable 

linkage.
5. Inlet Screens:  Removable wire mesh.
6. Drain Connections:  NPS 3/4 threaded coupling drain connection installed at 

lowest point of housing.
7. Weather Hoods:  Weather resistant with stamped vents over motor and drive 

compartment.
8. Discharge Dampers:  Assembly with parallel blades constructed of two plates 

formed around and to shaft, channel frame, sealed ball bearings, with blades 
linked outside of airstream to single control lever of same material as housing.

9. Speed Controller:  Solid-state control to reduce speed from 100 to less than 50 
percent.

K. Coatings:  Thermoplastic vinyl.

2.2 CENTRIFUGAL ROOF VENTILATORS

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

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

C. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 
indicated on Drawings or a comparable product by one of the following:

1. Aerovent; a Twin City Fan Company
2. Broan Mfg. Co., Inc.
3. Carnes Company HVAC.
4. Greenheck.
5. JencoFan; Div. of Breidert Air Products.
6. Loren Cook Company.
7. Penn Ventilation.

D. Description:  Direct- or belt-driven centrifugal fans consisting of housing, wheel, fan 
shaft, bearings, motor and disconnect switch, drive assembly, curb base, and accessories.
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E. Housing:  Removable, extruded-aluminum, square, one-piece, aluminum base with 
venturi inlet cone.

1. Upblast Units:  Provide spun-aluminum discharge baffle to direct discharge air 
upward, with rain and snow drains.

2. Hinged Subbase:  Galvanized-steel hinged arrangement permitting service and 
maintenance.

F. Fan Wheels:  Aluminum hub and wheel with backward-inclined blades.

G. Belt-Driven Drive Assembly:  Resiliently mounted to housing, with the following 
features:

1. Fan Shaft:  Turned, ground, and polished steel; keyed to wheel hub.
2. Shaft Bearings:  Permanently lubricated, permanently sealed, self-aligning ball 

bearings.
3. Pulleys:  Cast-iron, adjustable-pitch motor pulley.
4. Fan and motor isolated from exhaust airstream.

H. Accessories:

1. Variable-Speed Controller:  Solid-state control to reduce speed from 100 to less 
than 50 percent.

2. Disconnect Switch:  Nonfusible type, with thermal-overload protection mounted 
outside fan housing, factory wired through an internal aluminum conduit.

3. Bird Screens:  Removable, 1/2-inch mesh, aluminum or brass wire.
4. Dampers:  Counterbalanced, parallel-blade, backdraft dampers mounted in curb 

base; factory set to close when fan stops.

I. Roof Curbs:  Galvanized steel; mitered and welded corners; 1-1/2-inch- thick, rigid, 
fiberglass insulation adhered to inside walls; and 1-1/2-inch wood nailer.  Size as 
required to suit roof opening and fan base.

1. Configuration:  Self-flashing without a cant strip, with mounting flange.
2. Overall Height:  12 inches.
3. Pitch Mounting:  Manufacture curb for roof slope.
4. Metal Liner:  Galvanized steel.
5. Vented Curb:  Unlined with louvered vents in vertical sides.

2.3 CEILING-MOUNTING VENTILATORS

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

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the 
following:
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C. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 
indicated on Drawings or a comparable product by one of the following:

1. Broan Mfg. Co., Inc.
2. Carnes Company HVAC.
3. Greenheck.
4. JencoFan; Div. of Breidert Air Products.
5. Loren Cook Company.
6. Penn Ventilation.

D. Description:  Centrifugal fans designed for installing in ceiling or wall or for concealed 
in-line applications.

E. Housing:  Steel, lined with acoustical insulation.

F. Fan Wheel:  Centrifugal wheels directly mounted on motor shaft.  Fan shrouds, motor, 
and fan wheel shall be removable for service.

G. Grille:  Aluminum, louvered grille with flange on intake and thumbscrew attachment to 
fan housing.

H. Electrical Requirements:  Junction box for electrical connection on housing and 
receptacle for motor plug-in.

I. Accessories:

1. Variable-Speed Controller:  Solid-state control to reduce speed from 100 to less 
than 50 percent.

2. Ceiling Radiation Damper:  Fire-rated assembly with ceramic blanket, stainless-
steel springs, and fusible link.

3. Filter:  Washable aluminum to fit between fan and grille.
4. Isolation:  Rubber-in-shear vibration isolators.
5. Manufacturer's standard roof jack or wall cap, and transition fittings.

2.4 IN-LINE CENTRIFUGAL FANS

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

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

C. Basis-of-Design Product:  Subject to compliance with requirements, provide the product 
indicated on Drawings or a comparable product by one of the following:

1. Carnes Company HVAC.
2. Greenheck.
3. Loren Cook Company.
4. Penn Ventilation.
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D. Description:  In-line, belt-driven centrifugal fans consisting of housing, wheel, outlet 
guide vanes, fan shaft, bearings, motor and disconnect switch, drive assembly, mounting 
brackets, and accessories.

E. Housing:  Split, spun aluminum with aluminum straightening vanes, inlet and outlet 
flanges, and support bracket adaptable to floor, side wall, or ceiling mounting.

F. Direct-Driven Units:  Motor mounted in airstream, factory wired to disconnect switch 
located on outside of fan housing; with wheel, inlet cone, and motor on swing-out service 
door.

G. Belt-Driven Units:  Motor mounted on adjustable base, with adjustable sheaves, 
enclosure around belts within fan housing, and lubricating tubes from fan bearings 
extended to outside of fan housing.

H. Fan Wheels:  Aluminum, airfoil blades welded to aluminum hub.

I. Accessories:

1. Variable-Speed Controller:  Solid-state control to reduce speed from 100 to less 
than 50 percent.

2. Volume-Control Damper:  Manually operated with quadrant lock, located in fan 
outlet.

3. Fan Guards:  1/2- by 1-inch mesh of galvanized steel in removable frame.  
Provide guard for inlet or outlet for units not connected to ductwork.

4. Motor and Drive Cover (Belt Guard):  Epoxy-coated steel.

2.5 MOTORS

A. Comply with requirements in Division 23 Section "Common Motor Requirements for 
HVAC Equipment."

B. Enclosure Type:  Totally enclosed, fan cooled.

2.6 SOURCE QUALITY CONTROL

A. Sound-Power Level Ratings:  Comply with AMCA 301, "Methods for Calculating Fan 
Sound Ratings from Laboratory Test Data."  Factory test fans according to AMCA 300, 
"Reverberant Room Method for Sound Testing of Fans."  Label fans with the AMCA-
Certified Ratings Seal.

B. Fan Performance Ratings:  Establish flow rate, pressure, power, air density, speed of 
rotation, and efficiency by factory tests and ratings according to AMCA 210, "Laboratory 
Methods of Testing Fans for Rating."

PART 3 -  EXECUTION

3.1 INSTALLATION

A. Install power ventilators level and plumb.
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B. Support units using spring isolators having a static deflection of 1 inch.  Vibration- and 
seismic-control devices are specified in Division 23 Section "Vibration and Seismic 
Controls for HVAC Piping and Equipment."

1. Secure vibration and seismic controls to concrete bases using anchor bolts cast in 
concrete base.

C. Install floor-mounting units on concrete bases.  Concrete, reinforcement, and formwork 
requirements are specified in Division 03 Section "Cast-in-Place Concrete."

D. Install floor-mounting units on concrete bases designed to withstand, without damage to 
equipment, the seismic force required by code.  Concrete, reinforcement, and formwork 
requirements are specified in Division 03 Section "Cast-in-Place Concrete."

E. Secure roof-mounting fans to roof curbs with cadmium-plated hardware.  Refer to 
Division 07 Section "Roof Accessories" for installation of roof curbs.

F. Ceiling Units:  Suspend units from structure; use steel wire or metal straps.

G. Support suspended units from structure using threaded steel rods and spring hangers 
having a static deflection of  1 inch.  Vibration-control devices are specified in 
Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."

H. Install units with clearances for service and maintenance.

I. Label units according to requirements specified in Division 23 Section "Identification for 
HVAC Piping and Equipment."

3.2 CONNECTIONS

A. Duct installation and connection requirements are specified in other Division 23 Sections.  
Drawings indicate general arrangement of ducts and duct accessories.  Make final duct 
connections with flexible connectors.  Flexible connectors are specified in Division 23 
Section "Air Duct Accessories."

B. Install ducts adjacent to power ventilators to allow service and maintenance.

C. Ground equipment according to Division 26 Section "Grounding and Bonding for 
Electrical Systems."

D. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power 
Conductors and Cables."

3.3 FIELD QUALITY CONTROL

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

1. Verify that shipping, blocking, and bracing are removed.
2. Verify that unit is secure on mountings and supporting devices and that 

connections to ducts and electrical components are complete.  Verify that proper 
thermal-overload protection is installed in motors, starters, and disconnect 
switches.
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3. Verify that cleaning and adjusting are complete.
4. Disconnect fan drive from motor, verify proper motor rotation direction, and 

verify fan wheel free rotation and smooth bearing operation.  Reconnect fan drive 
system, align and adjust belts, and install belt guards.

5. Adjust belt tension.
6. Adjust damper linkages for proper damper operation.
7. Verify lubrication for bearings and other moving parts.
8. Verify that manual and automatic volume control and fire and smoke dampers in 

connected ductwork systems are in fully open position.
9. Disable automatic temperature-control operators, energize motor and adjust fan 

to indicated rpm, and measure and record motor voltage and amperage.
10. Shut unit down and reconnect automatic temperature-control operators.
11. Remove and replace malfunctioning units and retest as specified above.

B. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and 
equipment.

3.4 ADJUSTING

A. Adjust damper linkages for proper damper operation.

B. Adjust belt tension.

C. Refer to Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for testing, 
adjusting, and balancing procedures.

D. Replace fan and motor pulleys as required to achieve design airflow.

E. Lubricate bearings.

END OF SECTION 233423
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SECTION 233600 AIR TERMINAL UNITS

PART 1 - GENERAL

1.1 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. Bypass, single-duct air terminal units.
2. Induction air terminal units.
3. Shutoff, single-duct air terminal units.
4. Diffuser-type air terminal units.

1.3 SUBMITTALS

A. Product Data:  For each type of the following products, including rated capacities, 
furnished specialties, sound-power ratings, and accessories.

1. Air terminal units.
2. Liners and adhesives.
3. Sealants and gaskets.
4. Seismic-restraint devices.

B. Shop Drawings:  For air terminal units.  Include plans, elevations, sections, details, and 
attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, loads, required 
clearances, method of field assembly, components, and location and size of each 
field connection.

2. Wiring Diagrams:  For power, signal, and control wiring.
3. Hangers and supports, including methods for duct and building attachment,  and 

vibration isolation.

C. Delegated-Design Submittal:

1. Materials, fabrication, assembly, and spacing of hangers and supports.
2. Design Calculations: Calculations for selecting hangers and supports.

D. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which the following 
items are shown and coordinated with each other, using input from Installers of the items 
involved:

1. Ceiling suspension assembly members.



CHEROKEE HARD ROCK CASINO 4

03242018.0922 Air Terminal Units
H17018.01 233600 - 2

2. Size and location of initial access modules for acoustic tile.
3. Ceiling-mounted items including lighting fixtures, diffusers, grilles, speakers, 

sprinklers, access panels, and special moldings.

E. Field quality-control reports.

F. Operation and Maintenance Data:  For air terminal units to include in emergency, 
operation, and maintenance manuals.  In addition to items specified in Division 01 
Section "Operation and Maintenance Data," include the following:

1. Instructions for resetting minimum and maximum air volumes.
2. Instructions for adjusting software set points.

1.4 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. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 5 - 
"Systems and Equipment" and Section 7 - "Construction and System Start-Up."

1.5 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. Fan-Powered-Unit Filters:  Furnish one spare filter(s) for each filter installed.

PART 2 - PRODUCTS

2.1 BYPASS, SINGLE-DUCT AIR TERMINAL UNITS

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

B. Basis-of-Design Product:  Subject to compliance with requirements, provide product 
indicated on Drawings or comparable product by one of the following:

1. Carnes.
2. Carrier Corporation.
3. Titus.
4. Trane
5. Kreuger

C. Configuration:  Diverting-damper assembly inside unit casing with control components 
inside a protective metal shroud.

D. Casing:  0.034-inch steel single wall.
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1. Casing Lining:  Adhesive attached, 1/2-inch thick, coated, fibrous-glass duct 
liner complying with ASTM C 1071, and having a maximum flame-spread index 
of 25 and a maximum smoke-developed index of 50, for both insulation and 
adhesive, when tested according to ASTM E 84.

a. Cover liner with nonporous foil.

2. Casing Lining:  Adhesive attached, 1/2-inch thick, polyurethane foam insulation 
complying with UL 181 erosion requirements, and having a maximum flame-
spread index of 25 and a maximum smoke-developed index of 50, for both 
insulation and adhesive, when tested according to ASTM E 84.

3. Air Inlet:  Round stub connection for duct attachment.
4. Air Outlet:  S-slip and drive connections.
5. Access:  Removable panels for access to diverting damper and other parts 

requiring service, adjustment, or maintenance; with airtight gasket.
6. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 

requirements in ASHRAE 62.1-2004.

E. Diverter Assembly: Aluminum blade, with nylon-fitted pivot points.

F. Hydronic Coils:  Copper tube, with mechanically bonded aluminum fins spaced no closer 
than 0.1 inch, and rated for a minimum working pressure of 200 psig and a maximum 
entering-water temperature of 220 deg F.  Include manual air vent and drain valve.

G. Electric Controls:  Damper actuator and thermostat.

1. Damper Actuator:  24 V, powered closed, powered open with microswitch to 
energize heating control circuit.

H. Electronic Controls:  Bidirectional damper operator and microprocessor-based 
thermostat.  Control devices shall be compatible with temperature controls specified in 
Division 23 Section "Instrumentation and Control for HVAC" and shall have the 
following features:

1. Damper Actuator:  24 V, powered closed, powered open.

2.2 INDUCTION AIR TERMINAL UNITS

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

B. Basis-of-Design Product:  Subject to compliance with requirements, provide product 
indicated on Drawings or comparable product by one of the following:

1. Titus
2. Krueger
3. Trane

C. Configuration:  Volume-damper assembly inside unit casing with mechanical induction 
damper mounted on casing and control components inside a protective metal shroud.

D. Casing:  0.034-inch steel single wall.
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1. Casing Lining:  Adhesive attached, 1/2-inch thick, coated, fibrous-glass duct 
liner complying with ASTM C 1071, and having a maximum flame-spread index 
of 25 and a maximum smoke-developed index of 50, for both insulation and 
adhesive, when tested according to ASTM E 84.

a. Cover liner with nonporous foil.

2. Casing Lining:  Adhesive attached, 1/2-inch thick, polyurethane foam insulation 
complying with UL 181 erosion requirements, and having a maximum flame-
spread index of 25 and a maximum smoke-developed index of 50, for both 
insulation and adhesive, when tested according to ASTM E 84.

3. Air Inlet:  Round stub connection for duct attachment.
4. Air Outlet:  S-slip and drive connections.
5. Access:  Removable panels for access to parts requiring service, adjustment, or 

maintenance; with airtight gasket.
6. Fan:  Forward-curved centrifugal.
7. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 

requirements in ASHRAE 62.1-2004.

E. Volume Damper:  Galvanized steel with peripheral gasket and self-lubricating bearings.

1. Damper Position:  Normally open.

F. Induction Damper:  Galvanized-steel, multiblade assembly with self-lubricating bearings.

G. Hydronic Coils:  Copper tube, with mechanically bonded aluminum fins spaced no closer 
than 0.1 inch, and rated for a minimum working pressure of 200 psig and a maximum 
entering-water temperature of 220 deg F.  Include manual air vent and drain valve.

2.3 SHUTOFF, SINGLE-DUCT AIR TERMINAL UNITS

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

B. Basis-of-Design Product:  Subject to compliance with requirements, provide product 
indicated on Drawings or comparable product by one of the following:

1. Carnes.
2. Environmental Technologies, Inc.
3. Krueger.
4. METALAIRE, Inc.
5. Nailor Industries Inc.
6. Price Industries.
7. Titus.
8. Trane; a business of American Standard Companies.

C. Configuration:  Volume-damper assembly inside unit casing with control components 
inside a protective metal shroud.

D. Casing:  0.034-inch single wall.

1. Casing Lining:  Adhesive attached, 1/2-inch thick, coated, fibrous-glass duct 
liner complying with ASTM C 1071, and having a maximum flame-spread index 
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of 25 and a maximum smoke-developed index of 50, for both insulation and 
adhesive, when tested according to ASTM E 84.

a. Cover liner with nonporous foil.

2. Casing Lining:  Adhesive attached, 1/2-inch thick, polyurethane foam insulation 
complying with UL 181 erosion requirements, and having a maximum flame-
spread index of 25 and a maximum smoke-developed index of 50, for both 
insulation and adhesive, when tested according to ASTM E 84.

3. Air Inlet:  Round stub connection or S-slip and drive connections for duct 
attachment.

4. Air Outlet:  S-slip and drive connections.
5. Access:  Removable panels for access to parts requiring service, adjustment, or 

maintenance; with airtight gasket.
6. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 

requirements in ASHRAE 62.1-2004.

E. Regulator Assembly:  System-air-powered bellows section incorporating polypropylene 
bellows for volume regulation and thermostatic control.  Bellows shall operate at 
temperatures from 0 to 140 deg F, shall be impervious to moisture and fungus, shall be 
suitable for 10-inch wg static pressure, and shall be factory tested for leaks.

F. Volume Damper:  Galvanized steel with peripheral gasket and self-lubricating bearings.

1. Maximum Damper Leakage:  ARI 880 rated, 2 percent of nominal airflow at 3-
inch wg inlet static pressure.

2. Damper Position:  Normally open.

G. Attenuator Section:  0.034-inch  sheet.

1. Lining:  Adhesive attached, 1/2-inch thick, coated, fibrous-glass duct liner 
complying with ASTM C 1071, and having a maximum flame-spread index of 25 
and a maximum smoke-developed index of 50, for both insulation and adhesive, 
when tested according to ASTM E 84.

a. Cover liner with nonporous foil.

2. Lining:  Adhesive attached, 3/4-inch- thick, polyurethane foam insulation 
complying with UL 181 erosion requirements, and having a maximum flame-
spread index of 25 and a maximum smoke-developed index of 50, for both 
insulation and adhesive, when tested according to ASTM E 84.

3. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 
requirements in ASHRAE 62.1-2004.

H. Hydronic Coils:  Copper tube, with mechanically bonded aluminum fins spaced no closer 
than 0.1 inch, and rated for a minimum working pressure of 200 psig and a maximum 
entering-water temperature of 220 deg F.  Include manual air vent and drain valve.

I. Electric Controls:  Damper actuator and thermostat.

1. Damper Actuator:  24 V, powered closed.

J. Direct Digital Controls:  Single-package unitary controller and actuator specified in 
Division 23 Section "Instrumentation and Control for HVAC."
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K. Direct Digital Controls:  Bidirectional damper operators and microprocessor-based 
controller and room sensor.  Control devices shall be compatible with temperature 
controls specified in Division 23 Section "Instrumentation and Control for HVAC" and 
shall have the following features:

1. Damper Actuator:  24 V, powered closed, spring return open.
2. Terminal Unit Controller:  Pressure-independent, variable-air-volume controller 

with electronic airflow transducer with multipoint velocity sensor at air inlet, 
factory calibrated to minimum and maximum air volumes, and having the 
following features:

a. Occupied and unoccupied operating mode.
b. Remote reset of airflow or temperature set points.
c. Adjusting and monitoring with portable terminal.
d. Communication with temperature-control system specified in 

Division 23 Section "Instrumentation and Control for HVAC."

3. Room Sensor:  Wall mounted with temperature set-point adjustment and access 
for connection of portable operator terminal.

L. Control Sequence:

1. Suitable for operation with duct pressures between 0.25- and 3.0-inch wg inlet 
static pressure.

2. System-powered, wall-mounted thermostat.

2.4 HANGERS AND SUPPORTS

A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts.

B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or 
galvanized rods with threads painted with zinc-chromate primer after installation.

C. Steel Cables:  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. Air Terminal Unit Attachments:  Sheet metal screws, blind rivets, or self-tapping metal 
screws; compatible with duct materials.

F. Trapeze and Riser Supports:  Steel shapes and plates for units with steel casings; 
aluminum for units with aluminum casings.

2.5 SOURCE QUALITY CONTROL

A. Factory Tests:  Test assembled air terminal units according to ARI 880.

1. Label each air terminal unit with plan number, nominal airflow, maximum and 
minimum factory-set airflows, coil type, and ARI certification seal.
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PART 3 - EXECUTION

3.1 INSTALLATION

A. Install air terminal units according to NFPA 90A, "Standard for the Installation of Air 
Conditioning and Ventilating Systems."

B. Install air terminal units level and plumb.  Maintain sufficient clearance for normal 
service and maintenance.

C. Install wall-mounted thermostats.

3.2 HANGER AND SUPPORT INSTALLATION

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Chapter 4, "Hangers and Supports."

B. 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 

and for slabs more than 4 inches thick.
4. Do not use powder-actuated concrete fasteners for lightweight-aggregate 

concretes and for slabs less than 4 inches thick.
5. Do not use powder-actuated concrete fasteners for seismic restraints.

C. Hangers Exposed to View:  Threaded rod and angle or channel supports.

D. 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.

3.3 CONNECTIONS

A. Install piping adjacent to air terminal unit to allow service and maintenance.

B. Hot-Water Piping:  In addition to requirements in Division 23 Section "Hydronic Piping," 
connect heating coils to supply with shutoff valve, strainer, control valve, and union or 
flange; and to return with balancing valve and union or flange.

C. Connect ducts to air terminal units according to Division 23 Section "Metal Ducts."

D. Make connections to air terminal units with flexible connectors complying with 
requirements in Division 23 Section "Air Duct Accessories."
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3.4 IDENTIFICATION

A. Label each air terminal unit with plan number, nominal airflow, and maximum and 
minimum factory-set airflows.  Comply with requirements in Division 23 Section 
"Identification for HVAC Piping and Equipment" for equipment labels and warning signs 
and labels.

3.5 FIELD QUALITY CONTROL

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

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

C. 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.

D. Tests and Inspections:

1. After installing air terminal units and after electrical circuitry has been energized, 
test for compliance with requirements.

2. Leak Test:  After installation, fill water coils and test for leaks.  Repair leaks and 
retest until no leaks exist.

3. Operational Test:  After electrical circuitry has been energized, start units to 
confirm proper motor rotation and unit operation.

4. Test and adjust controls and safeties.  Replace damaged and malfunctioning 
controls and equipment.

E. Air terminal unit will be considered defective if it does not pass tests and inspections.

F. Prepare test and inspection reports.

3.6 STARTUP SERVICE

A. Engage a factory-authorized service representative to perform startup service.

1. Complete installation and startup checks according to manufacturer's written 
instructions.

2. Verify that inlet duct connections are as recommended by air terminal unit 
manufacturer to achieve proper performance.

3. Verify that controls and control enclosure are accessible.
4. Verify that control connections are complete.
5. Verify that nameplate and identification tag are visible.
6. Verify that controls respond to inputs as specified.
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3.7 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain air terminal units.

END OF SECTION 233600
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SECTION 233713 DIFFUSERS, REGISTERS, AND GRILLES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes ceiling- and wall-mounted diffusers, registers, and grilles.

B. Related Sections include the following:

1. Division 8 Section "Louvers and Vents" for fixed and adjustable louvers and wall 
vents, whether or not they are connected to ducts.

2. Division 23 Section "Testing, Adjusting, and Balancing" for balancing diffusers, 
registers and grilles.

1.3 DEFINITIONS

A. Diffuser:  Circular, square, or rectangular air distribution outlet, generally located in the ceiling 
and comprised of deflecting members discharging supply air in various directions and planes 
and arranged to promote mixing of primary air with secondary room air.

B. Grille:  A louvered or perforated covering for an opening in an air passage, which can be 
located in a sidewall, ceiling, or floor.

C. Register:  A combination grille and damper assembly over an air opening.

1.4 SUBMITTALS

A. Product Data:  For each model indicated, include the following:

3. Data Sheet:  For each type of air outlet and inlet, and accessory furnished; 
indicate construction, finish, and mounting details.

4. Performance Data:  Include throw and drop, static-pressure drop, and noise 
ratings for each type of air outlet and inlet.

5. Assembly Drawing:  For each type of air outlet and inlet; indicate materials and 
methods of assembly of components.
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1.5 QUALITY ASSURANCE

A. Product Options:  Drawings and schedules indicate specific requirements of diffusers, registers, 
and grilles and are based on the specific requirements of the systems indicated.  Other 
manufacturers' products with equal performance characteristics may be considered.  Refer to 
Division 1 Section "Substitutions."

B. NFPA Compliance:  Install diffusers, registers, and grilles according to NFPA 90A, "Standard 
for the Installation of Air-Conditioning and Ventilating Systems."

PART 2 - PRODUCTS

2.1 MANUFACTURED UNITS

A. Diffusers, registers, and grilles are scheduled on Drawings.

2.2 SOURCE QUALITY CONTROL

A. Testing:  Test performance according to ASHRAE 70, "Method of Testing for Rating the 
Performance of Air Outlets and Inlets."

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas where diffusers, registers, and grilles are to be installed for compliance with 
requirements for installation tolerances and other conditions affecting performance of 
equipment.  Do not proceed with installation until unsatisfactory conditions have been 
corrected.

3.2 INSTALLATION

A. Install diffusers, registers, and grilles level and plumb, according to manufacturer's written 
instructions, Coordination Drawings, original design, and referenced standards.

B. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, fittings, 
and accessories.  Air outlet and inlet locations have been indicated to achieve design 
requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop.  Make 
final locations where indicated, as much as practicable.  For units installed in lay-in ceiling 
panels, locate units in the center of the panel.  Where architectural features or other items 
conflict with installation, notify Architect for a determination of final location.

C. Install diffusers, registers, and grilles with airtight connection to ducts and to allow service and 
maintenance of dampers, air extractors, and fire dampers.



CHEROKEE HARD ROCK CASINO 4

03242018.0922 Diffusers, Registers, And Grilles
H17018.01 233713 - 3

3.3 ADJUSTING

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, 
before starting air balancing.

3.4 CLEANING

A. After installation of diffusers, registers, and grilles, inspect exposed finish.  Clean exposed 
surfaces to remove burrs, dirt, and smudges.  Replace diffusers, registers, and grilles that have 
damaged finishes.

3.5 DIFFUSER SCHEDULE

A. Refer to construction drawings.

3.6 REGISTER SCHEDULE

A. Refer to Construction Drawings.

3.7 GRILLE SCHEDULE

A. Refer to Construction Drawings.

END OF SECTION 233713
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SECTION 237313  CENTRAL-STATION AIR-HANDLING UNITS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes constant-volume, central-station air-handling units with coils for indoor 
installations. 

1.3 SUBMITTALS 

A. General:  Submit each item in this Article according to the Conditions of the Contract and 
Division 1 Specification Sections. 

B. Product Data for each central-station air-handling unit specified, including the following: 

1. Fan-performance curves with system operating conditions indicated. 
2. Fan-sound power ratings. 
3. Coil-performance ratings with system operating conditions indicated. 
4. Motor ratings and electrical characteristics plus motor and fan accessories. 
5. Material gages and finishes. 
6. Filters with performance characteristics. 
7. Dampers, including housings, linkages, and operators. 

C. Shop Drawings from manufacturer detailing equipment assemblies and indicating dimensions, 
weights, loadings, required clearances, method of field assembly, components, and location and 
size of each field connection. 

D. Wiring diagrams detailing wiring for power and control systems and differentiating between 
manufacturer-installed and field-installed wiring. 

E. Maintenance data for central-station air-handling units to include in the operation and 
maintenance manual specified in Division 1 Sections and Division 23 Section "Basic HVAC 
Requirements." 

1.4 QUALITY ASSURANCE 

A. NFPA Compliance:  Central-station air-handling units and components shall be designed, 
fabricated, and installed in compliance with NFPA 90A, "Installation of Air Conditioning and 
Ventilating Systems." 
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B. UL Compliance:  Electric coils, along with complete central-station air-handling unit, shall be 
listed and labeled by UL. 

C. ARI Certification:  Central-station air-handling units and their components shall be factory 
tested according to the applicable portions of ARI 430, "Central-Station Air-Handling Units," 
and shall be listed and bear the label of the Air-Conditioning and Refrigeration Institute (ARI). 

D. UL and NEMA Compliance:  Provide motors required as part of air-handling units that are 
listed and labeled by UL and comply with applicable NEMA standards. 

E. Comply with NFPA 70 for components and installation. 

F. Listing and Labeling:  Provide electrically operated components specified in this Section that 
are listed and labeled. 

1. The Terms "Listed" and "Labeled":  As defined in the National Electrical Code, 
Article 100. 

G. Coordination:  Coordinate layout and installation of central-station air-handling units with 
piping and ductwork and with other installations. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver air-handling unit as a factory-assembled module with protective crating and covering. 

B. Lift and support units with manufacturer's designated lifting or supporting points. 

1.6 SEQUENCING AND SCHEDULING 

A. Coordinate size and location of concrete housekeeping bases.  Cast anchor-bolt inserts into 
base. 

B. Coordinate size and location of structural-steel support members. 

1.7 EXTRA MATERIALS 

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

B. Filters:  Furnish 1 set for each central-station air-handling unit. 

Lrobinson
Text Box
Removes the wording about extra belts.  Only direct drive fans wanted & provided
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be considered equal include, and are limited to, the following: 

1. AnnexAir 
2. Energy Labs 
3. Air Enterprises 

 
Unit(s) weight, dimensions, and performance must match with the project schedules and 
drawings.  This is a fast track project and as such can afford time lost due to construction and 
coordination deviations. 

2.2 MANUFACTURED UNITS 

A.  General Description:  Factory assembled, consisting of fans, motor and drive assembly, coils, 
damper, plenums, filters, drip pans, and mixing dampers. 

2.3 CABINET 

A. Materials:   
1. The unit housing shall be no-through metal with 2’’ Thermo-Composite and foam panel 

construction - interior and exterior or an all-aluminum 4” Foam thermal break 
construction - interior and exterior.  Thermal break construction using a gasket to insulate 
two panels is not an acceptable equivalent to a no-through metal constructed casing.  No-
through metal construction will be inherent to all the component construction in the 
assembly.   

2. All panels and access doors shall be double wall construction with R14 foam insulation 
for every 2” of construction. All panels and access doors shall be double wall 
construction with R14 foam insulation for every 2” of construction. All foam insulation 
must be Greenguard certified®. Any insulation incorporating CFCs or HCFCs in its 
construction is strictly prohibited from this application.   

3. Unit casing will have no exterior condensation at interior AHU temperatures down to 43F 
while unit exterior conditions are maintained at 95 F dry bulb / 85 F wet bulb. The air 
handling unit manufacturer general contraction shall be tested to demonstrate the thermal 
performance of the unit casing. 

4. The panels shall be tested in accordance with SMACNA and ASHRAE 111 to have a 
deflection of no more than L/1150 at 10’’ and withstand air pressures up to 8” w.c with 
less than 1% leakage.  Fire resistance of the panel will be in compliance with UL 94 rated 
at 5VA; and a flame spread / smoke development in compliance with UL 723 ASTM E84 
Class 1 rating. 

5. Thermo-Composite or aluminum panels shall be provided for the entire unit construction, 
including but not limited to, walls, doors, floors, roof, interior partitions, and electrical 
compartment.  Panels shall be non-load bearing type.   

6. The frame shall consist of anodized extruded aluminum profiles which incorporates a 
thermally broken construction; welded together for reinforcement and insulated for 
superior thermal performance.   

Lrobinson
Text Box
Same cabinet construction as the Talequah Clinic & Casino.  Keeps the owner standards of construction consistent across properties.

Lrobinson
Text Box
Changed approved manufacturers to ones with a known track record for quality and support after installation.  Standard manufactures can meet specification expectations without compromising owner expectations.



CHEROKEE HARD ROCK CASINO 4 

03242018.0922 Central-Station Air-Handling Units 
H17018.01 237313 - 4 

7. Base Structure:  Base structure shall be fully welded G-90, painted exterior, and have 
integral lifting lugs which can be removed once the unit is installed.  

8. All roof and side wall seams shall be positively sealed to prevent water and air leakage. 
The OA and EA compartment shall have 1” PVC drains extended to exterior of unit. 

9. Access doors shall be provided to all major components to facilitate quick and easy 
access. Access doors will be made from the same material as the unit casing and shall 
incorporate thermal break construction.  Fan access door(s) shall have Allegis type 
handles, with one handle interlinking multiple latches and threaded insert fastening 
handles for all remaining doors.  If access doors do not open against unit operating 
pressure, provide safety latches that allow access doors to partially open after first handle 
movement and fully open after second handle movement.  Removable panels provided 
for equipment pull out for coil(s), and air to air heat exchanger section(s) shall have key 
tooled threaded insert fasteners. Hinges shall be Nylon hinge type designed to open 180 
degrees. 

10. Unit shall have the entire exterior finished with a PVDF coating designed for UV 
resistance.  Panels shall pass ASTM B117 3000-hour salt fog resistance test and ASTM 
D4585 3000-hour moisture condensation resistance test. In addition, paint must meet 
AAMA 620-02 standard for color, chalking, gloss retention, and abrasion resistance.   

11. The air handler unit casing shall be provided with a lifetime warranty against corrosion 
resistance under normal use. 

B. Drain Pans:  Formed sections of galvanized steel sheet with stainless steel liner.  Fabricate pans 
in sizes and shapes to collect condensate from cooling coils (including coil piping connections 
and return bends) when units are operating at maximum catalogued face velocity across cooling 
coil. 
1. Drain pan shall be provided for cooling coils. Cooling coils shall sit on stainless steel 

tubular support rails, which shall stand a minimum of (2) two inches above the highest 
point of the floor drain pan 

2. Stainless steel drain pan shall be insulated with minimum of 0.25 Armaflex or similar 
insulation. 

3. Stacked coils shall be provided for larger airflows and intermediate drain pans shall be 
provided for each coil bank.   

4. Drain pans shall be stainless steel with stainless steel drain connections on one side only.  
Pan shall be sloped in two planes.  All coils shall be certified in accordance with ARI 
standard 410. 

C. Weather Hood(s):  The outdoor intake weather hood shall be completely constructed in 
aluminum for superior corrosion resistance. The hood shall ship loose for field installation by 
the installing contractor. Painted galvanized hoods shall not be acceptable due to its 
susceptibility to corrosion.   The outdoor air hood shall be designed with a 4” extruded 
aluminum louver, bird screen and a plenum enclosure with drain holes.  The louver blades shall 
be drainable type with a maximum 45 degree angle and curved with integral rain baffle.   The 
louver design shall not allow more than 0.03 oz/ft2 water penetration when tested in accordance 
to AMCA 500.  The pressure drop of the complete hood assembly shall not exceed 0.05”wc at a 
maximum 500 fpm face velocity. A Pre-filter rack system shall be installed within the weather 
hood enclosure to prevent outdoor air dust and debris from entering the damper and unit casing 
plenum.  Pre-filters installed inside the unit casing plenum and downstream of the outdoor 
damper will not be acceptable as this will increase overall maintenance on the damper, reduce 
indoor air quality and promote mold and bacteria growth.   Filter access in the hood shall be 
accomplished via the louver that is installed with a stainless steel piano hinge and spring loaded 
latch.  No tools or ladders shall be required to access the pre-filters in the weather hood 
assembly.  
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D. Exhaust Air Louver(s):  The exhaust air outlet louvers shall be 2” extruded aluminum, with non- 
restricting blade design and bird screen 

2.4 FAN SECTION 

A. Fan-Section Construction:  Fans shall be direct drive radial centrifugal fans with free running 
impeller.  No fan belts will be acceptable for this application.  Fans shall be compact, optimized 
and construction made of galvanized sheet steel with backward curved 7-blade high efficiency 
impeller, protected by an epoxy powder coating. To reduce vibration, the impeller shall be 
balanced with hub to an admissible vibration severity of less than 2.8 mm/s in conformity with 
DIN ISO 14694 and proof shall be supplied for each individual impeller.  Tests shall be made 
according to DIN ISO 1940 Part 1, quality of balancing G2.5/6.3.   The single inlet shall be 
mounted onto constant speed direct drive motor, equipped with an air flow optimized inlet cone 
from galvanized sheet steel.    

B. Fans shall be completely certified as per ISO 5801 and in accordance to AMCA standards.  
Fans will re-quire to be operated by a Variable speed drive.  Optional: Plug fan shall come 
equipped with guard grilles for the air intake side. 

C. Housings:  Fabricate from formed- and reinforced-steel panels to form curved scroll housings 
with shaped cutoff, spun-metal inlet bell, and access doors or panels to allow entry to internal 
parts and components. 

D. Fan-Section Source Quality Control:  The following factory tests are required. 

1. 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. 

2. Factory test fan performance for flow rate, pressure, power, air density, 
rotation speed, and efficiency.  Establish ratings according to AMCA 210, 
"Laboratory Methods of Testing Fans for Rating." 

2.5 MOTORS 

A. General:  Refer to Division 23 Section "Motors" for general requirements. 

B. The fan motors shall meet NEMA standard dimensions and comply with the Energy policy Act 
of 1997.  Motors shall have high efficiencies with low noise and vibration output.  Motors shall 
be certified and built in accordance to ISO 9001 quality control system.  Motors shall have ODP 
enclosure with Premium efficiency performance.  Units shall be designed for constant 
application. Please refer to the unit schedule for the application type.  

C. Option: A shaft grounding brush kit will be provided to prevent electrical damage to motor 
bearings by safely channeling harmful shaft currents to ground. 

2.6 COILS & PIPING CABINETS 

A. Coil Sections:  Common or individual, insulated, galvanized steel casings for heating and 
cooling coils.  Design and construct to facilitate removal and replacement of coil for 
maintenance and to assure full airflow through coils. 

