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SECTION 230529 – HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Metal pipe hangers and supports. 
2. Equipment supports. 

B. Related Requirements: 
1. Section 230500 "Common Work Results for HVAC" for pipe guides and anchors. 

1.2 QUALITY ASSURANCE 

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

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

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Structural Performance: Hangers and supports for HVAC piping and equipment shall withstand 
the effects of gravity loads and stresses within limits and under conditions indicated according 
to ASCE/SEI 7. 
1. Design supports for multiple pipes, including pipe stands, capable of supporting 

combined weight of supported systems, system contents, and test water. 
2. Design equipment supports capable of supporting combined operating weight of 

supported equipment and connected systems and components. 

2.2 METAL PIPE HANGERS AND SUPPORTS 

A. Stainless Steel Pipe Hangers and Supports: 
1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components. 
2. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to 

support bearing surface of piping. 
3. Hanger Rods: Continuous-thread rod, nuts, and washer made of stainless steel. 
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2.3 THERMAL-HANGER SHIELD INSERTS 

A. Insulation-Insert Material for Cold Piping: ASTM C552, Type II cellular glass with 100-psi or] 
ASTM C591, Type VI, Grade 1 polyisocyanurate with 125-psi minimum compressive strength 
and vapor barrier. 

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

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

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

2.4 EQUIPMENT SUPPORTS 

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

PART 3 - EXECUTION 

3.1 APPLICATION 

A. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping 
materials and installation for penetrations through fire-rated walls, ceilings, and assemblies. 

B. Strength of Support Assemblies: Where not indicated, select sizes of components so strength 
will be adequate to carry present and future static loads within specified loading limits. 
Minimum static design load used for strength determination shall be weight of supported 
components plus 200 lb. 

3.2 INSTALLATION OF HANGERS AND SUPPORTS 

A. Metal Pipe-Hanger Installation: Comply with MSS SP-58. Install hangers, supports, clamps, 
and attachments as required to properly support piping from the building structure. 

B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-58. Arrange for grouping of 
parallel runs of horizontal piping, and support together on field-fabricated trapeze pipe hangers. 
1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe size or 

install intermediate supports for smaller diameter pipes as specified for individual pipe 
hangers. 

2. Field fabricate from ASTM A36/A36M, carbon-steel shapes selected for loads being 
supported. Weld steel according to AWS D1.1/D1.1M. 

C. Fiberglass Pipe-Hanger Installation: Comply with applicable portions of MSS SP-58. Install 
hangers and attachments as required to properly support piping from building structure. 
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D. Framing System Installation: Metal. Arrange for grouping of parallel runs of piping, and 
support together on field-assembled strut systems. 

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

3.3 ADJUSTING 

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

3.4 HANGER AND SUPPORT SCHEDULE 

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

B. Comply with MSS SP-58 for pipe-hanger selections and applications that are not specified in 
piping system Sections. 

C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will 
not have field-applied finish. 

D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in 
direct contact with copper tubing. 

E. Use stainless steel pipe hangers or corrosion-resistant attachments for hostile environment 
applications. 

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

G. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in 
piping system Sections, install the following types: 
1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or 

insulated, stationary pipes NPS 1/2 to NPS 30. 
2. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated, 

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

pipes NPS 1/2 to NPS 8. 

H. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types: 
1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy loads. 
2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations. 
3. Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe rings. 
4. Malleable-Iron Sockets (MSS Type 16): For attaching hanger rods to various types of 

building attachments. 
5. Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping installations. 
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I. Saddles and Shields: Unless otherwise indicated and except as specified in piping system 
Sections, install the following types: 
1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with 

insulation that matches adjoining insulation. 
2. Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer 

to prevent crushing insulation. 
3. Thermal-Hanger Shield Inserts: For supporting insulated pipe. 

J. Comply with MSS SP-58 for trapeze pipe-hanger selections and applications that are not 
specified in piping system Sections. 

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

END OF SECTION 230529 
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING 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. Section Includes: 
1. Testing, Adjusting, and Balancing of Air Systems 
2. Testing, Adjusting, and Balancing of Hydronic Piping Systems: 
3. Testing, adjusting, and balancing of equipment. 
4. Duct leakage tests verification. 

1.3 DEFINITIONS 

A. AABC: Associated Air Balance Council. 

B. NEBB: National Environmental Balancing Bureau. 

C. TAB: Testing, adjusting, and balancing. 

D. TABB: Testing, Adjusting, and Balancing Bureau. 

E. TAB Specialist: An independent entity meeting qualifications to perform TAB work. 

1.4 QUALITY ASSURANCE 

A. TAB Specialists Qualifications, Certified by AABC: 
1. TAB Field Supervisor: Employee of the TAB specialist and certified by AABC. 
2. TAB Technician: Employee of the TAB specialist and certified by AABC. 

B. TAB Specialists Qualifications, Certified by NEBB: 
1. TAB Field Supervisor: Employee of the TAB specialist and certified by NEBB or TABB. 
2. TAB Technician: Employee of the TAB specialist and certified by NEBB or TABB. 

C. Instrumentation Type, Quantity, Accuracy, and Calibration: Comply with requirements in 
ASHRAE 111, Section 4, "Instrumentation." 

D. ASHRAE/IES 90.1 Compliance: Applicable requirements in ASHRAE/IES 90.1, 
Section 6.7.2.3 - "System Balancing." 
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E. Code and AHJ Compliance: TAB is required to comply with governing codes and requirements 
of authorities having jurisdiction. 

1.5 FIELD CONDITIONS 

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

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

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

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

C. Examine the approved submittals for HVAC systems and equipment. 

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

E. Examine ceiling plenums and underfloor air plenums used for HVAC to verify that they are 
properly separated from adjacent areas and sealed. 

F. Examine equipment performance data, including fan curves. 

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

H. Examine test reports specified in individual system and equipment Sections. 

 

I. Examine HVAC equipment and verify that bearings are greased, belts are aligned and tight, 
filters are clean, and equipment with functioning controls is ready for operation. 
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J. Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible 
and their controls are connected and functioning. 

K. Examine temporary and permanent strainers. Verify that temporary strainer screens used during 
system cleaning and flushing have been removed and permanent strainer baskets are installed 
and clean. 

L. Examine control valves for proper installation for their intended function of isolating, throttling, 
diverting, or mixing fluid flows. 

M. Examine heat-transfer coils for correct piping connections and for clean and straight fins. 

N. Examine system pumps to ensure absence of entrained air in the suction piping. 

O. Examine operating safety interlocks and controls on HVAC equipment. 

P. Examine control dampers for proper installation for their intended function of isolating, 
throttling, diverting, or mixing air flows. 

Q. Report deficiencies discovered before and during performance of TAB procedures. Observe and 
record system reactions to changes in conditions. Record default set points if different from 
indicated values. 

3.2 PREPARATION 

A. Prepare a TAB plan that includes the following: 
1. Equipment and systems to be tested. 
2. Strategies and step-by-step procedures for balancing the systems. 
3. Instrumentation to be used. 
4. Sample forms with specific identification for all equipment. 

B. Perform system-readiness checks of HVAC systems and equipment to verify system readiness 
for TAB work. Include, at a minimum, the following: 
1. Airside: 

a. Verify that leakage and pressure tests on air distribution systems have been 
satisfactorily completed. 

b. Duct systems are complete with terminals installed. 
c. Volume, smoke, and fire dampers are open and functional. 
d. Clean filters are installed. 
e. Fans are operating, free of vibration, and rotating in correct direction. 
f. Suitable access to balancing devices and equipment is provided. 
 

2. Hydronics: 
a. Verify leakage and pressure tests on water distribution systems have been 

satisfactorily completed. 
b. Piping is complete with terminals installed. 
c. Control valves are functioning in accordance with the sequence of operation. 
d. Shutoff and balance valves have been verified to be 100 percent open. 
e. Suitable access to balancing devices and equipment is provided. 
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3.3 GENERAL PROCEDURES FOR TESTING AND BALANCING 

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

B. Cut insulation, ducts, pipes, and equipment casings for installation of test probes to the 
minimum extent necessary for TAB procedures. 
1. After testing and balancing, patch probe holes in ducts with same material and thickness 

as used to construct ducts. 
2. Where holes for probes are required in piping or hydronic equipment, install pressure and 

temperature test plugs to seal systems. 
3. Install and join new insulation that matches removed materials. Restore insulation, 

coverings, vapor barrier, and finish. 

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

D. Take and report testing and balancing measurements in inch-pound (IP)] units. 

3.4 TESTING, ADJUSTING, AND BALANCING OF HVAC EQUIPMENT 

A. Test, adjust, and balance HVAC equipment indicated on Drawings, including, but not limited 
to, the following: 
1. Air-handling units. 

3.5 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS 

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

B. Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air 
dampers through the supply-fan discharge and mixing dampers. 

C. Locate start-stop and disconnect switches, electrical interlocks, and motor starters. 

D. Verify that motor starters are equipped with properly sized thermal protection. 

E. Check dampers for proper position to achieve desired airflow path. 

F. Check for airflow blockages. 

G. Check condensate drains for proper connections and functioning. 

H. Check for proper sealing of air-handling-unit components. 



GALVESTON COUNTY   ISSUE FOR CONSTRUCTION 
INDOOR AIR QUALITY IMPROVEMENTS  HZ PROJECT R317334.01 
CONFINEMENT FACILITIES  APRIL 12, 2024 
 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 - 5 

3.6 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS 

A. Prepare test reports for coils, and other equipment. Obtain approved submittals and 
manufacturer-recommended testing procedures. Crosscheck the summation of required coil and 
equipment flow rates with pump design flow rate. 

B. Measure and record upstream and downstream pressure of pressure-reducing valves. 

C. Check settings and operation of automatic temperature-control valves, self-contained control 
valves, and pressure-reducing valves. Record final settings. 
1. Check settings and operation of each safety valve. Record settings. 

3.7 DUCT LEAKAGE TESTS 

A. Verify that proper test methods are used and that leakage rates are within specified limits. 

B. Report deficiencies observed. 

3.8 FINAL REPORT 

A. General: Prepare a certified written report; tabulate and divide the report into separate sections 
for tested systems and balanced systems. 
1. Include a certification sheet at the front of the report's binder, signed and sealed by the 

certified testing and balancing engineer. 
2. Include a list of instruments used for procedures, along with proof of calibration. 
3. Certify validity and accuracy of field data. 

B. Air-Handling-Unit Test Reports: For air-handling units, include the following: 
1. Unit Data: 

a. Unit identification. 
b. Location. 
c. Make and type. 
d. Model number and unit size. 
e. Manufacturer's serial number. 
f. Unit arrangement and class. 
g. Discharge arrangement. 
h. Sheave make, size in inches, and bore. 
i.  Center-to-center dimensions of sheave and amount of adjustments in inches. 
j.  Number, make, and size of belts. 
k. Number, type, and size of filters. 

2. Test Data (Indicated and Actual Values): 
a. Total airflow rate in cfm. 
b. Total system static pressure in inches wg. 
c. Fan speed. 
d. Inlet and discharge static pressure in inches wg. 
e. For each filter bank, filter static-pressure differential in inches wg. 
f. Preheat-coil static-pressure differential in inches wg. 
g. Cooling-coil static-pressure differential in inches wg. 



GALVESTON COUNTY   ISSUE FOR CONSTRUCTION 
INDOOR AIR QUALITY IMPROVEMENTS  HZ PROJECT R317334.01 
CONFINEMENT FACILITIES  APRIL 12, 2024 
 

TESTING, ADJUSTING, AND BALANCING FOR HVAC 230593 - 6 

h. Heating-coil static-pressure differential in inches wg. 
i.  List for each internal component with pressure-drop, static-pressure differential in 

inches wg. 
j.  Outdoor airflow in cfm. 
k. Return airflow in cfm. 
l.  Outdoor-air damper position. 
m. Return-air damper position. 

C. Apparatus-Coil Test Reports: 
1. Coil Data: 

a. System identification. 
b. Location. 
c. Coil type. 
d. Number of rows. 
e. Fin spacing in fins per inch o.c. 
f. Make and model number. 
g. Face area in sq. ft.. 
h. Tube size in NPS. 
i.  Tube and fin materials. 
j.  Circuiting arrangement. 

2. Test Data (Indicated and Actual Values): 
a. Airflow rate in cfm. 
b. Average face velocity in fpm. 
c. Air pressure drop in inches wg. 
d. Outdoor-air, wet- and dry-bulb temperatures in deg F. 
e. Return-air, wet- and dry-bulb temperatures in deg F. 
f. Entering-air, wet- and dry-bulb temperatures in deg F. 
g. Leaving-air, wet- and dry-bulb temperatures in deg F. 
h. Water flow rate in gpm. 
i.  Water pressure differential in feet of head or psig. 
j.  Entering-water temperature in deg F. 
k. Leaving-water temperature in deg F. 

D. Rectangular Duct Traverse Reports: Include a diagram with a grid representing the duct cross-
section and record the following: 
1. Report Data: 

a. System fan and air-handling-unit number. 
b. Location and zone. 
c. Traverse air temperature in deg F. 
d. Duct static pressure in inches wg. 
e. Duct size in inches. 
f. Duct area in sq. ft.. 
g. Indicated airflow rate in cfm. 
h. Indicated velocity in fpm. 
i.  Actual airflow rate in cfm. 
j.  Actual average velocity in fpm. 
k. Barometric pressure in psig. 

E. Instrument Calibration Reports: 
1. Report Data: 
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a. Instrument type and make. 
b. Serial number. 
c. Application. 
d. Dates of use. 
e. Dates of calibration. 

