
1. Unit Data:
a. Unit identification.
b. Make and model number.
c. Manufacturer's serial number.
d. Refrigerant type and capacity in gal. (L).
e. Starter type and size.
f. Starter thermal protection size.
g. Compressor make and model number.
h. Compressor manufacturer's serial number.

2. 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).

3. Evaporator Test Reports (Indicated and Actual Values):
a. Refrigerant pressure in psig (kPa).
b. Refrigerant 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. Entering-water pressure in feet of head or psig (kPa).
f. Water pressure differential in feet of head or psig (kPa).

4. 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).

5. 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).

M. 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.
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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. 
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. 

N. Vibration Measurement Reports: 
1. Date and time of test. 
2. Vibration meter manufacturer, model number, and serial number. 
3. Equipment designation, location, equipment, speed, motor speed, and motor 

horsepower. 
4. Diagram of equipment showing the vibration measurement locations. 
5. Measurement readings for each measurement location. 
6. Calculate isolator efficiency using measurements taken. 
7. Description of predominant vibration source. 

O. Indoor-Air Quality Measurement Reports for Each HVAC System: 
1. HVAC system designation. 
2. Date and time of test. 
3. Outdoor temperature, relative humidity, wind speed, and wind direction at start of 

test. 
4. Room number or similar description for each location. 
5. Measurements at each location. 
6. Observed deficiencies. 

P. Instrument Calibration Reports: 
1. Report Data: 

a. Instrument type and make. 
b. Serial number. 
c. Application. 
d. Dates of use. 

Bid 12467-113City of Fort Lauderdale

5/27/2021 10:03 AM p. 352

CAM 21-0549 
Exhibit 1C 

Page 2 of 150



e. Dates of calibration. 

3.21 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: 
a. Measure airflow of at least 10 percent of air outlets. 
b. Measure water flow of at least 5 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 Architect. 

2. TAB firm test and balance engineer shall conduct the inspection in the presence 
of Owner. 

3. Architect 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. 

4. 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." 

5. 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. 

6. 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. 

7. 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. 

3.22 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.  
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B. Provide a minimum of 1 man-day of time for Cx verification of readings indicated in the 
final report. 

C. 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 230593230593 
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SECTION 23 07 13 
DUCT INSULATION 

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 insulating the following duct services: 
1. Indoor, concealed supply and outdoor air. 
2. Indoor, exposed supply and outdoor air. 
3. Indoor, concealed return located in unconditioned space. 
4. Indoor, exposed return located in unconditioned space. 
5. Indoor, concealed, Type I, commercial, kitchen hood exhaust. 
6. Indoor, concealed exhaust between isolation damper and penetration of building 

exterior. 
7. Indoor, exposed exhaust between isolation damper and penetration of building 

exterior. 

1.3 SUBMITTALS 

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

B. Qualification Data:  For qualified Installer. 

1.4 QUALITY ASSURANCE 

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

B. Surface-Burning Characteristics:  For insulation and related materials, as determined 
by testing identical products according to ASTM E 84, by a testing agency acceptable 
to authorities having jurisdiction.  Factory label insulation and jacket materials and 
adhesive, mastic, tapes, and cement material containers, with appropriate markings of 
applicable testing agency. 
1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-

developed index of 50 or less. 
2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-

developed index of 150 or less. 
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1.5 DELIVERY, STORAGE, AND HANDLING 

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

1.6 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Division 23 Section "Hangers and Supports for HVAC Piping and Equipment." 

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

C. Coordinate installation and testing of heat tracing. 

1.7 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where required, 
after installing and testing heat tracing.  Insulation application may begin on segments 
that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in 
each area of construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and 
Plenum Insulation Schedule," and "Aboveground, Outdoor Duct and Plenum Insulation 
Schedule" articles for where insulating materials shall be applied. 

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

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

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

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

F. Mineral-Fiber Blanket Insulation:  Mineral or glass fibers bonded with a thermosetting 
resin.  Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory-
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applied FSK jacket.  Factory-applied jacket requirements are specified in "Factory-
Applied Jackets" Article. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. CertainTeed Corp.; SoftTouch Duct Wrap. 
b. Johns Manville; Microlite. 
c. Knauf Insulation; Friendly Feel Duct Wrap. 
d. Manson Insulation Inc.; Alley Wrap. 
e. Owens Corning; SOFTR All-Service Duct Wrap. 

G. Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a thermosetting 
resin.  Comply with ASTM C 612, Type IA or Type IB.  For duct and plenum 
applications, provide insulation with factory-applied FSK jacket.  Factory-applied jacket 
requirements are specified in "Factory-Applied Jackets" Article. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. CertainTeed Corp.; Commercial Board. 
b. Fibrex Insulations Inc.; FBX. 
c. Johns Manville; 800 Series Spin-Glas. 
d. Knauf Insulation; Insulation Board. 
e. Manson Insulation Inc.; AK Board. 
f. Owens Corning; Fiberglas 700 Series. 

2.2 FIRE-RATED INSULATION SYSTEMS 

A. Fire-Rated Blanket:  High-temperature, flexible, blanket insulation with FSK jacket that 
is tested and certified to provide a 2-hour fire rating by an NRTL acceptable to 
authorities having jurisdiction. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. CertainTeed Corp.; FlameChek. 
b. Johns Manville; Firetemp Wrap. 
c. Nelson Fire Stop Products; Nelson FSB Flameshield Blanket. 
d. Thermal Ceramics; FireMaster Duct Wrap. 
e. 3M; Fire Barrier Wrap Products. 
f. Unifrax Corporation; FyreWrap. 

2.3 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for 
bonding insulation to itself and to surfaces to be insulated unless otherwise indicated. 

B. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-127. 
b. Eagle Bridges - Marathon Industries; 225. 
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c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 
Fuller Company; 85-60/85-70. 

d. Mon-Eco Industries, Inc.; 22-25. 

C. ASJ Adhesive, and FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, 
Grade A for bonding insulation jacket lap seams and joints. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-82. 
b. Eagle Bridges - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-50. 
d. Mon-Eco Industries, Inc.; 22-25. 

2.4 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply 
with MIL-PRF-19565C, Type II. 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below ambient services. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 30-80/30-90. 
b. Vimasco Corporation; 749. 

2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm (0.009 
metric perm) at 43-mil (1.09-mm) dry film thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F (Minus 29 to plus 82 
deg C). 

4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight. 
5. Color:  White. 

2.5 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-76. 
b. Eagle Bridges - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 95-44. 
d. Mon-Eco Industries, Inc.; 44-05. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
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4. Service Temperature Range:  Minus 40 to plus 250 deg F (Minus 40 to plus 121 
deg C). 

5. Color:  Aluminum. 

2.6 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications.  
When factory-applied jackets are indicated, comply with the following: 
1. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; 

complying with ASTM C 1136, Type II. 

2.7 TAPES 
1.  

B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive; complying with ASTM C 1136. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. ABI, Ideal Tape Division; 491 AWF FSK. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827. 
c. Compac Corporation; 110 and 111. 
d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ. 

2. Width:  3 inches (75 mm). 
3. Thickness:  6.5 mils (0.16 mm). 
4. Adhesion:  90 ounces force/inch (1.0 N/mm) in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch (7.2 N/mm) in width. 
7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape. 

2.8 SECUREMENTS 

A. Insulation Pins and Hangers: 
1. Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed 

for capacitor-discharge welding, 0.106-inch- (2.6-mm-) diameter shank, length to 
suit depth of insulation indicated. 
a. Products:  Subject to compliance with requirements, available products that 

may be incorporated into the Work include, but are not limited to, the 
following: 
1) AGM Industries, Inc.; CWP-1. 
2) GEMCO; CD. 
3) Midwest Fasteners, Inc.; CD. 
4) Nelson Stud Welding; TPA, TPC, and TPS. 

2. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel 
pin, fully annealed for capacitor-discharge welding, 0.106-inch- (2.6-mm-) 
diameter shank, length to suit depth of insulation indicated with integral 1-1/2-
inch (38-mm) galvanized carbon-steel washer. 
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a. Products:  Subject to compliance with requirements, available products that 
may be incorporated into the Work include, but are not limited to, the 
following: 
1) AGM Industries, Inc.; CHP-1. 
2) GEMCO; Cupped Head Weld Pin. 
3) Midwest Fasteners, Inc.; Cupped Head. 
4) Nelson Stud Welding; CHP. 

3. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- 
(0.41-mm-) thick, galvanized-steel sheet, with beveled edge sized as required to 
hold insulation securely in place but not less than 1-1/2 inches (38 mm) in 
diameter. 
a. Products:  Subject to compliance with requirements, available products that 

may be incorporated into the Work include, but are not limited to, the 
following: 
1) AGM Industries, Inc.; RC-150. 
2) GEMCO; R-150. 
3) Midwest Fasteners, Inc.; WA-150. 
4) Nelson Stud Welding; Speed Clips. 

b. Protect ends with capped self-locking washers incorporating a spring steel 
insert to ensure permanent retention of cap in exposed locations. 

4. Nonmetal Insulation-Retaining Washers:  Self-locking washers formed from 
0.016-inch- (0.41-mm-) thick nylon sheet, with beveled edge sized as required to 
hold insulation securely in place but not less than 1-1/2 inches (38 mm) in 
diameter. 
a. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work 
include, but are not limited to, the following: 
1) GEMCO. 
2) Midwest Fasteners, Inc. 

B. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) wide, 
stainless steel or Monel. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

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. 
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3.3 GENERAL INSTALLATION REQUIREMENTS 

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

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

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

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

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

F. For any ductwork that has insulation, apply vapor-barrier mastic over staples and follow 
manufacturer recommended installation instructions. 

G. Keep insulation materials dry during application and finishing. 

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

I. Install insulation with least number of joints practical. 

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at 
hangers, supports, anchors, and other projections with vapor-barrier mastic. 
1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on 

anchor legs from point of attachment to supported item to point of attachment to 
structure.  Taper and seal ends at attachment to structure with vapor-barrier 
mastic. 

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

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

L. Install insulation with factory-applied jackets as follows: 
1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same material 

as insulation jacket.  Secure strips with adhesive and outward clinching staples 
along both edges of strip, spaced 4 inches (100 mm) o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm).  Clean and dry 
surface to receive self-sealing lap.  Staple laps with outward clinching staples 
along edge at 2 inches (50 mm) o.c. 
a. For any ductwork that has insulation, apply vapor-barrier mastic over 

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

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and 
joints and at ends adjacent to duct flanges and fittings. 

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

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

O. Repair damaged insulation facings by applying same facing material over damaged 
areas.  Extend patches at least 4 inches (100 mm) beyond damaged areas.  Adhere, 
staple, and seal patches similar to butt joints. 

3.4 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to 
eliminate openings in insulation that allow passage of air to surface being insulated. 

3.5 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Blanket Insulation Installation on Ducts and Plenums:  Secure with adhesive and 
insulation pins. 
1. Apply adhesives according to manufacturer's recommended coverage rates per 

unit area, 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 either capacitor-discharge-weld pins and speed washers or cupped-head, 

capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides 
of vertical ducts as follows: 
a. On duct sides with dimensions 18 inches (450 mm) and smaller, place pins 

along longitudinal centerline of duct.  Space 3 inches (75 mm) maximum 
from insulation end joints, and 16 inches (400 mm) o.c. 

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

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

d. Do not overcompress insulation during installation. 
e. Impale insulation over pins and attach speed washers. 
f. 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. 

4. For ducts and plenums with surface temperatures below ambient, install a 
continuous unbroken vapor barrier.  Create a facing lap for longitudinal seams 
and end joints with insulation by removing 2 inches (50 mm) from one edge and 
one end of insulation segment.  Secure laps to adjacent insulation section with 
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1/2-inch (13-mm) outward-clinching staples, 1 inch (25 mm) o.c.  Install vapor 
barrier consisting of factory- or field-applied jacket, adhesive, vapor-barrier 
mastic, and sealant at joints, seams, and protrusions. 
a. Repair punctures, tears, and penetrations with tape or mastic to maintain 

vapor-barrier seal. 
b. Install vapor stops for ductwork and plenums operating below 50 deg F (10 

deg C) at 18-foot (5.5-m) intervals.  Vapor stops shall consist of vapor-
barrier mastic applied in a Z-shaped pattern over insulation face, along butt 
end of insulation, and over the surface.  Cover insulation face and surface 
to be insulated a width equal to two times the insulation thickness, but not 
less than 3 inches (75 mm). 

5. Overlap unfaced blankets a minimum of 2 inches (50 mm) on longitudinal seams 
and end joints.  At end joints, secure with steel bands spaced a maximum of 18 
inches (450 mm) o.c. 

6. Install insulation on rectangular duct elbows and transitions with a full insulation 
section for each surface.  Install insulation on round and flat-oval duct elbows 
with individually mitered gores cut to fit the elbow. 

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

B. Board Insulation Installation on Ducts and Plenums:  Secure with adhesive and 
insulation pins. 
1. Apply adhesives according to manufacturer's recommended coverage rates per 

unit area, 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 either capacitor-discharge-weld pins and speed washers or cupped-head, 

capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides 
of vertical ducts as follows: 
a. On duct sides with dimensions 18 inches (450 mm) and smaller, place pins 

along longitudinal centerline of duct.  Space 3 inches (75 mm) maximum 
from insulation end joints, and 16 inches (400 mm) o.c. 

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

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

d. Do not overcompress insulation during installation. 
e. 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. 

4. For ducts and plenums with surface temperatures below ambient, install a 
continuous unbroken vapor barrier.  Create a facing lap for longitudinal seams 
and end joints with insulation by removing 2 inches (50 mm) from one edge and 
one end of insulation segment.  Secure laps to adjacent insulation section with 
1/2-inch (13-mm) outward-clinching staples, 1 inch (25 mm) o.c.  Install vapor 
barrier consisting of factory- or field-applied jacket, adhesive, vapor-barrier 
mastic, and sealant at joints, seams, and protrusions. 
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a. Repair punctures, tears, and penetrations with tape or mastic to maintain 
vapor-barrier seal. 

b. Install vapor stops for ductwork and plenums operating below 50 deg F (10 
deg C) at 18-foot (5.5-m) intervals.  Vapor stops shall consist of vapor-
barrier mastic applied in a Z-shaped pattern over insulation face, along butt 
end of insulation, and over the surface.  Cover insulation face and surface 
to be insulated a width equal to two times the insulation thickness, but not 
less than 3 inches (75 mm). 

5. Install insulation on rectangular duct elbows and transitions with a full insulation 
section for each surface.  Groove and score insulation to fit as closely as 
possible to outside and inside radius of elbows.  Install insulation on round and 
flat-oval duct elbows with individually mitered gores cut to fit the elbow. 

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

3.6 FIRE-RATED INSULATION SYSTEM INSTALLATION 

A. Where fire-rated insulation system is indicated, secure system to ducts and duct 
hangers and supports to maintain a continuous fire rating. 

B. Insulate duct access panels and doors to achieve same fire rating as duct. 

C. Install firestopping at penetrations through fire-rated assemblies.  Fire-stop systems 
are specified in Division 07 Section "Penetration Firestopping." 

3.7 DUCT INSULATION SCHEDULE, GENERAL 

A. Plenums and Ducts Requiring Insulation: 
1. Indoor, concealed supply, return and outdoor air. 
2. Indoor, exposed supply, return and outdoor air. 
3. Indoor, concealed, Type I, commercial, kitchen hood exhaust. 
4. Indoor, concealed exhaust between isolation damper and penetration of building 

exterior. 
5. Indoor, exposed exhaust between isolation damper and penetration of building 

exterior. 

B. Items Not Insulated: 
1. Fibrous-glass ducts. 
2. Metal ducts with duct liner of sufficient thickness to comply with energy code and 

ASHRAE/IESNA 90.1. 
3. Factory-insulated flexible ducts. 
4. Factory-insulated plenums and casings. 
5. Factory-insulated access panels and doors. 

3.8 INDOOR DUCT AND PLENUM INSULATION SCHEDULE 
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A. Concealed, round and flat-oval, supply-air duct insulation shall be the following: 
1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 0.75-lb/cu. ft. (12-

kg/cu. m) nominal density. 

B. Concealed, round and flat-oval, return-air duct insulation shall be the following: 
1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 0.75-lb/cu. ft. (12-

kg/cu. m) nominal density. 

C. Concealed, round and flat-oval, outdoor-air duct insulation shall be the following: 
1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 0.75-lb/cu. ft. (12-

kg/cu. m) nominal density. 

D. Concealed, rectangular, supply-air duct insulation shall be the following: 
1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 0.75-lb/cu. ft. (12-

kg/cu. m) nominal density. 

E. Concealed, rectangular, return-air duct insulation shall be the following: 
1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 0.75-lb/cu. ft. (12-

kg/cu. m) nominal density. 

F. Concealed, rectangular, outdoor-air duct insulation shall be the following: 
1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 0.75-lb/cu. ft. (12-

kg/cu. m) nominal density. 

G. Concealed, rectangular, exhaust-air duct insulation between isolation damper and 
penetration of building exterior shall be the following: 
1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 0.75-lb/cu. ft. (12-

kg/cu. m) nominal density. 

H. Concealed, Type I, Commercial, Kitchen Hood Exhaust Duct and Plenum Insulation:  
Fire-rated blanket; thickness as required to achieve 2-hour fire rating. 

I. Concealed, return-air plenum insulation shall be the following: 
1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 0.75-lb/cu. ft. (12-

kg/cu. m) nominal density. 

J. Concealed, outdoor-air plenum insulation shall be the following: 
1. Mineral-Fiber Blanket:  1-1/2 inches (38 mm) thick and 0.75-lb/cu. ft. (12-

kg/cu. m) nominal density. 

K. Exposed, round and flat-oval, supply-air duct insulation shall be the following: 
1. Mineral-Fiber Board:  1-1/2 inches (38 mm) thick and 2-lb/cu. ft. (32-kg/cu. m) 

nominal density. 

L. Exposed, round and flat-oval, return-air duct insulation shall be one of the following: 
1. Mineral-Fiber Board:  1-1/2 inches (38 mm) thick and 2-lb/cu. ft. (32-kg/cu. m) 

nominal density. 
2.  

M. Exposed, round and flat-oval, outdoor-air duct insulation shall be one of the following: 
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1. Mineral-Fiber Board:  1-1/2 inches (38 mm) thick and 2-lb/cu. ft. (32-kg/cu. m) 
nominal density. 

N. Exposed, round, flat-oval and rectangular, exhaust-air duct insulation between isolation 
damper and penetration of building exterior shall be the following: 
1. Mineral-Fiber Board:  1-1/2 inches (38 mm) thick and 2-lb/cu. ft. (32-kg/cu. m) 

nominal density. 

O. Exposed, rectangular, supply-air duct insulation shall be one of the following: 
1. Mineral-Fiber Board:  1-1/2 inches (38 mm) thick and 2-lb/cu. ft. (32-kg/cu. m) 

nominal density. 

P. Exposed, rectangular, return-air duct insulation shall be one of the following: 
1. Mineral-Fiber Board:  1-1/2 inches (38 mm) thick and 2-lb/cu. ft. (32-kg/cu. m) 

nominal density. 

Q. Exposed, rectangular, outdoor-air duct insulation shall be one of the following: 
1. Mineral-Fiber Board:  1-1/2 inches (38 mm) thick and 2-lb/cu. ft. (32-kg/cu. m) 

nominal density. 

R. Exposed, return-air plenum insulation shall be one of the following: 
1. Mineral-Fiber Board:  1-1/2 inches (38 mm) thick and 2-lb/cu. ft. (32-kg/cu. m) 

nominal density. 

S. Exposed, outdoor-air plenum insulation shall be one of the following: 
1. Mineral-Fiber Board:  1-1/2 inches (38 mm) thick and 2-lb/cu. ft. (32-kg/cu. m) 

nominal density. 

END OF SECTION 23 07 13 
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SECTION 23 07 16 
HVAC EQUIPMENT INSULATION 

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 insulating the following HVAC equipment that is not factory insulated: 
1. Heat exchangers. 
2. Chilled-water pumps. 
3. Expansion/compression tanks. 
4. Air separators. 

1.3 SUBMITTALS 

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

B. Qualification Data:  For qualified Installer. 

1.4 QUALITY ASSURANCE 

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

B. Surface-Burning Characteristics:  For insulation and related materials, as determined 
by testing identical products according to ASTM E 84, by a testing agency acceptable 
to authorities having jurisdiction.  Factory label insulation and jacket materials and 
adhesive, mastic, tapes, and cement material containers, with appropriate markings of 
applicable testing agency. 
1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-

developed index of 50 or less. 
2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-

developed index of 150 or less. 

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

1.6 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Division 23 Section "Hangers and Supports for HVAC Piping and Equipment." 

B. Coordinate clearance requirements with equipment Installer for equipment insulation 
application. 

1.7 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where required, 
after installing and testing heat tracing.  Insulation application may begin on segments 
that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in 
each area of construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

A. Comply with requirements in "Breeching Insulation Schedule" and "Equipment 
Insulation Schedule" articles for where insulating materials shall be applied. 

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

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

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

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

F. Cellular Glass:  Inorganic, incombustible, foamed or cellulated glass with annealed, 
rigid, hermetically sealed cells.  Factory-applied jacket requirements are specified in 
"Factory-Applied Jackets" Article. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Pittsburgh Corning Corporation; Foamglas. 

2. Block Insulation:  ASTM C 552, Type I. 
3. Special-Shaped Insulation:  ASTM C 552, Type III. 
4. Board Insulation:  ASTM C 552, Type IV. 
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5. Factory fabricate shapes according to ASTM C 450 and ASTM C 585. 

G. Flexible Elastomeric 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. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Aeroflex USA, Inc.; Aerocel. 
b. Armacell LLC; AP Armaflex. 
c. K-Flex USA; Insul-Sheet and K-FLEX LS. 

2.2 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for 
bonding insulation to itself and to surfaces to be insulated unless otherwise indicated. 

B. Cellular-Glass Adhesive:  Two-component, thermosetting urethane adhesive 
containing no flammable solvents, with a service temperature range of minus 100 to 
plus 200 deg F (minus 73 to plus 93 deg C). 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 81-84. 

C. Flexible Elastomeric and Polyolefin Adhesive:  Comply with MIL-A-24179A, Type II, 
Class I. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Aeroflex USA, Inc.; Aeroseal. 
b. Armacell LLC; Armaflex 520 Adhesive. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-75. 
d. K-Flex USA; R-373 Contact Adhesive. 

D. ASJ Adhesive, and FSK and PVDC Jacket Adhesive:  Comply with MIL-A-3316C, 
Class 2, Grade A for bonding insulation jacket lap seams and joints. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-82. 
b. Eagle Bridges - Marathon Industries; 225. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-50. 
d. Mon-Eco Industries, Inc.; 22-25. 

2.3 MASTICS 

A. Vapor-Barrier Mastic:  Water based; suitable for indoor and outdoor use on below 
ambient services. 
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1. Products:  Subject to compliance with requirements, available products that may 
be incorporated into the Work include, but are not limited to, the following: 
a. Foster Brand, Specialty Construction Brands, Inc., a business of H .B. 

Fuller Company; 30-80/30-90. 
b. Vimasco Corporation; 749. 

2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm (0.009 
metric perm) at 43-mil (1.09-mm) dry film thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F (Minus 29 to plus 82 
deg C). 

4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight. 
5. Color:  White. 

2.4 SEALANTS 

A. Joint Sealants: 
1. Joint Sealants for Cellular-Glass, Phenolic, and Polyisocyanurate Products:  

Subject to compliance with requirements, available products that may be 
incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-76. 
b. Eagle Bridges - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 30-45. 
d. Mon-Eco Industries, Inc.; 44-05. 
e. Pittsburgh Corning Corporation; Pittseal 444. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Permanently flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 100 to plus 300 deg F (Minus 73 to plus 149 

deg C). 
5. Color:  White or gray. 

B. FSK and Metal Jacket Flashing Sealants: 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-76. 
b. Eagle Bridges - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 95-44. 
d. Mon-Eco Industries, Inc.; 44-05. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F (Minus 40 to plus 121 

deg C). 
5. Color:  Aluminum. 

C. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants: 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
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a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 
Fuller Company; CP-76. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F (Minus 40 to plus 121 

deg C). 
5. Color:  White. 

2.5 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications.  
When factory-applied jackets are indicated, comply with the following: 
1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 

complying with ASTM C 1136, Type I. 

2.6 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise 
indicated. 

B. Metal Jacket: 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; Metal Jacketing Systems. 
b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing. 
c. RPR Products, Inc.; Insul-Mate. 

2. Aluminum Jacket:  Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 
3105, or 5005, Temper H-14. 
a. Sheet and roll stock ready for shop or field sizing. 
b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier for Indoor Applications:  1-mil- (0.025-mm-) thick, heat-

bonded polyethylene and kraft paper. 
d. Moisture Barrier for Outdoor Applications:  3-mil- (0.075-mm-) thick, heat-

bonded polyethylene and kraft paper. 
e. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 
2) Preformed two-piece or gore, 45- and 90-degree, short- and long-

radius elbows. 
3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting covers are 

not available. 

2.7 TAPES 
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A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive, complying with ASTM C 1136. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. ABI, Ideal Tape Division; 428 AWF ASJ. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836. 
c. Compac Corporation; 104 and 105. 
d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ. 

2. Width:  3 inches (75 mm). 
3. Thickness:  11.5 mils (0.29 mm). 
4. Adhesion:  90 ounces force/inch (1.0 N/mm) in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch (7.2 N/mm) in width. 
7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape. 

B. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. ABI, Ideal Tape Division; 488 AWF. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800. 
c. Compac Corporation; 120. 
d. Venture Tape; 3520 CW. 

2. Width:  2 inches (50 mm). 
3. Thickness:  3.7 mils (0.093 mm). 
4. Adhesion:  100 ounces force/inch (1.1 N/mm) in width. 
5. Elongation:  5 percent. 
6. Tensile Strength:  34 lbf/inch (6.2 N/mm) in width. 

2.8 SECUREMENTS 

A. Bands: 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. ITW Insulation Systems; Gerrard Strapping and Seals. 
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs. 

2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 
0.015 inch (0.38 mm) thick, 1/2 inch (13 mm) wide with wing seal or closed seal. 

3. Aluminum:  ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005; 
Temper H-14, 0.020 inch (0.51 mm) thick, 1/2 inch (13 mm) wide with wing seal 
or closed seal. 

4. Springs:  Twin spring set constructed of stainless steel with ends flat and slotted 
to accept metal bands.  Spring size determined by manufacturer for application. 

B. Wire:  0.080-inch (2.0-mm) nickel-copper alloy. 
1. Manufacturers:  Subject to compliance with requirements, available 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. C & F Wire. 
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions for compliance with requirements for installation 
tolerances and other conditions affecting performance of insulation application. 
1. Verify that systems and equipment to be insulated have been tested and are free 

of defects. 
2. Verify that surfaces to be insulated are clean and dry. 

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

3.2 PREPARATION 

A. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, 
apply a corrosion coating to insulated surfaces as follows: 
1. Stainless Steel:  Coat 300 series stainless steel with an epoxy primer 5 mils 

(0.127 mm) thick and an epoxy finish 5 mils (0.127 mm) thick if operating in a 
temperature range between 140 and 300 deg F (60 and 149 deg C).  Consult 
coating manufacturer for appropriate coating materials and application methods 
for operating temperature range. 

2. Carbon Steel:  Coat carbon steel operating at a service temperature between 32 
and 300 deg F (0 and 149 deg C) with an epoxy coating.  Consult coating 
manufacturer for appropriate coating materials and application methods for 
operating temperature range. 

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

3.3 GENERAL INSTALLATION REQUIREMENTS 

A. Install insulation materials, accessories, and finishes with smooth, straight, and even 
surfaces; free of voids throughout the length of equipment. 

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

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

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

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

F. Keep insulation materials dry during application and finishing. 

G. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints 
with adhesive recommended by insulation material manufacturer. 
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H. Install insulation with least number of joints practical. 

I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at 
hangers, supports, anchors, and other projections with vapor-barrier mastic. 
1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on 

anchor legs from point of attachment to supported item to point of attachment to 
structure.  Taper and seal ends at attachment to structure with vapor-barrier 
mastic. 

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

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

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

K. Install insulation with factory-applied jackets as follows: 
1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same material 

as insulation jacket.  Secure strips with adhesive and outward clinching staples 
along both edges of strip, spaced 4 inches (100 mm) o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm).  Clean and dry 
surface to receive self-sealing lap.  Staple laps with outward clinching staples 
along edge at 2 inches (50 mm) o.c. 
a. For below ambient services, apply vapor-barrier mastic over staples. 

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

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

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

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

N. Repair damaged insulation facings by applying same facing material over damaged 
areas.  Extend patches at least 4 inches (100 mm) beyond damaged areas.  Adhere, 
staple, and seal patches similar to butt joints. 