Lrobinson
Text Box
Same Fan Section  as the Talequah Clinic & Casino.  Removes belt drive allowance. Keeps the owner standards of construction consistent across properties.
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B. Coil Construction:  Rigidly supported across full face, pitched to allow drainage. 

1. Fins:  Aluminum, mechanically bonded to tubes. 
2. Tubes:  Seamless copper. 
3. Coil Casing:  Galvanized steel. 
4. Headers for Water Coils:  Steel with connections for drain valve and air vent, 

and threaded piping connections. 

C. Water Coils:  Drainable with threaded plugs, serpentine with return bends in smaller sizes and 
with return headers in larger sizes. 

D. All coil sections shall incorporate an internal piping vestibule.  Should an external piping 
vestibule (dog house) be used, it shall conform to the same construction and insulation 
standards and specifications set forth in cabinet and materials specification section.  

2.7 DAMPERS 

A. General:  Leakage rate, according to AMCA 500, "Test Methods for Louvers, Dampers and 
Shutters," shall not exceed 2 percent of air quantity at 2000-fpm (10-m/s) face velocity through 
damper and 4-inch wg (1000-Pa) pressure differential. 

B. Dampers shall be installed where shown on the drawings.  Dampers shall be low leak type 
(NON-INSULATED TAMCO SERIES 1000 or similar) with rubber edges, opposed or parallel 
blades, and constructed from extruded aluminum.  Galvanized dampers will not be acceptable.  
The exhaust air outlet shall have a standard aluminum gravity type damper, unless otherwise 
noted below.   

C. Dampers shall be installed in the compartments (as shown on the drawings) with linkage rod for 
actuators: 

2.8 FILTER SECTION 

A. Filters:  Comply with NFPA 90A. 

B. Filters shall be Maxi Pleat 2" MERV 8. 

C. Filters shall be factory installed upstream of the heat exchanger and coils, in both airstreams. 
The filters shall be Filtration Lab’s Maxi-60 MERV 8.  Each filter shall consist of 100% 
synthetic media, expanded metal on the downstream and enclosing with high wet-strength 
beverage board with diagonal support bonded on air entering and air exiting side of each pleat.  
MERV 8 model 615 filters, UL class 2 are rated as per ASHRAE test 52.2.1999 at 70% 
efficiency initial (based on Minimum Average Efficiency) at 3-10 microns.  The model 615 
could be operated at 500 FPM, surface area 17.6 FT2 of media based on 24 x 24 x 2 initial static 
pressure at 0.30”, final will be 1”.  Filters shall be placed in a completely sealed, galvanized 
holding frame with quick release latches for easy replacement.   

2.9 FREQUENCY DRIVE (VFD) 

A. A single fan VFDs shall control all fans for a given section. 

Lrobinson
Text Box
Same Damper Section  as the Talequah Clinic & Casino.  Removes belt drive allowance. Keeps the owner standards of construction consistent across properties.
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B. Fan VFDs shall be installed in an internal ventilated cabinet.  The cabinet shall be completely 
isolated from any hydronic coils or piping. 

C. VFDs will be used to set or regulate the fan speed and airflow for these units.  The VFD shall 
have PID function for constant flow applications. 

D. The VFDs will be installed with integral brake transistor, overload protection, and adjustable 
pulse-width modulation (PWM).  The VFD shall use Insulated Gate Bipolar Transistor (IGBT) 
technology to convert three phase input power to coded PWM output and have 4-20mA analog 
output terminals that are fully programmable for variable flow applications.  The VFD shall be 
equipped with a keypad with status indicators, easy access functions, and monitoring functions 
during motor operation. 

E. In the event of a momentary power failure or fault the VFD shall read the inverter speed and 
direction of a coasting motor and shall automatically restart the motor smoothly.  Technical 
support will be provided by the VFD manufacturer. 

F. VFDs shall be installed as shown on drawings with contactors, relays, and all specified 
accessories.  VFDs to be installed without by-pass. 

2.10 CONTROLS VALVES AND END DEVICES 

A. With exception to the humidifier and dispersion tube system, all control valves, airflow 
balancing system, all control temperature sensors, and actuators are to be field installed and 
provided by the controls contractor. 

2.11 POWER & SAFETY CONTROL 

A. The power and control center shall be integral to the unit housing and rated equivalent to 
NEMA 3R.  Panels that are externally mounted to the unit shall not be accepted, regardless of 
the NEMA rating they may have.  A separate access door shall be provided with an approved 
locking device.  All electrical components contained in the panel shall be UL/CSA certified and 
labeled.  The unit shall be complete with VFDs, fuses, cascading overloads (without VFD’s or 2 
motors on same VFD), relays,  terminals for main ON/OFF and step-down transformer.  All 
components shall be factory wired for single point power connection by the manufacturer of the 
unit.  A non-fused safety disconnect switch shall be factory installed for ON/OFF servicing. An 
electrical pipe chase for power and control feeding shall be provided next to the control panel.  
Any power or control wiring that is field installed shall not be accepted under any 
circumstances.  The Short Circuit Current Rating (SCCR) is 5kA rms symmetrical, 600V 
Maximum. 

B. GFI, lights, and switches shall be factory installed and wired to a common junction box.   A 
separate power connection 120V/1 will be required (powered by others). 

 

 

PART 3 - EXECUTION 

Lrobinson
Text Box
Corrected factory installed controls language.  To remove ambiguity in control expectations & provisions

Lrobinson
Text Box
Corrected power & connection language.  To remove ambiguity in electrician  expectations & provisions
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3.1 EXAMINATION 

A. Examine areas and conditions to receive equipment, for compliance with installation tolerances 
and other conditions affecting performance of central-station air-handling units. 

B. Examine roughing-in of hydronic, condensate drainage piping, and electrical to verify actual 
locations of connections before installation. 

C. Do not proceed with installation until unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install central-station air-handling units level and plumb, according to manufacturer's written 
instructions. 

1. Floor-Mounted Units:  Support on concrete housekeeping bases using housed-
spring isolators.  Secure units to anchor bolts installed in concrete housekeeping 
base. 

2. Suspended Units:  Suspend units from structural-steel support frame using 
threaded steel rods and vibration isolation. 

B. Arrange installation of units to provide access space around air-handling units for service and 
maintenance. 

3.3 HOUSEKEEPING BASES 

A. Coordinate size of housekeeping bases with actual unit sizes provided.  Construct base 4 inches 
(100 mm) larger in both directions than overall dimensions of supported unit. 

B. Form concrete bases with steel channels conforming to ASTM A 36 (ASTM A 36M), size and 
location as indicated.  Miter and weld corner and provide cross bracing.  Anchor or key to floor 
slab. 

C. Form concrete bases with framing lumber with form-release compounds.  Chamfer top edge and 
corners of base. 

D. Install reinforcing bars, tied to frame, and place anchor bolts and sleeves to facilitate securing 
units. 

E. Place concrete and allow to cure before installing units.  Use portland cement conforming to 
ASTM C 150, 4000-psig (27.6-MPa) compressive strength, and normal-weight aggregate. 

F. Clean exposed steel form according to SSPC-SP 2 or SSPC-SP 3 and apply 2 coats of rust-
preventive metal primer. 

3.4 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 Sections.  The Drawings 
indicate the general arrangement of piping, fittings, and specialties.  The following are specific 
connection requirements: 
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1. Install piping adjacent to machine to allow service and maintenance. 
2. Connection piping to air-handling units with flexible connectors. 
3. Connect condensate drain pans using 1-1/4-inch NPS (DN32), Type M copper 

tubing.  Extend to nearest equipment or floor drain.  Construct deep trap at 
connection to drain pan and install cleanouts at changes in direction. 

4. Hot- and Chilled-Water Piping:  Conform to applicable requirements of 
Division 23 Section "Hydronic Piping."  Connect to supply and return coil 
tappings with shutoff or balancing valve and union or flange at each connection. 

5. Refrigerant Piping:  Conform to applicable requirements of Division 23 
Section "Refrigerant Piping."  Connect to supply and return coil tappings with 
shutoff valve and union or flange at each connection. 

B. Duct installation and connection requirements are specified in other Division 23 Sections.  The 
Drawings indicate the general arrangement of ducts and duct accessories.  Make final duct 
connections with flexible connections. 

C. Electrical:  Conform to applicable requirements of Division 26Sections. 

1. Connect fan motors to wiring systems and to ground.  Tighten electrical 
connectors and terminals according to manufacturer's published torque-
tightening values.  Where manufacturer's torque values are not indicated, use 
those specified in UL 486A and UL 486B. 

3.5 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

3.6 CLEANING 

A. After completing installation, inspect exposed finish.  Remove burrs, dirt, and construction 
debris, and repair damaged finishes including chips, scratches, and abrasions. 

B. Clean fan interiors to remove foreign material and construction dirt and dust.  Vacuum clean fan 
wheels, cabinets, and coils entering air face. 

3.7 COMMISSIONING 

A. Manufacturer's Field Inspection: Installer is to perform the following: 

1. Inspect field assembly of components and installation of central-station air-
handling units including piping, ductwork, and electrical connections. 

B. Final Checks before Startup:  Perform the following before startup: 

1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that 

connections for piping, ductwork, and electrical are complete.  Verify that proper 
thermal overload protection is installed in motors, starters, and disconnects. 

3. Perform cleaning and adjusting specified in this Section. 
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4. Disconnect fan drive from motor, verify proper motor rotation direction, and 
verify free fan wheel rotation and smooth bearings operations.  Reconnect fan 
drive system, align belts, and install belt guards. 

5. Lubricate bearings, pulleys, belts, and other moving parts with factory-
recommended lubricants. 

6. Set zone dampers to fully open position for each zone. 
7. Set face-and-bypass dampers to full face flow. 
8. Set outside-air and return-air mixing dampers to minimum outside-air setting. 
9. Comb coil fins for parallel orientation. 

a.  Install clean filters. 
10. Verify that manual and automatic volume control, and fire and smoke dampers 

in connected ductwork systems are in fully open position. 

C. Starting procedures for central-station air-handling units include the following: 

1. Energize motor; verify proper operation of motor, drive system, and fan wheel.  
Adjust fan to indicated rpm. 

a. Replace fan and motor pulleys as required to achieve design conditions. 

2. Measure and record motor electrical values for voltage and amperage. 
3. Manually operate dampers from fully closed to fully open position and record fan 

performance. 

D. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for air-handling system 
testing, adjusting, and balancing. 

3.8 DEMONSTRATION 

A. Installer is to train Owner's maintenance personnel on procedures and schedules related to 
startup and shutdown, troubleshooting, servicing, and preventive maintenance. 

1. Review data in the operation and maintenance manuals.  Refer to Division 1 
Section "Contract Closeout." 

2. Schedule training with Owner, through Architect, with at least 7 days' advance 
notice. 

END OF SECTION 237313 
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SECTION 237313 CENTRAL-STATION AIR-HANDLING UNITS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes constant-volume, central-station air-handling units with coils for indoor 
installations.

1.3 SUBMITTALS

A. General:  Submit each item in this Article according to the Conditions of the Contract and 
Division 1 Specification Sections.

B. Product Data for each central-station air-handling unit specified, including the following:

1. Fan-performance curves with system operating conditions indicated.
2. Fan-sound power ratings.
3. Coil-performance ratings with system operating conditions indicated.
4. Motor ratings and electrical characteristics plus motor and fan accessories.
5. Material gages and finishes.
6. Filters with performance characteristics.
7. Dampers, including housings, linkages, and operators.

C. Shop Drawings from manufacturer detailing equipment assemblies and indicating dimensions, 
weights, loadings, required clearances, method of field assembly, components, and location and 
size of each field connection.

D. Wiring diagrams detailing wiring for power and control systems and differentiating between 
manufacturer-installed and field-installed wiring.

E. Maintenance data for central-station air-handling units to include in the operation and 
maintenance manual specified in Division 1 Sections and Division 23 Section "Basic HVAC 
Requirements."

1.4 QUALITY ASSURANCE

A. NFPA Compliance:  Central-station air-handling units and components shall be designed, 
fabricated, and installed in compliance with NFPA 90A, "Installation of Air Conditioning and 
Ventilating Systems."
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B. UL Compliance:  Electric coils, along with complete central-station air-handling unit, shall be 
listed and labeled by UL.

C. ARI Certification:  Central-station air-handling units and their components shall be factory 
tested according to the applicable portions of ARI 430, "Central-Station Air-Handling Units," 
and shall be listed and bear the label of the Air-Conditioning and Refrigeration Institute (ARI).

D. UL and NEMA Compliance:  Provide motors required as part of air-handling units that are 
listed and labeled by UL and comply with applicable NEMA standards.

E. Comply with NFPA 70 for components and installation.

F. Listing and Labeling:  Provide electrically operated components specified in this Section that 
are listed and labeled.

1. The Terms "Listed" and "Labeled":  As defined in the National Electrical Code, 
Article 100.

G. Coordination:  Coordinate layout and installation of central-station air-handling units with 
piping and ductwork and with other installations.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Deliver air-handling unit as a factory-assembled module with protective crating and covering.

B. Lift and support units with manufacturer's designated lifting or supporting points.

1.6 SEQUENCING AND SCHEDULING

A. Coordinate size and location of concrete housekeeping bases.  Cast anchor-bolt inserts into 
base.

B. Coordinate size and location of structural-steel support members.

1.7 EXTRA MATERIALS

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

B. Filters:  Furnish 1 set for each central-station air-handling unit.

C. Fan Belts:  Furnish 1 set for each central-station air-handling unit fan.

D. Gaskets:  Furnish 1 for each sectionated central-station air-handling unit.
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PART 2 - PRODUCTS

2.1 MANUFACTURERS

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

1. York International Corp. (Pace)
2. Trane Company (The); Commercial Systems Group.
3. Daikin.

2.2 MANUFACTURED UNITS

A.  General Description:  Factory assembled, consisting of fans, motor and drive assembly, coils, 
damper, plenums, filters, drip pans, and mixing dampers.

2.3 CABINET

A. Materials:  Formed and reinforced galvanized steel panels, fabricated to allow removal for 
access to internal parts and components, with joints between sections sealed.

1. Outside Casing:  Steel, 0.0598 inch (1.5 mm).
2. Outside Casing:  Galvanized steel, 16-gage
3. Inside Casing:  Galvanized steel, 20-gage
4. Floor Plate:  Galvanized steel, 0.1382 inch (3.5 mm).
5. Floor Plate:  Stainless steel, 0.1406 inch (3.6 mm).

B. Insulation:  Coated, glass-fiber insulation, complying with NFPA 90A, "Installation of Air 
Conditioning and Ventilating Systems," for insulation.

1. Thickness:  2 inches (50 mm), 31b density.
2. Location and Application:  Factory applied with adhesive and mechanical 

fasteners to the internal surface of section panels downstream from and including 
the cooling coil section.

C. Access Panels and Doors:  Same materials and finishes as cabinet and complete with hinges, 
latches, handles, and gaskets.

1. Fan section shall have inspection and access panels and doors sized and located 
to allow periodic maintenance and inspections.

D. Drain Pans:  Formed sections of galvanized steel sheet with stainless steel liner.  Fabricate pans 
in sizes and shapes to collect condensate from cooling coils (including coil piping connections 
and return bends) when units are operating at maximum catalogued face velocity across cooling 
coil.

1. Double-Wall Construction:  Fill space between walls with foam insulation and 
seal moisture tight.

2. Drain Connections:  Both ends of pan.
3. Pan-Top Surface:  Stainless Steel
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4. Units with stacked coils shall have an intermediate drain pan or drain trough to 
collect condensate from top coil.

2.4 FAN SECTION

A. Fan-Section Construction:  Belt-driven centrifugal fans, consisting of housing, wheel, fan shaft, 
bearings, motor and disconnect switch, drive assembly, and support structure, equipped with 
formed-steel channel base for integral mounting of fan, motor, and casing panels.  Mount fan 
scroll, wheel, shaft, bearings, and motor on structural-steel frame, with frame mounted on base 
with vibration isolation.

B. Housings:  Fabricate from formed- and reinforced-steel panels to form curved scroll housings 
with shaped cutoff, spun-metal inlet bell, and access doors or panels to allow entry to internal 
parts and components.

C. Fan Assemblies:  Statically and dynamically balanced and designed for continuous operation at 
maximum rated fan speed and motor power.  Fan wheel shall be double-width, double-inlet type 
with forward-curved blades or backward-curved airfoil blades as indicated.

1. Plug Fans:  Fabricate without fan scroll and volute housing, with steel cabinet.
2. Backward Inclined:  Steel or aluminum construction with curved inlet flange, 

back plate, backward-curved blades, and cast-iron or cast-steel hub.
3. Forward Curved:  Black steel with enamel or galvanized finish, and having an 

inlet flange, back plate, shallow blades with inlet and tip curved forward in 
direction of airflow, and steel hub.

4. Airfoil Wheel:  Steel; with smooth, curved inlet flange; back plate; die-formed, 
hollow, airfoil blades; and cast-iron or cast-steel hub.

5. Shafts:  Hot-rolled steel; turned, ground, and polished, and having keyway to 
secure to fan wheel hub.

6. Shaft Bearings:  Prelubricated and sealed, self-aligning, pillow-block-type ball 
or roller bearings with the following:

a. Rated Bearing Life:  ABMA 9 or ABMA 11, L-50 of 200,000 hours.

7. Belt Drives:  Factory mounted, with final alignment and belt adjustment made 
after installation.

a. Service Factor Based on Fan Motor:  1.3.

8. Pulleys:  Cast iron or steel with split, tapered bushing, dynamically balanced at 
factory.

9. Motor Pulleys:  Adjustable pitch, selected so pitch adjustment is at middle of 
adjustment range at fan design conditions.

10. Belts:  Oil resistant, nonsparking, and nonstatic; matched for multiple belt 
drives.

11. Belt Guards:  Fabricate to OSHA/SMACNA requirements, 0.1046 inch (2.7 
mm) thick, 3/4-inch (20-mm) diamond-mesh wire screen welded to steel angle 
frame or equivalent, prime coated.

a. Provide belt guards for motors mounted on outside of cabinet.

12. Motor Mount:  Adjustable for belt tensioning.
13. Accessories:  Provide the following:
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14. Vibration Control:  Install fans on open-spring vibration isolators, minimum 1-
inch (25-mm) static deflection, with side snubbers.

D. Fan-Section Source Quality Control:  The following factory tests are required.

1. 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.

2. Factory test fan performance for flow rate, pressure, power, air density, 
rotation speed, and efficiency.  Establish ratings according to AMCA 210, 
"Laboratory Methods of Testing Fans for Rating."

2.5 MOTORS

A. General:  Refer to Division 23 Section "Motors" for general requirements.

B. Torque Characteristics:  Sufficient to accelerate driven loads satisfactorily.

C. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven load will not 
require motor to operate in service factor range.

D. Temperature Rating:  50 deg C maximum temperature rise at 40 deg C ambient for continuous 
duty at full load (Class A Insulation).

E. Service Factor:  1.15 for polyphase motors and 1.35 for single-phase motors.

F. Motor Construction:  NEMA MG-1, general purpose, continuous duty, Design B.

G. Bases:  Adjustable.

H. Bearings:  The following features are required:

1. Ball or roller bearings with inner and outer shaft seals.
2. Grease lubricated.
3. Designed to resist thrust loading where belt drives or other drives produce 

lateral or axial thrust in motor.

I. Enclosure Type:  The following features are required:

1. Open dripproof motors where satisfactorily housed or remotely located during 
operation.

2. Guarded dripproof motors where exposed to contact by employees or building 
occupants.

J. Overload Protection:  Built-in, automatic reset, thermal overload protection.

K. Noise Rating:  Quiet.

L. Efficiency:  Energy-efficient motors shall have a minimum efficiency as scheduled according to 
IEEE 112, Test Method B.  If efficiency is not specified, motors shall have a higher efficiency 
than "average standard industry motors" according to IEEE 112, Test Method B.
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M. Nameplate:  Indicate full identification of manufacturer, ratings, characteristics, construction, 
and special features.

N. Starters, Electrical Devices, and Wiring:  Electrical devices and connections are specified in 
Division 16 Sections.

2.6 COILS

A. Coil Sections:  Common or individual, insulated, galvanized steel casings for heating and 
cooling coils.  Design and construct to facilitate removal and replacement of coil for 
maintenance and to assure full airflow through coils.

B. Coil Construction:  Rigidly supported across full face, pitched to allow drainage.

1. Fins:  Aluminum, mechanically bonded to tubes.
2. Tubes:  Seamless copper.
3. Coil Casing:  Galvanized steel.
4. Headers for Water Coils:  Steel with connections for drain valve and air vent, 

and threaded piping connections.

C. Water Coils:  Drainable with threaded plugs, serpentine with return bends in smaller sizes and 
with return headers in larger sizes.

2.7 DAMPERS

A. General:  Leakage rate, according to AMCA 500, "Test Methods for Louvers, Dampers and 
Shutters," shall not exceed 2 percent of air quantity at 2000-fpm (10-m/s) face velocity through 
damper and 4-inch wg (1000-Pa) pressure differential.

1. Damper operators shall be electrically operated.

B. Combination Filter/Mixing Box:  Parallel-blade galvanized steel damper blades mechanically 
fastened to steel operating rod in reinforced, galvanized steel cabinet.  Connect operating rods 
with common linkage and interconnect linkages so dampers operate simultaneously.  Cabinet 
support members shall hold 2-inch- (50-mm-) thick, pleated, flat permanent or throwaway 
filters.  Provide hinged access panels or doors to allow removal of filters from both sides of 
unit.

2.8 FILTER SECTION

A. Filters:  Comply with NFPA 90A.

B. Filter Section:  Provide filter media holding frames arranged for flat or angular orientation, with 
access doors on both sides of unit.

C. Disposable Filters:  2-inch- (50-mm-) thick, viscous-coated fibers encased in fiberboard cell 
with perforated-metal media support, clean airflow resistance of 0.10 inch wg (25 Pa) at face 
velocity of 300 fpm (1.52 m/s) and ASHRAE 52.1 filter-arrestance efficiency of 70 to 82 
percent.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and conditions to receive equipment, for compliance with installation tolerances 
and other conditions affecting performance of central-station air-handling units.

B. Examine roughing-in of hydronic, condensate drainage piping, and electrical to verify actual 
locations of connections before installation.

C. Do not proceed with installation until unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. Install central-station air-handling units level and plumb, according to manufacturer's written 
instructions.

1. Floor-Mounted Units:  Support on concrete housekeeping bases using housed-
spring isolators.  Secure units to anchor bolts installed in concrete housekeeping 
base.

2. Suspended Units:  Suspend units from structural-steel support frame using 
threaded steel rods and vibration isolation.

B. Arrange installation of units to provide access space around air-handling units for service and 
maintenance.

3.3 HOUSEKEEPING BASES

A. Coordinate size of housekeeping bases with actual unit sizes provided.  Construct base 4 inches 
(100 mm) larger in both directions than overall dimensions of supported unit.

B. Form concrete bases with steel channels conforming to ASTM A 36 (ASTM A 36M), size and 
location as indicated.  Miter and weld corner and provide cross bracing.  Anchor or key to floor 
slab.

C. Form concrete bases with framing lumber with form-release compounds.  Chamfer top edge and 
corners of base.

D. Install reinforcing bars, tied to frame, and place anchor bolts and sleeves to facilitate securing 
units.

E. Place concrete and allow to cure before installing units.  Use portland cement conforming to 
ASTM C 150, 4000-psig (27.6-MPa) compressive strength, and normal-weight aggregate.

F. Clean exposed steel form according to SSPC-SP 2 or SSPC-SP 3 and apply 2 coats of rust-
preventive metal primer.
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3.4 CONNECTIONS

A. Piping installation requirements are specified in other Division 23 Sections.  The Drawings 
indicate the general arrangement of piping, fittings, and specialties.  The following are specific 
connection requirements:

1. Install piping adjacent to machine to allow service and maintenance.
2. Connection piping to air-handling units with flexible connectors.
3. Connect condensate drain pans using 1-1/4-inch NPS (DN32), Type M copper 

tubing.  Extend to nearest equipment or floor drain.  Construct deep trap at 
connection to drain pan and install cleanouts at changes in direction.

4. Hot- and Chilled-Water Piping:  Conform to applicable requirements of 
Division 23 Section "Hydronic Piping."  Connect to supply and return coil 
tappings with shutoff or balancing valve and union or flange at each connection.

5. Refrigerant Piping:  Conform to applicable requirements of Division 23 
Section "Refrigerant Piping."  Connect to supply and return coil tappings with 
shutoff valve and union or flange at each connection.

B. Duct installation and connection requirements are specified in other Division 23 Sections.  The 
Drawings indicate the general arrangement of ducts and duct accessories.  Make final duct 
connections with flexible connections.

C. Electrical:  Conform to applicable requirements of Division 26Sections.

1. Connect fan motors to wiring systems and to ground.  Tighten electrical 
connectors and terminals according to manufacturer's published torque-
tightening values.  Where manufacturer's torque values are not indicated, use 
those specified in UL 486A and UL 486B.

3.5 ADJUSTING

A. Adjust damper linkages for proper damper operation.

3.6 CLEANING

A. After completing installation, inspect exposed finish.  Remove burrs, dirt, and construction 
debris, and repair damaged finishes including chips, scratches, and abrasions.

B. Clean fan interiors to remove foreign material and construction dirt and dust.  Vacuum clean fan 
wheels, cabinets, and coils entering air face.

3.7 COMMISSIONING

A. Manufacturer's Field Inspection: Installer is to perform the following:

1. Inspect field assembly of components and installation of central-station air-
handling units including piping, ductwork, and electrical connections.
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B. Final Checks before Startup:  Perform the following before startup:

1. Verify that shipping, blocking, and bracing are removed.
2. Verify that unit is secure on mountings and supporting devices and that 

connections for piping, ductwork, and electrical are complete.  Verify that proper 
thermal overload protection is installed in motors, starters, and disconnects.

3. Perform cleaning and adjusting specified in this Section.
4. Disconnect fan drive from motor, verify proper motor rotation direction, and 

verify free fan wheel rotation and smooth bearings operations.  Reconnect fan 
drive system, align belts, and install belt guards.

5. Lubricate bearings, pulleys, belts, and other moving parts with factory-
recommended lubricants.

6. Set zone dampers to fully open position for each zone.
7. Set face-and-bypass dampers to full face flow.
8. Set outside-air and return-air mixing dampers to minimum outside-air setting.
9. Comb coil fins for parallel orientation.

a.  Install clean filters.
10. Verify that manual and automatic volume control, and fire and smoke dampers 

in connected ductwork systems are in fully open position.

C. Starting procedures for central-station air-handling units include the following:

1. Energize motor; verify proper operation of motor, drive system, and fan wheel.  
Adjust fan to indicated rpm.

a. Replace fan and motor pulleys as required to achieve design conditions.

2. Measure and record motor electrical values for voltage and amperage.
3. Manually operate dampers from fully closed to fully open position and record fan 

performance.

D. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for air-handling system 
testing, adjusting, and balancing.

3.8 DEMONSTRATION

A. Installer is to train Owner's maintenance personnel on procedures and schedules related to 
startup and shutdown, troubleshooting, servicing, and preventive maintenance.

1. Review data in the operation and maintenance manuals.  Refer to Division 1 
Section "Contract Closeout."

2. Schedule training with Owner, through Architect, with at least 7 days' advance 
notice.

END OF SECTION 237313
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SECTION 237313.1 CENTRAL-STATION AIR-HANDLING UNITS (WITH ENERGY RECOVERY) 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes central-station air-handling units with coils and energy recovery for 
outdoor installations. 

1.3 SUBMITTALS 

A. General:  Submit each item in this Article according to the Conditions of the Contract and 
Division 1 Specification Sections. 

B. Product Data for each central-station air-handling unit specified, including the following: 

1. Fan-performance curves with system operating conditions indicated. 
2. Fan-sound power ratings. 
3. Energy recovery performance ratings with system operating conditions indicated on 

schedule. 
4. Coil-performance ratings with system operating conditions indicated on schedule. 
5. Motor ratings and electrical characteristics plus motor and fan accessories. 
6. Material gages and finishes. 
7. Filters with performance characteristics. 
8. Dampers, including housings, linkages, and operators. 

C. Shop Drawings from manufacturer detailing equipment assemblies and indicating dimensions, 
weights, loadings, required clearances, method of field assembly, components, and location and 
size of each field connection. 

D. Wiring diagrams detailing wiring for power and control systems and differentiating between 
manufacturer-installed and field-installed wiring. 

E. Maintenance data for central-station air-handling units to include in the operation and 
maintenance manual specified in Division 1 Sections and Division 23 Section "Basic HVAC 
Requirements." 
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1.4 QUALITY ASSURANCE 

A. NFPA Compliance:  Central-station air-handling units and components shall be designed, 
fabricated, and installed in compliance with NFPA 90A, "Installation of Air Conditioning and 
Ventilating Systems." 

B. UL Compliance:  Electric coils, along with complete central-station air-handling unit, shall be 
listed and labeled by UL.  Unit(s) shall bear the ETL label, tested in accordance to UL 1995. 

C. ARI Certification:  Central-station air-handling units and their components shall be factory 
tested according to the applicable portions of ARI 430, "Central-Station Air-Handling Units," 
and shall be listed and bear the label of the Air-Conditioning and Refrigeration Institute (ARI).  
Fans shall be tested in an AMCA certified laboratory; coils shall tested in accordance to ARI 
410 ; energy recovery exchangers shall be in accordance to AHRI 1060, “Rating Air-to-Air 
Energy Recovery Equipment” and Eurovent standards; filters shall be tested in accordance to 
ASHRAE 52. 

D. The air leakage of the unit(s) shall not exceed 1% at 8” inches H2O positive static pressure and a 
copy of the report must be submitted upon request.  Unit shall be constructed to limit frame and 
panel deflection to 1/250th of the panel length at 8” inches H2O positive static pressure and a 
copy of the report must be submitted upon request.   

E. UL and NEMA Compliance:  Provide motors required as part of air-handling units that are 
listed and labeled by UL and comply with applicable NEMA standards. 

F. Comply with NFPA 70 for components and installation. 

G. Listing and Labeling:  Provide electrically operated components specified in this Section that 
are listed and labeled. 

1. The Terms "Listed" and "Labeled":  As defined in the National Electrical Code, Article 
100. 

H. All unit(s) shall be factory run tested before shipping.  A proof copy of the test shall be placed 
in the unit electrical power & control panel. 

I. Coordination:  Coordinate layout and installation of central-station air-handling units with 
piping and ductwork and with other installations. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver air-handling unit as a factory-assembled module with protective crating and covering. 

B. Lift and support units with manufacturer's designated lifting or supporting points. 
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1.6 SEQUENCING AND SCHEDULING 

A. Coordinate size and location of concrete housekeeping bases.  Cast anchor-bolt inserts into 
base. 

B. Coordinate size and location of structural-steel support members. 

1.7 EXTRA MATERIALS 

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

B. Filters:  Furnish 1 set for each central-station air-handling unit. 

PART 2 -  PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be considered equal include, and are limited to, the following: 

1. AnnexAir 
2. SEMCO 
3. Energy Labs 
4. Des Champs 

 
Unit(s) weight, dimensions, and performance must match with the project schedules and 
drawings.  This is a fast track project and as such can afford time lost due to construction and 
coordination deviations. 
 

2.2 MANUFACTURED UNITS 

A. General Description:  Factory assembled, consisting of fans, motor and drive assembly, coils, 
damper, plenums, filters, drip pans, energy recovery wheel and mixing dampers. 

2.3 CABINET 

A. Materials:   
1. The unit housing shall be no-through metal with 2’’ Thermo-Composite and foam panel 

construction - interior and exterior or an all-aluminum 4” Foam thermal break 
construction - interior and exterior.  Thermal break construction using a gasket to insulate 
two panels is not an acceptable equivalent to a no-through metal constructed casing.  No-
through metal construction will be inherent to all the component construction in the 
assembly.   

Lrobinson
Text Box
Removes the wording about extra belts.  Only direct drive fans wanted & provided

Lrobinson
Text Box
Changed approved manufacturers to ones with a known track record for quality and support after installation.  Standard manufactures can meet specification expectations without compromising owner expectations.

Lrobinson
Text Box
Same cabinet construction as the Talequah Clinic & Casino.  Keeps the owner standards of construction consistent across properties.
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2. All panels and access doors shall be double wall construction with R14 foam insulation 
for every 2” of construction. All panels and access doors shall be double wall 
construction with R14 foam insulation for every 2” of construction. All foam insulation 
must be Greenguard certified®. Any insulation incorporating CFCs or HCFCs in its 
construction is strictly prohibited from this application.   

3. Unit casing will have no exterior condensation at interior AHU temperatures down to 43F 
while unit exterior conditions are maintained at 95 F dry bulb / 85 F wet bulb. The air 
handling unit manufacturer general contraction shall be tested to demonstrate the thermal 
performance of the unit casing. 

4. The panels shall be tested in accordance with SMACNA and ASHRAE 111 to have a 
deflection of no more than L/1150 at 10’’ and withstand air pressures up to 8” w.c with 
less than 1% leakage.  Fire resistance of the panel will be in compliance with UL 94 rated 
at 5VA; and a flame spread / smoke development in compliance with UL 723 ASTM E84 
Class 1 rating. 

5. Thermo-Composite or aluminum panels shall be provided for the entire unit construction, 
including but not limited to, walls, doors, floors, roof, interior partitions, and electrical 
compartment.  Panels shall be non-load bearing type.   

6. The frame shall consist of anodized extruded aluminum profiles which incorporates a 
thermally broken construction; welded together for reinforcement and insulated for 
superior thermal performance.   

7. Base Structure:  Base structure shall be fully welded G-90, painted exterior, and have 
integral lifting lugs which can be removed once the unit is installed.  

8. All roof and side wall seams shall be positively sealed to prevent water and air leakage. 
The OA and EA compartment shall have 1” PVC drains extended to exterior of unit. 

9. Access doors shall be provided to all major components to facilitate quick and easy 
access. Access doors will be made from the same material as the unit casing and shall 
incorporate thermal break construction.  Fan access door(s) shall have Allegis type 
handles, with one handle interlinking multiple latches and threaded insert fastening 
handles for all remaining doors.  If access doors do not open against unit operating 
pressure, provide safety latches that allow access doors to partially open after first handle 
movement and fully open after second handle movement.  Removable panels provided 
for equipment pull out for coil(s), and air to air heat exchanger section(s) shall have key 
tooled threaded insert fasteners. Hinges shall be Nylon hinge type designed to open 180 
degrees. 

10. Unit shall have the entire exterior finished with a PVDF coating designed for UV 
resistance.  Panels shall pass ASTM B117 3000-hour salt fog resistance test and ASTM 
D4585 3000-hour moisture condensation resistance test. In addition, paint must meet 
AAMA 620-02 standard for color, chalking, gloss retention, and abrasion resistance.   

11. The air handler unit casing shall be provided with a lifetime warranty against corrosion 
resistance under normal use. 

B. Drain Pans:  Formed sections of galvanized steel sheet with stainless steel liner.  Fabricate pans 
in sizes and shapes to collect condensate from cooling coils (including coil piping connections 
and return bends) when units are operating at maximum catalogued face velocity across cooling 
coil. 
1. Drain pan shall be provided for cooling coils. Cooling coils shall sit on stainless steel 

tubular support rails, which shall stand a minimum of (2) two inches above the highest 
point of the floor drain pan 

2. Stainless steel drain pan shall be insulated with minimum of 0.25 Armaflex or similar 
insulation. 
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3. Stacked coils shall be provided for larger airflows and intermediate drain pans shall be 
provided for each coil bank.   

4. Drain pans shall be stainless steel with stainless steel drain connections on one side only.  
Pan shall be sloped in two planes.  All coils shall be certified in accordance with ARI 
standard 410. 

C. Weather Hood(s):  The outdoor intake weather hood shall be completely constructed in 
aluminum for superior corrosion resistance. The hood shall ship loose for field installation by 
the installing contractor. Painted galvanized hoods shall not be acceptable due to its 
susceptibility to corrosion.   The outdoor air hood shall be designed with a 4” extruded 
aluminum louver, bird screen and a plenum enclosure with drain holes.  The louver blades shall 
be drainable type with a maximum 45 degree angle and curved with integral rain baffle.   The 
louver design shall not allow more than 0.03 oz/ft2 water penetration when tested in accordance 
to AMCA 500.  The pressure drop of the complete hood assembly shall not exceed 0.05”wc at a 
maximum 500 fpm face velocity. A Pre-filter rack system shall be installed within the weather 
hood enclosure to prevent outdoor air dust and debris from entering the damper and unit casing 
plenum.  Pre-filters installed inside the unit casing plenum and downstream of the outdoor 
damper will not be acceptable as this will increase overall maintenance on the damper, reduce 
indoor air quality and promote mold and bacteria growth.   Filter access in the hood shall be 
accomplished via the louver that is installed with a stainless steel piano hinge and spring loaded 
latch.  No tools or ladders shall be required to access the pre-filters in the weather hood 
assembly.  

D. Exhaust Air Louver(s):  The exhaust air outlet louvers shall be 2” extruded aluminum, with non- 
restricting blade design and bird screen 

2.4 ENTHALPY WHEEL 

A. The substrate shall be made of aluminum.   The aluminum shall have a rotational speed of 20 to 
25 RPM. Non-metallic substrates made from paper, plastic, synthetic or glass fiber media shall 
not  be acceptable.   The substrate shall not be made from any material which is combustible 
supports combustion such as synthetic fibrous media. The enthalpy wheel media shall have 
NFPA 90A certification with 0% for flame spread classification. The pressure drop shall not be 
more than 0.1” WC for every 100 FPM face velocity for the stated and scheduled latent 
recovery and efficiency. 