END OF SECTION 230593 
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SECTION 230713 - DUCT INSULATION  

PART 1 - GENERAL   

1.1 SUMMARY 

A. Section includes insulating the following duct services: 
1. Indoor, concealed supply. 
2. Indoor, exposed supply. 
3. Indoor, exposed return located in unconditioned space. 

B. Related Requirements: 
1. Section 230719 "HVAC Piping Insulation." 
2. Section 233113 "Metal Ducts" for duct liners. 

1.2 DELIVERY, STORAGE, AND HANDLING 

A. Packaging: Insulation material containers are to be marked with the manufacturer's name, 
appropriate ASTM standard designation, type and grade, and maximum use temperature. 

1.3 COORDINATION 

A. 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. 

B. Coordinate installation and testing of heat tracing. 

1.4 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. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Surface-Burning Characteristics: For insulation and related materials, as determined by testing 
identical products in accordance with ASTM E84, by a testing agency acceptable to authorities 
having jurisdiction. Factory label insulation, jacket materials, adhesive, mastic, tapes, and 
cement material containers with appropriate markings of applicable testing agency. 
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1. All Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed 
index of 50 or less. 

2.2 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 are to be applied. 

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

C. Products that come in contact with stainless steel have a leachable chloride content of less than 
50 ppm when tested in accordance with ASTM C871. 

D. Insulation materials for use on austenitic stainless steel are qualified as acceptable in accordance 
with ASTM C795. 

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

F. Flexible Elastomeric: Closed-cell or expanded-rubber materials; suitable for maximum use 
temperature between minus 70 deg F and 220 deg F. Comply with ASTM C534, Type II for 
sheet materials. 

G. Glass-Fiber Board Insulation: Glass fibers bonded with a thermosetting resin; suitable for 
maximum use temperature between 35 deg F and 250 deg F for jacketed and between 35 deg F 
and 450 deg F for unfaced in accordance with ASTM C411. Comply with ASTM C612, 
Type IA or Type IB. For duct and plenum applications, provide insulation  

2.3 ADHESIVES 

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

B. Glass-Fiber and Mineral Wool Adhesive: Comply with MIL-A-3316C, Class 2, Grade A. 

C. ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2, Grade A for 
bonding insulation jacket lap seams and joints. 

2.4 MASTICS AND COATINGS 

A. Materials are compatible with insulation materials, jackets, and substrates. 

B. Vapor-Retarder Mastic, Water Based, Interior Use: Suitable for indoor use on below ambient 
services. 
1. Water-Vapor Permeance: Comply with ASTM C755, Section 7.2.2, Table 2, for 

insulation type and service conditions. 
2. Service Temperature Range: Minus 20 to plus 180 deg F. 
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C. Vapor-Retarder Mastic, Solvent Based, Interior Use: Suitable for indoor use on below ambient 
services. 
1. Water-Vapor Permeance: Comply with ASTM C755, Section 7.2.2, Table 2, for 

insulation type and service conditions. 
2. Service Temperature Range: 0 to 180 deg F.Water-Vapor Permeance: Comply with 

ASTM C755, Section 7.2.2, Table 2, for insulation type and service conditions. 
3. Service Temperature Range: Minus 50 to plus 220 deg F. 

2.5 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 
1. Materials are compatible with insulation materials, jackets, and substrates. 
2. Fire- and water-resistant, flexible, elastomeric sealant. 
3. Service Temperature Range: Minus 40 to plus 250 deg F. 
4. Color: Aluminum. 

B. ASJ Flashing Sealants, and Vinyl and PVC Jacket Flashing Sealants: 
1. Materials are compatible with insulation materials, jackets, and substrates. 
2. Fire- and water-resistant, flexible, elastomeric sealant. 
3. Service Temperature Range: Minus 40 to plus 250 deg F. 
4. Color: White. 

2.6 FIELD-APPLIED JACKETS 

A. Field-applied jackets comply with ASTM C921, Type I, unless otherwise indicated. 

B. Self-Adhesive Indoor/Outdoor Jacket (Non-Asphaltic): Vapor barrier and waterproofing jacket  

2.7 TAPES 

A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, 
complying with ASTM C1136. 

B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; 
complying with ASTM C1136. 

2.8 SECUREMENTS 

A. Bands: 
1. Stainless Steel: ASTM A240/A240M, . 
2. Aluminum: ASTM B209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch 

thick 

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

capacitor-discharge welding, 0.106-inch diameter shank, length to suit depth of insulation 
indicated. 
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2. Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully 
annealed for capacitor-discharge welding, 0.106-inch diameter shank, length to suit depth 
of insulation indicated with integral 1-1/2-inch galvanized carbon-steel washer. 

3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate welded to 
projecting spindle that is capable of holding insulation, of thickness indicated, securely in 
position indicated when self-locking washer is in place. Comply with the following 
requirements: 

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. 

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, compress, or otherwise damage insulation or jacket. 

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

G. Install insulation with least number of joints practical. 

H. 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. 
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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. 

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

J. Install insulation with factory-applied jackets as follows: 
1. Draw jacket tight and smooth, but not to the extent of creating wrinkles or areas of 

compression in the insulation. 
2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation 

jacket. Secure strips with adhesive and outward clinching staples along both edges of 
strip, spaced 4 inches o.c. 

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

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

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

K. Cut insulation in a manner to avoid compressing insulation. 

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

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

END OF SECTION 230713 
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SECTION 230719 - HVAC PIPING INSULATION 

PART 1 - GENERAL   

1.1 SUMMARY 

A. Section includes insulation for HVAC piping systems. 

B. Related Requirements: 
1. Section 230713 "Duct Insulation" for duct insulation. 

1.2 DELIVERY, STORAGE, AND HANDLING 

A. Packaging: Insulation system materials are to be delivered to the Project site in unopened 
containers.  

1.3 COORDINATION 

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

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

C. Coordinate installation and testing of heat tracing. 

1.4 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. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Surface-Burning Characteristics: For insulation and related materials, as determined by testing 
identical products in accordance with ASTM E84 by a testing agency acceptable to authority 
having jurisdiction. Factory label insulation, jacket materials, adhesive, mastic, tapes, and 
cement material containers with appropriate markings of applicable testing agency. 
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2.2 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 are applied. 

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

C. Products that come into contact with stainless steel have a leachable chloride content of less 
than 50 ppm when tested in accordance with ASTM C871. 

D. Insulation materials for use on austenitic stainless steel are qualified as acceptable in accordance 
with ASTM C795. 

E. Foam insulation materials do 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. Comply with ASTM C552. 
1. Preformed Pipe Insulation with Jacket: Type II, Class 2, with factory-applied jacket. 
2. Fabricated shapes in accordance with ASTM C450, ASTM C585, and ASTM C1639. 
3. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article. 

2.3 INSULATING CEMENTS 

A. Glass-Fiber and Mineral Wool Insulating Cement: Comply with ASTM C195. 

B. Expanded or Exfoliated Vermiculite Insulating Cement: Comply with ASTM C196. 

C. Glass-Fiber and Mineral Wool Hydraulic-Setting Insulating and Finishing Cement: Comply 
with ASTM C449. 

2.4 ADHESIVES 

A. Materials are 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. 

C. PVC Jacket Adhesive: Compatible with PVC jacket. 

2.5 MASTICS AND COATINGS 

A. Materials are compatible with insulation materials, jackets, and substrates. 

B. Vapor-Retarder Mastic, Water Based: Suitable for indoor use on below-ambient services. 
1. Water-Vapor Permeance: Comply with ASTM E96/E96M or ASTM F1249. 
2. Service Temperature Range: 0 to plus 180 deg F. 
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2.6 LAGGING ADHESIVES 

A. Adhesives comply with MIL-A-3316C, Class I, Grade A, and are compatible with insulation 
materials, jackets, and substrates. 
1. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-

resistant lagging cloths over pipe insulation. 
2. Service Temperature Range: [0 to plus 180 deg F. 
3. Color: White. 

2.7 SEALANTS 

A. Materials are as recommended by the insulation manufacturer and are compatible with 
insulation materials, jackets, and substrates. 

B. Joint Sealants: 
1. Permanently flexible, elastomeric sealant. 

a. Color: White or gray. 

C. ASJ Flashing Sealants and PVDC and PVC Jacket Flashing Sealants: 
1. Fire- and water-resistant, flexible, elastomeric sealant. 
2. Service Temperature Range: Minus 40 to plus 250 deg F. 
3. Color: White. 

2.8 FIELD-APPLIED JACKETS 

A. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D1784, 
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming. 
Thickness is indicated in field-applied jacket schedules. 
1. Adhesive: As recommended by jacket material manufacturer. 
2. 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. 

2.9 TAPES 

A. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; 
suitable for indoor and outdoor applications. 
1. Thickness: 6 mils. 
2. Adhesion: 64 ounces force/inch in width. 
3. Elongation: 500 percent. 
4. Tensile Strength: 18 lbf/inch in width. 

2.10 SECUREMENTS 

A. Bands: 
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1. Stainless Steel: ASTM A240/A240M, Type 304 or Type 316; 0.015 inch thick, 1/2 inch 
wide with wing seal or closed seal. 

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

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

C. Wire:.062-inch soft-annealed, stainless steel 

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. Clean and dry surfaces to receive insulation. Remove materials that will adversely affect 
insulation application. 

B. 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 thick and an 

epoxy finish 5 mils thick if operating in a temperature range between 140 and 300 deg F. 
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 of between 32 and 300 
deg F with an epoxy coating. Consult coating manufacturer for appropriate coating 
materials and application methods for operating temperature range. 

C. Coordinate insulation installation with the tradesman installing heat tracing. Comply with 
requirements for heat tracing that apply to insulation. 

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

C. Install accessories compatible with insulation materials and suitable for the service. Install 
accessories that do not corrode, compress, or otherwise damage insulation or jacket. 

D. Install insulation with longitudinal seams at top and bottom (12 o'clock and 6 o'clock positions) 
of horizontal runs. 

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

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

G. Keep insulation materials dry during storage, application, and finishing. Replace insulation 
materials that get wet during storage or in the installation process before being properly covered 
and sealed in accordance with the Contract Documents 

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 attached to structure with vapor-barrier mastic. 

3. Install insert materials and 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. 

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, but not to the extent of creating wrinkles or areas of 

compression in the insulation. 
2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation 

jacket. Secure strips with adhesive and outward-clinching staples along both edges of 
strip, spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with 
longitudinal seams at bottom of pipe. Clean and dry surface to receive self-sealing lap. 
Staple laps with outward-clinching staples along edge at [2 inches] [4 inches] o.c. 

4. For below-ambient services, apply vapor-barrier mastic over staples. 
5. Cover joints and seams with tape, in accordance with insulation material manufacturer's 

written instructions, to maintain vapor seal. 
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6. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at 
ends adjacent to pipe flanges and fittings. 

M. Cut insulation in a manner to avoid compressing insulation. 

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

3.4 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 below. 

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

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

3.5 INSTALLATION OF FIELD-APPLIED JACKETS 

A. Where PVC jackets are indicated and for horizontal applications, install with 1-inch overlap at 
longitudinal seams and end joints. 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 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 o.c. and at end joints. 

C. valves for each pipe service defined in the "Piping Insulation Schedule, General" Article. 

D. All insulation applications will be considered defective if they do not pass tests and inspections. 

E. Prepare test and inspection reports. 

3.6 PIPING INSULATION SCHEDULE, GENERAL 

A. Insulation conductivity and thickness per pipe size comply with schedules in this Section or 
with requirements of authorities having jurisdiction, whichever is more stringent. 

B. 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. 
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3.7 INDOOR PIPING INSULATION SCHEDULE 

A. Condensate and Equipment Drain Water below 60 Deg F: 

B. Chilled Water and Brine, Above 40 Deg F:Retain "one of" option in first subparagraph below to 
allow Contractor to select materials from those retained. 
1. NPS 12 and Smaller: Insulation is one of] the following: 

a. Cellular Glass: 1-1/2 inches thick. 
b. Glass-Fiber, Preformed Pipe Insulation, Type I: 1-1/2 inches 

C. Heating-Hot-Water Supply and Return, 200 Deg F and Below: 
1. NPS 12 and Smaller: Insulation is one of the following: 

a. Cellular Glass: 1-1/2 inches thick. 
b. Glass-Fiber, Preformed Pipe, Type I: 1 1/2 inch thick. 

3.8 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. 
2. PVC. 

D. Piping, Exposed: 
1. None. 
2. PVC 

END OF SECTION 230719 
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SECTION 230923 – DIRECT DIGITAL CONTROL (DDC) SYSTEM FOR HVAC 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: Tying new Direct digital control (DDC) system for HVAC equipment into 
existing building automation system. 

B. Related Requirements: 
1. Section 230923.14 "Flow Instruments" that connect to DDC systems. 
2. Section 234102 "Indoor Air Purifier" that connect to DDC systems. 
3. Section 23733.13 "Indoor, Basic Air Handling Units" that connect to DDC systems. 

1.2 DEFINITIONS 

A. BACnet Specific Definitions: 
1. BACnet: Building Automation Control Network Protocol, ASHRAE 135. A 

communications protocol allowing devices to communicate data and services over a 
network. 

2. BACnet Interoperability Building Blocks (BIBBs): BIBB defines a small portion of 
BACnet functionality that is needed to perform a particular task. BIBBs are combined to 
build the BACnet functional requirements for a device. 

3. BACnet/IP: Defines and allows using a reserved UDP socket to transmit BACnet 
messages over IP networks. A BACnet/IP network is a collection of one or more IP 
subnetworks that share the same BACnet network number. 

4. BACnet Testing Laboratories (BTL): Organization responsible for testing products for 
compliance with ASHRAE 135, operated under direction of BACnet International. 