O. For above ambient services, do not install insulation to the following: 
1. Vibration-control devices. 
2. Testing agency labels and stamps. 
3. Nameplates and data plates. 
4. Manholes. 
5. Handholes. 
6. Cleanouts. 

Bid 12467-113City of Fort Lauderdale

5/27/2021 10:03 AM p. 374

CAM 21-0549 
Exhibit 1C 

Page 24 of 150



3.4 INSTALLATION OF EQUIPMENT, TANK, AND VESSEL INSULATION 

A. Flexible Elastomeric Thermal Insulation Installation for Tanks and Vessels:  Install 
insulation over entire surface of tanks and vessels. 
1. Apply 100 percent coverage of adhesive to surface with manufacturer's 

recommended adhesive. 
2. Seal longitudinal seams and end joints. 

B. Insulation Installation on Pumps: 
1. Fabricate metal boxes lined with insulation.  Fit boxes around pumps and 

coincide box joints with splits in pump casings.  Fabricate joints with outward 
bolted flanges.  Bolt flanges on 6-inch (150-mm) centers, starting at corners.  
Install 3/8-inch- (10-mm-) diameter fasteners with wing nuts.  Alternatively, 
secure the box sections together using a latching mechanism. 

2. Fabricate boxes from aluminum, at least 0.040 inch (1.0 mm) thick. 
3. For below ambient services, install a vapor barrier at seams, joints, and 

penetrations.  Seal between flanges with replaceable gasket material to form a 
vapor barrier. 

3.5 FIELD-APPLIED JACKET INSTALLATION 

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

3.6 FINISHES 

A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two 
coats of insulation manufacturer's recommended protective coating. 

B. Do not field paint aluminum or stainless-steel jackets. 

3.7 EQUIPMENT INSULATION SCHEDULE 

A. Insulation materials and thicknesses are identified below.  If more than one material is 
listed for a type of equipment, selection from materials listed is Contractor's option. 

B. Insulate indoor and outdoor equipment that is not factory insulated. 

C. Chilled-water pump insulation shall be the following: 
1. Cellular Glass:  3 inches (75 mm) thick. 

D. Chilled-water expansion/compression tank insulation shall be the following: 
1. Flexible Elastomeric:  1 inch (25 mm) thick. 

E. Chilled-water air-separator insulation shall be the following: 
1. Flexible Elastomeric:  1 inch (25 mm) thick. 
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F. Chilled-water chemical by-pass feeder insulation shall be the following: 
1. Flexible Elastomeric:  1 inch (25 mm) thick. 

G. Chilled-water filters insulation shall be the following: 
1. Flexible Elastomeric:  1 inch (25 mm) thick. 

3.8 FIELD-APPLIED JACKET SCHEDULE 

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

B. If more than one material is listed, selection from materials listed is Contractor's option. 

C. Equipment, Exposed, up to 48 Inches (1200 mm) in Diameter or with Flat Surfaces up 
to 72 Inches (1800 mm): 
1. Aluminum, Corrugated with Z-Shaped Locking Seam:  0.020 inch (0.51 mm) 

thick. 

D. Equipment, Exposed, Larger Than 48 Inches (1200 mm) in Diameter or with Flat 
Surfaces Larger Than 72 Inches (1800 mm): 
1. Aluminum, Stucco Embossed with 1-1/4-Inch- (32-mm-) Deep Corrugations:  

0.032 inch (0.81 mm) thick. 

END OF SECTION 230716 
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SECTION 23 07 19 
HVAC PIPING INSULATION 

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 insulating the following HVAC piping systems: 
1. Condensate drain piping, indoors. 
2. Chilled-water and brine piping, indoors and outdoors. 
3. Refrigerant piping, indoors and outdoors. 

1.3 SUBMITTALS 

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

B. Qualification Data:  For qualified Installer. 

1.4 QUALITY ASSURANCE 

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

B. Surface-Burning Characteristics:  For insulation and related materials, as determined 
by testing identical products according to ASTM E 84, by a testing and inspecting 
agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket 
materials and adhesive, mastic, tapes, and cement material containers, with 
appropriate markings of applicable testing agency. 
1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-

developed index of 50 or less. 
2. Insulation Installed Outdoors:  Flame-spread index of 75 or less, and smoke-

developed index of 150 or less. 

1.5 DELIVERY, STORAGE, AND HANDLING 

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

A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in 
Division 23 Section "Hangers and Supports for HVAC Piping and Equipment." 

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

1.7 SCHEDULING 

A. Schedule insulation application after pressure testing systems and, where required, 
after installing and testing heat tracing.  Insulation application may begin on segments 
that have satisfactory test results. 

B. Complete installation and concealment of plastic materials as rapidly as possible in 
each area of construction. 

PART 2 - PRODUCTS 

2.1 INSULATION MATERIALS 

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

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

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

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

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

F. Cellular Glass:  Inorganic, incombustible, foamed or cellulated glass with annealed, 
rigid, hermetically sealed cells.  Factory-applied jacket requirements are specified in 
"Factory-Applied Jackets" Article. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Pittsburgh Corning Corporation; Foamglas. 

2. Block Insulation:  ASTM C 552, Type I. 
3. Special-Shaped Insulation:  ASTM C 552, Type III. 
4. Board Insulation:  ASTM C 552, Type IV. 
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5. Preformed Pipe Insulation with Factory-Applied ASJ:  Comply with ASTM C 552, 
Type II, Class 2. 

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

G. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  
Comply with ASTM C 534, Type I for tubular materials. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Aeroflex USA, Inc.; Aerocel. 
b. Armacell LLC; AP Armaflex. 
c. K-Flex USA; Insul-Lock, Insul-Tube, and K-FLEX LS. 

2.2 ADHESIVES 

A. Materials shall be compatible with insulation materials, jackets, and substrates and for 
bonding insulation to itself and to surfaces to be insulated unless otherwise indicated. 

B. Cellular-Glass Adhesive:  Two-component, thermosetting urethane adhesive 
containing no flammable solvents, with a service temperature range of minus 100 to 
plus 200 deg F (minus 73 to plus 93 deg C). 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 81-84. 

C. Flexible Elastomeric Adhesive:  Comply with MIL-A-24179A, Type II, Class I. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Aeroflex USA, Inc.; Aeroseal. 
b. Armacell LLC; Armaflex 520 Adhesive. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 85-75. 
d. K-Flex USA; R-373 Contact Adhesive. 

D. PVC Jacket Adhesive:  Compatible with PVC jacket. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Dow Corning Corporation; 739, Dow Silicone. 
b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding 

Adhesive. 
c. P.I.C. Plastics, Inc.; Welding Adhesive. 
d. Speedline Corporation; Polyco VP Adhesive. 

2.3 MASTICS 

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply 
with MIL-PRF-19565C, Type II. 
1. For indoor applications, use mastics that have a VOC content of 50 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
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B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below-ambient services. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 30-80/30-90. 
b. Vimasco Corporation; 749. 

2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 perm (0.009 
metric perm) at 43-mil (1.09-mm) dry film thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F (Minus 29 to plus 82 
deg C). 

4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight. 
5. Color:  White. 

C. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below-ambient 
services. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; Encacel. 
b. Eagle Bridges - Marathon Industries; 570. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 60-95/60-96. 
2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm (0.033 metric perm) at 30-

mil (0.8-mm) dry film thickness. 
3. Service Temperature Range:  Minus 50 to plus 220 deg F (Minus 46 to plus 104 

deg C). 
4. Solids Content:  ASTM D 1644, 33 percent by volume and 46 percent by weight. 
5. Color:  White. 

2.4 LAGGING ADHESIVES 

A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with 
insulation materials, jackets, and substrates. 
1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L 

or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
2. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-50 AHV2. 
b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 30-36. 
c. Vimasco Corporation; 713 and 714. 

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

4. Service Temperature Range:  0 to plus 180 deg F (Minus 18 to plus 82 deg C). 
5. Color:  White. 

2.5 SEALANTS 
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A. Joint Sealants: 
1. Joint Sealants for Cellular-Glass Products:  Subject to compliance with 

requirements, available products that may be incorporated into the Work include, 
but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-76. 
b. Eagle Bridges - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 30-45. 
d. Mon-Eco Industries, Inc.; 44-05. 
e. Pittsburgh Corning Corporation; Pittseal 444. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Permanently flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 100 to plus 300 deg F (Minus 73 to plus 149 

deg C). 
5. Color:  White or gray. 

B. FSK and Metal Jacket Flashing Sealants: 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-76. 
b. Eagle Bridges - Marathon Industries; 405. 
c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; 95-44. 
d. Mon-Eco Industries, Inc.; 44-05. 

2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F (Minus 40 to plus 121 

deg C). 
5. Color:  Aluminum. 

C. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants: 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; CP-76. 
2. Materials shall be compatible with insulation materials, jackets, and substrates. 
3. Fire- and water-resistant, flexible, elastomeric sealant. 
4. Service Temperature Range:  Minus 40 to plus 250 deg F (Minus 40 to plus 121 

deg C). 
5. Color:  White. 

2.6 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on various applications.  
When factory-applied jackets are indicated, comply with the following: 
1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; 

complying with ASTM C 1136, Type I. 
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2.7 FIELD-APPLIED FABRIC-REINFORCING MESH 

A. Woven Glass-Fiber Fabric:  Approximately 2 oz./sq. yd. (68 g/sq. m) with a thread 
count of 10 strands by 10 strands/sq. in. (4 strands by 4 strands/sq. mm) for covering 
pipe and pipe fittings. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; Chil-Glas Number 10. 

2.8 FIELD-APPLIED CLOTHS 

A. Woven Glass-Fiber Fabric:  Comply with MIL-C-20079H, Type I, plain weave, and 
presized a minimum of 8 oz./sq. yd. (271 g/sq. m). 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Alpha Associates, Inc.; Alpha-Maritex 84215 and 84217/9485RW, 

Luben 59. 

2.9 FIELD-APPLIED JACKETS 

A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise 
indicated. 

B. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, 
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and 
forming.  Thickness is indicated in field-applied jacket schedules. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Johns Manville; Zeston. 
b. P.I.C. Plastics, Inc.; FG Series. 
c. Proto Corporation; LoSmoke. 
d. Speedline Corporation; SmokeSafe. 

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

fabricate. 
a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, 

flanges, unions, reducers, end caps, soil-pipe hubs, traps, mechanical 
joints, and P-trap and supply covers for lavatories. 

C. Metal Jacket: 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. 

Fuller Company; Metal Jacketing Systems. 
b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing. 
c. RPR Products, Inc.; Insul-Mate. 
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2. Aluminum Jacket:  Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 
3105, or 5005, Temper H-14. 
a. Sheet and roll stock ready for shop or field sizing. 
b. Finish and thickness are indicated in field-applied jacket schedules. 
c. Moisture Barrier for Outdoor Applications:  3-mil- (0.075-mm-) thick, heat-

bonded polyethylene and kraft paper. 
d. Factory-Fabricated Fitting Covers: 

1) Same material, finish, and thickness as jacket. 
2) Preformed 2-piece or gore, 45- and 90-degree, short- and long-radius 

elbows. 
3) Tee covers. 
4) Flange and union covers. 
5) End caps. 
6) Beveled collars. 
7) Valve covers. 
8) Field fabricate fitting covers only if factory-fabricated fitting covers are 

not available. 

2.10 TAPES 

A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic 
adhesive, complying with ASTM C 1136. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. ABI, Ideal Tape Division; 428 AWF ASJ. 
b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836. 
c. Compac Corporation; 104 and 105. 
d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ. 

2. Width:  3 inches (75 mm). 
3. Thickness:  11.5 mils (0.29 mm). 
4. Adhesion:  90 ounces force/inch (1.0 N/mm) in width. 
5. Elongation:  2 percent. 
6. Tensile Strength:  40 lbf/inch (7.2 N/mm) in width. 
7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape. 

B. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic 
adhesive; suitable for indoor and outdoor applications. 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. ABI, Ideal Tape Division; 370 White PVC tape. 
b. Compac Corporation; 130. 
c. Venture Tape; 1506 CW NS. 

2. Width:  2 inches (50 mm). 
3. Thickness:  6 mils (0.15 mm). 
4. Adhesion:  64 ounces force/inch (0.7 N/mm) in width. 
5. Elongation:  500 percent. 
6. Tensile Strength:  18 lbf/inch (3.3 N/mm) in width. 

2.11 SECUREMENTS 
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A. Bands: 
1. Products:  Subject to compliance with requirements, available products that may 

be incorporated into the Work include, but are not limited to, the following: 
a. ITW Insulation Systems; Gerrard Strapping and Seals. 
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs. 

2. Aluminum:  ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005; 
Temper H-14, 0.020 inch (0.51 mm) thick, 1/2 inch (13 mm) wide with wing seal 
or closed seal. 

3. Springs:  Twin spring set constructed of stainless steel with ends flat and slotted 
to accept metal bands.  Spring size determined by manufacturer for application. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

corrected. 

3.2 PREPARATION 

A.  

B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, 
for outdoor pipe apply a corrosion coating to insulated surfaces as follows: 
1. Carbon Steel:  Coat carbon steel operating at a service temperature between 32 

and 300 deg F (0 and 149 deg C) with an epoxy coating.  Consult coating 
manufacturer for appropriate coating materials and application methods for 
operating temperature range. 

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

3.3 GENERAL INSTALLATION REQUIREMENTS 

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

B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses 
required for each item of pipe system as specified in insulation system schedules. 
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C. Install accessories compatible with insulation materials and suitable for the service.  
Install accessories that do not corrode, soften, or otherwise attack insulation or jacket 
in either wet or dry state. 

D. Install all chilled water piping insulation prior to chiller start-up to avoid bare-pipe 
sweating into partially installed insulation. 

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

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

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

H. Keep insulation materials dry during application and finishing. 

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

J. Install insulation with least number of joints practical. 

K. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at 
hangers, supports, anchors, and other projections with vapor-barrier mastic. 
1. Install insulation continuously through hangers and around anchor attachments. 
2. For insulation application where vapor barriers are indicated, extend insulation on 

anchor legs from point of attachment to supported item to point of attachment to 
structure.  Taper and seal ends at attachment to structure with vapor-barrier 
mastic. 

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

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

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

M. Install insulation with factory-applied jackets as follows: 
1. Draw jacket tight and smooth. 
2. Cover circumferential joints with 3-inch- (75-mm-) wide strips, of same material 

as insulation jacket.  Secure strips with adhesive and outward clinching staples 
along both edges of strip, spaced 4 inches (100 mm) o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches (38 mm).  Install 
insulation with longitudinal seams at bottom of pipe.  Clean and dry surface to 
receive self-sealing lap.  Staple laps with outward clinching staples along edge at 
2 inches (50 mm) o.c. 
a. For below-ambient services, apply vapor-barrier mastic over staples. 

4. Cover joints and seams with tape, according to insulation material manufacturer's 
written instructions, to maintain vapor seal. 
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5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and 
joints and at ends adjacent to pipe flanges and fittings. 

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

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

P. Repair damaged insulation facings by applying same facing material over damaged 
areas.  Extend patches at least 4 inches (100 mm) beyond damaged areas.  Adhere, 
staple, and seal patches similar to butt joints. 

Q. For above-ambient services, do not install insulation to 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 PENETRATIONS 

A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof 
penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation above roof 

surface and seal with joint sealant.  For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends.  Seal joint with joint sealant. 

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

4. Seal jacket to roof flashing with flashing sealant. 

B. Insulation Installation at Underground Exterior Wall Penetrations:  Terminate insulation 
flush with sleeve seal.  Seal terminations with flashing sealant. 

C. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation 
continuously through wall penetrations. 
1. Seal penetrations with flashing sealant. 
2. For applications requiring only indoor insulation, terminate insulation inside wall 

surface and seal with joint sealant.  For applications requiring indoor and outdoor 
insulation, install insulation for outdoor applications tightly joined to indoor 
insulation ends.  Seal joint with joint sealant. 

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing 
at least 2 inches (50 mm). 

4. Seal jacket to wall flashing with flashing sealant. 

D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire 
Rated):  Install insulation continuously through walls and partitions. 
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E. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation 
continuously through penetrations of fire-rated walls and partitions. 
1. Comply with requirements in Division 07 Section "Penetration Firestopping" for 

firestopping and fire-resistive joint sealers. 

F. Insulation Installation at Floor Penetrations: 
1. Pipe:  Install insulation continuously through floor penetrations. 
2. Seal penetrations through fire-rated assemblies.  Comply with requirements in 

Division 07 Section "Penetration Firestopping." 

3.5 GENERAL PIPE INSULATION INSTALLATION 

A. Requirements in this article generally apply to all insulation materials except where 
more specific requirements are specified in various pipe insulation material installation 
articles. 

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions: 
1. Install insulation over fittings, valves, strainers, flanges, unions, and other 

specialties with continuous thermal and vapor-retarder integrity unless otherwise 
indicated. 

2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made 
from same material and density as adjacent pipe insulation.  Each piece shall be 
butted tightly against adjoining piece and bonded with adhesive.  Fill joints, 
seams, voids, and irregular surfaces with insulating cement finished to a smooth, 
hard, and uniform contour that is uniform with adjoining pipe insulation. 

3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of 
same material and thickness as used for adjacent pipe.  Cut sectional pipe 
insulation to fit.  Butt each section closely to the next and hold in place with tie 
wire.  Bond pieces with adhesive. 

4. Insulate valves using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe.  Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker.  For valves, insulate up to 
and including the bonnets, valve stuffing-box studs, bolts, and nuts.  Fill joints, 
seams, and irregular surfaces with insulating cement. 

5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of 
same material, density, and thickness as used for adjacent pipe.  Overlap 
adjoining pipe insulation by not less than two times the thickness of pipe 
insulation, or one pipe diameter, whichever is thicker.  Fill joints, seams, and 
irregular surfaces with insulating cement.  Insulate strainers so strainer basket 
flange or plug can be easily removed and replaced without damaging the 
insulation and jacket.  Provide a removable reusable insulation cover.  For below-
ambient services, provide a design that maintains vapor barrier. 

6. Insulate flanges and unions using a section of oversized preformed pipe 
insulation.  Overlap adjoining pipe insulation by not less than two times the 
thickness of pipe insulation, or one pipe diameter, whichever is thicker. 

7. Cover segmented insulated surfaces with a layer of finishing cement and coat 
with a mastic.  Install vapor-barrier mastic for below-ambient services and a 
breather mastic for above-ambient services.  Reinforce the mastic with fabric-
reinforcing mesh.  Trowel the mastic to a smooth and well-shaped contour. 

Bid 12467-113City of Fort Lauderdale

5/27/2021 10:03 AM p. 387

CAM 21-0549 
Exhibit 1C 

Page 37 of 150



8. For services not specified to receive a field-applied jacket except for flexible 
elastomeric and polyolefin, install fitted PVC cover over elbows, tees, strainers, 
valves, flanges, and unions.  Terminate ends with PVC end caps.  Tape PVC 
covers to adjoining insulation facing using PVC tape. 

9. Stencil or label the outside insulation jacket of each union with the word "union."  
Match size and color of pipe labels. 

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

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

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

2. When flange and union covers are made from sectional pipe insulation, extend 
insulation from flanges or union long at least two times the insulation thickness 
over adjacent pipe insulation on each side of flange or union.  Secure flange 
cover in place with stainless-steel or aluminum bands.  Select band material 
compatible with insulation and jacket. 

3. Construct removable valve insulation covers in same manner as for flanges, 
except divide the two-part section on the vertical center line of valve body. 

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

5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed 
surfaces with a metal jacket. 

3.6 INSTALLATION OF CELLULAR-GLASS INSULATION 

A. Insulation Installation on Straight Pipes and Tubes: 
1. Secure each layer of insulation to pipe with wire or bands and tighten bands 

without deforming insulation materials. 
2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and 

protrusions with vapor-barrier mastic and joint sealant. 
3. For insulation with factory-applied jackets on above-ambient services, secure 

laps with outward-clinched staples at 6 inches (150 mm) o.c. 
4. For insulation with factory-applied jackets on below-ambient services, do not 

staple longitudinal tabs.  Instead, secure tabs with additional adhesive as 
recommended by insulation material manufacturer and seal with vapor-barrier 
mastic and flashing sealant. 

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

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

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

4. Install jacket material with manufacturer's recommended adhesive, overlap 
seams at least 1 inch (25 mm), and seal joints with flashing sealant. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install preformed sections of same material as straight segments of pipe 

insulation when available.  Secure according to manufacturer's written 
instructions. 

2. When preformed sections of insulation are not available, install mitered sections 
of cellular-glass insulation.  Secure insulation materials with wire or bands. 

D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed sections of cellular-glass insulation to valve body. 
2. Arrange insulation to permit access to packing and to allow valve operation 

without disturbing insulation. 
3. Install insulation to flanges as specified for flange insulation application. 

3.7 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION 

A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to 
eliminate openings in insulation that allow passage of air to surface being insulated. 

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

twice the thickness of pipe insulation. 
3. Fill voids between inner circumference of flange insulation and outer 

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

4. Secure insulation to flanges and seal seams with manufacturer's recommended 
adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

C. Insulation Installation on Pipe Fittings and Elbows: 
1. Install mitered sections of pipe insulation. 
2. Secure insulation materials and seal seams with manufacturer's recommended 

adhesive to eliminate openings in insulation that allow passage of air to surface 
being insulated. 

D. Insulation Installation on Valves and Pipe Specialties: 
1. Install preformed valve covers manufactured of same material as pipe insulation 

when available. 
2. When preformed valve covers are not available, install cut sections of pipe and 

sheet insulation to valve body.  Arrange insulation to permit access to packing 
and to allow valve operation without disturbing insulation. 
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3. Install insulation to flanges as specified for flange insulation application. 
4. Secure insulation to valves and specialties and seal seams with manufacturer's 

recommended adhesive to eliminate openings in insulation that allow passage of 
air to surface being insulated. 

3.8 FIELD-APPLIED JACKET INSTALLATION 

A. Where PVC jackets are indicated, install with 1-inch (25-mm) overlap at longitudinal 
seams and end joints; for horizontal applications.  Seal with manufacturer's 
recommended adhesive. 
1. Apply two continuous beads of adhesive to seams and joints, one bead under lap 

and the finish bead along seam and joint edge. 

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

3.9 FINISHES 

A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two 
coats of insulation manufacturer's recommended UV protective coating for exterior 
installation. 

B. Do not field paint aluminum or stainless-steel jackets. 

3.10 PIPING INSULATION SCHEDULE, GENERAL 

A. Acceptable preformed pipe and tubular insulation materials and thicknesses are 
identified for each piping system and pipe size range.  If more than one material is 
listed for a piping system, selection from materials listed is Contractor's option. 

B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the 
following: 
1. Chrome-plated pipes and fittings unless there is a potential for personnel injury. 

3.11 INDOOR PIPING INSULATION SCHEDULE 

A. Condensate and Equipment Drain Water below 60 Deg F (16 Deg C): 
1. All Pipe Sizes:  Insulation shall be the following: 

a. Flexible Elastomeric:  3/4 inch (19 mm) thick. 
b.  

B. Chilled Water and Brine, above 40 Deg F (5 Deg C):  
1. NPS 12 (DN 300) and Smaller:  Insulation shall be the following: 

a. Cellular Glass:  1-1/2 inches (38 mm) thick. 

C. Refrigerant Suction and Hot-Gas Piping: 
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1. All Pipe Sizes:  Insulation shall be the following: 
a. Flexible Elastomeric:  1 inch (25 mm) thick. 

D. Refrigerant Suction and Hot-Gas Flexible Tubing: 
1. All Pipe Sizes:  Insulation shall be the following: 

a. Flexible Elastomeric:  1 inch (25 mm) thick. 

E. Refrigerant Liquid Lines below 60 Deg F 
1. All Pipe Sizes:  Insulation shall be the following: 

a. Flexible Elastomeric:  1/2 inch thick 

3.12 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE 

A. Chilled Water and Brine: 
1. All Pipe Sizes:  Insulation shall be the following: 

a. Cellular Glass:  3 inches (75 mm) thick. 

B. Refrigerant Suction and Hot-Gas Piping: 
1. All Pipe Sizes:  Insulation shall be the following: 

a. Flexible Elastomeric:  2 inches (50 mm) thick. 

C. Refrigerant Suction and Hot-Gas Flexible Tubing: 
1. All Pipe Sizes:  Insulation shall be the following: 

a. Flexible Elastomeric:  2 inches (50 mm) thick. 

3.13 INDOOR, FIELD-APPLIED JACKET SCHEDULE 

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

B. If more than one material is listed, selection from materials listed is Contractor's option. 

C. Piping, Concealed: 
1. None. 

D. Piping, Exposed:  
1. PVC:  20 mils (0.5 mm) thick. All above 7’ AFF 
2. Aluminum Jacketing:  All piping 7’AFF and below plus in all mechanical and 

equipment rooms. 

3.14 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE 

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

B. If more than one material is listed, selection from materials listed is Contractor's option. 

C. Piping, Concealed: 
1. None. 
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D. Piping, Exposed: 
1. Aluminum, Corrugated with Z-Shaped Locking Seam:  0.020 inch (0.51 mm) 

thick. 

END OF SECTION 230719 
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SECTION 23 09 00 
INSTRUMENTATION AND CONTROL FOR HVAC 

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 open protocol DDC control equipment for HVAC systems and 
components, including control components for terminal heating and cooling units not 
supplied with factory-wired controls, lighting in new and existing facilities, generators, 
freezer, coolers and make-up water meter. 

1.3 DEFINITIONS 

A. DDC:  Direct digital control. 

B. I/O:  Input/output. 

C. BACnet: ASHRAE Standard 135/2004 open protocol standards 

D. MS/TP:  Master slave/token passing. BACnet standard for 485 communications 

E. PC:  Personal computer. 

F. PID:  Proportional plus integral plus derivative. 

G. LonWorks:  A control network technology platform for designing and implementing 
interoperable control devices and networks. 

1.4 SYSTEM PERFORMANCE 

A. Comply with the following performance requirements: 
1. Graphic Display:  Display graphic with minimum 20 dynamic points with current 

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

data within 8 seconds. 
3. Object Command:  Reaction time of less than two seconds between operator 

command of a binary object and device reaction. 
4. Object Scan:  Transmit change of state and change of analog values to control 

units or workstation within six seconds. 
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5. Alarm Response Time:  Annunciate alarm at workstation within 45 seconds.  
Multiple workstations must receive alarms within five seconds of each other. 

6. Program Execution Frequency:  Run capability of applications as often as five 
seconds, but selected consistent with mechanical process under control. 

7. Performance:  Programmable controllers shall execute DDC PID control loops, 
and scan and update process values and outputs at least once per second. 

8. Reporting Accuracy and Stability of Control:  Report values and maintain 
measured variables within tolerances as follows: 
a. Water Temperature:  Plus or minus 1 deg F (0.5 deg C). 
b. Water Flow:  Plus or minus 5 percent of full scale. 
c. Water Pressure:  Plus or minus 2 percent of full scale. 
d. Space Temperature:  Plus or minus 0.35 deg F (0.5 deg C). 
e. Ducted Air Temperature:  Plus or minus 0.35 deg F (0.5 deg C). 
f. Outside Air Temperature:  Plus or minus 0.35 deg F (1.0 deg C). 
g. Dew Point Temperature:  Plus or minus 0.35 deg F (1.5 deg C). 
h. Temperature Differential:  Plus or minus 0.25 deg F (0.15 deg C). 
i. Relative Humidity:  Plus or minus 2 percent. 
j. Airflow (Measuring Stations):  Plus or minus 5 percent of full scale. 
k. Airflow (Terminal):  Plus or minus 10 percent of full scale. 
l. Air Pressure (Ducts):  Plus or minus 0.1-inch wg (25 Pa). 
m. Carbon Dioxide:  Plus or minus 50 ppm. 
n. Electrical:  Plus or minus 5 percent of reading. 

1.5 SUBMITTALS 

A. Product Data:  Include manufacturer's technical literature for each control device.  
Indicate dimensions, capacities, performance characteristics, electrical characteristics, 
finishes for materials, and installation and startup instructions for each type of product 
indicated. 
1. DDC System Hardware:  Bill of materials of equipment indicating quantity, 

manufacturer, and model number.  Include technical data for operator 
workstation equipment, interface equipment, control units, 
transducers/transmitters, sensors, actuators, valves, relays/switches, control 
panels, and operator interface equipment. 

2. Control System Software:  Include technical data for operating system software, 
operator interface, color graphics, and other third-party applications. 

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

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. Bill of materials of equipment indicating quantity, manufacturer, and model 

number. 
2. Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and 

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

a. Wiring diagrams for control units with termination numbers. 
b. Schematic diagrams and floor plans for field sensors and control hardware. 
c. Schematic diagrams for control, communication, and power wiring, 

showing trunk data conductors and wiring between operator workstation 
and control unit locations. 

9. Control System Software:  List of color graphics indicating monitored systems, 
data (connected and calculated) point addresses, output schedule, and operator 
notations. 