B. The desiccant shall be water molecule selective and non-migratory.  The desiccant shall be 
molecular sieve 3 angstrom, so as to prevent cross contamination.  The enthalpy wheel 
desiccant shall have a desiccant mass of no less than 5 kg per 1,000 CFM of air. The desiccant 
shall utilize a coating with non-masking porous binder adhesive on the aluminum substrate so as 
to allow quick and easy uptake and release of water vapor.  A confirmation by the enthalpy 
wheel manufacturer shall be provided. A matrix utilizing desiccants impregnated in non-
metallic substrates, such as synthetic fiber, glass fiber or plastic, shall not be acceptable.  

C. The rotor and wheel matrix shall have equal sensible and latent effectiveness.  A rotor matrix 
which has been etched or oxidized to make a desiccant on a metal foil results in insufficient 
latent recovery and hence unequal recovery and shall not be acceptable.  A rotor matrix made 
from desiccant integrated in a synthetic fiber matrix results in insufficient sensible recovery and 
requires high rotational speeds, provides unequal energy transfer and shall not be acceptable. 

Lrobinson
Text Box
Changed Wheel Type to Molecular Sieve construction.  Experience of 20yrs has shown that for casino with allowed smoking require this type of desiccant for long term odor and humidity management.  Anything less is not acceptable.
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Rotors having diameters up to 2000mm shall have spokes to reinforce the matrix.  2000mm 
rotors and up shall have a special wing structure to prevent wobble or deformation due to 
excessive pressure differentials. 

D. Sectioned wheels shall be available as an option for field assembly in sizes 2000mm and larger. 
The surface of the wheel shall be highly polished to ensure vertical run out does not exceed +/-  
1mm for every 1 meter in diameter, thereby ensuring negligible leakage through the provided 
Labyrinth seals. The radial run out shall not exceed +/- 1mm for every 1 meter diameter, 
thereby minimizing the leakage drag on the radial seals and minimizing the tension and 
fluctuations in the drive belt. The rotor shall be a non-clogging aluminum media, having a 
multitude of narrow aluminum foil channels, thus ensuring a laminar flow and will allow 
particles up to 800 microns to pass     through it.  

E. The media shall be cleanable with compressed air or low pressure steam or light detergent 
without degrading the latent recovery. Wheel sizes up to 2 meter Diameter– casing shall be 
made of folded galvanized steel sheets and be a self-supporting structure with purge sector, 
rotor, bearing, contact / brush seals,  drive mechanism with drive belt. Wheel sizes above 2 
meter Diameter –casing shall be made of tubular steel structure and be a self-supporting 
structure with field adjustable purge sector, rotor, bearing, labyrinth seals, drive mechanism 
with drive belt. 

F. Casing shall have a factory set field adjustable purge mechanism to limit cross                           
contamination. The face and radial seals shall be four (4) pass non-contact labyrinth seals for 
effective sealing between the two air streams and also for minimum wear, ensuring long life of 
the seals. 

G. Provide VFD for energy wheel. 

2.5 FAN SECTION 

A. Fan-Section Construction:  Fans shall be direct drive radial centrifugal fans with free running 
impeller.  No fan belts will be acceptable for this application.  Fans shall be compact, optimized 
and construction made of galvanized sheet steel with backward curved 7-blade high efficiency 
impeller, protected by an epoxy powder coating. To reduce vibration, the impeller shall be 
balanced with hub to an admissible vibration severity of less than 2.8 mm/s in conformity with 
DIN ISO 14694 and proof shall be supplied for each individual impeller.  Tests shall be made 
according to DIN ISO 1940 Part 1, quality of balancing G2.5/6.3.   The single inlet shall be 
mounted onto constant speed direct drive motor, equipped with an air flow optimized inlet cone 
from galvanized sheet steel.    

B. Fans shall be completely certified as per ISO 5801 and in accordance to AMCA standards.  
Fans will re-quire to be operated by a Variable speed drive.  Optional: Plug fan shall come 
equipped with guard grilles for the air intake side. 

C. Housings:  Fabricate from formed- and reinforced-steel panels to form curved scroll housings 
with shaped cutoff, spun-metal inlet bell, and access doors or panels to allow entry to internal 
parts and components. 

D. Fan-Section Source Quality Control:  The following factory tests are required. 

Lrobinson
Text Box
Same Fan Section  as the Talequah Clinic & Casino.  Removes belt drive allowance. Keeps the owner standards of construction consistent across properties.
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1. 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. 

2. Factory test fan performance for flow rate, pressure, power, air density, rotation speed, 
and efficiency.  Establish ratings according to AMCA 210, "Laboratory Methods of 
Testing Fans for Rating." 

2.6 FAN MOTORS 

A. General:  Refer to Division 23 Section "Motors" for general requirements. 

B. The fan motors shall meet NEMA standard dimensions and comply with the Energy policy Act 
of 1997.  Motors shall have high efficiencies with low noise and vibration output.  Motors shall 
be certified and built in accordance to ISO 9001 quality control system.  Motors shall have ODP 
enclosure with Premium efficiency performance.  Units shall be designed for constant 
application. Please refer to the unit schedule for the application type.  

C. Option: A shaft grounding brush kit will be provided to prevent electrical damage to motor 
bearings by safely channeling harmful shaft currents to ground. 

2.7 FREQUENCY DRIVE (VFD) 

A. A single fan VFDs shall control all fans for a given section. 

B. Fan VFDs shall be installed in an internal ventilated cabinet.  The cabinet shall be completely 
isolated from any hydronic coils or piping. 

C. VFDs will be used to set or regulate the fan speed and airflow for these units.  The VFD shall 
have PID function for constant flow applications. 

D. The VFDs will be installed with integral brake transistor, overload protection, and adjustable 
pulse-width modulation (PWM).  The VFD shall use Insulated Gate Bipolar Transistor (IGBT) 
technology to convert three phase input power to coded PWM output and have 4-20mA analog 
output terminals that are fully programmable for variable flow applications.  The VFD shall be 
equipped with a keypad with status indicators, easy access functions, and monitoring functions 
during motor operation. 

E. In the event of a momentary power failure or fault the VFD shall read the inverter speed and 
direction of a coasting motor and shall automatically restart the motor smoothly.  Technical 
support will be provided by the VFD manufacturer. 

F. VFDs shall be installed as shown on drawings with contactors, relays, and all specified 
accessories.  VFDs to be installed without by-pass. 
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2.8 CONTROLS VALVES AND END DEVICES 

A. With exception to the hydronic control valves and airflow balancing system, all control 
temperature sensors, actuators. 

2.9 COILS 

A. Coil Sections:  Common or individual, insulated, galvanized steel casings for heating and 
cooling coils.  Design and construct to facilitate removal and replacement of coil for 
maintenance and to assure full airflow through coils. 

B. Coil Construction:  Rigidly supported across full face, pitched to allow drainage. 
1. Fins:  Aluminum, mechanically bonded to tubes. 
2. Tubes:  Seamless copper. 
3. Coil Casing:  Galvanized steel. 
4. Headers for Water Coils:  Steel with connections for drain valve and air vent, and 

threaded piping connections. 

C. Water Coils:  Drainable with threaded plugs, serpentine with return bends in smaller sizes and 
with return headers in larger sizes. 

D. All coil sections shall incorporate an internal piping vestibule.  Should an external piping 
vestibule (dog house) be used, it shall conform to the same construction and insulation 
standards and specifications set forth in cabinet and materials specification section.  

2.10 DAMPERS 

A. General:  Leakage rate, according to AMCA 500, "Test Methods for Louvers, Dampers and 
Shutters," shall not exceed 2 percent of air quantity at 2000-fpm (10-m/s) face velocity through 
damper and 4-inch wg (1000-Pa) pressure differential. 

B. Dampers shall be installed where shown on the drawings.  Dampers shall be low leak type 
(NON-INSULATED TAMCO SERIES 1000 or similar) with rubber edges, opposed or parallel 
blades, and constructed from extruded aluminum.  Galvanized dampers will not be acceptable.  
The exhaust air outlet shall have a standard aluminum gravity type damper, unless otherwise 
noted below.   

C. Dampers shall be installed in the compartments (as shown on the drawings) with linkage rod for 
actuators: 

2.11 FILTER SECTION 

A. Filters:  Comply with NFPA 90A. 

B. Filters shall be Maxi Pleat 2" MERV 8. 

C. Filters shall be factory installed upstream of the heat exchanger and coils, in both airstreams. 
The filters shall be Filtration Lab’s Maxi-60 MERV 8.  Each filter shall consist of 100% 

Lrobinson
Text Box
Same Damper Section  as the Talequah Clinic & Casino.  Removes belt drive allowance. Keeps the owner standards of construction consistent across properties.
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synthetic media, expanded metal on the downstream and enclosing with high wet-strength 
beverage board with diagonal support bonded on air entering and air exiting side of each pleat.  
MERV 8 model 615 filters, UL class 2 are rated as per ASHRAE test 52.2.1999 at 70% 
efficiency initial (based on Minimum Average Efficiency) at 3-10 microns.  The model 615 
could be operated at 500 FPM, surface area 17.6 FT2 of media based on 24 x 24 x 2 initial static 
pressure at 0.30”, final will be 1”.  Filters shall be placed in a completely sealed, galvanized 
holding frame with quick release latches for easy replacement.   

2.12 POWER & SAFETY CONTROL 

A. The power and control center shall be integral to the unit housing and rated equivalent to 
NEMA 3R.  Panels that are externally mounted to the unit shall not be accepted, regardless of 
the NEMA rating they may have.  A separate access door shall be provided with an approved 
locking device.  All electrical components contained in the panel shall be UL/CSA certified and 
labeled.  The unit shall be complete with VFDs, fuses, cascading overloads (without VFD’s or 2 
motors on same VFD), relays,  terminals for main ON/OFF and step-down transformer.  All 
components shall be factory wired for single point power connection by the manufacturer of the 
unit.  A non-fused safety disconnect switch shall be factory installed for ON/OFF servicing. An 
electrical pipe chase for power and control feeding shall be provided next to the control panel.  
Any power or control wiring that is field installed shall not be accepted under any 
circumstances.  The Short Circuit Current Rating (SCCR) is 5kA rms symmetrical, 600V 
Maximum. 

B. GFI, lights, and switches shall be factory installed and wired to a common junction box.   A 
separate power connection 120V/1 will be required (powered by others). 

 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions to receive equipment, for compliance with installation tolerances 
and other conditions affecting performance of central-station air-handling units. 

B. Examine roughing-in of hydronic, condensate drainage piping, and electrical to verify actual 
locations of connections before installation. 

C. Do not proceed with installation until unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install central-station air-handling units level and plumb, according to manufacturer's written 
instructions. 

Lrobinson
Text Box
Corrected power & connection language.  To remove ambiguity in electrician  expectations & provisions
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1. Floor-Mounted Units:  Support on concrete housekeeping bases using housed-spring 
isolators.  Secure units to anchor bolts installed in concrete housekeeping base. 

2. Suspended Units:  Suspend units from structural-steel support frame using threaded steel 
rods and vibration isolation. 

B. Arrange installation of units to provide access space around air-handling units for service and 
maintenance. 

 

 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 Sections.  The Drawings 
indicate the general arrangement of piping, fittings, and specialties.  The following are specific 
connection requirements: 

1. Install piping adjacent to machine to allow service and maintenance. 
2. Connection piping to air-handling units with flexible connectors. 
3. Connect condensate drain pans using 1-1/4-inch NPS (DN32), Type M copper tubing.  

Extend to nearest equipment or floor drain.  Construct deep trap at connection to drain 
pan and install cleanouts at changes in direction. 

4. Hot- and Chilled-Water Piping:  Conform to applicable requirements of Division 23 
Section "Hydronic Piping."  Connect to supply and return coil tappings with shutoff or 
balancing valve and union or flange at each connection. 

5. Refrigerant Piping:  Conform to applicable requirements of Division 23 Section 
"Refrigerant Piping."  Connect to supply and return coil tappings with shutoff valve and 
union or flange at each connection. 

B. Duct installation and connection requirements are specified in other Division 23 Sections.  The 
Drawings indicate the general arrangement of ducts and duct accessories.  Make final duct 
connections with flexible connections. 

C. Electrical:  Conform to applicable requirements of Division 26Sections. 

1. Connect fan motors to wiring systems and to ground.  Tighten electrical connectors and 
terminals according to manufacturer's published torque-tightening values.  Where 
manufacturer's torque values are not indicated, use those specified in UL 486A and 
UL 486B. 

3.4 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

3.5 CLEANING 
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A. After completing installation, inspect exposed finish.  Remove burrs, dirt, and construction 
debris, and repair damaged finishes including chips, scratches, and abrasions. 

B. Clean fan interiors to remove foreign material and construction dirt and dust.  Vacuum clean fan 
wheels, cabinets, and coils entering air face. 

3.6 COMMISSIONING 

A. Manufacturer's Field Inspection: Installer is to perform the following: 

1. Inspect field assembly of components and installation of central-station air-handling units 
including piping, ductwork, and electrical connections. 

B. Final Checks before Startup:  Perform the following before startup: 

1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that connections for 

piping, ductwork, and electrical are complete.  Verify that proper thermal overload 
protection is installed in motors, starters, and disconnects. 

3. Perform cleaning and adjusting specified in this Section. 
4. Disconnect fan drive from motor, verify proper motor rotation direction, and verify free 

fan wheel rotation and smooth bearings operations.  Reconnect fan drive system, align 
belts, and install belt guards. 

5. Lubricate bearings, pulleys, belts, and other moving parts with factory-recommended 
lubricants. 

6. Set zone dampers to fully open position for each zone. 
7. Set face-and-bypass dampers to full face flow. 
8. Set outside-air and return-air mixing dampers to minimum outside-air setting. 
9. Comb coil fins for parallel orientation. 
10.  Install clean filters. 
11. Verify that manual and automatic volume control, and fire and smoke dampers in 

connected ductwork systems are in fully open position. 

C. Starting procedures for central-station air-handling units include the following: 

1. Energize motor; verify proper operation of motor, drive system, and fan wheel.  Adjust 
fan to indicated rpm. 

a. Replace fan and motor pulleys as required to achieve design conditions. 

2. Measure and record motor electrical values for voltage and amperage. 
3. Manually operate dampers from fully closed to fully open position and record fan 

performance. 

D. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for air-handling system 
testing, adjusting, and balancing. 

3.7 DEMONSTRATION 
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A. Installer is to train Owner's maintenance personnel on procedures and schedules related to 
startup and shutdown, troubleshooting, servicing, and preventive maintenance. 

1. Review data in the operation and maintenance manuals.  Refer to Division 1 Section 
"Contract Closeout." 

2. Schedule training with Owner, through Architect, with at least 7 days' advance notice. 

END OF SECTION 237313.1 
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SECTION 237313.1 CENTRAL-STATION AIR-HANDLING UNITS (WITH ENERGY RECOVERY)

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes central-station air-handling units with coils and energy recovery for 
outdoor installations.

1.3 SUBMITTALS

A. General:  Submit each item in this Article according to the Conditions of the Contract and 
Division 1 Specification Sections.

B. Product Data for each central-station air-handling unit specified, including the following:

1. Fan-performance curves with system operating conditions indicated.
2. Fan-sound power ratings.
3. Energy recovery performance ratings with system operating conditions indicated on 

schedule.
4. Coil-performance ratings with system operating conditions indicated on schedule.
5. Motor ratings and electrical characteristics plus motor and fan accessories.
6. Material gages and finishes.
7. Filters with performance characteristics.
8. Dampers, including housings, linkages, and operators.

C. Shop Drawings from manufacturer detailing equipment assemblies and indicating dimensions, 
weights, loadings, required clearances, method of field assembly, components, and location and 
size of each field connection.

D. Wiring diagrams detailing wiring for power and control systems and differentiating between 
manufacturer-installed and field-installed wiring.

E. Maintenance data for central-station air-handling units to include in the operation and 
maintenance manual specified in Division 1 Sections and Division 23 Section "Basic HVAC 
Requirements."
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1.4 QUALITY ASSURANCE

A. NFPA Compliance:  Central-station air-handling units and components shall be designed, 
fabricated, and installed in compliance with NFPA 90A, "Installation of Air Conditioning and 
Ventilating Systems."

B. UL Compliance:  Electric coils, along with complete central-station air-handling unit, shall be 
listed and labeled by UL.  Unit(s) shall bear the ETL label, tested in accordance to UL 1995.

C. ARI Certification:  Central-station air-handling units and their components shall be factory 
tested according to the applicable portions of ARI 430, "Central-Station Air-Handling Units," 
and shall be listed and bear the label of the Air-Conditioning and Refrigeration Institute (ARI).  
Fans shall be tested in an AMCA certified laboratory; coils shall tested in accordance to ARI 
410 ; energy recovery exchangers shall be in accordance to AHRI 1060, “Rating Air-to-Air 
Energy Recovery Equipment” and Eurovent standards; filters shall be tested in accordance to 
ASHRAE 52.

D. The air leakage of the unit(s) shall not exceed 1% at 8” inches H2O positive static pressure and a 
copy of the report must be submitted upon request.  Unit shall be constructed to limit frame and 
panel deflection to 1/250th of the panel length at 8” inches H2O positive static pressure and a 
copy of the report must be submitted upon request.  

E. UL and NEMA Compliance:  Provide motors required as part of air-handling units that are 
listed and labeled by UL and comply with applicable NEMA standards.

F. Comply with NFPA 70 for components and installation.

G. Listing and Labeling:  Provide electrically operated components specified in this Section that 
are listed and labeled.

1. The Terms "Listed" and "Labeled":  As defined in the National Electrical Code, Article 
100.

H. All unit(s) shall be factory run tested before shipping.  A proof copy of the test shall be placed 
in the unit electrical power & control panel.

I. Coordination:  Coordinate layout and installation of central-station air-handling units with 
piping and ductwork and with other installations.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Deliver air-handling unit as a factory-assembled module with protective crating and covering.

B. Lift and support units with manufacturer's designated lifting or supporting points.
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1.6 SEQUENCING AND SCHEDULING

A. Coordinate size and location of concrete housekeeping bases.  Cast anchor-bolt inserts into 
base.

B. Coordinate size and location of structural-steel support members.

1.7 EXTRA MATERIALS

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

B. Filters:  Furnish 1 set for each central-station air-handling unit.

PART 2 -  PRODUCTS
MANUFACTURERS

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

1. AnnexAir
2. SEMCO
3. Energy Labs
4. Des Champs

2.2 MANUFACTURED UNITS

A. General Description:  Factory assembled, consisting of fans, motor and drive assembly, coils, 
damper, plenums, filters, drip pans, energy recovery wheel and mixing dampers.

2.3 CABINET

A. Materials:  Formed and reinforced double wall galvanized steel panels, fabricated to allow 
removal for access to internal parts and components, with joints between sections sealed.

1. Outside Casing:  Steel, 18-gage minimum; finished with (2) two coats of acrylic urethane 
enamel.   Paint shall pass ASTM B117 2000-hour salt fog resistance test and ASTM 
D4585 2000-hour moisture condensation resistance test.

2. Inside Casing:  Galvanized steel, 20-gage 
3. Floor Plate:  Galvanized steel, 16-gage 
4. Base Structure:  The base structure shall be fully welded with formed heavy gauge 

galvanized steel.  Double lined heavy duty galvanized steel, G-90 floor insulated with 
R12 foam shall be mechanically fastened to the base structure which shall consist of an 
anti-vibration gasket to diminish the metal to metal contact.  Base structure shall have 
galvanized integral lifting lugs which can be removed once the unit is installed.  
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B. Insulation:  Coated, glass-fiber insulation, complying with NFPA 90A, "Installation of Air 
Conditioning and Ventilating Systems," for insulation.

1. Thickness:  2 inches (50 mm), 31b density.

C. Access Panels and Doors:  Same materials and finishes as cabinet and complete with hinges, 
latches, handles, and gaskets.

1. Fan section shall have inspection and access panels and doors sized and located to allow 
periodic maintenance and inspections.

2. If access doors do not open against unit operating pressure, provide safety latches that 
allow access doors to partially open after first handle movement and fully open after 
second handle movement. 

3. Removable panels provided for equipment pull out for coil(s), heat exchanger(s) and fan 
intake section(s) shall have key tooled threaded insert fasteners. Hinges shall be 
aluminum butt hinges designed to open 180 degrees. 

4. Access doors shall be sealed with a full “U-Shaped” gasket for superior air tightness 
along the door edge.  Bulb type gaskets shall not be acceptable since they do not return to 
their original form once compressed.  

5. Fan access door(s) shall have Ventlock type latches and threaded insert fastening handles 
for all remaining doors

D. Drain Pans:  Formed sections of galvanized steel sheet with stainless steel liner.  Fabricate pans 
in sizes and shapes to collect condensate from cooling coils (including coil piping connections 
and return bends) when units are operating at maximum catalogued face velocity across cooling 
coil.

1. Drain pan shall be provided for cooling coils. Cooling coils shall sit on stainless steel 
tubular support rails, which shall stand a minimum of (2) two inches above the highest 
point of the floor drain pan

2. Stainless steel drain pan shall be insulated with minimum of 0.25 Armaflex or similar 
insulation.

3. Stacked coils shall be provided for larger airflows and intermediate drain pans shall be 
provided for each coil bank.  

4. Drain pans shall be stainless steel with stainless steel drain connections on one side only.  
Pan shall be sloped in two planes.  All coils shall be certified in accordance with ARI 
standard 410.

2.4 ENTHALPY WHEEL

A. The substrate shall be made of aluminum.   The aluminum shall have a rotational speed of 20 to 
25 RPM. Non-metallic substrates made from paper, plastic, synthetic or glass fiber media shall 
not  be acceptable.   The substrate shall not be made from any material which is combustible 
supports combustion such as synthetic fibrous media. The enthalpy wheel media shall have 
NFPA 90A certification with 0% for flame spread classification. The pressure drop shall not be 
more than 0.1” WC for every 100 FPM face velocity for the stated and scheduled latent 
recovery and efficiency.
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B. The desiccant shall be water molecule selective and non-migratory.  The desiccant shall be 
molecular sieve 3 angstrom, so as to prevent cross contamination.  The enthalpy wheel 
desiccant shall have a desiccant mass of no less than 5 kg per 1,000 CFM of air. The desiccant 
shall utilize a coating with non-masking porous binder adhesive on the aluminum substrate so as 
to allow quick and easy uptake and release of water vapor.  A confirmation by the enthalpy 
wheel manufacturer shall be provided. A matrix utilizing desiccants impregnated in non-
metallic substrates, such as synthetic fiber, glass fiber or plastic, shall not be acceptable. 

C. The rotor and wheel matrix shall have equal sensible and latent effectiveness.  A rotor matrix 
which has been etched or oxidized to make a desiccant on a metal foil results in insufficient 
latent recovery and hence unequal recovery and shall not be acceptable.  A rotor matrix made 
from desiccant integrated in a synthetic fiber matrix results in insufficient sensible recovery and 
requires high rotational speeds, provides unequal energy transfer and shall not be acceptable. 
Rotors having diameters up to 2000mm shall have spokes to reinforce the matrix.  2000mm 
rotors and up shall have a special wing structure to prevent wobble or deformation due to 
excessive pressure differentials.

D. Sectioned wheels shall be available as an option for field assembly in sizes 2000mm and larger. 
The surface of the wheel shall be highly polished to ensure vertical run out does not exceed +/-  
1mm for every 1 meter in diameter, thereby ensuring negligible leakage through the provided 
Labyrinth seals. The radial run out shall not exceed +/- 1mm for every 1 meter diameter, 
thereby minimizing the leakage drag on the radial seals and minimizing the tension and 
fluctuations in the drive belt. The rotor shall be a non-clogging aluminum media, having a 
multitude of narrow aluminum foil channels, thus ensuring a laminar flow and will allow 
particles up to 800 microns to pass     through it. 

E. The media shall be cleanable with compressed air or low pressure steam or light detergent 
without degrading the latent recovery. Wheel sizes up to 2 meter Diameter– casing shall be 
made of folded galvanized steel sheets and be a self-supporting structure with purge sector, 
rotor, bearing, contact / brush seals,  drive mechanism with drive belt. Wheel sizes above 2 
meter Diameter –casing shall be made of tubular steel structure and be a self-supporting 
structure with field adjustable purge sector, rotor, bearing, labyrinth seals, drive mechanism 
with drive belt.

F. Casing shall have a factory set field adjustable purge mechanism to limit cross                                         
contamination. The face and radial seals shall be four (4) pass non-contact labyrinth seals for 
effective sealing between the two air streams and also for minimum wear, ensuring long life of 
the seals.

2.5 FAN SECTION

A. Fan-Section Construction:  Fans shall be direct drive radial centrifugal fans with free run-ning 
impeller.  No fan belts will be acceptable for this application.  Fans shall be compact, optimized 
and construction made of galvanized sheet steel with backward curved 7-blade high efficiency 
impeller, protected by an epoxy powder coating.  To reduce vibration, the impeller shall be 
balanced with hub to an admissible vibration severity of less than 2.8 mm/s in conformity with 
DIN ISO 14694 and proof shall be supplied for each individual impeller.  Tests shall be made 
according to DIN ISO 1940 Part 1, quality of balancing G2.5/6.3.   The single inlet shall be 
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mounted onto constant speed direct drive motor, equipped with an air flow optimized inlet cone 
from galvanized sheet steel.   

B. Fans shall be completely certified as per ISO 5801 and in accordance to AMCA standards.  
Fans will re-quire to be operated by a Variable speed drive.  Optional: Plug fan shall come 
equipped with guard grilles for the air intake side.

C. Housings:  The fan housing and motor assembly shall be isolated from the unit cabinetry with 
minimum 95% efficient isolators. Fan(s) shall have flexible duct canvas and galvanized spring 
isolators. Painted isolators are unacceptable.

2.6 FAN MOTORS

A. General:  Refer to Division 23 Section "Motors" for general requirements.

B. The fan motors shall meet NEMA standard dimensions and comply with the Energy policy Act 
of 1997.  Motors shall have high efficiencies with low noise and vibration output.  Motors shall 
be certified and built in accordance to ISO 9001 quality control system.  Motors shall have ODP 
enclosure with Premium efficiency performance.  Units shall be designed for constant 
application. Please refer to the unit schedule for the application type. 

C. Option: A shaft grounding brush kit will be provided to prevent electrical damage to motor 
bearings by safely channeling harmful shaft currents to ground.

2.7 FREQUENCY DRIVE (VFD)

A. Fan VFDs shall be installed in an internal ventilated cabinet.  The cabinet shall be completely 
isolated from any hydronic coils or piping.

B. VFDs will be used to set or regulate the fan speed and airflow for these units.  The VFD shall 
have PID function for constant flow applications.

C. The VFDs will be installed with integral brake transistor, overload protection, and adjustable 
pulse-width modulation (PWM).  The VFD shall use Insulated Gate Bipolar Transistor (IGBT) 
technology to convert three phase input power to coded PWM output and have 4-20mA analog 
output terminals that are fully programmable for variable flow applications.  The VFD shall be 
equipped with a keypad with status indicators, easy access functions, and monitoring functions 
during motor operation.

D. In the event of a momentary power failure or fault the VFD shall read the inverter speed and 
direction of a coasting motor and shall automatically restart the motor smoothly.  Technical 
support will be provided by the VFD manufacturer.

E. VFDs shall be installed as shown on drawings with contactors, relays, and all specified 
accessories.  VFDs to be installed without by-pass.
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2.8 CONTROLS VALVES AND END DEVICES

A. With exception to the hydronic control valves and airflow balancing system, all control 
temperature sensors, actuators.

2.9 COILS

A. Coil Sections:  Common or individual, insulated, galvanized steel casing for heating and 
cooling coils.  Design and construct to facilitate removal and replacement of coil for 
maintenance and to assure full airflow through coils.

B. Coil Construction:  Rigidly supported across full face, pitched to allow drainage.

1. Fins:  Aluminum, mechanically bonded to tubes.
2. Tubes:  Seamless copper.
3. Headers for Water Coils:  Steel with connections for drain valve and air vent, and 

threaded piping connections.
4. The complete coil shall be tested with 315 pounds air pressure under warm water and be 

suitable for operation at 250 psig working pressures.  Maximum finned coil height shall 
be 60” and shall not exceed 500 FPM face velocity.  

C. Water Coils:  Drainable with threaded plugs, serpentine with return bends in smaller sizes and 
with return headers in larger sizes.

2.10 DAMPERS

A. Dampers shall be installed where shown on the drawings.  Dampers shall be low leak type 
(NON-INSULATED TAMCO SERIES 1000 or similar) with rubber edges, opposed or parallel 
blades, and constructed from extruded aluminum.  Galvanized dampers will not be acceptable.  
The exhaust air outlet shall have a standard aluminum gravity type damper, unless otherwise 
noted below.  

B. Dampers shall be installed in the compartments (as shown on the drawings) with linkage rod for 
actuators:

2.11 FILTER SECTION

A. Filters shall be Maxi Pleat 2" MERV 8)

B. Filters shall be factory installed upstream of the heat exchanger and coils, in both airstreams. 
The filters shall be Filtration Lab’s Maxi-60 MERV 8.  Each filter shall consist of 100% 
synthetic media, expanded metal on the downstream and enclosing with high wet-strength 
beverage board with diagonal support bonded on air entering and air exiting side of each pleat.  
MERV 8 model 615 filters, UL class 2 are rated as per ASHRAE test 52.2.1999 at 70% 
efficiency initial (based on Minimum Average Efficiency) at 3-10 microns.  The model 615 
could be operated at 500 FPM, surface area 17.6 FT2 of media based on 24 x 24 x 2 initial static 
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pressure at 0.30”, final will be 1”.  Filters shall be placed in a completely sealed, galvanized 
holding frame with quick release latches for easy replacement.  

C. Filters:  Comply with NFPA 90A.

D. FINAL FILTERS (Control flow 12" MERV 13 (80-85%))

1. Filters shall be factory installed where shown on the drawings.  The air filters shall be 
Filtration Lab’s Control Flow MERV 13 .  Each filter shall consist of 100% synthetic 
media, expanded metal on the downstream and enclosing frame shall be constructed of a 
rigid galvanized steel to provide a durable housing for the filter pack.  The filter shall 
have a steel reinforced diagonal support braces affixed on both sides of the filter  and it 
shall have plastic fingers for affixed on both sides of the media pack to control spacing as 
well to prevent the pleat rows from collapsing one upon the other. 

2. MERV 15 model control flow filters, UL class 2 are rated as per ASHRAE test 52.2.1999 
at 98%  efficiency initial (based on Minimum Average Efficiency)  at 1-3 microns.  The 
model Control flow could be operated at 500 FPM. surface area 58 FT2 of media based 
on 24 x 24 x 12 with initial static pressure at 0.49” final will be 1.25”.  Filters shall be 
placed in a completely sealed, galvanized holding frame with quick release latches for 
easy replacement.  

2.12 POWER & SAFETY CONTROL

A. The power and control center shall be integral to the unit housing and rated equivalent to 
NEMA 3R.  Panels that are externally mounted to the unit shall not be accepted, regardless of 
the NEMA rating they may have.  A separate access door shall be provided with an approved 
locking device.  All electrical components contained in the panel shall be UL/CSA certified and 
labeled.  The unit shall be complete with VFDs, fuses, cascading overloads (without VFD’s or 2 
motors on same VFD), relays,  terminals for main ON/OFF and step-down transformer.  All 
components shall be factory wired for single point power connection by the manufacturer of the 
unit.  A non-fused safety disconnect switch shall be factory installed for ON/OFF servicing. An 
electrical pipe chase for power and control feeding shall be provided next to the control panel.  
Any power or control wiring that is field installed shall not be accepted under any 
circumstances.  The Short Circuit Current Rating (SCCR) is 5kA rms symmetrical, 600V 
Maximum.

B. GFI, lights, and switches shall be factory installed and wired to a common junction box.   A 
separate power connection 120V/1 will be required (powered by others).

2.13 CONTROLS 

A. The unit shall be delivered with factory installed control system.  Field installed control package 
by the ATC will not be acceptable.  The control system shall consist of a microprocessor with 
LCD display, 7 day time clock, 20 day holiday schedule, occupied/unoccupied mode switch, 
warm up mode, cool down mode, hi-lo limit discharge control, fan status, dirty filter status 
(Optional), temperature and humidity sensors, actuators and valves.  The control system main 
purpose will be as specified on the Sequence of Operation.  Supply air temperature and 
humidity sensors and hydronic control valves shall be provided by the AHU manufacturer and 
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field mounted in the supply duct and wired by the controls contractor.  Space temperature and 
humidity wall mount sensors shall be field mounted and wired by controls contractor.  
Terminals for remote control shall be provided for entire unit ON/OFF, 
OCCUPIED/UNOCCUPIED mode selection and alarm contact. 

B.  FAN AIRFLOW BALANCING AND MONITORING

1. The airflow balance and monitoring controller shall be designed to set and monitor unit 
airflow of the fans without adjusting VFD settings by using a keypad. Unit CFM readings 
are to be automatically displayed on a controller LCD screen located within the AHU. 

2. The unit shall be delivered with factory installed airflow measuring system.  The airflow 
measuring system, consisting of a piezometer ring and transducer, shall be installed on 
the fan. The package consists of an inlet port on the fan inlet cone connected with flexible 
tubing to the transducer.  

C. COMMUNICATION INTERFACE CARD 

1. The factory mounted controls and microprocessor shall be capable of communicating 
with the following protocol language:  Bacnet MS/TP RS-485.

PART 3 - EXECUTION
EXAMINATION

A. Examine areas and conditions to receive equipment, for compliance with installation tolerances 
and other conditions affecting performance of central-station air-handling units.

B. Examine roughing-in of hydronic, condensate drainage piping, and electrical to verify actual 
locations of connections before installation.

C. Do not proceed with installation until unsatisfactory conditions have been corrected.

3.2 INSTALLATION

A. Install central-station air-handling units level and plumb, according to manufacturer's written 
instructions.

1. Floor-Mounted Units:  Support on concrete housekeeping bases using housed-spring 
isolators.  Secure units to anchor bolts installed in concrete housekeeping base.

2. Suspended Units:  Suspend units from structural-steel support frame using threaded steel 
rods and vibration isolation.

B. Arrange installation of units to provide access space around air-handling units for service and 
maintenance.
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3.3 CONNECTIONS

A. Piping installation requirements are specified in other Division 23 Sections.  The Drawings 
indicate the general arrangement of piping, fittings, and specialties.  The following are specific 
connection requirements:

1. Install piping adjacent to machine to allow service and maintenance.
2. Connection piping to air-handling units with flexible connectors.
3. Connect condensate drain pans using 1-1/4-inch NPS (DN32), Type M copper tubing.  

Extend to nearest equipment or floor drain.  Construct deep trap at connection to drain 
pan and install cleanouts at changes in direction.

4. Hot- and Chilled-Water Piping:  Conform to applicable requirements of Division 23 
Section "Hydronic Piping."  Connect to supply and return coil tappings with shutoff or 
balancing valve and union or flange at each connection.

5. Refrigerant Piping:  Conform to applicable requirements of Division 23 Section 
"Refrigerant Piping."  Connect to supply and return coil tappings with shutoff valve and 
union or flange at each connection.

B. Duct installation and connection requirements are specified in other Division 23 Sections.  The 
Drawings indicate the general arrangement of ducts and duct accessories.  Make final duct 
connections with flexible connections.

C. Electrical:  Conform to applicable requirements of Division 26Sections.

1. Connect fan motors to wiring systems and to ground.  Tighten electrical connectors and 
terminals according to manufacturer's published torque-tightening values.  Where 
manufacturer's torque values are not indicated, use those specified in UL 486A and 
UL 486B.

3.4 ADJUSTING

A. Adjust damper linkages for proper damper operation.

3.5 CLEANING

A. After completing installation, inspect exposed finish.  Remove burrs, dirt, and construction 
debris, and repair damaged finishes including chips, scratches, and abrasions.

B. Clean fan interiors to remove foreign material and construction dirt and dust.  Vacuum clean fan 
wheels, cabinets, and coils entering air face.

3.6 COMMISSIONING

A. Manufacturer's Field Inspection: Installer is to perform the following:

1. Inspect field assembly of components and installation of central-station air-handling units 
including piping, ductwork, and electrical connections.
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B. Final Checks before Startup:  Perform the following before startup:

1. Verify that shipping, blocking, and bracing are removed.
2. Verify that unit is secure on mountings and supporting devices and that connections for 

piping, ductwork, and electrical are complete.  Verify that proper thermal overload 
protection is installed in motors, starters, and disconnects.

3. Perform cleaning and adjusting specified in this Section.
4. Disconnect fan drive from motor, verify proper motor rotation direction, and verify free 

fan wheel rotation and smooth bearings operations.  Reconnect fan drive system, align 
belts, and install belt guards.

5. Lubricate bearings, pulleys, belts, and other moving parts with factory-recommended 
lubricants.

6. Set zone dampers to fully open position for each zone.
7. Set face-and-bypass dampers to full face flow.
8. Set outside-air and return-air mixing dampers to minimum outside-air setting.
9. Comb coil fins for parallel orientation.
10.  Install clean filters.
11. Verify that manual and automatic volume control, and fire and smoke dampers in 

connected ductwork systems are in fully open position.

C. Starting procedures for central-station air-handling units include the following:

1. Energize motor; verify proper operation of motor, drive system, and fan wheel.  Adjust 
fan to indicated rpm.

a. Replace fan and motor pulleys as required to achieve design conditions.

2. Measure and record motor electrical values for voltage and amperage.
3. Manually operate dampers from fully closed to fully open position and record fan 

performance.

D. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for air-handling system 
testing, adjusting, and balancing.

3.7 DEMONSTRATION

A. Installer is to train Owner's maintenance personnel on procedures and schedules related to 
startup and shutdown, troubleshooting, servicing, and preventive maintenance.

1. Review data in the operation and maintenance manuals.  Refer to Division 1 Section 
"Contract Closeout."

2. Schedule training with Owner, through Architect, with at least 7 days' advance notice.

END OF SECTION 237313.1
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SECTION 237313  CENTRAL-STATION AIR-HANDLING UNITS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes constant-volume, central-station air-handling units with coils for indoor 
installations. 

