FLINN MIDDLE SCHOOL HVAC, LIGHTING AND ADA RENOVATIONS
ROCKFORD PUBLIC SCHOOLS 205
ROCKFORD, ILLINOIS

SECTION 23 07 13 - DUCT INSULATION

PART 1 - GENERAL

1.1

1.2

13

14

15

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions, Division 00 Information for Bidders, and Division 01 Specification Sections, apply to
this Section.

SUMMARY

Section includes insulating the following duct services:

1. Indoor, exposed supply and outdoor air.
2. Indoor, exposed exhaust between isolation damper and penetration of building exterior.

Related Sections:

1. Division 23 Section "HVAC Equipment Insulation."

2. Division 23 Section "HVAC Piping Insulation."

3. Division 23 Section "Metal Ducts" for duct liners.

ACTION SUBMITTALS

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

QUALITY ASSURANCE

Surface-Burning Characteristics: For insulation and related materials, as determined by testing
identical products according to ASTM E 84, by a testing agency acceptable to authorities having

jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, and
cement material containers, with appropriate markings of applicable testing agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
index of 50 or less.
2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed

index of 150 or less.

DELIVERY, STORAGE, AND HANDLING

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

A.

B.

C.

1.7

A.

B.

COORDINATION

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

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.

Coordinate installation and testing of heat tracing.

SCHEDULING

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.

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

PART 2 - PRODUCTS

21

A.

C.

D.

INSULATION MATERIALS

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

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

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

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

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

Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 553, Type Il and ASTM C 1290, Type Il with factory-applied FSK jacket.
Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

1. Products: Subject to compliance with requirements, provide one of the following:
a. CertainTeed Corp.; SoftTouch Duct Wrap.
b. Johns Manwville; Microlite.
C. Knauf Insulation; Friendly Feel Duct Wrap.
d. Manson Insulation Inc.; Alley Wrap.
e. Owens Corning; SOFTR All-Service Duct Wrap.
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G. Mineral-Fiber Board Insulation: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 612, Type IA or Type IB. For duct and plenum applications, provide
insulation with factory-applied ASJ. Factory-applied jacket requirements are specified in
"Factory-Applied Jackets" Article.

1. Products: Subject to compliance with requirements, provide one of the following:

~0oo0oT®

2.2 ADHESIVES

CertainTeed Corp.; Commercial Board.
Fibrex Insulations Inc.; FBX.

Johns Manville; 800 Series Spin-Glas.
Knauf Insulation; Insulation Board.
Manson Insulation Inc.; AK Board.
Owens Corning; Fiberglas 700 Series.

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

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

1. Products: Subject to compliance with requirements, provide one of the following:

a.

Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-127.

b. Eagle Bridges - Marathon Industries; 225.
C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-60/85-70.
d. Mon-Eco Industries, Inc.; 22-25.
2. For indoor applications, adhesive shall have a VOC content of 80 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
3. Adhesive shall comply with the testing and product requirements of the California

Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

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

1. Products: Subject to compliance with requirements, provide one of the following:

a.

Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-82.

b. Eagle Bridges - Marathon Industries; 225.
C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-50.
d. Mon-Eco Industries, Inc.; 22-25.
2. For indoor applications, adhesive shall have a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
3. Adhesive shall comply with the testing and product requirements of the California

Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."
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2.3

A.

MASTICS

Materials shall be compatible with insulation materials, jackets, and substrates; comply with
MIL-PRF-19565C, Type Il.

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

Vapor-Barrier Mastic: Water based; suitable for indoor use on below ambient services.

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

a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-80/30-90.
b. Vimasco Corporation; 749.

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

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

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

5. Color: White.

Vapor-Barrier Mastic: Solvent based; suitable for indoor use on below ambient services.
1. Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-30.

b. Eagle Bridges - Marathon Industries; 501.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-35.

d. Mon-Eco Industries, Inc.; 55-10.

Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 35-mil dry film thickness.
Service Temperature Range: 0 to 180 deg F.

Solids Content: ASTM D 1644, 44 percent by volume and 62 percent by weight.
Color: White.

ar®ON

Vapor-Barrier Mastic: Solvent based; suitable for outdoor use on below ambient services.
1. Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; Encacel.

b. Eagle Bridges - Marathon Industries; 570.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 60-95/60-96.

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

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

arLON

Breather Mastic: Water based; suitable for indoor and outdoor use on above ambient services.
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1. Products: Subject to compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-10.
b. Eagle Bridges - Marathon Industries; 550.
C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 46-50.
d. Mon-Eco Industries, Inc.; 55-50.
e. Vimasco Corporation; WC-1/WC-5.
2. Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness.
3. Service Temperature Range: Minus 20 to plus 180 deg F.
4, Solids Content: 60 percent by volume and 66 percent by weight.
5. Color: White.
2.4 SEALANTS

A. FSK and Metal Jacket Flashing Sealants:

1.

o gk wnN

~

Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.

b. Eagle Bridges - Marathon Industries; 405.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 95-44.

d. Mon-Eco Industries, Inc.; 44-05.

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

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

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

Color: Aluminum.

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

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

B. ASJ Flashing Sealants, and Vinyl and PVC Jacket Flashing Sealants:

1.

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

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.

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

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

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

Color: White.

For indoor applications, sealants shall have a VOC content of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
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7.

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

2.5 FACTORY-APPLIED JACKETS

A. Insulation system schedules indicate factory-applied jackets on various applications. When
factory-applied jackets are indicated, comply with the following:

1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing;
complying with ASTM C 1136, Type .

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a
removable protective strip; complying with ASTM C 1136, Type |I.

3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
complying with ASTM C 1136, Type II.

4, FSP Jacket:  Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing;
complying with ASTM C 1136, Type II.

5. Vinyl Jacket: White vinyl with a permeance of 1.3 perms when tested according to
ASTM E 96/E 96M, Procedure A, and complying with NFPA 90A and NFPA 90B.

2.6 TAPES

A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive,
complying with ASTM C 1136.

1.

Nogakowd

Products: Subject to compliance with requirements, provide one of the following:

a ABI, Ideal Tape Division; 428 AWF ASJ.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836.
c Compac Corporation; 104 and 105.

d Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.

Width: 3 inches.

Thickness: 11.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape.

B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive;
complying with ASTM C 1136.

1.

arwN
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Products: Subject to compliance with requirements, provide one of the following:

a ABI, Ideal Tape Division; 491 AWF FSK.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
c Compac Corporation; 110 and 111.

d Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ.

Width: 3 inches.

Thickness: 6.5 mils.

Adhesion: 90 ounces force/inch in width.
Elongation: 2 percent.
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6.
7.

Tensile Strength: 40 Ibf/inch in width.
FSK Tape Disks and Squares: Precut disks or squares of FSK tape.

C. Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive.

1. Products: Subject to compliance with requirements, provide one of the following:

a. ABI, Ideal Tape Division; 488 AWF.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800.
C. Compac Corporation; 120.

d. Venture Tape; 3520 CW.

2. Width: 2 inches.

3. Thickness: 3.7 mils.

4. Adhesion: 100 ounces force/inch in width.

5. Elongation: 5 percent.

6. Tensile Strength: 34 Ibf/inch in width.

2.7 SECUREMENTS
A. Bands:

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:
a. ITW Insulation Systems; Gerrard Strapping and Seals.

b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

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

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

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

B. 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.

a. Products: Subject to compliance with requirements, provide one of the following:
1) AGM Industries, Inc.; CWP-1.
2) GEMCO; CD.
3) Midwest Fasteners, Inc.; CD.
4) Nelson Stud Welding; TPA, TPC, and TPS.
2. Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin, fully

L&D #25109

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.

a. Products: Subject to compliance with requirements, provide one of the following:
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1) AGM Industries, Inc.; CHP-1.

2) GEMCO; Cupped Head Weld Pin.

3) Midwest Fasteners, Inc.; Cupped Head.
4) Nelson Stud Welding; CHP.

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:

a. Products: Subject to compliance with requirements, provide one of the following:
1) AGM Industries, Inc.; Tactoo Perforated Base Insul-Hangers.

2) GEMCO; Perforated Base.
3) Midwest Fasteners, Inc.; Spindle.

b. Baseplate: Perforated, galvanized carbon-steel sheet, 0.030 inch thick by 2 inches
square.

C. Spindle: Copper- or zinc-coated, low-carbon steel, fully annealed, 0.106-inch-
diameter shank, length to suit depth of insulation indicated.

d. Adhesive: Recommended by hanger manufacturer. Product with demonstrated

capability to bond insulation hanger securely to substrates indicated without
damaging insulation, hangers, and substrates.

Nonmetal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate
fastened 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:

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

1) GEMCO; Nylon Hangers.
2) Midwest Fasteners, Inc.; Nylon Insulation Hangers.

b. Baseplate: Perforated, nylon sheet, 0.030 inch thick by 1-1/2 inches in diameter.

C. Spindle: Nylon, 0.106-inch- diameter shank, length to suit depth of insulation
indicated, up to 2-1/2 inches.

d. Adhesive: Recommended by hanger manufacturer. Product with demonstrated
capability to bond insulation hanger securely to substrates indicated without
damaging insulation, hangers, and substrates.

Self-Sticking-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:

a. Products: Subject to compliance with requirements, provide one of the following:
1) AGM Industries, Inc.; Tactoo Self-Adhering Insul-Hangers.
2) GEMCO; Peel & Press.
3) Midwest Fasteners, Inc.; Self Stick.

b. Baseplate: Galvanized carbon-steel sheet, 0.030 inch thick by 2 inches square.

C. Spindle: Copper- or zinc-coated, low-carbon steel, fully annealed, 0.106-inch-
diameter shank, length to suit depth of insulation indicated.
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C.

2.8

A.

B.

d. Adhesive-backed base with a peel-off protective cover.

6. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch- thick,
galvanized-steel sheet, with beveled edge sized as required to hold insulation securely in
place but not less than 1-1/2 inches in diameter.

a. Products: Subject to compliance with requirements, provide one of the following:

1) AGM Industries, Inc.; RC-150.

2) GEMCO; R-150.

3) Midwest Fasteners, Inc.; WA-150.
4) Nelson Stud Welding; Speed Clips.

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

7. Nonmetal Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch-
thick nylon sheet, with beveled edge sized as required to hold insulation securely in place
but not less than 1-1/2 inches in diameter.

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

1) GEMCO.
2) Midwest Fasteners, Inc.

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

CORNER ANGLES

PVC Corner Angles: 30 mils thick, minimum 1 by 1 inch, PVC according to ASTM D 1784,
Class 16354-C. White or color-coded to match adjacent surface.

Aluminum Corner Angles: 0.040 inch thick, minimum 1 by 1 inch, aluminum according to
ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14.

PART 3 - EXECUTION

3.1

A.

B.

EXAMINATION

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.

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

3.3

A.

PREPARATION

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

GENERAL INSTALLATION REQUIREMENTS

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

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

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

Install insulation with longitudinal seams at top and bottom of horizontal runs.
Install multiple layers of insulation with longitudinal and end seams staggered.
Keep insulation materials dry during application and finishing.