B. Controller: Generic term for any standalone, microprocessor-based, digital controller residing 
on a network, used for local or global control. Three types of controllers are indicated: network 
controllers, programmable application controllers, and application-specific controllers. 

C. Control System Integrator: An entity that assists in expansion of existing enterprise system and 
support of additional operator interfaces to I/O being added to existing enterprise system. 

D. COV: Changes of value. 

E. DDC System Provider: Authorized representative of, and trained by, DDC system manufacturer 
and responsible for execution of DDC system Work indicated. 

F. 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. 

G. Mobile Device: A data-enabled phone or tablet computer capable of connecting to a cellular 
data network and running a native control application or accessing a web interface. 
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H. Modbus TCP/IP: An open protocol for exchange of process data. 

I. MS/TP: Master-slave/token-passing, ISO/IEC/IEEE 8802-3. Datalink protocol LAN option that 
uses twisted-pair wire for low-speed communication. 

1.3 ACTION SUBMITTALS 

A. Shop Drawings: General Requirements: 
1. Include cover drawing with Project name, location, Owner, Architect, Contractor, and 

issue date with each Shop Drawings submission. 
2. Include a drawing index sheet listing each drawing number and title that matches 

information in each title block. 
3. Include details of product assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 

4. Schematic drawings for each controlled HVAC system indicating the following: 
5. I/O points labeled with point names shown. Indicate instrument range, normal operating 

set points, and alarm set points. Indicate fail position of each damper and valve, if 
included in Project. 

6. I/O listed in table format showing point name, type of device, manufacturer, model 
number, and cross-reference to product data sheet number. 

7. A graphic showing location of control I/O in proper relationship to HVAC system. 
8. Wiring diagram with each I/O point having a unique identification and indicating labels 

for all wiring terminals. 
9. Unique identification of each I/O that to be consistently used between different drawings 

showing same point. 
10. Elementary wiring diagrams of controls for HVAC equipment motor circuits including 

interlocks, switches, relays, and interface to DDC controllers. 
11. Narrative sequence of operation. 
12. Graphic sequence of operation, showing all inputs and output logical blocks. 
13. transducers. 
14. Color graphics indicating the following: 
15. Itemized list of color graphic displays to be provided. 
16. For each display screen to be provided, a true color copy showing layout of pictures, 

graphics, and data displayed. 
17. Intended operator access between related hierarchical display screens. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For DDC system. 
1. Project Record Drawings of as-built versions of submittal Shop Drawings provided in 

electronic PDF format. 
2. Testing and commissioning reports and checklists of completed final versions of reports, 

checklists, and trend logs. 
3. As-built versions of submittal Product Data. 
4. Names, addresses, email addresses, and 24-hour telephone numbers of Installer and 

service representatives for DDC system and products. 
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5. Operator's manual with procedures for operating control systems including logging on 
and off, handling alarms, producing point reports, trending data, overriding computer 
control, and changing set points and variables. 

1.5 WARRANTY 

A. Special Warranty: Manufacturer and Installer agree to repair or replace products that fail in 
materials or workmanship within specified warranty period. 
1. Adjust, repair, or replace failures at no additional cost or reduction in service to Owner. 
2. Include updates or upgrades to software and firmware if necessary to resolve 

deficiencies. 
3. Install updates only after receiving Owner's written authorization. 

PART 2 - PRODUCTS 

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

2.2 DDC SYSTEM DESCRIPTION 

A. Microprocessor-based monitoring and control including analog/digital conversion and program 
logic. A control loop or subsystem in which digital and analog information is received and 
processed by a microprocessor, and digital control signals are generated based on control 
algorithms and transmitted to field devices to achieve a set of predefined conditions. 
1. DDC system consisting of, peer-to-peer network of distributed DDC controllers, operator 

interfaces, and software. 

B. 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. 

2.3 PERFORMANCE REQUIREMENTS 

A. Delivery of Selected Control Devices: Deliver to equipment and systems manufacturers for  

B. Environmental Conditions for Controllers: 
1. Products to operate without performance degradation under ambient environmental 

temperature, pressure, and humidity conditions encountered for installed location. 
2. If product alone cannot comply with requirement, install product in a protective enclosure 

that is isolated and protected from conditions impacting performance. Enclosure to be 
internally insulated, electrically heated, cooled, and ventilated as required by product and 
application. 

3. Protect products with enclosures satisfying the following minimum requirements unless 
more stringent requirements are indicated. House products not available with integral 
enclosures complying with requirements indicated in protective secondary enclosures. 
Installed location dictates the following NEMA 250 enclosure requirements: 

http://www.specagent.com/Lookup?ulid=9646
http://www.specagent.com/Lookup?uid=123457207884
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C. Environmental Conditions for Instruments and Actuators: 
1. Instruments and actuators to operate without performance degradation under the ambient 

environmental temperature, pressure, humidity, and vibration conditions specified and 
encountered for installed location. 

2. Protect instruments, actuators, and accessories with enclosures satisfying the following 
minimum requirements unless more stringent requirements are indicated. House 
instruments and actuators not available with integral enclosures complying with 
requirements indicated in protective secondary enclosures. Installed location is to dictate 
the following NEMA 250 enclosure requirements: 

D. Graphical including, but not limited to, the following: 
1. Plan for each building floor, including interstitial floors, and each roof level of each 

building, showing the following: 
2. New air handling units. 
3. Air Purifying Units. 
4. Outside air flow measuring stations. 
5. New outside air motorized dampers. 
6. Graphic display for each piece of equipment connected to DDC system through a data 

communications link. Include dynamic indication of all points associated with equipment. 
7. DDC system network riser diagram that shows schematic layout for entire system 

including all networks and all controllers. 

E. Alarm Handling Software: 
1. Include alarm handling software to report all alarm conditions monitored and transmitted 

through DDC controllers. 
2. Include first in, first out handling of alarms in accordance with alarm priority ranking, 

with most critical alarms first, and with buffer storage in case of simultaneous and 
multiple alarms. 

3. Make alarm handling active at all times to ensure that alarms are processed even if an 
operator is not currently signed on to DDC system. 

F. Outdoor and Indoor Environmental Conditions Reports: 
1. Include daily report showing the following: 
2. Daily minimum, maximum, and average outdoor dry-bulb temperature. 
3. Daily minimum, maximum, and average outdoor wet-bulb temperature. 
4. Daily minimum, maximum, and average outdoor dew point temperature. 
5. Daily minimum, maximum, and average outdoor relative humidity. 
6. Daily minimum, maximum, and outside airflow rates. 
7. Daily minimum, maximum, and average indoor relative humidity reports. 
8. Daily minimum, maximum, and average indoor VOC’s. 

2.4 DDC CONTROLLERS 

A. DDC system consisting of a combination of network controllers, programmable application 
controllers, and application-specific controllers to satisfy performance requirements indicated. 

B. DDC controllers to perform monitoring, control, energy optimization, and other requirements 
indicated. 
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C. DDC controllers are to use a multitasking, multiuser, real-time digital control microprocessor 
with a distributed network database and intelligence. 

D. Each DDC controller is capable of full and complete operation as a completely independent unit 
and as a part of DDC system wide distributed network. 

E. Environment Requirements: 
1. Controller hardware suitable for anticipated ambient conditions. 
2. Controllers located in conditioned space rated for operation at 32 to 120 deg F. 

2.5 ENCLOSURES 

A. General: 
1. House each controller and associated control accessories in single enclosure. Enclosure is 

to serve as central tie-in point for control devices such as switches, transmitters, 
transducers, power supplies, and transformers. 

2. Do not house more than one controller in single enclosure. 
3. Include enclosure door with key locking mechanism. Key locks alike for all enclosures 

and include one pair of keys per enclosure. 

B. Wall-Mounted, NEMA 250, Type 1: 
1. NRTL listed in accordance with UL 50 or UL 50E. 
2. Finish enclosure inside and out with polyester powder coating that is electrostatically 

applied and then baked to bond to substrate. 
3. Hinged door full size of front face of enclosure and supported using the following: 
4. Enclosures Sizes Less Than 36 Inches (900 mm) Tall: Multiple butt hinges. 
5. Enclosures Sizes 36 Inches (900 mm) Tall and Larger: Continuous piano hinges. 
6. Internal panel mounting hardware, grounding hardware, and sealing washers. 
7. Grounding stud on enclosure body. 
8. Thermoplastic pocket on inside of door for record Drawings and Product Data. 

2.6 CONTROL WIRE AND CABLE 

A. Wire: Single conductor control wiring above 24 V. 
1. Wire Size: Minimum 18AWG. 
2. Conductors: 7/24 soft annealed copper strand with 2- to 2.5-inch lay. 
3. Conductor Insulation: 600 V, Type THWN or Type THHN, and 90 deg C in accordance 

with UL 83. 
4. Conductor Insulation Colors: Black (hot), white (neutral), and green (ground). 
5. Furnish on spools. 

B. Single, Twisted-Shielded, Instrumentation Cable above 24 V: 
1. Wire Size: Minimum 18 AWG. 
2. Conductors: Twisted, 7/24 soft annealed copper strand with a 2- to 2.5-inch lay. 
3. Conductor Insulation: Type THHN/THWN or Type TFN rating. 
4. Conductor Insulation Colors: 

C. Twisted Pair: Black and white. 
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1. Twisted Triad: Black, red, and white. 
2. Shielding: 100 percent type, 0.35/0.5-mil aluminum/Mylar tape, helically applied with 25 

percent overlap, and aluminum side in with tinned copper drain wire. 
3. Outer Jacket Insulation: 600 V, 90 deg C rating, and Type TC cable. 
4. Furnish on spools. 

D. Single, Twisted-Shielded, Instrumentation Cable 24 V and Less: 
1. Wire Size: Minimum 18 AWG. 
2. Conductors: Twisted, 7/24 soft annealed copper stranding with a 2- to 2.5-inch lay. 
3. Conductor Insulation: Nominal 15-mil thickness, constructed from flame-retardant PVC. 
4. Conductor Insulation Colors: 
5. Twisted Pair: Black and white. 
6. Twisted Triad: Black, red, and white. 
7. Shielding: 100 percent type, 1.35-mil aluminum/polymer tape, helically applied with 25 

percent overlap, and aluminum side in with tinned copper drain wire. 
8. Outer Jacket Insulation: 300 V, 105 deg C rating, and Type PLTC cable. 
9. Furnish on spools. 

E. LAN and Communication Cable: Comply with DDC system manufacturer requirements for 
network being installed. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

B. Examine roughing-in for instruments installed in piping to verify actual locations of connections 
before installation. 

C. Examine roughing-in for instruments installed in duct systems to verify actual locations of 
connections before installation. 

D. Examine walls, floors, roofs, and ceilings for suitable conditions where product will be 
installed. 

E. Prepare written report, endorsed by Installer, listing conditions detrimental to performance of 
the Work. 

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

3.2 DDC SYSTEM INTERFACE WITH OTHER SYSTEMS AND EQUIPMENT 

A. Communication Interface to Equipment with Integral Controls: 
1. DDC system has communication interface with equipment having integral controls and 

having communication interface for remote monitoring or control. 
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2. Equipment to Be Connected: 
3. Air-handling units specified in Section 237313.13 "Basic, Indoor Air-Handling Units." 
4. Indoor air purifying units in Section 234202. 
5. Airflow measurement station specified in Section 230923.14 “Flow Instruments”. 

3.3 ELECTRIC POWER CONNECTIONS 

A. Connect electrical power to DDC system products requiring electrical power connections. 

B. Design of electrical power to products not indicated with electric power is delegated to DDC 
system provider and installing trade to provide a fully functioning DDC system. Work is to 
comply with NFPA 70 and other requirements indicated. 

3.4 DDC SYSTEM I/O CHECKOUT PROCEDURES 

A. Check installed products before continuity tests, leak tests, and calibration. 

B. Check instruments for proper location and accessibility. 

C. Check instruments for proper installation on direction of flow, elevation, orientation, insertion 
depth, or other applicable considerations that will impact performance. 

D. Check instrument tubing for proper isolation, fittings, slope, dirt legs, drains, material, and 
support. 

3.5 DDC SYSTEM CONTROLLER CHECKOUT 

A. Verify power supply. 
1. Verify voltage, phase, and hertz. 
2. Verify that protection from power surges is installed and functioning. 
3. Verify that ground fault protection is installed. 
4. If applicable, verify if connected to UPS unit. 
5. If applicable, verify if connected to backup power source. 
6. If applicable, verify that power conditioning units are installed. 

B. Verify that wire and cabling are properly secured to terminals and labeled with unique 
identification. 

3.6 ADJUSTING 

A. Occupancy Adjustments: When requested within 12 months from date of Substantial 
Completion, provide on-site assistance in adjusting system to suit actual occupied conditions. 
Provide up to two visits to Project during other-than-normal occupancy hours for this purpose. 
1. Owner to schedule and access system and to upgrade computer equipment if necessary. 
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3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative with complete knowledge of Project-specific 
system installed to train Owner's maintenance personnel to adjust, operate, and maintain DDC 
system. 

END OF SECTION 230923 
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SECTION 230923.14 - FLOW INSTRUMENTS 

PART 1 - GENERAL  

1.1 SUMMARY 

A. Section Includes: 
1. Airflow measurement stations and sensors. 
2. Airflow switches. 
3. Airflow transmitters. 

B. Related Requirements: 
1. Section 230923 "Direct Digital Control System for HVAC" for control equipment and 

software, relays, electrical power devices, uninterruptible power supply units, wire, and 
cable. 