10. Controlled Systems: 
a. Schematic diagrams of each controlled system with control points labeled 

and control elements graphically shown, with wiring. 
b. Scaled drawings showing mounting, routing, and wiring of elements 

including bases and special construction. 
c. Written description of sequence of operation including schematic diagram. 
d. Points list. 

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

D. Software and Firmware Operational Documentation:  Include the following: 
1. Software operating and upgrade manuals. 
2. Program Software Backup:  On a magnetic media or compact disc, complete with 

data files. 
3. Device address list. 
4. Printout of software application and graphic screens. 
5. Software license required by and installed for DDC workstations and control 

systems. 

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

F. Operation and Maintenance Data:  For HVAC instrumentation and control system 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. Maintenance instructions and lists of spare parts for each type of control device 

and compressed-air station. 
2. Interconnection wiring diagrams with identified and numbered system 

components and devices. 
3. Keyboard illustrations and step-by-step procedures indexed for each operator 

function. 
4. Inspection period, cleaning methods, cleaning materials recommended, and 

calibration tolerances. 
5. Calibration records and list of set points. 

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

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

C. Comply with ASHRAE 135 (BACnet) for DDC system components. 

1.7 DELIVERY, STORAGE, AND HANDLING 

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

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

1.8 COORDINATION 

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

B. Coordinate equipment with Division 26 Section "Lighting Controls" to achieve 
compatibility with equipment that interfaces with that system. 

C. Coordinate equipment with Division 28 Section "Fire Detection and Alarm" to achieve 
compatibility with equipment that interfaces with that system. 

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

E. Coordinate equipment with Division 26 Section "Motor-Control Centers" to achieve 
compatibility with motor starters and annunciation devices. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements 
apply to product selection: 
1. Manufacturers:  Subject to compliance with requirements, provide products by 

one of the manufacturers specified. 

2.2 CONTROL SYSTEM 

A. Manufacturers: 
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1. Alerton Inc. (CSSI) 
2. JCI Metasys 
3. Trane 
4. MC2 (Schneider Electric) 

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

2.3 DDC EQUIPMENT 

A. Control Units:  Modular, comprising processor board with programmable, nonvolatile, 
random-access memory; local operator access and display panel; integral interface 
equipment; and backup power source. 
1. Units monitor or control each I/O point; process information; execute commands 

from other control units, devices, and operator stations; and download from or 
upload to operator workstation. 

2. Stand-alone mode control functions operate regardless of network status.  
Functions include the following: 
a. Global communications. 
b. Discrete/digital, analog, and pulse I/O. 
c. Monitoring, controlling, or addressing data points. 
d. Software applications, scheduling, and alarm processing. 
e. Testing and developing control algorithms without disrupting field hardware 

and controlled environment. 
3. Standard Application Programs: 

a. Electric Control Programs:  Demand limiting, duty cycling, automatic time 
scheduling, start/stop time optimization, night setback/setup, on-off control 
with differential sequencing, staggered start, antishort cycling, PID control, 
DDC with fine tuning, and trend logging. 

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

c. Chiller Control Programs:  Control function of condenser-water reset, 
chilled-water reset, and equipment sequencing. 

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

e. Remote communications. 
f. Maintenance management. 
g. Units of Measure:  Inch-pound. 

4. Local operator interface provides for download from or upload to operator 
workstation or diagnostic terminal unit. 

5. ASHRAE 135 – BACnet Compliance:  Control units shall use ASHRAE 135 
protocol and communicate using ISO 8802-3 (Ethernet) datalink/physical layer 
protocol. 
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6. LonWorks Compliance:  Control units shall use LonTalk protocol and 
communicate using EIA/CEA 709.1 datalink/physical layer protocol. 

B. Local Control Units:  Modular, comprising processor board with electronically 
programmable, nonvolatile, read-only memory; and backup power source. 
1. Units monitor or control each I/O point, process information, and download from 

or upload to operator workstation or diagnostic terminal unit. 
2. Stand-alone mode control functions operate regardless of network status.  

Functions include the following: 
a. Global communications. 
b. Discrete/digital, analog, and pulse I/O. 
c. Monitoring, controlling, or addressing data points. 

3. Local operator interface provides for download from or upload to operator 
workstation or diagnostic terminal unit. 

4. ASHRAE 135 – BACnet Compliance:  Control units shall use ASHRAE 135 
protocol and communicate using ISO 8802-3 (Ethernet) datalink/physical layer 
protocol. 

5. LonWorks Compliance:  Control units shall use LonTalk protocol and 
communicate using EIA/CEA 709.1 datalink/physical layer protocol. 

C. I/O Interface:  Hardwired inputs and outputs may tie into system through controllers.  
Protect points so that shorting will cause no damage to controllers. 
1. Binary Inputs:  Allow monitoring of on-off signals without external power. 
2. Pulse Accumulation Inputs:  Accept up to 10 pulses per second. 
3. Analog Inputs:  Allow monitoring of low-voltage (0- to 10-V dc), current (4 to 20 

mA), or resistance signals. 
4. Binary Outputs:  Provide on-off or pulsed low-voltage signal, selectable for 

normally open or normally closed operation with three-position (on-off-auto) 
override switches and status lights. 

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

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

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

D. Power Supplies:  Transformers with Class 2 current-limiting type or overcurrent 
protection; limit connected loads to 80 percent of rated capacity.  DC power supply 
shall match output current and voltage requirements and be full-wave rectifier type with 
the following: 
1. Output ripple of 5.0 mV maximum peak to peak. 
2. Combined 1 percent line and load regulation with 100-mic.sec. response time for 

50 percent load changes. 
3. Built-in overvoltage and overcurrent protection and be able to withstand 150 

percent overload for at least 3 seconds without failure. 

E. Power Line Filtering:  Internal or external transient voltage and surge suppression for 
workstations or controllers with the following: 
1. Minimum dielectric strength of 1000 V. 
2. Maximum response time of 10 nanoseconds. 
3. Minimum transverse-mode noise attenuation of 65 dB. 
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4. Minimum common-mode noise attenuation of 150 dB at 40 to 100 Hz. 

2.4 SYSTEM SOFTWARE 

A. General: 
1. Contractor shall provide all software required for efficient operation of all 

functions required by this specification. Software shall be modular in design for 
flexibility in expansion or revision of the system. Software shall, as a minimum, 
include: 
a. Complete database entry. 
b. Configuration of all application programs to provide the sequence of 

operation indicated. 
c. Complete graphics package, including graphics floor plans and individual 

graphics, for each system. 
d. Alarm limits and alarm messages for all critical and non-critical alarms. 
e. Configuration of all reports and point summaries indicated. 

2. System software shall be complete such that each control loop shall function as 
specified in the Sequence of Operation.  

3. Building control system manufacturer shall be required to write the software 
program and test the operation of every control loop. A letter certifying that the 
system is ready for inspection shall be submitted to the engineer prior to the 
controllers being shipped to the field. The Engineer may at his option visit the 
contractor's office and witness proper operation of each control loop prior to 
shipping from the contractor's point of fabrication. The control contractor shall 
provide a means of simulating every input to the system as a requirement for 
debugging the software. Prior to shipping of the microprocessor controller, the 
debugged software shall be transmitted to the owner for approval. 

4. After all field connections have been made and control power is available in the 
control panel, the owner shall be notified and the control system shall be 
energized. Any required reloading of the software shall be performed and start-
up of the mechanical system and building control system shall commence.  

5. Building control contractor shall be responsible for all necessary revisions to the 
software as required to provide a complete and workable system consistent with 
the letter and intent of the specification. All control performance criteria are 
specified in the Sequence of Operations section of the specification. 

6. After the system has operated properly for 90 days following start-up of the final 
component of the heating and air conditioning systems, an as-built copy of the 
software shall be transmitted to the owner for permanent record purposes. Any 
software upgrading or enhancements to improve the system operation or as 
required for proper operation of the system during the first year of operation is 
the responsibility of the building control system contractor. Any changes to the 
software shall be immediately transmitted to the Owner. 

7. The Building Network Controller shall incorporate the GUI (Graphical User 
Interface) via a standard web browser. Use of hardware keys or special licenses 
requirements to access the system with a browser is unacceptable. The Building 
controller will serve up the web pages on a standalone per building application 
for the intent that if the WAN is not working, an operator can access the system 
on site via the  building internal network using an IP. A server computer will be 
located at the energy management office to supervise the remote panels and 
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alarm if the communication is lost as well as any control function alarm. This 
server computer will also be the area of trending archives.  

8. Software required to provide the initial operation routines shall not consume more 
than 70% of the programmable capability of the controller. 

9. Software shall be provided in these five categories: 
a. System executive software. 
b. Software for user control over system configuration at the Central Site 

location, and by Maintenance Personnel in the field. 
c. Facility monitoring functions.  
d. Direct digital control.  
e. Application software. 

10. Each category of software shall consist of interactive software modules. Each 
module shall have an associated priority level and shall execute as determined 
by the program controller as defined in the real time operating system. 

11. Building operator shall be able to communicate and direct all control functions 
through the use of a 2-button "mouse" operator interface to monitor and control 
all functions and sequences within the system. 

12. Central site shall allow receipt of alarms and messages while in a functional 
mode other than energy management. I.e. incoming alarms shall be displayed 
while the operator is in a word processing, spreadsheet or other operating mode. 
The system must automatically switch from a non- energy management mode, 
respond to an alarm, and return to the exact position left in the previous 
functional mode.  

13. Central site must be able to generate standard ASCII file formats to allow use 
with third-party software (Microsoft Excel) to generate and store owner-
designed reports.  

B.  Systems Software:  
1. Central site shall display graphically, in up to 64 different colors, the following 

system information:  
a. Floor plan maps shall show heating and cooling zones throughout the 

buildings in a range of colors which provide a visual display of temperature 
relative to their respective setpoints. The colors shall be updated 
dynamically as zones' comfort condition change. Locations of space 
sensors shall also be shown for each zone. Setpoint adjustment and color 
band displays shall be provided as specified.  

b. Lighting floor plan maps shall show the status of each individual lighting 
circuit. When the lights are "on", the area served shall respond in a pre-
selected color. When the lights are "off", the area served shall appear gray.  

c. Mechanical system graphics shall show the type of mechanical system 
components serving any zone through the use of a pictorial representation 
of components. It shall also provide a current status of all I/O points being 
controlled and applicable to each piece of equipment including analog 
readouts in appropriate engineering units at appropriate locations on the 
graphic representation.  

d. The following information shall be selected from a "pop- up" menu available 
on various graphics:  
1) Alarms. 
2) Messages. 
3) Module Status. 
4) Programming Parameters. 
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5) Quit. 
6) Schedules. 
7) Schedule Graphs. 
8) Schedule Groups. 
9) Setpoints. 
10) Trends. 
11) Utilities. 

e. Programming, scheduling and set-point changes shall be accessible for 
modification on each menu for the associated equipment. Operator shall be 
able to automatically download changes from the central site to the 
appropriate program for the equipment being controlled. Operator shall be 
able to upload information from the field modules to the central site. 

2. Input Format: 
a.  Allowable operators, as defined under user access, shall be able to control 

system functions by their inputs at an appropriate user terminal. Primary 
operator interface shall be via two button mouse. 

3. Verification of Operator Input: 
a. System shall acknowledge all inputs as functions or commands to be 

performed. System's handling of operator inputs, such as requests to start 
a motor, output a log, change a time program, acknowledge an alarm, or 
do any of the other commands described in this specification, shall be in a 
similar format.  

4. Operator Commands:  
a. All operator commands shall be in graphics data base and menu driven. 

After the operator selects the desired object item or menu, the system shall 
display either the status of selected object item or the allowable options 
available. Upon entry of a command to the point or points desired as 
described above, the system shall, before performing any command 
requested and any entered data. System shall include error monitoring 
software for user's input error.  

5. Output Format:  
a. The system shall operate on a System Format basis, regardless of the 

manner or hardware configuration in which the data is acquired. A "system" 
shall consist of a logical grouping of data points, related to a piece of 
mechanical equipment, an energy distribution system, or an architectural 
area. For example, in some cases, it may be desired to display, as a single 
system, a space temperature with its associated air handling unit, and in 
other cases to display all space temperatures on a floor or in a building. 
The DDC shall allow such determinations to be made without regard to the 
physical hardware locations of a point or group of points. Likewise, the 
system shall accommodate future changes of system grouping and 
operations without field hardware changes.  

b. All displays and logs shall contain a header line indicating date, day-of-
week, and time.  

c. All output displays or logs of a point or group of points shall contain, as a 
minimum, the following information:  
1) Graphic presentation of the System.  
2) User name of point.  
3) Point descriptor.  
4) Current value/status.  
5) Associated engineering units.  
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6) Alarm description.   
d. User names, point descriptors, and engineering units shall be operator 

definable on a per point basis.  
6. Set points:  

a. System shall utilize a contiguous band of colors each corresponding to 
actual zone temperatures relative to the desired heating and cooling 
setpoints. The ideal temperature shall be shown as a green color band. 
This color band corresponds to the dead band between the onset of 
mechanical heating or cooling. Temperatures warmer than ideal shall be 
shown in orange.  

b. Temperatures cooler than ideal shall be blue. All alarm colors shall be in 
red.  

c. System shall be capable of utilizing the mouse operator interface device to 
change individual zone temperature setpoints. The change shall be 
accomplished by pointing to a graphic temperature bar and by depressing 
a button, moving the mouse cursor to an increased or decreased 
temperature set-point within that zone. System shall also be capable of 
utilizing the mouse interface device or a conventional keyboard to change a 
numeric temperature set-point value instead of utilizing the graphic 
temperature bar. Floor plan graphic shall then be able to change colors on 
a zone by zone basis to reflect the actual temperature in each zone relative 
to the changed desired heating or cooling set-point.  

d. System shall be capable of globally changing all setpoints. The global 
change capability shall be accessed via a "pop up menu" called by 
depressing a button on the mouse.  

7. Graphic Structure and Hardware:  
a. The intent of the graphics is to ensure the operator is always 

aware of his position within the system as well as how to logically 
progress through the graphical hierarchy to select any desired 
graphic or other source of information. The GUI will be served as 
a web page and access from any computer without any special 
software or hardware keys. The building network controller will 
hold the graphics for standalone operation. A computer on site will 
not be acceptable to serve the graphics. The sever computer will 
have the ability to access the system for engineering from the 
owner, alarming archives and alarms, remote monitoring of the 
health of the communications to the field devices and to archive 
the trend collection data from the building controllers. The web 
pages will follow a minimum Graphical layout shall be as follows: 
(1) Main greeting page will have links for all building monitored 

for quick access. 
(2) Once a building is selected a picture of the building will be 

displayed along with a menu of all systems controlled from 
this section. There will also be links for the floor plans.  

(3) Once the floor plan has been chosen, the selected graphic 
page will display the architectural floor plan. This plan will 
have temperature readings and Setpoints of all VAV’s with-
in this floor. There will also be links or button depicting the 
location and equipment number that is serving that area. 
This link will hyperlink into the graphic of the AHU. The 
temperatrre and setpoint reading will hyperlink to the se-
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lected VAV grahic for further review. If the floor has too 
many VAV data readings to display for an easy reading the 
floor plan may be broken into sections so that the view is 
easily readable.  

(4) Graphical VAV – The VAV box will be a graphical repre-
sentation of a VAV box. The data shown on the box will be 
as follows: 

i. Box Flow 
ii. Box Flow Trend hyperlink 
iii. Box Flow Setpoint 
iv. Box Flow Trend hyperlink 
v. Box Flow Min Setpoint 
vi. Box Flow Max Setpoint 
vii. Box Flow Reheat Min Setpoint (if applicable) 
viii. Reheat Stage Commands (if applicable) 
ix. Supply Air Temperature (with reheat) 
x. Room Setpoint 
xi. Room Setpoint Trend hyperlink 
xii. Room Temperature 
xiii. Room Temperature Trend hyperlink 
xiv. Room Humidity (If applicable) 
xv. Room Humidity Trend hyperlink 
xvi. Room Humidity Setpoint (if applicable) 
xvii. Room Humidiy Setpoint Trend hyperlink 
xviii. All points above to show a different status color if 

overridden 
(5) Graphical AHU – The AHU will be a graphical representa-

tion of the physical air handling unit specified. The data will 
be located on the AHU as physically located on the unit. 
The data on the AHU will be as follows: 

i. Schedule for Unit hyperlink – link to the scheduling 
editor 

ii. Schedule for Ventalation hyperlink – link to the 
scheduling editor.  

iii. Occupied/Unoccupied status for each schedule 
iv. Fan command 
v. Fan status 
vi. Fan speed 
vii. Fan VFD alarm 
viii. Temperature sensors as specified in the control 

sequence of operation and trending points 
ix. All setpoints as specified in the sequence of opera-

tion 
1. Example – VAV AHU will have a supply air 

temperature and setpoint 
x. Supply air static and trend hyperlink 
xi. Supply air static Setpoint and trend hyperlink 
xii. Return air damper position 
xiii. Outside air damper position 
xiv. Outside air flow and trend hyperlink 
xv. Outside air flow setpoint and trend hyperlink 

Bid 12467-113City of Fort Lauderdale

5/27/2021 10:03 AM p. 403

CAM 21-0549 
Exhibit 1C 

Page 53 of 150



xvi. Outside air heater command 
xvii. Outside air heater setpoint 
xviii. Any misc points needed from a sequence of opera-

tion 
xix. All points above to show a different status color if 

overridden 
(6) Grapical Chiller plant – The plant will be a graphical repre-

sentation of the physical chiller plant as specified and in-
stalled. The data will be located on the graphical screen as 
physically installed in the plant.  

i. All Chiller interface data 
ii. Enable/Disable of Chillers and isolation valves 
iii. Primary pump command and status 
iv. Secondary Pump command, status, speed, and 

general alarm from the VFD. 
v. Flow meters  
vi. Temperature sensors 

(7) Misc. Points and graphical screens 
b. Graphical representation of text on these screens – The text 

blocks will have an opposing color for easier reading 
c. Graphical representation of the trends – each point to be trended 

will have a icon next to the point being trended. This icon will hy-
perlink to the trending chart builder for the individual trend screen. 
A trend icon on the main building screen will be a trend chart 
builder. This trend builder will allow to select multiple trends from a 
list, pick whether recent trending data or archived (in the server), 
date range, etc. Then after selection the trend chart builder will 
compile the data and build the trend for viewing or exporting to a 
spread sheet. This all happens with a standard web browser.  

d. A text block for an overridable point shall be highlighted when a 
mouse is scrolled over an object. When the text block and or pint 
is overridden the graphical point will turn to a different color. This 
allows for easy viewing of which points are overridden on a graph-
ic screen.  

1)   
8. User Access Restriction. Operator sign-on shall require an assignable password. 

Passwords shall have six (6) levels of system access or user defined:  
a. Level 1 - Trainee: The level shall allow readout of data only. System shall 

display all operation data base.  
b. Level 2 - Maintenance 1: This level shall allow all of Level 1 functions plus 

the changing of all schedules.  
c. Level 3 - Maintenance 2: This level shall allow performance of Level 2 

functions plus the changing of all set points.  
d. Level 4 - Supervisor: This level shall allow performance of Level 3 functions 

plus the changing of all system parameters.  
e. Level 5 - System Programmer: This level shall allow performance of Level 

4 functions plus the modifying the system configuration.  
f. Level 6 - System Manager: This level shall allow performance of Level 5 

functions plus the changing of passwords.  
9. Power Failure/Automatic Restart:  
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a. Power failures shall cause the system to go into an orderly shutdown with 
no loss of program memory.  

b. Upon resumption of power, the system shall automatically restart and 
printout the time and date of the power failure and restoration at the Central 
Site.  “Restart” program shall automatically restart affected field equipment. 
Operator shall be able to define an automatic power up time delay for each 
piece of equipment under control.  

c. User Control Over System Configuration:  
1) Database Creation and Modification. All changes shall be done 

utilizing standard procedures and be capable of being done while the 
system is on-line and operational. The system shall allow changes to 
be made through the portable operator terminal and form the central 
site. To aid the user, instructive prompting software shall be provided.  

2) System shall permit the operator, with proper password, to perform 
as a minimum the following:  
a) Add and delete points.  
b) Modify point parameters.  
c) Create and modify control sequences. 
d) Reconfigure application programs. 
e) Add and/or modify graphics. 

3) All data points within the database shall be completely accessible as 
independent or dependent variables for custom programming, 
calculation, interlocking, or manipulation.  

4) Graphics Software:  
a) Graphics software shall permit the easy construction of 

infinitely variable shapes and sizes through the use of the 
mouse pointing device.  

b) A selection of 64 colors and various fill textures, line types and 
text styles shall all be accessible through the use of the mouse 
interface. The software shall resemble many of the computer 
aided design programs currently available and allow graphics 
to be easily moved, edited, added or deleted.  

c) Graphics software shall be fully implemented and operational to 
accomplish the following:  

d) 1.Create a new graphic picture.  
e) 2.Modify a portion of a graphic picture.  
f) 3.Delete a graphic picture, or any portion thereof.  
g) 4. Call up a graphic picture.  
h) 5.Cancel the display of a graphic picture. 
i) 6.Assign conditions which automatically initiate the display.  
j) 7.Overlay alphanumeric and graphics.  
k) 8. Save the graphic picture.  
l) 9.Display latest process data fully integrated with the graphic 

display  
m)   

d. Facility Management Functions:  
1) Trend Logging:  

a) System shall be able to trend and display either numerically or 
graphically any analog or digital points in the system.  

b) System shall be able to simultaneously graphically display any 
two trended points within a module function block or any point 
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in the module versus the outside air temperature, enthalpy or 
relative humidity.  

c) Each field module shall be capable of storing the most recent 
60 samples for each single trend point or the most recent 30 
samples for each of two trended points from one module 
function block.  

d) Each module shall be capable of automatically uploading on a 
daily basis all accumulated trend data to the central site for 
permanent storage on hard disk.  

2) Run Time:  
a) System shall provide run time information for all digital output 

and input points on command from the operator. Maximum run 
time limits shall be operator definable and shall be capable of 
automatically issuing a visual when the run time maximum is 
exceeded.  Operator shall be able to reset the run time 
accumulator.  

b) Run time hours and start time date shall be retained in non-
volatile module memory.  

c) Each module shall be capable of automatically uploading all 
accumulated data to the central site for permanent storage on 
hard disk.  

3)  Alarm Conditions and Maintenance Messages:  
a) Central site shall allow receipt of alarms and messages while in 

a functional mode other than energy management. i.e., 
Incoming alarms shall be displayed and generate an audible 
alarm while the operator is utilizing another mode such as word 
processing and allow the operator to automatically return to 
word processing after the alarm is received.  

b) System shall distinguish between alarms and messages with 
alarms having a higher priority.  

c) System shall be capable of calling up to three different remote 
locations to deliver an alarm or message through E-Mail, E-
Page or alphanumeric page. Operator shall determine if 
alarms or messages are to be based on temperature limit, 
status or off-normal reporting.  

d) System shall be capable of printing maintenance messages 
when run time accumulation maximum limits are exceeded.  

e) Text for operator alarm and messages shall be operator 
definable. System shall be capable of storing at least 100 
messages each of any length. Generic messages used for 
multiple points throughout the system shall only count as one 
message. In the event the central site is powered down, alarms 
shall be stored in the modules until the central site is restored.  

f) Central site shall be capable of transferring all alarms to hard 
disk for storage.  

4) Reports and Archiving:  
a) Field modules shall be capable of calling the central site during 

off peak phone rate hours to automatically upload all current 
and accumulated data. This shall be delivered to the central 
site for printing and/or permanent storage on hard disk. The 
system shall further be capable of transferring hard disk 
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information onto a CD or USB external drive for remote site 
storage.  

b) System shall be capable of reporting and archiving the 
following information as a minimum:  

5) 1.Outside air temperature history and degree day history. 
6) 2. Electric demand and usage history. 
7) 3. All trended points. 
8) 4.Active six-month rolling trends, not requiring activation by OWNER 

O&M. 
9) 5. All alarms and messages. 
10) 6. Equipment runtime information. 

a) The system shall also provide the following additional reports 
for which archiving is not applicable: 

b) 1. All points summary. 
c) 2.Building operating schedules. 
d) 3.Printout of any graphic screen. 
e) System shall be capable of providing all points summaries on a 

hierarchical basis. e.g., only the points associated with a 
particular graphic shall be selectable and printed. For example, 
if the operator is viewing an air handling unit (AHU), he may 
request an all points summary at this level and receive only the 
points associated with the AHU. If the building is being viewed 
and an all points summary selected, all building points will be 
listed. Similarly, the system shall print building operating 
schedules pertinent to the graphic level being viewed. e.g., if a 
zone or tenant zone group is being viewed on the graphic 
display, then the system shall be capable of printing the 
building operating schedules for the zone or tenant zone group. 
If the entire building graphic is being viewed, the system shall 
be capable of printing schedules at the building level. All 
systems reports shall be capable to being viewed at the 
operators’ terminal and printed at the operator's discretion.  

e. Direct Digital Control Software:  
1) System shall continuously perform DDC functions at the local DDC 

controller in a stand-alone mode. The operator shall be able to 
design and modify the control loops to meet the requirements of the 
system being operated. Operators shall use system provided 
displays for tuning of PID loops. These displays shall include the past 
three input variable values, the set point for the loop as well as the 
sample interval and the results of the proportional, integral and 
derivative effects of the final output.  

2) Each Controller shall perform the following functions:  
a) Identify and report alarm conditions.  
b) Execute DDC algorithms.  
c) Execute all application programs indicated on the I/O Summary 

table.  
d) Trend and store data.  

3) In the event of a Controller failure, all points under its control shall be 
commanded to the failure mode.  

4) All DDC software shall reside in the respective DDC Controller.  
f. Application Software:  
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1) Application software shall be as required to produce the sequence of 
operation specified. 

2.5 ELECTRONIC SENSORS 

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

B. Temperature Sensors: 10K resistor style. 
1. Accuracy:  Plus or minus 0.35 deg F (0.2 deg C) at calibration point. 
2. Wire:  Twisted, shielded-pair cable. 
3. Insertion Elements in Ducts:  Single point, 8 inches (200 mm) long; use where 

not affected by temperature stratification or where ducts are smaller than 9 sq. ft. 
(0.84 sq. m). 

4. Averaging Elements in Ducts:  36 inches (915 mm) long, flexible; use where 
prone to temperature stratification or where ducts are larger than 10 sq. ft. (1 
sq. m). 

5. Insertion Elements for Liquids:  Brass or stainless-steel socket with minimum 
insertion length of 2-1/2 inches (64 mm). 

6. Room Sensor Cover Construction:  Manufacturer's standard covers. 
a. Set-Point Adjustment:  Exposed but disable. 
b. Set-Point Indication:  Exposed. 
c. Thermometer:  Digital temperature display. 
d. Color:  Beige 
e. Orientation:  Vertical. 
f. Occupancy Override:  Exposed only for office and classrooms. 

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

C. Humidity Sensors:  Bulk polymer sensor element. 
1. Accuracy:  2 percent full range with linear output. 
2. Room Sensor Range:  0 to 100 percent relative humidity. 
3. Room Sensor Cover Construction:  Manufacturer's standard covers. 

a. Set-Point Adjustment:  Concealed. 
b. Set-Point Indication:  Exposed. 
c. Humidity: Digital humidity display 
d. Color: Beige. 
e. Orientation:  Vertical. 

4. Calibration:  Single point. 

D. Pressure Transmitters/Transducers: 
1. Static-Pressure Transmitter:  Nondirectional sensor with suitable range for 

expected input, and temperature compensated. 
a. Accuracy:  2 percent of full scale with repeatability of 0.5 percent. 
b. Output:  4 to 20 mA. 
c. Building Static-Pressure Range:  0- to 0.25-inch wg (0 to 62 Pa). 
d. Duct Static-Pressure Range:  0- to 5-inch wg (0 to 1240 Pa). 

2. Water Pressure Transducers:  Stainless-steel diaphragm construction, suitable 
for service; minimum 150-psig (1034-kPa) operating pressure; linear output 4 to 
20 mA. 
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3. Water Differential-Pressure Transducers:  Stainless-steel diaphragm 
construction, suitable for service; minimum 150-psig (1034-kPa) operating 
pressure and tested to 300-psig (2070-kPa); linear output 4 to 20 mA. 

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

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

E. Room sensor accessories include the following: 
1. Guards:  Metal wire, tamperproof for sensors located in gymnasiums, locker 

room, corridors, cafeteria, media center and multipurpose rooms. 

2.6 STATUS SENSORS 

A. Status Inputs for Fans:  Differential-pressure switch with pilot-duty rating and with 
adjustable range of 0- to 5-inch wg (0 to 1240 Pa). 

B. Status Inputs for Pumps:  Differential-pressure switch with pilot-duty rating and with 
adjustable pressure-differential range of 8 to 60 psig (55 to 414 kPa), piped across 
pump. 

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

D. Electronic Valve/Damper Position Indicator:  Visual scale indicating percent of travel 
and 2- to 10-V dc, feedback signal. 