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

Install insulation with least number of joints practical.

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

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

2. For insulation application where vapor barriers are indicated, extend insulation on anchor
legs from point of attachment to supported item to point of attachment to structure. Taper
and seal ends at attachment to structure with vapor-barrier mastic.

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

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

Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.

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

3. Overlap jacket longitudinal seams at least 1-1/2 inches. 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.
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3.4

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.

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

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

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.

PENETRATIONS

Insulation Installation at Roof Penetrations: Install insulation continuously through roof
penetrations.

1. Seal penetrations with flashing sealant.

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

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of
roof flashing.
4, Seal jacket to roof flashing with flashing sealant.

Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation continuously
through wall penetrations.

1. Seal penetrations with flashing sealant.

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

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at least
2 inches.
4, Seal jacket to wall flashing with flashing sealant.

Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls and patrtitions.

Insulation Installation at Fire-Rated Wall and Partition Penetrations: Terminate insulation at fire
damper sleeves for fire-rated wall and partition penetrations. Externally insulate damper
sleeves to match adjacent insulation and overlap duct insulation at least 2 inches.

Insulation Installation at Floor Penetrations:

1. Duct: For penetrations through fire-rated assemblies, terminate insulation at fire damper
sleeves and externally insulate damper sleeve beyond floor to match adjacent duct
insulation. Overlap damper sleeve and duct insulation at least 2 inches.

2. Seal penetrations through fire-rated assemblies.
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3.5 INSTALLATION OF MINERAL-FIBER INSULATION

A. Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.

1.

2.

Apply adhesives according to manufacturer's recommended coverage rates per unit
area, for 100 percent coverage of duct and plenum surfaces.

Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

Install either capacitor-discharge-weld pins and speed washers or cupped-head,
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of
vertical ducts as follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal
centerline of duct. Space 3 inches maximum from insulation end joints, and 16
inches o.c.

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

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

d. Do not overcompress insulation during installation.

e. Impale insulation over pins and attach speed washers.

Cut excess portion of pins extending beyond speed washers or bend parallel with

insulation surface. Cover exposed pins and washers with tape matching insulation

facing.

-

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

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.

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

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

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

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

B. Board Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.

1.

2.

L&D #25109

Apply adhesives according to manufacturer's recommended coverage rates per unit
area, for 100 percent coverage of duct and plenum surfaces.

Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.
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3.6

L&D #25109

3.

Install either capacitor-discharge-weld pins and speed washers or cupped-head,
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of
vertical ducts as follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal
centerline of duct. Space 3 inches maximum from insulation end joints, and 16
inches o.c.

b. On duct sides with dimensions larger than 18 inches, space pins 16 inches o.c.

each way, and 3 inches maximum from insulation joints. Install additional pins to
hold insulation tightly against surface at cross bracing.

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

d. Do not overcompress insulation during installation.

e. Cut excess portion of pins extending beyond speed washers or bend parallel with
insulation surface. Cover exposed pins and washers with tape matching insulation
facing.

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

a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-
barrier seal.
b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot

intervals. Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped
pattern over insulation face, along butt end of insulation, and over the surface.
Cover insulation face and surface to be insulated a width equal to two times the
insulation thickness, but not less than 3 inches.

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

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

FIELD QUALITY CONTROL

Tests and Inspections:

1.

Inspect ductwork, randomly selected by Architect, by removing field-applied jacket and
insulation in layers in reverse order of their installation. Extent of inspection shall be
limited to one location(s) for each duct system defined in the "Duct Insulation Schedule,
General" Article.

All insulation applications will be considered defective Work if sample inspection reveals
noncompliance with requirements.
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3.7

A.

3.8

DUCT INSULATION SCHEDULE, GENERAL

Plenums and Ducts Requiring Insulation:

1. Indoor, exposed supply and outdoor air.
2. Indoor, exposed return located in unconditioned space.
3. Indoor, exposed exhaust between isolation damper and penetration of building exterior.

Items Not Insulated:

Fibrous-glass ducts.

Metal ducts with duct liner of sufficient thickness to comply with energy code and
ASHRAE/IESNA 90.1.

Factory-insulated flexible ducts.

Factory-insulated plenums and casings.

Flexible connectors.

Vibration-control devices.

Factory-insulated access panels and doors.

N

Nogkw

INDOOR DUCT AND PLENUM INSULATION SCHEDULE

Exposed, rectangular, supply-air duct insulation shall be the following:

1. Mineral-Fiber Board: 1-1/2 inches thick and 2-Ib/cu. ft. nominal density.
Exposed, rectangular, return-air duct insulation shall be the following:

1. Mineral-Fiber Board: 1-1/2 inches thick and 2-Ib/cu. ft. nominal density.
Exposed, rectangular, outdoor-air duct insulation shall be the following:

1. Mineral-Fiber Board: 1-1/2 inches thick and 2-Ib/cu. ft. nominal density.
Exposed, rectangular, exhaust-air duct insulation shall be the following:

1. Mineral-Fiber Board: 1-1/2 inches thick and 2-Ib/cu. ft. nominal density.

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

PART 1 - GENERAL

1.1

1.2

13

14

15

1.6

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

Conditions, Division 00 Information for Bidders, and Division 01 Specification Sections, apply to
this Section.

SUMMARY

Section includes insulating the following HVAC equipment that is not factory insulated:

1. Steam condensate pumps.
2. Steam condensate and feed water tanks.
3. Steam flash tanks, flash separators, moisture separators, and blow-off tanks.

Related Sections:

1. Division 23 Section "Duct Insulation."

2. Division 23 Section "HVAC Piping Insulation."”

ACTION SUBMITTALS

Product Data: For each type of product indicated. Include thermal conductivity, water-vapor

permeance thickness, and jackets (both factory- and field-applied if any).

QUALITY ASSURANCE

Surface-Burning Characteristics: For insulation and related materials, as determined by testing

identical products according to ASTM E 84, by a testing agency acceptable to authorities having

jurisdiction. Factory label insulation and jacket materials and adhesive, mastic, tapes, and

cement material containers, with appropriate markings of applicable testing agency.

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

DELIVERY, STORAGE, AND HANDLING

Packaging: Insulation material containers shall be marked by manufacturer with appropriate

ASTM standard designation, type and grade, and maximum use temperature.

COORDINATION

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

L&D 25109 HVAC EQUIPMENT INSULATION 230716 -1
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1.7

B.

A.

B.

Coordinate clearance requirements with equipment Installer for equipment insulation
application.

SCHEDULING
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.

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

PART 2 - PRODUCTS

21

A.

INSULATION MATERIALS

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

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

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

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

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

Flexible Elastomeric Insulation: Closed-cell, sponge- or expanded-rubber materials. Comply
with ASTM C 534, Type | for tubular materials and Type Il for sheet materials.

1. Products: Subject to compliance with requirements, provide one of the following:

a. Aeroflex USA, Inc.; Aerocel.
b. Armacell LLC; AP Armaflex.
C. K-Flex USA; Insul-Sheet and K-FLEX LS.

Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 553, Typell and ASTM C 1290, Typel. Factory-applied jacket
requirements are specified in "Factory-Applied Jackets" Article.

1. Products: Subject to compliance with requirements, provide one of the following:

CertainTeed Corp.; SoftTouch Duct Wrap.
Johns Manwville; Microlite.

Knauf Insulation; Friendly Feel Duct Wrap.
Manson Insulation Inc.; Alley Wrap.

Owens Corning; SOFTR All-Service Duct Wrap.

caoow
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H. High-Temperature, Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a
thermosetting resin. Comply with ASTM C 553, Type V, without factory-applied jacket.

1. Products: Subject to compliance with requirements, provide one of the following:
a. Industrial Insulation Group (11G); MinWool-1200 Flexible Batt.

b. Johns Manville; HTB 26 Spin-Glas.
C. Roxul Inc.; Roxul RW.

I Mineral-Fiber, Preformed Pipe Insulation:

1. Products: Subject to compliance with requirements, provide one of the following:
a. Fibrex Insulations Inc.; Coreplus 1200.
b. Johns Manville; Micro-Lok.
C. Knauf Insulation; 1000-Degree Pipe Insulation.
d. Manson Insulation Inc.; Alley-K.
e. Owens Corning; Fiberglas Pipe Insulation.
2. Type |, 850 Deg F Materials: Mineral or glass fibers bonded with a thermosetting resin.

Comply with ASTM C 547, Type I, Grade A, without factory-applied jacket. Factory-
applied jacket requirements are specified in "Factory-Applied Jackets" Article.

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

Article.

1. Products: Subject to compliance with requirements, provide one of the following:
a. CertainTeed Corp.; CrimpWrap.
b. Johns Manville; MicroFlex.
C. Knauf Insulation; Pipe and Tank Insulation.
d. Manson Insulation Inc.; AK Flex.
e. Owens Corning; Fiberglas Pipe and Tank Insulation.

2.2 INSULATING CEMENTS

A. Mineral-Fiber Insulating Cement: Comply with ASTM C 195.

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

a. Ramco Insulation, Inc.; Super-Stik.
B. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C 449.

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

a. Ramco Insulation, Inc.; Ramcote 1200 and Quik-Cote.
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2.3 ADHESIVES

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

B. Flexible Elastomeric and Polyolefin Adhesive: Comply with MIL-A-24179A, Type II, Class I.

1.

Products: Subject to compliance with requirements, provide one of the following:

a. Aeroflex USA, Inc.; Aeroseal.
b. Armacell LLC; Armaflex 520 Adhesive.
C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller

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

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

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

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

1.

Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-127.

b. Eagle Bridges - Marathon Industries; 225.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-60/85-70.

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

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

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

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

1.

L&D 25109

Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-82.

b. Eagle Bridges - Marathon Industries; 225.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-50.

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

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

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

1.

Products: Subject to compliance with requirements, provide one of the following:

Dow Corning Corporation; 739, Dow Silicone.

Johns Manwville; Zeston Perma-Weld, CEEL-TITE Solvent Welding Adhesive.
P.1.C. Plastics, Inc.; Welding Adhesive.

Speedline Corporation; Polyco VP Adhesive.

aoop

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

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

24 MASTICS

A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with
MIL-PRF-19565C, Type II.

1.

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

B. Vapor-Barrier Mastic: Water based; suitable for indoor and outdoor use on below ambient
services.

1.

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

a. Foster Brand, Specialty Construction Brands, Inc., a business of H .B. Fuller
Company; 30-80/30-90.
b. Vimasco Corporation; 749.

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

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

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

Color: White.

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

1.

ar®ON
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Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-30.

b. Eagle Bridges - Marathon Industries; 501.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-35.

d. Mon-Eco Industries, Inc.; 55-10.

Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 35-mil dry film thickness.
Service Temperature Range: 0 to 180 deg F.

Solids Content: ASTM D 1644, 44 percent by volume and 62 percent by weight.
Color: White.
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D. Vapor-Barrier Mastic: Solvent based; suitable for outdoor use on below ambient services.

1.

ar®N

Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; Encacel.

b. Eagle Bridges - Marathon Industries; 570.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 60-95/60-96.