1.3 SUBMITTALS 

A. General:  Submit each item in this Article according to the Conditions of the Contract and 
Division 1 Specification Sections. 

B. Product Data for each central-station air-handling unit specified, including the following: 

1. Fan-performance curves with system operating conditions indicated. 
2. Fan-sound power ratings. 
3. Coil-performance ratings with system operating conditions indicated. 
4. Motor ratings and electrical characteristics plus motor and fan accessories. 
5. Material gages and finishes. 
6. Filters with performance characteristics. 
7. Dampers, including housings, linkages, and operators. 

C. Shop Drawings from manufacturer detailing equipment assemblies and indicating dimensions, 
weights, loadings, required clearances, method of field assembly, components, and location and 
size of each field connection. 

D. Wiring diagrams detailing wiring for power and control systems and differentiating between 
manufacturer-installed and field-installed wiring. 

E. Maintenance data for central-station air-handling units to include in the operation and 
maintenance manual specified in Division 1 Sections and Division 23 Section "Basic HVAC 
Requirements." 

1.4 QUALITY ASSURANCE 

A. NFPA Compliance:  Central-station air-handling units and components shall be designed, 
fabricated, and installed in compliance with NFPA 90A, "Installation of Air Conditioning and 
Ventilating Systems." 
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B. UL Compliance:  Electric coils, along with complete central-station air-handling unit, shall be 
listed and labeled by UL. 

C. ARI Certification:  Central-station air-handling units and their components shall be factory 
tested according to the applicable portions of ARI 430, "Central-Station Air-Handling Units," 
and shall be listed and bear the label of the Air-Conditioning and Refrigeration Institute (ARI). 

D. UL and NEMA Compliance:  Provide motors required as part of air-handling units that are 
listed and labeled by UL and comply with applicable NEMA standards. 

E. Comply with NFPA 70 for components and installation. 

F. Listing and Labeling:  Provide electrically operated components specified in this Section that 
are listed and labeled. 

1. The Terms "Listed" and "Labeled":  As defined in the National Electrical Code, 
Article 100. 

G. Coordination:  Coordinate layout and installation of central-station air-handling units with 
piping and ductwork and with other installations. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver air-handling unit as a factory-assembled module with protective crating and covering. 

B. Lift and support units with manufacturer's designated lifting or supporting points. 

1.6 SEQUENCING AND SCHEDULING 

A. Coordinate size and location of concrete housekeeping bases.  Cast anchor-bolt inserts into 
base. 

B. Coordinate size and location of structural-steel support members. 

1.7 EXTRA MATERIALS 

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

B. Filters:  Furnish 1 set for each central-station air-handling unit. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be considered equal include, and are limited to, the following: 

1. AnnexAir 
2. Energy Labs 
3. Air Enterprises 

 
Unit(s) weight, dimensions, and performance must match with the project schedules and 
drawings.  This is a fast track project and as such can afford time lost due to construction and 
coordination deviations. 

2.2 MANUFACTURED UNITS 

A.  General Description:  Factory assembled, consisting of fans, motor and drive assembly, coils, 
damper, plenums, filters, drip pans, and mixing dampers. 

2.3 CABINET 

A. Materials:   
1. The unit housing shall be no-through metal with 2’’ Thermo-Composite and foam panel 

construction - interior and exterior or an all-aluminum 4” Foam thermal break 
construction - interior and exterior.  Thermal break construction using a gasket to insulate 
two panels is not an acceptable equivalent to a no-through metal constructed casing.  No-
through metal construction will be inherent to all the component construction in the 
assembly.   

2. All panels and access doors shall be double wall construction with R14 foam insulation 
for every 2” of construction. All panels and access doors shall be double wall 
construction with R14 foam insulation for every 2” of construction. All foam insulation 
must be Greenguard certified®. Any insulation incorporating CFCs or HCFCs in its 
construction is strictly prohibited from this application.   

3. Unit casing will have no exterior condensation at interior AHU temperatures down to 43F 
while unit exterior conditions are maintained at 95 F dry bulb / 85 F wet bulb. The air 
handling unit manufacturer general contraction shall be tested to demonstrate the thermal 
performance of the unit casing. 

4. The panels shall be tested in accordance with SMACNA and ASHRAE 111 to have a 
deflection of no more than L/1150 at 10’’ and withstand air pressures up to 8” w.c with 
less than 1% leakage.  Fire resistance of the panel will be in compliance with UL 94 rated 
at 5VA; and a flame spread / smoke development in compliance with UL 723 ASTM E84 
Class 1 rating. 

5. Thermo-Composite or aluminum panels shall be provided for the entire unit construction, 
including but not limited to, walls, doors, floors, roof, interior partitions, and electrical 
compartment.  Panels shall be non-load bearing type.   

6. The frame shall consist of anodized extruded aluminum profiles which incorporates a 
thermally broken construction; welded together for reinforcement and insulated for 
superior thermal performance.   
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7. Base Structure:  Base structure shall be fully welded G-90, painted exterior, and have 
integral lifting lugs which can be removed once the unit is installed.  

8. All roof and side wall seams shall be positively sealed to prevent water and air leakage. 
The OA and EA compartment shall have 1” PVC drains extended to exterior of unit. 

9. Access doors shall be provided to all major components to facilitate quick and easy 
access. Access doors will be made from the same material as the unit casing and shall 
incorporate thermal break construction.  Fan access door(s) shall have Allegis type 
handles, with one handle interlinking multiple latches and threaded insert fastening 
handles for all remaining doors.  If access doors do not open against unit operating 
pressure, provide safety latches that allow access doors to partially open after first handle 
movement and fully open after second handle movement.  Removable panels provided 
for equipment pull out for coil(s), and air to air heat exchanger section(s) shall have key 
tooled threaded insert fasteners. Hinges shall be Nylon hinge type designed to open 180 
degrees. 

10. Unit shall have the entire exterior finished with a PVDF coating designed for UV 
resistance.  Panels shall pass ASTM B117 3000-hour salt fog resistance test and ASTM 
D4585 3000-hour moisture condensation resistance test. In addition, paint must meet 
AAMA 620-02 standard for color, chalking, gloss retention, and abrasion resistance.   

11. The air handler unit casing shall be provided with a lifetime warranty against corrosion 
resistance under normal use. 

B. Drain Pans:  Formed sections of galvanized steel sheet with stainless steel liner.  Fabricate pans 
in sizes and shapes to collect condensate from cooling coils (including coil piping connections 
and return bends) when units are operating at maximum catalogued face velocity across cooling 
coil. 
1. Drain pan shall be provided for cooling coils. Cooling coils shall sit on stainless steel 

tubular support rails, which shall stand a minimum of (2) two inches above the highest 
point of the floor drain pan 

2. Stainless steel drain pan shall be insulated with minimum of 0.25 Armaflex or similar 
insulation. 

3. Stacked coils shall be provided for larger airflows and intermediate drain pans shall be 
provided for each coil bank.   

4. Drain pans shall be stainless steel with stainless steel drain connections on one side only.  
Pan shall be sloped in two planes.  All coils shall be certified in accordance with ARI 
standard 410. 

C. Weather Hood(s):  The outdoor intake weather hood shall be completely constructed in 
aluminum for superior corrosion resistance. The hood shall ship loose for field installation by 
the installing contractor. Painted galvanized hoods shall not be acceptable due to its 
susceptibility to corrosion.   The outdoor air hood shall be designed with a 4” extruded 
aluminum louver, bird screen and a plenum enclosure with drain holes.  The louver blades shall 
be drainable type with a maximum 45 degree angle and curved with integral rain baffle.   The 
louver design shall not allow more than 0.03 oz/ft2 water penetration when tested in accordance 
to AMCA 500.  The pressure drop of the complete hood assembly shall not exceed 0.05”wc at a 
maximum 500 fpm face velocity. A Pre-filter rack system shall be installed within the weather 
hood enclosure to prevent outdoor air dust and debris from entering the damper and unit casing 
plenum.  Pre-filters installed inside the unit casing plenum and downstream of the outdoor 
damper will not be acceptable as this will increase overall maintenance on the damper, reduce 
indoor air quality and promote mold and bacteria growth.   Filter access in the hood shall be 
accomplished via the louver that is installed with a stainless steel piano hinge and spring loaded 
latch.  No tools or ladders shall be required to access the pre-filters in the weather hood 
assembly.  
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D. Exhaust Air Louver(s):  The exhaust air outlet louvers shall be 2” extruded aluminum, with non- 
restricting blade design and bird screen 

2.4 FAN SECTION 

A. Fan-Section Construction:  Fans shall be direct drive radial centrifugal fans with free running 
impeller.  No fan belts will be acceptable for this application.  Fans shall be compact, optimized 
and construction made of galvanized sheet steel with backward curved 7-blade high efficiency 
impeller, protected by an epoxy powder coating. To reduce vibration, the impeller shall be 
balanced with hub to an admissible vibration severity of less than 2.8 mm/s in conformity with 
DIN ISO 14694 and proof shall be supplied for each individual impeller.  Tests shall be made 
according to DIN ISO 1940 Part 1, quality of balancing G2.5/6.3.   The single inlet shall be 
mounted onto constant speed direct drive motor, equipped with an air flow optimized inlet cone 
from galvanized sheet steel.    

B. Fans shall be completely certified as per ISO 5801 and in accordance to AMCA standards.  
Fans will re-quire to be operated by a Variable speed drive.  Optional: Plug fan shall come 
equipped with guard grilles for the air intake side. 

C. Housings:  Fabricate from formed- and reinforced-steel panels to form curved scroll housings 
with shaped cutoff, spun-metal inlet bell, and access doors or panels to allow entry to internal 
parts and components. 

D. Fan-Section Source Quality Control:  The following factory tests are required. 

1. 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. 

2. Factory test fan performance for flow rate, pressure, power, air density, 
rotation speed, and efficiency.  Establish ratings according to AMCA 210, 
"Laboratory Methods of Testing Fans for Rating." 

2.5 MOTORS 

A. General:  Refer to Division 23 Section "Motors" for general requirements. 

B. The fan motors shall meet NEMA standard dimensions and comply with the Energy policy Act 
of 1997.  Motors shall have high efficiencies with low noise and vibration output.  Motors shall 
be certified and built in accordance to ISO 9001 quality control system.  Motors shall have ODP 
enclosure with Premium efficiency performance.  Units shall be designed for constant 
application. Please refer to the unit schedule for the application type.  

C. Option: A shaft grounding brush kit will be provided to prevent electrical damage to motor 
bearings by safely channeling harmful shaft currents to ground. 

2.6 COILS & PIPING CABINETS 

A. Coil Sections:  Common or individual, insulated, galvanized steel casings for heating and 
cooling coils.  Design and construct to facilitate removal and replacement of coil for 
maintenance and to assure full airflow through coils. 
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B. Coil Construction:  Rigidly supported across full face, pitched to allow drainage. 

1. Fins:  Aluminum, mechanically bonded to tubes. 
2. Tubes:  Seamless copper. 
3. Coil Casing:  Galvanized steel. 
4. Headers for Water Coils:  Steel with connections for drain valve and air vent, 

and threaded piping connections. 

C. Water Coils:  Drainable with threaded plugs, serpentine with return bends in smaller sizes and 
with return headers in larger sizes. 

D. All coil sections shall incorporate an internal piping vestibule.  Should an external piping 
vestibule (dog house) be used, it shall conform to the same construction and insulation 
standards and specifications set forth in cabinet and materials specification section.  

2.7 DAMPERS 

A. General:  Leakage rate, according to AMCA 500, "Test Methods for Louvers, Dampers and 
Shutters," shall not exceed 2 percent of air quantity at 2000-fpm (10-m/s) face velocity through 
damper and 4-inch wg (1000-Pa) pressure differential. 

B. Dampers shall be installed where shown on the drawings.  Dampers shall be low leak type 
(NON-INSULATED TAMCO SERIES 1000 or similar) with rubber edges, opposed or parallel 
blades, and constructed from extruded aluminum.  Galvanized dampers will not be acceptable.  
The exhaust air outlet shall have a standard aluminum gravity type damper, unless otherwise 
noted below.   

C. Dampers shall be installed in the compartments (as shown on the drawings) with linkage rod for 
actuators: 

2.8 FILTER SECTION 

A. Filters:  Comply with NFPA 90A. 

B. Filters shall be Maxi Pleat 2" MERV 8. 

C. Filters shall be factory installed upstream of the heat exchanger and coils, in both airstreams. 
The filters shall be Filtration Lab’s Maxi-60 MERV 8.  Each filter shall consist of 100% 
synthetic media, expanded metal on the downstream and enclosing with high wet-strength 
beverage board with diagonal support bonded on air entering and air exiting side of each pleat.  
MERV 8 model 615 filters, UL class 2 are rated as per ASHRAE test 52.2.1999 at 70% 
efficiency initial (based on Minimum Average Efficiency) at 3-10 microns.  The model 615 
could be operated at 500 FPM, surface area 17.6 FT2 of media based on 24 x 24 x 2 initial static 
pressure at 0.30”, final will be 1”.  Filters shall be placed in a completely sealed, galvanized 
holding frame with quick release latches for easy replacement.   

2.9 FREQUENCY DRIVE (VFD) 

A. A single fan VFDs shall control all fans for a given section. 
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B. Fan VFDs shall be installed in an internal ventilated cabinet.  The cabinet shall be completely 
isolated from any hydronic coils or piping. 

C. VFDs will be used to set or regulate the fan speed and airflow for these units.  The VFD shall 
have PID function for constant flow applications. 

D. The VFDs will be installed with integral brake transistor, overload protection, and adjustable 
pulse-width modulation (PWM).  The VFD shall use Insulated Gate Bipolar Transistor (IGBT) 
technology to convert three phase input power to coded PWM output and have 4-20mA analog 
output terminals that are fully programmable for variable flow applications.  The VFD shall be 
equipped with a keypad with status indicators, easy access functions, and monitoring functions 
during motor operation. 

E. In the event of a momentary power failure or fault the VFD shall read the inverter speed and 
direction of a coasting motor and shall automatically restart the motor smoothly.  Technical 
support will be provided by the VFD manufacturer. 

F. VFDs shall be installed as shown on drawings with contactors, relays, and all specified 
accessories.  VFDs to be installed without by-pass. 

2.10 CONTROLS VALVES AND END DEVICES 

A. With exception to the humidifier and dispersion tube system, all control valves, airflow 
balancing system, all control temperature sensors, and actuators are to be field installed and 
provided by the controls contractor. 

2.11 POWER & SAFETY CONTROL 

A. The power and control center shall be integral to the unit housing and rated equivalent to 
NEMA 3R.  Panels that are externally mounted to the unit shall not be accepted, regardless of 
the NEMA rating they may have.  A separate access door shall be provided with an approved 
locking device.  All electrical components contained in the panel shall be UL/CSA certified and 
labeled.  The unit shall be complete with VFDs, fuses, cascading overloads (without VFD’s or 2 
motors on same VFD), relays,  terminals for main ON/OFF and step-down transformer.  All 
components shall be factory wired for single point power connection by the manufacturer of the 
unit.  A non-fused safety disconnect switch shall be factory installed for ON/OFF servicing. An 
electrical pipe chase for power and control feeding shall be provided next to the control panel.  
Any power or control wiring that is field installed shall not be accepted under any 
circumstances.  The Short Circuit Current Rating (SCCR) is 5kA rms symmetrical, 600V 
Maximum. 

B. GFI, lights, and switches shall be factory installed and wired to a common junction box.   A 
separate power connection 120V/1 will be required (powered by others). 

 

 

PART 3 - EXECUTION 
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3.1 EXAMINATION 

A. Examine areas and conditions to receive equipment, for compliance with installation tolerances 
and other conditions affecting performance of central-station air-handling units. 

B. Examine roughing-in of hydronic, condensate drainage piping, and electrical to verify actual 
locations of connections before installation. 

C. Do not proceed with installation until unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install central-station air-handling units level and plumb, according to manufacturer's written 
instructions. 

1. Floor-Mounted Units:  Support on concrete housekeeping bases using housed-
spring isolators.  Secure units to anchor bolts installed in concrete housekeeping 
base. 

2. Suspended Units:  Suspend units from structural-steel support frame using 
threaded steel rods and vibration isolation. 

B. Arrange installation of units to provide access space around air-handling units for service and 
maintenance. 

3.3 HOUSEKEEPING BASES 

A. Coordinate size of housekeeping bases with actual unit sizes provided.  Construct base 4 inches 
(100 mm) larger in both directions than overall dimensions of supported unit. 

B. Form concrete bases with steel channels conforming to ASTM A 36 (ASTM A 36M), size and 
location as indicated.  Miter and weld corner and provide cross bracing.  Anchor or key to floor 
slab. 

C. Form concrete bases with framing lumber with form-release compounds.  Chamfer top edge and 
corners of base. 

D. Install reinforcing bars, tied to frame, and place anchor bolts and sleeves to facilitate securing 
units. 

E. Place concrete and allow to cure before installing units.  Use portland cement conforming to 
ASTM C 150, 4000-psig (27.6-MPa) compressive strength, and normal-weight aggregate. 

F. Clean exposed steel form according to SSPC-SP 2 or SSPC-SP 3 and apply 2 coats of rust-
preventive metal primer. 

3.4 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 Sections.  The Drawings 
indicate the general arrangement of piping, fittings, and specialties.  The following are specific 
connection requirements: 
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1. Install piping adjacent to machine to allow service and maintenance. 
2. Connection piping to air-handling units with flexible connectors. 
3. Connect condensate drain pans using 1-1/4-inch NPS (DN32), Type M copper 

tubing.  Extend to nearest equipment or floor drain.  Construct deep trap at 
connection to drain pan and install cleanouts at changes in direction. 

4. Hot- and Chilled-Water Piping:  Conform to applicable requirements of 
Division 23 Section "Hydronic Piping."  Connect to supply and return coil 
tappings with shutoff or balancing valve and union or flange at each connection. 

5. Refrigerant Piping:  Conform to applicable requirements of Division 23 
Section "Refrigerant Piping."  Connect to supply and return coil tappings with 
shutoff valve and union or flange at each connection. 

B. Duct installation and connection requirements are specified in other Division 23 Sections.  The 
Drawings indicate the general arrangement of ducts and duct accessories.  Make final duct 
connections with flexible connections. 

C. Electrical:  Conform to applicable requirements of Division 26Sections. 

1. Connect fan motors to wiring systems and to ground.  Tighten electrical 
connectors and terminals according to manufacturer's published torque-
tightening values.  Where manufacturer's torque values are not indicated, use 
those specified in UL 486A and UL 486B. 

3.5 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

3.6 CLEANING 

A. After completing installation, inspect exposed finish.  Remove burrs, dirt, and construction 
debris, and repair damaged finishes including chips, scratches, and abrasions. 

B. Clean fan interiors to remove foreign material and construction dirt and dust.  Vacuum clean fan 
wheels, cabinets, and coils entering air face. 

3.7 COMMISSIONING 

A. Manufacturer's Field Inspection: Installer is to perform the following: 

1. Inspect field assembly of components and installation of central-station air-
handling units including piping, ductwork, and electrical connections. 

B. Final Checks before Startup:  Perform the following before startup: 

1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that 

connections for piping, ductwork, and electrical are complete.  Verify that proper 
thermal overload protection is installed in motors, starters, and disconnects. 

3. Perform cleaning and adjusting specified in this Section. 
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4. Disconnect fan drive from motor, verify proper motor rotation direction, and 
verify free fan wheel rotation and smooth bearings operations.  Reconnect fan 
drive system, align belts, and install belt guards. 

5. Lubricate bearings, pulleys, belts, and other moving parts with factory-
recommended lubricants. 

6. Set zone dampers to fully open position for each zone. 
7. Set face-and-bypass dampers to full face flow. 
8. Set outside-air and return-air mixing dampers to minimum outside-air setting. 
9. Comb coil fins for parallel orientation. 

a.  Install clean filters. 
10. Verify that manual and automatic volume control, and fire and smoke dampers 

in connected ductwork systems are in fully open position. 

C. Starting procedures for central-station air-handling units include the following: 

1. Energize motor; verify proper operation of motor, drive system, and fan wheel.  
Adjust fan to indicated rpm. 

a. Replace fan and motor pulleys as required to achieve design conditions. 

2. Measure and record motor electrical values for voltage and amperage. 
3. Manually operate dampers from fully closed to fully open position and record fan 

performance. 

D. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for air-handling system 
testing, adjusting, and balancing. 

3.8 DEMONSTRATION 

A. Installer is to train Owner's maintenance personnel on procedures and schedules related to 
startup and shutdown, troubleshooting, servicing, and preventive maintenance. 

1. Review data in the operation and maintenance manuals.  Refer to Division 1 
Section "Contract Closeout." 

2. Schedule training with Owner, through Architect, with at least 7 days' advance 
notice. 

END OF SECTION 237313 
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SECTION 237313.1 CENTRAL-STATION AIR-HANDLING UNITS (WITH ENERGY RECOVERY) 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. This Section includes central-station air-handling units with coils and energy recovery for 
outdoor installations. 

1.3 SUBMITTALS 

A. General:  Submit each item in this Article according to the Conditions of the Contract and 
Division 1 Specification Sections. 

B. Product Data for each central-station air-handling unit specified, including the following: 

1. Fan-performance curves with system operating conditions indicated. 
2. Fan-sound power ratings. 
3. Energy recovery performance ratings with system operating conditions indicated on 

schedule. 
4. Coil-performance ratings with system operating conditions indicated on schedule. 
5. Motor ratings and electrical characteristics plus motor and fan accessories. 
6. Material gages and finishes. 
7. Filters with performance characteristics. 
8. Dampers, including housings, linkages, and operators. 

C. Shop Drawings from manufacturer detailing equipment assemblies and indicating dimensions, 
weights, loadings, required clearances, method of field assembly, components, and location and 
size of each field connection. 

D. Wiring diagrams detailing wiring for power and control systems and differentiating between 
manufacturer-installed and field-installed wiring. 

E. Maintenance data for central-station air-handling units to include in the operation and 
maintenance manual specified in Division 1 Sections and Division 23 Section "Basic HVAC 
Requirements." 
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1.4 QUALITY ASSURANCE 

A. NFPA Compliance:  Central-station air-handling units and components shall be designed, 
fabricated, and installed in compliance with NFPA 90A, "Installation of Air Conditioning and 
Ventilating Systems." 

B. UL Compliance:  Electric coils, along with complete central-station air-handling unit, shall be 
listed and labeled by UL.  Unit(s) shall bear the ETL label, tested in accordance to UL 1995. 

C. ARI Certification:  Central-station air-handling units and their components shall be factory 
tested according to the applicable portions of ARI 430, "Central-Station Air-Handling Units," 
and shall be listed and bear the label of the Air-Conditioning and Refrigeration Institute (ARI).  
Fans shall be tested in an AMCA certified laboratory; coils shall tested in accordance to ARI 
410 ; energy recovery exchangers shall be in accordance to AHRI 1060, “Rating Air-to-Air 
Energy Recovery Equipment” and Eurovent standards; filters shall be tested in accordance to 
ASHRAE 52. 

D. The air leakage of the unit(s) shall not exceed 1% at 8” inches H2O positive static pressure and a 
copy of the report must be submitted upon request.  Unit shall be constructed to limit frame and 
panel deflection to 1/250th of the panel length at 8” inches H2O positive static pressure and a 
copy of the report must be submitted upon request.   

E. UL and NEMA Compliance:  Provide motors required as part of air-handling units that are 
listed and labeled by UL and comply with applicable NEMA standards. 

F. Comply with NFPA 70 for components and installation. 

G. Listing and Labeling:  Provide electrically operated components specified in this Section that 
are listed and labeled. 

1. The Terms "Listed" and "Labeled":  As defined in the National Electrical Code, Article 
100. 

H. All unit(s) shall be factory run tested before shipping.  A proof copy of the test shall be placed 
in the unit electrical power & control panel. 

I. Coordination:  Coordinate layout and installation of central-station air-handling units with 
piping and ductwork and with other installations. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver air-handling unit as a factory-assembled module with protective crating and covering. 

B. Lift and support units with manufacturer's designated lifting or supporting points. 
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1.6 SEQUENCING AND SCHEDULING 

A. Coordinate size and location of concrete housekeeping bases.  Cast anchor-bolt inserts into 
base. 

B. Coordinate size and location of structural-steel support members. 

1.7 EXTRA MATERIALS 

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

B. Filters:  Furnish 1 set for each central-station air-handling unit. 

PART 2 -  PRODUCTS 

2.1 MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering 
products that may be considered equal include, and are limited to, the following: 

1. AnnexAir 
2. SEMCO 
3. Energy Labs 
4. Des Champs 

 
Unit(s) weight, dimensions, and performance must match with the project schedules and 
drawings.  This is a fast track project and as such can afford time lost due to construction and 
coordination deviations. 
 

2.2 MANUFACTURED UNITS 

A. General Description:  Factory assembled, consisting of fans, motor and drive assembly, coils, 
damper, plenums, filters, drip pans, energy recovery wheel and mixing dampers. 

2.3 CABINET 

A. Materials:   
1. The unit housing shall be no-through metal with 2’’ Thermo-Composite and foam panel 

construction - interior and exterior or an all-aluminum 4” Foam thermal break 
construction - interior and exterior.  Thermal break construction using a gasket to insulate 
two panels is not an acceptable equivalent to a no-through metal constructed casing.  No-
through metal construction will be inherent to all the component construction in the 
assembly.   
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2. All panels and access doors shall be double wall construction with R14 foam insulation 
for every 2” of construction. All panels and access doors shall be double wall 
construction with R14 foam insulation for every 2” of construction. All foam insulation 
must be Greenguard certified®. Any insulation incorporating CFCs or HCFCs in its 
construction is strictly prohibited from this application.   

3. Unit casing will have no exterior condensation at interior AHU temperatures down to 43F 
while unit exterior conditions are maintained at 95 F dry bulb / 85 F wet bulb. The air 
handling unit manufacturer general contraction shall be tested to demonstrate the thermal 
performance of the unit casing. 

4. The panels shall be tested in accordance with SMACNA and ASHRAE 111 to have a 
deflection of no more than L/1150 at 10’’ and withstand air pressures up to 8” w.c with 
less than 1% leakage.  Fire resistance of the panel will be in compliance with UL 94 rated 
at 5VA; and a flame spread / smoke development in compliance with UL 723 ASTM E84 
Class 1 rating. 

5. Thermo-Composite or aluminum panels shall be provided for the entire unit construction, 
including but not limited to, walls, doors, floors, roof, interior partitions, and electrical 
compartment.  Panels shall be non-load bearing type.   

6. The frame shall consist of anodized extruded aluminum profiles which incorporates a 
thermally broken construction; welded together for reinforcement and insulated for 
superior thermal performance.   

7. Base Structure:  Base structure shall be fully welded G-90, painted exterior, and have 
integral lifting lugs which can be removed once the unit is installed.  

8. All roof and side wall seams shall be positively sealed to prevent water and air leakage. 
The OA and EA compartment shall have 1” PVC drains extended to exterior of unit. 

9. Access doors shall be provided to all major components to facilitate quick and easy 
access. Access doors will be made from the same material as the unit casing and shall 
incorporate thermal break construction.  Fan access door(s) shall have Allegis type 
handles, with one handle interlinking multiple latches and threaded insert fastening 
handles for all remaining doors.  If access doors do not open against unit operating 
pressure, provide safety latches that allow access doors to partially open after first handle 
movement and fully open after second handle movement.  Removable panels provided 
for equipment pull out for coil(s), and air to air heat exchanger section(s) shall have key 
tooled threaded insert fasteners. Hinges shall be Nylon hinge type designed to open 180 
degrees. 

10. Unit shall have the entire exterior finished with a PVDF coating designed for UV 
resistance.  Panels shall pass ASTM B117 3000-hour salt fog resistance test and ASTM 
D4585 3000-hour moisture condensation resistance test. In addition, paint must meet 
AAMA 620-02 standard for color, chalking, gloss retention, and abrasion resistance.   

11. The air handler unit casing shall be provided with a lifetime warranty against corrosion 
resistance under normal use. 

B. Drain Pans:  Formed sections of galvanized steel sheet with stainless steel liner.  Fabricate pans 
in sizes and shapes to collect condensate from cooling coils (including coil piping connections 
and return bends) when units are operating at maximum catalogued face velocity across cooling 
coil. 
1. Drain pan shall be provided for cooling coils. Cooling coils shall sit on stainless steel 

tubular support rails, which shall stand a minimum of (2) two inches above the highest 
point of the floor drain pan 

2. Stainless steel drain pan shall be insulated with minimum of 0.25 Armaflex or similar 
insulation. 
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3. Stacked coils shall be provided for larger airflows and intermediate drain pans shall be 
provided for each coil bank.   

4. Drain pans shall be stainless steel with stainless steel drain connections on one side only.  
Pan shall be sloped in two planes.  All coils shall be certified in accordance with ARI 
standard 410. 

C. Weather Hood(s):  The outdoor intake weather hood shall be completely constructed in 
aluminum for superior corrosion resistance. The hood shall ship loose for field installation by 
the installing contractor. Painted galvanized hoods shall not be acceptable due to its 
susceptibility to corrosion.   The outdoor air hood shall be designed with a 4” extruded 
aluminum louver, bird screen and a plenum enclosure with drain holes.  The louver blades shall 
be drainable type with a maximum 45 degree angle and curved with integral rain baffle.   The 
louver design shall not allow more than 0.03 oz/ft2 water penetration when tested in accordance 
to AMCA 500.  The pressure drop of the complete hood assembly shall not exceed 0.05”wc at a 
maximum 500 fpm face velocity. A Pre-filter rack system shall be installed within the weather 
hood enclosure to prevent outdoor air dust and debris from entering the damper and unit casing 
plenum.  Pre-filters installed inside the unit casing plenum and downstream of the outdoor 
damper will not be acceptable as this will increase overall maintenance on the damper, reduce 
indoor air quality and promote mold and bacteria growth.   Filter access in the hood shall be 
accomplished via the louver that is installed with a stainless steel piano hinge and spring loaded 
latch.  No tools or ladders shall be required to access the pre-filters in the weather hood 
assembly.  

D. Exhaust Air Louver(s):  The exhaust air outlet louvers shall be 2” extruded aluminum, with non- 
restricting blade design and bird screen 

2.4 ENTHALPY WHEEL 

A. The substrate shall be made of aluminum.   The aluminum shall have a rotational speed of 20 to 
25 RPM. Non-metallic substrates made from paper, plastic, synthetic or glass fiber media shall 
not  be acceptable.   The substrate shall not be made from any material which is combustible 
supports combustion such as synthetic fibrous media. The enthalpy wheel media shall have 
NFPA 90A certification with 0% for flame spread classification. The pressure drop shall not be 
more than 0.1” WC for every 100 FPM face velocity for the stated and scheduled latent 
recovery and efficiency. 

B. The desiccant shall be water molecule selective and non-migratory.  The desiccant shall be 
molecular sieve 3 angstrom, so as to prevent cross contamination.  The enthalpy wheel 
desiccant shall have a desiccant mass of no less than 5 kg per 1,000 CFM of air. The desiccant 
shall utilize a coating with non-masking porous binder adhesive on the aluminum substrate so as 
to allow quick and easy uptake and release of water vapor.  A confirmation by the enthalpy 
wheel manufacturer shall be provided. A matrix utilizing desiccants impregnated in non-
metallic substrates, such as synthetic fiber, glass fiber or plastic, shall not be acceptable.  

C. The rotor and wheel matrix shall have equal sensible and latent effectiveness.  A rotor matrix 
which has been etched or oxidized to make a desiccant on a metal foil results in insufficient 
latent recovery and hence unequal recovery and shall not be acceptable.  A rotor matrix made 
from desiccant integrated in a synthetic fiber matrix results in insufficient sensible recovery and 
requires high rotational speeds, provides unequal energy transfer and shall not be acceptable. 
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Rotors having diameters up to 2000mm shall have spokes to reinforce the matrix.  2000mm 
rotors and up shall have a special wing structure to prevent wobble or deformation due to 
excessive pressure differentials. 

D. Sectioned wheels shall be available as an option for field assembly in sizes 2000mm and larger. 
The surface of the wheel shall be highly polished to ensure vertical run out does not exceed +/-  
1mm for every 1 meter in diameter, thereby ensuring negligible leakage through the provided 
Labyrinth seals. The radial run out shall not exceed +/- 1mm for every 1 meter diameter, 
thereby minimizing the leakage drag on the radial seals and minimizing the tension and 
fluctuations in the drive belt. The rotor shall be a non-clogging aluminum media, having a 
multitude of narrow aluminum foil channels, thus ensuring a laminar flow and will allow 
particles up to 800 microns to pass     through it.  

E. The media shall be cleanable with compressed air or low pressure steam or light detergent 
without degrading the latent recovery. Wheel sizes up to 2 meter Diameter– casing shall be 
made of folded galvanized steel sheets and be a self-supporting structure with purge sector, 
rotor, bearing, contact / brush seals,  drive mechanism with drive belt. Wheel sizes above 2 
meter Diameter –casing shall be made of tubular steel structure and be a self-supporting 
structure with field adjustable purge sector, rotor, bearing, labyrinth seals, drive mechanism 
with drive belt. 

F. Casing shall have a factory set field adjustable purge mechanism to limit cross                           
contamination. The face and radial seals shall be four (4) pass non-contact labyrinth seals for 
effective sealing between the two air streams and also for minimum wear, ensuring long life of 
the seals. 

G. Provide VFD for energy wheel. 

2.5 FAN SECTION 

A. Fan-Section Construction:  Fans shall be direct drive radial centrifugal fans with free running 
impeller.  No fan belts will be acceptable for this application.  Fans shall be compact, optimized 
and construction made of galvanized sheet steel with backward curved 7-blade high efficiency 
impeller, protected by an epoxy powder coating. To reduce vibration, the impeller shall be 
balanced with hub to an admissible vibration severity of less than 2.8 mm/s in conformity with 
DIN ISO 14694 and proof shall be supplied for each individual impeller.  Tests shall be made 
according to DIN ISO 1940 Part 1, quality of balancing G2.5/6.3.   The single inlet shall be 
mounted onto constant speed direct drive motor, equipped with an air flow optimized inlet cone 
from galvanized sheet steel.    

B. Fans shall be completely certified as per ISO 5801 and in accordance to AMCA standards.  
Fans will re-quire to be operated by a Variable speed drive.  Optional: Plug fan shall come 
equipped with guard grilles for the air intake side. 

C. Housings:  Fabricate from formed- and reinforced-steel panels to form curved scroll housings 
with shaped cutoff, spun-metal inlet bell, and access doors or panels to allow entry to internal 
parts and components. 

D. Fan-Section Source Quality Control:  The following factory tests are required. 
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1. 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. 

2. Factory test fan performance for flow rate, pressure, power, air density, rotation speed, 
and efficiency.  Establish ratings according to AMCA 210, "Laboratory Methods of 
Testing Fans for Rating." 

2.6 FAN MOTORS 

A. General:  Refer to Division 23 Section "Motors" for general requirements. 

B. The fan motors shall meet NEMA standard dimensions and comply with the Energy policy Act 
of 1997.  Motors shall have high efficiencies with low noise and vibration output.  Motors shall 
be certified and built in accordance to ISO 9001 quality control system.  Motors shall have ODP 
enclosure with Premium efficiency performance.  Units shall be designed for constant 
application. Please refer to the unit schedule for the application type.  

C. Option: A shaft grounding brush kit will be provided to prevent electrical damage to motor 
bearings by safely channeling harmful shaft currents to ground. 

2.7 FREQUENCY DRIVE (VFD) 

A. A single fan VFDs shall control all fans for a given section. 

B. Fan VFDs shall be installed in an internal ventilated cabinet.  The cabinet shall be completely 
isolated from any hydronic coils or piping. 

C. VFDs will be used to set or regulate the fan speed and airflow for these units.  The VFD shall 
have PID function for constant flow applications. 

D. The VFDs will be installed with integral brake transistor, overload protection, and adjustable 
pulse-width modulation (PWM).  The VFD shall use Insulated Gate Bipolar Transistor (IGBT) 
technology to convert three phase input power to coded PWM output and have 4-20mA analog 
output terminals that are fully programmable for variable flow applications.  The VFD shall be 
equipped with a keypad with status indicators, easy access functions, and monitoring functions 
during motor operation. 

E. In the event of a momentary power failure or fault the VFD shall read the inverter speed and 
direction of a coasting motor and shall automatically restart the motor smoothly.  Technical 
support will be provided by the VFD manufacturer. 

F. VFDs shall be installed as shown on drawings with contactors, relays, and all specified 
accessories.  VFDs to be installed without by-pass. 
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2.8 CONTROLS VALVES AND END DEVICES 

A. With exception to the hydronic control valves and airflow balancing system, all control 
temperature sensors, actuators. 

2.9 COILS 

A. Coil Sections:  Common or individual, insulated, galvanized steel casings for heating and 
cooling coils.  Design and construct to facilitate removal and replacement of coil for 
maintenance and to assure full airflow through coils. 

B. Coil Construction:  Rigidly supported across full face, pitched to allow drainage. 
1. Fins:  Aluminum, mechanically bonded to tubes. 
2. Tubes:  Seamless copper. 
3. Coil Casing:  Galvanized steel. 
4. Headers for Water Coils:  Steel with connections for drain valve and air vent, and 

threaded piping connections. 

C. Water Coils:  Drainable with threaded plugs, serpentine with return bends in smaller sizes and 
with return headers in larger sizes. 

D. All coil sections shall incorporate an internal piping vestibule.  Should an external piping 
vestibule (dog house) be used, it shall conform to the same construction and insulation 
standards and specifications set forth in cabinet and materials specification section.  