1.2 DEFINITIONS 

A. Ethernet: Local area network based on IEEE 802.3 standards. 

B. FEP: Fluorinated ethylene propylene. 

C. HART: Highway addressable remote transducer protocol is the global standard for sending and 
receiving digital information across analog wires between smart devices and control or 
monitoring systems through bi-directional communication that provides data access between 
intelligent field instruments and host systems. A host can be any software application from 
technician's hand-held device or laptop to a plant's process control, asset management, safety, or 
other system using any control platform. 

D. PTFE: Polytetrafluoroethylene. 

E. PPS: Polyphenylene sulfide. 

F. RS-485: A TIA standard for multipoint communications using two twisted pairs. 

G. RTD: Resistance temperature detector. 

H. TCP/IP: Transport control protocol/Internet protocol incorporated into Microsoft Windows. 

1.3 ACTION SUBMITTALS 

A. Product Data: 
1. Airflow measurement stations and sensors. 
2. Airflow switches. 
3. Airflow transmitters. 
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B. Product Data Submittals: For each type of product. 
1. Construction details, material descriptions, dimensions of individual components and 

profiles, and finishes. 
2. Operating characteristics; electrical characteristics; and furnished accessories indicating 

process operating range, accuracy over range, control signal over range, default control 
signal with loss of power, calibration data specific to each unique application, electrical 
power requirements, and limitations of ambient operating environment, including 
temperature and humidity. 

3. Product description with complete technical data, performance curves, and product 
specification sheets. 

4. Installation instructions, including factors affecting performance. 
5. Product certificates. 

C. Shop Drawings: 
1. Include details of product assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 

2. Include diagrams for power, signal, and control wiring. 
3. Include diagrams for air and process signal tubing. 
4. Number-coded identification system for unique identification of wiring, cable, and tubing 

ends. 

1.4 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For instruments to include in operation and maintenance 
manuals. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

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

B. Provide parts, as indicated by manufacturer's recommended parts list, for product operation 
during one year period following warranty period. 

PART 2 - PRODUCTS 

2.1 AIRFLOW MEASUREMENT STATIONS AND SENSORS 

A. Performance Requirements: 
1. Adjustable for changes in system operational parameters. 
2. Airflow Sensor and Transmitter Range: Extended range of 10 percent above Project 

design flow and 10 percent below minimum Project flow to signal abnormal flow 
conditions. 

3. Manufacturer is to certify that each flow instrument indicated complies with specified 
performance requirements and characteristics. 
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a. Product certificates are required. 

B. Thermal Airflow Measurement Stations: 
1. Common Performance Requirements: 

a. Provide stations that are adjustable for changes in system operational parameters. 
b. Manufacturer is to certify that each flow instrument indicated complies with 

specified performance requirements and characteristics. 
c. Thermal airflow stations with one or more sensor nodes mounted in a probe, and a 

remotely mounted microprocessor-based transmitter at each measurement location. 
d. Sensor Nodes: One self-heated and one zero-power bead-in-glass thermistor, using 

the principle of thermal dispersion. 
e. Airflow Rate and Temperature of Each Sensor: Equally weighted and averaged by 

the transmitter prior to output. 
f. Sensor-Node and Probe Assemblies: 

1) Sensor-Node Construction: Two bead-in-glass, hermetically sealed 
thermistors potted in a marine-grade waterproof epoxy with sensor housings 
constructed of glass-filled polypropylene. Construct with only the thermistor 
located within the sensing node and all other electronic components outside 
the airstream. Epoxy- or glass-encapsulated chip thermistors or devices with 
exposed leads are not allowed. Devices that use epoxy- or glass-
encapsulated chip thermistors, or electronics in the airstream, are 
unacceptable. Devices with exposed leads are un acceptable. 

2) Store sensor-node airflow and temperature calibration data in a serial 
memory chip, in the cable connecting plug. Stored data does not require 
matching or adjustments to the transmitter in the field. 

3) Sensing-Node Temperature Accuracy: Within 0.15 deg F over an operating 
range of minus 20 to plus 160 deg F and humidity range of 0 to 100 percent 
RH. 

4) Sensor-Probe Mounting Bracket Construction: Type 304 stainless steel. 
5) Internal Probe Wiring: Kynar-coated copper between the connecting cable 

and sensor nodes. PVC-jacketed wiring is unacceptable. 
6) Internal Probe Wiring Connections: Solder joints and spot welds, sealed and 

protected from the elements, so that direct exposure to water will not affect 
instrument operation. Connectors within the probe, of any type, are 
unacceptable. Printed circuit boards within the probe are unacceptable. 

7) Sensor-Probe Jacket: Integral, FEP jacket, plenum-rated CMP/CL2P, 
UL/cUL-listed cable, rated for exposures from minus 67 to plus 392 deg F, 
and for continuous and direct UV exposure. Plenum-rated PVC jacket cables 
are unacceptable. 

8) Sensor-Probe Cable Connector Plug: Gold-plated pins for connection to the 
transmitter. 

g. Transmitter Features and Functions: 
1) High and/or low airflow alarm with user-defined set point and percent of 

set-point tolerance. 
2) Manual or automatic alarm reset, and low-limit cutoff value may be selected 

to disable the alarm. 
3) Alarm delay function, field defined. 
4) Sensor-node malfunction via the system status alarm and ignore the sensor 

node that is in a fault condition. 
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5) Field configuration, diagnostics, and field output adjustment wizard that 
allow for a one- or two-point field adjustment to factory calibration for 
installations that require adjustment. 

6) Automatic reset after power disruption, transients, and brown-outs through a 
watchdog timer circuit. 

7) Operating temperature range of minus 20 to plus 120 deg F and humidity 
range of 5 to 95 percent RH. 

8) Electrical Power Requirement: 24 V ac (between 22.8 and 26.4 V ac under 
load) at 20 VA maximum, using a switching power supply that is 
overcurrent and overvoltage protected. 

9) Printed Circuit Board Interconnects: Gold-plated edge fingers, receptacle 
plug pins, and printed circuit board test points. 

10) Printed Circuit Boards: Electroless nickel immersion gold (ENIG) plated. 
11) Integrated Circuitry: Temperature-rated, industrial-grade. Commercial-grade 

integrated circuitry is not acceptable. 
12) Integration Buffers: Separate integration buffers for display of airflow 

output, airflow signal output (analog and network), and individual sensor 
output (IR-interface). 

2. For Air-Ducted/Plenum: 
a. Manufacturers: Subject to compliance with requirements, provide products by one 

of the following: 
1) Ebtron, Inc. 
2) Or approved equal 

b. Airflow Station Performance: 
1) Independent processing of up to 16 separately wired sensor-node 

assemblies. 
2) Accuracy: Within 3 percent of reading for ducted applications, and within 5 

percent of reading for non-ducted applications, when installed in accordance 
with manufacturer's recommended placement guidelines. Include the 
combined uncertainty of the sensor nodes and transmitter. For devices 
whose overall accuracy is based on individual accuracy specifications of the 
sensor probes and transmitter, demonstrate compliance with the accuracy 
requirement over the entire operating range. 

c. Sensor-Node and Probe Assemblies: 
1) Performance rated and tested with a 100 percent survival rate in a 30-day 

saltwater and acid vapor test with written independent laboratory results. 
2) Sensor-Node Calibration: Individually calibrated at 16 measurement points 

to airflow standards directly calibrated at NIST to the NIST Laser Doppler 
Anemometer (LDA) primary velocity standard. 
a) Accuracy: Within 2 percent of reading over the entire calibrated 

airflow range of 0 to 5000 fpm. 
b) Individually calibrate thermistor at a minimum of three temperatures 

to NIST-traceable temperature standards. 
3) Provide the number of independent sensor nodes as follows: 

a) For Duct/Plenum Area up to 0.5 sq. ft. (0.046 sq. m): One. 
b) For Duct/Plenum Area Greater Than 0.5 through 1.0 sq. ft. (0.046 

through 0.092 sq. m): Two. 
c) For Duct/Plenum Area Greater Than 2.0 through 4.0 sq. ft. (0.186 

through 0.372 sq. m): Six. 

http://www.specagent.com/Lookup?ulid=13485
http://www.specagent.com/Lookup?uid=123457234919
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d) For Duct/Plenum Area Greater Than 4.0 through 8.0 sq. ft. (0.372 
through 0.743 sq. m): Eight. 

e) For Duct/Plenum Area Greater Than 8.0 through 12.0 sq. ft. (0.743 
through 1.11 sq. m): 12. 

f) For Duct/Plenum Area Greater Than 12.0 through 14.0 sq. ft. (1.11 
through 1.30 sq. m): 14. 

g) For Duct/Plenum Area Greater Than 14.0 sq. ft. (1.30 sq. m): 16. 
4) For an aspect ratio of 1.5 or less, and an area of 25 sq. ft. or greater, four 

probes are required. 
5) Sensor-Probe Construction: Gold-anodized, Type 316 stainless steel tube, 

with each sensor probe containing one or more independently wired sensing 
nodes. 

d. Transmitter: 
1) Transmitter determines the average airflow rate and temperature of 

connected sensor nodes in an array for a single location. 
e. User Interface: 16-character, alpha-numeric, LCD display, with two field-

selectable analog output signals and network output capability. Provide the 
following transmitter configurations: 
1) The RS-485 (BACnet MS/TP, or Modbus RTU) network connection 

provides the average airflow rate, temperature, high and/or low airflow set-
point alarm, system status alarm, individual sensor-node airflow rates, and 
individual sensor-node temperatures. The transmitter is to be provided with 
a Bluetooth low-energy interface card capable of transmitting all transmitter 
setup parameters, diagnostics, average airflow, and temperature of the 
device and the airflow and temperature of each sensor node. Software 
capable of capturing and displaying this transmission will be available via 
download to Android or iOS phone or tablet. Software is to allow for setup 
parameters, airflow, temperature, and diagnostic data to be saved on the 
phone or be emailed. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

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

B. Examine roughing-in for instruments installed in piping to verify actual locations of connections 
before installation. 

C. Examine roughing-in for instruments installed in duct systems to verify actual locations of 
connections before installation. 

D. Provide the services of an independent inspection agency to confirm that proposed mounting 
locations comply with requirements indicated and approved submittals. 
1. Indicate dimensioned locations with mounting height for all surface-mounted products to 

walls and ceilings on shop drawings. 
2. Do not begin installation without submittal approval of mounting location. 
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E. Complete installation rough-in only after confirmation by independent inspection is complete 
and approval of location is documented for review by Owner and Architect on request. 

F. Prepare written report, endorsed by Installer, listing conditions detrimental to performance. 

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

3.2 INSTRUMENT APPLICATIONS 

A. Select from instrument types to achieve performance requirements and characteristics indicated 
while subjected to full range of system operation encountered. 

B. Thermal Airflow Measurement Stations: 
1. For Air-Ducted/Plenum: 

a. Measured Velocities Greater Than 200 fpm (1.0 m/s): Thermal airflow 
measurement station. 

b. Provide a remotely mounted microprocessor-based transmitter at each 
measurement location. 

2. For Air-Ducted/Plenum - Duct Size 2 sq. ft. (0.18 sq. m) or Less: 
a. Measured Velocities Less Than 200 fpm (1.0 m/s): Thermal airflow measurement 

station. 
b. Provide a remotely mounted microprocessor-based transmitter at each 

measurement location. 

C. Duct-Mounted Airflow Sensors: 
1. Measured Velocities 500 fpm (2.5 m/s) and Less: Thermal airflow station. 
2. Measured Velocities Greater than 500 fpm (2.5 m/s): Pitot-tube airflow sensor station or 

Thermal airflow station]. 

D. Damper-Mounted Airflow Sensors: 
1. Measured Velocities 400 fpm (2.0 m/s) and Less: Thermal airflow station. 
2. Measured Velocities Greater than 500 fpm (2.5 m/s): Pitot-tube airflow sensor station  

E. Airflow Switches: 
1. Measured Velocities 400 fpm (2.0 m/s) and Less: Polymer film sail switch. 
2. Measured Velocities Greater than 400 fpm (2.0 m/s): Stainless steel single-vane switch. 

3.3 INSTALLATION, GENERAL 

A. Furnish and install products required to satisfy more stringent of all requirements indicated. 

B. Install products level, plumb, parallel, and perpendicular with building construction. 

C. Install products in locations that are accessible and that will permit calibration and maintenance 
from floor, equipment platforms, or catwalks. Where ladders are required for Owner's access, 
confirm unrestricted ladder placement is possible under occupied condition. 

D. Corrosive Environments: 
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1. Use products that are suitable for environment to which they will be subjected to salt 
laden air. 

2. If possible, avoid or limit use of materials in corrosive environments, including, but not li 
3. When conduit is in contact with a corrosive environment, use Type 316 stainless steel 

conduit and fittings or conduit and fittings with a corrosive-resistant coating that is 
suitable for environment. 

4. Where instruments are located in a corrosive environment and are not corrosive resistant 
from the manufacturer, field install products in a NEMA 250, Type 4X enclosure 
constructed of Type 316L stainless steel. 

3.4 ELECTRICAL CONNECTIONS 

A. Furnish and install electrical power to products requiring electrical connections. 

B. Furnish and install circuit breakers. Comply with requirements in Section 262816 "Enclosed 
Switches and Circuit Breakers." 

C. Furnish and install power wiring. Comply with requirements in Section 260519 "Low-Voltage 
Electrical Power Conductors and Cables." 

D. Furnish and install raceways. Comply with requirements in Section 260533.13 "Conduits for 
Electrical Systems." 

3.5 INSTRUMENTS, GENERAL INSTALLATION REQUIREMENTS 

A. Mounting Location: 
1. Rough-in: Outline instrument-mounting locations before setting instruments and routing 

cable, wiring, tubing, and conduit to final location. 
2. Install switches and transmitters for air with individual air-handling units and connected 

ductwork and piping near air-handlings units co-located in air-handling unit system 
control panel, to provide service personnel a single and convenient location for inspection 
and service. 