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

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

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

1.

arwN

Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-10.

b. Eagle Bridges - Marathon Industries; 550.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 46-50.

d. Mon-Eco Industries, Inc.; 55-50.

e. Vimasco Corporation; WC-1/WC-5.

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

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

Color: White.

2.5 LAGGING ADHESIVES

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

1.

2.

L&D 25109

For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
Products: Subject to compliance with requirements, provide one of the following:

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

b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-36.

C. Vimasco Corporation; 713 and 714.

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

Service Temperature Range: 0 to plus 180 deg F.

Color: White.
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2.6 SEALANTS

A. Joint Sealants:

agrwONE

o

Materials shall be compatible with insulation materials, jackets, and substrates.
Permanently flexible, elastomeric sealant.

Service Temperature Range: Minus 100 to plus 300 deg F.

Color: White or gray.

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

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

B. FSK and Metal Jacket Flashing Sealants:

1.

oghwn

~

Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.

b. Eagle Bridges - Marathon Industries; 405.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 95-44.

d. Mon-Eco Industries, Inc.; 44-05.

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

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

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

Color: Aluminum.

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

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

C. ASJ Flashing Sealants, Vinyl, and PVC Jacket Flashing Sealants:

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

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.

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

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

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

Color: White.

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

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

A. Insulation system schedules indicate factory-applied jackets on various applications. When
factory-applied jackets are indicated, comply with the following:

1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing;
complying with ASTM C 1136, Type I.

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a
removable protective strip; complying with ASTM C 1136, Type I.

3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;

complying with ASTM C 1136, Type Il

2.8 FIELD-APPLIED JACKETS

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

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

1. Products: Subject to compliance with requirements, provide one of the following:
a. Johns Manville; Zeston.
b. P.1.C. Plastics, Inc.; FG Series.
C. Proto Corporation; LoSmoke.
d. Speedline Corporation; SmokeSafe.
2. Adhesive: As recommended by jacket material manufacturer.
3. Color: White.
4, Factory-fabricated tank heads and tank side panels.

C. Metal Jacket:

1. Products: Subject to compliance with requirements, provide one of the following:

a.

b.
c.

Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; Metal Jacketing Systems.

ITW Insulation Systems; Aluminum and Stainless Steel Jacketing.

RPR Products, Inc.; Insul-Mate.

2. Aluminum Jacket: Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005,

Temper H-14.

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

b. Finish and thickness are indicated in field-applied jacket schedules.

C. Moisture Barrier for Indoor Applications: 1-mil-thick, heat-bonded polyethylene
and kraft paper.

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

e. Factory-Fabricated Fitting Covers:

L&D 25109

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

4) Flange and union covers.

5) End caps.

6) Beveled collars.

7) Valve covers.

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

29 TAPES

A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive,
complying with ASTM C 1136.

1.

Nouokwd

Products: Subject to compliance with requirements, provide one of the following:

a. ABI, Ideal Tape Division; 428 AWF ASJ.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836.
C. Compac Corporation; 104 and 105.

d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.

Width: 3 inches.

Thickness: 11.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape.

B. FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive;
complying with ASTM C 1136.

1.
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Products: Subject to compliance with requirements, provide one of the following:

a ABI, Ideal Tape Division; 491 AWF FSK.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
c Compac Corporation; 110 and 111.

d Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ.

Width: 3 inches.

Thickness: 6.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

FSK Tape Disks and Squares: Precut disks or squares of FSK tape.

C. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive;
suitable for indoor and outdoor applications.

1.

2.

L&D 25109

Products: Subject to compliance with requirements, provide one of the following:
a. ABI, Ideal Tape Division; 370 White PVC tape.

b. Compac Corporation; 130.

C. Venture Tape; 1506 CW NS.

Width: 2 inches.
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Thickness: 6 mils.

Adhesion: 64 ounces force/inch in width.
Elongation: 500 percent.

Tensile Strength: 18 Ibf/inch in width.

D. Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive.

1.

o gk wn

Products: Subject to compliance with requirements, provide one of the following:

a. ABI, Ideal Tape Division; 488 AWF.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800.
C. Compac Corporation; 120.

d. Venture Tape; 3520 CW.

Width: 2 inches.

Thickness: 3.7 mils.

Adhesion: 100 ounces force/inch in width.
Elongation: 5 percent.

Tensile Strength: 34 Ibf/inch in width.

2.10 SECUREMENTS

A. Bands:

1.

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

a. ITW Insulation Systems; Gerrard Strapping and Seals.
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

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

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

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.

a. Products: Subject to compliance with requirements, provide one of the following:
1) AGM Industries, Inc.; CWP-1.
2) GEMCO; CD.
3) Midwest Fasteners, Inc.; CD.
4) Nelson Stud Welding; TPA, TPC, and TPS.

2. 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.

a. Products: Subject to compliance with requirements, provide one of the following:
1) AGM Industries, Inc.; Tactoo Perforated Base Insul-Hangers.
L&D 25109 HVAC EQUIPMENT INSULATION 230716 - 10
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2) GEMCO; Perforated Base.
3) Midwest Fasteners, Inc.; Spindle.

b. Baseplate: Perforated, galvanized carbon-steel sheet, 0.030 inch thick by 2 inches
square.

C. Spindle: Copper- or zinc-coated, low-carbon steel, fully annealed, 0.106-inch-
diameter shank, length to suit depth of insulation indicated.

d. Adhesive: Recommended by hanger manufacturer. Product with demonstrated

capability to bond insulation hanger securely to substrates indicated without
damaging insulation, hangers, and substrates.

Nonmetal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate
fastened to projecting spindle that is capable of holding insulation, of thickness indicated,
securely in position indicated when self-locking washer is in place.

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

1) GEMCO; Nylon Hangers.
2) Midwest Fasteners, Inc.; Nylon Insulation Hangers.

b. Baseplate: Perforated, nylon sheet, 0.030 inch thick by 1-1/2 inches in diameter.

C. Spindle:  Nylon, 0.106-inch-diameter shank, length to suit depth of insulation
indicated, up to 2-1/2 inches.

d. Adhesive: Recommended by hanger manufacturer. Product with demonstrated
capability to bond insulation hanger securely to substrates indicated without
damaging insulation, hangers, and substrates.

Self-Sticking-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.

a. Products: Subject to compliance with requirements, provide one of the following:
1) AGM Industries, Inc.; Tactoo Self-Adhering Insul-Hangers, Series.

2) GEMCO; Peel & Press.
3) Midwest Fasteners, Inc.; Self Stick.

b. Baseplate: Galvanized carbon-steel sheet, 0.030 inch thick by 2 inches square.

C. Spindle: Copper- or zinc-coated, low-carbon steel, fully annealed, 0.106-inch-
diameter shank, length to suit depth of insulation indicated.

d. Adhesive-backed base with a peel-off protective cover.

Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch-thick,
galvanized-steel sheet, with beveled edge sized as required to hold insulation securely in
place but not less than 1-1/2 inches in diameter.

a. Products: Subject to compliance with requirements, provide one of the following:
1) AGM Industries, Inc.; RC-150.
2) GEMCO; R-150.

3) Midwest Fasteners, Inc.; WA-150.
4) Nelson Stud Welding; Speed Clips.
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C.

2.11

A.

B.

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

6. Nonmetal Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch-
thick nylon sheet, with beveled edge sized as required to hold insulation securely in place
but not less than 1-1/2 inches in diameter.

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

1) GEMCO.
2) Midwest Fasteners, Inc.

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

CORNER ANGLES

PVC Corner Angles: 30 mils thick, minimum 1 by 1 inch, PVC according to ASTM D 1784,
Class 16354-C. White or color-coded to match adjacent surface.

Aluminum Corner Angles: 0.040 inch thick, minimum 1 by 1 inch, aluminum according to
ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14.

PART 3 - EXECUTION

3.1

A.

B.

3.2

A.

B.

EXAMINATION

Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of insulation application.

1. Verify that systems and equipment to be insulated have been tested and are free of
defects.
2. Verify that surfaces to be insulated are clean and dry.

Proceed with installation only after unsatisfactory conditions have been corrected.

PREPARATION

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

Surface Preparation: Clean and prepare surfaces to be insulated. Before insulating, apply a
corrosion coating to insulated surfaces as follows:

1. Stainless Steel: Coat 300 series stainless steel with an epoxy primer 5 mils 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.
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2. Carbon Steel: Coat carbon steel operating at a service temperature between 32 and 300
deg F with an epoxy coating. Consult coating manufacturer for appropriate coating
materials and application methods for operating temperature range.

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

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

GENERAL INSTALLATION REQUIREMENTS

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

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

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

Install insulation with longitudinal seams at top and bottom of horizontal runs.
Install multiple layers of insulation with longitudinal and end seams staggered.
Keep insulation materials dry during application and finishing.

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

Install insulation with least number of joints practical.

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

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

2. For insulation application where vapor barriers are indicated, extend insulation on anchor
legs from point of attachment to supported item to point of attachment to structure. Taper
and seal ends at attachment to structure with vapor-barrier mastic.

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

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

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

Install insulation with factory-applied jackets as follows:

1. Draw jacket tight and smooth.
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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 4 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.

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

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

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.

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

Vibration-control devices.

Testing agency labels and stamps.
Nameplates and data plates.
Manholes.

Handholes.

Cleanouts.

ogkrwnrE

INSTALLATION OF EQUIPMENT, TANK, AND VESSEL INSULATION

Mineral-Fiber, Pipe and Tank Insulation Installation for Tanks and Vessels: Secure insulation
with adhesive and anchor pins and speed washers.

1. Apply adhesives according to manufacturer's recommended coverage rates per unit
area, for 100 percent coverage of tank and vessel surfaces.

2. Groove and score insulation materials to fit as closely as possible to equipment, including
contours. Bevel insulation edges for cylindrical surfaces for tight joints. Stagger end
joints.

3. Protect exposed corners with secured corner angles.

4, Install adhesively attached or self-sticking insulation hangers and speed washers on

sides of tanks and vessels as follows:

a. Do not weld anchor pins to ASME-labeled pressure vessels.

b. Select insulation hangers and adhesive that are compatible with service
temperature and with substrate.

C. On tanks and vessels, maximum anchor-pin spacing is 3 inches from insulation
end joints, and 16 inches o.c. in both directions.

d. Do not overcompress insulation during installation.

e. Cut and miter insulation segments to fit curved sides and domed heads of tanks
and vessels.

f. Impale insulation over anchor pins and attach speed washers.
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g. Cut excess portion of pins extending beyond speed washers or bend parallel with
insulation surface. Cover exposed pins and washers with tape matching insulation
facing.

5. Secure each layer of insulation with stainless-steel or aluminum bands. Select band
material compatible with insulation materials.