2.10 DAMPERS 

A. General:  Leakage rate, according to AMCA 500, "Test Methods for Louvers, Dampers and 
Shutters," shall not exceed 2 percent of air quantity at 2000-fpm (10-m/s) face velocity through 
damper and 4-inch wg (1000-Pa) pressure differential. 

B. Dampers shall be installed where shown on the drawings.  Dampers shall be low leak type 
(NON-INSULATED TAMCO SERIES 1000 or similar) with rubber edges, opposed or parallel 
blades, and constructed from extruded aluminum.  Galvanized dampers will not be acceptable.  
The exhaust air outlet shall have a standard aluminum gravity type damper, unless otherwise 
noted below.   

C. Dampers shall be installed in the compartments (as shown on the drawings) with linkage rod for 
actuators: 

2.11 FILTER SECTION 

A. Filters:  Comply with NFPA 90A. 

B. Filters shall be Maxi Pleat 2" MERV 8. 

C. Filters shall be factory installed upstream of the heat exchanger and coils, in both airstreams. 
The filters shall be Filtration Lab’s Maxi-60 MERV 8.  Each filter shall consist of 100% 
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synthetic media, expanded metal on the downstream and enclosing with high wet-strength 
beverage board with diagonal support bonded on air entering and air exiting side of each pleat.  
MERV 8 model 615 filters, UL class 2 are rated as per ASHRAE test 52.2.1999 at 70% 
efficiency initial (based on Minimum Average Efficiency) at 3-10 microns.  The model 615 
could be operated at 500 FPM, surface area 17.6 FT2 of media based on 24 x 24 x 2 initial static 
pressure at 0.30”, final will be 1”.  Filters shall be placed in a completely sealed, galvanized 
holding frame with quick release latches for easy replacement.   

2.12 POWER & SAFETY CONTROL 

A. The power and control center shall be integral to the unit housing and rated equivalent to 
NEMA 3R.  Panels that are externally mounted to the unit shall not be accepted, regardless of 
the NEMA rating they may have.  A separate access door shall be provided with an approved 
locking device.  All electrical components contained in the panel shall be UL/CSA certified and 
labeled.  The unit shall be complete with VFDs, fuses, cascading overloads (without VFD’s or 2 
motors on same VFD), relays,  terminals for main ON/OFF and step-down transformer.  All 
components shall be factory wired for single point power connection by the manufacturer of the 
unit.  A non-fused safety disconnect switch shall be factory installed for ON/OFF servicing. An 
electrical pipe chase for power and control feeding shall be provided next to the control panel.  
Any power or control wiring that is field installed shall not be accepted under any 
circumstances.  The Short Circuit Current Rating (SCCR) is 5kA rms symmetrical, 600V 
Maximum. 

B. GFI, lights, and switches shall be factory installed and wired to a common junction box.   A 
separate power connection 120V/1 will be required (powered by others). 

 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions to receive equipment, for compliance with installation tolerances 
and other conditions affecting performance of central-station air-handling units. 

B. Examine roughing-in of hydronic, condensate drainage piping, and electrical to verify actual 
locations of connections before installation. 

C. Do not proceed with installation until unsatisfactory conditions have been corrected. 

3.2 INSTALLATION 

A. Install central-station air-handling units level and plumb, according to manufacturer's written 
instructions. 
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1. Floor-Mounted Units:  Support on concrete housekeeping bases using housed-spring 
isolators.  Secure units to anchor bolts installed in concrete housekeeping base. 

2. Suspended Units:  Suspend units from structural-steel support frame using threaded steel 
rods and vibration isolation. 

B. Arrange installation of units to provide access space around air-handling units for service and 
maintenance. 

 

 

3.3 CONNECTIONS 

A. Piping installation requirements are specified in other Division 23 Sections.  The Drawings 
indicate the general arrangement of piping, fittings, and specialties.  The following are specific 
connection requirements: 

1. Install piping adjacent to machine to allow service and maintenance. 
2. Connection piping to air-handling units with flexible connectors. 
3. Connect condensate drain pans using 1-1/4-inch NPS (DN32), Type M copper tubing.  

Extend to nearest equipment or floor drain.  Construct deep trap at connection to drain 
pan and install cleanouts at changes in direction. 

4. Hot- and Chilled-Water Piping:  Conform to applicable requirements of Division 23 
Section "Hydronic Piping."  Connect to supply and return coil tappings with shutoff or 
balancing valve and union or flange at each connection. 

5. Refrigerant Piping:  Conform to applicable requirements of Division 23 Section 
"Refrigerant Piping."  Connect to supply and return coil tappings with shutoff valve and 
union or flange at each connection. 

B. Duct installation and connection requirements are specified in other Division 23 Sections.  The 
Drawings indicate the general arrangement of ducts and duct accessories.  Make final duct 
connections with flexible connections. 

C. Electrical:  Conform to applicable requirements of Division 26Sections. 

1. Connect fan motors to wiring systems and to ground.  Tighten electrical connectors and 
terminals according to manufacturer's published torque-tightening values.  Where 
manufacturer's torque values are not indicated, use those specified in UL 486A and 
UL 486B. 

3.4 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

3.5 CLEANING 
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A. After completing installation, inspect exposed finish.  Remove burrs, dirt, and construction 
debris, and repair damaged finishes including chips, scratches, and abrasions. 

B. Clean fan interiors to remove foreign material and construction dirt and dust.  Vacuum clean fan 
wheels, cabinets, and coils entering air face. 

3.6 COMMISSIONING 

A. Manufacturer's Field Inspection: Installer is to perform the following: 

1. Inspect field assembly of components and installation of central-station air-handling units 
including piping, ductwork, and electrical connections. 

B. Final Checks before Startup:  Perform the following before startup: 

1. Verify that shipping, blocking, and bracing are removed. 
2. Verify that unit is secure on mountings and supporting devices and that connections for 

piping, ductwork, and electrical are complete.  Verify that proper thermal overload 
protection is installed in motors, starters, and disconnects. 

3. Perform cleaning and adjusting specified in this Section. 
4. Disconnect fan drive from motor, verify proper motor rotation direction, and verify free 

fan wheel rotation and smooth bearings operations.  Reconnect fan drive system, align 
belts, and install belt guards. 

5. Lubricate bearings, pulleys, belts, and other moving parts with factory-recommended 
lubricants. 

6. Set zone dampers to fully open position for each zone. 
7. Set face-and-bypass dampers to full face flow. 
8. Set outside-air and return-air mixing dampers to minimum outside-air setting. 
9. Comb coil fins for parallel orientation. 
10.  Install clean filters. 
11. Verify that manual and automatic volume control, and fire and smoke dampers in 

connected ductwork systems are in fully open position. 

C. Starting procedures for central-station air-handling units include the following: 

1. Energize motor; verify proper operation of motor, drive system, and fan wheel.  Adjust 
fan to indicated rpm. 

a. Replace fan and motor pulleys as required to achieve design conditions. 

2. Measure and record motor electrical values for voltage and amperage. 
3. Manually operate dampers from fully closed to fully open position and record fan 

performance. 

D. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for air-handling system 
testing, adjusting, and balancing. 

3.7 DEMONSTRATION 
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A. Installer is to train Owner's maintenance personnel on procedures and schedules related to 
startup and shutdown, troubleshooting, servicing, and preventive maintenance. 

1. Review data in the operation and maintenance manuals.  Refer to Division 1 Section 
"Contract Closeout." 

2. Schedule training with Owner, through Architect, with at least 7 days' advance notice. 

END OF SECTION 237313.1 
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	A. Product Data:  For each type of product indicated.  Include rated capacities, operating characteristics, electrical characteristics, and furnished specialties and accessories.
	B. Shop Drawings:  For computer-room air conditioners.  Include plans, elevations, sections, details, and attachments to other work.
	C. Color Samples:  For unit cabinet, discharge grille, and exterior louver and for each color and texture specified.
	D. Coordination Drawings:  Plans, elevations, and other details, drawn to scale, using input from Installers of the items involved.
	E. Seismic Qualification Certificates:  For computer-room air conditioners, accessories, and components, from manufacturer.
	F. Field quality-control reports.
	G. Operation and Maintenance Data:  For computer-room air conditioners to include in emergency, operation, and maintenance manuals.
	H. Warranty:  Sample of special warranty.

	1.5 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. ASHRAE Compliance:
	C. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004.
	D. ASME Compliance:  Fabricate and label water-cooled condenser shell to comply with ASME Boiler and Pressure Vessel Code:  Section VIII, "Pressure Vessels," Division 1.

	1.6 COORDINATION
	A. Coordinate layout and installation of computer-room air conditioners and suspension system with other construction that penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, fire-suppression system, and partition assemblies.
	B. Coordinate installation of computer-room air conditioners with computer-room access flooring Installer.
	C. Coordinate sizes and locations of concrete bases with actual equipment provided.
	D. Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with actual equipment provided.

	1.7 WARRANTY
	A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace components of computer-room air conditioners that fail in materials or workmanship within specified warranty period.

	1.8 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.


	PART 2 -  PRODUCTS
	2.1 FLOOR-MOUNTED UNITS 6 TONS AND LARGER
	A. Basis-of-Design Product:  Subject to compliance with requirements, provide comparable product by one of the following:
	B. Description:  Packaged, factory assembled, prewired, and prepiped; consisting of cabinet, fans, filters, humidifier, and controls.
	C. Cabinet and Frame:  Welded steel, braced for rigidity, and supporting compressors and other mechanical equipment and fittings.
	D. Supply-Air Fan(s):
	E. Refrigeration System:
	F. Hydronic Cooling Coil:  Seamless copper tubes expanded into aluminum fins with modulating two-way control valve.
	G. Remote, Air-Cooled, Glycol-Solution Cooler:  Corrosion-resistant cabinet, copper-tube aluminum-fin coil, multiple direct-drive propeller fans with fan guards, and single-phase motors with internal overload protection and integral electric control panel.  Control capacity by cycling fans.
	H. Electric-Resistance Heating Coil:  Enclosed finned-tube electric elements arranged for minimum of three stages, with thermal safety switches, manual-reset overload protection, and branch-circuit overcurrent protection.
	I. Refrigerant Heating Coil:  Hot-gas coil of seamless copper tubes expanded into aluminum fins with three-way solenoid valve on first-stage refrigerant circuit.
	J. Hot-Water Heating Coil:  Seamless copper tubes expanded into aluminum fins with two-way modulating control valve and strainer.
	K. Extended-Surface, Disposable, Panel Filter:  Pleated, lofted, nonwoven, reinforced cotton fabric; supported and bonded to welded-wire grid; enclosed in cardboard frame with 2-inch-  thick, disposable, glass-fiber prefilter.
	L. Infrared Humidifier:  High-intensity quartz lamps mounted above stainless-steel evaporator pan, serviceable without disconnecting water, drain, or electrical connections; prepiped and using condensate water from cooling coils with stainless-steel or brass float-valve mechanism; located in bypass airstream; with flush-cycle timer and solenoid drain valve.
	M. Evaporative Pan Humidifier:  Stainless-steel pan and cover, serviceable without disconnecting water, drain, or electrical connections; prepiped with stainless-steel or brass float-valve mechanism; electric-resistance heating coil; low-water-cutoff switch; flush-cycle timer; and solenoid drain valve.
	N. Electrode Steam Humidifier:  Self-contained, microprocessor-controlled unit with disposable, polypropylene-plastic cylinders, and having field-adjustable steel electrodes and stainless-steel steam dispersion tube.
	O. Integral Electrical Controls:  Unit-mounted electrical enclosure with piano-hinged door, grounding lug, combination magnetic starters with overload relays, circuit breakers and cover interlock, and fusible control-circuit transformer.
	P. Disconnect Switch:  Nonautomatic, molded-case circuit breaker with handle accessible when panel is closed and capable of preventing access until switched to off position.
	Q. Electronic-Control System:  Solid state, with start button, stop button, temporary loss of power indicator, manual-reset circuit breakers, temperature control, humidity control, and monitor panel.
	R. Microprocessor-Control System:  Continuously monitors operation of process cooling system; continuously displays room temperature and room relative humidity; sounds alarm on system malfunction and simultaneously displays problem.  If more than one malfunction occurs, system displays fault in sequence with room temperature and continues to display fault when malfunction is cleared until system is reset.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine roughing-in for hydronic piping systems to verify actual locations of piping connections before equipment installation.
	C. Examine walls, floors, and roofs for suitable conditions where computer-room air conditioners will be installed.
	D. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install computer-room air conditioners level and plumb, maintaining manufacturer's recommended clearances.
	B. Computer-Room Air-Conditioner Mounting:  Install using elastomeric pads.  Comply with requirements for vibration isolation devices specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."
	C. Suspended Computer-Room Air Conditioners:  Install using continuous-thread hanger rods and elastomeric hangers of size required to support weight of computer-room air conditioner.
	D. Air-Cooled Refrigerant Condenser Mounting:  Install using elastomeric pads.  Comply with requirements for vibration isolation devices specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."
	E. Remote, Air-Cooled, Glycol-Solution Cooler Mounting:  Install using elastomeric pads.  Comply with requirements for vibration isolation devices specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."
	F. Glycol-Solution Pump Package Mounting:  Install using elastomeric pads.  Comply with requirements for vibration isolation devices specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."

	3.3 CONNECTIONS
	A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to machine to allow service and maintenance.
	C. Water and Drainage Connections:  Comply with applicable requirements in Division 22 Section "Domestic Water Piping." Provide adequate connections for water-cooled units, condensate drain, and humidifier flushing system.
	D. Chilled-Water Piping:  Comply with applicable requirements in Division 23 Section "Hydronic Piping." Provide shutoff valves in water inlet and outlet piping on water-cooled units.
	E. Refrigerant Piping:  Comply with applicable requirements in Division 23 Section "Refrigerant Piping." Provide shutoff valves and piping.

	3.4 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.
	B. Perform tests and inspections.
	C. Tests and Inspections:
	D. Computer-room air conditioners will be considered defective if they do not pass tests and inspections.
	E. Prepare test and inspection reports.
	F. After startup service and performance test, change filters and flush humidifier.

	3.5 ADJUSTING
	A. Adjust initial temperature and humidity set points.
	B. Set field-adjustable switches and circuit-breaker trip ranges as indicated.
	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 two 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 computer-room air conditioners.
	END OF SECTION 238123



	238219 Fan Coil Units
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. 1.        This Section includes fan-coil units and accessories.

	1.3 SUBMITTALS
	A. Product Data:  Include specialties and accessories for each unit type and configuration.
	B. Shop Drawings:  Submit the following for each fan-coil unit type and configuration:
	C. Field Test Reports:  Written reports of tests specified in Part 3 of this Section.
	D. Maintenance Data:  For fan-coil units to include in maintenance manuals specified in Division 1.  Include the following:

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

	1.5 COORDINATION
	A. Coordinate layout and installation of fan-coil units and suspension system components with other construction that penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, fire-suppression-system components, and partition assemblies.

	1.6 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.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

	2.2 CONFIGURATION
	A. Horizontal Units:  An assembly including filter, chassis, coil, drain pan, fan, and motor in blow-through configuration with hydronic cooling coil and hydronic heating coil.

	2.3 MATERIALS
	A. Chassis:  Galvanized steel, with flanged edges.
	B. Coil Section Insulation:  1-inch duct liner complying with ASTM C 1071 and attached with adhesive complying with ASTM C 916.
	C. Drain Pans:  Galvanized steel, with connection for drain.  Drain pan shall have a removable plastic liner and be insulated with polystyrene or polyurethane insulation.  Drain pan and liner shall be formed to slope from all directions to drain connection.
	D. Cabinet:  Galvanized steel, concealed unit cabinet.

	2.4 WATER COILS
	A. Primary Coil:  Copper tube, with mechanically bonded aluminum fins spaced no closer than 0.1 inch and with manual air vent.  Coils shall be rated for a minimum working pressure of 300 psig and a maximum entering water temperature of 275 deg F.
	B. Auxiliary Heating Coil:  One row, copper tube, with mechanically bonded aluminum fins spaced no closer than 0.1 inch and with manual air vent.  Coils shall be rated for a minimum working pressure of 200 psig and a maximum entering water temperature of 220 deg F.

	2.5 FAN
	A. Centrifugal, with forward-curved, double-width wheels and fan scrolls made of galvanized steel; directly connected to motor.

	2.6 FAN MOTORS
	A. Motors for Direct-Drive Units: Permanent-split capacitor, multispeed motor with integral thermal-overload protection and resilient mounts.
	B. Wiring Terminations:  Match conductor materials and sizes of connecting power circuit.  Connect motor to chassis wiring with plug connection.

	2.7 ACCESSORIES
	A. Filters:  1-inch-thick, throwaway filters in fiberboard frames.

	2.8 CONTROL SYSTEMS
	A. Four-Pipe, Valve Cycle: Wall-mounted thermostat, with deadband and manual fan-speed switch, cycles electric valves.

	2.9 SOURCE QUALITY CONTROL
	A. Test and rate units according to ARI 440.
	B. Test unit coils according to ASHRAE 33.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas to receive fan-coil units for compliance with requirements for installation tolerances and other conditions affecting performance.
	B. Examine roughing-in for piping and electrical connections to verify actual locations before fan-coil unit installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install fan-coil units level and plumb.
	B. Install fan-coil units to comply with NFPA 90A.
	C. Suspend fan-coil units from structure with rubber-in-shear vibration isolators (rubber hangers).  Vibration isolators are specified in Division 23 Section "Mechanical Vibration Controls."
	D. Install wall-mounting thermostats and switch controls in electrical outlet boxes at heights to match lighting controls.

	3.3 CONNECTIONS
	A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Unless otherwise indicated, install shutoff valve and union or flange at each connection.
	C. Install piping adjacent to machine to allow service and maintenance.
	D. Ground equipment.
	E. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.

	3.4 FIELD QUALITY CONTROL
	A. Testing:  Perform the following field quality-control testing and report results in writing:
	B. Repair or replace malfunctioning units.  Retest as specified above after repairs or replacements are made.

	3.5 CLEANING
	A. After installing units, inspect unit cabinet for damage to finish.  Remove paint splatters and other spots, dirt, and debris.  Repair damaged finish to match original finish.
	B. After installing units, clean fan-coil units internally according to manufacturer's written instructions.
	C. Install new filters in each fan-coil unit within two weeks after Substantial Completion.

	3.6 DEMONSTRATION
	A. Installer is to train Owner's maintenance personnel to adjust, operate, and maintain fan-coil units.



	238239 Unit Heaters
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	This Section Includes:

	1.3 DEFINITIONS
	BAS:  Building automation system.
	CWP:  Cold working pressure.
	PTFE:  Polytetrafluoroethylene plastic.
	TFE:  Tetrafluoroethylene plastic.

	1.4 SUBMITTALS
	Product Data:  Include rated capacities, operating characteristics, furnished specialties, and accessories for each product indicated.
	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.
	Coordination Drawings:  Floor plans, reflected ceiling plans, and other details, drawn to scale, on which the following items are shown and coordinated with each other, based on input from installers of the items involved:
	Samples for Initial Selection:  Finish colors for units with factory-applied color finishes.
	Samples for Verification:  Finish colors for each type of cabinet unit heater and wall and ceiling heaters indicated with factory-applied color finishes.
	Manufacturer Seismic Qualification Certification:  Submit certification that cabinet unit heaters, accessories, and components will withstand seismic forces defined in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment." Include the following:
	Field quality-control test reports.
	Operation and Maintenance Data:  For cabinet unit heaters to include in emergency, operation, and maintenance manuals.

	1.5 QUALITY ASSURANCE
	Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 5 - "Systems and Equipment" and Section 7 - "Construction and Startup."
	ASHRAE/IESNA 90.1-2004 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004, Section 6 - "Heating, Ventilating, and Air-Conditioning."

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


	PART 2 -  NOT APPLICABLE
	PART 3 -  EXECUTION
	3.1 EXAMINATION
	Examine areas to receive unit heaters for compliance with requirements for installation tolerances and other conditions affecting performance.
	Examine roughing-in for electrical connections to verify actual locations before unit heater installation.
	Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	Install wall boxes in finished wall assembly; seal and weatherproof.  Joint-sealant materials and applications are specified in Division 07 Section "Joint Sealants."
	Install cabinet unit heaters to comply with NFPA 90A.
	Install propeller unit heaters level and plumb.
	Suspend cabinet unit heaters from structure with elastomeric hangers.  Vibration isolators are specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."
	Suspend propeller unit heaters from structure with all-thread hanger rods and elastomeric hangers.  Hanger rods and attachments to structure are specified in Division 23 Section "Hangers and Supports for HVAC Piping and Equipment." Vibration hangers are specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."
	Install wall-mounting thermostats and switch controls in electrical outlet boxes at heights to match lighting controls.  Verify location of thermostats and other exposed control sensors with Drawings and room details before installation.
	Install new filters in each fan-coil unit within two weeks of Substantial Completion.

	3.3 CONNECTIONS
	Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	Install piping adjacent to machine to allow service and maintenance.
	Connect piping to cabinet unit heater's factory, hot-water piping package.  Install the piping package if shipped loose.
	Connect supply and return ducts to cabinet unit heaters with flexible duct connectors specified in Division 23 Section "Air Duct Accessories."
	Comply with safety requirements in UL 1995.
	Unless otherwise indicated, install union and gate or ball valve on supply-water connection and union and calibrated balancing valve on return-water connection of unit heater.  Hydronic specialties are specified in Division 23 Section "Hydronic Piping."
	Unless otherwise indicated, install union and gate or ball valve on steam-supply connection and union, strainer, steam trap, and gate or ball valve on condensate-return connection of unit heater.  Steam specialties are specified in Division 23 Section "Steam and Condensate Heating Piping."
	Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems."
	Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."

	3.4 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.  Report results in writing.
	Perform the following field tests and inspections and prepare test reports:
	Remove and replace malfunctioning units and retest as specified above.

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

	3.6 DEMONSTRATION
	Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain cabinet unit heaters.  Refer to Division 01 Section "Demonstration and Training."



	Div. 23 specifications
	230001 HVAC General Requirements
	SECTION 230001 HVAC GENERAL REQUIREMENTS
	PART 1 -  GENERAL
	PART 2 -  Products
	PART 3 -  Execution

	230002 Basic HVAC Materials and Methods
	230516 Pipe Expansion Fittings and Loops
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes pipe expansion fittings and loops for mechanical piping systems, and the following:

	1.3 PERFORMANCE REQUIREMENTS
	A. Compatibility:  Products suitable for piping system fluids, materials, working pressures, and temperatures.
	B. Capability:  Absorb 200 percent of maximum piping expansion between anchors.

	1.4 SUBMITTALS
	A. Product Data:  For each type of expansion fitting indicated.
	B. Shop Drawings:  Signed and sealed by a qualified professional engineer.
	C. Welding Certificates:  Copies of certificates for welding procedures and personnel.
	D. Schedule:  Indicate manufacturer's number, size, location, and features for each expansion fitting and loop.

	1.5 QUALITY ASSURANCE
	A. Engineering Responsibility:  Design and preparation of Shop Drawings and calculations for expansion fittings and loops by a qualified professional engineer.
	B. Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing Qualifications."


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

	2.2 GUIDES
	A. Steel, factory fabricated, with bolted two-section outer cylinder and base for alignment of piping and two-section guiding spider for bolting to pipe.

	2.3 MISCELLANEOUS MATERIALS
	A. Structural Steel:  ASTM A 36/A 36M.
	B. Bolts and Nuts:  ASME B18.10 or ASTM A 183, steel, hex head.
	C. Washers:  ASTM F 844, steel, plain, flat washers.
	D. Mechanical Fasteners:  Insert-wedge-type stud with expansion plug anchor for use in hardened portland cement concrete, and tension and shear capacities appropriate for application.
	E. Chemical Fasteners:  Insert-type-stud bonding system anchor for use with hardened portland cement concrete, and tension and shear capacities appropriate for application.
	F. Washer and Nut:  Zinc-coated steel.
	G. Concrete:  Portland cement mix, 3000 psi (20.7 MPa) minimum.  Refer to Division 3 Section "Cast-in-Place Concrete" for formwork, reinforcement, and concrete.
	H. Grout:  ASTM C 1107, Grade B, factory-mixed and -packaged nonshrink and nonmetallic grout; suitable for interior and exterior applications.


	PART 3 -  EXECUTION
	3.1 EXPANSION FITTING INSTALLATION
	A. Install expansion fittings according to manufacturer's written instructions.
	B. Install expansion fittings in sizes matching pipe size in which they are installed.
	C. Align expansion fittings to avoid end-loading and torsional stress.

	3.2 PIPE BEND AND LOOP INSTALLATION
	A. Install pipe bends and loops cold-sprung in tension or compression as required to partly absorb tension or compression produced during anticipated change in temperature.
	B. Attach pipe bends and loops to anchors.

	3.3 SWING CONNECTIONS
	A. Connect risers and branch connections to mains with at least five pipe fittings, including tee in main.
	B. Connect risers and branch connections to terminal units with at least four pipe fittings, including tee in riser.
	C. Connect mains and branch connections to terminal units with at least four pipe fittings, including tee in main.

	3.4 GUIDE INSTALLATION
	A. Install guides on piping adjoining expansion fittings and loops.
	B. Attach guides to pipe and secure to building structure.

	3.5 ANCHOR INSTALLATION
	A. Install anchors at locations to prevent stresses from exceeding those permitted by ASME B31.9 and to prevent transfer of loading and stresses to connected equipment.
	B. Fabricate and install steel anchors by welding steel shapes, plates, and bars to piping and to structure.  Comply with ASME B31.9 and AWS D1.1.
	C. Construct concrete anchors of poured-in-place concrete of dimensions indicated and include embedded fasteners.
	D. Install pipe anchors according to expansion fitting manufacturer's written instructions if expansion fittings are indicated.
	E. Use grout to form flat bearing surfaces for expansion fittings, guides, and anchors installed on or in concrete.

	3.6 PAINTING
	A. Touching Up:  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.
	B. Touching Up:  Cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal are specified in Division 9 Section "Painting."
	C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.


	END OF SECTION 230516

	230518 Escutcheons for HVAC Piping
	PART 1 -  GENERAL
	1.1 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:

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


	PART 2 -  PRODUCTS
	2.1 FLOOR PLATES
	A. One-Piece Floor Plates:  Cast-iron flange.
	B. Split-Casting Floor Plates:  Cast brass with concealed hinge.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.
	B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with OD that completely covers opening.
	C. Install floor plates for piping penetrations of equipment-room floors.
	D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and with OD that completely covers opening.

	3.2 FIELD QUALITY CONTROL
	A. Replace broken and damaged escutcheons and floor plates using new materials.


	END OF SECTION 230518

	230519 HVAC Meters and Gages
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes meters and gages for mechanical systems.
	B. Related Sections include the following:

	1.3 SUBMITTALS
	A. Product Data:  Include scale range, ratings, and calibrated performance curves for each meter, gage, fitting, specialty, and accessory specified.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

	2.2 THERMOMETERS, GENERAL
	A. Scale Range:  Temperature ranges for services listed are as follows:
	B. Accuracy:  Plus or minus 1 percent of range span or plus or minus one scale division to maximum of 1.5 percent of range span.

	2.3 LIQUID-IN-GLASS THERMOMETERS
	A. Description:  ASTM E 1.
	B. Case:  Die cast and aluminum finished in baked-epoxy enamel, glass front, spring secured, 9 inches (230 mm) long.
	C. Adjustable Joint:  Finish to match case, 180-degree adjustment in vertical plane, 360-degree adjustment in horizontal plane, with locking device.
	D. Tube:  Red or blue reading, organic-liquid filled with magnifying lens.
	E. Tube:  Red or blue reading, mercury filled with magnifying lens.
	F. Scale:  Satin-faced nonreflective aluminum with permanently etched markings.
	G. Stem:  Copper-plated steel, aluminum, or brass for separable socket; of length to suit installation.

	2.4 SEPARABLE SOCKETS
	A. Description:  Fitting with protective socket for installation in threaded pipe fitting to hold fixed thermometer stem.

	2.5 THERMOMETER WELLS
	A. Description:  Fitting with protective well for installation in threaded pipe fitting to hold test thermometer.

	2.6 PRESSURE GAGES
	A. Description:  ASME B40.1, phosphor-bronze bourdon-tube type with bottom connection; dry type, unless liquid-filled-case type is indicated.
	B. Case:  Drawn steel, brass, or aluminum with 4-1/2-inch- (115-mm-) diameter, glass lens.
	C. Connector:  Brass, NPS 1/4 (DN8).
	D. Scale:  White-coated aluminum with permanently etched markings.
	E. Accuracy:  Grade D, plus or minus 5 percent of whole scale.
	F. Range:  Comply with the following:

	2.7 PRESSURE-GAGE FITTINGS
	A. Valves:  NPS 1/4 brass or stainless-steel needle type.
	B. Syphons:  NPS 1/4 coil of brass tubing with threaded ends.
	C. Snubbers:  ASME B40.5, NPS 1/4 brass bushing with corrosion-resistant porous-metal disc of material suitable for system fluid and working pressure.

	2.8 TEST PLUGS
	A. Description:  Nickel-plated, brass-body test plug in NPS 1/2 fitting.
	B. Body:  Length as required to extend beyond insulation.
	C. Pressure Rating:  500 psig minimum.
	D. Core Inserts:  One or two self-sealing valves, suitable for inserting 1/8-inch OD probe from dial-type thermometer or pressure gage.
	E. Core Material for Water:  Minus 30 to plus 275 deg F, ethylene-propylene-diene terpolymer rubber.
	F. Test-Plug Cap:  Gasketed and threaded cap, with retention chain or strap.
	G. Test Kit:  Pressure gage and adapter with probe, two bimetal dial thermometers, and carrying case.


	PART 3 -  EXECUTION
	3.1 METER AND GAGE INSTALLATION, GENERAL
	A. Install meters, gages, and accessories according to manufacturer's written instructions for applications where used.

	3.2 THERMOMETER INSTALLATION
	A. Install thermometers and adjust vertical and tilted positions.

	3.3 PRESSURE-GAGE INSTALLATION
	A. Install pressure gages in piping tees with pressure-gage valve located on pipe at most readable position.

	3.4 ADJUSTING AND CLEANING
	A. Calibrate meters according to manufacturer's written instructions, after installation.
	B. Adjust faces of meters and gages to proper angle for best visibility.
	C. Clean windows of meters and gages and clean factory-finished surfaces.  Replace cracked and broken windows, and repair scratched and marred surfaces with manufacturer's touchup paint.


	END OF SECTION 230519

	230523 Valves
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following general-duty valves:
	B. Related Sections include the following:

	1.3 SUBMITTALS
	A. Product Data:  For each type of valve indicated.  Include body, seating, and trim materials; valve design; pressure and temperature classifications; end connections; arrangement; dimensions; and required clearances.  Include list indicating valve and its application.

	1.4 DELIVERY, STORAGE, AND HANDLING
	A. Use the following precautions during storage:


	PART 2 -  PRODUCTS
	2.1 VALVES, GENERAL
	A. Provide valves of same manufacturer throughout where possible.
	B. Provide valves with manufacturers name and pressure rating clearly marked on outside of body.
	C. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system pressures and temperatures.
	D. Valve Sizes:  Same as upstream pipe, unless otherwise indicated.
	E. Valve Actuators:
	F. Extended Valve Stems: On insulated valves.
	G. Valve Flanges:  ASME B16.1 for cast-iron valves, ASME B16.5 for steel valves, and ASME B16.24 for bronze valves.

	2.2 ACCEPTABLE MANUFACTURERS:
	A. Gate Valves:
	B. Plug Valves:
	C. Butterfly Valves:
	D. Ball Valves:
	E. Check valves:

	2.3 GATE VALVES
	A. Bronze, rising stem, union bonnet, solid wedge, solder or screwed ends.  Stockham B-105.

	2.4 PLUG VALVES
	A. Cast iron body, bronze or nickel-plated iron plug, Hycar seal with screwed ends for 2” and smaller, 150# flanges for larger sizes.  DeZurik Fig. 425.

	2.5 BUTTERFLY VALVES
	A. Class 200, iron body, extended neck, aluminum-bronze disc, field replaceable EPDM seat.  Stainless steel disc at copper piping.  Memory stop handle, except gear operator for sizes 4" and larger.  Stockham LG71(2)  1B(S3)E.

	2.6 BALL VALVES
	A. Bronze body, full port, threaded or extended solder cup ends.  TFE seat rings, C.P. brass ball, blowout proof stem, brass packing gland, & zinc chrome finished hardened steel handle with plastic grip.  Stockham S-216-BRRT.

	2.7 CHECK VAVLES
	A. Non-slam, wafer body for hydronic service with bronze trim and stainless steel hardware.  Mission Figure 12-HMP.  Bronze body, ASTM B-62, threaded or solder end, class 125, swing type TFE disc for domestic water service.  Stockman B-310.

	2.8 PRESSURE RATINGS
	A. Unless otherwise indicated, use valves suitable for 125 psig and 350 degrees F.


	PART 3 -  EXECUTION
	3.1 VALVE INSTALLATION
	A. Use ball valves for air and water service, 2" and smaller.
	B. Use butterfly valves for water service, 2½" and larger.
	C. Use gate valves as on option for shut-off water service.
	D. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	E. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	F. Locate valves for easy access and provide separate support where necessary.
	G. Install valves in horizontal piping with stem at or above center of pipe.
	H. Install valves in position to allow full stem movement.
	I. Install chainwheel operators on valves 4” and larger and more than 96 inches above floor.  Extend chains to 60 inches above finished floor elevation.

	3.2 JOINT CONSTRUCTION
	A. Refer to Division 23 Section "Basic HVAC Materials and Methods" for basic piping joint construction.
	B. Soldered Joints:  Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free-alloy solder; and ASTM B 828 procedure, unless otherwise indicated

	3.3 ADJUSTING
	A. Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing.  Replace valves if persistent leaking occurs.


	END OF SECTION 230523

	230529 Hangers and Supports
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes hangers and supports for mechanical system piping and equipment.
	B. Related Sections include the following:

	1.3 DEFINITIONS
	A. MSS:  Manufacturers Standardization Society for the Valve and Fittings Industry.
	B. Terminology:  As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers and Supports."

	1.4 PERFORMANCE REQUIREMENTS
	A. Design channel support systems for piping to support multiple pipes capable of supporting combined weight of supported systems, system contents, and test water.
	B. Design heavy-duty steel trapezes for piping to support multiple pipes capable of supporting combined weight of supported systems, system contents, and test water.
	C. Design seismic restraint hangers and supports for piping and equipment.

	1.5 SUBMITTALS
	A. Product Data:  For each type of pipe hanger, channel support system component, and thermal-hanger shield insert indicated.

	1.6 QUALITY ASSURANCE
	A. Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing Qualification.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

	2.2 MANUFACTURED UNITS
	A. Pipe Hangers, Supports, and Components:  MSS SP-58, factory-fabricated components.  Refer to "Hanger and Support Applications" Article in Part 3 for where to use specific hanger and support types.
	B. Channel Support Systems:  MFMA-2, factory-fabricated components for field assembly.
	C. Thermal-Hanger Shield Inserts:  24-psi (165-kPa) minimum compressive-strength insulation, encased in sheet metal shield.

	2.3 MISCELLANEOUS MATERIALS
	A. Mechanical-Anchor Fasteners:  Insert-type attachments with pull-out and shear capacities appropriate for supported loads and building materials where used.
	B. Structural Steel:  ASTM A 36/A 36M, steel plates, shapes, and bars, black and galvanized.
	C. Grout:  ASTM C 1107, Grade B, factory-mixed and -packaged, nonshrink and nonmetallic, dry, hydraulic-cement grout.


	PART 3 -  EXECUTION
	3.1 HANGER AND SUPPORT APPLICATIONS
	A. Specific hanger requirements are specified in Sections specifying equipment and systems.
	B. Comply with MSS SP-69 for pipe hanger selections and applications that are not specified in piping system Specification Sections.
	C. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in piping system Specification Sections, install the following types:
	D. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system Specification Sections, install the following types:

	3.2 HANGER AND SUPPORT INSTALLATION
	A. Pipe Hanger and Support Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hangers, supports, clamps, and attachments as required to properly support piping from building structure.
	B. Channel Support System Installation:  Arrange for grouping of parallel runs of piping and support together on field-assembled channel systems.
	C. Heavy-Duty Steel Trapeze Installation:  Arrange for grouping of parallel runs of horizontal piping and support together on field-fabricated, heavy-duty trapezes.
	D. Install building attachments within concrete slabs or attach to structural steel.  Space attachments within maximum piping span length indicated in MSS SP-69.  Install additional attachments at concentrated loads, including valves, flanges, guides, strainers, and expansion joints, 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.
	E. Install mechanical-anchor fasteners in concrete after concrete is placed and completely cured.  Install fasteners according to manufacturer's written instructions.
	F. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and other accessories.
	G. Install hangers and supports to allow controlled thermal and seismic movement of piping systems, to permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, expansion loops, expansion bends, and similar units.
	H. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
	I. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so maximum pipe deflections allowed by ASME B31.9, "Building Services Piping," is not exceeded.
	J. Insulated Piping:  Comply with the following:

	3.3 EQUIPMENT SUPPORTS
	A. Fabricate structural-steel stands to suspend equipment from structure above or to support equipment above floor.
	B. Grouting:  Place grout under supports for equipment and make smooth bearing surface.

	3.4 METAL FABRICATION
	A. Cut, drill, and fit miscellaneous metal fabrications for heavy-duty steel trapezes 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 procedures for shielded metal arc welding, appearance and quality of welds, and methods used in correcting welding work, and with the following:

	3.5 ADJUSTING
	A. Hanger Adjustment:  Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe.

	3.6 PAINTING
	A. Touching Up:  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.
	B. Touching Up:  Cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal are specified in Division 9 Section "Painting."
	C. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.