3. Install airflow switches and transmitters for indoor applications in mechanical equipment 
rooms. Do not locate in user-occupied space unless indicated specifically on Drawings. 

4. Mount switches and transmitters not required to be mounted within system control panels 
on walls, floor-supported freestanding pipe stands, or floor-supported structural support 
frames. Use manufacturer mounting brackets to accommodate field mounting. Securely 
support and brace products to prevent vibration and movement. 

B. Mounting Height: 
1. Mount instruments in user-occupied space to match mounting height of light switches 

unless otherwise indicated on Drawings. Mounting height is to comply with codes and 
accessibility requirements. 

2. Mount switches and transmitters, located in mechanical equipment rooms and other 
similar space not subject to code, state, and federal accessibility requirements, within a 
range of 42 to 72 inches above the adjacent floor, grade, or service catwalk or platform. 
a. Make every effort to mount at 60 inches. 
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C. Seal penetrations to ductwork, plenums, and air-moving equipment to comply with duct static-
pressure class and leakage and seal classes indicated using neoprene gaskets or grommets. 

3.6 INSTALLATION OF FLOW INSTRUMENTS 

A. Airflow Sensors: 
1. Install sensors in straight sections of duct with manufacturer-recommended straight duct 

upstream and downstream of sensor. 
2. Installed sensors are to be accessible for visual inspection and service. Install access 

door(s) in duct or equipment located upstream of sensor, to allow service personnel to 
hand clean sensors. 

B. Transmitters: 
1. Install airflow transmitters serving an air system in a single location adjacent to or within 

system control panel. 
2. Install liquid flow transmitters, not integral to sensors, in vicinity of sensor. Where 

multiple flow transmitters serving same system are located in same room, co-locate 
transmitters by system to provide service personnel a single and convenient location for 
inspection and service. 

3.7 IDENTIFICATION 

A. Identify system components, wiring, cabling, and terminals. Each piece of wire, cable, and 
tubing are to have the same designation at each end for operators to determine continuity at 
points of connection. Comply with requirements for identification specified in Section 260553 
"Identification for Electrical Systems." 

B. Install engraved phenolic nameplate with instrument  

3.8 CLEANING 

A. Remove grease, mastic, adhesives, dust, dirt, stains, fingerprints, labels, and other foreign 
materials from exposed interior and exterior surfaces. 

B. Wash and shine glazing. 

C. Polish glossy surfaces to a clean shine. 

3.9 CHECKOUT PROCEDURES 

A. Description: 
1. Check out installed products before continuity tests, leak tests, and calibration. 
2. Check instruments for proper location and accessibility. 
3. Check instruments for proper installation with respect to direction of flow, elevation, 

orientation, insertion depth, or other applicable considerations that will impact 
performance. 
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4. Check instrument tubing for proper isolation, fittings, slope, dirt legs, drains, material, 
and support. 

B. Flow Instrument Checkout: 
1. Verify that sensors are installed correctly with respect to flow direction. 
2. Verify that sensor attachment is properly secured and sealed. 
3. Verify that processing tubing attachment is secure and isolation valves have been 

provided. 
4. Inspect instrument tag against approved submittal. 
5. Verify that recommended upstream and downstream distances have been maintained. 

3.10 ADJUSTMENT, CALIBRATION, AND TESTING 

A. Description: 
1. Calibrate each instrument installed that is not factory calibrated and provided with 

calibration documentation. 
2. Provide a written description of proposed field procedures and equipment for calibrating 

each type of instrument. Submit procedures before calibration and adjustment. 
3. For each analog instrument, make a three-point test of calibration for both linearity and 

accuracy. 
4. Equipment and procedures used for calibration are to meet instrument manufacturer's 

recommendations. 
5. Provide diagnostic and test equipment for calibration and adjustment. 
6. Field instruments and equipment used to test and calibrate installed instruments are to 

have accuracy at least twice the instrument accuracy being calibrated. For example, an 
installed instrument with an accuracy of 1 percent is to be checked by an instrument with 
an accuracy of 0.5 percent. 

7. Calibrate each instrument according to instrument instruction manual supplied by 
manufacturer. 

8. If after-calibration-indicated performance cannot be achieved, replace out-of-tolerance 
instruments. 

9. Comply with field-testing requirements and procedures indicated by ASHRAE 
Guideline 11, "Field Testing of HVAC Control Components," in the absence of specific 
requirements, and to supplement requirements indicated. 

B. Analog Signals: 
1. Check analog voltage signals using a precision voltage meter at zero, 50, and 100 

percent. 
2. Check analog current signals using a precision current meter at zero, 50, and 100 percent. 
3. Check resistance signals for temperature sensors at zero, 50, and 100 percent of operating 

span using a precision-resistant source. 

C. Digital Signals: 
1. Check digital signals using a jumper wire. 
2. Check digital signals using an ohmmeter to test for contact. 

D. Sensors: Check sensors at zero, 50, and 100 percent of Project design values. 

E. Switches: Calibrate switches to make or break contact at set points indicated. 
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F. Transmitters: 
1. Check and calibrate transmitters at zero, 50, and 100 percent of Project design values. 
2. Calibrate resistance temperature transmitters at zero, 50, and 100 percent of span using a 

precision-resistance source. 

3.11 MAINTENANCE SERVICE 

A. Maintenance Service: Beginning at Substantial Completion, maintenance service is to include 
12 months' full maintenance by skilled employees of systems and equipment Installer 
manufacturer's authorized service representative. Include quarterly preventive maintenance, 
repair or replacement of worn or defective components, cleaning, and adjusting as required for 
proper operation. Parts and supplies are to be manufacturer's authorized replacement parts and 
supplies. 

3.12 DEMONSTRATION 

A. Owner's maintenance personnel to adjust, operate, and maintain instrumentation and control 
devices. 

B. Coordinate video with operation and maintenance manuals and classroom instruction for use by 
Owner in operating, maintaining, and troubleshooting. 

C. Owner is to have right to make additional copies of video for internal use without paying 
royalties. 

END OF SECTION 230923.14 
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SECTION 233113 - METAL DUCTS 

PART 1 - GENERAL 

1.1 SUMMARY  

A. Section Includes: 
1. Double-wall rectangular ducts and fittings. 
2. Sheet metal materials. 
3. Duct liner. 
4. Sealants and gaskets. 
5. Hangers and supports. 

B. Related Requirements: 
1. Section 230548 "Vibration and Seismic Controls for HVAC" for seismic restraint devices 

and installation. 
2. Section 230593 "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting, and 

balancing requirements for metal ducts. 
3. Section 233119 "HVAC Casings" for factory- and field-fabricated casings for mechanical 

equipment. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of the following products: 
1. Liners and adhesives. 
2. Sealants and gaskets. 

B. Shop Drawings: 
1. Fabrication, assembly, and installation, including plans, elevations, sections, components, 

and attachments to other work. Retain "Delegated Design Submittals" Paragraph below if 
design services have been delegated to Contractor. 

C. Coordination Drawings: A single set of plans or BIM model, drawn to scale, showing the items 
described in this Section, and coordinated with all building trades. 

PART 2 - PRODUCTS 

2.1 DOUBLE-WALL RECTANGULAR DUCTS AND FITTINGS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Pro-R Duct 
2. MKT Metal Manufacturing. 
3. McGill AirFlow LLC. 

http://www.specagent.com/Lookup?ulid=3425
http://www.specagent.com/Lookup?uid=123457215657
http://www.specagent.com/Lookup?uid=123457215655
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4. SHAPE Manufacturing Inc. 
5. Sheet Metal Connectors, Inc. 
6. Or Approved Equal. 

B. Source Limitations: Obtain double-wall rectangular ducts and fittings from single manufacturer. 

C. Rectangular Ducts: Fabricate ducts with indicated dimensions for clear internal dimensions of 
the inner duct. 

D. Outer Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" based on indicated static-pressure class unless otherwise indicated. 
1. Construct ducts of galvanized sheet steel unless otherwise indicated. 
2. For ducts exposed to weather, construct outer duct of Type 304 stainless steel indicated 

by manufacturer to be suitable for outdoor installation. 

E. Transverse Joints: Select joint types and fabricate in accordance with 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." 
1. For ducts with longest side less than 36 inches, select joint types in accordance with 

Figure 2-1. 
2. For ducts with longest side 36 inches or greater, use flange joint connector Type T-22, T-

24, T-24A, T-25a, or T-25b. Factory-fabricated flanged duct connection system may be 
used if submitted and approved by engineer of record. 

F. Longitudinal Seams: Select seam types and fabricate in accordance with 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 - 
Retain "Interstitial Insulation, Fibrous Glass" or "Interstitial Insulation, Flexible Elastomeric"  

G. Interstitial Insulation, Flexible Elastomeric: Duct liner complying with ASTM C534/C534M, 
Type II for sheet materials, and with NFPA 90A or NFPA 90B. 
1. Maximum Thermal Conductivity: 0.25 Btu x in./h x sq. ft. x deg F at 75 deg F mean 

temperature. 

H. Inner Duct: Minimum 24-gauge stainless steel. 

2.2 SHEET METAL MATERIALS 

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 are to be free of pitting, 
seam marks, roller marks, stains, discolorations, and other imperfections. 

B. Stainless Steel Sheets: Comply with ASTM A480/A480M, Type 304 or 316, as indicated in 
"Duct Schedule" Article; cold rolled, annealed, sheet. Exposed surface finish is to be No. 2B, 
No. 2D, No. 3, or No. 4 as indicated in "Duct Schedule" Article. 

http://www.specagent.com/Lookup?uid=123457235131
http://www.specagent.com/Lookup?uid=123457215656
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2.3 SEALANT AND GASKETS 

A. General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and 
gaskets are to be a maximum flame-spread index of 25 and a maximum smoke-developed index 
of 50 when tested in accordance with 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 C920. 
1. General: Single-component, acid-curing, silicone, elastomeric. 
2. Type: S. 
3. Grade: NS. 
4. Class: 25. 
5. Use: O. 

D. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer. 

2.4 HANGERS AND SUPPORTS 

A. Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or galvanized rods 
with threads painted with zinc-chromate primer after installation. 

B. Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, 
"Minimum Hanger Sizes for Round Duct." 

C. Steel Cables for Stainless Steel Ducts: Stainless steel complying with ASTM A492. 

D. Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws; compatible 
with duct materials. 

E. Trapeze and Riser Supports: 
1. Supports for Stainless Steel Ducts: Stainless steel shapes and plates. 
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PART 3 - EXECUTION 

3.1 DUCT INSTALLATION 

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct 
system. Indicated duct locations, configurations, and arrangements were used to size ducts and 
calculate friction loss for air-handling equipment sizing and for other design considerations. 
Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and 
coordination drawings. 

B. Install ducts in accordance with SMACNA's "HVAC Duct Construction Standards - Metal and 
Flexible" unless otherwise indicated. 

C. Install ducts in maximum practical lengths with fewest possible joints. 

D. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for 
branch connections. 

E. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and 
perpendicular to building lines. 

F. Install ducts close to walls, overhead construction, columns, and other structural and permanent 
enclosure elements of building. 

G. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness. 

H. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and 
enclosures. 

I. 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. 

J. Elbows: Use long-radius elbows wherever they fit. 
1. Fabricate 90-degree rectangular mitered elbows to include turning vanes. 
2. Fabricate 90-degree round elbows with a minimum of three segments for 12 inches and 

smaller and a minimum of five segments for 14 inches and larger. 

K. Branch Connections: Use lateral or conical branch connections. 

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. 
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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 arrangement and fabrication of fittings, 
hangers and supports, duct accessories, and air outlets. 

E. Repair or replace damaged sections and finished work that does not comply with these 
requirements. 

3.3 DUCTWORK EXPOSED TO WEATHER 

A. All external joints are to have secure watertight mechanical connections. Seal all openings to 
provide weatherproof construction. 

B. Double Wall: 
1. Ductwork complies with requirements in "Double-Wall Rectangular Ducts and Fittings" 

Article. 
2. Ductwork outer wall is to be Type 304 or Type 316 stainless steel indicated by 

manufacturer to be suitable for outdoor installation. 
3. Provide interstitial insulation. 

3.4 DUCT SEALING 

A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct 
Schedule" Article in accordance with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible." 

B. Seal ducts at a minimum to the following seal classes in accordance with SMACNA's "HVAC 
Duct Construction Standards - Metal and Flexible": 
1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
2. Outdoor, Supply-Air Ducts: Seal Class A. 
3. Outdoor, Return-Air Ducts: Seal Class C. 
4. Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg and Lower: Seal 

Class B. 
5. Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg: Seal 

Class A. 
6. Unconditioned Space, Exhaust Ducts: Seal Class C. 
7. Unconditioned Space, Return-Air Ducts: Seal Class B. 
8. Conditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg and Lower: Seal 

Class C. 
9. Conditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg: Seal 

Class B. 
10. Conditioned Space, Exhaust Ducts: Seal Class B. 
11. Conditioned Space, Return-Air Ducts: Seal Class C. 
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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. 
5. Do not use powder-actuated concrete fasteners for seismic restraints. Coordinate with 

Section 230548 "Vibration and Seismic Controls for HVAC." 

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. 

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. 

G. Duct System Cleanliness Tests: 
1. Visually inspect duct system to ensure that no visible contaminants are present. 
2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness in 

accordance with "Description of Method 3 - NADCA Vacuum Test" in NADCA ACR, 
"Assessment, Cleaning and Restoration of HVAC Systems." 
a. Acceptable Cleanliness Level: Net weight of debris collected on the filter media is 

to not exceed 0.75 mg/100 sq. cm. 