6. Where insulation hangers on equipment and vessels are not permitted or practical and
where insulation support rings are not provided, install a girdle network for securing
insulation. Stretch prestressed aircraft cable around the diameter of vessel and make
taut with clamps, turnbuckles, or breather springs. Place one circumferential girdle
around equipment approximately 6 inches from each end. Install wire or cable between
two circumferential girdles 12 inches o.c. Install a wire ring around each end and around
outer periphery of center openings, and stretch prestressed aircraft cable radially from
the wire ring to nearest circumferential girdle. Install additional circumferential girdles
along the body of equipment or tank at a minimum spacing of 48 inches o.c. Use this
network for securing insulation with tie wire or bands.

7. Stagger joints between insulation layers at least 3 inches.

8. Install insulation in removable segments on equipment access doors, manholes,
handholes, and other elements that require frequent removal for service and inspection.

9. Bevel and seal insulation ends around manholes, handholes, ASME stamps, and
nameplates.

10. For equipment with surface temperatures below ambient, apply mastic to open ends,
joints, seams, breaks, and punctures in insulation.

Flexible Elastomeric Thermal Insulation Installation for Tanks and Vessels: Install insulation
over entire surface of tanks and vessels.

1. Apply 100 percent coverage of adhesive to surface with manufacturer's recommended
adhesive.
2. Seal longitudinal seams and end joints.

FIELD-APPLIED JACKET INSTALLATION
Where FSK jackets are indicated, install as follows:

Draw jacket material smooth and tight.

Install lap or joint strips with same material as jacket.

Secure jacket to insulation with manufacturer's recommended adhesive.

Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch-wide joint strips at end
joints.

Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation
with vapor-barrier mastic.

rpwnNpE

o

Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end
joints; for horizontal applications, install with longitudinal seams along top and bottom of tanks
and vessels. 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.

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.
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3.6

A.

3.7

3.8

FINISHES

Equipment Insulation with ASJ, or Other Paintable Jacket Material: Paint jacket with paint
system identified below and as specified in Division 09 painting Sections.

1. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket material
and finish coat paint. Add fungicidal agent to render fabric mildew proof.

a. Finish Coat Material: Interior, flat, latex-emulsion size.

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

Color: Final color as selected by Architect. Vary first and second coats to allow visual
inspection of the completed Work.

Do not field paint aluminum or stainless-steel jackets.

BREECHING INSULATION SCHEDULE

Round, exposed breeching and connector insulation shall be the following:
1. High-Temperature Mineral-Fiber Blanket: 3 inches thick and 3-Ib/cu. ft. nominal density.

Round, concealed breeching and connector insulation shall be the following:

1. High-Temperature Mineral-Fiber Blanket: 3 inches thick and 3-Ib/cu. ft. nominal density.
Rectangular, exposed breeching and connector insulation shall be the following:

1. High-Temperature Mineral-Fiber Blanket: 3 inches thick and 3-Ib/cu. ft. nominal density.
Rectangular, concealed breeching and connector insulation shall be the following:

1. High-Temperature Mineral-Fiber Blanket: 3 inches thick and 3-Ib/cu. ft. nominal density.

EQUIPMENT INSULATION SCHEDULE

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

Insulate indoor and outdoor equipment that is not factory insulated.
Steam condensate pump and boiler feedwater pump insulation shall be one of the following:

1. Mineral-Fiber Board: 2 inches thick and 2-Ib/cu. ft. nominal density.
2. Mineral-Fiber Pipe and Tank: 2 inches thick.

Steam condensate and feed water tank and receiver insulation shall be one of the following:

1. Mineral-Fiber Board: 2 inches thick and 2-Ib/cu. ft. nominal density.
2. Mineral-Fiber Pipe and Tank: 2 inches thick.
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3.9

Steam flash-tank, flash-separator, moisture-separator, and blow-off-tank insulation shall be one
of the following:

1. Mineral-Fiber Board: 2 inches thick and 2-Ib/cu. ft. nominal density.
2. Mineral-Fiber Pipe and Tank: 2 inches thick.
INDOOR, FIELD-APPLIED JACKET SCHEDULE

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

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

1. None.

Equipment, Exposed, up to 48 Inches in Diameter or with Flat Surfaces up to 72 Inches:
1. Aluminum, Corrugated with Z-Shaped Locking Seam: 0.016 inch thick.

Equipment, Exposed, Larger Than 48 Inches in Diameter or with Flat Surfaces Larger Than 72
Inches:

1. Aluminum, Corrugated with Z-Shaped Locking Seam: 0.016 inch thick.

END OF SECTION 23 07 16
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SECTION 23 07 19 - HVAC PIPING INSULATION

PART 1 - GENERAL

1.1

1.2

1.3

14

15

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions, Division 00 Information for Bidders, and Division 01 Specification Sections, apply to
this Section.

SUMMARY

Section includes insulating the following HVAC piping systems:

1. Low pressure steam and steam condensate, indoors.

Related Sections:

1. Division 23 Section "HVAC Equipment Insulation."

2. Division 23 Section "Duct Insulation."

ACTION SUBMITTALS

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

QUALITY ASSURANCE

Surface-Burning Characteristics: For insulation and related materials, as determined by testing
identical products according to ASTM E 84, by a testing and inspecting agency acceptable to
authorities having jurisdiction. Factory label insulation and jacket materials and adhesive,

mastic, tapes, and cement material containers, with appropriate markings of applicable testing
agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
index of 50 or less.
2. Insulation Installed Outdoors: Flame-spread index of 75 or less, and smoke-developed

index of 150 or less.

DELIVERY, STORAGE, AND HANDLING

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

A.

B.

C.

1.7

A.

B.

COORDINATION

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

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.

Coordinate installation and testing of heat tracing.

SCHEDULING

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.

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

PART 2 - PRODUCTS

21

A.

C.

D.

INSULATION MATERIALS

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

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

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

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

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

Mineral-Fiber, Preformed Pipe Insulation:

1. Products: Subject to compliance with requirements, provide one of the following:
a. Fibrex Insulations Inc.; Coreplus 1200.
b. Johns Manville; Micro-Lok.
C. Knauf Insulation; 1000-Degree Pipe Insulation.
d. Manson Insulation Inc.; Alley-K.
e. Owens Corning; Fiberglas Pipe Insulation.

2. Type |, 850 deg F Materials: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 547, Type |, Grade A, with factory-applied ASJ. Factory-applied
jacket requirements are specified in "Factory-Applied Jackets" Article.
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3. Type I, 1200 deg F Materials: Mineral or glass fibers bonded with a thermosetting resin.
Comply with ASTM C 547, Type Il, Grade A, with factory-applied ASJ. Factory-applied
jacket requirements are specified in "Factory-Applied Jackets" Article.

Mineral-Fiber, Pipe Insulation Wicking System: Preformed pipe insulation complying with
ASTM C 547, Type |, Grade A, with absorbent cloth factory-applied to the entire inside surface
of preformed pipe insulation and extended through the longitudinal joint to outside surface of
insulation under insulation jacket. Factory apply a white, polymer, vapor-retarder jacket with
self-sealing adhesive tape seam and evaporation holes running continuously along the
longitudinal seam, exposing the absorbent cloth.

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

a. Knauf Insulation; Permawick Pipe Insulation.
b. Owens Corning; VaporWick Pipe Insulation.

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

1. Products: Subject to compliance with requirements, provide one of the following:
a. CertainTeed Corp.; CrimpWrap.
b. Johns Manville; MicroFlex.
C. Knauf Insulation; Pipe and Tank Insulation.
d. Manson Insulation Inc.; AK Flex.
e. Owens Corning; Fiberglas Pipe and Tank Insulation.

INSULATING CEMENTS
Mineral-Fiber Insulating Cement: Comply with ASTM C 195.

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

a. Ramco Insulation, Inc.; Super-Stik.
Expanded or Exfoliated Vermiculite Insulating Cement: Comply with ASTM C 196.

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

a. Ramco Insulation, Inc.; Thermokote V.
Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C 449.

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

a. Ramco Insulation, Inc.; Ramcote 1200 and Quik-Cote.
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2.3 ADHESIVES

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

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

1.

Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-127.

b. Eagle Bridges - Marathon Industries; 225.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-60/85-70.

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

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

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

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

1.

Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-82.

b. Eagle Bridges - Marathon Industries; 225.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-50.

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

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

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

D. PVC Jacket Adhesive: Compatible with PVC jacket.

1.

L&D 25109

Products: Subject to compliance with requirements, provide one of the following:

Dow Corning Corporation; 739, Dow Silicone.

Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding Adhesive.
P.I.C. Plastics, Inc.; Welding Adhesive.

Speedline Corporation; Polyco VP Adhesive.

aoow

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

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

MASTICS

Materials shall be compatible with insulation materials, jackets, and substrates; comply with
MIL-PRF-19565C, Type Il.

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

Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services.

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

a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-80/30-90.
b. Vimasco Corporation; 749.

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

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

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

5. Color: White.

Vapor-Barrier Mastic: Solvent based; suitable for indoor use on below-ambient services.
1. Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-30.

b. Eagle Bridges - Marathon Industries; 501.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-35.

d. Mon-Eco Industries, Inc.; 55-10.

Water-Vapor Permeance: ASTM F 1249, 0.05 perm at 35-mil dry film thickness.
Service Temperature Range: 0 to 180 deg F.

Solids Content: ASTM D 1644, 44 percent by volume and 62 percent by weight.
Color: White.

ar®ON

Vapor-Barrier Mastic: Solvent based; suitable for outdoor use on below-ambient services.
1. Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; Encacel.

b. Eagle Bridges - Marathon Industries; 570.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 60-95/60-96.

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

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

arLON

Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services.
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1. Products: Subject to compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-10.
b. Eagle Bridges - Marathon Industries; 550.
C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 46-50.
d. Mon-Eco Industries, Inc.; 55-50.
e. Vimasco Corporation; WC-1/WC-5.
2. Water-Vapor Permeance: ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness.
3. Service Temperature Range: Minus 20 to plus 180 deg F.
4, Solids Content: 60 percent by volume and 66 percent by weight.
5. Color: White.
2.5 LAGGING ADHESIVES

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

1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
2. Products: Subject to compliance with requirements, provide one of the following:
a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-50 AHV2.
b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-36.
C. Vimasco Corporation; 713 and 714.
3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over pipe insulation.
4. Service Temperature Range: 0 to plus 180 deg F.
5. Color: White.
2.6 SEALANTS

A. Joint Sealants:

1.

L&D 25109

Joint Sealants for Cellular-Glass, Phenolic, and Polyisocyanurate Products: Subject to
compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.

b. Eagle Bridges - Marathon Industries; 405.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-45.

d. Mon-Eco Industries, Inc.; 44-05.

e. Pittsburgh Corning Corporation; Pittseal 444.

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

Permanently flexible, elastomeric sealant.
Service Temperature Range: Minus 100 to plus 300 deg F.
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2.7

2.8

5. Color: White or gray.

6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).
7. Sealants shall comply with the testing and product requirements of the California

Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

ASJ Flashing Sealants, and PVC Jacket Flashing Sealants:

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

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.

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

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

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

Color: White.

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

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

o gk wn

~

FACTORY-APPLIED JACKETS

Insulation system schedules indicate factory-applied jackets on various applications. When
factory-applied jackets are indicated, comply with the following:

1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing;
complying with ASTM C 1136, Type |.