E. Water-Flow Switches:  Bellows-actuated mercury or snap-acting type with pilot-duty 
rating, stainless-steel or bronze paddle, with appropriate range and differential 
adjustment, in NEMA 250, Type 1 enclosure. 

2.7 GAS DETECTION EQUIPMENT 

A. Carbon Dioxide Sensor and Transmitter:  Single detectors using solid-state infrared 
sensors; suitable over a temperature range of 23 to 130 deg F (minus 5 to plus 55 
deg C) and calibrated for 0 to 2 percent, with continuous or averaged reading, 4- to 20-
mA output;, for wall mounting. 

2.8 FLOW MEASURING STATIONS 

A. Duct Airflow Station:  Thermal Dispersion Technology. 
1. Manufacturers: 

a. Ebtron. 
b. Tekair. 

2. Each measuring device shall consist of one or more multi-point measuring 
probes and single microprocessor-base transmitter.  Each transmitter shall have 
an LCD display capable of displaying airflow and temperature.  Airflow shall be 
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field configurable to display as a velocity or volumetric rate.  Each transmitter 
shall operate at 24V. 

3. Each sensing point shall independently determine the airflow rate and 
temperature, which shall be equally weighted and average by the transmitter 
prior to the output.  Devices, which average multiple non-linear sensing points 
signals, are not acceptable.  Pitot tubes arrays are not acceptable. 

4. The operation air flow range shall be 0 – 5,000 FPM. 
5. The operation temperature range for the measuring probes shall be -20°F to 

160°F. 
6. Accuracy:  Each independent airflow sensor shall have a laboratory accuracy of 

±2% and each independent temperature sensor shall have a laboratory accuracy 
of ±0.15°F. 

7. The transmitter shall be capable of communicating with the host controls using 
the following interface options: 
a. Linear analog output signal:  Field selectable, fuse protected and isolated, 

0-10VDC and 4-20mA (4-wire). 
b. LonWorks Free Topology. 

B. Pipe Flow Metter:  Electromagnetic Flow Meter. 
1. Manufacturer: 

a. Onicon. 
2. Accuracy: ±1.0% of reading at calibration velocity. 
3. Sensing Method:  Electromagnetic sensing (no moving parts). 
4. Pipe Size Range:  3” through 72”. 
5. Supply Voltage:  24 V AC/DC at 250 mA. 
6. Liquid Temperature Range:  15°F  to 250°F peak. 
7. Operating Pressure: 400 psi. 

2.9 ENERGY METER 

A. BTU Meter. 
1. Manufacturer: 

a. Onicon 
2. Accuracy:  Differential temperature accuracy ±0.15°F. 
3. Memory:  Non-volatile EEPROM memory retains all parameters and totalized 

values in the event of power loss. 
4. Flow meter:  Flow meter by Onicon.  Flow meter shall met the requirements of 

section 2.7.C on these specifications. 
5. Temperature sensors:  Solid state sensors. 
6. Temperature Range:  32°F to 200°F. 
7. Display:  Alpanumeric LCD display total energy, total flow, energy rate, flow rate, 

supply temperature and return temperature. 
8. Output Signal:  LonWorks or BACnet.   

2.10 THERMOSTATS 

A. Line-Voltage, On-Off Thermostats:  Bimetal-actuated, open contact or bellows-
actuated, enclosed, snap-switch or equivalent solid-state type, with heat anticipator; 
listed for electrical rating of 125% of service equipment; with exposed set-point 
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adjustment, 55 to 85 deg F (13 to 30 deg C) set-point range, and 2 deg F (1 deg C) 
maximum differential. 

2.11 ACTUATORS 

A. Electric Motors:  Size to operate with sufficient reserve power to provide smooth 
modulating action or two-position action. 
1. Comply with requirements in Division 23 Section "Common Motor Requirements 

for HVAC Equipment." 
2. Permanent Split-Capacitor or Shaded-Pole Type:  Gear trains completely oil 

immersed and sealed.  Equip spring-return motors with integral spiral-spring 
mechanism in housings designed for easy removal for service or adjustment of 
limit switches, auxiliary switches, or feedback potentiometer. 

3. Nonspring-Return Motors for Valves Larger Than NPS 2-1/2 (DN 65):  Size for 
running torque of 150 in. x lbf (16.9 N x m) and breakaway torque of 300 in. x lbf 
(33.9 N x m). 

4. Spring-Return Motors for Valves Larger Than NPS 2-1/2 (DN 65):  Size for 
running and breakaway torque of 150 in. x lbf (16.9 N x m). 

5. Nonspring-Return Motors for Dampers Larger Than 25 Sq. Ft. (2.3 sq. m):  Size 
for running torque of 150 in. x lbf (16.9 N x m) and breakaway torque of 300 in. x 
lbf (33.9 N x m). 

6. Spring-Return Motors for Dampers Larger Than 25 Sq. Ft. (2.3 sq. m):  Size for 
running and breakaway torque of 150 in. x lbf (16.9 N x m). 

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

a. Belimo Aircontrols (USA), Inc. 
b. Schneider Electric Dura Drive 

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

3. Dampers:  Size for running torque calculated as follows: 
a. Parallel-Blade Damper with Edge Seals:  7 inch-lb/sq. ft. (86.8 kg-

cm/sq. m) of damper. 
b. Opposed-Blade Damper with Edge Seals:  5 inch-lb/sq. ft. (62 kg-cm/sq. m) 

of damper. 
c. Parallel-Blade Damper without Edge Seals:  4 inch-lb/sq. ft (49.6 kg-

cm/sq. m) of damper. 
d. Opposed-Blade Damper without Edge Seals:  3 inch-lb/sq. ft. (37.2 kg-

cm/sq. m) of damper. 
e. Dampers with 2- to 3-Inch wg (500 to 750 Pa) of Pressure Drop or Face 

Velocities of 1000 to 2500 fpm (5 to 13 m/s):  Increase running torque by 
1.5. 

f. Dampers with 3- to 4-Inch wg (750 to 1000 Pa) of Pressure Drop or Face 
Velocities of 2500 to 3000 fpm (13 to 15 m/s):  Increase running torque by 
2.0. 

4. Coupling:  V-bolt and V-shaped, toothed cradle. 
5. Overload Protection:  Electronic overload or digital rotation-sensing circuitry. 
6. Fail-Safe Operation:  Mechanical, spring-return mechanism.  Provide external, 

manual gear release on nonspring-return actuators. 
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7. Power Requirements (Two-Position Spring Return):  24-V ac. 
8. Power Requirements (Modulating):  Maximum 10 VA at 24-V ac or 8 W at 24-V 

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

feedback signal. 
10. Temperature Rating:  Minus 22 to plus 122 deg F (Minus 30 to plus 50 deg C). 
11. Temperature Rating (Smoke Dampers):  Minus 22 to plus 250 deg F (Minus 30 to 

plus 121 deg C). 
12. Run Time:  12 seconds open, 5 seconds closed. 

2.12 CONTROL VALVES 

A. Manufacturers: 
1. Belimo. 
2. Schneider Electric 

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

C. Butterfly Valves:  200-psig (1380-kPa), 150-psig (1034-kPa) maximum pressure 
differential, ASTM A 126 cast-iron or ASTM A 536 ductile-iron body and bonnet, 
extended neck, stainless-steel stem, field-replaceable EPDM or Buna N sleeve and 
stem seals. 
1. Body Style:  Wafer or Grooved. 
2. Disc Type:  Nickel-plated ductile iron. 
3. Sizing:  1-psig (7-kPa) maximum pressure drop at design flow rate. 

D. Terminal Unit Control Valves:  Bronze body, bronze trim, two or three ports as 
indicated, replaceable plugs and seats, and union and threaded ends. 
1. Rating:  Class 125 for service at 125 psig (860 kPa) and 250 deg F (121 deg C) 

operating conditions. 
2. Sizing:  3-psig (21-kPa) maximum pressure drop at design flow rate, to close 

against pump shutoff head. 
3. Flow Characteristics:  Two-way valves shall have equal percentage 

characteristics; three-way valves shall have linear characteristics. 

2.13 DAMPERS 

A. Dampers:  AMCA-rated, parallel-blade for return air damper and opposed blade for 
outside air and relief air design; 0.108-inch- (2.8-mm-) minimum thick, galvanized-steel 
or 0.125-inch- (3.2-mm-) minimum thick, extruded-aluminum frames with holes for duct 
mounting; damper blades shall not be less than 0.064-inch- (1.6-mm-) thick galvanized 
steel with maximum blade width of 8 inches (200 mm) and length of 48 inches (1220 
mm). 
1. Secure blades to 1/2-inch- (13-mm-) diameter, zinc-plated axles using zinc-

plated hardware, with oil-impregnated sintered bronze blade bearings, blade-
linkage hardware of zinc-plated steel and brass, ends sealed against spring-
stainless-steel blade bearings, and thrust bearings at each end of every blade. 
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2. Operating Temperature Range:  From minus 40 to plus 200 deg F (minus 40 to 
plus 93 deg C). 

3. Edge Seals, Standard Pressure Applications:  Closed-cell neoprene. 
4. Edge Seals, Low-Leakage Applications:  Use replaceable rubber blade seals and 

spring-loaded stainless-steel side seals, rated for leakage at less than 10 cfm per 
sq. ft. (50 L/s per sq. m) of damper area, at differential pressure of 4-inch wg 
(1000 Pa) when damper is held by torque of 50 in. x lbf (5.6 N x m); when tested 
according to AMCA 500D. 

2.14 CONTROL CABLE 

A. Electronic and fiber-optic cables for control wiring are specified in Division 27 Section 
"Data Communications Integrations." 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

3.2 INSTALLATION 

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

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

C. Verify location of thermostats, humidistats, and other exposed control sensors with 
Drawings and room details before installation.  Install devices 48 inches (1220 mm) 
above the floor. 
1. Install averaging elements in ducts and plenums in crossing or zigzag pattern. 

D. Install automatic dampers according to Division 23 Section "Air Duct Accessories." 

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

F. Install labels and nameplates to identify control components according to Division 23 
Section "Identification for HVAC Piping and Equipment." 

G. Install hydronic instrument wells, valves, and other accessories according to 
Division 23 Section "Hydronic Piping." 

H. Install duct volume-control dampers according to Division 23 Sections specifying air 
ducts. 
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I. Install electronic and fiber-optic cables according to Division 27 Section 
"Communications Horizontal Cabling." 

3.3 ELECTRICAL WIRING AND CONNECTION INSTALLATION 

A. Install raceways, boxes, and cabinets according to Division 26 Section "Raceway and 
Boxes for Electrical Systems." 

B. Install building wire and cable according to Division 26 Section "Low-Voltage Electrical 
Power Conductors and Cables." 

C. Install signal and communication cable according to Division 27 Section 
"Communications Horizontal Cabling." 
1. Conceal cable, except in mechanical rooms and areas where other conduit and 

piping are exposed. 
2. Install exposed cable in raceway. 
3. Install concealed cable in raceway. 
4. Bundle and harness multiconductor instrument cable in place of single cables 

where several cables follow a common path. 
5. Fasten flexible conductors, bridging cabinets and doors, along hinge side; protect 

against abrasion.  Tie and support conductors. 
6. Number-code or color-code conductors for future identification and service of 

control system, except local individual room control cables. 
7. Install wire and cable with sufficient slack and flexible connections to allow for 

vibration of piping and equipment. 

D. Connect manual-reset limit controls independent of manual-control switch positions.  
Automatic duct heater resets may be connected in interlock circuit of power controllers. 

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

3.4 FIELD QUALITY CONTROL 

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

B. Perform the following field tests and inspections and prepare test reports: 
1. Operational Test:  After electrical circuitry has been energized, start units to 

confirm proper unit operation.  Remove and replace malfunctioning units and 
retest. 

2. Test and adjust controls and safeties. 
3. Test calibration of electronic controllers by disconnecting input sensors and 

stimulating operation with compatible signal generator. 
4. Test each point through its full operating range to verify that safety and operating 

control set points are as required. 
5. Test each control loop to verify stable mode of operation and compliance with 

sequence of operation.  Adjust PID actions. 
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6. Test each system for compliance with sequence of operation. 
7. Test software and hardware interlocks. 

C. DDC Verification: 
1. Verify that instruments are installed before calibration, testing, and loop or leak 

checks. 
2. Check instruments for proper location and accessibility. 
3. Check instrument installation for direction of flow, elevation, orientation, insertion 

depth, and other applicable considerations. 
4. Check instrument tubing for proper fittings, slope, material, and support. 
5. Check installation of air supply for each instrument. 
6. Check flow instruments.  Inspect tag number and line and bore size, and verify 

that inlet side is identified and that meters are installed correctly. 
7. Check pressure instruments, piping slope, installation of valve manifold, and self-

contained pressure regulators. 
8. Check temperature instruments and material and length of sensing elements. 
9. Check control valves.  Verify that they are in correct direction. 
10. Check DDC system as follows: 

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

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

c. Verify that spare I/O capacity has been provided. 
d. Verify that DDC controllers are protected from power supply surges. 

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

3.5 ADJUSTING 

A. Calibrating and Adjusting: 
1. Calibrate instruments. 
2. Make three-point calibration test for both linearity and accuracy for each analog 

instrument. 
3. Calibrate equipment and procedures using manufacturer's written 

recommendations and instruction manuals.  Use test equipment with accuracy at 
least double that of instrument being calibrated. 

4. Control System Inputs and Outputs: 
a. Check analog inputs at 0, 50, and 100 percent of span. 
b. Check analog outputs using milliampere meter at 0, 50, and 100 percent 

output. 
c. Check digital inputs using jumper wire. 
d. Check digital outputs using ohmmeter to test for contact making or 

breaking. 
e. Check resistance temperature inputs at 0, 50, and 100 percent of span 

using a precision-resistant source. 
5. Flow: 

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

b. Manually operate flow switches to verify that they make or break contact. 
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6. Pressure: 
a. Calibrate pressure transmitters at 0, 50, and 100 percent of span. 
b. Calibrate pressure switches to make or break contacts, with adjustable 

differential set at minimum. 
7. Temperature: 

a. Calibrate resistance temperature transmitters at 0, 50, and 100 percent of 
span using a precision-resistance source. 

b. Calibrate temperature switches to make or break contacts. 
8. Stroke and adjust control valves and dampers without positioners, following the 

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

9. Stroke and adjust control valves and dampers with positioners, following 
manufacturer's recommended procedure, so that valve and damper is 0, 50, and 
100 percent closed. 

10. Provide diagnostic and test instruments for calibration and adjustment of system. 
11. Provide written description of procedures and equipment for calibrating each type 

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

B. Adjust initial temperature and humidity set points. 

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

3.6 DEMONSTRATION AND SUPPORT 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain HVAC instrumentation and controls.  Refer 
to Division 01 Section "Demonstration and Training." 

B. Engage a factory-authorized service representative to perform commissioning 
functional performance tests through the BAS operator’s workstation for CxA 
witnessing. Provide a minimum of 40 man hours. 

END OF SECTION 230900 
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SECTION 23 21 13 
HYDRONIC 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 pipe and fitting materials, joining methods, special-duty valves, 
and specialties for the following: 

1. Chilled-water piping. 
2. Makeup-water piping. 
3. Condensate-drain piping. 
4. Air-vent piping. 

1.3 DEFINITIONS 

A. PTFE:  Polytetrafluoroethylene. 

1.4 PERFORMANCE REQUIREMENTS 

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

1. Chilled-Water Piping:  125 psig at 200 deg F. 
2. Condenser-Water Piping:  125 psig at 150 deg F. 
3. Glycol Cooling-Water Piping:  125 psig at 150 deg F. 
4. Makeup-Water Piping:  80 psig at 150 deg F. 
5. Condensate-Drain Piping:  150 deg F. 
6. Air-Vent Piping:  200 deg F. 

1.5 SUBMITTALS 

A. Product Data:  For each type of the following: 

1. Valves.  Include flow and pressure drop curves based on manufacturer's testing 
for calibrated-orifice balancing valves and automatic flow-control valves. 

2. Air control devices. 
3. Chemical treatment. 
4. Hydronic specialties. 
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B. Welding certificates. 

C. Field quality-control test reports. 

D. Operation and Maintenance Data:  For air control devices, hydronic specialties, and 
special-duty valves to include in emergency, operation, and maintenance manuals. 

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

1.6 QUALITY ASSURANCE 

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

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

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

processes involved and that certification is current. 

C. 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 ASME Boiler and Pressure Vessel Code:  Section VIII, Division 01. 

1.7 EXTRA MATERIALS 

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

B. Differential Pressure Meter:  For each type of balancing valve and automatic flow 
control valve, include flowmeter, probes, hoses, flow charts, and carrying case. 

PART 2 - PRODUCTS 

2.1 COPPER TUBE AND FITTINGS 

A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L. 

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

C. Copper, Mechanically Formed Tee Option:  For forming T-branch on copper water 
tube. 

D. Wrought-Copper Unions:  ASME B16.22. 
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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 indicated in Part 3 "Piping Applications" Article. 

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

C. 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. 

D. Steel Pipe Nipples:  ASTM A 733, made of same materials and wall thicknesses as 
pipe in which they are installed. 

E. Mechanical joints are not acceptable, all piping shall be welded except for pump and 
chiller connections 

2.3 JOINING MATERIALS 

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

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness 
unless thickness or specific material is indicated. 

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

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

D. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for joining 
copper with copper; or BAg-1, silver alloy for joining copper with bronze or steel. 

E. 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. 

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

G. Mechanical joints are not acceptable, all piping shall be welded except for pump and 
chiller connections 

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

B. Dielectric Unions: 

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

a. Capitol Manufacturing Company. 
b. Central Plastics Company. 
c. Hart Industries International, Inc. 
d. Jomar International Ltd. 
e. Matco-Norca, Inc. 
f. McDonald, A. Y. Mfg. Co. 
g. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 
h. Wilkins; a Zurn company. 

2. Description: 

a. Standard:  ASSE 1079. 
b. Pressure Rating:  125 psig minimum at 180 deg F. 
c. End Connections:  Solder-joint copper alloy and threaded ferrous. 

C. Dielectric Flanges: 

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

a. Capitol Manufacturing Company. 
b. Central Plastics Company. 
c. Matco-Norca, Inc. 
d. Watts Regulator Co.; a division of Watts Water Technologies, Inc. 
e. Wilkins; a Zurn company. 

2. Description: 

a. Standard:  ASSE 1079. 
b. Factory-fabricated, bolted, companion-flange assembly. 
c. Pressure Rating:  125 psig minimum at 180 deg F. 
d. End Connections:  Solder-joint copper alloy and threaded ferrous; threaded 

solder-joint copper alloy and threaded ferrous. 

2.5 VALVES 

A. Gate, Globe, Check, Ball, and Butterfly Valves:  Comply with requirements specified in 
Division 23 Section "General-Duty Valves for HVAC Piping." 
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B. Automatic Temperature-Control Valves, Actuators, and Sensors:  Comply with 
requirements specified in Division 23 Section "Instrumentation and Control for HVAC." 

C. Bronze, Calibrated-Orifice, Balancing Valves: 

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

a. Armstrong Pumps, Inc. 
b. Bell & Gossett Domestic Pump; a division of ITT Industries. 
c. Flow Design Inc. 
d. Gerand Engineering Co. 
e. Griswold Controls. 
f. Taco. 

2. Body:  Bronze, ball or plug type with calibrated orifice or venturi. 
3. Ball:  Brass or stainless steel. 
4. Plug:  Resin. 
5. Seat:  PTFE. 
6. End Connections:  Threaded or socket. 
7. Pressure Gage Connections:  Integral seals for portable differential pressure 

meter. 
8. Handle Style:  Lever, with memory stop to retain set position. 
9. CWP Rating: Minimum 125 psig. 
10. Maximum Operating Temperature:  250 deg F. 

D. Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves: 

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

a. Armstrong Pumps, Inc. 
b. Bell & Gossett Domestic Pump; a division of ITT Industries. 
c. Flow Design Inc. 
d. Gerand Engineering Co. 
e. Griswold Controls. 
f. Taco. 
g. Tour & Andersson; available through Victaulic Company. 

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

3. Ball:  Brass or stainless steel. 
4. Stem Seals:  EPDM O-rings. 
5. Disc:  Glass and carbon-filled PTFE. 
6. Seat:  PTFE. 
7. End Connections:  Flanged or grooved. 
8. Pressure Gage Connections:  Integral seals for portable differential pressure 

meter. 
9. Handle Style:  Lever, with memory stop to retain set position. 
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10. CWP Rating:  Minimum 125 psig. 
11. Maximum Operating Temperature:  250 deg F. 

E. Automatic Flow-Control Valves: 

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

a. Flow Design Inc. 
b. Griswold Controls. 
c. Nexus Valve, Inc. 
d. Victaulic Company. 

2. Body:  Brass or ferrous metal. 
3. Piston and Spring Assembly:  Stainless steel, tamper proof, self-cleaning, and 

removable. 
4. Combination Assemblies:  Include bronze or brass-alloy ball valve. 
5. Identification Tag:  Marked with zone identification, valve number, and flow rate. 
6. Size:  Same as pipe in which installed. 
7. Performance:  Maintain constant flow, plus or minus 5 percent over system 

pressure fluctuations. 
8. Minimum CWP Rating:  175 psig. 
9. Maximum Operating Temperature:  200 deg F. 
10. Based on Victaulic 76-Series or Flow Design, Inc. AutoFlow Model YR or WS. 

 

 

2.6 AIR CONTROL DEVICES 

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. Amtrol, Inc. 
2. Armstrong Pumps, Inc. 
3. Bell & Gossett Domestic Pump; a division of ITT Industries. 
4. Taco. 

B. Automatic Air Vents: 

1. Body:  Bronze or cast iron. 
2. Internal Parts:  Nonferrous. 
3. Operator:  Noncorrosive metal float. 
4. Inlet Connection:  NPS 1/2. 
5. Discharge Connection:  NPS 1/4. 
6. CWP Rating:  150 psig. 
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7. Maximum Operating Temperature:  240 deg F. 

C. Diaphragm-Type Expansion Tanks: 

1. Tank:  Welded steel, rated for 125-psig working pressure and 375 deg F 
maximum operating temperature.  Factory test with taps fabricated and supports 
installed and labeled according to ASME Boiler and Pressure Vessel Code:  
Section VIII, Division 1. 

2. Diaphragm:  Securely sealed into tank to separate air charge from system water 
to maintain required expansion capacity. 

3. Air-Charge Fittings:  Schrader valve, stainless steel with EPDM seats. 

D. In-Line Air Separators: 

1. Tank:  One-piece cast iron with an integral weir constructed to decelerate system 
flow to maximize air separation. 

2. Maximum Working Pressure:  Up to 175 psig. 
3. Maximum Operating Temperature:  Up to 300 deg F. 

PART 3 - EXECUTION 

3.1 PIPING APPLICATIONS 

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

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

B. Chilled-water piping, aboveground, NPS 2-1/2 and larger, connection for pumps and 
chillers only: 

1. Schedule 40 steel pipe, grove joints and connections. 

C. Makeup-water piping installed aboveground shall be the following: 

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

D. Condensate-Drain Piping:  Type M, drawn-temper copper tubing, wrought-copper 
fittings, and soldered joints. 

E. Air-Vent Piping: 

1. Inlet:  Same as service where installed with metal-to-plastic transition fittings for 
plastic piping systems according to the piping manufacturer's written instructions. 

2. Outlet:  Type K, annealed-temper copper tubing with soldered or flared joints. 

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

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

C. Install pressure-reducing valves at makeup-water connection to regulate system fill 
pressure. 

3.3 PIPING INSTALLATIONS 

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

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

C. 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. 

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

E. Install piping to permit valve servicing. 

F. Install piping at indicated slopes. 

G. Install piping free of sags and bends. 

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

I. Install piping to allow application of insulation. 

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

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

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

M. Install piping at a uniform grade of 0.2 percent upward in direction of flow. 

N. Reduce pipe sizes using eccentric reducer fitting installed with level side up. 
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O. Install branch connections to mains using mechanically formed tee fittings in main pipe, 
with the branch connected to the bottom of the main pipe.  For up-feed risers, connect 
the branch to the top of the main pipe. 

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

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

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

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

T. Identify piping as specified in Division 23 Section "Identification for HVAC Piping and 
Equipment." 

U. Install sleeves for piping penetrations of walls, ceilings, and floors.  Comply with 
requirements for sleeves specified in Division 23 Section "Sleeves and Sleeve Seals 
for HVAC Piping." 

V. Install sleeve seals for piping penetrations of concrete walls and slabs.  Comply with 
requirements for sleeve seals specified in Division 23 Section "Sleeves and Sleeve 
Seals for HVAC Piping." 

W. Install escutcheons for piping penetrations of walls, ceilings, and floors.  Comply with 
requirements for escutcheons specified in Division 23 Section "Escutcheons for HVAC 
Piping." 

3.4 HANGERS AND SUPPORTS 

A. Hanger, support, and anchor devices are specified in Division 23 Section "Hangers and 
Supports for HVAC Piping and Equipment."  

3.5 PIPE JOINT CONSTRUCTION 

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

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

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before 
assembly. 
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D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, 
to tube end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube 
Handbook," using lead-free solder alloy complying with ASTM B 32. 

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

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

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

3.6 TERMINAL EQUIPMENT CONNECTIONS 

A. Sizes for supply and return piping connections shall be the same as or larger than 
equipment connections. 

B. Install control valves in accessible locations close to connected equipment. 

C. Install ports for pressure gages and thermometers at coil inlet and outlet connections 
according to Division 23 Section "Meters and Gages for HVAC Piping." 

D. Install connections in a manner to facilitate service, maintenance, and repair or 
replacement of components of mechanical equipment, associated control valves, 
strainers and other nearby installations.  Connect in such a way as to facilitate future 
disconnecting with minimum interference with other items in the vicinity. 

3.7 FIELD QUALITY CONTROL 

A. 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 air.  
Use drains installed at low points for complete draining of test liquid. 

3. Isolate expansion tanks and determine that hydronic system is full of water. 
4. Subject piping system to hydrostatic test pressure that is not less than 100 psig.  

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

5. After hydrostatic test pressure has been applied for at least 15 minutes, examine 
piping, joints, and connections for leakage.  Eliminate leaks by tightening, 
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repairing, or replacing components, and repeat hydrostatic test until there are no 
leaks. 

6. Prepare written report of testing. 

B. Perform the following before operating the system: 

1. Open manual valves fully. 
2. Inspect pumps for proper rotation. 
3. Set makeup pressure-reducing valves for required system pressure. 
4. Inspect air vents at high points of system and determine if all are installed and 

operating freely (automatic type), or bleed air completely (manual type). 
5. Set temperature controls so all coils are calling for full flow. 
6. Inspect and set operating temperatures of hydronic equipment, such as boilers, 

chillers, cooling towers, to specified values. 
7. Verify lubrication of motors and bearings. 

END OF SECTION 232113 
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SECTION 23 21 23 - HYDRONIC PUMPS 

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. End Suction Base mounted pumps. 

1.3 DEFINITIONS 

A. Buna-N:  Nitrile rubber. 

B. EPT:  Ethylene propylene terpolymer. 

1.4 SUBMITTALS 

A. Product Data:  Include certified performance curves and rated capacities, operating 
characteristics, furnished specialties, final impeller dimensions, and accessories for each type of 
product indicated.  Indicate pump's operating point on curves. 

B. Shop Drawings:  Show pump layout and connections.  Include setting drawings with templates 
for installing foundation and anchor bolts and other anchorages. 
1. Wiring Diagrams:  Power, signal, and control wiring. 

C. Operation and Maintenance Data:  For pumps to include in emergency, operation, and 
maintenance manuals. 

1.5 QUALITY ASSURANCE 

A. Source Limitations:  Obtain hydronic pumps through one source from a single manufacturer. 

B. Product Options:  Drawings indicate size, profiles, and dimensional requirements of hydronic 
pumps and are based on the specific system indicated.  Refer to Division 01 Section "Product 
Requirements." 

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

D. UL Compliance:  Comply with UL 778 for motor-operated water pumps. 
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1.6 DELIVERY, STORAGE, AND HANDLING 

A. Manufacturer's Preparation for Shipping:  Clean flanges and exposed machined metal surfaces 
and treat with anticorrosion compound after assembly and testing.  Protect flanges, pipe 
openings, and nozzles with wooden flange covers or with screwed-in plugs. 

B. Store pumps in dry location. 

C. Retain protective covers for flanges and protective coatings during storage. 

D. Protect bearings and couplings against damage from sand, grit, and other foreign matter. 

E. Comply with pump manufacturer's written rigging instructions. 

1.7 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, 
reinforcement, and formwork requirements are specified in Division 03. 

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. Mechanical Seals:  One mechanical seal(s) for each pump. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. In other Part 2 articles where titles below introduce lists, the following requirements apply to 
product selection: 
1. Available Manufacturers:  Subject to compliance with requirements, 

manufacturers offering products that may be incorporated into the Work include, 
but are not limited to, manufacturers specified. 