H. Duct system will be considered defective if it does not pass tests and inspections. 

I. Prepare test and inspection reports. 

3.6 DUCT CLEANING 

A. Clean new duct system(s) before testing, adjusting, and balancing. 

B. For cleaning of existing ductwork, see Section 230130.52 "Existing HVAC Air Distribution 
System Cleaning." 
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C. Use duct cleaning methodology as indicated in NADCA ACR. 

D. Use service openings for entry and inspection. 
1. Provide openings with access panels appropriate for duct static-pressure and leakage 

class at dampers, coils, and any other locations where required for inspection and 
cleaning access. Provide insulated panels for insulated or lined duct. Patch insulation and 
liner as recommended by duct liner manufacturer. Comply with Section 233300 "Air 
Duct Accessories" for access panels and doors. 

2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection. 
3. Remove and reinstall ceiling to gain access during the cleaning process. 

E. Particulate Collection and Odor Control: 
1. When venting vacuuming system inside the building, use HEPA filtration with 99.97 

percent collection efficiency for 0.3-micron-size (or larger) particles. 
2. When venting vacuuming system to outdoors, use filter to collect debris removed from 

HVAC system, and locate exhaust downwind and away from air intakes and other points 
of entry into building. 

F. Clean the following components by removing surface contaminants and deposits: 
1. Air outlets and inlets (registers, grilles, and diffusers). 
2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply 

and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive 
assemblies. 

3. Air-handling unit internal surfaces and components including mixing box, coil section, 
air wash systems, spray eliminators, condensate drain pans, humidifiers and 
dehumidifiers, filters and filter sections, and condensate collectors and drains. 

4. Coils and related components. 
5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and 

mechanical equipment rooms. 
6. Supply-air ducts, dampers, actuators, and turning vanes. 
7. Dedicated exhaust and ventilation components and makeup air systems. 

G. Mechanical Cleaning Methodology: 
1. Clean metal duct systems using mechanical cleaning methods that extract contaminants 

from within duct systems and remove contaminants from building. 
2. Use vacuum-collection devices that are operated continuously during cleaning. Connect 

vacuum device to downstream end of duct sections so areas being cleaned are under 
negative pressure. 

3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces without 
damaging integrity of metal ducts, duct liner, or duct accessories. 

4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner 
to get wet. Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated 
or that has friable material, mold, or fungus growth. 

5. Clean coils and coil drain pans in accordance with NADCA ACR. Keep drain pan 
operational. Rinse coils with clean water to remove latent residues and cleaning 
materials; comb and straighten fins. 

6. Provide drainage and cleanup for wash-down procedures. 
7. Antimicrobial Agents and Coatings: Apply EPA-registered antimicrobial agents if fungus 

is present. Apply antimicrobial agents in accordance with manufacturer's written 
instructions after removal of surface deposits and debris. 
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3.7 STARTUP 

A. Air Balance: Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing 
for HVAC." 

3.8 DUCT SCHEDULE 

A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows: 
1. Fabricate all ducts to achieve SMACNA pressure class, seal class, and leakage class as 

indicated below. 

B. Supply Ducts: 
1. Ducts Connected to Fan Coil Units. 

a. Pressure Class: Positive 1 inch wg. 
b. Minimum SMACNA Seal Class: B. 
c. SMACNA Leakage Class for Rectangular: 2. 

2. Ducts Connected to Constant-Volume Air-Handling Units : 
a. Pressure Class: Positive 2 inch wg. 
b. Minimum SMACNA Seal Class: A. 
c. SMACNA Leakage Class for Rectangular: 2. 

3. Ducts Connected to Variable-Air-Volume Air-Handling Units : 
a. Pressure Class: Positive 3 inch wg. 
b. Minimum SMACNA Seal Class: A. 
c. SMACNA Leakage Class for Rectangular: 4. 

C. Outdoor-Air (Not Filtered, Heated, or Cooled) Ducts: 
1. 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: 2. 

D. Double-Wall Duct Interstitial Insulation: 
1. Outside -Air Ducts: 1-1/2 inch thick. 

E. Elbow Configuration: 
1. Rectangular Duct - Requirements for Different Velocities: 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. 
2) Radius Type RE 3 with minimum 0.5 radius-to-diameter ratio and two 

vanes. 
3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane 
Runners," and Figure 4-4, "Vane Support in Elbows." 

c. Velocity 1500 fpm or Higher: 
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1) Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio. 
2) Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two 

vanes. 
3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane 
Runners," and Figure 4-4, "Vane Support in Elbows." 

2. Rectangular Duct - Requirements for All Velocities: 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. 
b. Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes. 
c. Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane 
Runners," and Figure 4-4, "Vane Support in Elbows." 

END OF SECTION 233113 
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SECTION 233119 – FIELD FABRICATED HVAC CASINGS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Field Fabricated casings. 
2. Interstitial insulation. 
3. Interior floor. 
4. Access Doors. 
5. Sealant materials. 
6. Interior coating. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each type of the following products: 
1. Field fabricated casing materials 
2. Adhesives. 
3. Sealants and gaskets. 

1.3 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

B. Product Certificates: For each type of casing. 
1. For insulation properties, for both insulation material and complete panel assembly, from 

manufacturer. 
2. For static-pressure ratings of complete panel assembly based from original manufacturer 

product information. 
3. Product Certificates: For acoustical performance of each casing, from manufacturer. 

a. Show sound-absorption coefficients in each octave band lower than those 
scheduled when tested in accordance with ASTM C423. 

b. Show airborne sound transmission losses lower than those scheduled when tested 
in accordance with ASTM E90. 

4. Casing Performance: Submit calculations indicating that the proposed casing construction 
will achieve the required static-pressure classifications, acoustical performance, and 
structural performance. 

1.4 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel in accordance with 
AWS D9.1/D9.1M, "Sheet Metal Welding Code," for casing joint and seam welding. 
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B. ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and 
Equipment" and Section 7 - "Construction and System Start-up." 

C. ASHRAE/IES Compliance: Applicable requirements in ASHRAE/IES 90.1, Section 6.4.4 - 
"HVAC System Construction and Insulation." 

1.5 COORDINATION 

A. Coordinate sizes and locations of steel supports based on existing conditions. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Static-Pressure Classes: 
1. Upstream from Fan(s):  1.5 inch wg. 

B. Thermal Performance: 
1. 2-Inch (50-mm) Panel:  0.12 Btu/h x sq. ft. x deg F. 

C. Acoustical Performance: 
1. NRC:  1.09 in accordance with ASTM C423. 
2. STC:  40 in accordance with ASTM E90. 

D. Structural Performance: 
1. Fabricate casings to withstand 133 percent of the indicated static pressure without 

structural failure. Wall and roof deflection at the indicated static pressure shall not exceed 
1/8 inch/foot of width. 

E. Flammability and Smoke: 
1. Insulation and Other Materials Exposed to the Airstream: 

a. All materials exposed to the airstream to comply with requirements of NFPA 90A 
or NFPA 90B when tested in accordance with ASTM E84. 

2.2 GENERAL CASING FABRICATION REQUIREMENTS 

A. Stainless Steel: ASTM A480/A480M, Type 304, and having a No. 2D finish. 

B. Reinforcement Shapes and Plates: ASTM A36/A36M, steel plates, shapes, and bars; black and 
galvanized. 

C. Sealing Requirement: SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," 
Seal Class A. Seal all seams, joints, connections, and abutments to building. 

D. Access Doors: Fabricate access doors in accordance with SMACNA's "HVAC Duct 
Construction Standards - Metal and Flexible," Figure 9-15, "Casing Access Doors - 2-inch wg 
(500 Pa)," and Figure 9-16, "Casing Access Doors - 3-10-inch wg (750-2500 Pa)"; and in 
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accordance with pressure class of the plenum or casing section in which access doors are to be 
installed. 
1. Size:  Field verified for each air handling unit. 
2. Vision Panel: Double-glazed, wire-reinforced safety glass with an airspace between 

panes and sealed with interior and exterior rubber seals. 
3. Hinges: Piano or butt hinges and latches; number and size in accordance with 

SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 
4. Latches: Minimum of two wedge-lever-type latches; operable from inside and outside. 
5. Neoprene gaskets around entire perimeters of door frames. 
6. Doors to open against air pressure. 

2.3 FIELD FABRICATED CASINGS 

A. Description: Double-wall, insulated, pressurized equipment casing. 

B. Double-Wall Panel Fabrication: Exterior and interior sheet metal walls; with interstitial space 
filled with insulation. 
1. Panel Thickness:  2 inches. 
2. Fabricate with a minimum number of joints. 
3. Weld, crimp, or otherwise secure exterior and interior walls to perimeter; to interior, 

longitudinal channels; and to box-end internal closures. Longitudinal channels to be same 
metal as exterior wall. Paint welds. 

4. Sheet metal thickness is to comply with SMACNA's "HVAC Duct Construction 
Standards - Metal and Flexible" for static-pressure class indicated for casing. 

5. Neoprene gasket applied around entire perimeters of panel frames. 
6. Outer Wall Material: Type 304, stainless steel sheet. 
7. Fill each panel assembly with a 2-inch layer of polyurethane-foam insulating material 

that is noncombustible, inert, mildew resistant, and vermin proof and that complies with 
NFPA 90A. 

8. Corrosion-Resistant Phenolic Coating: Applied to interior lining of outside air plenum 
section. 

C. Trim Items: Fabricate from a minimum of 18-gauge galvanized sheet steel, furnished in 
standard lengths for field cutting. 

2.4 INTERIOR FLOOR 

A. Unit perimeter base rail shall be fabricated using heavy gauge steel, if required. C-Channel 
cross supports shall be welded to perimeter base steel and located on maximum 24” centers to 
provide support for internal components.  

B. The floor cavity shall be spray foam insulated with floor seams gasketed for thermal break and 
sealed for airtight / watertight construction. Where access is provided to the unit interior, floor 
return openings shall be covered with walk on phenolic coated steel safety grating.   Floor shall 
be 12-gauge aluminum tread plate. 
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2.5 INTERSTITIAL INSULATION 

A. Polyurethane-Foam Interstitial Insulation: Polyurethane foam complying with requirements of 
NFPA 90A or NFPA 90B when tested in accordance with ASTM E84 or UL 723. 
1. Foam interstitial insulation to have maximum thermal conductivity of 0.27 Btu x in./h x 

sq. ft. deg F.), 2” thick closed cell foam insulation. All insulation edges shall be 
encapsulated within the panel.  

2.6 SEALANT MATERIALS 

A. General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and 
gaskets to be a maximum flame-spread index of 25 and a maximum smoke-developed index of 
50 when tested in accordance with ASTM E84 or 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. Maximum Static-Pressure Class: 10 inch wg, positive or negative. 
7. Service: Indoor or outdoor. 
8. Substrate: Compatible with galvanized sheet steel, aluminum, or stainless steel. 

C. Flanged Joint Sealant: Comply with ASTM C920. 
1. General: Single component, acid curing, silicone, elastomeric. 
2. Type: S. 
3. Grade: NS. 
4. Class: 25. 
5. Use: O. 

D. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine existing air handling units for compliance with requirements for conditions affecting 
installation and performance of HVAC casings. Verify that there is sufficient clearance for 
access and to install all piping, condensate traps, ductwork, and other fittings. 

B. Examine casing insulation materials and insulation before installation. Reject casings that are 
wet, moisture damaged, or mold damaged. 

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

A. Install casings in accordance with SMACNA's "HVAC Duct Construction Standards - Metal 
and Flexible" and manufacturer's written installation instructions. 

B. Apply sealant to joints, connections, and mountings. 

C. Field-cut openings for pipe, conduit, and duct penetrations; insulate and seal in accordance with 
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible." 

D. Seal all penetrations airtight. Cover with escutcheons and gaskets, or fill with suitable 
compound so there is no exposed insulation. Comply with requirements for escutcheons 
specified in Section 230500 "Common Work Results for HVAC." Provide shaft seals where fan 
shafts penetrate casing. 

E. Support casings on base or foundation system. Secure and seal to base. 

F. Support components rigidly with ties, braces, brackets and anchors of types that will maintain 
housing shape and prevent buckling. 

G. Align casings accurately at connections, with 1/8-inch misalignment tolerance and with smooth 
interior surfaces. 

3.3 FIELD QUALITY CONTROL 

A. Testing Agency: 
1. Engage a qualified testing agency to perform tests and inspections. 

B. Perform tests and inspections. 

C. Tests and Inspections: 
1. Perform field tests of all control dampers, demonstrating that they open and close fully 

and without binding or excessive friction. 
2. Inspect all duct and casing access doors and other openings having movable covers, 

demonstrating that they are reasonably accessible, open and close fully without binding 
or excessive friction. and when fully closed, they seal properly. 

3. Perform field tests and inspections including air-duct leakage testing of supply-, return-, 
and exhaust-air duct connections to casing in accordance with SMACNA's "HVAC Air 
Duct Leakage Test Manual."   

4. Conduct tests at static pressures equal to maximum design pressure of system or section 
being tested. If pressure classes are not indicated, test entire system at maximum system 
design pressure. Do not pressurize systems above maximum design operating pressure. 
Give seven days' advance notice for testing. 

D. HVAC casings will be considered defective if they do not pass tests and inspections. 

E. Prepare test and inspection reports. 
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3.4 CLEANING 

A. Comply with requirements for cleaning in Section 233113 "Metal Ducts." 

END OF SECTION 233119.16 
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SECTION 233723 - HVAC GRAVITY VENTILATORS 

PART 1 - GENERAL  

1.1 RELATED DOCUMENTS 

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

1.2 SUMMARY 

A. Section Includes: 
1. Hooded ventilators. 
2. Field applied corrosion resistant coatings. 
3. Roof curbs, if required.   