FIELD-APPLIED JACKETS

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

PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784,

Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.
Thickness is indicated in field-applied jacket schedules.

1. Products: Subject to compliance with requirements, provide one of the following:
a. Johns Manwville; Zeston.
b. P.I.C. Plastics, Inc.; FG Series.
C. Proto Corporation; LoSmoke.
d. Speedline Corporation; SmokeSafe.
2. Adhesive: As recommended by jacket material manufacturer.
3. Color: White.
4, Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.
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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. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive,
complying with ASTM C 1136.

1.

Nogakowd

Products: Subject to compliance with requirements, provide one of the following:

a. ABI, Ideal Tape Division; 428 AWF ASJ.

b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836.
C. Compac Corporation; 104 and 105.

d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.

Width: 3 inches.

Thickness: 11.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

ASJ Tape Disks and Squares: Precut disks or squares of ASJ tape.

B. PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive;
suitable for indoor and outdoor applications.

1.

ok~ wnN

Products: Subject to compliance with requirements, provide one of the following:

a. ABI, Ideal Tape Division; 370 White PVC tape.
b. Compac Corporation; 130.
C. Venture Tape; 1506 CW NS.

Width: 2 inches.

Thickness: 6 mils.

Adhesion: 64 ounces force/inch in width.
Elongation: 500 percent.

Tensile Strength: 18 Ibf/inch in width.

2.10 SECUREMENTS

A. Bands:

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

a. ITW Insulation Systems; Gerrard Strapping and Seals.
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

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

Springs: Twin spring set constructed of stainless steel with ends flat and slotted to
accept metal bands. Spring size determined by manufacturer for application.
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Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.

PART 3 - EXECUTION

3.1

3.2

3.3

EXAMINATION

Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of insulation application.

1. Verify that systems to be insulated have been tested and are free of defects.

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

3. Proceed with installation only after unsatisfactory conditions have been corrected.
PREPARATION

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

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

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

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.

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

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

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

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

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

Keep insulation materials dry during application and finishing.

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

Install insulation with least number of joints practical.

Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers,
supports, anchors, and other projections with vapor-barrier mastic.
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1.
2.

Install insulation continuously through hangers and around anchor attachments.

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.

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

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

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

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

1. Draw jacket tight and smooth.

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

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

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

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

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

at ends adjacent to pipe flanges and fittings.

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

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

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

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

3.4 PENETRATIONS

A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof

penetrations.

L&D 25109
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3.5

1. Seal penetrations with flashing sealant.

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

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of
roof flashing.
4, Seal jacket to roof flashing with flashing sealant.

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

Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation continuously
through wall penetrations.

1. Seal penetrations with flashing sealant.

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

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at least
2 inches.
4, Seal jacket to wall flashing with flashing sealant.

Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls and patrtitions.

Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation
continuously through penetrations of fire-rated walls and partitions.

1. Comply with requirements in Division 07 Section "Penetration Firestopping" for
firestopping and fire-resistive joint sealers.

Insulation Installation at Floor Penetrations:

1. Pipe: Install insulation continuously through floor penetrations.

2. Seal penetrations through fire-rated assemblies.  Comply with requirements in
Division 07 Section "Penetration Firestopping.”

GENERAL PIPE INSULATION INSTALLATION

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

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

1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with
continuous thermal and vapor-retarder integrity unless otherwise indicated.
2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from same

material and density as adjacent pipe insulation. Each piece shall be butted tightly
against adjoining piece and bonded with adhesive. Fill joints, seams, voids, and irregular
surfaces with insulating cement finished to a smooth, hard, and uniform contour that is
uniform with adjoining pipe insulation.
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3.

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

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

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

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

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

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

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

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

3.6 INSTALLATION OF MINERAL-FIBER INSULATION

A. Insulation Installation on Straight Pipes and Tubes:

1.

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

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

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

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

B. Insulation Installation on Pipe Flanges:
1. Install preformed pipe insulation to outer diameter of pipe flange.

L&D 25109

HVAC PIPING INSULATION 230719 -12



FLINN MIDDLE SCHOOL HVAC, LIGHTING AND ADA RENOVATIONS
ROCKFORD PUBLIC SCHOOLS 205
ROCKFORD, ILLINOIS

3.7

3.8

3.9

2. Make width of insulation section same as overall width of flange and bolts, plus twice the
thickness of pipe insulation.

3. Fill voids between inner circumference of flange insulation and outer circumference of
adjacent straight pipe segments with mineral-fiber blanket insulation.

4. Install jacket material with manufacturer's recommended adhesive, overlap seams at

least 1 inch, and seal joints with flashing sealant.

Insulation Installation on Pipe Fittings and Elbows:

1. Install preformed sections of same material as straight segments of pipe insulation when
available.
2. When preformed insulation elbows and fittings are not available, install mitered sections

of pipe insulation, to a thickness equal to adjoining pipe insulation. Secure insulation
materials with wire or bands.

Insulation Installation on Valves and Pipe Specialties:

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

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

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

4, Install insulation to flanges as specified for flange insulation application.

FIELD-APPLIED JACKET INSTALLATION

Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end
joints; for horizontal applications. Seal with manufacturer's recommended adhesive.

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the
finish bead along seam and joint edge.
FINISHES

Pipe Insulation with ASJ, or Other Paintable Jacket Material: Paint jacket with paint system
identified below and as specified in Division 09 painting Sections.

1. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket material
and finish coat paint. Add fungicidal agent to render fabric mildew proof.

a. Finish Coat Material: Interior, flat, latex-emulsion size.
Color: Final color as selected by Architect. Vary first and second coats to allow visual
inspection of the completed Work.
PIPING INSULATION SCHEDULE, GENERAL
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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B.

3.10

3.11

Items Not Insulated: Unless otherwise indicated, do not install insulation on the following:

1. Drainage piping located in crawl spaces.
2. Underground piping.
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury.

INDOOR PIPING INSULATION SCHEDULE
Steam and Steam Condensate, 350 Deg Fand Below:
1. NPS 3 and Smaller: Insulation shall be the following:

a. Mineral-Fiber, Preformed Pipe, Type | or Il: 2-1/2 inches thick.

2. NPS 4 and Larger: Insulation shall be the following:
a. Mineral-Fiber, Preformed Pipe, Type | or Il or Pipe and Tank Insulation: 3 inches
thick.

INDOOR, FIELD-APPLIED JACKET SCHEDULE

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

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

1. None.

Piping, Exposed (within 6’-0” from finished floor):

1. PVC: 20 mils thick.

END OF SECTION 23 07 19
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SECTION 23 09 00 - INSTRUMENTATION AND CONTROL FOR HVAC

PART 1 - GENERAL

1.1

1.2

13

14

15

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions, Division 00 Information for Bidders, and Division 01 Specification Sections, apply to
this Section.

SUMMARY

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

Related Sections include the following:

1. Section 23 05 19 "Meters and Gages for HVAC Piping" for measuring equipment that
relates to this Section.

2. Section 23 09 93 "Sequence of Operations for HVAC Controls" for requirements that
relate to this Section.

SCOPE OF WORK

Expand and modify the existing temperature control system as required to include the new

equipment and sequence of operation shown and described in the construction documents.

DEFINITIONS

DDC: Direct digital control.

I/O: Input/output.

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

PC: Personal computer.

PID: Proportional plus integral plus derivative.
RTD: Resistance temperature detector.
SYSTEM PERFORMANCE

Comply with the following performance requirements:

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

2. Graphic Refresh: Update graphic with minimum 20 dynamic points with current data
within 8 seconds.

3. Object Command: Reaction time of less than two seconds between operator command
of a binary object and device reaction.

4, Object Scan: Transmit change of state and change of analog values to control units or

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

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

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

8. Reporting Accuracy and Stability of Control: Report values and maintain measured
variables within tolerances as follows:
a. Water Temperature: Plus or minus 1 deg F.
b. Water Flow: Plus or minus 5 percent of full scale.
C. Water Pressure: Plus or minus 2 percent of full scale.
d. Space Temperature: Plus or minus 1 deg F.
e. Ducted Air Temperature: Plus or minus 1 deg F.
f. Outside Air Temperature: Plus or minus 2 deg F.
g. Dew Point Temperature: Plus or minus 3 deg F.
h. Temperature Differential: Plus or minus 0.25 deg F.
i. Relative Humidity: Plus or minus 5 percent.
J- Airflow (Pressurized Spaces): Plus or minus 3 percent of full scale.
K. Airflow (Measuring Stations): Plus or minus 5 percent of full scale.
l. Airflow (Terminal): Plus or minus 10 percent of full scale.
m.  Air Pressure (Space): Plus or minus 0.01-inch wg.
n. Air Pressure (Ducts): Plus or minus 0.1-inch wg.
0. Carbon Monoxide: Plus or minus 5 percent of reading.
p. Carbon Dioxide: Plus or minus 50 ppm.
g. Electrical: Plus or minus 5 percent of reading.

1.6 ACTION SUBMITTALS

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

1.

DDC System Hardware: Bill of materials of equipment indicating quantity, manufacturer,
and model number. Include technical data for operator workstation equipment, interface
equipment, control units, transducers/transmitters, sensors, actuators, valves,
relays/switches, control panels, and operator interface equipment.

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

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

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

1.
2.

©ONO AW
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Bill of materials of equipment indicating quantity, manufacturer, and model number.
Schematic flow diagrams showing fans, pumps, coils, dampers, valves, and control
devices.

Wiring Diagrams: Power, signal, and control wiring.

Details of control panel faces, including controls, instruments, and labeling.

Written description of sequence of operation.

Schedule of dampers including size, leakage, and flow characteristics.

Schedule of valves including flow characteristics.

DDC System Hardware:

a. Wiring diagrams for control units with termination numbers.

b. Schematic diagrams and floor plans for field sensors and control hardware.
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1.7

1.8

1.9

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

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

(connected and calculated) point addresses, output schedule, and operator notations.
10. Controlled Systems:

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

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

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

d. Points list.
INFORMATIONAL SUBMITTALS

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

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

Qualification Data: For Installer and manufacturer.

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

Field quality-control test reports.
CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For HVAC instrumentation and control system to include in

emergency, operation, and maintenance manuals. In addition to items specified in

Section 01 78 23 "Operation and Maintenance Data," include the following:

1. Maintenance instructions and lists of spare parts for each type of control device and
compressed-air station.

2. Interconnection wiring diagrams with identified and numbered system components and
devices.

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

4, Inspection period, cleaning methods, cleaning materials recommended, and calibration
tolerances.

5. Calibration records and list of set points.

Software and Firmware Operational Documentation: Include the following:

1. Software operating and upgrade manuals.

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

3. Device address list.

4. Printout of software application and graphic screens.

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

QUALITY ASSURANCE

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

1.10

1.11

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

DELIVERY, STORAGE, AND HANDLING

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

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

COORDINATION

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

Coordinate supply of conditioned electrical branch circuits for control units.

Coordinate equipment with Section 26 24 16 "Panelboards" to achieve compatibility with starter
coils and annunciation devices.