2.2 END-SUCTION BASE MOUNTED CENTRIFUGAL PUMPS 

A. Available Manufacturers: 
1. Taco, Inc. 
2.  

B. Description: Factory-assembled and -tested, centrifugal, overhung-impeller, close-coupled, in-
line pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation with pump and motor 
shafts mounted horizontally or vertically. 

C. Pump Construction: 
1. Casing:  Radially split, cast iron, with replaceable bronze wear rings, drain plug at 

bottom and air vent at top of volute, threaded gage tappings at inlet and outlet, 
and threaded companion-flange connections. 
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2. Impeller:  ASTM B 584, cast bronze; statically and dynamically balanced, keyed 
to shaft, and secured with a locking cap screw.  Trim impeller to match specified 
performance. 

3. Pump Shaft:  Steel, with copper-alloy shaft sleeve. 
4. Mechanical Seal:  Carbon rotating ring against a ceramic seat held by a 

stainless-steel spring, and EPT bellows and gasket.  Include water slinger on 
shaft between motor and seal. 

5. Pump Bearings:  Permanently lubricated ball bearings. 
6. Motor:  Single speed, with permanently lubricated ball bearings, unless otherwise 

indicated; rigidly mounted to pump casing with integral pump support.  Comply 
with requirements in Division 23 Section "Common Motor Requirements for 
HVAC Equipment." 

2.3 AUTOMATIC CONDENSATE PUMP UNITS 

A. Description: Packaged units with corrosion-resistant pump, plastic tank with cover, and 
automatic controls. Include factory- or field-installed check valve and a 72-inch- minimum, 
electrical power cord with plug. 

2.4 PUMP SPECIALTY FITTINGS 

A. Suction Diffuser:  Angle pattern, 175-psig pressure rating, cast-iron body and end cap, pump-
inlet fitting; with bronze startup and bronze or stainless-steel permanent strainers; bronze or 
stainless-steel straightening vanes; drain plug; and factory-fabricated support. 

2.5 EQUIPMENT SUPPORT ISOLATORS 

A. Floor Spring and Neoprene: Spring isolators shall be free-standing and laterally stable without 
any housing. Spring diameter shall be not less than eighty percent of the compressed height of 
the spring at the design load. Springs shall have a minimum additional travel to solid equal to 
fifty percent of the actual deflection. Springs shall have a horizontal to vertical stiffness ratio of 
approximately one. The spring element shall be set in the neoprene cup and have a steel 
washer to distribute the load evenly over the neoprene. All mounts shall have leveling bolts. 

B. 1. If isolators are to be travel limited, all mounts shall have vertical travel limit stops to control 
extension when weight is removed. The travel limit stops shall be capable of serving as blocking 
during erection of the equipment. A minimum clearance of 1/4 inch shall be maintained around 
restraining bolts and between the limit stops and the spring to avoid interference with the spring 
action. 

 

C. Floor Neoprene: Neoprene isolators shall be neoprene-in-shear type with steel reinforced top 
and base. All metal surfaces shall be covered with neoprene. The top and bottom surfaces shall 
be ribbed. Bolt holes shall be provided in the base and the top shall have a threaded fastener. 
The mounts shall include leveling bolts that may be rigidly connected to the equipment. 

D. Double Neoprene Pad: Neoprene pad isolators shall be formed by two layers of 5/16 inch thick 
ribbed or waffled neoprene, separated by a stainless steel or aluminum plate. These layers shall 
be permanently adhered together. Neoprene shall be forty to fifty durometer. The pads shall be 
sized so that they will be loaded between forty and fifty psi. 
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E. Hanger Spring and Neoprene or Glass Fiber: Vibration isolation hangers shall consist of a free 
standing, laterally stable steel spring and a neoprene or a glass fiber element in series, 
contained within a steel housing. A neoprene neck bushing shall be provided where the hanger 
rod passes through the hanger housing to prevent the rod from contacting the hanger housing. 
Spring diameters and hanger housing lower hole sizes shall be large enough to permit the 
hanger rod to swing through a 30 degree arc before contacting the housing. Spring elements 
shall have a minimum additional travel to solid equal to fifty percent of the actual deflection at 
design load. The neoprene element shall be designed to have a 0.3 inch minimum static 
deflection. 

F. Hanger Neoprene or Glass Fiber: Vibration isolation hangers shall consist of a neoprene-
inshear or a glass fiber element contained in a steel housing. A neoprene neck bushing shall be 
provided where the hanger rod passes through the hanger housing to prevent the rod from 
contacting the hanger housing. The diameter of the hole in the housing shall be sufficient to 
permit the hanger rod to swing through a 30 degree arc before contacting the hanger housing.  

2.6 EQUIPMENT BASE TYPES 

A. Inertia Base: Concrete inertia bases shall be formed of stone-aggregate concrete 150 pounds 
per square foot and appropriate steel reinforcing cast between perimeter structural steel 
channels. Inertia bases shall include side mounting brackets for attachment to vibration 
isolators. The steel frame and reinforcement shall be supplied by the vibration isolator 
manufacturer. Concrete may be provided by the General Contractor. 

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Unless otherwise shown or specified, all floor-mounted major equipment items shall be set on 
four inch high housekeeping type concrete pads. All equipment having moving parts shall be 
vibration isolated from the building structure. Electrical connections to vibration isolated 
equipment shall be flexible. 

B. Vibration isolation devices shall be installed for all piping, sheet metal ducts, and plenums as 
recommended by the manufacturer at the vibration products, and in accordance with recognized 
industry standards. 

3.2 EXAMINATION 

A. Examine equipment foundations and anchor-bolt locations for compliance with requirements for 
installation tolerances and other conditions affecting performance of work. 

B. Examine roughing-in for piping systems to verify actual locations of piping connections before 
pump installation. 

C. Examine foundations and inertia bases for suitable conditions where pumps are to be installed. 

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

3.3 PUMP INSTALLATION 
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A. Comply with HI 1.4. 

B. Provide spring vibration isolation for pumps 

C. Location of all vibration isolation equipment shall be selected for ease of inspection and 
adjustment as well as for proper operation. Installation of vibration isolation equipment shall be 
in accordance with the manufacturer's written instructions. 

D. Installed pumps on inertia concrete base.  Anchor pump to base. Install base-mounted pumps 
on cast-in-place concrete equipment bases. Comply with manufacturer’s requirements for 
equipment bases and foundations. 

E. Install pumps with access for periodic maintenance including removal of motors, impellers, 
couplings, and accessories. 

F. Independently support pumps and piping so weight of piping is not supported by pumps and 
weight of pumps is not supported by piping. 

G. Unless otherwise indicated, there is to be a minimum operating clearance of 1-1/2 inches 
between inertia bases or structural steel frames and the concrete housekeeping pad or floor 
beneath the equipment.   

H. No equipment unit shall bear directly on vibration isolators unless its own frame is suitably rigid 
to span between isolators and such direct support is approved by the equipment manufacturer. 
In the case that a base frame is required for the unit because of the equipment manufacturer's 
requirements and is not specifically called for on the equipment schedule, a base frame 
recommended by the equipment manufacturer shall be provided at no additional expense. 

I. All vibration isolators shall be aligned squarely above or below mounting points of the supported 
equipment. Hanger rods for vibration isolated support shall be connected to structural beams or 
joists, not from the floor slab between beams and joist. Provide intermediate support members 
as necessary. 

3.4 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. Connect piping to pumps.  Install valves that are same size as piping connected to pumps. 

D. Install suction and discharge pipe sizes equal to or greater than diameter of pump nozzles. 

E. Install suction diffuser and shutoff valve on suction side of pumps. 

F. Install pressure gages on pump suction and discharge, at integral pressure-gage tapping, or 
install single gage with multiple input selector valve. 

G. Installed spherical rubber flexible connector at the inlet and outlet of pump. 

H. Ground equipment according to Division 26 Section "Grounding and Bonding for Electrical 
Systems." 
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I. Connect wiring according to Division 26 Section "Low-Voltage Electrical Power Conductors and 
Cables." 

3.5 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 
1. Complete installation and startup checks according to manufacturer's written 

instructions. 
2. Check piping connections for tightness. 
3. Clean strainers on suction piping. 
4. Perform the following startup checks for each pump before starting: 

a. Verify bearing lubrication. 
b. Verify that pump is free to rotate by hand and that pump for handling hot 

liquid is free to rotate with pump hot and cold.  If pump is bound or drags, 
do not operate until cause of trouble is determined and corrected. 

c. Verify that pump is rotating in the correct direction. 
5. Prime pump by opening suction valves and closing drains, and prepare pump for 

operation. 
6. Start motor. 
7. Open discharge valve slowly. 

3.6 DEMONSTRATION 

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

END OF SECTION 23 21 23 
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SECTION 23 25 00 
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. HVAC water-treatment chemicals. 

1.3 DEFINITIONS 

A. 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. 

B. 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 chilled water, shall have the following water 
qualities: 
1. pH:  Maintain a value within 9.0 to 10.5. 
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. 
5. Soluble Copper:  Maintain a maximum value of 0.20 ppm. 
6. TDS:  Maintain a maximum value of 10 ppm. 
7. Ammonia:  Maintain a maximum value of 20 ppm. 
8. Free Caustic Alkalinity:  Maintain a maximum value of 20 ppm. 
9. Microbiological Limits: 
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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. Chemical material safety data sheets. 

B. Field quality-control test reports. 

C. Contractor shall submit a flushing plan to be reviewed by the owners representative 
and the Engineer 

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. 

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. 
1. Experience: All bidding companies must be engaged primarily in the business of 

commercial or industrial cooling tower/boiler water treatment chemicals and 
services.  The bidder must have operated in Florida under the same name, as 
Water Treatment Service Company, for a period of not less than five (5) years. 

2. References: Bidding companies may be requested to present as references ten 
(10) Florida commercial installations for which they have been the primary 
supplier of water treatment chemicals and consulting services for a period of five 
(5) years, using chemical water treatment programs similar to those specified 
herein. 

3. Insurance: Bidding companies must have in force product liability insurance of an 
aggregate amount not less than five million dollars ($5,000,000), with an 
insurance company licensed to do business in the state of Florida. A copy of this 
policy will be made available by the successful bidder prior to the bid award.  
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4. Representatives: Bidding companies must have a full-time service representative 
with the following qualifications:  
a. Not less than a Bachelor of Science degree and five (5) years experience 

as a full-time water treatment service representative.  
b. Residence within one hundred (100) miles of the job site (able to effectively 

answer calls on short notice). 
c. Ability to be on call at all times to respond to problems requiring on-site 

presence. The bidding company shall provide a list of Florida field 
Representatives and their locations.  

5. Laboratory Facilities: Bidding companies must have on-site a fully staffed modern 
laboratory facility with:  
a. Computerized equipment for corrosion analysis, Atomic Absorption (AA) 

measurement, High Performance Liquid Chromatography (HPLC), Ion 
Chromatography (IC), and Spectrophotometer analysis.  

b. Graduate Chemist (PH.D.) who can provide analysis of water and deposit 
samples.  

c. The capability for a twenty-four (24) hour analysis turn-around time for 
corrosion and scale problem solving. These facilities will be available to the 
customer, should a problem occur that requires extraordinary efforts.  

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 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.  Minimum 2 
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 MANUAL CHEMICAL-FEED EQUIPMENT 

A. Bypass Feeders:  Steel, with corrosion-resistant exterior coating, minimum 3-1/2-inch 
(89-mm) fill opening in the top, and NPS 3/4 (DN 20) 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. 
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1. Capacity:  5 gal. (19 L). 
2. Minimum Working Pressure:  125 psig (860 kPa). 

2.2 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 (1725-kPa) SWP and 600-psig (4140-kPa) 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 (1035-kPa) SWP 
and 600-psig (4140-kPa) CWP rating. 

2.3 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. 

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. Bypass Feeders:  Install in closed hydronic systems, including chilled water, and 
equipped with the following: 
1. Install bypass feeder in a bypass circuit around circulating pumps.  Hydronic 

flushing shall bypass all HVAC equipment.  Do not perform flushing through coils, 
chiller, and associated HVAC equipment.   

2. Install test-coupon assembly in bypass circuit around circulating pumps, unless 
otherwise indicated on Drawings. 

3. Install a gate or full-port ball isolation valves on inlet, outlet, and drain below 
feeder inlet. 

4. Install a swing check on inlet after the isolation valve. 
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B. The following steps, for cleaning water piping systems, are based on using sodium 
nitrite, azole, and sodium hydroxide as the closed system corrosion inhibitors and are 
intended to be indicative of the care to be taken.  Prior to cleaning the system, the 
contractor submit a “pipe system cleaning plan” including cleaning sequence not less 
stringent than the following. Selection of the chemicals to be used shall be in 
consultation with the treatment provider. 
1. Perform initial flush with fresh water to remove sediment and suspended solids.  

Provide temporary bypass for coils and associated control valves for initial flush. 
Remove bypass for following flush sequences.  

2. Once the initial flush is complete and the water is clear, add the alkaline cleaner 
and circulate for 24 hours.  Commence “feed and bleed” to flush out the system.  
All wyes and system strainers will be verified as clean during this detergent flush.  
All control valves will be manually or automatically opened to ensure flow through 
all equipment during cleaning and flush.  Describe the procedure used to 
accomplish this in the water treatment records. 

3. Refill system with fresh water, and circulate for 4 hours.  Discard this rinse water 
and refill the system with clean water.  When the pH of the system water 
matches the pH of the make-up water, and the system water is clear, add 
corrosion inhibitor immediately in sufficient quantity to provide solution prescribed 
by water treatment specialist (typically, 800-1200 PPM for sodium nitrite). Ensure 
that total iron in the closed loops, including dissolved and non-dissolved iron is 
less than 1 PPM. If total iron exceeds 1 PPM, continue flushing until this value 
drops below 1 PPM. Failure to maintain system water as clear and total iron 
below 1 PPM will subject the mechanical contractor to repeating this flushing and 
treatment process at the direction of the owner. After the initial manual addition of 
closed loop corrosion inhibitor, the mechanical contractor will run the system to 
circulate the system water continuously for 96 hours.  Take water treatment 
samples and record results to ensure inhibitor concentration is maintained at 
prescribed level. 

4. OCPS maintenance and operations representative or Commissioning Agent, as 
well as owner’s Construction representative, shall attest in writing to the 
detergent flush, rinse, and initial addition of nitrite. 

5. Contractor shall ensure that inhibitor levels are maintained at all times in all 
closed loops.  This is subject to random verification and back-charges to 
mechanical contractor for required services to immediately correct, as well as 
penalties for any system corrosion allowed to establish in the loops. Contractor 
shall ensure that total iron levels will be maintained below 1 PPM at all times in 
all closed water loops, including chilled water, hydronic, 2-pipe systems and 
water side heat pump systems. 

6. Contractor shall certify, by field test, that closed loops have adequate inhibitor 
(800 PPM minimum for nitrite).  OCPS operations & maintenance representative 
or Commissioning Agent must be present and attest to proper conditions met as 
a component of substantial completion acceptance. OCPS operations & 
maintenance may bring their own representative to test and verify water 
chemistry and proper system conditions. 

7. Contractor shall maintain records of dates of initial detergent flush, system rinse, 
and initial inhibitor type and amount added to the system.  In addition, water 
treatment contractor shall provide monthly reports to the Engineer of Record and 
OCPS, including one copy to the area maintenance manager, attesting to proper 
conditions in closed loops for the project. Contractor shall maintain logs of 
monthly or more frequent readings of make-up water meters.  Contractor shall 
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ensure retesting of inhibitor levels within three days of significant water use or 
loss in closed loops.  Contractor shall maintain records of retesting required by 
water loss from closed loops. 

C. Contractor will certify, by field test, that closed loops have adequate nitrite. OCPS 
Operations & Maintenance Representative must be present and attest to proper 
conditions met as a component of substantial completion acceptance. OCPS 
Operations & Maintenance may bring their own representative to test and verify water 
chemistry and proper system conditions. 

D. Condenser Cleaning: Any water-cooled condenser, which becomes fouled before 
substantial completion must be cleaned chemically at the expense of the water 
treatment company and mechanical contractor for the project. 

E. Each piping system is to be provided with the specified hardware. Where multiple 
evaporative condensers or closed circuit fluid coolers are specified, each is to be 
provided with its own chemical feed equipment. 

F. All products shall be installed or services performed in strict accordance with the 
manufactures written installation/procedure instructions. 

G. After the system is flushed, pre-cleaned and chemically stabilized the Contractor shall:  
1. Turn the test kits over to the owner. 
2. Instruct the owner in proper maintenance procedures. 
3. Fulfill all obligations for the specified period of one (1) full year from the date of 

start up including four (4) service calls during the cooling season and two (2) 
service calls during the heating season. 

H. Where the owner provides the chemicals for treatment, notify the owner well in 
advance of the cleaning process and when completed advise in writing that it is 
recommended that the chemicals be charged immediately to prevent damage to the 
system. 

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. 
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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: 
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 (345 kPa) 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. Comply with ASTM D 3370 and with the following standards: 
1. Silica:  ASTM D 859. 
2. Acidity and Alkalinity:  ASTM D 1067. 
3. Iron:  ASTM D 1068. 
4. Water Hardness:  ASTM D 1126. 

3.5 DEMONSTRATION 
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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 23 31 13 
METAL DUCTS 

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. Single-wall rectangular ducts and fittings. 
2. Double-wall rectangular ducts and fittings. 
3. Single-wall roundducts and fittings. 
4. Double-wall round and flat-oval ducts and fittings. 
5. Sheet metal materials. 
6. Sealants and gaskets. 
7. Hangers and supports. 

1.3 PERFORMANCE REQUIREMENTS 

A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam 
and joint construction, reinforcements, and hangers and supports, shall comply with 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and 
performance requirements and design criteria indicated in "Duct Schedule" Article. 

B. Structural Performance:  Duct hangers and supports shall withstand the effects of 
gravityloads and stresses within limits and under conditions described in SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible" 

C. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with 
requirements in ASHRAE 62.1. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of the following products: 
1. Sealants and gaskets. 

B. Shop Drawings: 
1. Fabrication, assembly, and installation, including plans, elevations, sections, 

components, and attachments to other work. 
2. Factory- and shop-fabricated ducts and fittings. 
3. Duct layout indicating sizes, configuration, liner material, and static-pressure 

classes. 
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4. Elevation of top of ducts. 
5. Dimensions of main duct runs from building grid lines. 
6. Fittings. 
7. Reinforcement and spacing. 
8. Seam and joint construction. 
9. Penetrations through fire-rated and other partitions. 
10. Equipment installation based on equipment being used on Project. 
11. Locations for duct accessories, including dampers, turning vanes, and access 

doors and panels. 
12. Hangers and supports, including methods for duct and building attachmentand 

vibration isolation. 

C. Delegated-Design Submittal: 
1. Sheet metal thicknesses. 
2. Joint and seam construction and sealing. 
3. Reinforcement details and spacing. 
4. Materials, fabrication, assembly, and spacing of hangers and supports. 
5. Design Calculations:  Calculations for selecting hangers and supports. 

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  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. Duct installation in congested spaces, indicating coordination with general 

construction, building components, and other building services.  Indicate 
proposed changes to duct layout. 

2. Suspended ceiling components. 
3. Structural members to which duct will be attached. 
4. Size and location of initial access modules for acoustical tile. 
5. Penetrations of smoke barriers and fire-rated construction. 
6. Items penetrating finished ceiling including the following: 

a. Lighting fixtures. 
b. Air outlets and inlets. 
c. Speakers. 
d. Sprinklers. 
e. Access panels. 
f. Perimeter moldings. 

B. Field quality-control reports. 

1.6 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel according to 
AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 
AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding. 

B. Welding Qualifications:  Qualify procedures and personnel according to the following: 
1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. 
2. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding. 
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C. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 5 - 
"Systems and Equipment" and Section 7 - "Construction and System Start-up." 

D. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, 
Section 6.4.4 - "HVAC System Construction and Insulation." 

PART 2 - PRODUCTS 

2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS 

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible" based on indicated static-pressure class unless 
otherwise indicated. 

B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular 
Duct/Transverse Joints," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 

C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular 
Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 

D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction:  
Select types and fabricate according to SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Chapter 4, "Fittings and Other Construction," for 
static-pressure class, applicable sealing requirements, materials involved, duct-support 
intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible." 

2.2 SINGLE-WALL ROUND DUCTS AND FITTINGS 

A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based 
on indicated static-pressure class unless otherwise indicated. 

B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct 
Transverse Joints," for static-pressure class, applicable sealing requirements, materials 
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible." 
1. Transverse Joints in Ducts Larger Than 60 Inches in Diameter:  Flanged. 

C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round Duct 
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Longitudinal Seams," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 
1. Fabricate round ducts larger than 90 inches in diameter with butt-welded 

longitudinal seams. 
2. Fabricate flat-oval ducts larger than 72 inches in width (major dimension) with 

butt-welded longitudinal seams. 

D. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and 
Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

2.3 DOUBLE-WALL RECTANGULAR DUCTS AND FITTINGS 

A. Rectangular Ducts:  Fabricate ducts with indicated dimensions for the inner duct. 

B. Outer Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" based on indicated static-pressure class unless otherwise indicated. 

C. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-1, "Rectangular 
Duct/Transverse Joints," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 

D. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular 
Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 

E. Interstitial Insulation:  Fibrous-glass liner complying with ASTM C 1071, NFPA 90A, or 
NFPA 90B; and with NAIMA AH124, "Fibrous Glass Duct Liner Standard." 
1. Maximum Thermal Conductivity:  at 75 deg F mean temperature. 
2. Install spacers that position the inner duct at uniform distance from outer duct 

without compressing insulation. 
3. Coat insulation with antimicrobial coating. 
4. Cover insulation with polyester film complying with UL 181, Class 1. 

F. Inner Duct:  Minimum 0.028-inch perforated galvanized sheet steel having 3/32-inch- 
diameter perforations, with overall open area of 23 percent. 

G. Formed-on Transverse Joints (Flanges):  Select joint types and fabricate according to 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-1, 
"Rectangular Duct/Traverse Joints," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
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H. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular 
Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, 
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible." 

2.4 DOUBLE-WALL ROUND AND FLAT-OVAL DUCTS AND FITTINGS 

A. Flat-Oval Ducts:  Indicated dimensions are the duct width (major dimension) and 
diameter of the round sides connecting the flat portions of the duct (minor dimension) 
of the inner duct. 

B. Outer Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on static-pressure class 
unless otherwise indicated. 
1. Transverse Joints:  Select joint types and fabricate according to SMACNA's 

"HVAC Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round 
Duct Transverse Joints," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
a. Transverse Joints in Ducts Larger Than 60 Inches in Diameter:  Flanged. 

2. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible," Figure 3-2, "Round 
Duct Longitudinal Seams," for static-pressure class, applicable sealing 
requirements, materials involved, duct-support intervals, and other provisions in 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
a. Fabricate round ducts larger than 90 inches in diameter with butt-welded 

longitudinal seams. 
b. Fabricate flat-oval ducts larger than 72 inches in width (major dimension) 

with butt-welded longitudinal seams. 
3. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC 

Duct Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees 
and Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, 
applicable sealing requirements, materials involved, duct-support intervals, and 
other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible." 

C. Inner Duct:  Minimum 0.028-inch perforated galvanized sheet steel having 3/32-inch- 
diameter perforations, with overall open area of 23 percent. 

D. Interstitial Insulation:  Fibrous-glass liner complying with ASTM C 1071, NFPA 90A, or 
NFPA 90B; and with NAIMA AH124, "Fibrous Glass Duct Liner Standard." 
1. Maximum Thermal Conductivity:  at 75 deg F mean temperature. 
2. Install spacers that position the inner duct at uniform distance from outer duct 

without compressing insulation. 
3. Coat insulation with antimicrobial coating. 
4. Cover insulation with polyester film complying with UL 181, Class 1. 

2.5 SHEET METAL MATERIALS 
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A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible" for acceptable materials, material thicknesses, and 
duct construction methods unless otherwise indicated.  Sheet metal materials shall be 
free of pitting, seam marks, roller marks, stains, discolorations, and other 
imperfections. 

B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 
1. Galvanized Coating Designation:  G90 . 
2. Finishes for Surfaces Exposed to View:  Mill phosphatized. 

C. Carbon-Steel Sheets:  Comply with ASTM A 1008/A 1008M, with oiled, matte finish for 
exposed ducts. 

D. Stainless-Steel Sheets:  Comply with ASTM A 480/A 480M, Type 304 or 316, as 
indicated in the "Duct Schedule" Article; cold rolled, annealed, sheet.  Exposed surface 
finish shall be No. 2B, No. 2D, No. 3, or No. 4 as indicated in the "Duct Schedule" 
Article. 

E. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel plates, shapes, and bars; 
black and galvanized. 
1. Where black- and galvanized-steel shapes and plates are used to reinforce 

aluminum ducts, isolate the different metals with butyl rubber, neoprene, or 
EPDM gasket materials. 

F. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 
3/8-inch minimum diameter for lengths longer than 36 inches . 

2.6 SEALANT AND GASKETS 

A. General Sealant and Gasket Requirements:  Surface-burning characteristics for 
sealants and gaskets shall be a maximum flame-spread index of 25 and a maximum 
smoke-developed index of 50 when tested according to UL 723; certified by an NRTL. 

B. Water-Based Joint and Seam Sealant: 
1. Application Method:  Brush on. 
2. Solids Content:  Minimum 65 percent. 
3. Shore A Hardness:  Minimum 20. 
4. Water resistant. 
5. Mold and mildew resistant. 
6. VOC:  Maximum 75 g/L (less water). 
7. Maximum Static-Pressure Class:  10-inch wg , positive and negative. 
8. Service:  Indoor or outdoor. 
9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), 

stainless steel, or aluminum sheets. 

C. Flanged Joint Sealant:  Comply with ASTM C 920. 
1. General:  Single-component, acid-curing, silicone, elastomeric. 
2. Type:  S. 
3. Grade:  NS. 
4. Class:  25. 
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5. Use:  O. 
6. For indoor applications, sealant shall have a VOC content of 250 g/L or less 

when calculated according to 40 CFR 59, Subpart D (EPA Method 24). 

D. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene 
plasticizer. 

E. Round Duct Joint O-Ring Seals: 
1. Seal shall provide maximum leakage class of 3 cfm/100 sq. ft. at 1-inch wg and 

shall be rated for 10-inch wg static-pressure class, positive or negative. 
2. EPDM O-ring to seal in concave bead in coupling or fitting spigot. 
3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated 

couplings and fitting spigots. 

2.7 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. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible," Table 5-1 , "Rectangular Duct Hangers Minimum Size," and 
Table 5-2, "Minimum Hanger Sizes for Round Duct." 

D. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with 
ASTM A 603. 

E. Steel Cables for Stainless-Steel Ducts:  Stainless steel complying with ASTM A 492. 

F. 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. 

G. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; 
compatible with duct materials. 

H. Trapeze and Riser Supports: 
1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates. 
2. Supports for Stainless-Steel Ducts:  Stainless-steel shapes and plates. 
3. Supports for Aluminum Ducts:  Aluminum or galvanized steel coated with zinc 

chromate. 

PART 3 - EXECUTION 

3.1 DUCT INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of 
duct system.  Indicated duct locations, configurations, and arrangements were used to 
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size ducts and calculate friction loss for air-handling equipment sizing and for other 
design considerations.  Install duct systems as indicated unless deviations to layout are 
approved on Shop Drawings and Coordination Drawings. 

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" unless otherwise indicated. 

C. Install round and flat-oval ducts in maximum practical lengths. 

D. Install ducts with fewest possible joints. 

E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and 
for branch connections. 

F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 
perpendicular to building lines. 

G. Install ducts close to walls, overhead construction, columns, and other structural and 
permanent enclosure elements of building. 

H. Install ducts with a clearance of 1 inch , plus allowance for insulation thickness. 

I. Route ducts to avoid passing through transformer vaults and electrical equipment 
rooms and enclosures. 

J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are 
exposed to view, cover the opening between the partition and duct or duct insulation 
with sheet metal flanges of same metal thickness as the duct.  Overlap openings on 
four sides by at least 1-1/2 inches . 

K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire 
dampers.  Comply with requirements in Division 23 Section "Air Duct Accessories" for 
fire and smoke dampers. 

L. Protect duct interiors from moisture, construction debris and dust, and other foreign 
materials. 

3.2 INSTALLATION OF EXPOSED DUCTWORK 

A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged. 

B. Trim duct sealants flush with metal.  Create a smooth and uniform exposed bead.  Do 
not use two-part tape sealing system. 

C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter.  
When welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the 
exposed welds, and treat the welds to remove discoloration caused by welding. 

D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of 
fittings, hangers and supports, duct accessories, and air outlets. 
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E. Repair or replace damaged sections and finished work that does not comply with these 
requirements. 

3.3 ADDITIONAL INSTALLATION REQUIREMENTS FOR COMMERCIAL KITCHEN 
HOOD EXHAUST DUCT 

A. Install commercial kitchen hood exhaust ducts without dips and traps that may hold 
grease, and sloped a minimum of 2 percent to drain grease back to the hood. 