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product 

B. Shop Drawings: For gravity ventilators. 
1. Include plans, elevations, sections, details, ventilator attachments to curbs, and curb 

attachments to roof structure. 
2. Show weep paths, gaskets, flashing, sealant, and other means of preventing water 

intrusion. 

1.4 QUALITY ASSURANCE 

A. Welding Qualifications: Qualify procedures and personnel according to the following: 
1. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum." 
2. AWS D1.3/D1.3M, "Structural Welding Code - Sheet Steel." 

1.5 COORDINATION 

A. Coordinate sizes and locations of roof curbs, if required, equipment supports, and roof 
penetrations with actual equipment provided.   
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Structural Performance: Ventilators shall withstand the effects of gravity loads and the 
following loads and stresses within limits and under conditions indicated without permanent 
deformation of ventilator components, noise or metal fatigue caused by ventilator blade rattle or 
flutter, or permanent damage to fasteners and anchors. Wind pressures shall be considered to act 
normal to the face of the building. 
1. Wind Loads, Indicated on Drawings: Determine loads based on pressures as indicated on 

Drawings. 
2. Wind Loads, Basis: Determine loads based on a uniform pressure of 30 lbf/sq. ft., acting 

inward or outward. 

B. Thermal Movements: Allow for thermal movements from ambient and surface temperature 
changes, without buckling, opening of joints, overstressing of components, failure of 
connections, or other detrimental effects. 

C. Water Entrainment: Limit water penetration through unit to comply with ASHRAE 62.1. 

D. Capacities and Characteristics: 
1. Drawing Tag No.: Refer to schedules. 
2. Type: Hooded penthouse. 
3. Air Flow: Refer to schedules. 
4. Maximum Air Pressure Drop: Not more than 0.10 inch wg static pressure drop. 
5. Maximum Free Area Velocity: 800 fpm. 
6. Function: Intake. 

2.2 FABRICATION 

A. Factory or shop fabricate gravity ventilators to minimize field splicing and assembly. 
Disassemble units to the minimum extent as necessary for shipping and handling. Clearly mark 
units for reassembly and coordinated installation. 

B. Fabricate frames, including integral bases, to fit in openings of sizes indicated, with allowances 
made for fabrication and installation tolerances, adjoining material tolerances, and perimeter 
sealant joints. 

C. Fabricate units with closely fitted joints and exposed connections accurately located and 
secured. 

D. Fabricate supports, anchorages, and accessories required for complete assembly. 

E. Perform shop welding by AWS-certified procedures and personnel. 
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2.3 HOODED VENTILATORS 

A. Description: Hooded rectangular for intake air. 

B. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Acme Engineering & Manufacturing Corp. 
2. Carnes Company. 
3. Greenheck Fan Corporation. 
4. Loren Cook Company. 
5. Twin City Fan & Blower. 

C. Source Limitations: Obtain hooded ventilators from single manufacturer. 

D. Construction: 
1. Material, Aluminum: Thickness required to comply with structural performance 

requirements, but not less than 0.063-inch- thick base and 0.050-inch- thick hood; 
suitably reinforced. 

2. Insulation: None. 
3. Bird Screening: Aluminum, 1/2-inch- square mesh or flattened, expanded aluminum, 3/4-

inch diamond mesh wire. 
4. Insect Screening: Aluminum, 18-by-16 mesh wire. 

E. Dampers: 
1. Location: Curb damper tray. 
2. Control: Motorized. 
3. Tray: Provide damper tray or shelf with opening 3 inches less than interior curb 

dimensions. 

F. Roof Curbs: Galvanized-steel sheet; with mitered and welded corners; 1-1/2-inch- thick, rigid 
fiberglass insulation adhered to inside walls; and 1-1/2-inch wood nailer. Size as required to fit 
roof opening and ventilator base. 

2.4 SOURCE QUALITY CONTROL 

A. AMCA Certification for Hooded Ventilators: Test, rate, and label gravity ventilators in 
accordance with AMCA 511. 

2.5 MATERIALS 

A. Aluminum Extrusions: ASTM B221, Alloy 6063-T5 or T-52. 

B. Aluminum Sheet: ASTM B209, Alloy 3003 or 5005, with temper as required for forming or as 
otherwise recommended by metal producer for required finish. 

C. Stainless Steel Sheet: ASTM A666, Type 304. 

http://www.specagent.com/Lookup?ulid=3508
http://www.specagent.com/Lookup?uid=123457180913
http://www.specagent.com/Lookup?uid=123457180915
http://www.specagent.com/Lookup?uid=123457180918
http://www.specagent.com/Lookup?uid=123457180917
http://www.specagent.com/Lookup?uid=123457180920
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D. Fasteners: Same basic metal and alloy as fastened metal or 300 Series stainless steel unless 
otherwise indicated. Do not use metals that are incompatible with joined materials. 

E. Post-Installed Fasteners for Concrete and Masonry: Torque-controlled expansion anchors made 
from stainless-steel components, with capability to sustain without failure a load equal to 4 
times the loads imposed for concrete, or 6 times the load imposed for masonry, as determined 
by testing according to ASTM E488/E488M, conducted by a qualified independent testing 
agency. 

F. Bituminous Paint: Cold-applied asphalt emulsion complying with ASTM D1187/D1187M. 

G. Corrosion Resistant Coating: 
1. Primer: Cabozinc11 manufactured by Carboline. 
2. Final Coat: Carbothane 133 manufactured by Carboline. 

PART 3 - EXECUTION 

3.1 INSTALLATION, GENERAL 

A. Install gravity ventilators level, plumb, and at indicated alignment with adjacent work. 

B. Secure gravity ventilators to roof curbs that comply with the wind and seismic fastening 
requirements. Use concealed anchorages where possible. Refer to Section 077200 "Roof 
Accessories." 

C. Install gravity ventilators with clearances for service and maintenance. 

D. Install concealed gaskets, flashings, joint fillers, and insulation as installation progresses.  

E. Protect galvanized and nonferrous-metal surfaces from corrosion or galvanic action by applying 
a heavy coating of bituminous paint on surfaces that will be in contact with concrete, masonry, 
or dissimilar metals. 

F. Repair finishes damaged by cutting, welding, soldering, and grinding. Restore finishes, so no 
evidence remains of corrective work. Return items that cannot be refinished in the field to the 
factory, make required alterations, and refinish entire unit or provide new units. 

G. Field measure existing curb and intake opening and replace ventilators and roof curbs to match 
existing.  Replace curbs and flash if new ventilators do not match exterior dimensions. 

3.2 DUCT CONNECTIONS 

A. Duct installation and connection requirements are specified in Section 233113 "Metal Ducts" 
and Section 233116." Drawings indicate general arrangement of ducts and duct accessories. 
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3.3 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

END OF SECTION 233723 
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SECTION 234102 – INDOOR AIR PURIFIERS 

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. Photocatalytic Oxidation unit using titanium dioxide. 
2. UVGI Lights. 
3. MERV filters. 
4. Access filter frames. 
5. Side-access filter housings. 
6. Controls: panel safety switch, fan /light interlock. 
7. Factory furnished, field installed control panel w/ field installed electrical disconnect. 

1.3 DEFINITIONS 

A. UVGI: Ultraviolet germicidal irradiation. 

B. SARS/COV2: Strain of coronavirus that cause COVID-19. 

C. TVOC: Total volatile compounds. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. Include dimensions; operating characteristics; required 
clearances and access; rated flow capacity, including initial and final pressure drop at rated 
airflow; efficiency and test method; fire classification; furnished specialties; and accessories for 
each model indicated. 

B. Shop Drawings: Include plans, elevations, sections, details, and attachments to other work. 
1. Show filter rack assembly, dimensions, materials, and methods of assembly of 

components. 
2. Include setting drawings, templates, and requirements for installing anchor bolts and 

anchorages. 

C. Field quality-control reports. 
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1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For each type of gas-phase filter and rack to include in 
emergency, operation, and maintenance manuals. 

1.6 MAINTENANCE MATERIAL 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. Provide complete sets of filters, UV lights for each unit. 

1.7 QUALITY ASSURANCE 

A. The entire PCP assembly shall bear the UL Classification Mark and be investigated in 
accordance with ANSI/UL 1598, "Luminaires," and ANSI/UL 1995, "Heating and Cooling 
Equipment," under the Air Duct Mounted Accessories category (ABQK). Manufacturers UL 
file number shall be permanently marked on the exterior of the product. Compliance is to be 
verified by the UL Online Certifications Directory. 

B. The air cleaning device shall be tested according to ASHRAE Standard 52.2, Appendix L for 
single pass efficiency of microorganisms with a 3rd party, qualified testing entity. 

1.8 WARRANTY 

A. Equipment shall carry an all-inclusive manufacturer’s parts and labor warranty for a period of 
one (1) year from date of final acceptance or date of beneficial use, as agreed to between 
Contractor and Engineer. Any materials, equipment, or controls found to be defective during this 
warranty period shall be made good without expense to the Owner, including the emitter\lamps. 
The warranty shall include a delayed start-up provision such that the warranty does not begin at 
time of delivery. The labor for the warranty shall be performed by the manufacturer’s authorized 
service agent. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Description: Photocatalytic oxidation system shall be factory-fabricated and tested two-part 
integral assembly for treatment of air by: (1) Ultraviolet Germicidal Irradiation (UVGI) using 
UVC lamps; and (2) Photocatalytic Oxidation (PCO) using TiO2 media. The assembly shall 
provide ultraviolet disinfection for TVOC and microbiological contaminants inside the 
equipment it is installed in. The combination of UVC lamps and TiO2 media is intended to 
create hydroxyl radicals at the surface of the media (Passive) and not to broadcast radicals into 
the occupied spaces (Active). The photocatalyst unit shall be complete with all miscellaneous 
accessories required to form a complete unit.  Honeycomb catalyst media is not acceptable due 
to the potential for incomplete chemical reactions resulting in aldehydes.  Catalyst and UV lamp 
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combinations that produce peroxides are not permitted due to oxidizing compounds’ ability to 
reach the occupied space. 

2.2 STANDALONE UNIT 

A. Manufacturers:  
1. Genesis Air Model DT-FP 
2. Or approved equal. 

B. Capacities and Characteristics: 
1. Drawing Tag No.: refer to plans 
2. Module: 24 by 41 by 18 inches 
3. System Airflow: Minimum 400 CFM, Maximum 830 CFM. 
4. Maximum or Rated Face Velocity: 500 fpm. 
5. Filters, Wide by High by Depth: 20” x 20” x 4”. 
6. Filter MERV rating: 13 according to ASHRAE 52.2. 
7. Service Access Location: Side. 
8. Electrical: 4.7 amps, 120/1/60. 
9. Lamps: (3) 20” UV-C T5; First Light Technologies or UV Engineering Solutions 
10. Controls: Variable speed motor controls, panel safety switch, control panel. 
11. UL listing 
12. Grilles: Supply and Return 
13. Media: 6” non-metallic, pleated, 8000 nanometer TiO2 coating. 
14. Control panel with current sensor for two outputs to lamp operation and status. 
15. BAS integration for status/alarm and UV light on/off. 

C. Location:  Juvenile Center, Mezzanine mechanical room. 

2.3 UNIT IN SUPPLY DUCT 

A. Manufacturer:  
1. Genesis Air Model CU-S.  
2. Or approved equal. 

B. Capacities and Characteristics: 
1. Drawing Tag. No.: refer to plans 
2. System Airflow:  1600 CFM 
3. Maximum or Rated Face Velocity: 500 fpm 
4. Service Access Location: Side. 
5. Electrical: 1.6 amps, 120/1/60. 
6. Lamps: (3) 20” UV-C T5; First Light Technologies or UV Engineering Solutions 
7. Controls: Safety switch interlock. 
8. UL listing   
9. Media: 6” non-metallic, pleated, 8000 nanometer TiO2 coating. 
10. Control panel with current sensor for two outputs to lamp operation and status. 
11. BAS integration for status/alarm and UV light on/off. 

C. Location:  Juvenile Center, AHU-5 thru 8. 

http://www.specagent.com/Lookup?ulid=13105
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2.4  IN RETURN SECTION 

A. Manufacturer:  
1. Genesis Model CU-R. 
2. Or approved equal. 

B. Capacities and Characteristics: 
1. Drawing Tag No.: refer to plans 
2. System Airflow:  Refer to plan schedules. 
3. Maximum or Rated Face Velocity: 500 fpm 
4. Service Access Location: Side. 
5. Electrical: 1.6 amps, 120/1/60. 
6. Lamps: (3) 20” UV-C T5; First Light Technologies or UV Engineering Solutions 
7. Controls: Safety switch interlock. 
8. UL listing   
9. Media: 6” non-metallic, pleated, 8000 nanometer TiO2 coating. 
10. Control panel with current sensor for two outputs to lamp operation and status. 
11. BAS integration for status/alarm and UV light on/off. 

C. Location and service:  Adult Corrections, AHU 1-21. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine ducts, air-handling units, and conditions for compliance with requirements for 
installation tolerances and other conditions affecting performance. 

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

3.2 INSTALLATION 

A. Position each unit with required clearance for service and maintenance. Anchor filter-mounting 
frames to substrate. 

B. Do not operate fan system until particulate filters (temporary or permanent) are in place. 
Replace temporary filters used during construction and testing with new, clean filters. 