Coordinate equipment with Section 26 24 19 "Motor-Control Centers" to achieve compatibility
with motor starters and annunciation devices.

Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete,
reinforcement, and formwork requirements are specified in Section 03 30 00 "Cast-in-Place
Concrete."

PART 2 - PRODUCTS

21

A.

2.2

A.

MANUFACTURERS

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

product selection:

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

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

CONTROL SYSTEM
Manufacturers:

Honeywell - WEBS Jace-AX.
Tridium-Niagara-Vykon Jace-AX
Siemens — Talon-Jace AX.
Distech-EC-NET-Jace-AX.

Schneider Electric —I/A Series-Jace AX
Circon

Johnson Controls

NogkrwbdrE

L&D #25109 INSTRUMENTATION AND CONTROL FOR HVAC 230900 - 4


http://www.specagent.com/LookUp/?ulid=3262&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456824776&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456811862&mf=04&src=wd

FLINN MIDDLE SCHOOL HVAC, LIGHTING AND ADA RENOVATIONS
ROCKFORD PUBLIC SCHOOLS 205
ROCKFORD, ILLINOIS

2.3

B.

The control equipment shall incorporate BacNet or LonMark technology at the controller level
and Niagara Frame AX version technology at the network device level and as network device
level and as network management tool.

Control system shall consist of sensors, indicators, actuators, final control elements, interface

equipment, other apparatus, accessories, and software connected to distributed controllers

operating in multiuser, multitasking environment on token-passing network and programmed to

control mechanical systems. All graphics associated with the controls work will be created and

implemented under a separate contract by the school district’s existing service provider.

1. The system installed shall seamless connect devices other than HVAC throughout the
building regardless of subsystem type, i.e. HVAC, lighting and security devices should
easily coexist on the same network channel without the need for gateways.

DDC EQUIPMENT

Control Units: Modular, comprising processor board with programmable, nonvolatile, random-
access memory; local operator access and display panel; integral interface equipment; and
backup power source.

1. Units monitor or control each 1/O point; process information; execute commands from
other control units, devices, and operator stations; and download from or upload to
operator workstation or diagnostic terminal unit.

2. Stand-alone mode control functions operate regardless of network status. Functions
include the following:

Global communications.

Discrete/digital, analog, and pulse I/O.

Monitoring, controlling, or addressing data points.

Software applications, scheduling, and alarm processing.

Testing and developing control algorithms without disrupting field hardware and

controlled environment.

3. Standard Application Programs:

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

Paoow

b. HVAC Control Programs: Optimal run time, supply-air reset, and enthalpy
switchover.
C. Programming Application Features: Include trend point; alarm processing and

messaging; weekly, monthly, and annual scheduling; energy calculations; run-time
totalization; and security access.

d. Remote communications.
e. Maintenance management.
f. Units of Measure: Inch-pound and Sl (metric).
4. Local operator interface provides for download from or upload to operator workstation or

diagnostic terminal unit.

5. ASHRAE 135 Compliance:  Control units shall use ASHRAE 135 protocol and
communicate using 1ISO 8802-3 (Ethernet) datalink/physical layer protocol.

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

Local Control Units: Modular, comprising processor board with electronically programmable,
nonvolatile, read-only memory; and backup power source.

1. Units monitor or control each 1/O point, process information, and download from or
upload to operator workstation or diagnostic terminal unit.

2. Stand-alone mode control functions operate regardless of network status. Functions
include the following:
a. Global communications.
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b. Discrete/digital, analog, and pulse I/O.
C. Monitoring, controlling, or addressing data points.
3. Local operator interface provides for download from or upload to operator workstation or

diagnostic terminal unit.

4. ASHRAE 135 Compliance:  Control units shall use ASHRAE 135 protocol and
communicate using 1ISO 8802-3 (Ethernet) datalink/physical layer protocol.

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

I/O Interface: Hardwired inputs and outputs may tie into system through controllers. Protect
points so that shorting will cause no damage to controllers.

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

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

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

4. Binary Outputs: Provide on-off or pulsed low-voltage signal, selectable for normally open

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

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

6. Tri-State Outputs: Provide two coordinated binary outputs for control of three-point,
floating-type electronic actuators.
7. Universal I/0Os: Provide software selectable binary or analog outputs.

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

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

2. Combined 1 percent line and load regulation with 100-mic.sec. response time for 50
percent load changes.
3. Built-in overvoltage and overcurrent protection and be able to withstand 150 percent

overload for at least 3 seconds without failure.

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

1. Minimum dielectric strength of 1000 V.

2. Maximum response time of 10 nanoseconds.

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

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

UNITARY CONTROLLERS

Unitized, capable of stand-alone operation with sufficient memory to support its operating
system, database, and programming requirements, and with sufficient 1/O capacity for the
application.

1. Configuration: Local keypad and display; diagnostic LEDs for power, communication,
and processor; wiring termination to terminal strip or card connected with ribbon cable;
memory with bios; and 72-hour battery backup.

2. Operating System: Manage I/O communication to allow distributed controllers to share
real and virtual object information and allow central monitoring and alarms. Perform
scheduling with real-time clock. Perform automatic system diagnostics; monitor system
and report failures.

3. ASHRAE 135 Compliance: Communicate using read (execute and initiate) and write
(execute and initiate) property services defined in ASHRAE 135. Reside on network
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2.5

2.6

using MS/TP datalink/physical layer protocol and have service communication port for
connection to diagnostic terminal unit.

4. LonWorks Compliance: Communicate using EIA/CEA 709.1 datalink/physical layer
protocol using LonTalk protocol.

5. Enclosure: Dustproof rated for operation at 32 to 120 deg F.

6. Enclosure: Waterproof rated for operation at 40 to 150 deg F.

ANALOG CONTROLLERS

Step Controllers: 6- or 10-stage type, with heavy-duty switching rated to handle loads and
operated by electric motor.

Electric, Outdoor-Reset Controllers;: Remote-bulb or bimetal rod-and-tube type, proportioning
action with adjustable throttling range, adjustable set point, scale range minus 10 to plus 70
deg F, and single- or double-pole contacts.

Electronic Controllers: Wheatstone-bridge-amplifier type, in steel enclosure with provision for

remote-resistance readjustment. Identify adjustments on controllers, including proportional

band and authority.

1. Single controllers can be integral with control motor if provided with accessible control
readjustment potentiometer.

Fan-Speed Controllers: Solid-state model providing field-adjustable proportional control of
motor speed from maximum to minimum of 55 percent and on-off action below minimum fan
speed. Controller shall briefly apply full voltage, when motor is started, to rapidly bring motor up
to minimum speed. Equip with filtered circuit to eliminate radio interference.

Receiver Controllers: Single- or multiple-input models with control-point adjustment, direct or
reverse acting with mechanical set-point adjustment with locking device, proportional band
adjustment, authority adjustment, and proportional control mode.

1. Remote-control-point adjustment shall be plus or minus 20 percent of sensor span, input
signal of 3 to 13 psig.
2. Proportional band shall extend from 2 to 20 percent for 5 psig.

3. Authority shall be 20 to 200 percent.

4. Air-supply pressure of 18 psig, input signal of 3 to 15 psig, and output signal of zero to
supply pressure.

5. Gages: 1-1/2 inches in diameter, 2.5 percent wide-scale accuracy, and range to match
transmitter input or output pressure.

TIME CLOCKS

Manufacturers:

ATC-Diversified Electronics.

Grasslin Controls Corporation.

Paragon Electric Co., Inc.

Precision Multiple Controls, Inc.

SSAC Inc.; ABB USA.

TCS/Basys Controls.

Theben AG - Lumilite Control Technology, Inc.
Time Mark Corporation.

ONoOOR~WNE

Seven-day, programming-switch timer with synchronous-timing motor and seven-day dial;
continuously charged, nickel-cadmium-battery-driven, eight-hour, power-failure carryover;
multiple-switch trippers; minimum of two and maximum of eight signals per day with two
normally open and two normally closed output contacts.
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2.7

C.

Solid-state, programmable time control with 4 separate programs each with up to 100 on-off
operations; 1-second resolution; lithium battery backup; keyboard interface and manual
override; individual on-off-auto switches for each program; 365-day calendar with 20
programmable holidays; choice of fail-safe operation for each program; system fault alarm; and
communications package allowing networking of time controls and programming from PC.

ELECTRONIC SENSORS

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

Thermistor Temperature Sensors and Transmitters:

1. Manufacturers:

BEC Controls Corporation.

Ebtron, Inc.

Heat-Timer Corporation.

[.T.M. Instruments Inc.

MAMAC Systems, Inc.

RDF Corporation.

Accuracy: Plus or minus 0.5 deg F at calibration point.

Wire: Twisted, shielded-pair cable.

Insertion Elements in Ducts: Single point, 8 inches long; use where not affected by

temperature stratification or where ducts are smaller than 9 sq. ft..

5. Averaging Elements in Ducts: 36 inches long, flexible; use where prone to temperature
stratification or where ducts are larger than 10 sq. ft..

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

7. Room Sensor Cover Construction: Plain stainless steel wall plate with 10k Type I
thermistor.
a. Set-Point Adjustment: Concealed.
b. Set-Point Indication: Concealed.
C. Thermometer: Concealed.
d. Orientation: Vertical.

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

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

~poooTw®
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RTDs and Transmitters:

1. Manufacturers:
a. BEC Controls Corporation.
b. MAMAC Systems, Inc.
C. RDF Corporation.

2. Accuracy: Plus or minus 0.2 percent at calibration point.

3. Wire: Twisted, shielded-pair cable.

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

5. Averaging Elements in Ducts: 18 inches long, rigid; use where prone to temperature
stratification or where ducts are larger than 9 sq. ft.; length as required.

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

7. Room Sensor Cover Construction: Plain stainless steel wall plate with 10k Type Il
thermistor.
a. Set-Point Adjustment: Concealed.
b Set-Point Indication: Concealed.
C. Thermometer: Concealed.
d Orientation: Vertical.
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8.
9.

Outside-Air Sensors: Watertight inlet fitting, shielded from direct sunlight.
Room Security Sensors: Stainless-steel cover plate with insulated back and security
screws.

D. Humidity Sensors: Bulk polymer sensor element.

1.

Manufacturers:

BEC Controls Corporation.

General Eastern Instruments.

MAMAC Systems, Inc.

ROTRONIC Instrument Corp.

TCS/Basys Controls.

. Vaisala.

Accuracy: 2 percent full range with linear output.

Room Sensor Range: 20 to 80 percent relative humidity.

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

a. Set-Point Adjustment: Concealed.

b. Set-Point Indication: Concealed.

C. Thermometer: Concealed.

d. Orientation: Vertical.

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

Outside-Air Sensor: 20 to 80 percent relative humidity range with mounting enclosure,
suitable for operation at outdoor temperatures of 32 to 120 deg F.

Duct and Sensors: With element guard and mounting plate, range of 0 to 100 percent
relative humidity.

NS Nl

E. Pressure Transmitters/Transducers:

1.