B. Install fire-rated access panel assemblies at each change in direction and at maximum 
intervals of 20 feet in horizontal ducts, and at every floor for vertical ducts, or as 
indicated on Drawings.  Locate access panel on top or sides of duct a minimum of 1-
1/2 inches from bottom of duct. 

C. Do not penetrate fire-rated assemblies except as allowed by applicable building codes 
and authorities having jurisdiction. 

3.4 DUCT SEALING 

A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in 
"Duct Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible." 

3.5 HANGER AND SUPPORT INSTALLATION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Chapter 5, "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 or for slabs more than 4 inches thick. 
4. Do not use powder-actuated concrete fasteners for lightweight-aggregate 

concretes or for slabs less than 4 inches thick. 

C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Table 5-1 , "Rectangular Duct Hangers Minimum Size," and Table 5-2, 
"Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers 
and supports within 24 inches of each elbow and within 48 inches of each branch 
intersection. 

D. Hangers Exposed to View:  Threaded rod and angle or channel supports. 
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E. Support vertical ducts with steel angles or channel secured to the sides of the duct with 
welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a 
maximum intervals of 16 feet . 

F. 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. 

3.6 CONNECTIONS 

A. Make connections to equipment with flexible connectors complying with Division 23 
Section "Air Duct Accessories." 

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for 
branch, outlet and inlet, and terminal unit connections. 

3.7 PAINTING 

A. Paint interior of metal ducts that are visible through registers and grilles and that do not 
have duct liner.  Apply one coat of flat, black, latex paint over a compatible galvanized-
steel primer.  Paint materials and application requirements are specified in Division 09 
painting Sections. 

3.8 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Leakage Tests: 
1. Comply with SMACNA's "HVAC Air Duct Leakage Test Manual."  Submit a test 

report for each test. 
2. Test the following systems: 

a. Supply Ducts with a Pressure Class of 3-Inch wg  or Higher:  Test 
representative duct sections totaling no less than 100 percent of total 
installed duct area for each designated pressure class. 

3. Disassemble, reassemble, and seal segments of systems to accommodate 
leakage testing and for compliance with test requirements. 

4. Test for leaks before applying external insulation. 
5. Conduct tests at static pressures equal to maximum design pressure of system 

or section being tested.  If static-pressure classes are not indicated, test system 
at maximum system design pressure.  Do not pressurize systems above 
maximum design operating pressure. 

6. Give seven days' advance notice for testing. 

C. Duct system will be considered defective if it does not pass tests and inspections. 

D. Prepare test and inspection reports. 

3.9 START UP 
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A. Air Balance:  Comply with requirements in Division 23 Section "Testing, Adjusting, and 
Balancing for HVAC." 

3.10 DUCT SCHEDULE 

A. Supply Ducts: 
1. Ducts Connected to Fan Coil Units, Furnaces, Heat Pumps, and Terminal Units: 

a. Pressure Class:  Positive 1-inch wg. 
b. Minimum SMACNA Seal Class:  C. 
c. SMACNA Leakage Class for Rectangular:  24. 
d. SMACNA Leakage Class for Round and Flat Oval:  12. 

2. Ducts Connected to Constant-Volume Air-Handling Units: 
a. Pressure Class:  Positive 2-inch wg . 
b. Minimum SMACNA Seal Class:  B. 
c. SMACNA Leakage Class for Rectangular:  12. 
d. SMACNA Leakage Class for Round and Flat Oval:  6. 

3. Ducts Connected to Variable-Air-Volume Air-Handling Units: 
a. Pressure Class:  Positive 3-inch wg . 
b. Minimum SMACNA Seal Class:  B. 
c. SMACNA Leakage Class for Rectangular:  6. 
d. SMACNA Leakage Class for Round and Flat Oval:  3. 

B. Return Ducts: 
1. Ducts Connected to Fan Coil Units, Furnaces, Heat Pumps, and Terminal Units: 

a. Pressure Class:  Positive or negative 1-inch wg . 
b. Minimum SMACNA Seal Class:  C. 
c. SMACNA Leakage Class for Rectangular:  24. 
d. SMACNA Leakage Class for Round and Flat Oval:  12. 

2. Ducts Connected to Air-Handling Units: 
a. Pressure Class:  Positive or negative 2-inch wg. 
b. Minimum SMACNA Seal Class:  B. 
c. SMACNA Leakage Class for Rectangular:  12. 
d. SMACNA Leakage Class for Round and Flat Oval:  6. 

C. Exhaust Ducts: 
1. Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air: 

a. Pressure Class:  Negative 1-inch wg . 
b. Minimum SMACNA Seal Class:  C if negative pressure, and A if positive 

pressure. 
c. SMACNA Leakage Class for Rectangular:  12. 
d. SMACNA Leakage Class for Round and Flat Oval:  6. 

2. Ducts Connected to Commercial Kitchen Hoods:  Comply with NFPA 96. 
a. Exposed to View:  Type 304, stainless-steel sheet, No. 4 finish. 
b. Concealed:  Carbon-steel sheet. 
c. Welded seams and joints. 
d. Pressure Class:  Positive or negative 3-inch wg . 
e. Minimum SMACNA Seal Class:  Welded seams, joints, and penetrations. 
f. SMACNA Leakage Class:  3. 

3. Ducts Connected to Dishwasher Hoods: 
a. Type 304, stainless-steel sheet. 
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b. Exposed to View:  No. 4 finish. 
c. Concealed:  No. 2D finish. 
d. Welded seams and flanged joints with watertight EPDM gaskets. 
e. Pressure Class:  Positive or negative 3-inch wg . 
f. Minimum SMACNA Seal Class:  Welded seams, joints, and penetrations. 
g. SMACNA Leakage Class:  3. 

D. Outdoor-Air (Not Filtered, Heated, or Cooled) Ducts: 
1. Ducts Connected to Fan Coil Units, Furnaces, Heat Pumps, and Terminal Units: 

a. Pressure Class:  Positive or negative 1-inch wg . 
b. Minimum SMACNA Seal Class:  C. 
c. SMACNA Leakage Class for Rectangular:  24. 
d. SMACNA Leakage Class for Round and Flat Oval:  12. 

2. Ducts Connected to Air-Handling Units: 
a. Pressure Class:  Positive or negative 2-inch wg . 
b. Minimum SMACNA Seal Class:  B. 
c. SMACNA Leakage Class for Rectangular:  12. 
d. SMACNA Leakage Class for Round and Flat Oval:  6. 

E. Intermediate Reinforcement: 
1. Galvanized-Steel Ducts:  Galvanized steel. 
2. Stainless-Steel Ducts: 

a. Exposed to Airstream:  Match duct material. 
b. Not Exposed to Airstream:  Match duct material. 

F. Double-Wall Duct Interstitial Insulation: 
1. Supply Air Ducts:  1 inch  thick. 
2. Return Air Ducts:  1 inch  thick. 
3. Exhaust Air Ducts:  1 inch  thick. 

G. Elbow Configuration: 
1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards 

- Metal and Flexible," Figure 4-2, "Rectangular Elbows." 
a. Velocity 1000 fpm or Lower: 

1) Radius Type RE 1 with minimum 0.5 radius-to-diameter ratio. 
2) Mitered Type RE 4 without vanes. 

b. Velocity 1000 to 1500 fpm : 
1) Radius Type RE 1 with minimum 1.0 radius-to-diameter ratio. 

c. Velocity 1500 fpm or Higher: 
1) Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio. 

2. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards 
- Metal and Flexible," Figure 4-2, "Rectangular Elbows." 
a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio. 

3. Round Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - 
Metal and Flexible," Figure 3-4, "Round Duct Elbows." 
a. Minimum Radius-to-Diameter Ratio and Elbow Segments:  Comply with 

SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Table 3-1, "Mitered Elbows."  Elbows with less than 90-degree change of 
direction have proportionately fewer segments. 
1) Radius-to Diameter Ratio:  1.5. 

b. Round Elbows, 12 Inches  and Smaller in Diameter:  Stamped or pleated. 
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c. Round Elbows, 14 Inches  and Larger in Diameter:  Standing seam. 

H. Branch Configuration: 
1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards 

- Metal and Flexible," Figure 4-6, "Branch Connection." 
a. Rectangular Main to Rectangular Branch:  45-degree entry. 
b. Rectangular Main to Round Branch:  Spin in. 

2. Round and Flat Oval:  Comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and 
Figure 3-6, "Conical Tees."  Saddle taps are permitted in existing duct. 
a. Velocity 1000 fpm or Lower:  90-degree tap. 
b. Velocity 1000 to 1500 fpm :  Conical tap. 
c. Velocity 1500 fpm or Higher:  45-degree lateral. 

END OF SECTION 233113 

Bid 12467-113City of Fort Lauderdale

5/27/2021 10:03 AM p. 454

CAM 21-0549 
Exhibit 1C 

Page 104 of 150



SECTION 23 31 14 
ELECTRIC RESISTANCE DUCT HEATERS 

PART 1 - GENERAL  

1.1  RELATED DOCUMENTS 

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

PART 2 - PRODUCTS 

2.1  MANUFACTURERS 

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers 
offering products that may be incorporated in the Work include, but are not limited to, 
the following: 
1. Electric Heaters, Inc. 
2. Brasch NUF, Inc. 
3. REDDI-I Heat 
4. Indeeco, Inc. 
5. Warren Technologies 

2.2 DUCT HEATERS 

A. Duct heaters shall be open coil heaters.  Voltage, size, wattage, number of steps and 
control voltage shall be as scheduled on the drawings.  Three-phase heaters shall be 
furnished with balanced three-phase steps.  Heaters shall be UL listed for zero 
clearance and shall meet all applicable requirements of the 2008 National Electric 
Code.  

B. Heaters shall be of the slip-in type for duct mounting. 

C. Elements shall be constructed of 80% nickel and 20% chromium; steps shall be 
arranged to prevent stratification when operating at less than full capacity.  The 
maximum watts per square inch of wire surface shall be 50.  

D. Coil terminals shall be of stainless steel, terminal insulators and bracket bushings shall 
be constructed of ceramic and securely positioned.  Terminals shall be machine 
crimped to coil.  

E. Frame shall be constructed of sufficiently heavy gauge galvanized steel to assure 
structural rigidity and have vertical galvanized steel supports with 

F. stiffening ribs and gussets spaced no more than 4" apart, spot welded to the casing.  
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G. Terminal box shall be provided with solid cover in order to minimize dust infiltration and 
shall be hinged.  Heater terminal box must be totally enclosed and must be without 
perforated or expanded sheet metal covers. Terminal box shall be insulated.  

H. Recessed terminal box to be provided when coils are installed in ducts with internal 
obstruction greater than 1" to assure that heating elements and safety controls are in 
the airstream.  

I. Direction of Airflow:  Heaters shall be interchangeable for mounting in a horizontal or 
vertical duct and air-flow may be through the heater in either direction.  

J. Safety Devices:  A disc type automatic reset thermal cutout shall be furnished for 
primary overtemperature protection.  For secondary protection, a sufficient number of 
heat limiters in the power lines shall be de-energize elements if the primary cutout fails.  
All safety devices shall be serviceable through the terminal box without removing the 
heating coil from the duct.  

K. Built-in components shall include disconnecting break magnetic contactors, door 
mounted pilot light, transformer with primary fusing, pressure-type airflow switch set at 
.07" WC, all as required by UL, interlocking integral fused disconnect switch with 
branch circuit fuses per NEC and a single terminal block to accept the number, type 
and size of conductors as required.  SCR variable controls for large electric heating 
coils as required. Other requirements shall include all devices and wiring shown and 
noted in the duct heater schedule and indicated on the wiring diagram.  

PART 3 - EXECUTION  

3.1 INSTALLATION 

A. Install systems as required and as recommended by the coil supplier.  

B. The coil shall be mounted in the duct in accordance with the requirements of SMACNA 
Ducted Electric Heat Guide.  

C. The coil shall occupy entire cross sectional area of duct.  

D. Install and suspend coil and terminal box so the connecting duct work does not support 
coil weight in any way.  

E. Provide duct access doors at entering air side of heaters to allow for inspection with 
adequate clearances as defined by the manufacturer and NEC. 

END OF SECTION 233114 
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SECTION 23 33 00 
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. Barometric Relief Damper 
3. Manual-volume dampers. 
4. Fire dampers. 
5. Flexible ducts. 
6. Flexible connectors. 
7. Duct accessory hardware. 
8. Flange Connectors 
9. Duct Mounted Access Door 

1.3 SUBMITTALS 

A. Product Data:  For the following: 
1. Backdraft dampers. 
2. Barometric Relief Damper 
3. Manual-volume dampers. 
4. Fire and smoke dampers. 
5. Flexible ducts. 
6. Flange Connector 
7. Duct Mounted Access Door 

B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, 
loadings, required clearances, method of field assembly, components, location, and 
size of each field connection.  Detail the following: 
1. Special fittings and manual- and automatic-volume-damper installations. 
2. Fire- and smoke-damper installations, including sleeves and duct-mounted 

access doors and panels. 

C. Product Certificates:  Submit certified test data on dynamic insertion loss; self-noise 
power levels; and airflow performance data, static-pressure loss, dimensions, and 
weights. 

1.4 QUALITY ASSURANCE 
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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." 

PART 2 - PRODUCTS 

2.1 SHEET METAL MATERIALS 

A. Galvanized, Sheet Steel:  Lock-forming quality; ASTM A 653, G90 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. Aluminum Sheets:  ASTM B 209, Alloy 3003, Temper H14, sheet form; with standard, 
one-side bright finish for ducts exposed to view and mill finish for concealed ducts. 

D. Extruded Aluminum:  ASTM B 221, Alloy 6063, Temper T6. 

E. Reinforcement Shapes and Plates:  Galvanized steel reinforcement where installed on 
galvanized, sheet metal ducts; compatible materials for aluminum and stainless-steel 
ducts. 

F. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for 36-inch length or less; 3/8-
inch minimum diameter for lengths longer than 36 inches. 

2.2 BACKDRAFT DAMPERS 

A. Description:  Suitable for horizontal or vertical installations. 

B. Frame:  0.052-inch thick, galvanized, sheet steel, with welded corners and mounting 
flange. 

C. Blades:  0.050-inch thick aluminum sheet. 

D. Blade Seals:  Vinyl 01, Neoprene. 

E. Blade Axles:  Galvanized steel. 

F. Tie Bars and Brackets:  Galvanized steel. 

G. Return Spring:  Adjustable tension. 

2.3 BAROMETRIC RELIEF DAMPERS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
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1. Cesco Products; a division of Mestek, Inc. 
2. Greenheck Fan Corporation. 
3. Nailor Industries Inc. 
4. Ruskin Company. 

B. Suitable for horizontal or vertical mounting. 

C. Maximum Air Velocity:  1250 fpm (6.4 m/s). 

D. Maximum System Pressure:  2-inch wg (0.5 kPa). 

E. Frame:  Hat-shaped, 0.05-inch- (1.3-mm-) thick, galvanized sheet steel, with welded 
corners or mechanically attached. 

F. Blades: 
1. Multiple, 0.025-inch- (0.6-mm-) thick, roll-formed aluminum. 
2. Maximum Width:  6 inches (150 mm). 
3. Action:  Parallel. 
4. Balance:  Gravity. 
5. Eccentrically pivoted. 

G. Blade Seals:  Neoprene. 

H. Blade Axles:  Galvanized steel. 

I. Tie Bars and Brackets: 
1. Material:  Aluminum. 
2. Rattle free with 90-degree stop. 

J. Return Spring:  Adjustable tension. 

K. Bearings:  Synthetic. 

L. Accessories: 
1. Flange on intake. 
2. Adjustment device to permit setting for varying differential static pressures. 

2.4 MANUAL-VOLUME DAMPERS 

A. General:  Factory fabricated with required hardware and accessories.  Stiffen damper 
blades for stability.  Include locking device to hold single-blade dampers in a fixed 
position without vibration.  Close duct penetrations for damper components to seal duct 
consistent with pressure class. 
1. 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. 

B. 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. 
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C. Standard Volume Dampers:  Multiple- or single-blade, parallel- or opposed-blade 
design as indicated, standard leakage rating, and suitable for horizontal or vertical 
applications. 
1. Steel Frames:  Hat-shaped, galvanized, sheet steel channels, minimum of 16 

gauge, with mitered and welded corners; frames with flanges where indicated for 
attaching to walls; and flangeless frames where indicated for installing in ducts. 

2. Roll-Formed Steel Blades:  16 gauge, galvanized, sheet steel. 
3. Blade Axles:  Plated steel. 
4. Tie Bars and Brackets:  Galvanized steel. 

D. Low-Leakage Volume Dampers:  Multiple- or single-blade, parallel- or opposed-blade 
design as indicated, low-leakage rating, with linkage outside of the airstream and 
suitable for horizontal or vertical applications. 
1. Steel Frames:  Hat-shaped, galvanized, sheet steel channels, minimum of 16 

gauge, with mitered and welded corners; frames with flanges where indicated for 
attaching to walls; and flangeless frames where indicated for installing in ducts. 

2. Roll-Formed Steel Blades:  16 gauge, galvanized, sheet steel, air foil shaped. 
3. Blade Seals:  Neoprene. 
4. Blade Axles:  Plated steel. 
5. Tie Bars and Brackets:  Galvanized steel. 

E. High-Performance 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. 
1. Aluminum Frames:  Hat-shaped, 0.125-inch thick, extruded-aluminum channels; 

frames with flanges where indicated for attaching to walls; and flangeless frames 
where indicated for installing in ducts. 

2. Extruded-Aluminum Blades:  Minimum of 0.081-inch thick, 6063T extruded 
aluminum. 

3. Blade Seals:  Dual-durometer vinyl on blade edges; metallic compression on 
jambs. 

4. Blade Axles:  Plated steel. 
5. Tie Bars and Brackets:  Aluminum. 

F. Jackshaft:  1-inch diameter, galvanized steel pipe rotating within a pipe-bearing 
assembly mounted on supports at each mullion and at each end of multiple-damper 
assemblies. 
1. Length and Number of Mountings:  Appropriate to connect linkage of each 

damper of a multiple-damper assembly. 

G. Damper Hardware:  Zinc-plated, die-cast core with dial and handle made of 3/32-inch 
thick zinc-plated steel, and a 3/4-inch hexagon locking nut.  Include center hole to suit 
damper operating-rod size.  Include elevated platform for insulated duct mounting. 

2.5 FIRE DAMPERS 

A. General:  Labeled to UL 555. 

B. Fire Rating:  One and one-half and three hours. 
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C. Frame:  SMACNA Type A with blades in airstream; fabricated with roll-formed, 0.034-
inch thick galvanized steel; with mitered and interlocking corners. 

D. Frame:  SMACNA Type B with blades out of airstream; fabricated with roll-formed, 
0.034-inch thick galvanized steel; with mitered and interlocking corners. 

E. 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. 

F. Mounting Orientation:  Vertical or horizontal as indicated. 

G. 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. 

H. Horizontal Dampers:  Include a blade lock and stainless-steel negator closure spring. 

I. Fusible Link:  Replaceable, 165 or 212 deg F rated as indicated. 

2.6 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 
wide attached to two strips of 2-3/4-inch wide, 0.028-inch thick, galvanized, sheet steel or 
0.032-inch 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. 

2.7 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. 
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2. Outer Jacket:  Glass-reinforced, silver Mylar with a continuous hanging tab, 
integral fibrous-glass tape, and nylon hanging cord. 

3. Inner Liner:  Polyethylene film. 
4. Flexible Duct:  Technaflex, Flexmaster. 

C. Flexible Duct Acoustical:  Factory-fabricated insulated round duct with an outer jacket 
enclosing 1-1/2 inch thick, glass-fiber insulation around an acoustically transparent 
nylon inner liner. 
1. Reinforcement:  Steel-wire helix encapsulated in inner liner. 
2. Outer Jacket:  Glass-reinforced, silver Mylar with a continuous hanging tab, 

integral fibrous-glass tape, and nylon hanging cord. 
3. Inner Liner:  Acoustically transparent nylon fabric. 
4. Acoustical flexible duct shall be Flexmaster Type 6 or equal. 

D. Pressure Rating:  6-inch wg positive, 1/2-inch wg negative. 

2.8 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, zinc-plated 
operating rod; and a duct-mounted, ball-joint bracket with flat rubber gasket and 
square-head set screw. 

C. Flexible Duct Clamps:  Neoprene flex draw bands installed in accordance to SMACNA 
guidelines. 

D. Adhesives:  High strength, quick setting, neoprene based, waterproof, and resistant to 
gasoline and grease. 

2.9 FLANGE CONNECTORS 

A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. Ductmate Industries, Inc. 
2. Nexus PDQ; Division of Shilco Holdings Inc. 
3. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Description:  Add-on or roll-formed, factory-fabricated, slide-on transverse flange 
connectors, gaskets, and components. 

C. Material:  Galvanized steel. 

D. Gage and Shape:  Match connecting ductwork. 

2.10 DUCT-MOUNTED ACCESS DOORS 
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A. Manufacturers:  Subject to compliance with requirements, available manufacturers 
offering products that may be incorporated into the Work include, but are not limited to, 
the following: 
1. American Warming and Ventilating; a division of Mestek, Inc. 
2. Cesco Products; a division of Mestek, Inc. 
3. Ductmate Industries, Inc. 
4. Elgen Manufacturing. 
5. Flexmaster U.S.A., Inc. 
6. Greenheck Fan Corporation. 
7. McGill AirFlow LLC. 
8. Nailor Industries Inc. 
9. Pottorff. 
10. Ventfabrics, Inc. 
11. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

B. Duct-Mounted Access Doors:  Fabricate access panels according to SMACNA's 
"HVAC Duct Construction Standards - Metal and Flexible"; Figures 7-2 (7-2M), "Duct 
Access Doors and Panels," and 7-3, "Access Doors - Round Duct." 
1. Door: 

a. Double wall, rectangular. 
b. Galvanized sheet metal with insulation fill and thickness as indicated for 

duct pressure class. 
c. Vision panel. 
d. Hinges and Latches:  1-by-1-inch (25-by-25-mm)butt or piano hinge and cam 

latches. 
e. Fabricate doors airtight and suitable for duct pressure class. 

2. Frame:  Galvanized sheet steel, with bend-over tabs and foam gaskets. 
3. Number of Hinges and Locks: 

a. Access Doors Less Than 12 Inches (300 mm) Square:  No hinges and two 
sash locks. 

b. Access Doors up to 18 Inches (460 mm) Square:  Continuous hinges and 
two sash locks. 

c. Access Doors up to 24 by 48 Inches (600 by 1200 mm):  Continuous hinges 
and two compression latches with outside and inside handles. 

d. Access Doors Larger Than 24 by 48 Inches (600 by 1200 mm):  Continuous 
hinges and two compression latches with outside and inside handles. 

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 backdraft dampers at inlet of exhaust fans or exhaust ducts as close as possible 
to exhaust fan unless otherwise indicated. 
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C. Install volume dampers at points on supply, return, and exhaust systems where 
branches extend from larger ducts.  Where dampers are installed in ducts having duct 
liner, install dampers with hat channels of same depth as liner, and terminate liner with 
nosing at hat channel. 
1. Install steel volume dampers in steel ducts. 
2. Install aluminum volume dampers in aluminum ducts. 

D. Set dampers to fully open position before testing, adjusting, and balancing. 

E. Install volume dampers in lined duct; avoid damage to and erosion of duct liner. 

F. Provide test holes at fan inlet and outlet and elsewhere as indicated. 

G. Install fire dampers according to manufacturer's UL-approved written instructions. 
1. Install fusible links in fire dampers. 

H. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and 
maintaining accessories and equipment at the following locations: 
1. On both sides of duct electric heater. 
2. Upstream from duct filters. 
3. Downstream from manual volume dampers, control dampers, backdraft dampers, 

and equipment. 
4. Adjacent to and close enough to fire or smoke dampers, to reset or reinstall 

fusible links.  Access doors for access to fire or smoke dampers having fusible 
links shall be pressure relief access doors and shall be outward operation for 
access doors installed upstream from dampers and inward operation for access 
doors installed downstream from dampers. 

5. At each change in direction and at maximum 50-foot (15-m) spacing. 
6. Control devices requiring inspection. 
7. Elsewhere as indicated. 

I. Access Door Sizes: 
1. One-Hand or Inspection Access:  8 by 5 inches (200 by 125 mm). 
2. Two-Hand Access:  12 by 6 inches (300 by 150 mm). 
3. Head and Hand Access:  18 by 10 inches (460 by 250 mm). 
4. Head and Shoulders Access:  21 by 14 inches (530 by 355 mm). 
5. Body Access:  25 by 14 inches (635 by 355 mm). 
6. Body plus Ladder Access:  25 by 17 inches (635 by 430 mm). 

J. Install flexible connectors to connect ducts to equipment. 

K. Label access doors according to Division 23 Section "Mechanical Identification." 

L. Ductwork flexible connectors are not required for internally isolated equipment. 

M. Install supports for flexible ducts to prevent kinks and or hard turns. 

3.2 FIELD QUALITY CONTROL 

A. Tests and Inspections: 
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1. Operate dampers to verify full range of movement. 
2. Inspect locations of access doors and verify that purpose of access door can be 

performed. 
3. Operate fire, smoke, and combination fire and smoke dampers to verify full range 

of movement and verify that proper heat-response device is installed. 
4. Operate remote damper operators to verify full range of movement of operator 

and damper. 
5. END OF SECTION 233300 
6.  
7.  
8.  
9.  
10.  
11.  
12.  
13.  

 

THIS PAGE INTENTIONALLY LEFT BLANK 
14.  
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SECTION 23 44 00 - AIR PURIFICATION SYSTEM 

PART 1 - GENERAL 

1.1 DESCRIPTION OF WORK 

A. This section describes the design, performance and installation of an air purification system 
intended for use as part of another manufacturer’s air handling unit or mounted on the duct as 
shown on the plans, details and equipment schedules. 

1.2 REFERENCED CODES & STANDARDS 

A. The following codes and standards are referenced throughout. The edition to be used is that 
currently enforced by the authority having jurisdiction (AHJ) or in absence of such direction that 
referenced by the current enforceable IBC code or as indicated by the contract documents, 
except where specifically referenced by this section of the specifications. 

1. ASHRAE Standards 62 & 52 
2. National Electric Code NFPA 70 
3. UL 867 including ozone chamber test required as of December 21, 2007 
4. The ionization equipment and power supply shall be UL and CE listed. 

1.3 RELATED WORK 

A. Testing, Adjusting and Balancing 

B. Facility Access and Protection 

C. Ductwork 

D. Filters 

E. Water and Refrigerant Piping 

F. Electrical Wiring 

G. Control Wiring 

1.4 QUALITY ASSURANCE 

A. Basis of design is Global Plasma Solutions. Plasma Air and American Ion shall be considered 
equal subject to meeting all specifications herein. All other manufacturers requesting prior 
approval must submit product drawings, specifications and test results specified in section 2.2 
at least four weeks prior to bid date. 

B. The Air Purification System shall be a product of an established manufacturer within the USA 
and shall be made of 100% USA sourced raw materials and components. 
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C. A qualified representative from the manufacturer shall be available to inspect the installation of 
the air purification system to ensure installation in accordance with manufacturer's 
recommendation. 

D. Technologies that do not address gas disassociation such as UV Lights, Powered Particulate 
Filters and/or polarized media filters shall not be considered. Uni-polar ion generators shall not 
be acceptable. “Plasma” particulate filters shall not be acceptable. 

E. Projects designed using ASHRAE Standard 62, IAQ Procedure shall require the manufacturer 
to provide Indoor Air Quality calculations using the formulas within ASHRAE Standard 62.1-
2007 to validate acceptable indoor air quality at the quantity of outside air scheduled with the 
technology submitted. The manufacturer shall provide independent test data on a previous 
installation performed within the last two years and in a similar application, that proves 
compliance to ASHRAE 62 and the accuracy of the calculations 

F. The Air Purification Technology shall have been tested by UL or Intertek/ETL to prove 
conformance to UL 867-2007 including the ozone chamber testing and peak ozone test for 
electronic devices. Manufacturers that achieved UL 867 prior to December 21, 2007 and have 
not been tested in accordance with the newest UL 867 standard with the ozone amendment 
shall not be acceptable. All manufacturers shall submit their independent UL 867 test data with 
ozone results to the engineer during the submittal process. All manufacturers shall submit a 
copy with their quotation. Contractors shall not accept any proposal without the proper ozone 
testing documentation. 

G. The maximum allowable ozone concentration per the UL 867-2007 chamber test shall be 0.007 
PPM. The maximum peak ozone concentration per the UL 867-2007 peak test as measured 2 
inches away from the electronic air cleaner’s output shall be no more than 0.0042 PPM. 
Manufacturers with ozone output exceeding these ozone values shall not be acceptable. 