	END OF SECTION 230529

	230548 HVAC Vibration Controls
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes vibration isolators, vibration isolation bases, vibration and isolation roof curbs.
	B. Related Sections include the following:

	1.3 SUBMITTALS (not required)
	1.4 COORDINATION
	A. Coordinate layout and installation of vibration isolation with other construction that penetrates ceilings or is supported by them, including light fixtures, HVAC equipment, fire-suppression-system components, and partition assemblies.
	B. Coordinate size and location of concrete housekeeping and vibration isolation bases.  Cast anchor-bolt inserts into base.  Concrete, reinforcement, and formwork requirements are specified in Division 3 Sections.
	C. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items are specified in Division 7 Sections.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install and anchor vibration and sound control products according to manufacturer's written instructions and authorities having jurisdiction.
	B. Anchor interior mounts, isolators, hangers, and snubbers to vibration isolation bases.  Bolt isolator baseplates to structural floors as required by authorities having jurisdiction.
	C. Anchor exterior mounts, isolators and hangers to vibration isolation bases.  Bolt isolator baseplates to structural supports as required by authorities having jurisdiction.
	D. Install pipe connectors at connections for equipment supported on vibration isolators.

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


	END OF SECTION 230548

	230553 Mechanical Identification
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes mechanical identification materials and devices.

	1.3 SUBMITTALS (NOT REQUIRED)
	1.4 QUALITY ASSURANCE
	A. Comply with ASME A13.1, "Scheme for the Identification of Piping Systems" for lettering size, length of color field, colors, and viewing angles of identification devices.

	1.5 SEQUENCING AND SCHEDULING
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	B. Install identifying devices before installing acoustical ceilings and similar concealment.


	PART 2 -  PRODUCTS
	2.1 IDENTIFYING DEVICES AND LABELS
	A. General:  Products specified are for applications referenced in other Division 15 Sections.  If more than single type is specified for listed applications, selection is Installer's option.
	B. Equipment Nameplates:  Metal permanently fastened to equipment with data engraved or stamped.
	C. Stencils: Standard stencils, prepared with letter sizes conforming to recommendations of ASME A13.1.  Minimum letter height is 1-1/4 inches (30 mm) for ducts, and 3/4 inch (20 mm) for access door signs and similar operational instructions.
	D. Snap-On Plastic Pipe Markers:  Manufacturer's standard preprinted, semirigid, snap-on type.  Include color-coding according to ASME A13.1, unless otherwise indicated.
	E. Pressure-Sensitive Pipe Markers:  Manufacturer's standard preprinted, color-coded, pressure-sensitive, vinyl type with permanent adhesive.
	F. Pipes with OD, Including Insulation, Less Than 6 Inches (150 mm):  Full-band pipe markers, extending 360 degrees around pipe at each location.
	G. Pipes with OD, Including Insulation, 6 Inches (150 mm) and Larger:  Either full-band or strip-type pipe markers, at least 3 times letter height and of length required for label.
	H. Lettering:  Manufacturer's standard preprinted captions as selected by Architect.
	I. Lettering:  Use piping system terms indicated and abbreviate only as necessary for each application length.
	J. Plastic Duct Markers:  Manufacturer's standard laminated plastic, in the following color codes:
	K. Plastic Tape:  Manufacturer's standard color-coded, pressure-sensitive, self-adhesive, vinyl tape, at least 3 mils (0.08 mm) thick.
	L. Valve Tags:  Stamped or engraved with 1/4-inch (6-mm) letters for piping system abbreviation and 1/2-inch (13-mm) sequenced numbers.  Include 5/32-inch (4-mm) hole for fastener.  Choice of Installer.
	M. Access Panel Markers:  1/16-inch- (2-mm-) thick, engraved plastic-laminate markers, with abbreviated terms and numbers corresponding to concealed valve.  Provide 1/8-inch (3-mm) center hole for attachment.
	N. Engraved Plastic-Laminate Signs:  ASTM D 709, Type I, cellulose, paper-base, phenolic-resin-laminate engraving stock; Grade ES-2, black surface, black phenolic core, with white melamine subcore, unless otherwise indicated.  Fabricate in sizes required for message.  Provide holes for mechanical fastening.
	O. Plastic Equipment Markers:  Manufacturer's standard laminated plastic, in the following color codes:
	P. Plasticized Tags:  Preprinted or partially preprinted, accident-prevention tags, of plasticized card stock with mat finish suitable for writing.
	Q. Lettering and Graphics:  Coordinate names, abbreviations, and other designations used in mechanical identification with corresponding designations indicated.  Use numbers, letters, and terms indicated for proper identification, operation, and maintenance of mechanical systems and equipment.


	PART 3 -  EXECUTION
	3.1 LABELING AND IDENTIFYING PIPING SYSTEMS
	A. Install pipe markers on each system.  Include arrows showing normal direction of flow.
	B. Marker Type:  Stenciled markers with painted, color-coded bands or rectangles.
	C. Marker Type:  Stenciled markers complying with ASME A13.1.
	D. Marker Type:  Plastic markers, with application systems.  Install on pipe insulation segment where required for hot, noninsulated pipes.
	E. Fasten markers on pipes and insulated pipes smaller than 6 inches (150 mm)  OD by one of following methods:
	F. Fasten markers on pipes and insulated pipes 6 inches (150 mm) in diameter and larger by one of following methods:
	G. Locate pipe markers and color bands where piping is exposed in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior nonconcealed locations according to the following:

	3.2 VALVE TAGS
	A. Install on valves and control devices in piping systems, except check valves, valves within factory-fabricated equipment units, plumbing fixture supply stops, shutoff valves, faucets, convenience and lawn-watering hose connections, and HVAC terminal devices and similar roughing-in connections of end-use fixtures and units.  List tagged valves in valve schedule.
	B. Valve Tag Application Schedule:  Tag valves according to size, shape, color scheme, and with captions similar to those indicated in the following:
	C. Tag Material:  Brass.
	D. Tag Size and Shape:  According to the following:
	E. Install mounted valve schedule in each major equipment room.

	3.3 EQUIPMENT SIGNS AND MARKERS
	A. Install engraved plastic-laminate signs or equipment markers on or near each major item of mechanical equipment.  Include signs for the following general categories of equipment:
	B. Optional Sign Types:  Stenciled signs may be provided instead of engraved plastic, at Installer's option, where lettering larger than 1-inch (25-mm) high is needed for proper identification because of distance from normal location of required identification.
	C. Plasticized Tags:  Install within concealed space, to reduce amount of text in exposed sign outside concealment, if equipment to be identified is concealed above acoustical ceiling or similar concealment.
	D. Duct Systems:  Identify air supply, return, exhaust, intake, and relief ducts with duct markers; or provide stenciled signs and arrows showing service and direction of flow.

	3.4 ADJUSTING AND CLEANING
	A. Relocate mechanical identification materials and devices that have become visually blocked by work of this or other Divisions.
	B. Clean faces of identification devices and glass frames of valve charts.


	END OF SECTION 230553

	230593 Testing, Adjusting, and Balancing
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes testing, adjusting, and balancing HVAC systems to produce design objectives, including the following:

	1.3 SUBMITTALS
	A. Certified Testing, Adjusting, and Balancing Reports:  Submit 2 copies of reports prepared, as specified in this Section, on approved forms certified by the testing, adjusting, and balancing Agent.
	B. Warranty:  Submit 2 copies of special warranty specified in the "Warranty" Article below.

	1.4 QUALITY ASSURANCE
	A. Agent Qualifications:  Engage a testing, adjusting, and balancing agent certified by either AABC or NEBB.
	B. Certification of Testing, Adjusting, and Balancing Reports:  Certify the testing, adjusting, and balancing field data reports.  This certification includes the following:
	C. Testing, Adjusting, and Balancing Reports:  Use testing, adjusting, and balancing Agent's standard forms approved by the Architect.
	D. Instrumentation Type, Quantity, and Accuracy:  As described in AABC national standards.
	E. Instrumentation Type, Quantity, and Accuracy:  As described in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems," Section II, "Required Instrumentation for NEBB Certification."
	F. Instrumentation Calibration:  Calibrate instruments at least every 6 months or more frequently if required by the instrument manufacturer.

	1.5 COORDINATION
	A. Coordinate the efforts of HVAC installers, and other mechanics to operate HVAC systems and equipment to support and assist testing, adjusting, and balancing activities.
	B. Notice:  If required, provide 7 days' advance notice for each test.  Include scheduled test dates and times.
	C. Perform testing, adjusting, and balancing 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 EXAMINATION
	A. Examine Contract Documents to become familiar with project requirements and to discover conditions in systems' designs that may preclude proper testing, adjusting, and balancing of systems and equipment.
	B. Examine approved submittal data of HVAC systems and equipment.
	C. Examine project record documents described in Division 1 Section "Project Record Documents."
	D. Examine equipment performance data, including fan and pump curves.  Relate performance data to project conditions and requirements, including system effects that can create undesired or unpredicted conditions that cause reduced capacities in all or part of a system.
	E. Examine system and equipment installations to verify that they are complete and that testing, cleaning, adjusting, and commissioning specified in individual Specification Sections have been performed.
	F. Examine system and equipment test reports.
	G. Examine HVAC system and equipment installations to verify that indicated balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers, are properly installed, and their locations are accessible and appropriate for effective balancing and for efficient system and equipment operation.
	H. Examine systems for functional deficiencies that cannot be corrected by adjusting and balancing.
	I. Examine air-handling equipment to ensure clean filters have been installed, bearings are greased, belts are aligned and tight, and equipment with functioning controls is ready for operation.
	J. Examine under floor plenum, utilized for supply air, to verify that they are airtight.  Verify that pipe penetrations and other holes are sealed.
	K. Examine strainers for clean screens and proper perforations.
	L. Examine 3-way valves for proper installation for their intended function of diverting or mixing fluid flows.
	M. Examine equipment for installation and for properly operating safety interlocks and controls.
	N. Examine automatic temperature system components to verify the following:
	O. Report deficiencies discovered before and during performance of testing, adjusting, and balancing procedures.

	3.2 PREPARATION
	A. Prepare a testing, adjusting, and balancing plan that includes strategies and step-by-step procedures.
	B. Complete system readiness checks and prepare system readiness reports.  Verify the following:

	3.3 GENERAL TESTING AND BALANCING PROCEDURES
	A. Perform testing and balancing procedures on each system according to the procedures contained in AABC national standards and this Section.
	B. Perform testing and balancing procedures on each system according to the procedures contained in NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" and this Section.
	C. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent necessary to allow adequate performance of procedures.  After testing and balancing, close probe holes and patch insulation with new materials identical to those removed.  Restore vapor barrier and finish according to the insulation Specifications for this Project.
	D. Mark equipment settings with paint or other suitable, permanent identification material, including damper-control positions, valve indicators, fan-speed-control levers, and similar controls and devices, to show final settings.

	3.4 FUNDAMENTAL AIR SYSTEMS' BALANCING PROCEDURES
	A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and recommended testing procedures.  Crosscheck the summation of required outlet volumes with required fan volumes.
	B. Determine the best locations in main and branch ducts for accurate duct airflow measurements.
	C. Check the airflow patterns from the outside-air louvers and dampers and the return- and exhaust-air dampers, through the supply-fan discharge and mixing dampers.
	D. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
	E. Check dampers for proper position to achieve desired airflow path.
	F. Check for airflow blockages.
	G. Check condensate drains for proper connections and functioning.
	H. Check for proper sealing of air-handling unit components.
	I. For variable-air-volume systems, develop a plan to simulate diversity.
	J. Verify that motor starters are equipped with properly sized thermal protection.
	K. Check for proper sealing of air duct system.

	3.5 CONSTANT-VOLUME AIR SYSTEMS' BALANCING PROCEDURES
	A. The procedures in this Article apply to constant-volume supply-, return-, and exhaust-air systems.  Additional procedures are required for variable-air-volume, and process exhaust-air systems.  These additional procedures are specified in other articles in this Section.
	B. Adjust fans to deliver total design airflows within the maximum allowable rpm listed by the fan manufacturer.
	C. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated airflows within specified tolerances.
	D. Measure terminal outlets and inlets without making adjustments.
	E. Adjust terminal outlets and inlets for each space to design airflows within specified tolerances of design values.  Make adjustments using volume dampers rather than extractors and the dampers at the air terminals.

	3.6 PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS
	A. 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 maximum set-point 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.
	B. Pressure-Independent, Variable-Air-Volume Systems:  After the fan systems have been adjusted, adjust the variable-air-volume systems as follows:
	C. Record the final fan performance data.

	3.7 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS
	A. Prepare test reports with pertinent design data and number in sequence starting at pump to end of system.  Check the sum of branch-circuit flows against approved pump flow rate.  Correct variations that exceed plus or minus 5 percent.
	B. Prepare schematic diagrams of systems' "as-built" piping layouts.
	C. Prepare hydronic systems for testing and balancing according to the following, in addition to the general preparation procedures specified above:

	3.8 PROCEDURES FOR HYDRONIC SYSTEMS
	A. Measure water flow at pumps.  Use the following procedures, except for positive-displacement pumps:
	B. Set calibrated balancing valves, if installed, at calculated presettings.
	C. Measure flow at all stations and adjust, where necessary, to obtain first balance.
	D. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 percent greater than indicated flow.
	E. Adjust balancing stations to within specified tolerances of indicated flow rate as follows:
	F. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump heads, and systems' pressures and temperatures including outdoor-air temperature.
	G. Measure the differential-pressure control valve settings existing at the conclusions of balancing.

	3.9 PROCEDURES FOR MOTORS
	A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data:
	B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying from minimum to maximum.  Test the manual bypass for the controller to prove proper operation.  Record observations, including controller manufacturer, model and serial numbers, and nameplate data.

	3.10 PROCEDURES FOR CONDENSING UNITS
	A. Verify proper rotation of fans.
	B. Measure entering- and leaving-air temperatures.
	C. Record compressor data.

	3.11 PROCEDURES FOR BOILERS
	A. Measure entering- and leaving-water temperatures and water flow.

	3.12 PROCEDURES FOR HEAT-TRANSFER COILS
	A. Water Coils:  Measure the following data for each coil:
	B. Refrigerant Coils:  Measure the following data for each coil:

	3.13 TEMPERATURE TESTING
	A. During testing, adjusting, and balancing, report need for adjustment in temperature regulation within the automatic temperature-control system.
	B. Measure indoor wet- and dry-bulb temperatures in each separately controlled zone.  Measure when the building or zone is occupied if under occupancy.
	C. Measure outside-air, wet- and dry-bulb temperatures.

	3.14 TOLERANCES
	A. Set HVAC system airflow and water flow rates within the following tolerances:

	3.15 REPORTING
	A. 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.
	B. Status Reports:  As Work progresses, prepare 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.

	3.16 FINAL REPORT
	A. General:  Computer printout in letter-quality font, on standard bond paper, in 3-ring binder, tabulated and divided into sections by tested and balanced systems.
	B. Include a certification sheet in front of binder signed and sealed by the certified testing and balancing engineer.
	C. Final Report Contents:  In addition to the certified field report data, include the following:
	D. General Report Data:  In addition to the form titles and entries, include the following data in the final report, as applicable:
	E. Air-Handling Unit Test Reports:  For air-handling units with coils, include the following:
	F. Apparatus-Coil Test Reports:
	G. Fan Test Reports:  For supply, return, and exhaust fans, include the following:
	H. Round and Rectangular Duct Traverse Reports:  Include a diagram with a grid representing the duct cross-section and record the following:
	I. Air-Terminal-Device Reports:
	J. System-Coil Reports:  For reheat coils and water coils of terminal units, include the  following:
	K. Net positive suction head is important for pumps in open circuits and for pumps handling fluids at elevated temperatures.
	L. Pump Test Reports:  Calculate impeller size by plotting the shutoff head on pump curves and include the following:
	M. Flue-gas analysis is usually not part of TAB procedures but could be added.
	N. Boiler Test Reports:
	O. Instrument Calibration Reports:

	3.17 INSPECTIONS
	A. Initial Inspection:
	B. Final Inspection:

	3.18 ADDITIONAL TESTS
	A. Within 90 days of completing TAB, perform additional testing and balancing to verify that balanced conditions are being maintained throughout and to correct unusual conditions.
	B. Seasonal Periods:  If initial TAB procedures were not performed during near-peak summer and winter conditions, perform additional testing, inspecting, and adjusting during near-peak summer and winter conditions.


	END OF SECTION 230593

	230713 Duct Insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes semirigid and flexible duct and, plenum, insulation; insulating cements; field-applied jackets; accessories and attachments; and sealing compounds.
	B. Related Sections include the following:

	1.3 SUBMITTALS
	A. Product Data:  Identify thermal conductivity, thickness, and jackets (both factory and field applied, if any), for each type of product indicated.
	B. Shop Drawings:  Not Required

	1.4 QUALITY ASSURANCE
	A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the U.S. Department of Labor, Bureau of Apprenticeship and Training.
	B. Fire-Test-Response Characteristics:  As determined by testing materials identical to those specified in this Section according to ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials and sealer and cement material containers with appropriate markings of applicable testing and inspecting agency.

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

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

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


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

	2.2 INSULATION MATERIALS
	A. Mineral-Fiber Board Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  Comply with ASTM C 612, Type IB, without facing and with all-service jacket manufactured from kraft paper, reinforcing scrim, aluminum foil, and vinyl film.
	B. Mineral-Fiber Blanket Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  Comply with ASTM C 553, Type II, without facing and with all-service jacket manufactured from kraft paper, reinforcing scrim, aluminum foil, and vinyl film.
	C. Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber materials.  Comply with ASTM C 534, Type II for sheet materials.
	D. Calcium Silicate Insulation:  Flat-, curved-, and grooved-block sections of noncombustible, inorganic, hydrous calcium silicate with a nonasbestos fibrous reinforcement.  Comply with ASTM C 533, Type I.

	2.3 ACCESSORIES AND ATTACHMENTS
	A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape.  Woven glass-fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd..
	B. Bands:  3/4 inch (19 mm) wide, in one of the following materials compatible with jacket:
	C. Wire:  0.080-inch, nickel-copper alloy; 0.062-inch, soft-annealed, stainless steel; or 0.062-inch, soft-annealed, galvanized steel.
	D. Weld-Attached Anchor Pins and Washers:  Copper-coated steel pin for capacitor-discharge welding and galvanized speed washer.  Pin length sufficient for insulation thickness indicated.
	E. Adhesive-Attached Anchor Pins and Speed Washers:  Galvanized steel plate, pin, and washer manufactured for attachment to duct and plenum with adhesive.  Pin length sufficient for insulation thickness indicated.
	F. Self-Adhesive Anchor Pins and Speed Washers:  Galvanized steel plate, pin, and washer manufactured for attachment to duct and plenum with adhesive.  Pin length sufficient for insulation thickness indicated.

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


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

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

	3.3 GENERAL APPLICATION REQUIREMENTS
	A. Apply insulation materials, accessories, and finishes according to the manufacturer's written instructions; with smooth, straight, and even surfaces; and free of voids throughout the length of ducts and fittings.
	B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses required for each duct system.
	C. Use accessories compatible with insulation materials and suitable for the service.  Use accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Apply multiple layers of insulation with longitudinal and end seams staggered.
	E. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor retarder.
	F. Keep insulation materials dry during application and finishing.
	G. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by the insulation material manufacturer.
	H. Apply insulation with the least number of joints practical.
	I. Apply insulation over fittings and specialties, with continuous thermal and vapor-retarder integrity, unless otherwise indicated.
	J. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at hangers, supports, anchors, and other projections with vapor-retarder mastic.  Apply insulation continuously through hangers and around anchor attachments.
	K. Insulation Terminations:  For insulation application where vapor retarders are indicated, seal ends with a compound recommended by the insulation material manufacturer to maintain vapor retarder.
	L. Apply insulation with integral jackets as follows:
	M. Cut insulation according to manufacturer's written instructions to prevent compressing insulation to less than 75 percent of its nominal thickness.
	N. Install vapor-retarder mastic on ducts and plenums scheduled to receive vapor retarders.
	O. Roof Penetrations:  Apply insulation for interior applications to a point even with top of roof flashing.
	P. Interior Wall and Partition Penetrations:  Apply insulation continuously through walls and partitions, except fire-rated walls and partitions.
	Q. Fire-Rated Wall and Partition Penetrations:  Terminate insulation at fire/smoke damper sleeves for fire-rated wall and partition penetrations.
	R. Floor Penetrations:  Terminate insulation at underside of floor assembly and at floor support at top of floor.

	3.4 MINERAL-FIBER INSULATION APPLICATION
	A. Blanket Applications for Ducts and Plenums:  Secure blanket insulation with adhesive and anchor pins and speed washers.

	3.5 DUCT SYSTEM APPLICATIONS
	A. Insulation materials and thicknesses are specified in schedules at the end of this Section.  Line the first 20 feet of all supply and return work duct with acoustical duct liner.  All other duct work will be externally wrapped with blanket insulation.
	B. Materials and thicknesses for systems listed below are specified in schedules at the end of this Section.
	C. Insulate the following plenums and duct systems:
	D. Items Not Insulated:  Unless otherwise indicated, do not apply insulation to the following systems, materials, and equipment:

	3.6 INDOOR DUCT AND PLENUM APPLICATION SCHEDULE
	A. Service:  Round, supply-air ducts, concealed.
	B. Service:  Round, return-air ducts, concealed. (Not required in conditioned areas)
	C. Service:  Rectangular, supply-air ducts, concealed.
	D. Service:  Rectangular, return-air ducts, concealed. (Not required in conditioned areas)
	E. Service:  Round, supply-air ducts, exposed.
	F. Service:  Round, return-air ducts, exposed. (Not required in conditioned areas)
	G. Service:  Rectangular, supply-air ducts, exposed.
	H. Service:  Rectangular, return-air ducts, exposed. (Not required in non-conditioned areas)

	3.7 OUTDOOR DUCT AND PLENUM APPLICATION SCHEDULE
	A. Service:  Rectangular, supply and return air ducts.


	END OF SECTION 230713

	230717 Equipment Insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes blanket, board, and block insulation; insulating cements; field-applied jackets; accessories and attachments; and sealing compounds.
	B. Related Sections include the following:

	1.3 SUBMITTALS (Not Required)
	1.4 QUALITY ASSURANCE
	A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the U.S. Department of Labor, Bureau of Apprenticeship and Training.
	B. Fire-Test-Response Characteristics:  As determined by testing materials identical to those specified in this Section according to ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials and sealer and cement material containers with appropriate markings of applicable testing and inspecting agency.

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

	1.6 COORDINATION
	A. Coordinate clearance requirements with equipment Installer for insulation application.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

	2.2 INSULATION MATERIALS
	A. Mineral-Fiber Board Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  Comply with ASTM C 612, Type IB, without facing and with all-service jacket manufactured from kraft paper, reinforcing scrim, aluminum foil, and vinyl film.
	B. Mineral-Fiber Blanket Thermal Insulation:  Glass fibers bonded with a thermosetting resin.  Comply with ASTM C 553, Type II, without facing and with all-service jacket manufactured from kraft paper, reinforcing scrim, aluminum foil, and vinyl film.
	C. Cellular-Glass Insulation:  Inorganic, foamed or cellulated glass, annealed, rigid, hermetically sealed cells, incombustible.
	D. Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber materials.  Comply with ASTM C 534, Type II for sheet materials.
	E. Calcium Silicate Insulation:  Flat-, curved-, and grooved-block sections of noncombustible, inorganic, hydrous calcium silicate with a nonasbestos fibrous reinforcement.  Comply with ASTM C 533, Type I.

	2.3 FIELD-APPLIED JACKETS
	A. General:  ASTM C 921, Type 1, unless otherwise indicated.
	B. Foil and Paper Jacket:  Laminated, glass-fiber-reinforced, flame-retardant kraft paper and aluminum foil.
	C. Aluminum Jacket:  Deep corrugated sheets manufactured from aluminum alloy complying with ASTM B 209 (ASTM B 209M), and having an integrally bonded moisture barrier over entire surface in contact with insulation.  Metal thickness and corrugation dimensions are scheduled at the end of this Section.
	D. Stainless-Steel Jacket:  Deep corrugated sheets of stainless steel complying with ASTM A 666, Type 304 or 316; 0.10 inch (2.5 mm) thick; and roll stock ready for shop or field cutting and forming to indicated sizes.

	2.4 ACCESSORIES AND ATTACHMENTS
	A. Glass Cloth and Tape:  Comply with MIL-C-20079H, Type I for cloth and Type II for tape.  Woven glass-fiber fabrics, plain weave, presized a minimum of 8 oz./sq. yd. (270 g/sq. m).
	B. Bands:  3/4 inch (19 mm) wide, in one of the following materials compatible with jacket:
	C. Wire:  0.080-inch (2.0-mm), nickel-copper alloy; 0.062-inch (1.6-mm), soft-annealed, stainless steel; or 0.062-inch (1.6-mm), soft-annealed, galvanized steel.
	D. Weld-Attached Anchor Pins and Washers:  Copper-coated steel pin for capacitor-discharge welding and galvanized speed washer.  Pin length sufficient for insulation thickness indicated.
	E. Adhesive-Attached Anchor Pins and Speed Washers:  Galvanized steel plate, pin, and washer manufactured for attachment to duct and plenum with adhesive.  Pin length sufficient for insulation thickness indicated.
	F. Self-Adhesive Anchor Pins and Speed Washers:  Galvanized steel plate, pin, and washer manufactured for attachment to duct and plenum with adhesive.  Pin length sufficient for insulation thickness indicated.

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


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

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

	3.3 GENERAL APPLICATION REQUIREMENTS
	A. Apply insulation materials, accessories, and finishes according to the manufacturer's written instructions; with smooth, straight, and even surfaces; and free of voids throughout the length of equipment.
	B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses required for each equipment system.
	C. Use accessories compatible with insulation materials and suitable for the service.  Use accessories that do not corrode, soften, or otherwise attack insulation or jacket in either the wet or dry state.
	D. Apply multiple layers of insulation with longitudinal and end seams staggered.
	E. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor retarder.
	F. Keep insulation materials dry during application and finishing.
	G. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by the insulation material manufacturer.
	H. Apply insulation with the least number of joints practical.
	I. Apply insulation over fittings and specialties, with continuous thermal and vapor-retarder integrity, unless otherwise indicated.
	J. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at hangers, supports, anchors, and other projections with vapor-retarder mastic.  Apply insulation continuously through hangers and around anchor attachments.
	K. Insulation Terminations:  For insulation application where vapor retarders are indicated, seal ends with a compound recommended by the insulation material manufacturer to maintain vapor retarder.
	L. Apply insulation with integral jackets as follows:
	M. Cut insulation according to manufacturer's written instructions to prevent compressing insulation to less than 75 percent of its nominal thickness.
	N. Install vapor-retarder mastic on equipment scheduled to receive vapor retarders.  Overlap insulation facing at seams and seal with vapor-retarder mastic and pressure-sensitive tape having same facing as insulation.  Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-retarder seal.
	O. Insulate the following indoor equipment:
	P. Omit insulation from the following:

	3.4 INDOOR TANK AND VESSEL INSULATION APPLICATION
	A. Blankets, Board, and Block Applications for Tanks and Vessels:  Secure insulation with adhesive and anchor pins and speed washers.

	3.5 FIELD-APPLIED JACKET APPLICATION
	A. Apply glass-cloth jacket where indicated, directly over bare insulation or insulation with factory-applied jackets.
	B. Foil and Paper Jackets:  Apply foil and paper jackets where indicated.
	C. PVC Jackets:  Apply jacket with longitudinal seams along top and bottom of tanks and vessels for horizontal applications.  Secure and seal seams and end joints with manufacturer's welding adhesive.
	D. Aluminum Jackets:  Secure jackets according to jacket manufacturer's written instructions.
	E. Stainless-Steel Jackets:  Secure jackets according to jacket manufacturer's written instructions.

	3.6 FINISHES
	A. Glass-Cloth Jacketed Insulation:  Paint insulation finished with glass-cloth jacket as specified in Division 9 Section "Painting."
	B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of insulation manufacturer's recommended protective coating.
	C. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual inspection of the completed Work.

	3.7 FIELD QUALITY CONTROL
	A. Inspection:  Perform the following field quality-control inspections, after installing insulation materials, jackets, and finishes, to determine compliance with requirements:
	B. Insulation applications will be considered defective if sample inspection reveals noncompliance with requirements.  Remove defective Work and replace with new materials according to these Specifications.
	C. Reinstall insulation and covers on pumps and tanks uncovered for inspection according to these Specifications.

	3.8 EQUIPMENT APPLICATIONS
	A. Insulation materials and thicknesses are specified in schedules at the end of this Section.
	B. Materials and thicknesses for systems listed below are specified in schedules at the end of this Section.

	3.9 INTERIOR TANK AND VESSEL INSULATION APPLICATION SCHEDULE
	A. Equipment:  Chilled-water air separators and compression tanks.
	B. Equipment:  Heating hot-water air separators and compression tanks.


	END OF SECTION 230717

	230719 HVAC Pipe Insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes preformed, rigid and flexible pipe insulation; insulating cements; field-applied jackets; accessories and attachments; and sealing compounds.
	B. Related Sections include the following:

	1.3 SUBMITTALS (Not Required)
	1.4 QUALITY ASSURANCE
	A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the U.S. Department of Labor, Bureau of Apprenticeship and Training.
	B. Fire-Test-Response Characteristics:  As determined by testing materials identical to those specified in this Section according to ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials and sealer and cement material containers with appropriate markings of applicable testing and inspecting agency.

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

	1.6 COORDINATION
	A. Coordinate size and location of supports, hangers, and insulation shields specified in Division 23 Section "Hangers and Supports."
	B. Coordinate clearance requirements with piping Installer for insulation application.
	C. Coordinate installation and testing of steam or electric heat tracing.

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


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:

	2.2 INSULATION MATERIALS
	A. Mineral-Fiber Insulation: Glass fibers bonded with a thermosetting resin complying with the following:
	B. Flexible Elastomeric Thermal Insulation:  Closed-cell, sponge- or expanded-rubber materials.  Comply with ASTM C 534, Type I for tubular materials and Type II for sheet materials.
	C. Prefabricated Thermal Insulating Fitting Covers:  Comply with ASTM C 450 for dimensions used in performing insulation to cover valves, elbows, tees, and flanges.

	2.3 FIELD-APPLIED JACKETS
	A. General:  ASTM C 921, Type 1, unless otherwise indicated.
	B. Foil and Paper Jacket:  Laminated, glass-fiber-reinforced, flame-retardant kraft paper and aluminum foil.
	C. PVC Jacket:  High-impact, ultraviolet-resistant PVC; 20 mils thick; roll stock ready for shop or field cutting and forming.
	D. Aluminum Jacket:  Factory cut and rolled to indicated sizes.  Comply with ASTM B 209, 3003 alloy, H-14 temper.

	2.4 ACCESSORIES AND ATTACHMENTS
	A. Bands:  3/4 inch wide, in one of the following materials compatible with jacket:

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


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

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

	3.3 GENERAL APPLICATION REQUIREMENTS
	A. Apply insulation materials, accessories, and finishes according to the manufacturer's written instructions; with smooth, straight, and even surfaces; free of voids throughout the length of piping, including fittings, valves, and specialties.
	B. Refer to schedules at the end of this Section for materials, forms, jackets, and thicknesses required for each piping system.
	C. Use accessories compatible with insulation materials and suitable for the service.  Use accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Apply insulation with longitudinal seams at top and bottom of horizontal pipe runs.
	E. Apply 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. Seal joints and seams with vapor-retarder mastic on insulation indicated to receive a vapor retarder.
	H. Keep insulation materials dry during application and finishing.
	I. Apply insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by the insulation material manufacturer.
	J. Apply insulation with the least number of joints practical.
	K. Apply insulation over fittings, valves, and specialties, with continuous thermal and vapor-retarder integrity, unless otherwise indicated.  Refer to special instructions for applying insulation over fittings, valves, and specialties.
	L. Hangers and Anchors:  Where vapor retarder is indicated, seal penetrations in insulation at hangers, supports, anchors, and other projections with vapor-retarder mastic.
	M. Insulation Terminations:  For insulation application where vapor retarders are indicated, taper insulation ends.  Seal tapered ends with a compound recommended by the insulation material manufacturer to maintain vapor retarder.
	N. Apply adhesives and mastics at the manufacturer's recommended coverage rate.
	O. Roof Penetrations:  Apply insulation for interior applications to a point even with top of roof flashing.
	P. Exterior Wall Penetrations:  For penetrations of below-grade exterior walls, terminate insulation flush with mechanical sleeve seal.  Seal terminations with vapor-retarder mastic.
	Q. Interior Wall and Partition Penetrations:  Apply insulation continuously through walls and floors.
	R. Fire-Rated Wall and Partition Penetrations:  Apply insulation continuously through penetrations of fire-rated walls and partitions.
	S. Floor Penetrations:  Apply insulation continuously through floor assembly.
	T. Provide aluminum jacket for all exterior piping.

	3.4 MINERAL-FIBER INSULATION APPLICATION
	A. Apply insulation to straight pipes and tubes as follows:
	B. Apply insulation to flanges as follows:
	C. Apply insulation to fittings and elbows as follows:
	D. Apply insulation to valves and specialties as follows:

	3.5 FLEXIBLE ELASTOMERIC THERMAL INSULATION APPLICATION
	A. Apply insulation to straight pipes and tubes as follows:
	B. Apply insulation to flanges as follows:
	C. Apply insulation to fittings and elbows as follows:
	D. Apply insulation to valves and specialties as follows:

	3.6 FINISHES
	A. Flexible Elastometric Thermal Insulation:  After adhesive has fully cured, apply two coats of the insulation manufacturer's recommended protective coating.
	B. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual inspection of the completed Work.

	3.7 PIPING SYSTEM APPLICATIONS
	A. Insulation materials and thicknesses are specified in schedules at the end of this Section.
	B. Items Not Insulated:  Unless otherwise indicated, do not apply insulation to the following systems, materials, and equipment:

	3.8 FIELD QUALITY CONTROL
	A. Inspection:  Perform the following field quality-control inspections, after installing insulation materials, jackets, and finishes, to determine compliance with requirements:
	B. Insulation applications will be considered defective if sample inspection reveals noncompliance with requirements.  Remove defective Work and replace with new materials according to these Specifications.
	C. Reinstall insulation and covers on fittings and valves uncovered for inspection according to these Specifications.

	3.9 INSULATION APPLICATION SCHEDULE, GENERAL
	A. Refer to insulation application schedules for required insulation materials, vapor retarders, and field-applied jackets.
	B. Application schedules identify piping system and indicate pipe size ranges and material, thickness, and jacket requirements.

	3.10 INTERIOR INSULATION APPLICATION SCHEDULE
	A. Service:  Heating and Chilled Water.
	B. Service:  Refrigerant suction and hot-gas piping.
	C. Condensate and Equipment Drain Water below 60 Deg F (16 Deg C):

	3.11 OUTDOOR, UNDERGROUND PIPING INSULATION SCHEDULE
	A. Loose-fill insulation, for belowground piping, is specified in Division 33 piping distribution Sections.
	B. Condenser-Water Supply and Return, All Sizes:  Cellular glass, 2 inches thick.
	C. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-applied jacket over the factory-applied jacket.
	D. If more than one material is listed, selection from materials listed is Contractor's option.
	E. Piping, Concealed:
	F. Piping, Exposed:

	3.12 UNDERGROUND, FIELD-INSTALLED INSULATION JACKET
	A. For underground piping applications, install underground concrete pit with cover jacket over insulation material.


	END OF SECTION 230719

	230800 Commissioning of HVAC Systems
	230900 Automatic Temperature Control Systems
	230993 Sequence of Operations
	3.7 VARIABLE AIR VOLUME TERMINAL UNIT
	A. In cooling mode:  Refer to drawing.
	B. In heating mode (Refer to drawing):
	3.8 MISCELLENOUS MONITORING
	A. Systems that will be monitored:
	1. Electrical Power.
	a. Monitor each building power (demand and consumption)
	b. Monitor the associated electrical loads (demand and consumption) for lighting, mechanical, receptacle and house for each building.
	2. Fire protection riser room space temperature.
	3. Space 110 and 116 Warehouse space temperature.
	4. Space 117,119 and 120 Fleet space temperature.
	5. Space 100 Mobile Sub-Station space temperature.
	3.9 PLUMBING CONTROL
	A. Monitor and control all domestic hot water circulating pumps.
	3.10 POINTS LIST
	A. Points list:  Submit complete point list of devices or elements to be controlled or sensed by DDC system.  Include sufficient detail to enable Architect to determine that DDC system can perform control sequence or operations listed on this section.  Point count must contain at least:
	1. List of every component to be sensed or controlled, keyed to terminology used in HVAC Control Drawings; that is Value V-1, AHU-1, etc.
	2. List of hardware associated with each point; that is, solenoids, contactors, transducers, etc.
	3. List of analog inputs to be sensed at each point; that is, temperature, relative humidity, etc.
	4. Alarms associated with each point.
	5. Control functions associated with each point; that is, start/stop, setpoint control, etc.

	232113 Hydronic Piping
	232300 Refrigerant Piping
	PART 1 -  GENERAL
	1.1 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. This Section includes refrigerant piping used for air-conditioning applications.

	1.3 PERFORMANCE REQUIREMENTS
	A. Line Test Pressure for Refrigerant R-407C:

	1.4 SUBMITTALS
	A. Product Data:  For each type of valve and refrigerant piping specialty indicated.  Include pressure drop, based on manufacturer's test data, for the following:
	B. Shop Drawings:  Show layout of refrigerant piping and specialties, including pipe, tube, and fitting sizes, flow capacities, valve arrangements and locations, slopes of horizontal runs, oil traps, double risers, wall and floor penetrations, and equipment connection details.  Show interface and spatial relationships between piping and equipment.
	C. Welding certificates.
	D. Field quality-control test reports.
	E. Operation and Maintenance Data:  For refrigerant valves and piping specialties to include in maintenance manuals.

	1.5 QUALITY ASSURANCE
	A. Welding:  Qualify procedures and personnel according to ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing Qualifications."
	B. Comply with ASHRAE 15, "Safety Code for Refrigeration Systems."
	C. Comply with ASME B31.5, "Refrigeration Piping and Heat Transfer Components."