Manufacturers:

a. BEC Controls Corporation.

b General Eastern Instruments.

C. MAMAC Systems, Inc.

d. ROTRONIC Instrument Corp.

e TCS/Basys Controls.

f. Vaisala.

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

a. Accuracy: 2 percent of full scale with repeatability of 0.5 percent.

b. Output: 4 to 20 mA.

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

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

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

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

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

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

F. Room Sensor Cover Construction: Plain stainless steel wall plate with 10k Type Il thermistor.

L&D #25109

a. Set-Point Adjustment: Concealed.
b. Set-Point Indication: Concealed.
c. Thermometer: Concealed.

d. Orientation: Vertical.
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G.

2.8

2.9

2.10

Room sensor accessories include the following:

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

STATUS SENSORS

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

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

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

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

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

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

FLOW MEASURING STATIONS

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

1. Available Manufacturers:
a. Air Monitor Corporation.
b. Wetmaster Co., Ltd.
2. Casing: Galvanized-steel frame.
3. Flow Straightener: Aluminum honeycomb, 3/4-inch parallel cell, 3 inches deep.
4. Sensing Manifold: Copper manifold with bullet-nosed static pressure sensors positioned

on equal area basis.
THERMOSTATS

Manufacturers:

Erie Controls.

Danfoss Inc.; Air-Conditioning and Refrigeration Div.
Heat-Timer Corporation.

Sauter Controls Corporation.

tekmar Control Systems, Inc.

Theben AG - Lumilite Control Technology, Inc.

oghrwnE

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

1. Label switches "FAN HIGH-MED-LOW-OFF".

2. Mount on single electric switch box.

Electric, solid-state, microcomputer-based room thermostat with remote sensor.
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Automatic switching from heating to cooling.
Preferential rate control to minimize overshoot and deviation from set point.

Set up for four separate temperatures per day.

Instant override of set point for continuous or timed period from 1 hour to 31 days.
Short-cycle protection.

Programming based on every day of week.

Selection features include degree F or degree C display, 12- or 24-hour clock, keyboard
disable, remote sensor, and fan on-auto.

Battery replacement without program loss.
Thermostat display features include the following:
Time of day.

Actual room temperature.

Programmed temperature.

Programmed time.

Duration of timed override.

Day of week.

System mode indications include "heating," "off,

NouokrwbdE
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fan auto,"” and "fan on."

D. Low-Voltage, On-Off Thermostats: NEMA DC 3, 24-V, bimetal-operated, mercury-switch type,
with adjustable or fixed anticipation heater, concealed set-point adjustment, 55 to 85 deg F set-
point range, and 2 deg F maximum differential.

E. Line-Voltage, On-Off Thermostats: Bimetal-actuated, open contact or bellows-actuated,
enclosed, snap-switch or equivalent solid-state type, with heat anticipator; listed for electrical
rating; with concealed set-point adjustment, 55 to 85 deg F set-point range, and 2 deg F
maximum differential.

1. Electric Heating Thermostats: Equip with off position on dial wired to break ungrounded
conductors.

2. Selector Switch: Integral, manual on-off-auto.

F. Remote-Bulb Thermostats: On-off or modulating type, liquid filled to compensate for changes in

ambient temperature; with copper capillary and bulb, unless otherwise indicated.

1. Bulbs in water lines with separate wells of same material as bulb.

2. Bulbs in air ducts with flanges and shields.

3. Averaging Elements: Copper tubing with either single- or multiple-unit elements,
extended to cover full width of duct or unit; adequately supported.

4, Scale settings and differential settings are clearly visible and adjustable from front of
instrument.

5. On-Off Thermostat: With precision snap switches and with electrical ratings required by
application.

6. Modulating Thermostats: Construct so complete potentiometer coil and wiper assembly

is removable for inspection or replacement without disturbing calibration of instrument.

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

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

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

l. Electric, High-Limit Duct Thermostat: Snap-acting, single-pole, single-throw, manual- or
automatic- reset switch that trips if temperature sensed across any 12 inches of bulb length is
equal to or above set point.
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2.12

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

Heating/Cooling Valve-Top Thermostats: Proportional acting for proportional flow, with molded-
rubber diaphragm, remote-bulb liquid-filled element, direct and reverse acting at minimum
shutoff pressure of 25 psig, and cast housing with position indicator and adjusting knob.

HUMIDISTATS

Available Manufacturers:
1. MAMAC Systems, Inc.
2. ROTRONIC Instrument Corp.

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

ACTUATORS

Electric Motors: Size to operate with sufficient reserve power to provide smooth modulating

action or two-position action.

1. Comply with requirements in Section 23 05 13 "Common Motor Requirements for HVAC
Equipment.”

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

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

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

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

1. Available Manufacturers:
a. Belimo Aircontrols (USA), Inc.
2. Dampers: Size for running torque calculated as follows:
a. Parallel-Blade Damper with Edge Seals: 7 inch-Ib/sq. ft. of damper.
b. Opposed-Blade Damper with Edge Seals: 5 inch-Ib/sq. ft. of damper.
C. Parallel-Blade Damper without Edge Seals: 4 inch-Ib/sq. ft of damper.
d. Opposed-Blade Damper without Edge Seals: 3 inch-Ib/sq. ft. of damper.
e. Dampers with 2- to 3-Inch wg of Pressure Drop or Face Velocities of 1000 to 2500

fpm: Increase running torque by 1.5.

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

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

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

5. Fail-Safe Operation: Mechanical, spring-return mechanism. Provide external, manual
gear release on nonspring-return actuators.

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

Power Requirements (Modulating): Maximum 10 VA at 24-V ac or 8 W at 24-V dc.
Proportional Signal: 2- to 10-V dc or 4 to 20 mA, and 2- to 10-V dc position feedback
signal.

9. Temperature Rating: Minus 22 to plus 122 deg F.

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

11. RunTime: 12 seconds open, 5 seconds closed.

—h

© N
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2.13

A.

B.

2.14

A.

DAMPERS

Manufacturers:

Air Balance Inc.

Don Park Inc.; Autodamp Div.
TAMCO (T. A. Morrison & Co. Inc.).
United Enertech Corp.

Vent Products Company, Inc.

agrwONE

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

galvanized-steel or 0.125-inch- minimum thick, extruded-aluminum frames with holes for duct

mounting; damper blades shall not be less than 0.064-inch- thick galvanized steel with
maximum blade width of 8 inches and length of 48 inches.

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

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

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

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

CONTROL CABLE

Electronic and fiber-optic cables for control wiring are specified in Section 27 15 00
"Communications Horizontal Cabling."

PART 3 - EXECUTION

3.1

A.

B.

3.2

A.

©

E.

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

Verify that pneumatic piping and duct-, pipe-, and equipment-mounted devices are installed
before proceeding with installation.

INSTALLATION

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

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

Verify location of thermostats, humidistats, and other exposed control sensors with Drawings
and room details before installation. Install devices 60 inches above the floor.
1. Install averaging elements in ducts and plenums in crossing or zigzag pattern.

Install guards on thermostats in the following locations:
1. Entrances.

2. Public areas.

3. Where indicated.

Install automatic dampers according to Section 23 33 00 "Air Duct Accessories."
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3.3

3.4

F.

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

Install labels and nameplates to identify control components according to Section 23 05 53
"ldentification for HVAC Piping and Equipment.”

Install electronic and fiber-optic cables according to Section 27 1500 "Communications
Horizontal Cabling."

ELECTRICAL WIRING AND CONNECTION INSTALLATION

Install raceways, boxes, and cabinets according to Section 26 05 33 "Raceways and Boxes for
Electrical Systems."

Install building wire and cable according to Section 26 05 19 "Low-Voltage Electrical Power
Conductors and Cables."

Install signal and communication cable according to Section 27 1500 "Communications

Horizontal Cabling."

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

2. Install exposed cable in raceway.

3. Install concealed cable in raceway.

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

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

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

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

piping and equipment.

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

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

FIELD QUALITY CONTROL
Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect, test, and adjust field-assembled components and equipment installation, including

connections, and to assist in field testing. Report results in writing.

DDC Verification:

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

2. Check instruments for proper location and accessibility.

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

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

5. Check installation of air supply for each instrument.

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

7. Check pressure instruments, piping slope, installation of valve manifold, and self-

contained pressure regulators.
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8.
9.

10.

11.

Check temperature instruments and material and length of sensing elements.

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

Check air-operated dampers. Verify that pressure gages are provided and that proper
blade alignment, either parallel or opposed, has been provided.

Check DDC system as follows:

a. Verify that DDC controller power supply is from emergency power supply, if
applicable.
b. Verify that wires at control panels are tagged with their service designation and

approved tagging system.
C. Verify that spare 1/0 capacity has been provided.
d. Verify that DDC controllers are protected from power supply surges.

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

3.5 ADJUSTING

A. Calibrating and Adjusting:

1.
2.

3.

10.
11.

Calibrate instruments.

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

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

Control System Inputs and Outputs:

a. Check analog inputs at 0, 50, and 100 percent of span.

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

C. Check digital inputs using jumper wire.

d. Check digital outputs using ohmmeter to test for contact making or breaking.

e. Check resistance temperature inputs at 0, 50, and 100 percent of span using a
precision-resistant source.

Flow:

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

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

Pressure:

a. Calibrate pressure transmitters at 0, 50, and 100 percent of span.

b. Calibrate pressure switches to make or break contacts, with adjustable differential
set at minimum.

Temperature:

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

b. Calibrate temperature switches to make or break contacts.

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

Stroke and adjust control valves and dampers with positioners, following manufacturer's
recommended procedure, so that valve and damper is 0, 50, and 100 percent closed.
Provide diagnostic and test instruments for calibration and adjustment of system.

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

B. Adjust initial temperature and humidity set points.

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

L&D #25109
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3.6 DEMONSTRATION
A. Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain HVAC instrumentation and controls. Refer to Section 01 79 00

"Demonstration and Training."

END OF SECTION 23 09 00R
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SECTION 23 09 93 - SEQUENCE OF OPERATIONS FOR HVAC CONTROLS

PART 1 - GENERAL

1.1

1.2

1.3

14

15

RELATED DOCUMENTS

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

Conditions, Division 00 Information for Bidders, and Division 01 Specification Sections, apply to

this Section.

SUMMARY

This Section includes control sequences for HVAC systems, subsystems, and equipment.

Related Sections include the following:

1. Section 230900 “Instrumentation and Control for HVAC" for control equipment and
devices and for submittal requirements.

DEFINITIONS

DDC: Direct digital control.

STEAM BOILERS

Below 65°F (adjustable) an outdoor air sensor will cycle the lead boiler on. Lead/lag fire boilers,
for example, cycle on steam Boiler No. 1 for 30 days, then cycle on Boiler #2 for 30 days.
Provide lead/lag cycling for up to two separate boilers. If the first boiler fails to maintain
pressure in the common header, the second boiler will cycle on. A sensor will stage boiler #1
on at 4 psi and off at 6 psi while boiler No. 2 will cycle on at 3 psi or less and off above 5 psi
(field adjustable). Set integral boiler pressure control to 6 psi on each boiler to act as a high
limit safety. DDC control point shall be wired in series with the high limit pressure control.