1.5 SUBMITTALS 

A. Product Data: Submit manufacturer's technical product data for ion generators including: 

1. Schedule of plasma generators indicating unit designation, number of each type required 
for each unit/application. 

2. Data sheet for each type of plasma generator, plasma detector and accessory furnished; 
indicating construction, sizes, and mounting details. 

3. Performance data for each type of plasma device furnished. 
4. Indoor Air Quality calculations using the formulas within ASHRAE Standard 62.1-2007 to 

validate acceptable indoor air quality at the quantity of outside air Scheduled (when 
projects are designed with outside air reduction). 

5. Product drawings detailing all physical, electrical and control requirements. 
6. Copy of UL 867 independent ozone test. 

B. Operating & Maintenance Data: Submit O&M data and recommended spare parts lists. 

1.6 PRODUCT DELIVERY, STORAGE AND HANDLING 

A. Deliver in factory fabricated shipping containers. Identify on outside of container type of product 
and location to be installed. Avoid crushing or bending. 

B. Store in original cartons and protect from weather and construction work traffic. 
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C. Store indoors and in accordance with the manufacturers’ recommendation for storage. 

1.7 WARRANTY 

A. Equipment shall be warranted by the manufacturer against defects in material and workmanship 
for a period of eighteen months after shipment or twelve months from owner acceptance, 
whichever occurs first. Labor to replace equipment under warranty shall be provided by the 
installing contractor. 

PART 2 - PRODUCTS 

2.1 GENERAL 

A. The air purification system(s) shall be of the size, type, arrangement and capacity indicated and 
required by the unit furnished and shall be of the manufacturer specified. 

B. Manufacturers: 

1. Global Plasma Solutions (basis of design) 
2. American Ion 
3. Plasma Air  

C. All other Suppliers of comparable products requesting prior approval shall: 

1. Submit for prior approval four weeks in advance. 
2. In addition, manufacturers submitting for prior approval for Bi-Polar Ionization must as 

part of the prior approval request provide their ASHRAE 62.1-2007 calculations that 
prove conformance to the ASHRAE Standard with the reduction of outside air to the 
scheduled values. A letter on the manufacturer’s letterhead requesting prior approval 
must accompany the request for prior approval stating their calculations are ASHRAE 
compliant. A third party validation study performed on a previous installation of the same 
application shall also be included. 

3. Submit independent test data from ETL or UL showing ozone levels produced during the 
UL 867 ozone chamber test. Manufacturers without this test data shall not be acceptable. 

4. Submit pathogen testing per section 2.2. 
5. Submit at least two other end user references in the same application with contact phone 

number, email, equipment used and application for the equipment at that facility. 
Manufacturers not having the above references in similar applications using the same 
equipment models as proposed on the current project shall not be acceptable. 

2.2 BI-POLAR IONIZATION DESIGN & PERFORMANCE CRITERIA 

A. Each piece of air handling equipment, so designated on the plans, details, equipment schedules 
and/or specifications shall contain a Plasma Generator with Bi-polar Ionization output as 
described here within. 

B. The Bi-polar Ionization system shall be capable of: 

1. Effectively killing microorganisms downstream of the bi-polar ionization equipment (mold, 
bacteria, virus, etc.). 
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2. Controlling gas phase contaminants generated from human occupants, building structure, 
furnishings and outside air contaminants. 

3. Capable of reducing static space charges. 
4. Effectively reducing space particle counts. 
5. When mounted to the air entering side of a cooling coil, keep the cooling coil free from 

pathogen and mold growth. 
6. All manufacturers shall provide documentation by an independent NELEC accredited 

laboratory that proves the product has minimum kill rates for the following pathogens 
given the allotted time and in a space condition: 

a. MRSA - >96% in 30 minutes or less 
b. E.coli - > 99% in 15 minutes or less 
c. TB - > 69% in 60 minutes or less 
d. diff - >86% in 30 minutes or less 

7. Manufacturers not providing the equivalent space kill rates shall not be acceptable. All 
manufactures requesting prior approval shall provide to the engineer independent test 
data from a NELEC accredited independent lab confirming kill rates and time meeting the 
minimum requirements stated in section 2.2 B, points 6A, 6B and 6C. Products tested 
only on Petri dishes to prove kill rates shall not be acceptable. Products being sold under 
different trade names than those tested shall not be acceptable. 

C. The bi-polar ionization system shall operate in a manner such that equal amounts of positive 
and negative ions are produced. Uni-polar ion devices shall not be acceptable. 

1. Air exchange rates may vary through the full operating range of a constant Volume or 
VAV system. The quantity of air exchange shall not be increased due to requirements of 
the air purification system. 

2. Velocity Profile: The air purification device shall not have maximum velocity profile. 

D. Humidity: Plasma Generators shall not require preheat protection when the relative humidity of 
the entering air exceeds 85%. Relative humidity from 0 - 100%, condensing, shall not cause 
damage, deterioration or dangerous conditions within the air purification system. Air purification 
system shall be capable of wash down duty. 

E. Equipment Requirements: 

1. Electrode Specifications (Bi-polar Ionization): 

a. Each Plasma Generator with Bi-polar Ionization output shall include the required 
number of electrodes and power generators sized to the air handling equipment 
capacity. A minimum of sixteen 316 medical grade stainless steel ion needles per 
foot of coil face width shall be provided. The entire cooling coil shall width shall 
have equal distribution of ionization across the face. The plasma electrode shall 
require no more than one inch in the direction of airflow for mounting. All hardware 
required for mounting shall be provided by the air handler unit manufacturer. Bi-
polar ionization tubes manufactured of glass and steel mesh shall not be 
acceptable due to replacement requirements, maintenance, and performance 
output reduction over time, ozone production and corrosion. Plasma generators 
with recessed needles shall not be acceptable. 

b. Electrodes shall be energized when the main unit disconnect is turned on and the 
fan is operating. 

F. Air Handler Mounted Units: 
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1. Where so indicated on the plans and/or schedules Plasma Generator(s) shall be supplied 
and installed. The mechanical contractor shall mount the Plasma Generator and wire it to 
the remote mount power supply using the high voltage cables provided by the air 
purification manufacturer. An 115VAC or 230VAC circuit shall be provided to the ion 
generator power supply panel. Each ion generator shall be designed with an aluminum 
casing, integral grounding connection and high voltage quick connector. 

G. Ionization Requirements: 

1. Plasma Generators with Bi-polar ionization output shall be capable of controlling gas 
phase contaminants and shall be provided for all equipment listed above. 

a. The Bi-polar ionization system shall consist of Bi-Polar Plasma Generator and 
power supply. The Bi-polar system shall be installed where indicated on the plans 
or specified to be installed. The device shall be capable of being powered by 
115VAC or 230VAC without the use of an external transformer. Ionization systems 
requiring isolation transformers shall not be acceptable. 

b. Ionization Output: he ionization output shall be controlled such that an equal 
number of positive and negative ions are produced. Imbalanced levels shall not be 
acceptable. 

c. Ionization output from each electrode shall be a minimum of 20 million ions/cc 
when tested at 2” from the ionization generator. 

2. Ozone Generation: 

a. The operation of the electrodes or Bi-polar ionization units shall conform to UL 
867-2007 with respect to ozone generation. 

H. Electrical Requirements: 

1. Wiring, conduit and junction boxes shall be installed within housing plenums in 
accordance with NEC NFPA 70. Plasma Generator shall accept an electrical service of 
115 VAC or 230VAC, 1 phase, 50/60 Hz. The contractor shall coordinate electrical 
requirements with air purification manufacturer during submittals. 

I. Control Requirements: 

1. All Plasma Generators shall have internal short circuit protection, overload protection, 
and automatic fault reset. 

2. The ionization system shall be provided with a stand-alone, independent ion sensor 
designed for duct mounting to monitor the ion output and report to the BAS system that 
the ion device is working properly. Ion systems provided without an independent ion 
sensor, shall not be permitted. The control voltage to power the ion sensor shall be 
12VDC, 24VDC or 24VAC and draw no more than 150mA of current. The sensor shall 
provide at minimum, dry contact status to the BAS and optionally a BacNet interface as 
specified on the control drawings. 

3. The installing contractor shall mount and wire the Plasma device within the air handling 
unit specified or as shown or the plans. The contractor shall follow all manufacturer IOM 
instructions during installation. 

2.1 PLASMA DETECTOR DESIGN & PERFORMANCE CRITERIA 

A. Each piece of air handling equipment, so designated on the plans, details, equipment schedules 
and/or specifications shall contain a Plasma Detector with integral BAS contacts. 
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B. The Plasma Detector sensor shall be designed to these minimum standards: 

1. Ability to detect both positive and negative ion levels from 1,000 ions/cc to 20 million 
ions/cc minimum. Detection limit shall be field adjustable based on sensor mounting 
location and manufacturer being sensed. 

2. Plasma detector shall have integral dry alarm contacts for connection to the BAS to prove 
the ion system is operating properly and the ion system output is above the minimum 
preset threshold from the sensor manufacturer. The alarm shall activate when either 
positive or negative ion output drops below the preset setpoint. Cold plasma systems 
only providing indication the input power is applied or output power is present shall not be 
acceptable. The independent cold plasma detector shall be capable of working with any 
air purification manufacturer’s system. 

3. Cold plasma detector shall have an input voltage of 24VAC to 260VAC and draw no more 
than 150mA current. 

4. Cold plasma detector shall be capable of duct mounting or integral air stream mounting. 
5. Housing shall be constructed of fire retardant ABS plastic. 
6. Temperature and humidity shall have no affect on the cold plasma detector output 

accuracy. 
7. The alarm output shall be provided with NO, NC and C terminals for ease of integration to 

the BAS. The contacts shall be rated for up to 5 amps at 230VAC or up to 24VDC at 2 
amps. 

8. A BACnet control interface shall be provided by the cold plasma detector manufacturer. 

PART 3 - EXECUTION 

3.1 GENERAL 

A. The Contractor shall be responsible for maintaining all air systems until the owner accepts the 
building (Owner Acceptance). 

3.2 ASSEMBLY & ERECTION: PLASMA GENERATOR WITH BI-POLAR IONIZATION & COLD 
PLASMA DETECTOR 

A. All equipment shall be assembled and installed in a workman like manner to the satisfaction of 
the owner, architect, and engineer. 

B. Any material damaged by handling, water or moisture shall be replaced, by the mechanical 
contractor, at no cost to the owner. 

C. All equipment shall be protected from dust and damage on a daily basis throughout 
construction. 

3.3 TESTING 

A. Provide the manufacturers recommended electrical tests. 

3.4 COMMISSIONING & TRAINING 

A. A manufacturer's authorized representative shall provide start-up supervision and training of 
owner's personnel in the proper operation and maintenance of all equipment. 
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END OF SECTION 23 44 00 
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SECTION 23 64 23 
SCROLL WATER CHILLERS 

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. Packaged, air-cooled, electric-motor-driven, scroll water chillers with integral 
pump package.. 

1.3 ACTION SUBMITTALS 

A. Product Data:  Include refrigerant, rated capacities, operating characteristics, furnished 
specialties, and accessories. 

1. Performance at ARI standard conditions and at conditions indicated. 
2. Performance at ARI standard unloading conditions. 
3. Minimum evaporator flow rate. 
4. Refrigerant capacity of water chiller. 
5. Oil capacity of water chiller. 
6. Fluid capacity of evaporator. 
7. Characteristics of safety relief valves. 
8. Minimum entering condenser-air temperature 
9. Performance at varying capacity with constant design entering condenser-air 

temperature.  Repeat performance at varying capacity for different entering 
condenser-air temperatures from design to minimum in 10 deg F increments. 

B. Shop Drawings:  Complete set of manufacturer's prints of water chiller assemblies, 
control panels, sections and elevations, and unit isolation.  Include the following: 

1. Assembled unit dimensions. 
2. Weight and load distribution. 
3. Required clearances for maintenance and operation. 
4. Size and location of piping and wiring connections. 
5. Wiring Diagrams:  For power, signal, and control wiring. 

1.4 INFORMATIONAL SUBMITTALS 
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A. Coordination Drawings:  Floor plans, drawn to scale, on which the following items are 
shown and coordinated with each other, using input from installers of the items 
involved: 

1. Structural supports. 
2. Piping roughing-in requirements. 
3. Wiring roughing-in requirements, including spaces reserved for electrical 

equipment. 
4. Access requirements, including working clearances for mechanical controls and 

electrical equipment, and tube pull and service clearances. 

B. Certificates:  For certification required in "Quality Assurance" Article. 

C. Source quality-control test reports. 

D. Startup service reports. 

E. Warranty:  Sample of special warranty. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For each water chiller to include in emergency, 
operation, and maintenance manuals. 

1.6 QUALITY ASSURANCE 

A. ARI Certification:  Certify chiller according to ARI 590 certification program. 

B. ARI Rating:  Rate water chiller performance according to requirements in ARI 550/590, 
"Water Chilling Packages Using the Vapor Compression Cycle." 

C. ASHRAE Compliance:  ASHRAE 15 for safety code for mechanical refrigeration. 

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

E. ASME Compliance:  Fabricate and stamp water chiller heat exchangers to comply with 
ASME Boiler and Pressure Vessel Code. 

F. Comply with NFPA 70. 

1.7 DELIVERY, STORAGE, AND HANDLING 

A. Ship water chillers from the factory fully charged with refrigerant and filled with oil. 

B. Package water chiller for export shipping. 

1.8 COORDINATION 
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A. Coordinate sizes and locations of concrete bases with actual equipment provided. 

B. Coordinate sizes, locations, and anchoring attachments of structural-steel support 
structures. 

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

1.9 WARRANTY 

A. Special Warranty:  5 years from date of substantial completion in which manufacturer 
agrees to repair or replace components of water chillers that fail in materials or 
workmanship.  Warranty shall include all parts and labor including refrigerant.  
Warranty shall be non transferrable and shall be a manufacturer warranty  

PART 2 - PRODUCTS 

2.1 PACKAGED AIR-COOLED WATER CHILLERS 

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

1. Carrier Corporation; a United Technologies company. 
2. McQuay International. 
3. Trane. 

B. Description:  Factory-assembled and run-tested water chiller complete with base and 
frame, condenser casing, compressors, compressor motors and motor controllers, 
evaporator, condenser coils, condenser fans and motors, electrical power, controls, 
integral pumps and accessories. 

C. Cabinet: 

1. Base:  Galvanized-steel base extending the perimeter of water chiller.  Secure 
frame, compressors, and evaporator to base to provide a single-piece unit. 

2. Frame:  Rigid galvanized-steel frame secured to base and designed to support 
cabinet, condenser, control panel, and other chiller components not directly 
supported from base. 

3. Casing: Galvanized steel. 
4. Finish:  Coat base, frame, and casing with a corrosion-resistant coating capable 

of withstanding a 500-hour salt-spray test according to ASTM B 117. 
5. Sound-reduction package consisting of the following: 

a. Acoustic enclosure around compressors. 
b. Reduced-speed fans with acoustic treatment. 
c. Designed to reduce sound level without affecting performance. 

D. Compressors: 
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1. Description:  Positive-displacement direct drive with hermetically sealed casing. 
2. Each compressor provided with suction and discharge service valves, crankcase 

oil heater, and suction strainer. 
3. Operating Speed:  Nominal 3600 rpm for 60-Hz applications. 
4. Capacity Control:  On-off compressor cycling, plus hot-gas bypass. 
5. Oil Lubrication System:  Automatic pump with strainer, sight glass, filling 

connection, filter with magnetic plug, and initial oil charge. 

E. Compressor Motors: 

1. Hermetically sealed and cooled by refrigerant suction gas. 
2. High-torque, two-pole induction type with inherent thermal-overload protection on 

each phase. 

F. Compressor Motor Controllers: 

1. Across the Line:  NEMA ICS 2, Class A, full voltage, nonreversing. 

G. Refrigeration: 

1. Refrigerant:  R-410a.  Classified as Safety Group A1 according to ASHRAE 34. 
2. Refrigerant Compatibility:  Parts exposed to refrigerants shall be fully compatible 

with refrigerants, and pressure components shall be rated for refrigerant 
pressures. 

3. Refrigerant Circuit:  Each circuit shall include a thermal-expansion valve, 
refrigerant charging connections, a hot-gas muffler, compressor suction and 
discharge shutoff valves, a liquid-line shutoff valve, a replaceable-core filter-
dryer, a sight glass with moisture indicator, a liquid-line solenoid valve, and an 
insulated suction line. 

4. Refrigerant Isolation:  Factory install positive shutoff isolation valves in the 
compressor discharge line and the refrigerant liquid-line to allow the isolation and 
storage of the refrigerant charge in the chiller condenser. 

H. Evaporator: 

1. Brazed Plate: 

a. Direct-expansion, single-pass, brazed-plate design. 
b. Type 316 stainless-steel construction. 
c. Code Compliance:  Tested and stamped according to ASME Boiler and 

Pressure Vessel Code. 
d. Fluid Nozzles:  Terminate with mechanical-coupling end connections for 

connection to field piping. 

2. Heater:  Factory-installed and -wired electric heater with integral controls 
designed to protect the evaporator to minus 20 deg F. 

3. Remote Mounting:  Designed for remote field mounting where indicated.  Provide 
kit for field installation. 

I. Air-Cooled Condenser: 
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1. Plate-fin coil with integral subcooling on each circuit, rated at 450 psig. 

a. Construct coils of copper tubes mechanically bonded to aluminum fins. 
b. Coat coils with a baked epoxy corrosion-resistant coating after fabrication. 
c. Hail Protection:  Provide condenser coils with louvers, baffles, or hoods to 

protect against hail damage. 

2. Fans:  Direct-drive propeller type with statically and dynamically balanced fan 
blades, arranged for vertical air discharge. 

3. Fan Motors:  Totally enclosed nonventilating (TENV) or totally enclosed air over 
(TEAO) enclosure, with permanently lubricated bearings, and having built-in 
overcurrent- and thermal-overload protection. 

4. Fan Guards:  Steel safety guards with corrosion-resistant coating. 

J. Pumps: 
1. Centrifugal Pumps to be integral part of chiller package. Factory mounted control system  

to provide control of the pumps. 

K. Electrical Power: 

1. Factory-installed and -wired switches, motor controllers, transformers, and other 
electrical devices necessary shall provide a single-point field power connection to 
water chiller. 

2. Install factory wiring outside of an enclosure in a raceway. 
3. Provide branch power circuit to each motor and to controls with one of the 

following disconnecting means: 

a. NEMA AB 1, motor-circuit protector (circuit breaker) with field-adjustable, 
short-circuit trip coordinated with motor locked-rotor amperes. 

4. Provide each motor with overcurrent protection. 
5. Overload relay sized according to UL 1995, or an integral component of water 

chiller control microprocessor. 
6. Phase-Failure and Undervoltage:  Solid-state sensing with adjustable settings. 
7. Transformer:  Unit-mounted transformer with primary and secondary fuses and 

sized with enough capacity to operate electrical load plus spare capacity. 

a. Power unit-mounted controls where indicated. 

8. Control Relays:  Auxiliary and adjustable time-delay relays. 
9. Indicate the following for water chiller electrical power supply: 

a. Current, phase to phase, for all three phases. 
b. Voltage, phase to phase and phase to neutral for all three phases. 
c. Three-phase real power (kilowatts). 
d. Three-phase reactive power (kilovolt amperes reactive). 
e. Power factor. 
f. Running log of total power versus time (kilowatt hours). 
g. Fault log, with time and date of each. 
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L. Controls: 

1. Stand-alone, microprocessor based. 
2. Enclosure:  Share enclosure with electrical power devices or provide a separate 

enclosure of matching construction. 
3. Operator Interface:  Keypad or pressure-sensitive touch screen.  Multiple-

character, backlit, liquid-crystal display or light-emitting diodes.  Display the 
following: 

a. Date and time. 
b. Operating or alarm status. 
c. Operating hours. 
d. Temperature and pressure of operating set points. 
e. Entering and leaving temperatures of chilled water. 
f. Refrigerant pressures in evaporator and condenser. 
g. Saturation temperature in evaporator and condenser. 
h. No cooling load condition. 
i. Elapsed time meter (compressor run status). 
j. Antirecycling timer status. 
k. Percent of maximum motor amperage. 
l. Current-limit set point. 
m. Number of compressor starts. 

4. Control Functions: 

a. Manual or automatic startup and shutdown time schedule. 
b. Entering and leaving chilled-water temperatures, control set points, and 

motor load limit.  Current limit and demand limit. 
c. External water chiller emergency stop. 
d. Antirecycling timer. 

5. Manual-Reset Safety Controls:  The following conditions shall shut down water 
chiller and require manual reset: 

a. Low evaporator pressure or high condenser pressure. 
b. Low chilled-water temperature. 
c. Refrigerant high pressure. 
d. High or low oil pressure. 
e. High oil temperature. 
f. Loss of chilled-water flow. 
g. Control device failure. 

6. Building Automation System Interface:  Factory-installed hardware and software 
to enable building automation system to monitor, control, and display water 
chiller status and alarms. 

a. ASHRAE 135 (BACnet) or LonTalk interface communication interface with 
building automation system shall enable building automation system 
operator to remotely control and monitor the water chiller from an operator 
workstation.  Control features and monitoring points displayed locally at 

Bid 12467-113City of Fort Lauderdale

5/27/2021 10:03 AM p. 479

CAM 21-0549 
Exhibit 1C 

Page 129 of 150



water chiller control panel shall be available through building automation 
system. 

M. Insulation: 

1. Material:  Closed-cell, flexible elastomeric, thermal insulation complying with 
ASTM C 534, Type I, for tubular materials and Type II, for sheet materials. 

2. Thickness:  1-1/2 inches. 
3. Factory-applied insulation over cold surfaces of water chiller components. 

a. Adhesive:  As recommended by insulation manufacturer and applied to 100 
percent of insulation contact surface.  Seal seams and joints. 

4. Apply protective coating to exposed surfaces of insulation. 

N. Accessories: 

1. Factory-furnished, chilled-water flow switches for field installation. 
2. Individual compressor suction and discharge pressure gages with shutoff valves 

for each refrigeration circuit. 

2.2 SOURCE QUALITY CONTROL 

A. Perform functional test of water chillers before shipping. 

B. Factory performance test water chillers, before shipping, according to ARI 550/590, 
"Water Chilling Packages Using the Vapor Compression Cycle." 

C. For water chillers located outdoors, rate sound power level according to ARI 370 
procedure. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Before water chiller installation, examine roughing-in for equipment support, anchor-
bolt sizes and locations, piping, and electrical connections to verify actual locations, 
sizes, and other conditions affecting water chiller performance, maintenance, and 
operations. 

1. Water chiller locations indicated on Drawings are approximate.  Determine exact 
locations before roughing-in for piping and electrical connections. 

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

3.2 WATER CHILLER INSTALLATION 

A. Install water chillers on support structure indicated. 
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B. Equipment Mounting: 

1. Install water chillers on cast-in-place concrete equipment bases.  Comply with 
requirements for equipment bases and foundations specified in Division 03. 

2. Comply with requirements for vibration isolation devices specified in 
Section 230548.13 "Vibration Controls for HVAC." 

C. Maintain manufacturer's recommended clearances for service and maintenance. 

D. Charge water chiller with refrigerant if not factory charged and fill with oil if not factory 
installed. 

E. Install separate devices furnished by manufacturer and not factory installed. 

3.3 CONNECTIONS 

A. Comply with requirements in Section 232113 "Hydronic Piping" and Section 232116 
“Hydronic Piping Specialties." Drawings indicate general arrangement of piping, fittings, 
and specialties. 

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

C. Evaporator Fluid Connections:  Connect to evaporator inlet with shutoff valve, strainer, 
 flexible connector, thermometer, and plugged tee with pressure gage.  Connect to 
evaporator outlet with shutoff valve, balancing valve, flexible connector, flow switch, 
thermometer, plugged tee with pressure gage, and drain connection with valve.  Make 
connections to water chiller with a flange. 

D. Connect each drain connection with a union and drain pipe and extend pipe, full size of 
connection, to floor drain.  Provide a shutoff valve at each connection if required. 

3.4 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform startup service. 

B. Inspect field-assembled components, equipment installation, and piping and electrical 
connections for proper assemblies, installations, and connections. 

C. Complete installation and startup checks according to manufacturer's written 
instructions and perform the following: 

1. Verify that refrigerant charge is sufficient and water chiller has been leak tested. 
2. Verify that pumps are installed and functional. 
3. Verify that thermometers and gages are installed. 
4. Operate water chiller for run-in period. 
5. Check bearing lubrication and oil levels. 
6. Verify proper motor rotation. 
7. Verify static deflection of vibration isolators, including deflection during water 

chiller startup and shutdown. 
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8. Verify and record performance of chilled-water flow and low-temperature 
interlocks. 

9. Verify and record performance of water chiller protection devices. 
10. Test and adjust controls and safeties.  Replace damaged or malfunctioning 

controls and equipment. 

D. Prepare a written startup report that records results of tests and inspections. 

3.5 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance 
personnel to adjust, operate, and maintain water chillers. Video record the training 
sessions. 

END OF SECTION 236423 
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SECTION 23 73 13.1 
MODULAR INDOOR 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 01 Specification Sections, apply to this
Section.

1.2 SUMMARY 

A. Section Includes:
1. Constant-air-volume, single-zone air-handling units.
2. Variable-air-volume, single-zone air-handling units.

1.3 PERFORMANCE REQUIREMENTS 

A. Structural Performance:  Casing panels shall be self-supporting and capable of
withstanding 133 percent of internal static pressures indicated, without panel joints
exceeding a deflection of L/200 where "L" is the unsupported span length within
completed casings

B. Air leakage shall be determined at 1.50 times maximum casing static pressure up to 8
inches w.g. Specified air leakage shall be accomplished without the use of caulk.  Total
estimated air leakage shall be reported for each unit in CFM, as a percentage of supply
air, and as an ASHRAE 111 Leakage Class.

C. Casing performance - Casing air leakage shall not exceed leak class 6 (CL = 6) per
ASHRAE 111 at specified casing pressure, where maximum casing leakage (cfm/100
ft2 of casing surface area) = CL X P0.65.

D. Unit casing (wall/floor/pressure bulkhead roof panels and doors) shall be able to
withstand up to 1.5 times design static pressure up to +8" w.g. in all positive pressure
sections and -8" w.g. in all negative pressure sections, whichever is less, and shall not
exceed 0.0042" per inch of panel span (L/240).

E. Under 52°F supply air temperature and design conditions on the exterior of the unit of
80°F dry bulb and 71°F wet bulb, condensation shall not form on the casing exterior.
The AHU manufacturer shall provide tested casing thermal performance for the
scheduled supply air temperature plotted on a psychometric chart. The design
condition on the exterior of the unit shall also be plotted on the chart. If tested casing
thermal data is not available, AHU manufacturer shall provide, in writing to the
Engineer and Owner, a guarantee against condensation forming on the unit exterior at
the stated design conditions above.  The guarantee shall note that the AHU
manufacturer will cover all expenses associated with modifying units in the field should
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external condensate form on them.  In lieu of AHU manufacturer providing a written 
guarantee, the installing contractor must provide additional external insulation on AHU 
to prevent condensation. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each air-handling unit indicated.
1. Unit dimensions and weight.
2. Cabinet material, metal thickness, finishes, insulation, and accessories.
3. Fans:

a. Certified fan-performance curves with system operating conditions
indicated.

b. Certified fan-sound power ratings.
c. Fan construction and accessories.
d. Motor ratings, electrical characteristics, and motor accessories.

4. Certified coil-performance ratings with system operating conditions indicated.
5. Dampers, including housings, linkages, and operators.
6. Filters with performance characteristics.

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Floor plans and other details, drawn to scale, on which the
following items are shown and coordinated with each other, using input from installers
of the items involved:
1. Mechanical-room layout and relationships between components and adjacent

structural and mechanical elements.
2. Support location, type, and weight.
3. Field measurements.

B. Field quality-control reports.

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For air-handling units to include in emergency,
operation, and maintenance manuals.

1.7 MATERIALS MAINTENANCE SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with
protective covering for storage and identified with labels describing contents.
1. Filters:  One set(s) for each air-handling unit.

1.8 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.
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B. NFPA Compliance:  Comply with NFPA 90A for design, fabrication, and installation of
air-handling units and components.

C. ARI Certification:  Air-handling units and their components shall be factory tested
according to ARI 430, "Central-Station Air-Handling Units," and shall be listed and
labeled by ARI.

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

E. Comply with NFPA 70.

1.9 COORDINATION 

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

B. Coordinate sizes and locations of structural-steel support members, if any, with actual
equipment provided.

1.10 WARRANTY 

A. Special Warranty:  Provide manufacturer’s warranty for the entire unit covering both
parts and labor.
1. Warranty period of 5 years from shipment of equipment.

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

B. 
1. Trane
2. Daikin
3. York

2.2 UNIT CASINGS 

A. General Fabrication Requirements for Casings:
1. Forming:  Formed and reinforced double-wall insulated panels, fabricated to

allow removal for access to internal parts and components, with joints between
sections sealed.
a. Outside Casing:  Galvanized steel, 0.0635 inch (1.61 mm) thick.
b. Inside Casing:  Stainless steel, 0.0276 inch (0.7 mm).  Entire interior shall

be stainless steel.
2.
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B. Casing Insulation and Adhesive:
1. Materials:  Injectable foam insulation with a minimum R-13 value.
2. Location and Application:  Encased between outside and inside casing.