	1.6 PRODUCT STORAGE AND HANDLING
	A. Store piping in a clean and protected area with end caps in place to ensure that piping interior and exterior are clean when installed.

	1.7 COORDINATION
	A. Coordinate size and location of roof curbs, equipment supports, and roof penetrations.  These items are specified in Division 07 Section "Roof Accessories."


	PART 2 -  PRODUCTS
	2.1 COPPER TUBE AND FITTINGS
	A. Copper Tube:  ASTM B 88, Type K  ASTM B 88M, Type A.
	B. Wrought-Copper Fittings:  ASME B16.22.
	C. Wrought-Copper Unions:  ASME B16.22.
	D. Solder Filler Metals:  ASTM B 32.  Use 95-5 tin antimony or alloy HB solder to join copper socket fittings on copper pipe.
	E. Brazing Filler Metals:  AWS A5.8.
	F. Flexible Connectors:

	2.2 STEEL PIPE AND FITTINGS
	A. Steel Pipe:  ASTM A 53/A 53M, black steel with plain ends; Type, Grade, and wall thickness as selected in Part 3 piping applications articles.
	B. Wrought-Steel Fittings:  ASTM A 234/A 234M, for welded joints.
	C. Steel Flanges and Flanged Fittings:  ASME B16.5, steel, including bolts, nuts, and gaskets, bevel-welded end connection, and raised face.
	D. 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.
	E. Flanged Unions:
	F. Flexible Connectors:

	2.3 VALVES AND SPECIALTIES
	A. Diaphragm Packless Valves:
	B. Packed-Angle Valves:
	C. Check Valves:
	D. Service Valves:
	E. Solenoid Valves:  Comply with ARI 760 and UL 429; listed and labeled by an NRTL.
	F. Safety Relief Valves:  Comply with ASME Boiler and Pressure Vessel Code; listed and labeled by an NRTL.
	G. Thermostatic Expansion Valves:  Comply with ARI 750.
	H. Hot-Gas Bypass Valves:  Comply with UL 429; listed and labeled by an NRTL.
	I. Straight-Type Strainers:
	J. Angle-Type Strainers:
	K. Moisture/Liquid Indicators:
	L. Replaceable-Core Filter Dryers:  Comply with ARI 730.
	M. Permanent Filter Dryers:  Comply with ARI 730.
	N. Mufflers:
	O. Receivers:  Comply with ARI 495.
	P. Liquid Accumulators:  Comply with ARI 495.

	2.4 REFRIGERANTS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	C. ASHRAE 34, R-407C: Difluoromethane/Pentafluoroethane/1,1,1,2-Tetrafluoroethane.


	PART 3 -  EXECUTION
	3.1 PIPING APPLICATIONS FOR REFRIGERANT R-407C
	A. Suction Lines NPS 1-1/2 and Smaller for Conventional Air-Conditioning Applications:  Copper, Type ACR, annealed-temper tubing and wrought-copper fittings with brazed joints.
	B. Suction Lines NPS 4 and Smaller for Conventional Air-Conditioning Applications:  Copper, Type ACR, drawn-temper tubing and wrought-copper fittings with brazed joints.
	C. Safety-Relief-Valve Discharge Piping:  Schedule 40, black-steel and wrought-steel fittings with welded joints.
	D. Safety-Relief-Valve Discharge Piping:  Copper, Type ACR, drawn-temper tubing and wrought-copper fittings with soldered joints.
	E. Safety-Relief-Valve Discharge Piping: irresistible

	3.2 VALVE AND SPECIALTY APPLICATIONS
	A. Install diaphragm packless valves in suction and discharge lines of compressor.
	B. Install a check valve at the compressor discharge and a liquid accumulator at the compressor suction connection.
	C. Except as otherwise indicated, install diaphragm packless valves on inlet and outlet side of filter dryers.
	D. Install a full-sized, three-valve bypass around filter dryers.
	E. Install thermostatic expansion valves as close as possible to distributors on evaporators.
	F. Install safety relief valves where required by ASME Boiler and Pressure Vessel Code.  Pipe safety-relief-valve discharge line to outside according to ASHRAE 15.
	G. Install moisture/liquid indicators in liquid line at the inlet of the thermostatic expansion valve or at the inlet of the evaporator coil capillary tube.
	H. Install strainers upstream from and adjacent to the following unless they are furnished as an integral assembly for device being protected:
	I. Install filter dryers in liquid line between compressor and thermostatic expansion valve.
	J. Install receivers sized to accommodate pump-down charge.
	K. Install flexible connectors at compressors.

	3.3 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems; indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless deviations to layout are approved on Shop Drawings.
	B. Install refrigerant piping according to ASHRAE 15.
	C. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.
	E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	F. Install piping adjacent to machines to allow service and maintenance.
	G. Install piping free of sags and bends.
	H. Install fittings for changes in direction and branch connections.
	I. Select system components with pressure rating equal to or greater than system operating pressure.
	J. Refer to Division 23 Sections "Instrumentation and Control for HVAC" and "Sequence of Operation" for solenoid valve controllers, control wiring, and sequence of operation.
	K. Install piping as short and direct as possible, with a minimum number of joints, elbows, and fittings.
	L. Arrange piping to allow inspection and service of refrigeration equipment.  Install valves and specialties in accessible locations to allow for service and inspection.  Install access doors or panels as specified in Division 08 Section "Access Doors and Frames" if valves or equipment requiring maintenance is concealed behind finished surfaces.
	M. Install refrigerant piping in protective conduit where installed belowground.
	N. Install refrigerant piping in rigid or flexible conduit in locations where exposed to mechanical injury.
	O. Slope refrigerant piping as follows:
	P. When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove valve stems, seats, and packing, and accessible internal parts of refrigerant specialties.  Do not apply heat near expansion-valve bulb.
	Q. Before installation of steel refrigerant piping, clean pipe and fittings using the following procedures:
	R. Install pipe sleeves at penetrations in exterior walls and floor assemblies.
	S. Seal penetrations through fire and smoke barriers according to Division 07 Section "Penetration Firestopping."
	T. Install piping with adequate clearance between pipe and adjacent walls and hangers or between pipes for insulation installation.
	U. Install sleeves through floors, walls, or ceilings, sized to permit installation of full-thickness insulation.
	V. Seal pipe penetrations through exterior walls according to Division 07 Section "Joint Sealants" for materials and methods.
	W. Identify refrigerant piping and valves according to Division 23 Section "Identification for HVAC Piping and Equipment."

	3.4 PIPE JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	C. Fill pipe and fittings with an inert gas (nitrogen or carbon dioxide), during brazing or welding, to prevent scale formation.
	D. Soldered Joints:  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook."
	E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," Chapter "Pipe and Tube."
	F. Threaded Joints: Thread steel 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:
	G. Steel pipe can be threaded, but threaded joints must be seal brazed or seal welded.
	H. Welded Joints:  Construct joints according to AWS D10.12/D10.12M.
	I. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.

	3.5 HANGERS AND SUPPORTS
	A. Hanger, support, and anchor products are specified in Division 23 Section "Hangers and Supports for HVAC Piping and Equipment."
	B. Install the following pipe attachments:
	C. Install hangers for copper tubing with the following maximum spacing and minimum rod sizes:
	D. Install hangers for steel piping with the following maximum spacing and minimum rod sizes:
	E. Support multifloor vertical runs at least at each floor.

	3.6 FIELD QUALITY CONTROL
	A. Perform tests and inspections and prepare test reports.
	B. Tests and Inspections:

	3.7 SYSTEM CHARGING
	A. Charge system using the following procedures:

	3.8 ADJUSTING
	A. Adjust thermostatic expansion valve to obtain proper evaporator superheat.
	B. Adjust high- and low-pressure switch settings to avoid short cycling in response to fluctuating suction pressure.
	C. Adjust set-point temperature of air-conditioning or chilled-water controllers to the system design temperature.
	D. Perform the following adjustments before operating the refrigeration system, according to manufacturer's written instructions:
	E. Replace core of replaceable filter dryer after system has been adjusted and after design flow rates and pressures are established.


	END OF SECTION 232300

	232500 HVAC Water Treatment
	PART 1 -  GENERAL
	1.1 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. This Section includes the following HVAC water-treatment systems:

	1.3 DEFINITIONS
	A. EEPROM:  Electrically erasable, programmable read-only memory.
	B. Low Voltage:  As defined in NFPA 70 for circuits and equipment operating at less than 50 V or for remote-control, signaling power-limited circuits.
	C. TDS:  Total dissolved solids.

	1.4 PERFORMANCE REQUIREMENTS
	A. Water quality for HVAC systems shall minimize corrosion, scale buildup, and biological growth for optimum efficiency of HVAC equipment without creating a hazard to operating personnel or the environment.
	B. Base HVAC water treatment on quality of water available at Project site, HVAC system equipment material characteristics and functional performance characteristics, operating personnel capabilities, and requirements and guidelines of authorities having jurisdiction.
	C. Closed hydronic systems, including hot-water heating, chilled water shall have the following water qualities:

	1.5 SUBMITTALS
	A. Product Data:  Include rated capacities, operating characteristics, furnished specialties, and accessories for the following products:
	B. Shop Drawings:  Pretreatment and chemical treatment equipment showing tanks, maintenance space required, and piping connections to HVAC systems.  Include plans, elevations, sections, details, and attachments to other work.
	C. Field quality-control test reports.
	D. Operation and Maintenance Data:  For sensors, injection pumps, and controllers to include in emergency, operation, and maintenance manuals.
	E. Other Informational Submittals:

	1.6 QUALITY ASSURANCE
	A. HVAC Water-Treatment Service Provider Qualifications:  An experienced HVAC water-treatment service provider capable of analyzing water qualities, installing water-treatment equipment, and applying water treatment as specified in this Section.
	B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.

	1.7 MAINTENANCE SERVICE
	A. Scope of Maintenance Service:  Provide chemicals and service program to maintain water conditions required above to inhibit corrosion, scale formation, and biological growth for cooling, chilled-water piping heating, hot-water piping, condenser-water piping and equipment.  Services and chemicals shall be provided for a period of one year from date of Substantial Completion, and shall include the following:


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

	2.2 MANUAL CHEMICAL-FEED EQUIPMENT
	A. Bypass Feeders:  Steel, with corrosion-resistant exterior coating, minimum 3-1/2-inch fill opening in the top, and NPS 3/4 bottom inlet and top side outlet.  Quarter turn or threaded fill cap with gasket seal and diaphragm to lock the top on the feeder when exposed to system pressure in the vessel.

	2.3 AUTOMATIC CHEMICAL-FEED EQUIPMENT
	A. Water Meter:
	B. Water Meter:
	C. Water Meter:
	D. Inhibitor Injection Timers:
	E. pH Controller:
	F. TDS Controller:
	G. Biocide Feeder Timer:
	H. Chemical Solution Tanks:
	I. Chemical Solution Injection Pumps:
	J. Injection Assembly:

	2.4 STAINLESS-STEEL PIPES AND FITTINGS
	A. Stainless-Steel Tubing:  Comply with ASTM A 269, Type 316.
	B. Stainless-Steel Fittings:  Complying with ASTM A 815/A 815M, Type 316, Grade WP-S.
	C. Two-Piece, Full-Port, Stainless-Steel Ball Valves:  ASTM A 351, Type 316 stainless-steel body; ASTM A 276, Type 316 stainless-steel stem and vented ball, carbon-filled TFE seats, threaded body design with adjustable stem packing, threaded ends, and 250-psig SWP and 600-psig CWP ratings.
	D. Three-Piece, Full-Port, Stainless-Steel Ball Valves:  ASTM A 351, Type 316 stainless-steel body; ASTM A 276, Type 316 stainless-steel stem and vented ball, threaded body design with adjustable stem packing, threaded ends, and 150-psig SWP and 600-psig CWP rating.

	2.5 CHEMICAL TREATMENT TEST EQUIPMENT
	A. Test Kit:  Manufacturer-recommended equipment and chemicals in a wall-mounting cabinet for testing pH, TDS, inhibitor, chloride, alkalinity, and hardness; sulfite and testable polymer tests for high-pressure boilers, and oxidizing biocide test for open cooling systems.
	B. Sample Cooler:
	C. Corrosion Test-Coupon Assembly:  Constructed of corrosive-resistant material, complete with piping, valves, and mild steel and copper coupons.  Locate copper coupon downstream from mild steel coupon in the test-coupon assembly.

	2.6 CHEMICALS
	A. Chemicals shall be as recommended by water-treatment system manufacturer that are compatible with piping system components and connected equipment, and that can attain water quality specified in Part 1 "Performance Requirements" Article.
	B. Water Softener Chemicals:

	2.7 FILTRATION EQUIPMENT
	A. Multimedia Filters:
	B. Centrifugal Separators:


	PART 3 -  EXECUTION
	3.1 WATER ANALYSIS
	A. Perform an analysis of supply water to determine quality of water available at Project site.

	3.2 INSTALLATION
	A. Install chemical application equipment on concrete bases, level and plumb.  Maintain manufacturer's recommended clearances.  Arrange units so controls and devices that require servicing are accessible.  Anchor chemical tanks and floor-mounting accessories to substrate.
	B. Install seismic restraints for equipment and floor-mounting accessories and anchor to building structure.  Refer to Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment" for seismic restraints.
	C. Install water testing equipment on wall near water chemical application equipment.
	D. Install interconnecting control wiring for chemical treatment controls and sensors.
	E. Mount sensors and injectors in piping circuits.
	F. Bypass Feeders:  Install in closed hydronic systems, including hot-water heating, chilled water and equipped with the following:
	G. Install automatic chemical-feed equipment for steam boiler and steam condensate systems and include the following:
	H. Install automatic chemical-feed equipment for [condenser] [fluid-cooler spray] water and include the following:

	3.3 CONNECTIONS
	A. Piping installation requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to equipment to allow service and maintenance.
	C. Make piping connections between HVAC water-treatment equipment and dissimilar-metal piping with dielectric fittings.  Dielectric fittings are specified in Division 23 Section "Common Work Results for HVAC."
	D. Install shutoff valves on HVAC water-treatment equipment inlet and outlet.  Metal general-duty valves are specified in Division 23 Section "General-Duty Valves for HVAC Piping."
	E. Refer to Division 22 Section "Domestic Water Piping Specialties" for backflow preventers required in makeup water connections to potable-water systems.
	F. Confirm applicable electrical requirements in Division 26 Sections for connecting electrical equipment.
	G. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems."
	H. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."

	3.4 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.  Report results in writing.
	B. Perform tests and inspections and prepare test reports.
	C. Tests and Inspections:
	D. Remove and replace malfunctioning units and retest as specified above.
	E. Sample boiler water at one-week intervals after boiler startup for a period of five weeks, and prepare test report advising Owner of changes necessary to adhere to Part 1 "Performance Requirements" Article for each required characteristic.  Sample boiler water at four week intervals following the testing noted above to show that automatic chemical-feed systems are maintaining water quality within performance requirements specified in this Section.
	F. At four week intervals following Substantial Completion, perform separate water analyses on hydronic systems to show that automatic chemical-feed systems are maintaining water quality within performance requirements specified in this Section.  Submit written reports of water analysis advising Owner of changes necessary to adhere to Part 1 "Performance Requirements" Article.
	G. Comply with ASTM D 3370 and with the following standards:

	3.5 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain HVAC water-treatment systems and equipment.  Refer to Division 01 Section "Demonstration and Training."
	B. Training:  Provide a "how-to-use" self-contained breathing apparatus video that details exact operating procedures of equipment.


	END OF SECTION 232500

	233113 HVAC Ducts
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes rectangular and round, metal ducts and plenums for heating, ventilating, and air-conditioning systems in pressure classes from minus 2- to plus 2-inch wg.
	B. Related Sections include the following:

	1.3 SYSTEM DESCRIPTION
	A. Duct system design, as indicated, has been used to select and size air-moving and -distribution equipment and other components of air system.  Changes to layout or configuration of duct system must be specifically approved in writing by Architect.  Accompany requests for layout modifications with calculations showing that proposed layout will provide original design results without increasing system total pressure.

	1.4 SUBMITTALS
	A. Product Data:  For duct liner and sealing materials.
	B. Shop Drawings:  Show details of the following:
	C. Field Test Reports:  Indicate and interpret test results for compliance with performance requirements.
	D. Record Drawings:  Indicate actual routing, fitting details, reinforcement, support, and installed accessories and devices.

	1.5 QUALITY ASSURANCE
	A. Welding Standards:  Qualify welding procedures and welding personnel to perform welding processes for this Project according to AWS D1.1, "Structural Welding Code--Steel," for hangers and supports; AWS D1.2, "Structural Welding Code--Aluminum," for aluminum supporting members; and AWS D9.1, "Sheet Metal Welding Code," for duct joint and seam welding.
	B. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," unless otherwise indicated.
	C. Comply with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems," unless otherwise indicated.
	D. Comply with NFPA 96, "Ventilation Control and Fire Protection of Commercial Cooking Operations," Chapter 3, "Duct System," for range hood ducts, unless otherwise indicated.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Deliver sealant and firestopping materials to site in original unopened containers or bundles with labels indicating manufacturer, product name and designation, color, expiration period for use, pot life, curing time, and mixing instructions for multicomponent materials.
	B. Store and handle sealant and firestopping materials according to manufacturer's written recommendations.
	C. Deliver and store stainless-steel sheets with mill-applied adhesive protective paper maintained through fabrication and installation.


	PART 2 -  PRODUCTS
	2.1 SHEET METAL MATERIALS
	A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653/A 653M, G90 (Z275) coating designation; mill-phosphatized finish for surfaces of ducts exposed to view.
	B. Carbon-Steel Sheets:  ASTM A 366/A 366M, cold-rolled sheets; commercial quality; with oiled, exposed matte finish.
	C. Tie Rods:  Provide “Condu-Lock Tie Rod reinforcement hardware.”

	2.2 DUCT LINER
	A. General:  Comply with NFPA 90A or NFPA 90B and NAIMA's "Fibrous Glass Duct Liner Standard."
	B. Materials:  ASTM C 1071 with coated surface exposed to airstream to prevent erosion of glass fibers.

	2.3 SEALANT MATERIALS
	A. Joint and Seam Sealants, General:  The term "sealant" is not limited to materials of adhesive or mastic nature but includes tapes and combinations of open-weave fabric strips and mastics.

	2.4 HANGERS AND SUPPORTS
	A. Building Attachments: Concrete inserts or structural-steel fasteners appropriate for building materials.
	B. Hanger Materials:  Galvanized, sheet steel or round, threaded steel rod.
	C. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
	D. Trapeze and Riser Supports:  Steel shapes complying with ASTM A 36/A 36M.

	2.5 RECTANGULAR DUCT FABRICATION
	A. General:  Fabricate ducts, elbows, transitions, offsets, branch connections, and other construction with galvanized, sheet steel, according to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."  Comply with requirements for metal thickness, reinforcing types and intervals, tie-rod applications, and joint types and intervals.
	B. Static-Pressure Classifications:  Unless otherwise indicated, construct ducts to the following:
	C. Cross Breaking or Cross Beading:  Cross break or cross bead duct sides 19 inches and larger and 0.0359 inch thick or less, with more than 10 sq. ft. of unbraced panel area, unless ducts are lined.

	2.6 SHOP APPLICATION OF LINER IN RECTANGULAR DUCTS
	A. Adhere a single layer of indicated thickness of duct liner with 90 percent coverage of adhesive at liner contact surface area.  Multiple layers of insulation to achieve indicated thickness are prohibited.
	B. Apply adhesive to liner facing in direction of airflow not receiving metal nosing.
	C. Butt transverse joints without gaps and coat joint with adhesive.
	D. Fold and compress liner in corners of rectangular ducts or cut and fit to ensure butted-edge overlapping.
	E. Do not apply liners in rectangular ducts with longitudinal joints, except at corners of ducts, unless duct size and standard liner product dimensions make longitudinal joints necessary.
	F. Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500 fpm).
	G. Secure liner with mechanical fasteners 4 inches from corners and at intervals not exceeding 12 inches transversely around perimeter; at 3 inches from transverse joints and at intervals not exceeding 18 inches longitudinally.
	H. Secure transversely oriented liner edges facing the airstream with metal nosings that have either channel or "Z" profile or are integrally formed from duct wall.  Fabricate edge facings at the following locations:
	I. Terminate liner with duct buildouts installed in ducts to attach dampers, turning vane assemblies, and other devices.  Fabricated buildouts (metal hat sections) or other buildout means are optional; when used, secure buildouts to duct wall with bolts, screws, rivets, or welds.  Terminate liner at fire dampers at connection to fire-damper sleeve.

	2.7 ROUND DUCT FABRICATION
	A. General:  Diameter as applied to flat-oval ducts in this Article is the diameter of the size of round duct that has a circumference equal to perimeter of a given size of flat-oval duct.
	B. Round Ducts:  Fabricate supply ducts of galvanized steel according to SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."

	2.8 ROUND SUPPLY AND EXHAUST FITTING FABRICATION
	A. 90-Degree Tees and Laterals and Conical Tees:  Fabricate to comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible," with metal thicknesses specified for longitudinal seam straight duct.
	B. Diverging-Flow Fittings:  Fabricate with a reduced entrance to branch taps with no excess material projecting from body onto branch tap entrance.
	C. Elbows:  Fabricate in die-formed, gored, pleated, or mitered construction.  Fabricate bend radius of die-formed, gored, and pleated elbows one and one-half times elbow diameter.
	D. Low Pressure Duct: Duct run outs for 12 inch diameter and below adjustable elbows.


	PART 3 -  EXECUTION
	3.1 DUCT INSTALLATION, GENERAL
	A. Provide carbon steel ducts for kitchen exhaust system and as noted on drawings.  All remaining duct shall be galvanized steel.
	B. Duct installation requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of ducts, fittings, and accessories.
	C. Construct and install each duct system for the specific duct pressure classification indicated.
	D. Install round ducts in lengths not less than 10’, unless interrupted by fittings.
	E. Install ducts with fewest possible joints.
	F. Install fabricated fittings for changes in directions, changes in size and shape, and connections.
	G. Install couplings tight to duct wall surface with a minimum of projections into duct.
	H. Install ducts, unless otherwise indicated, vertically and horizontally, parallel and perpendicular to building lines; avoid diagonal runs.
	I. Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements of building.
	J. The duct dimensions indicated on the drawings shall be inside clear dimensions of ductwork
	K. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.
	L. Conceal ducts from view in finished spaces.  Do not encase horizontal runs in solid partitions, unless specifically indicated.
	M. If duct can be seen in finished space, provide duct liner in lieu of exterior insulation of similar thickness.
	N. Coordinate layout with suspended ceiling, fire- and smoke-control dampers, lighting layouts, and similar finished work.
	O. Electrical Equipment Spaces:  Route ductwork to avoid passing through transformer vaults and electrical equipment spaces and enclosures.
	P. Non-Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and exterior walls, and are exposed to view, conceal space between construction opening and duct or duct insulation with sheet metal flanges of same metal thickness as duct.  Overlap opening on four sides by at least 1-1/2 inches.
	Q. Fire-Rated Partition Penetrations:  Where ducts pass through interior partitions and exterior walls, install appropriately rated fire damper, sleeve, and firestopping sealant.  Fire and smoke dampers are specified in Division 23 Section "Air Duct Accessories."  Firestopping materials and installation methods are specified in Division 7 Section "Firestopping."

	3.2 SEAM AND JOINT SEALING
	A. General:  Seal duct seams and joints according to the duct pressure class indicated and as described in SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."
	B. Pressure Classification Less Than 2-Inch wg:  Transverse joints.
	C. Seal externally insulated ducts before insulation installation.

	3.3 HANGING AND SUPPORTING
	A. Install rigid round, rectangular, and flat-oval metal duct with support systems indicated in SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."
	B. Support horizontal ducts within 24 inches of each elbow and within 48 inches of each branch intersection.
	C. Support vertical ducts at a maximum interval of 16 feet and at each floor.
	D. Install upper attachments to structures with an allowable load not exceeding one-fourth of failure (proof-test) load.
	E. Install concrete inserts before placing concrete.

	3.4 CONNECTIONS
	A. Connect equipment with flexible connectors according to Division 23 Section "Air Duct Accessories."
	B. For branch, outlet and inlet, and terminal unit connections, comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."

	3.5 ADJUSTING
	A. Adjust volume-control dampers in ducts, outlets, and inlets to achieve design airflow.
	B. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for detailed procedures.

	3.6 DUCTWORK PROTOCOL
	A. Fabrication: Shop fabricated ductwork will be manufactured to “shop” conditions. Ductwork will ship to jobsite assembled.
	B. Shipping: Protect shop fabricated ductwork; accessories are purchased products from damage during shipping. Ductwork will be protected from dirt and moisture during transit.
	C. Storage: Ductwork that is delivered to the site must be installed as soon as reasonably possible. If the ductwork is to be stored at site, it will either be in storage inside structure, 4” above the ground or floor to avoid damage from weather or spills. Cover all stored ductwork to protect from moisture and debris.
	D. Handling: When moving or unloading ductwork shipments, DO NOT place ductwork in dirt, mud or debris. Place ductwork directly inside structure or inside storage facility upon arrival at jobsite. Whenever possible, store the ductwork inside and protect from weather per the storage requirements.
	E. Installation and final cleaning: Clean ductwork internally, unit by unit as installed, remove dust, dirt and debris. Clean external surfaces of foreign substances. Interior surfaces must be dust free prior to installation. At the end of the workday, a designated person shall verify all ends are covered before leaving the jobsite.
	F. Finishes: Prior to installation of grills, registers and diffusers, sheet metal contractor to notify general contractor that all sanding, grinding, painting or any other dust producing activities shall be completed. If this is not possible fur to the schedule, general contractor to approve the proceeding of G, R &D installation.
	G. Terminal Unit: All terminal units to be covered on the ends and any critical components to avoid dust, dirt and debris from entering them during storage or rough-in stages of the project.


	END OF SECTION 233113

	233300 Duct Accessories
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following:

	1.3 SUBMITTALS
	A. Product Data:  For the following:
	B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loadings, required clearances, method of field assembly, and components.

	1.4 QUALITY ASSURANCE
	A. NFPA Compliance:  Comply with the following NFPA standards:


	PART 2 -  PRODUCTS
	2.1 SHEET METAL MATERIALS
	A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653/A 653M, G90 coating designation; mill-phosphatized finish for surfaces of ducts exposed to view.
	B. Carbon-Steel Sheets:  ASTM A 366/A, cold-rolled sheets, commercial quality, with oiled, exposed matte finish.
	C. Reinforcement Shapes and Plates:  Galvanized steel reinforcement where installed on galvanized, sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.

	2.2 BACKDRAFT DAMPERS
	A. Description:  Suitable for horizontal or vertical installations.
	B. Frame:  0.063-inch thick extruded aluminum, with mounting flange.
	C. Blades:  0.050-inch thick aluminum sheet.
	D. Blade Seals:  Vinyl.
	E. Blade Seals:  Neoprene.
	F. Blade Axles:  Nonferrous.
	G. Tie Bars and Brackets:  Aluminum.
	H. Return Spring:  Adjustable tension.

	2.3 MANUAL-VOLUME DAMPERS
	A. General:  Fabricated with required hardware and accessories.  Stiffen damper blades for stability.  Include locking device to hold single-blade dampers in a fixed position without vibration.  Close duct penetrations for damper components to seal duct consistent with pressure class.
	B. Pressure Classifications of 3-Inch wg or Higher:  End bearings or other seals for ducts with axles full length of damper blades and bearings at both ends of operating shaft.
	C. Standard Volume Dampers:  Multiple- or single-blade, parallel- or opposed-blade design as indicated, standard leakage rating, with linkage outside airstream, and suitable for horizontal or vertical applications.
	D. Frames:  Hat-shaped, 0.10-inch thick, aluminum sheet channels; frames with flanges where indicated for attaching to walls; and flangeless frames where indicated for installing in ducts.
	E. Blade Axles:  Nonferrous.
	F. Tie Bars and Brackets.
	G. Low-Leakage Volume Dampers:  Multiple- or single-blade, parallel- or opposed-blade design as indicated, low-leakage rating, with linkage outside airstream, and suitable for horizontal or vertical applications.
	H. Frames:  Hat-shaped, 0.063-inch thick, channels; frames with flanges where indicated for attaching to walls; and flangeless frames where indicated for installing in ducts.
	I. Blades:  0.050-inch thick extruded aluminum.
	J. Blade Seals:  Neoprene.
	K. Blade Axles:  Nonferrous.
	L. Tie Bars and Brackets.

	2.4 FIRE DAMPERS
	A. General:  Labeled to UL 555.
	B. Fire Rating:  One and one-half hours.
	C. Frame:  SMACNA Type B with blades out of airstream; fabricated with roll-formed, 0.034-inch thick galvanized steel; with mitered and interlocking corners.
	D. Mounting Sleeve:  Factory- or field-installed galvanized, sheet steel.
	E. Mounting Orientation:  Vertical or horizontal as indicated.
	F. Blades:  Roll-formed, interlocking, 0.034-inch thick, galvanized, sheet steel.  In place of interlocking blades, use full-length, 0.034-inch thick, galvanized steel blade connectors.
	G. Horizontal Dampers:  Include a blade lock and stainless-steel negator closure spring.
	H. Fusible Link:  Replaceable, 165 or 212 deg F rated as indicated.

	2.5 SMOKE DAMPERS
	A. General:  Labeled to UL 555S.  Combination fire and smoke dampers shall be labeled for one-and-one-half-hour rating to UL 555.
	B. Fusible Link:  Replaceable, 165 or 212 deg F rated as indicated.
	C. Frame and Blades:  0.064-inch thick, galvanized, sheet steel.
	D. Mounting Sleeve:  Factory-installed, 0.052-inch thick, galvanized, sheet steel; length to suit wall or floor application.
	E. Damper Motors:  Provide for two-position action.

	2.6 TURNING VANES
	A. Fabricate to comply with SMACNA's "HVAC Duct Construction Standards--Metal and Flexible."
	B. Manufactured Turning Vanes:  Provide sheet metal connectors inc. for turning vanes.

	2.7 DUCT-MOUNTED ACCESS DOORS AND PANELS
	A. General:  Fabricate doors and panels airtight and suitable for duct pressure class.
	B. Frame:  Galvanized, sheet steel, with bend-over tabs and foam gaskets.
	C. Door:  Double-wall, galvanized, sheet metal construction with insulation fill and thickness, and number of hinges and locks as indicated for duct pressure class.  Include 1-by-1-inch butt or piano hinge and cam latches.
	D. Seal around frame attachment to duct and door to frame with neoprene or foam rubber.
	E. Insulation:  1-inch thick, fibrous-glass or polystyrene-foam board.

	2.8 FLEXIBLE CONNECTORS
	A. General:  Flame-retarded or noncombustible fabrics, coatings, and adhesives complying with UL 181, Class 1.
	B. Standard Metal-Edged Connectors:  Factory fabricated with a strip of fabric 3-1/2 inches (89 mm) wide attached to two strips of 2-3/4-inch wide, 0.028-inch thick, galvanized, sheet steel or 0.032-inch (0.8-mm) aluminum sheets.  Select metal compatible with connected ducts.
	C. Conventional, Indoor System Flexible Connector Fabric:  Glass fabric double coated with polychloroprene.
	D. Conventional, Outdoor System Flexible Connector Fabric:  Glass fabric double coated with a synthetic-rubber, weatherproof coating resistant to the sun's ultraviolet rays and ozone environment.

	2.9 FLEXIBLE DUCTS
	A. General:  Comply with UL 181, Class 1.
	B. Flexible Ducts, Insulated:  Factory-fabricated, insulated, round duct, with an outer jacket enclosing 1-1/2-inch thick, glass-fiber insulation around a continuous inner liner.
	C. Pressure Rating:  6-inch wg positive, 1/2-inch wg negative.

	2.10 ACCESSORY HARDWARE
	A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, including screw cap and gasket.  Size to allow insertion of pitot tube and other testing instruments, and length to suit duct insulation thickness.
	B. Splitter Damper Accessories:  Zinc-plated damper blade bracket; 1/4-inch (6-mm), zinc-plated operating rod; and a duct-mounted, ball-joint bracket with flat rubber gasket and square-head set screw.
	C. Flexible Duct Clamps:  Duct Strap the 36” and 48” applications include HVAC duct dtraps and UL 1841B listed.
	D. Adhesives:  High strength, quick setting, neoprene based, waterproof, and resistant to gasoline and grease.

	2.11 VARIABLE AIR VOLUME TERMINAL UNITS
	A. Units shall be 24 gauge galvanized steel, lined with 1-1/2 pound insulation as required by UL-181 and NFPA-90A.  Insulation shall be totally encapsulated to prevent fibers from entering airstream.
	B. Responsibility for the provision of damper actuator, DDC VAV box controller including velocity pressure transducer and control transformer shall be by the Automatic Temperature Controls contractor.  Terminal box manufacturer shall include with this bid, costs of mounting the controller on his box and piping the controller’s transducer to his flow sensor (in accordance with control manufacturer’s instructions).
	C. Boxes shall have multipoint averaging type airflow sensors.  Boxes with single point sensors are unacceptable.
	D. Differential static pressure drop of complete assembly shall not exceed 0.20” wg.  Damper leak rate shall not exceed 2% of full volume at 3” static pressure rated by ADC.  Units shall not deviate from set minimum or maximum flow settings by more than 10% regardless of inlet angle.  Inlet velocities shall not exceed 2000 fpm.
	E. Unit’s control apparatus shall be compatible with the control system.
	F. The mechanical division contractor shall have complete responsibility for ensuring that the submitted terminal box and VAV DDC controller are compatible with each other, and that they can perform all sequences of operation shown on the control drawings.  Contractor shall submit the following items with this shop drawing submittal:
	G. The name of the terminal box manufacturer.
	H. The name of the temperature controls manufacturer.
	I. A statement that the mechanical division contractor has contacted both vendors and verified that the terminal box and DDC controller are compatible with each other.
	J. Provide control transformer, associated power wiring and breaker as required from electrical panelboard.  Coordinate with electrical contractor, location, number of circuits.
	K. Hot Water Coils (where scheduled)
	L. Provide hot water coils with capacities, pressure drops and leaving air temperatures as shown on Drawings.
	M. Coil shall be ½” or 5/8 copper tube expanded mechanically into continuous aluminum fin collars, with copper or bronze headers and galvanized steel casings.
	N. Proof test at 300 psi and leak test at 250 psi air pressure under water.  Certify suitability for 200 psi working pressure.
	O. Coil shall meet requirements of ARI 410-74.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install duct accessories according to applicable details shown in SMACNA's "HVAC Duct Construction Standards--Metal and Flexible" for metal ducts and NAIMA's "Fibrous Glass Duct Construction Standards" for fibrous-glass ducts.
	B. Install volume dampers in lined duct; avoid damage to and erosion of duct liner.
	C. Provide test holes at fan inlet and outlet and elsewhere as indicated.
	D. Install fire and smoke dampers according to manufacturer's UL-approved written instructions.
	E. Install duct access panels for access to both sides of duct coils.  Install duct access panels downstream from volume dampers, fire dampers, turning vanes, and equipment.
	F. Label access doors according to Division 15 Section "Mechanical Identification."

	3.2 ADJUSTING
	A. Adjust duct accessories for proper settings.
	B. Adjust fire and smoke dampers for proper action.
	C. Final positioning of manual-volume dampers is specified in Division 15 Section "Testing, Adjusting, and Balancing."


	END OF SECTION 233300

	233423 HVAC Power Ventilators
	PART 1 -  GENERAL
	1.1 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. This Section includes the following:

	1.3 PERFORMANCE REQUIREMENTS
	A. Operating Limits:  Classify according to AMCA 99.

	1.4 SUBMITTALS
	A. Product Data:  Include rated capacities, furnished specialties, and accessories for each type of product indicated and include the following:
	B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	C. Coordination Drawings:  Reflected ceiling plans and other details, drawn to scale, on which the following items are shown and coordinated with each other, based on input from installers of the items involved:
	D. Field quality-control test reports.
	E. Operation and Maintenance Data:  For power ventilators to include in emergency, operation, and maintenance manuals.

	1.5 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. AMCA Compliance:  Products shall comply with performance requirements and shall be licensed to use the AMCA-Certified Ratings Seal.
	C. NEMA Compliance:  Motors and electrical accessories shall comply with NEMA standards.
	D. UL Standard:  Power ventilators shall comply with UL 705.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Deliver fans as factory-assembled unit, to the extent allowable by shipping limitations, with protective crating and covering.
	B. Disassemble and reassemble units, as required for moving to final location, according to manufacturer's written instructions.
	C. Lift and support units with manufacturer's designated lifting or supporting points.

	1.7 COORDINATION
	A. Coordinate size and location of structural-steel support members.
	B. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03.
	C. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items are specified in Division 07 Section "Roof Accessories."

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


	PART 2 -  PRODUCTS
	2.1 UTILITY SET FANS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	C. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	D. Description:  Belt-driven centrifugal fans consisting of housing, wheel, fan shaft, bearings, motor and disconnect switch, drive assembly, and accessories.
	E. Housing:  Fabricated of  galvanized steel with side sheets fastened with a deep lock seam or welded to scroll sheets.
	F. Fan Wheels:  Single-width, single inlet; welded to cast-iron or cast-steel hub and spun-steel inlet cone, with hub keyed to shaft.
	G. Fan Shaft:  Turned, ground, and polished steel; keyed to wheel hub.
	H. Shaft Bearings:  Prelubricated and sealed, self-aligning, pillow-block-type ball bearings with ABMA 9, L50 of 200,000 hours.
	I. Belt Drives:  Factory mounted, with final alignment and belt adjustment made after installation.
	J. Accessories:
	K. Coatings:  Thermoplastic vinyl.