C. Do not install until fan system is clean and there is no risk of construction debris loading the 
filter. 

D. Coordinate filter installations with duct and air-handling-unit installations. 

E. Install all manufacturer-provided accessories in accordance with manufacturer's written 
installation instructions. 
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3.3 CONTROL CONNECTIONS 

A. Install control and electrical power wiring to field-mounted control devices. 

B. Connect control wiring between pressure sensors into existing DDC control system. 

C.  Connect control wiring between controlled devices. 

3.4 FIELD QUALITY CONTROL 

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

B. Prepare test and inspection reports. 

3.5 CLEANING 

A. After completing system installation and testing, adjusting, and balancing air-handling and air-
distribution systems, clean filter housings and install new particulate filter media. 

3.6 DEMONSTRATION 

A. Owner's maintenance personnel to adjust, operate, and maintain filters. 

END OF SECTION 234201 
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SECTION 237313.13 – INDOOR, BASIC AIR-HANDLING UNITS 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section Includes: 
1. Indoor, basic air-handling units. 
2. Unit casings. 
3. Fan, drive, and motor section. 
4. Coil section. 
5. Air filtration section. 
6. Dampers. 

1.2 ACTION SUBMITTALS 

A. Product Data: For each air-handling unit. 
1. Include construction details, material descriptions, dimensions of individual components 

and profiles, and finishes. 
2. Include rated capacities, operating characteristics, electrical characteristics, and furnished 

specialties and accessories. 
3. Include unit dimensions and weight. 
4. Include cabinet material, metal thickness, finishes, insulation, and accessories. 
5. Fans: 

a. Include certified fan-performance curves with system operating conditions 
indicated. 

b. Include certified fan-sound power ratings. 
c. Include fan construction and accessories. 
d. Include motor ratings, electrical characteristics, and motor accessories. 

6. Include certified coil-performance ratings with system operating conditions indicated. 
7. Include filters with performance characteristics. 
8. Include dampers, including housings, linkages, and operators. 

B. Shop Drawings: For each type and configuration of indoor, basic, air-handling unit. 
1. Include plans, elevations, sections, and details. 
2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required 

clearances, method of field assembly, components, and location and size of each field 
connection. 

3. Detail fabrication and assembly of indoor, basic air-handling units, as well as procedures 
and diagrams. 

4. Include diagrams for power, signal, and control wiring. 
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1.3 MAINTENANCE MATERIAL 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 for each air-handling unit. 

1.4 WARRANTY 

A. Warranty: Manufacturer agrees to repair or replace components of indoor, basic, air-handling 
units that fail in materials or workmanship within specified warranty period. 
1. Warranty Period: Manufacturer's standard, but not less than one year from date of 

Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by 
a qualified testing agency, and marked for intended location and application. 

B. NFPA Compliance: Comply with NFPA 90A for design, fabrication, and installation of air-
handling units and components. 

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

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

2.2 CAPACITIES AND CHARACTERISTICS 

A. Refer to plans. 

2.3 INDOOR, BASIC AIR-HANDLING UNITS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the 
following: 
1. Carrier Global Corporation. 
2. Daikin Applied. 
3. Trane. 
4. YORK; brand of Johnson Controls International plc, Building Solutions North America. 

B. Unit Casings: 
1. General Fabrication Requirements for Casings: 

a. Forming: Form walls, roofs, and floors with at least two breaks at each joint. 
b. Joints: Sheet metal screws or pop rivets. 

http://www.specagent.com/Lookup?ulid=13277
http://www.specagent.com/Lookup?uid=123457180933
http://www.specagent.com/Lookup?uid=123457180927
http://www.specagent.com/Lookup?uid=123457180934
http://www.specagent.com/Lookup?uid=123457180929
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c. Sealing: Seal all joints with water-resistant sealant. Hermetically seal at each 
corner and around entire perimeter. 

2. Double-Wall Construction: 
a. Outside Casing Wall: Galvanized steel minimum 18 gauge thick,  
b. Inside Casing Wall: Stainless steel 20 gauge thick. 

3. Panels and Doors: 
a. Panels: 

1) Fabrication: Formed and reinforced with same materials and insulation 
thickness as casing. 

2) Fasteners: Two or more camlock type for panel lift-out operation. 
Arrangement is to allow panels to be opened against airflow. 

3) Gasket: Neoprene, applied around entire perimeters of panel frames. 
b. Doors: 

1) Fabrication: Formed and reinforced with same materials and insulation 
thickness as casing. 

2) 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 airflow. Provide safety latch retainers on 
doors so that doors do not open uncontrollably. 

3) Gasket: Neoprene, applied around entire perimeters of frame. 
4) Size: Large enough to allow for unobstructed access for inspection and 

maintenance of air-handling unit's internal components.  
4. Condensate Drain Pans: 

a. Location: Each type of cooling coil. 
b. Construction: 

1) Single-wall, stainless steel sheet. 
c. Drain Connection: 

1) Located at lowest point of pan and sized to prevent overflow. Terminate 
with threaded nipple on one end of pan. 

2) Minimum Connection Size: NPS 1. 

C. Fan, Drive, and Motor Section: 
1. Fan and Drive Assemblies: Statically and dynamically balanced and designed for 

continuous operation at maximum-rated fan speed and motor horsepower. 
2. Fans: Centrifugal, galvanized steel; mounted on solid-steel shaft. 

a. Shafts: With field-adjustable alignment. 
1) Turned, ground, and polished hot-rolled steel with keyway. 

b. Shaft Bearings: 
1) Heavy-duty, self-aligning, pillow-block type with an L-50 life of minimum 

100,000 hours in accordance with ABMA 9. 
c. Housings: Formed- and reinforced-steel panels to form curved scroll housings with 

shaped cutoff and spun-metal inlet bell. 
d. Airfoil, Centrifugal Fan Wheels (Plenum Fan Wheels): Smooth-curved inlet 

flange, backplate, and hollow die-formed airfoil-shaped blades continuously 
welded at tip flange and backplate; steel hub riveted to backplate and fastened to 
shaft with setscrews. 

e. Mounting: For internal vibration isolation. 
f. Shaft Lubrication Lines: Extended to a location outside the casing. 

3. Drive, Direct: Factory-mounted, direct drive. 
4. Motors: 
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a. Comply with NEMA designation, temperature rating, service factor, and efficiency 
requirements for motors specified in Section 230500 "Common Work Results for 
HVAC." 

b. 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.. 

c. Enclosure Type: Open, drip proof . 
d. Unusual Service Corrosive Conditions, IEEE 841 compliant. “premium-efficiency 

severe-duty. 
1) Ambient Temperature: 25 deg C. 
2) Altitude: 50 above sea level. 
3) High humidity. 

e. Efficiency: Premium efficient as defined in NEMA MG 1. 
5. Comply with Section 262923 "Variable-Frequency Motor Controllers." 
6. Variable-Frequency Motor Controller:  

a. Manufactured Units: Pulse-width modulated; constant torque 
b. Output Rating: Three phase; 10 to 60 Hz, with voltage proportional to frequency 

throughout voltage range]  

D. Coil Section: 
1. General Requirements for Coil Section: 

a. Comply with AHRI 410. 
b. 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). 
c. Coils are not to act as structural component of unit. 

2. Reheat Coils: 
a. Hot-Water Coils: Cleanable. 
b. Piping Connections: Threaded] or Flanged.. 
c. Tube Material: Copper. 
d. Fin Type: Plate. 
e. Fin Material: Copper. 
f. Headers: Copper tube with brazed joints, prime coated. 
g. Frames: Channel frame, stainless steel. 
h. Coating: Corrosion-resistant coating. 

3. Cooling Coils: 
a. Chilled-Water Coil: Continuous circuit. 
b. Piping Connections: Threaded or Flanged 
c. Tube Material: Copper 
d. Tube Thickness: .028 inches. 
e. Fin Type: Plate. 
f. Fin Material: Copper. 
g. Headers: Copper tube with brazed joints, prime coated. 
h. Frames: Channel frame, stainless steel. 
i.  Coatings: Corrosion-resistant coating. 

E. Air Filtration Section: 
1. Panel Filters: 

a. Description: Pleated factory-fabricated, self-supported disposable air filters with 
holding frames. 

b. Filter Unit Class: UL 900. 
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c. Media: Interlaced glass, synthetic, or cotton fibers coated with nonflammable 
adhesive and antimicrobial coating. 

F. Dampers: 
1. Comply with requirements in Section 230923.12 "Control Dampers." 
2. Outdoor- and Return-Air Dampers: Low-leakage, double-skin, airfoil-blade, stainless 

steel dampers with compressible jamb seals and extruded-vinyl blade edge seals in 
opposed-blade arrangement with zinc-plated steel operating rods rotating in sintered 
Leakage rate is not to exceed 4 cfm/sq. ft. at 1-inch wg and 8 cfm/sq. ft. at 4-inch 
wg, tested, rated, and labeled in accordance with AMCA 511. 

3. Electronic Damper Operators: 
a. Direct-coupled type designed for minimum 60,000 full-stroke cycles at rated 

torque. 
b. Electronic damper position indicator is to have visual scale indicating percent of 

travel and 2- to 10-V dc, feedback signal. 
c. Operator Motors: 

1) Comply with NEMA designation, temperature rating, service factor, 
enclosure type, and efficiency requirements for motors specified in Section 
230500 "Common Work Results for HVAC." 

2) Size to operate with sufficient reserve power to provide smooth modulating 
action or two-position action. 

3) 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. 

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

e. Size dampers for running torque calculated as follows: 
1) Opposed-Blade Damper with Edge Seals: 5 inch-lb/sq. ft. of damper. 

f. Coupling: V-bolt and V-shaped, toothed cradle. 
g. Overload Protection: Electronic overload or digital rotation-sensing circuitry. 
h. Fail-Safe Operation: Mechanical, spring-return mechanism with external, manual 

gear release on nonspring-return actuators. 
4. Combination Filter and Mixing Section: 

G. Materials: 
1. Stainless Steel: 

a. Manufacturer's standard grade for casing. 
b. Manufacturer's standard type, ASTM A240/A240M for bare steel exposed to 

airstream or moisture. 
2. Comply with Section 230546 "Coatings for HVAC" for corrosion-resistant coating. 
3. Corrosion-Resistant Coating: Coat with a corrosion-resistant coating capable of 

withstanding a 3000 hour salt-spray test in accordance with ASTM B117. 
a. Standards: 

1) ASTM B117 for salt spray. 
2) ASTM D2794 for minimum impact resistance of 100 in-lb. 
3) ASTM B3359 for cross hatch adhesion of 5B. 
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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. 
Replace with new 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 OF INDOOR, BASIC AIR-HANDLING UNITS 

A. Suspended Units: Suspend units from structural-steel support frame using threaded steel rods 
and spring hangers. Coordinate sizes and locations of structural-steel support members with 
actual equipment provided. Arrange installation of units to provide access space around air-
handling units for service and maintenance. 

B. Connect duct to air-handling units with flexible connections. Comply with requirements in 
Section 233300 "Air Duct Accessories." 

3.3 PIPING CONNECTIONS 

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

B. Where installing piping adjacent to air-handling unit, allow for service and maintenance. 

C. Connect piping to air-handling units mounted on vibration isolators with flexible connectors. 

D. Connect condensate drain pans using NPS 1 Insert pipe size, ASTM B88, Type M copper 
tubing. Extend to nearest equipment or floor drain. Construct deep trap at connection to drain 
pan and install cleanouts at changes in direction. 

E. Hot- and Chilled-Water Piping: Comply with applicable requirements in Section 232113 
"Hydronic Piping" and Section  Install shutoff valve and union or flange at each coil supply 
connection. Install balancing valve and union or flange at each coil return connection. 

3.4 ELECTRICAL CONNECTIONS 

A. Connect wiring in accordance with Section 260519 "Low-Voltage Electrical Power Conductors 
and Cables." 



GALVESTON COUNTY   ISSUE FOR CONSTRUCTION 
INDOOR AIR QUALITY IMPROVEMENTS  HZ PROJECT R317334.01 
CONFINEMENT FACILITIES  APRIL 12, 2024 
 

INDOOR, BASIC AIR-HANDLING UNITS 237313.13 - 7 

B. Ground equipment in accordance with Section 260526 "Grounding and Bonding for Electrical 
Systems." 

C. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance 
with NFPA 70 and NECA 1. 

D. Install nameplate for each electrical connection, indicating electrical equipment designation and 
circuit number feeding connection. 
1. Nameplate is to be laminated acrylic or melamine plastic signs, as specified in 

Section 260553 "Identification for Electrical Systems." 
2. Nameplate is to be laminated acrylic or melamine plastic signs with a black background 

and engraved white letters at least 1/2 inch high. 

3.5 CONTROL CONNECTIONS 

A. Install control and electrical power wiring to field-mounted control devices. 

B. Connect control wiring in accordance with Section 260523 "Control-Voltage Electrical Power 
Cables." 

3.6 STARTUP SERVICE 
1. Complete installation and startup check in accordance with 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. Verify that outdoor- and return-air mixing dampers open and close, and maintain 
minimum outdoor-air setting. 

7. Comb coil fins for parallel orientation. 
8. Verify that proper thermal-overload protection is installed for electric coils. 
9. Install new, clean filters. 
10. Verify that manual and automatic volume control and fire and smoke dampers in 

connected duct systems are in fully open position. 

3.7 ADJUSTING 

A. Adjust damper linkages for proper damper operation. 

B. Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing for HVAC" 
for air-handling system testing, adjusting, and balancing. 
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C. Occupancy Adjustments: When requested within 12 months from date of Substantial 
Completion, provide on-site assistance in adjusting system to suit actual occupied conditions. 
Provide up to two visits to Project during other-than-normal occupancy hours for this purpose. 

3.8 CLEANING 

A. After completing system installation and testing, adjusting, and balancing of 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. 

3.9 DEMONSTRATION 

A. Owner's maintenance personnel to adjust, operate, and maintain air-handling units. 

END OF SECTION 237313.13 
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