C. Inspection and Access Panels and Access Doors:
1. Panel and Door Fabrication:  Formed and reinforced, double-wall and insulated

panels of same materials and thicknesses as casing.
2. Inspection and Access Panels:

a. Fasteners:  Two or more camlock type for panel lift-out operation.
Arrangement shall allow panels to be opened against air-pressure
differential.

b. Gasket:  Neoprene, applied around entire perimeters of panel frames.
c. Size:  Large enough to allow inspection and maintenance of air-handling

unit's internal components.
3. Access Doors:

a. Hinges:  A minimum of two ball-bearing hinges or stainless-steel piano
hinge and two wedge-lever-type latches, operable from inside and outside.
Arrange doors to be opened against air-pressure differential.

b. Gasket:  Neoprene, applied around entire perimeters of panel frames.
c. Size:  At least 18 inches (450 mm) wide by full height of unit casing up to a

maximum height of 60 inches (1500 mm).
4. Locations and Applications:

a. Fan Section:  Inspection and access panels Doors.
b. Access Section:  Doors.
c. Coil Section:  Inspection and access panel.
d. Damper Section:  Doors.
e. Filter Section:  Doors large enough to allow periodic removal and

installation of filters.
f. Mixing Section:  Doors.
g. Humidifier Section:  Doors.

D. Condensate Drain Pans:
1. Fabricated with one percent slope in at least two planes to collect condensate

from cooling coils (including coil piping connections, coil headers, and return
bends) and from humidifiers and to direct water toward drain connection.
a. Depth:  A minimum of 2 inches (50 mm) deep.

2. Formed sections.
3. Double-wall, stainless-steel sheet with space between walls filled with foam

insulation and moisture-tight seal.
4. Drain Connection:  Located at lowest point of pan and sized to prevent overflow.

Terminate with threaded nipple on both ends of pan.
a. Minimum Connection Size:  NPS 1 (DN 25).

5. Pan-Top Surface Coating:  Asphaltic waterproofing compound.
6. Units with stacked coils shall have an intermediate drain pan to collect

condensate from top coil.

E. Air-Handling-Unit Mounting Frame:  6” height formed galvanized-steel channel or
structural channel supports, designed for low deflection, welded with integral lifting
lugs.
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2.3 FAN, DRIVE, AND MOTOR SECTION 

A. Fan and Drive Assemblies:  Statically and dynamically balanced and designed for
continuous operation at maximum-rated fan speed and motor horsepower.
1. Shafts:  Designed for continuous operation at maximum-rated fan speed and

motor horsepower, and with field-adjustable alignment.
a. Turned, ground, and polished hot-rolled steel with keyway.  Ship with a

protective coating of lubricating oil.
b. Designed to operate at no more than 70 percent of first critical speed at top

of fan's speed range.

B. Centrifugal Fan Housings:  Formed- and reinforced-steel panels to form curved scroll
housings with shaped cutoff and spun-metal inlet bell.
1. Bracing:  Steel angle or channel supports for mounting and supporting fan scroll,

wheel, motor, and accessories.
2. Horizontal-Flanged, Split Housing:  Bolted construction.
3. Housing for Supply Fan:  Attach housing to fan-section casing with metal-edged

flexible duct connector.
4. Flexible Connector:  Factory fabricated with a fabric strip 3-1/2 inches (89 mm)

wide attached to 2 strips of 2-3/4-inch- (70-mm-) wide, 0.028-inch- (0.7-mm-)
thick, galvanized-steel sheet or 0.032-inch- (0.8-mm-) thick aluminum sheets;
select metal compatible with casing.
a. Flexible Connector Fabric:  Glass fabric, double coated with neoprene.

Fabrics, coatings, and adhesives shall comply with UL 181, Class 1.
1) Fabric Minimum Weight:  26 oz./sq. yd. (880 g/sq. m).
2) Fabric Tensile Strength:  480 lbf/inch (84 N/mm) in the warp and 360

lbf/inch (63 N/mm) in the filling.
3) Fabric Service Temperature:  Minus 40 to plus 200 deg F (Minus 40

to plus 93 deg C).

C. Plenum Fan Housings:  Steel frame and panel; fabricated without fan scroll and volute
housing.

D. Backward-Inclined, Centrifugal Fan Wheels:  Single-width-single-inlet and double-
width-double-inlet construction with curved inlet flange, backplate, backward-inclined
blades welded or riveted to flange and backplate; cast-iron or cast-steel hub riveted to
backplate and fastened to shaft with set screws.

E. Forward-Curved, Centrifugal Fan Wheels:  Inlet flange, backplate, and shallow blades
with inlet and tip curved forward in direction of airflow and mechanically fastened to
flange and backplate; cast-steel hub swaged to backplate and fastened to shaft with
set screws.

F. Airfoil, Centrifugal Fan Wheels:  Smooth-curved inlet flange, backplate, and hollow die-
formed airfoil-shaped blades continuously welded at tip flange and backplate; cast-iron
or cast-steel hub riveted to backplate and fastened to shaft with set screws.

G. Fan Shaft Bearings:
1. Prelubricated and Sealed, Ball Bearings:  Self-aligning, pillow-block type with

ABMA L-10 life at 80,000 hours.
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H. Drives:  Factory mounted direct drive fans.

I. Internal Vibration Isolation:  Fans shall be factory mounted with manufacturer's
standard restrained vibration isolation mounting devices having a minimum static
deflection of 2 inch.

J. Motor:  Comply with NEMA designation, temperature rating, service factor, enclosure
type, and efficiency requirements for motors specified in Division 23 Section "Common
Motor Requirements for HVAC Equipment."
1. Enclosure Type:  Open Drip Proof, fan cooled.
2. NEMA Premium (TM) efficient motors as defined in NEMA MG 1.
3. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven

load will not require motor to operate in service factor range above 1.0.
4. Controllers, Electrical Devices, and Wiring:  Comply with requirements for

electrical devices and connections specified in Division 26 Sections.

2.4 COIL SECTION 

A. General Requirements for Coil Section:
1. Comply with ARI 410.
2. Fabricate coil section to allow removal and replacement of coil for maintenance

and to allow in-place access for service and maintenance of coil(s).
3. Coils shall not act as structural component of unit.
4. Coil casing shall be stainless steel

2.5 DAMPERS 

A. General Requirements for Dampers:  Leakage rate, according to AMCA 500,
"Laboratory Methods for Testing Dampers for Rating," shall not exceed 2 percent of air
quantity at 2000-fpm (10-m/s) face velocity through damper and 4-inch wg (1000-Pa)
pressure differential.

B. Damper Operators:  Comply with requirements in Division 23 Section "Instrumentation
and Control for HVAC."

C. Outdoor- and Return-Air Dampers:  Low-leakage, double-skin, airfoil-blade, extruded-
aluminum dampers with compressible jamb seals and extruded-vinyl blade edge seals
in parallel-blade arrangement with cadmium-plated steel operating rods rotating in
stainless-steel sleeve, sintered bronze or nylon bearings mounted in a single
galvanized-steel frame, and with operating rods connected with a common linkage.
Leakage rate shall not exceed 4 cfm/sq. ft. at 1-inch wg (250 Pa) and 9 cfm/sq. ft.
(0.4 L/s per sq. m) at 4-inch wg (1.0 MPa).

D. Combination Filter and Mixing Section:
1. Cabinet support members shall hold 2-inch- (50-mm-) thick, pleated, flat,

permanent or throwaway filters.

PART 3 - EXECUTION 
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3.1 EXAMINATION 

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

B. Examine casing insulation materials and filter media before air-handling unit
installation.  Reject insulation materials and filter media that are wet, moisture
damaged, or mold damaged.

C. Examine roughing-in for steam, hydronic, and condensate drainage piping systems
and electrical services to verify actual locations of connections before installation.

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

3.2 INSTALLATION 

A. Equipment Mounting:  Install air-handling units on concrete bases using elastomeric
mounts.  Secure units to anchor bolts installed in concrete bases.  Comply with
requirements for concrete bases specified in Division 03 Section "Cast-in-Place
Concrete." Comply with requirements for vibration isolation devices specified in
Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."
1. Install galvanized-steel plate to equally distribute weight over elastomeric pad.
2. Install anchor bolts to elevations required for proper attachment to supported

equipment.

B. Arrange installation of units to provide minimum 3 feet access space around air-
handling units for service and maintenance.

C. Do not operate fan system until filters (temporary or permanent) are in place.  Replace
temporary filters used during construction and testing, with new, clean filters.

3.3 CONNECTIONS 

A. Comply with requirements for piping specified in other Division 23 Sections.  Drawings
indicate general arrangement of piping, fittings, and specialties.

B. Install piping adjacent to air-handling unit to allow service and maintenance.

C. Connect piping to air-handling units mounted on vibration isolators with flexible
connectors.

D. Chilled-Water Piping:  Comply with applicable requirements in Division 23 Section
"Hydronic Piping." Install shutoff valve and union or flange at each coil supply
connection.  Install balancing valve and union or flange at each coil return connection.

E. Connect duct to air-handling units with flexible connections.  Comply with requirements
in Division 23 Section "Air Duct Accessories."

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

B. Tests and Inspections:
1. Leak Test:  After installation, fill water and steam coils with water, and test coils

and connections for leaks.
2. Fan Operational Test:  After electrical circuitry has been energized, start units to

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

controls and equipment.

C. Air-handling unit or components will be considered defective if unit or components do
not pass tests and inspections.

D. Prepare test and inspection reports.

3.5 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 shipping, blocking, and bracing are removed.
3. Verify that unit is secure on mountings and supporting devices and that

connections to piping, ducts, and electrical systems are complete.  Verify that
proper thermal-overload protection is installed in motors, controllers, and
switches.

4. Verify proper motor rotation direction, free fan wheel rotation, and smooth
bearing operations.  Reconnect fan drive system, align belts, and install belt
guards.

5. Verify that bearings, pulleys, belts, and other moving parts are lubricated with
factory-recommended lubricants.

6. Comb coil fins for parallel orientation.
7. Verify that proper thermal-overload protection is installed for electric coils.
8. Install new, clean filters.
9. Verify that manual and automatic volume control and fire and smoke dampers in

connected duct systems are in fully open position.

B. Starting procedures for air-handling units include the following:
1. Energize motor; verify proper operation of motor, drive system, and fan wheel.

Adjust fan to indicated rpm.  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.

3.6 ADJUSTING 

A. Adjust damper linkages for proper damper operation.
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B. Comply with requirements in Division 23 Section "Testing, Adjusting, and Balancing for
HVAC" for air-handling system testing, adjusting, and balancing.

3.7 CLEANING 

A. After completing system installation and testing, adjusting, and balancing air-handling
unit and air-distribution systems and after completing startup service, clean air-
handling units internally to remove foreign material and construction dirt and dust.
Clean fan wheels, cabinets, dampers, coils, and filter housings, and install new, clean
filters.

3.8 DEMONSTRATION 

A. Engage a factory-authorized service representative to train Owner's maintenance
personnel to adjust, operate, and maintain air-handling units.

 END OF SECTION 237313.1 
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SECTION 23 73 13.2 - MODULAR ROOFTOP CHILLED WATER 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 01 Specification Sections, apply to this Section.

1.2 SUMMARY 

A. Section Includes:

1. Constant-air-volume, single-zone air-handling units.

2. Variable-air-volume, single-zone air-handling units.

1.3 PERFORMANCE REQUIREMENTS 

A. Delegated Design:  Design RTU supports to comply with wind performance requirements,

including comprehensive engineering analysis by a qualified professional engineer, using

performance requirements and design criteria indicated.

B. Wind-Restraint Performance:

1. Basic Wind Speed:  Meet current Florida Building Code wind pressure requirements

C. Structural Performance:  Casing panels shall be self-supporting and capable of withstanding

133 percent of internal static pressures indicated, without panel joints exceeding a deflection

of L/200 where "L" is the unsupported span length within completed casings

D. Air leakage shall be determined at 1.50 times maximum casing static pressure up to 8 inches

w.g. Specified air leakage shall be accomplished without the use of caulk.  Total estimated air

leakage shall be reported for each unit in CFM, as a percentage of supply air, and as an

ASHRAE 111 Leakage Class.

E. Casing performance - Casing air leakage shall not exceed leak class 6 (CL = 6) per ASHRAE 111

at specified casing pressure, where maximum casing leakage (cfm/100 ft2 of casing surface

area) = CL X P0.65.

F. Unit casing (wall/floor/pressure bulkhead roof panels and doors) shall be able to withstand up

to 1.5 times design static pressure up to +8" w.g. in all positive pressure sections and -8" w.g. in

all negative pressure sections, whichever is less, and shall not exceed 0.0042" per inch of panel

span (L/240).

G. Under 52°F supply air temperature and design conditions on the exterior of the unit of 80°F dry

bulb and 71°F wet bulb, condensation shall not form on the casing exterior. The AHU

manufacturer shall provide tested casing thermal performance for the scheduled supply air

temperature plotted on a psychometric chart. The design condition on the exterior of the unit

shall also be plotted on the chart. If tested casing thermal data is not available, AHU
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manufacturer shall provide, in writing to the Engineer and Owner, a guarantee against 

condensation forming on the unit exterior at the stated design conditions above.  The 

guarantee shall note that the AHU manufacturer will cover all expenses associated with 

modifying units in the field should external condensate form on them.  In lieu of AHU 

manufacturer providing a written guarantee, the installing contractor must provide additional 

external insulation on AHU to prevent condensation. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each air-handling unit indicated.

1. Unit dimensions and weight.

2. Cabinet material, metal thickness, finishes, insulation, and accessories.

3. Fans:

a. Certified fan-performance curves with system operating conditions indicated.

b. Certified fan-sound power ratings.

c. Fan construction and accessories.

d. Motor ratings, electrical characteristics, and motor accessories.

4. Certified coil-performance ratings with system operating conditions indicated.

5. Dampers, including housings, linkages, and operators.

6. Filters with performance characteristics.

1.5 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Floor plans and other details, drawn to scale, on which the following

items are shown and coordinated with each other, using input from installers of the items

involved:

1. Rooftop unit layout and relationships between components and adjacent structural and

mechanical elements.

2. Rooftop curb

3. Support location, type, and weight.

4. Field measurements.

B. Field quality-control reports.

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For air-handling units to include in emergency, operation,

and maintenance manuals.

1.7 MATERIALS MAINTENANCE SUBMITTALS 

A. Furnish extra materials that match products installed and that are packaged with protective

covering for storage and identified with labels describing contents.

1. Filters:  One set(s) for each air-handling unit.

1.8 QUALITY ASSURANCE 
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A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70,

by a qualified testing agency, and marked for intended location and application.

B. NFPA Compliance:  Comply with NFPA 90A for design, fabrication, and installation of air-

handling units and components.

C. ARI Certification:  Air-handling units and their components shall be factory tested according to

ARI 430, "Central-Station Air-Handling Units," and shall be listed and labeled by ARI.

D. ASHRAE/IESNA 90.1 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, Section 6 -

"Heating, Ventilating, and Air-Conditioning."

E. Comply with NFPA 70.

1.9 COORDINATION 

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

B. Coordinate sizes and locations of structural-steel support members, if any, with actual

equipment provided.

1.10 WARRANTY 

A. Special Warranty:  Provide manufacturer’s warranty for the entire unit covering both parts and

labor.

1. Warranty period of 5 years from shipment of equipment.

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

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

following:

B.

1. McQuay International – Vision.

2. Trane; American Standard Inc – Performance Climate Changer.

3. Carrier Corporation – 39M.

2.2 UNIT CASINGS 

A. General Fabrication Requirements for Casings:

1. Forming:  Formed and reinforced double-wall insulated panels, fabricated to allow

removal for access to internal parts and components, with joints between sections

sealed.

a. Outside Casing:  Galvanized steel, 0.0635 inch (1.61 mm) thick.
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b. Inside Casing:  Stainless steel, 0.0276 inch (0.7 mm).  Entire interior shall be stainless

steel.

2.

B. Casing Insulation and Adhesive:

1. Materials:  Injectable foam insulation with a minimum R-13 value.

2. Location and Application:  Encased between outside and inside casing.

C. Inspection and Access Panels and Access Doors:

1. Panel and Door Fabrication:  Formed and reinforced, double-wall and insulated panels

of same materials and thicknesses as casing.

2. Inspection and Access Panels:

a. Fasteners:  Two or more camlock type for panel lift-out operation.  Arrangement

shall allow panels to be opened against air-pressure differential.

b. Gasket:  Neoprene, applied around entire perimeters of panel frames.

c. Size:  Large enough to allow inspection and maintenance of air-handling unit's

internal components.

3. Access Doors:

a. Hinges:  A minimum of two ball-bearing hinges or stainless-steel piano hinge and

two wedge-lever-type latches, operable from inside and outside.  Arrange doors to

be opened against air-pressure differential.

b. Gasket:  Neoprene, applied around entire perimeters of panel frames.

c. Size:  At least 18 inches (450 mm) wide by full height of unit casing up to a maximum

height of 60 inches (1500 mm).
4. Locations and Applications:

a. Fan Section:  Inspection and access panels Doors.

b. Access Section:  Doors.

c. Coil Section:  Inspection and access panel.

d. Damper Section:  Doors.

e. Filter Section:  Doors large enough to allow periodic removal and installation of

filters.

f. Mixing Section:  Doors.

g. Humidifier Section:  Doors.

D. Condensate Drain Pans:

1. Fabricated with one percent slope in at least two planes to collect condensate from

cooling coils (including coil piping connections, coil headers, and return bends) and from

humidifiers and to direct water toward drain connection.

a. Depth:  A minimum of 2 inches (50 mm) deep.

2. Formed sections.

3. Double-wall, stainless-steel sheet with space between walls filled with foam insulation and

moisture-tight seal.

4. Drain Connection:  Located at lowest point of pan and sized to prevent overflow.

Terminate with threaded nipple on both ends of pan.

a. Minimum Connection Size:  NPS 1 (DN 25).
5. Pan-Top Surface Coating:  Asphaltic waterproofing compound.

6. Units with stacked coils shall have an intermediate drain pan to collect condensate from

top coil.

E. Air-Handling-Unit Mounting Frame:  6” height formed galvanized-steel channel or structural

channel supports, designed for low deflection, welded with integral lifting lugs.
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2.3 FAN, DRIVE, AND MOTOR SECTION 

A. Fan and Drive Assemblies:  Statically and dynamically balanced and designed for continuous

operation at maximum-rated fan speed and motor horsepower.

1. Shafts:  Designed for continuous operation at maximum-rated fan speed and motor

horsepower, and with field-adjustable alignment.

a. Turned, ground, and polished hot-rolled steel with keyway.  Ship with a protective

coating of lubricating oil.

b. Designed to operate at no more than 70 percent of first critical speed at top of

fan's speed range.

B. Centrifugal Fan Housings:  Formed- and reinforced-steel panels to form curved scroll housings

with shaped cutoff and spun-metal inlet bell.

1. Bracing:  Steel angle or channel supports for mounting and supporting fan scroll, wheel,

motor, and accessories.

2. Horizontal-Flanged, Split Housing:  Bolted construction.

3. Housing for Supply Fan:  Attach housing to fan-section casing with metal-edged flexible

duct connector.

4. Flexible Connector:  Factory fabricated with a fabric strip 3-1/2 inches (89 mm) wide

attached to 2 strips of 2-3/4-inch- (70-mm-) wide, 0.028-inch- (0.7-mm-) thick, galvanized-

steel sheet or 0.032-inch- (0.8-mm-) thick aluminum sheets; select metal compatible with

casing.

a. Flexible Connector Fabric:  Glass fabric, double coated with neoprene.  Fabrics,

coatings, and adhesives shall comply with UL 181, Class 1.

1) Fabric Minimum Weight:  26 oz./sq. yd. (880 g/sq. m).
2) Fabric Tensile Strength:  480 lbf/inch (84 N/mm) in the warp and 360 lbf/inch

(63 N/mm) in the filling.

3) Fabric Service Temperature:  Minus 40 to plus 200 deg F (Minus 40 to plus 93
deg C).

C. Plenum Fan Housings:  Steel frame and panel; fabricated without fan scroll and volute housing.

D. Backward-Inclined, Centrifugal Fan Wheels:  Single-width-single-inlet and double-width-double-

inlet construction with curved inlet flange, backplate, backward-inclined blades welded or

riveted to flange and backplate; cast-iron or cast-steel hub riveted to backplate and fastened

to shaft with set screws.

E. Forward-Curved, Centrifugal Fan Wheels:  Inlet flange, backplate, and shallow blades with inlet

and tip curved forward in direction of airflow and mechanically fastened to flange and

backplate; cast-steel hub swaged to backplate and fastened to shaft with set screws.

F. Airfoil, Centrifugal Fan Wheels:  Smooth-curved inlet flange, backplate, and hollow die-formed

airfoil-shaped blades continuously welded at tip flange and backplate; cast-iron or cast-steel

hub riveted to backplate and fastened to shaft with set screws.

G. Fan Shaft Bearings:

1. Prelubricated and Sealed, Ball Bearings:  Self-aligning, pillow-block type with ABMA L-10

life at 80,000 hours.

H. Drives:  Factory mounted direct drive fans.
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I. Internal Vibration Isolation:  Fans shall be factory mounted with manufacturer's

standard restrained vibration isolation mounting devices having a minimum static deflection of

2 inch.

J. Motor:  Comply with NEMA designation, temperature rating, service factor, enclosure type,

and efficiency requirements for motors specified in Division 23 Section "Common Motor

Requirements for HVAC Equipment."

1. Enclosure Type:  Open Drip Proof, fan cooled.

2. NEMA Premium (TM) efficient motors as defined in NEMA MG 1.

3. Motor Sizes:  Minimum size as indicated.  If not indicated, large enough so driven load will

not require motor to operate in service factor range above 1.0.

4. Controllers, Electrical Devices, and Wiring:  Comply with requirements for electrical

devices and connections specified in Division 26 Sections.

2.4 COIL SECTION 

A. General Requirements for Coil Section:

1. Comply with ARI 410.

2. Fabricate coil section to allow removal and replacement of coil for maintenance and to

allow in-place access for service and maintenance of coil(s).

3. Coils shall not act as structural component of unit.

4. Coil casing shall be stainless steel

2.5 DAMPERS 

A. General Requirements for Dampers:  Leakage rate, according to AMCA 500, "Laboratory

Methods for Testing Dampers for Rating," shall not exceed 2 percent of air quantity at 2000-fpm
(10-m/s) face velocity through damper and 4-inch wg (1000-Pa) pressure differential.

B. Damper Operators:  Comply with requirements in Division 23 Section "Instrumentation and

Control for HVAC."

C. Outdoor- and Return-Air Dampers:  Low-leakage, double-skin, airfoil-blade, extruded-aluminum

dampers with compressible jamb seals and extruded-vinyl blade edge seals in parallel-blade

arrangement with cadmium-plated steel operating rods rotating in stainless-steel sleeve,

sintered bronze or nylon bearings mounted in a single galvanized-steel frame, and with

operating rods connected with a common linkage.  Leakage rate shall not exceed 4 cfm/sq. ft.
at 1-inch wg (250 Pa) and 9 cfm/sq. ft. (0.4 L/s per sq. m) at 4-inch wg (1.0 MPa).

D. Combination Filter and Mixing Section:

1. Cabinet support members shall hold 2-inch- (50-mm-) thick, pleated, flat, permanent or

throwaway filters.

2.6 ROOF CURBS 

A. Roof curbs with vibration isolators and wind or seismic restraints are specified in Division 23

Section "Vibration and Seismic Controls for HVAC Piping and Equipment."

1.
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PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine areas and conditions, with Installer present, for compliance with requirements for

installation tolerances and other conditions affecting performance of the Work.

B. Examine casing insulation materials and filter media before air-handling unit installation.  Reject

insulation materials and filter media that are wet, moisture damaged, or mold damaged.

C. Examine roughing-in for steam, hydronic, and condensate drainage piping systems and

electrical services to verify actual locations of connections before installation.

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

E. Examine substrates, areas, and conditions, with Installer present, for compliance with

requirements for installation tolerances and other conditions affecting performance of RTUs.

F. Examine roughing-in for RTUs to verify actual locations of piping and duct connections before

equipment installation.

G. Examine roofs for suitable conditions where RTUs will be installed.

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

I.

3.2 INSTALLATION 

A. Equipment Mounting:  Install air-handling units on concrete bases using elastomeric mounts.

Secure units to anchor bolts installed in concrete bases.  Comply with requirements for

concrete bases specified in Division 03 Section "Cast-in-Place Concrete." Comply with

requirements for vibration isolation devices specified in Division 23 Section "Vibration and

Seismic Controls for HVAC Piping and Equipment."

1. Install galvanized-steel plate to equally distribute weight over elastomeric pad.

2. Install anchor bolts to elevations required for proper attachment to supported

equipment.

B. Arrange installation of units to provide minimum 3 feet access space around air-handling units

for service and maintenance.

C. Do not operate fan system until filters (temporary or permanent) are in place.  Replace

temporary filters used during construction and testing, with new, clean filters.

D. Roof Curb:  Install on roof structure or concrete base, level and secure, according to NRCA's

"Low-Slope Membrane Roofing Construction Details Manual," Illustration "Raised Curb Detail for

Rooftop Air Handling Units and Ducts." Install RTUs on curbs and coordinate roof penetrations

and flashing with roof construction specified in Division 07 Section "Roof Accessories." Secure

RTUs to upper curb rail, and secure curb base to roof framing or concrete base with anchor

bolts.
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E. Unit Support:  Install unit level on structural curbs.  Coordinate wall penetrations and flashing

with wall construction.  Secure RTUs to structural support with anchor bolts.

F. Install wind and seismic restraints according to manufacturer's written instructions.  Wind and

seismically restrained vibration isolation roof-curb rails are specified in Division 23 Section

"Vibration and Seismic Controls for HVAC Piping and Equipment."

G.

3.3 CONNECTIONS 

A. Comply with requirements for piping specified in other Division 23 Sections.  Drawings indicate

general arrangement of piping, fittings, and specialties.

B. Install piping adjacent to air-handling unit to allow service and maintenance.

C. Connect piping to air-handling units mounted on vibration isolators with flexible connectors.

D. Chilled-Water Piping:  Comply with applicable requirements in Division 23 Section "Hydronic

Piping." Install shutoff valve and union or flange at each coil supply connection.  Install

balancing valve and union or flange at each coil return connection.

E. Connect duct to air-handling units with flexible connections.  Comply with requirements in

Division 23 Section "Air Duct Accessories."

F. Install condensate drain, minimum connection size, with trap and indirect connection to

nearest roof drain or area drain.

G. Install piping adjacent to RTUs to allow service and maintenance.

H. Duct installation requirements are specified in other Division 23 Sections.  Drawings indicate the

general arrangement of ducts.  The following are specific connection requirements:

1. Install ducts to termination at top of roof curb.

2. Remove roof decking only as required for passage of ducts.  Do not cut out decking

under entire roof curb.

3. Connect supply ducts to RTUs with flexible duct connectors specified in Division 23

Section "Air Duct Accessories."

4. Install return-air duct continuously through roof structure.

I.

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. Tests and Inspections:

1. Leak Test:  After installation, fill water and steam coils with water, and test coils and

connections for leaks.
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2. Fan Operational Test:  After electrical circuitry has been energized, start units to confirm

proper motor rotation and unit operation.

3. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls

and equipment.

C. Air-handling unit or components will be considered defective if unit or components do not pass

tests and inspections.

D. Prepare test and inspection reports.

3.5 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 shipping, blocking, and bracing are removed.

3. Verify that unit is secure on mountings and supporting devices and that connections to

piping, ducts, and electrical systems are complete.  Verify that proper thermal-overload

protection is installed in motors, controllers, and switches.

4. Verify proper motor rotation direction, free fan wheel rotation, and smooth bearing

operations.  Reconnect fan drive system, align belts, and install belt guards.

5. Verify that bearings, pulleys, belts, and other moving parts are lubricated with factory-

recommended lubricants.

6. Comb coil fins for parallel orientation.

7. Verify that proper thermal-overload protection is installed for electric coils.

8. Install new, clean filters.

9. Verify that manual and automatic volume control and fire and smoke dampers in

connected duct systems are in fully open position.

B. Starting procedures for air-handling units include the following:

1. Energize motor; verify proper operation of motor, drive system, and fan wheel.  Adjust fan

to indicated rpm.  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.

3.6 ADJUSTING 

A. Adjust damper linkages for proper damper operation.

B. Comply with requirements in Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for

air-handling system testing, adjusting, and balancing.

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 site during other-than-normal occupancy hours for this purpose.

D. After completing system installation and testing, adjusting, and balancing RTU and air-

distribution systems, clean filter housings and install new filters.
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