	2.2 CENTRIFUGAL ROOF VENTILATORS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	C. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	D. Description:  Direct- or belt-driven centrifugal fans consisting of housing, wheel, fan shaft, bearings, motor and disconnect switch, drive assembly, curb base, and accessories.
	E. Housing:  Removable, extruded-aluminum, square, one-piece, aluminum base with venturi inlet cone.
	F. Fan Wheels:  Aluminum hub and wheel with backward-inclined blades.
	G. Belt-Driven Drive Assembly:  Resiliently mounted to housing, with the following features:
	H. Accessories:
	I. Roof Curbs:  Galvanized steel; mitered and welded corners; 1-1/2-inch- thick, rigid, fiberglass insulation adhered to inside walls; and 1-1/2-inch wood nailer.  Size as required to suit roof opening and fan base.

	2.3 CEILING-MOUNTING VENTILATORS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	C. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	D. Description:  Centrifugal fans designed for installing in ceiling or wall or for concealed in-line applications.
	E. Housing:  Steel, lined with acoustical insulation.
	F. Fan Wheel:  Centrifugal wheels directly mounted on motor shaft.  Fan shrouds, motor, and fan wheel shall be removable for service.
	G. Grille:  Aluminum, louvered grille with flange on intake and thumbscrew attachment to fan housing.
	H. Electrical Requirements:  Junction box for electrical connection on housing and receptacle for motor plug-in.
	I. Accessories:

	2.4 IN-LINE CENTRIFUGAL FANS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	C. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	D. Description:  In-line, belt-driven centrifugal fans consisting of housing, wheel, outlet guide vanes, fan shaft, bearings, motor and disconnect switch, drive assembly, mounting brackets, and accessories.
	E. Housing:  Split, spun aluminum with aluminum straightening vanes, inlet and outlet flanges, and support bracket adaptable to floor, side wall, or ceiling mounting.
	F. Direct-Driven Units:  Motor mounted in airstream, factory wired to disconnect switch located on outside of fan housing; with wheel, inlet cone, and motor on swing-out service door.
	G. Belt-Driven Units:  Motor mounted on adjustable base, with adjustable sheaves, enclosure around belts within fan housing, and lubricating tubes from fan bearings extended to outside of fan housing.
	H. Fan Wheels:  Aluminum, airfoil blades welded to aluminum hub.
	I. Accessories:

	2.5 MOTORS
	A. Comply with requirements in Division 23 Section "Common Motor Requirements for HVAC Equipment."
	B. Enclosure Type:  Totally enclosed, fan cooled.

	2.6 SOURCE QUALITY CONTROL
	A. Sound-Power Level Ratings:  Comply with AMCA 301, "Methods for Calculating Fan Sound Ratings from Laboratory Test Data."  Factory test fans according to AMCA 300, "Reverberant Room Method for Sound Testing of Fans."  Label fans with the AMCA-Certified Ratings Seal.
	B. Fan Performance Ratings:  Establish flow rate, pressure, power, air density, speed of rotation, and efficiency by factory tests and ratings according to AMCA 210, "Laboratory Methods of Testing Fans for Rating."


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install power ventilators level and plumb.
	B. Support units using spring isolators having a static deflection of 1 inch.  Vibration- and seismic-control devices are specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."
	C. Install floor-mounting units on concrete bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03 Section "Cast-in-Place Concrete."
	D. Install floor-mounting units on concrete bases designed to withstand, without damage to equipment, the seismic force required by code.  Concrete, reinforcement, and formwork requirements are specified in Division 03 Section "Cast-in-Place Concrete."
	E. Secure roof-mounting fans to roof curbs with cadmium-plated hardware.  Refer to Division 07 Section "Roof Accessories" for installation of roof curbs.
	F. Ceiling Units:  Suspend units from structure; use steel wire or metal straps.
	G. Support suspended units from structure using threaded steel rods and spring hangers having a static deflection of  1 inch.  Vibration-control devices are specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."
	H. Install units with clearances for service and maintenance.
	I. Label units according to requirements specified in Division 23 Section "Identification for HVAC Piping and Equipment."

	3.2 CONNECTIONS
	A. Duct installation and connection requirements are specified in other Division 23 Sections.  Drawings indicate general arrangement of ducts and duct accessories.  Make final duct connections with flexible connectors.  Flexible connectors are specified in Division 23 Section "Air Duct Accessories."
	B. Install ducts adjacent to power ventilators to allow service and maintenance.
	C. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical Systems."
	D. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and Cables."

	3.3 FIELD QUALITY CONTROL
	A. Perform the following field tests and inspections and prepare test reports:
	B. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.

	3.4 ADJUSTING
	A. Adjust damper linkages for proper damper operation.
	B. Adjust belt tension.
	C. Refer to Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, and balancing procedures.
	D. Replace fan and motor pulleys as required to achieve design airflow.
	E. Lubricate bearings.


	END OF SECTION 233423

	233600 Air Terminal Units
	PART 1 -  GENERAL
	1.1 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:

	1.3 SUBMITTALS
	A. Product Data:  For each type of the following products, including rated capacities, furnished specialties, sound-power ratings, and accessories.
	B. Shop Drawings:  For air terminal units.  Include plans, elevations, sections, details, and attachments to other work.
	C. Delegated-Design Submittal:
	D. Coordination Drawings:  Reflected ceiling plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from Installers of the items involved:
	E. Field quality-control reports.
	F. Operation and Maintenance Data:  For air terminal units to include in emergency, operation, and maintenance manuals.  In addition to items specified in Division 01 Section "Operation and Maintenance Data," include the following:

	1.4 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. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 5 - "Systems and Equipment" and Section 7 - "Construction and System Start-Up."

	1.5 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.


	PART 2 -  PRODUCTS
	2.1 BYPASS, SINGLE-DUCT AIR TERMINAL UNITS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	C. Configuration:  Diverting-damper assembly inside unit casing with control components inside a protective metal shroud.
	D. Casing:  0.034-inch steel single wall.
	E. Diverter Assembly: Aluminum blade, with nylon-fitted pivot points.
	F. Hydronic Coils:  Copper tube, with mechanically bonded aluminum fins spaced no closer than 0.1 inch, and rated for a minimum working pressure of 200 psig and a maximum entering-water temperature of 220 deg F.  Include manual air vent and drain valve.
	G. Electric Controls:  Damper actuator and thermostat.
	H. Electronic Controls:  Bidirectional damper operator and microprocessor-based thermostat.  Control devices shall be compatible with temperature controls specified in Division 23 Section "Instrumentation and Control for HVAC" and shall have the following features:

	2.2 INDUCTION AIR TERMINAL UNITS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	C. Configuration:  Volume-damper assembly inside unit casing with mechanical induction damper mounted on casing and control components inside a protective metal shroud.
	D. Casing:  0.034-inch steel single wall.
	E. Volume Damper:  Galvanized steel with peripheral gasket and self-lubricating bearings.
	F. Induction Damper:  Galvanized-steel, multiblade assembly with self-lubricating bearings.
	G. Hydronic Coils:  Copper tube, with mechanically bonded aluminum fins spaced no closer than 0.1 inch, and rated for a minimum working pressure of 200 psig and a maximum entering-water temperature of 220 deg F.  Include manual air vent and drain valve.

	2.3 SHUTOFF, SINGLE-DUCT AIR TERMINAL UNITS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	C. Configuration:  Volume-damper assembly inside unit casing with control components inside a protective metal shroud.
	D. Casing:  0.034-inch single wall.
	E. Regulator Assembly:  System-air-powered bellows section incorporating polypropylene bellows for volume regulation and thermostatic control.  Bellows shall operate at temperatures from 0 to 140 deg F, shall be impervious to moisture and fungus, shall be suitable for 10-inch wg static pressure, and shall be factory tested for leaks.
	F. Volume Damper:  Galvanized steel with peripheral gasket and self-lubricating bearings.
	G. Attenuator Section:  0.034-inch  sheet.
	H. Hydronic Coils:  Copper tube, with mechanically bonded aluminum fins spaced no closer than 0.1 inch, and rated for a minimum working pressure of 200 psig and a maximum entering-water temperature of 220 deg F.  Include manual air vent and drain valve.
	I. Electric Controls:  Damper actuator and thermostat.
	J. Direct Digital Controls:  Single-package unitary controller and actuator specified in Division 23 Section "Instrumentation and Control for HVAC."
	K. Direct Digital Controls:  Bidirectional damper operators and microprocessor-based controller and room sensor.  Control devices shall be compatible with temperature controls specified in Division 23 Section "Instrumentation and Control for HVAC" and shall have the following features:
	L. Control Sequence:

	2.4 HANGERS AND SUPPORTS
	A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts.
	B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or galvanized rods with threads painted with zinc-chromate primer after installation.
	C. Steel Cables:  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. Air Terminal Unit Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
	F. Trapeze and Riser Supports:  Steel shapes and plates for units with steel casings; aluminum for units with aluminum casings.

	2.5 SOURCE QUALITY CONTROL
	A. Factory Tests:  Test assembled air terminal units according to ARI 880.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install air terminal units according to NFPA 90A, "Standard for the Installation of Air Conditioning and Ventilating Systems."
	B. Install air terminal units level and plumb.  Maintain sufficient clearance for normal service and maintenance.
	C. Install wall-mounted thermostats.

	3.2 HANGER AND SUPPORT INSTALLATION
	A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 4, "Hangers and Supports."
	B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel fasteners appropriate for construction materials to which hangers are being attached.
	C. Hangers Exposed to View:  Threaded rod and angle or channel supports.
	D. 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.

	3.3 CONNECTIONS
	A. Install piping adjacent to air terminal unit to allow service and maintenance.
	B. Hot-Water Piping:  In addition to requirements in Division 23 Section "Hydronic Piping," connect heating coils to supply with shutoff valve, strainer, control valve, and union or flange; and to return with balancing valve and union or flange.
	C. Connect ducts to air terminal units according to Division 23 Section "Metal Ducts."
	D. Make connections to air terminal units with flexible connectors complying with requirements in Division 23 Section "Air Duct Accessories."

	3.4 IDENTIFICATION
	A. Label each air terminal unit with plan number, nominal airflow, and maximum and minimum factory-set airflows.  Comply with requirements in Division 23 Section "Identification for HVAC Piping and Equipment" for equipment labels and warning signs and labels.

	3.5 FIELD QUALITY CONTROL
	A. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.
	C. Perform tests and inspections.
	D. Tests and Inspections:
	E. Air terminal unit will be considered defective if it does not pass tests and inspections.
	F. Prepare test and inspection reports.

	3.6 STARTUP SERVICE
	A. Engage a factory-authorized service representative to perform startup service.

	3.7 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain air terminal units.


	END OF SECTION 233600

	233713 Diffusers, Registers, and Grilles
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes ceiling- and wall-mounted diffusers, registers, and grilles.
	B. Related Sections include the following:

	1.3 DEFINITIONS
	A. Diffuser:  Circular, square, or rectangular air distribution outlet, generally located in the ceiling and comprised of deflecting members discharging supply air in various directions and planes and arranged to promote mixing of primary air with secondary room air.
	B. Grille:  A louvered or perforated covering for an opening in an air passage, which can be located in a sidewall, ceiling, or floor.
	C. Register:  A combination grille and damper assembly over an air opening.

	1.4 SUBMITTALS
	A. Product Data:  For each model indicated, include the following:

	1.5 QUALITY ASSURANCE
	A. Product Options:  Drawings and schedules indicate specific requirements of diffusers, registers, and grilles and are based on the specific requirements of the systems indicated.  Other manufacturers' products with equal performance characteristics may be considered.  Refer to Division 1 Section "Substitutions."
	B. NFPA Compliance:  Install diffusers, registers, and grilles according to NFPA 90A, "Standard for the Installation of Air-Conditioning and Ventilating Systems."


	PART 2 -  PRODUCTS
	2.1 MANUFACTURED UNITS
	A. Diffusers, registers, and grilles are scheduled on Drawings.

	2.2 SOURCE QUALITY CONTROL
	A. Testing:  Test performance according to ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and Inlets."


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas where diffusers, registers, and grilles are to be installed for compliance with requirements for installation tolerances and other conditions affecting performance of equipment.  Do not proceed with installation until unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install diffusers, registers, and grilles level and plumb, according to manufacturer's written instructions, Coordination Drawings, original design, and referenced standards.
	B. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, fittings, and accessories.  Air outlet and inlet locations have been indicated to achieve design requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop.  Make final locations where indicated, as much as practicable.  For units installed in lay-in ceiling panels, locate units in the center of the panel.  Where architectural features or other items conflict with installation, notify Architect for a determination of final location.
	C. Install diffusers, registers, and grilles with airtight connection to ducts and to allow service and maintenance of dampers, air extractors, and fire dampers.

	3.3 ADJUSTING
	A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, before starting air balancing.

	3.4 CLEANING
	A. After installation of diffusers, registers, and grilles, inspect exposed finish.  Clean exposed surfaces to remove burrs, dirt, and smudges.  Replace diffusers, registers, and grilles that have damaged finishes.

	3.5 DIFFUSER SCHEDULE
	A. Refer to construction drawings.

	3.6 REGISTER SCHEDULE
	A. Refer to Construction Drawings.

	3.7 GRILLE SCHEDULE
	A. Refer to Construction Drawings.


	END OF SECTION 233713
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	237313 Central Station Air Handling Units
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes constant-volume, central-station air-handling units with coils for indoor installations.

	1.3 SUBMITTALS
	A. General:  Submit each item in this Article according to the Conditions of the Contract and Division 1 Specification Sections.
	B. Product Data for each central-station air-handling unit specified, including the following:
	C. Shop Drawings from manufacturer detailing equipment assemblies and indicating dimensions, weights, loadings, required clearances, method of field assembly, components, and location and size of each field connection.
	D. Wiring diagrams detailing wiring for power and control systems and differentiating between manufacturer-installed and field-installed wiring.
	E. Maintenance data for central-station air-handling units to include in the operation and maintenance manual specified in Division 1 Sections and Division 23 Section "Basic HVAC Requirements."

	1.4 QUALITY ASSURANCE
	A. NFPA Compliance:  Central-station air-handling units and components shall be designed, fabricated, and installed in compliance with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems."
	B. UL Compliance:  Electric coils, along with complete central-station air-handling unit, shall be listed and labeled by UL.
	C. ARI Certification:  Central-station air-handling units and their components shall be factory tested according to the applicable portions of ARI 430, "Central-Station Air-Handling Units," and shall be listed and bear the label of the Air-Conditioning and Refrigeration Institute (ARI).
	D. UL and NEMA Compliance:  Provide motors required as part of air-handling units that are listed and labeled by UL and comply with applicable NEMA standards.
	E. Comply with NFPA 70 for components and installation.
	F. Listing and Labeling:  Provide electrically operated components specified in this Section that are listed and labeled.
	G. Coordination:  Coordinate layout and installation of central-station air-handling units with piping and ductwork and with other installations.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Deliver air-handling unit as a factory-assembled module with protective crating and covering.
	B. Lift and support units with manufacturer's designated lifting or supporting points.

	1.6 SEQUENCING AND SCHEDULING
	A. Coordinate size and location of concrete housekeeping bases.  Cast anchor-bolt inserts into base.
	B. Coordinate size and location of structural-steel support members.

	1.7 EXTRA MATERIALS
	A. Furnish extra materials described below that match products installed, are packaged with protective covering for storage, and are identified with labels describing contents.
	B. Filters:  Furnish 1 set for each central-station air-handling unit.
	C. Fan Belts:  Furnish 1 set for each central-station air-handling unit fan.
	D. Gaskets:  Furnish 1 for each sectionated central-station air-handling unit.
	PART 2 -  PRODUCTS

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

	2.2 MANUFACTURED UNITS
	A. General Description:  Factory assembled, consisting of fans, motor and drive assembly, coils, damper, plenums, filters, drip pans, and mixing dampers.

	2.3 CABINET
	A. Materials:  Formed and reinforced galvanized steel panels, fabricated to allow removal for access to internal parts and components, with joints between sections sealed.
	B. Insulation:  Coated, glass-fiber insulation, complying with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," for insulation.
	C. Access Panels and Doors:  Same materials and finishes as cabinet and complete with hinges, latches, handles, and gaskets.
	D. Drain Pans:  Formed sections of galvanized steel sheet with stainless steel liner.  Fabricate pans in sizes and shapes to collect condensate from cooling coils (including coil piping connections and return bends) when units are operating at maximum catalogued face velocity across cooling coil.

	2.4 FAN SECTION
	A. Fan-Section Construction:  Belt-driven centrifugal fans, consisting of housing, wheel, fan shaft, bearings, motor and disconnect switch, drive assembly, and support structure, equipped with formed-steel channel base for integral mounting of fan, motor, and casing panels.  Mount fan scroll, wheel, shaft, bearings, and motor on structural-steel frame, with frame mounted on base with vibration isolation.
	B. Housings:  Fabricate from formed- and reinforced-steel panels to form curved scroll housings with shaped cutoff, spun-metal inlet bell, and access doors or panels to allow entry to internal parts and components.
	C. Fan Assemblies:  Statically and dynamically balanced and designed for continuous operation at maximum rated fan speed and motor power.  Fan wheel shall be double-width, double-inlet type with forward-curved blades or backward-curved airfoil blades as indicated.
	D. Fan-Section Source Quality Control:  The following factory tests are required.

	2.5 MOTORS
	A. General:  Refer to Division 23 Section "Motors" for general requirements.
	B. Torque Characteristics:  Sufficient to accelerate driven loads satisfactorily.
	C. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven load will not require motor to operate in service factor range.
	D. Temperature Rating:  50 deg C maximum temperature rise at 40 deg C ambient for continuous duty at full load (Class A Insulation).
	E. Service Factor:  1.15 for polyphase motors and 1.35 for single-phase motors.
	F. Motor Construction:  NEMA MG-1, general purpose, continuous duty, Design B.
	G. Bases:  Adjustable.
	H. Bearings:  The following features are required:
	I. Enclosure Type:  The following features are required:
	J. Overload Protection:  Built-in, automatic reset, thermal overload protection.
	K. Noise Rating:  Quiet.
	L. Efficiency:  Energy-efficient motors shall have a minimum efficiency as scheduled according to IEEE 112, Test Method B.  If efficiency is not specified, motors shall have a higher efficiency than "average standard industry motors" according to IEEE 112, Test Method B.
	M. Nameplate:  Indicate full identification of manufacturer, ratings, characteristics, construction, and special features.
	N. Starters, Electrical Devices, and Wiring:  Electrical devices and connections are specified in Division 16 Sections.

	2.6 COILS
	A. Coil Sections:  Common or individual, insulated, galvanized steel casings for heating and cooling coils.  Design and construct to facilitate removal and replacement of coil for maintenance and to assure full airflow through coils.
	B. Coil Construction:  Rigidly supported across full face, pitched to allow drainage.
	C. Water Coils:  Drainable with threaded plugs, serpentine with return bends in smaller sizes and with return headers in larger sizes.

	2.7 DAMPERS
	A. General:  Leakage rate, according to AMCA 500, "Test Methods for Louvers, Dampers and Shutters," shall not exceed 2 percent of air quantity at 2000-fpm (10-m/s) face velocity through damper and 4-inch wg (1000-Pa) pressure differential.
	B. Combination Filter/Mixing Box:  Parallel-blade galvanized steel damper blades mechanically fastened to steel operating rod in reinforced, galvanized steel cabinet.  Connect operating rods with common linkage and interconnect linkages so dampers operate simultaneously.  Cabinet support members shall hold 2-inch- (50-mm-) thick, pleated, flat permanent or throwaway filters.  Provide hinged access panels or doors to allow removal of filters from both sides of unit.

	2.8 FILTER SECTION
	A. Filters:  Comply with NFPA 90A.
	B. Filter Section:  Provide filter media holding frames arranged for flat or angular orientation, with access doors on both sides of unit.
	C. Disposable Filters:  2-inch- (50-mm-) thick, viscous-coated fibers encased in fiberboard cell with perforated-metal media support, clean airflow resistance of 0.10 inch wg (25 Pa) at face velocity of 300 fpm (1.52 m/s) and ASHRAE 52.1 filter-arrestance efficiency of 70 to 82 percent.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and conditions to receive equipment, for compliance with installation tolerances and other conditions affecting performance of central-station air-handling units.
	B. Examine roughing-in of hydronic, condensate drainage piping, and electrical to verify actual locations of connections before installation.
	C. Do not proceed with installation until unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install central-station air-handling units level and plumb, according to manufacturer's written instructions.
	B. Arrange installation of units to provide access space around air-handling units for service and maintenance.

	3.3 HOUSEKEEPING BASES
	A. Coordinate size of housekeeping bases with actual unit sizes provided.  Construct base 4 inches (100 mm) larger in both directions than overall dimensions of supported unit.
	B. Form concrete bases with steel channels conforming to ASTM A 36 (ASTM A 36M), size and location as indicated.  Miter and weld corner and provide cross bracing.  Anchor or key to floor slab.
	C. Form concrete bases with framing lumber with form-release compounds.  Chamfer top edge and corners of base.
	D. Install reinforcing bars, tied to frame, and place anchor bolts and sleeves to facilitate securing units.
	E. Place concrete and allow to cure before installing units.  Use portland cement conforming to ASTM C 150, 4000-psig (27.6-MPa) compressive strength, and normal-weight aggregate.
	F. Clean exposed steel form according to SSPC-SP 2 or SSPC-SP 3 and apply 2 coats of rust-preventive metal primer.

	3.4 CONNECTIONS
	A. Piping installation requirements are specified in other Division 23 Sections.  The Drawings indicate the general arrangement of piping, fittings, and specialties.  The following are specific connection requirements:
	B. Duct installation and connection requirements are specified in other Division 23 Sections.  The Drawings indicate the general arrangement of ducts and duct accessories.  Make final duct connections with flexible connections.
	C. Electrical:  Conform to applicable requirements of Division 26Sections.

	3.5 ADJUSTING
	A. Adjust damper linkages for proper damper operation.

	3.6 CLEANING
	A. After completing installation, inspect exposed finish.  Remove burrs, dirt, and construction debris, and repair damaged finishes including chips, scratches, and abrasions.
	B. Clean fan interiors to remove foreign material and construction dirt and dust.  Vacuum clean fan wheels, cabinets, and coils entering air face.

	3.7 COMMISSIONING
	A. Manufacturer's Field Inspection: Installer is to perform the following:
	B. Final Checks before Startup:  Perform the following before startup:
	C. Starting procedures for central-station air-handling units include the following:
	D. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for air-handling system testing, adjusting, and balancing.

	3.8 DEMONSTRATION
	A. Installer is to train Owner's maintenance personnel on procedures and schedules related to startup and shutdown, troubleshooting, servicing, and preventive maintenance.
	END OF SECTION 237313
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	237313.1 Central Station Air Handling Units with Energy Recovery
	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes central-station air-handling units with coils and energy recovery for outdoor installations.

	1.3 SUBMITTALS
	A. General:  Submit each item in this Article according to the Conditions of the Contract and Division 1 Specification Sections.
	B. Product Data for each central-station air-handling unit specified, including the following:
	C. Shop Drawings from manufacturer detailing equipment assemblies and indicating dimensions, weights, loadings, required clearances, method of field assembly, components, and location and size of each field connection.
	D. Wiring diagrams detailing wiring for power and control systems and differentiating between manufacturer-installed and field-installed wiring.
	E. Maintenance data for central-station air-handling units to include in the operation and maintenance manual specified in Division 1 Sections and Division 23 Section "Basic HVAC Requirements."

	1.4 QUALITY ASSURANCE
	A. NFPA Compliance:  Central-station air-handling units and components shall be designed, fabricated, and installed in compliance with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems."
	B. UL Compliance:  Electric coils, along with complete central-station air-handling unit, shall be listed and labeled by UL.  Unit(s) shall bear the ETL label, tested in accordance to UL 1995.
	C. ARI Certification:  Central-station air-handling units and their components shall be factory tested according to the applicable portions of ARI 430, "Central-Station Air-Handling Units," and shall be listed and bear the label of the Air-Conditioning and Refrigeration Institute (ARI).  Fans shall be tested in an AMCA certified laboratory; coils shall tested in accordance to ARI 410 ; energy recovery exchangers shall be in accordance to AHRI 1060, “Rating Air-to-Air Energy Recovery Equipment” and Eurovent standards; filters shall be tested in accordance to ASHRAE 52.
	D. The air leakage of the unit(s) shall not exceed 1% at 8” inches H2O positive static pressure and a copy of the report must be submitted upon request.  Unit shall be constructed to limit frame and panel deflection to 1/250th of the panel length at 8” inches H2O positive static pressure and a copy of the report must be submitted upon request.
	E. UL and NEMA Compliance:  Provide motors required as part of air-handling units that are listed and labeled by UL and comply with applicable NEMA standards.
	F. Comply with NFPA 70 for components and installation.
	G. Listing and Labeling:  Provide electrically operated components specified in this Section that are listed and labeled.
	H. All unit(s) shall be factory run tested before shipping.  A proof copy of the test shall be placed in the unit electrical power & control panel.
	I. Coordination:  Coordinate layout and installation of central-station air-handling units with piping and ductwork and with other installations.

	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Deliver air-handling unit as a factory-assembled module with protective crating and covering.
	B. Lift and support units with manufacturer's designated lifting or supporting points.

	1.6 SEQUENCING AND SCHEDULING
	A. Coordinate size and location of concrete housekeeping bases.  Cast anchor-bolt inserts into base.
	B. Coordinate size and location of structural-steel support members.

	1.7 EXTRA MATERIALS
	A. Furnish extra materials described below that match products installed, are packaged with protective covering for storage, and are identified with labels describing contents.
	B. Filters:  Furnish 1 set for each central-station air-handling unit.

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

	2.2 MANUFACTURED UNITS
	A. General Description:  Factory assembled, consisting of fans, motor and drive assembly, coils, damper, plenums, filters, drip pans, energy recovery wheel and mixing dampers.

	2.3 CABINET
	A. Materials:  Formed and reinforced double wall galvanized steel panels, fabricated to allow removal for access to internal parts and components, with joints between sections sealed.
	B. Insulation:  Coated, glass-fiber insulation, complying with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," for insulation.
	C. Access Panels and Doors:  Same materials and finishes as cabinet and complete with hinges, latches, handles, and gaskets.
	D. Drain Pans:  Formed sections of galvanized steel sheet with stainless steel liner.  Fabricate pans in sizes and shapes to collect condensate from cooling coils (including coil piping connections and return bends) when units are operating at maximum catalogued face velocity across cooling coil.

	2.4 ENTHALPY WHEEL
	A. The substrate shall be made of aluminum.   The aluminum shall have a rotational speed of 20 to 25 RPM. Non-metallic substrates made from paper, plastic, synthetic or glass fiber media shall not  be acceptable.   The substrate shall not be made from any material which is combustible supports combustion such as synthetic fibrous media. The enthalpy wheel media shall have NFPA 90A certification with 0% for flame spread classification. The pressure drop shall not be more than 0.1” WC for every 100 FPM face velocity for the stated and scheduled latent recovery and efficiency.
	B. The desiccant shall be water molecule selective and non-migratory.  The desiccant shall be molecular sieve 3 angstrom, so as to prevent cross contamination.  The enthalpy wheel desiccant shall have a desiccant mass of no less than 5 kg per 1,000 CFM of air. The desiccant shall utilize a coating with non-masking porous binder adhesive on the aluminum substrate so as to allow quick and easy uptake and release of water vapor.  A confirmation by the enthalpy wheel manufacturer shall be provided. A matrix utilizing desiccants impregnated in non-metallic substrates, such as synthetic fiber, glass fiber or plastic, shall not be acceptable.
	C. The rotor and wheel matrix shall have equal sensible and latent effectiveness.  A rotor matrix which has been etched or oxidized to make a desiccant on a metal foil results in insufficient latent recovery and hence unequal recovery and shall not be acceptable.  A rotor matrix made from desiccant integrated in a synthetic fiber matrix results in insufficient sensible recovery and requires high rotational speeds, provides unequal energy transfer and shall not be acceptable. Rotors having diameters up to 2000mm shall have spokes to reinforce the matrix.  2000mm rotors and up shall have a special wing structure to prevent wobble or deformation due to excessive pressure differentials.
	D. Sectioned wheels shall be available as an option for field assembly in sizes 2000mm and larger. The surface of the wheel shall be highly polished to ensure vertical run out does not exceed +/-  1mm for every 1 meter in diameter, thereby ensuring negligible leakage through the provided Labyrinth seals. The radial run out shall not exceed +/- 1mm for every 1 meter diameter, thereby minimizing the leakage drag on the radial seals and minimizing the tension and fluctuations in the drive belt. The rotor shall be a non-clogging aluminum media, having a multitude of narrow aluminum foil channels, thus ensuring a laminar flow and will allow particles up to 800 microns to pass     through it.
	E. The media shall be cleanable with compressed air or low pressure steam or light detergent without degrading the latent recovery. Wheel sizes up to 2 meter Diameter– casing shall be made of folded galvanized steel sheets and be a self-supporting structure with purge sector, rotor, bearing, contact / brush seals,  drive mechanism with drive belt. Wheel sizes above 2 meter Diameter –casing shall be made of tubular steel structure and be a self-supporting structure with field adjustable purge sector, rotor, bearing, labyrinth seals, drive mechanism with drive belt.
	F. Casing shall have a factory set field adjustable purge mechanism to limit cross                                         contamination. The face and radial seals shall be four (4) pass non-contact labyrinth seals for effective sealing between the two air streams and also for minimum wear, ensuring long life of the seals.

	2.5 FAN SECTION
	A. Fan-Section Construction:  Fans shall be direct drive radial centrifugal fans with free run-ning impeller.  No fan belts will be acceptable for this application.  Fans shall be compact, optimized and construction made of galvanized sheet steel with backward curved 7-blade high efficiency impeller, protected by an epoxy powder coating.  To reduce vibration, the impeller shall be balanced with hub to an admissible vibration severity of less than 2.8 mm/s in conformity with DIN ISO 14694 and proof shall be supplied for each individual impeller.  Tests shall be made according to DIN ISO 1940 Part 1, quality of balancing G2.5/6.3.   The single inlet shall be mounted onto constant speed direct drive motor, equipped with an air flow optimized inlet cone from galvanized sheet steel.
	B. Fans shall be completely certified as per ISO 5801 and in accordance to AMCA standards.  Fans will re-quire to be operated by a Variable speed drive.  Optional: Plug fan shall come equipped with guard grilles for the air intake side.
	C. Housings:  The fan housing and motor assembly shall be isolated from the unit cabinetry with minimum 95% efficient isolators. Fan(s) shall have flexible duct canvas and galvanized spring isolators. Painted isolators are unacceptable.

	2.6 FAN MOTORS
	A. General:  Refer to Division 23 Section "Motors" for general requirements.
	B. The fan motors shall meet NEMA standard dimensions and comply with the Energy policy Act of 1997.  Motors shall have high efficiencies with low noise and vibration output.  Motors shall be certified and built in accordance to ISO 9001 quality control system.  Motors shall have ODP enclosure with Premium efficiency performance.  Units shall be designed for constant application. Please refer to the unit schedule for the application type.
	C. Option: A shaft grounding brush kit will be provided to prevent electrical damage to motor bearings by safely channeling harmful shaft currents to ground.

	2.7 FREQUENCY DRIVE (VFD)
	A. Fan VFDs shall be installed in an internal ventilated cabinet.  The cabinet shall be completely isolated from any hydronic coils or piping.
	B. VFDs will be used to set or regulate the fan speed and airflow for these units.  The VFD shall have PID function for constant flow applications.
	C. The VFDs will be installed with integral brake transistor, overload protection, and adjustable pulse-width modulation (PWM).  The VFD shall use Insulated Gate Bipolar Transistor (IGBT) technology to convert three phase input power to coded PWM output and have 4-20mA analog output terminals that are fully programmable for variable flow applications.  The VFD shall be equipped with a keypad with status indicators, easy access functions, and monitoring functions during motor operation.
	D. In the event of a momentary power failure or fault the VFD shall read the inverter speed and direction of a coasting motor and shall automatically restart the motor smoothly.  Technical support will be provided by the VFD manufacturer.
	E. VFDs shall be installed as shown on drawings with contactors, relays, and all specified accessories.  VFDs to be installed without by-pass.

	2.8 CONTROLS VALVES AND END DEVICES
	A. With exception to the hydronic control valves and airflow balancing system, all control temperature sensors, actuators.

	2.9 COILS
	A. Coil Sections:  Common or individual, insulated, galvanized steel casing for heating and cooling coils.  Design and construct to facilitate removal and replacement of coil for maintenance and to assure full airflow through coils.
	B. Coil Construction:  Rigidly supported across full face, pitched to allow drainage.
	C. Water Coils:  Drainable with threaded plugs, serpentine with return bends in smaller sizes and with return headers in larger sizes.

	2.10 DAMPERS
	A. Dampers shall be installed where shown on the drawings.  Dampers shall be low leak type (NON-INSULATED TAMCO SERIES 1000 or similar) with rubber edges, opposed or parallel blades, and constructed from extruded aluminum.  Galvanized dampers will not be acceptable.  The exhaust air outlet shall have a standard aluminum gravity type damper, unless otherwise noted below.
	B. Dampers shall be installed in the compartments (as shown on the drawings) with linkage rod for actuators:

	2.11 FILTER SECTION
	A. Filters shall be Maxi Pleat 2" MERV 8)
	B. Filters shall be factory installed upstream of the heat exchanger and coils, in both airstreams. The filters shall be Filtration Lab’s Maxi-60 MERV 8.  Each filter shall consist of 100% synthetic media, expanded metal on the downstream and enclosing with high wet-strength beverage board with diagonal support bonded on air entering and air exiting side of each pleat.  MERV 8 model 615 filters, UL class 2 are rated as per ASHRAE test 52.2.1999 at 70% efficiency initial (based on Minimum Average Efficiency) at 3-10 microns.  The model 615 could be operated at 500 FPM, surface area 17.6 FT2 of media based on 24 x 24 x 2 initial static pressure at 0.30”, final will be 1”.  Filters shall be placed in a completely sealed, galvanized holding frame with quick release latches for easy replacement.
	C. Filters:  Comply with NFPA 90A.
	D. FINAL FILTERS (Control flow 12" MERV 13 (80-85%))

	2.12 POWER & SAFETY CONTROL
	A. The power and control center shall be integral to the unit housing and rated equivalent to NEMA 3R.  Panels that are externally mounted to the unit shall not be accepted, regardless of the NEMA rating they may have.  A separate access door shall be provided with an approved locking device.  All electrical components contained in the panel shall be UL/CSA certified and labeled.  The unit shall be complete with VFDs, fuses, cascading overloads (without VFD’s or 2 motors on same VFD), relays,  terminals for main ON/OFF and step-down transformer.  All components shall be factory wired for single point power connection by the manufacturer of the unit.  A non-fused safety disconnect switch shall be factory installed for ON/OFF servicing. An electrical pipe chase for power and control feeding shall be provided next to the control panel.  Any power or control wiring that is field installed shall not be accepted under any circumstances.  The Short Circuit Current Rating (SCCR) is 5kA rms symmetrical, 600V Maximum.
	B. GFI, lights, and switches shall be factory installed and wired to a common junction box.   A separate power connection 120V/1 will be required (powered by others).

	2.13 CONTROLS
	A. The unit shall be delivered with factory installed control system.  Field installed control package by the ATC will not be acceptable.  The control system shall consist of a microprocessor with LCD display, 7 day time clock, 20 day holiday schedule, occupied/unoccupied mode switch, warm up mode, cool down mode, hi-lo limit discharge control, fan status, dirty filter status (Optional), temperature and humidity sensors, actuators and valves.  The control system main purpose will be as specified on the Sequence of Operation.  Supply air temperature and humidity sensors and hydronic control valves shall be provided by the AHU manufacturer and field mounted in the supply duct and wired by the controls contractor.  Space temperature and humidity wall mount sensors shall be field mounted and wired by controls contractor.  Terminals for remote control shall be provided for entire unit ON/OFF, OCCUPIED/UNOCCUPIED mode selection and alarm contact.
	B. FAN AIRFLOW BALANCING AND MONITORING
	C. COMMUNICATION INTERFACE CARD

	3.1 EXAMINATION
	A. Examine areas and conditions to receive equipment, for compliance with installation tolerances and other conditions affecting performance of central-station air-handling units.
	B. Examine roughing-in of hydronic, condensate drainage piping, and electrical to verify actual locations of connections before installation.
	C. Do not proceed with installation until unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install central-station air-handling units level and plumb, according to manufacturer's written instructions.
	B. Arrange installation of units to provide access space around air-handling units for service and maintenance.

	3.3 CONNECTIONS
	A. Piping installation requirements are specified in other Division 23 Sections.  The Drawings indicate the general arrangement of piping, fittings, and specialties.  The following are specific connection requirements:
	B. Duct installation and connection requirements are specified in other Division 23 Sections.  The Drawings indicate the general arrangement of ducts and duct accessories.  Make final duct connections with flexible connections.
	C. Electrical:  Conform to applicable requirements of Division 26Sections.

	3.4 ADJUSTING
	A. Adjust damper linkages for proper damper operation.

	3.5 CLEANING
	A. After completing installation, inspect exposed finish.  Remove burrs, dirt, and construction debris, and repair damaged finishes including chips, scratches, and abrasions.
	B. Clean fan interiors to remove foreign material and construction dirt and dust.  Vacuum clean fan wheels, cabinets, and coils entering air face.

	3.6 COMMISSIONING
	A. Manufacturer's Field Inspection: Installer is to perform the following:
	B. Final Checks before Startup:  Perform the following before startup:
	C. Starting procedures for central-station air-handling units include the following:
	D. Refer to Division 23 Section "Testing, Adjusting, and Balancing" for air-handling system testing, adjusting, and balancing.

	3.7 DEMONSTRATION
	A. Installer is to train Owner's maintenance personnel on procedures and schedules related to startup and shutdown, troubleshooting, servicing, and preventive maintenance.
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