The BAS system shall enable the boilers, feedwater system, and vacuum pumps when outdoor
temperature below 65°F (adjustable).

Below 65°F (adjustable) the master control panel shall cycle the lead boiler on and Lead/lag fire
boilers. The lead-lag and the lead boiler shall be alternated every 15 days (adjustable).

BOILER FEEDWATER SYSTEM: BFS-1

The boiler feedwater system shall be enabled whenever the boiler is enabled.

The boiler feedwater system shall operate on its own controls.

The TCC shall wire all loose shipped items furnished by the equipment manufacturer.
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1.6

1.7

A.

B.

C.

VACUUM CONDENSATE PUMP: CVP-1
The vacuum condensate pump shall be enabled whenever the boiler is enabled.
The vacuum condensate pump shall operate on its own controls.

The TCC shall wire all loose shipped items furnished by the equipment manufacturer

CLASSROOM UNIT VENTILATORS: STEAM HEAT

The DDC control system shall provide time of day programming and monitor all points
associated with the unit ventilators. Override to occupied mode to be by manual switch.

Occupied Mode:

1. O/A cfm greater than or equal to the minimum cfm scheduled to be maintained at all
times.

2. When O/A damper has reached the minimum position, blower fan shall energize and air
flow proven.

3. On a call for cooling with outside air temperature above 60°F, the steam control valve
shall close, and the unit shall go into economizer mode.

4. On a call for heating, the steam control valve shall open and the F&BP damper shall

modulate as required to maintain required room temperature of 70°F (adjustable). When
the outside air temperature rises above 65°F, the steam control valve shall close and the
UV shall go into economizer mode.

Economizer Mode:

1. In the economizer mode, O/A damper and R/A damper shall modulate between their
minimum and maximum positions with the steam control valve closed. If M/A
temperature drops below 55°F, the O/A damper is to modulate to the minimum position
and UV shall go into its heating mode.

Unoccupied Mode:

1. Blower fan shall de-energize, O/A damper shall be closed and R/A damper shall be open.

2. On a call for heating, the fan shall energize and once flow has been proven, the steam
control valve shall open and the F&BP damper shall modulate to maintain the room night
set back temperature of 55°F (adjustable).

Morning warm-up heating mode:

1. The unit ventilator fan shall energize and run continuously and the outside air damper
shall be closed. The return air damper, and the steam control valve shall be fully open,
the F&BP damper shall modulate to the full face position until the room occupied set point
temperature is achieved and the unit shall go into occupied mode.

Safety Devices:

1. Freeze Protection - If D/A temperature off steam coil falls below 40°F signal alarm.
Blower fan shall de-energize. O/A damper shall close and R/A damper shall open.

2. No air flow condition - If blower fan is on and no flow is detected after an adjustable time
lapse, an alarm shall be signaled.

3. Sensor failure - If any of the following sensors fail, an alarm shall be sounded:
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1.8

1.9

4,

Room temperature
Discharge air temperature
Return air temperature
Outside air temperature

aoow

POWER VENTILATORS

Refer to exhaust fan schedule for fans that shall operate in conjunction with a time clock. In the
occupied mode, the fans are “on” and in the unoccupied mode, the fans are “off”.

Refer to exhaust fan schedule for fans that shall be controlled by a remote wall switch to be
provided and installed by E.C.

Refer to exhaust fan schedule for fans that shall be controlled by a room thermostat. If space
temperature is above 80°F, start exhaust fan. If space temperature is above 90°F, signal
alarm.

SUPPLEMENTAL HEATERS
Steam Cabinet Heater and Unit Heater: Single temperature electronic thermostat, unit

mounted, shall maintain a constant space temperature by modulating the two way control valve.
The fan shall run continuously when in heating mode, and shall be off in the cooling mode.

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION (Not Applicable)

END OF SECTION 23 09 93
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SECTION 231123 - NATURAL-GAS PIPING

PART 1 - GENERAL

1.1

A.

1.2

13

14

1.5

1.6

1.7

RELATED DOCUMENTS

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

SUMMARY

Section Includes:
1. Pipes, tubes, and fittings.

2. Piping and tubing joining materials.
3. Valves.
DEFINITIONS

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

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

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

PERFORMANCE REQUIREMENTS

Minimum Operating-Pressure Ratings:
1. Piping and Valves: 100 psig minimum unless otherwise indicated.

SUBMITTALS

Product Data: For each type of the following:

1. Piping specialties.

2. Valves. Include pressure rating, capacity, settings, and electrical connection data of
selected models.

QUALITY ASSURANCE

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

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.

DELIVERY, STORAGE, AND HANDLING

Handling Flammable Liquids: Remove and dispose of liquids from existing natural-gas piping
according to requirements of authorities having jurisdiction.
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B.

C.

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

Store and handle pipes and tubes having factory-applied protective coatings to avoid damaging
coating, and protect from direct sunlight.

PART 2 - PRODUCTS

21

2.2

2.3

A.

w

A.

B.

C.

PIPES, TUBES, AND FITTINGS

Steel Pipe: ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade B.

1. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150, standard pattern.

2. Wrought-Steel Welding Fittings: ASTM A 234/A 234M for butt welding and socket
welding.

3. Unions: ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground joint,
and threaded ends.

JOINING MATERIALS
Joint Compound and Tape: Suitable for natural gas.

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

Brazing Filler Metals: Alloy with melting point greater than 1000 deg F complying with
AWS A5.8/A5.8M. Brazing alloys containing more than 0.05 percent phosphorus are prohibited.

MANUAL GAS SHUTOFF VALVES

General Requirements for Metallic Valves, NPS 2 and Smaller: Comply with ASME B16.33.

1. CWP Rating: 125 psig.

2. Threaded Ends: Comply with ASME B1.20.1.

3. Dryseal Threads on Flare Ends: Comply with ASME B1.20.3.

4. Listing: Listed and labeled by an NRTL acceptable to authorities having jurisdiction for
valves 1 inch and smaller.

5. Service Mark: Valves 1-1/4 inches to NPS 2 shall have initials "WOG" permanently
marked on valve body.

General Requirements for Metallic Valves, NPS 2-1/2 and Larger: Comply with ASME B16.38.
1. CWP Rating: 125 psig.

2. Flanged Ends: Comply with ASME B16.5 for steel flanges.

3. Service Mark: Initials "WOG" shall be permanently marked on valve body.

Cast-Iron, Lubricated Plug Valves: MSS SP-78.

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

a. Flowserve.

b Homestead Valve; a division of Olson Technologies, Inc.

C. McDonald, A. Y. Mfg. Co.

d. Milliken Valve Company.

e Mueller Co.; Gas Products Div.

f. R&M Energy Systems, A Unit of Robbins & Myers, Inc.

Body: Cast iron, complying with ASTM A 126, Class B.
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PART 3 -

3.1

3.2

Plug: Bronze or nickel-plated cast iron.

Seat: Coated with thermoplastic.

Stem Seal: Compatible with natural gas.

Operator: Square head or lug type with tamperproof feature where indicated.

Pressure Class: 125 psig.

Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to
authorities having jurisdiction.

9. Service: Suitable for natural-gas service with "WOG" indicated on valve body.

©ONO O AW

EXECUTION
EXAMINATION

Examine roughing-in for natural-gas piping system to verify actual locations of piping
connections before equipment installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

PIPING INSTALLATION

Comply with NFPA 54 for installation and purging of natural-gas piping.

Drawing plans, schematics, and diagrams indicate general location and arrangement of piping
systems. Indicated locations and arrangements are used to size pipe and calculate friction loss,
expansion, and other design considerations. Install piping as indicated unless deviations to

layout are approved on Coordination Drawings.

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

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

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

Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
Locate valves for easy access.

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

Verify final equipment locations for roughing-in.

Comply with requirements in Sections specifying gas-fired appliances and equipment for
roughing-in requirements.

Drips and Sediment Traps: Install drips at points where condensate may collect, including

service-meter outlets. Locate where accessible to permit cleaning and emptying. Do not install

where condensate is subject to freezing.

1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped.
Use nipple a minimum length of 3 pipe diameters, but not less than 3 inches long and
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3.3

3.4

3.5

same size as connected pipe. Install with space below bottom of drip to remove plug or
cap.

Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level side
down.

Connect branch piping from top or side of horizontal piping.

Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to each
piece of equipment. Unions are not required at flanged connections.

Do not use natural-gas piping as grounding electrode.
VALVE INSTALLATION

Install regulators and overpressure protection devices with maintenance access space
adequate for servicing and testing.

PIPING JOINT CONSTRUCTION
Ream ends of pipes and tubes and remove burrs.

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

Threaded Joints:

1. Thread pipe with tapered pipe threads complying with ASME B1.20.1.

2. Cut threads full and clean using sharp dies.

3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe.

4 Apply appropriate tape or thread compound to external pipe threads unless dryseal
threading is specified.

5. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or
damaged. Do not use pipe sections that have cracked or open welds.

Welded Joints:

1. Construct joints according to AWS D10.12/D10.12M, using qualified processes and
welding operators.

Bevel plain ends of steel pipe.

Patch factory-applied protective coating as recommended by manufacturer at field welds
and where damage to coating occurs during construction.

2.
3.

Flanged Joints: Install gasket material, size, type, and thickness appropriate for natural-gas
service. Install gasket concentrically positioned.

HANGER AND SUPPORT INSTALLATION

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

NPS 1 and Smaller: Maximum span, 96 inches; minimum rod size, 3/8 inch.

NPS 1-1/4: Maximum span, 108 inches; minimum rod size, 3/8 inch.

NPS 1-1/2 and NPS 2: Maximum span, 108 inches; minimum rod size, 3/8 inch.

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

NPS 4 and Larger: Maximum span, 10 feet; minimum rod size, 5/8 inch.

arLONE
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3.6

A.

3.7

3.8

3.9

3.10

LABELING AND IDENTIFYING

Comply with requirements in Division 22 Section "Identification for Plumbing Piping and
Equipment" for piping and valve identification.

PAINTING
Paint exposed, exterior gas piping, valves, and piping specialties, except components, with

factory-applied paint or protective coating.
1. Alkyd System: MPI EXT 5.1D.

a. Prime Coat: Alkyd anticorrosive metal primer.
b. Topcoat: Exterior alkyd enamel (flat).
C. Color: Yellow.

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

FIELD QUALITY CONTROL

Perform tests and inspections.

Tests and Inspections:

1. Test, inspect, and purge natural gas according to NFPA 54 and authorities having
jurisdiction.

PIPING SCHEDULE

NPS 2 and smaller, and/or less than 1.0 PSI operating pressure shall be the following:
1. Steel pipe with malleable-iron fittings and threaded joints.

NPS 2-1/2 and larger, and/or operating pressure 1.0 PSI or greater shall be the following:
1. Steel pipe with wrought-steel fittings and welded joints.

VALVE SCHEDULE

Distribution piping valves shall be one of the following:
1. Cast-iron, lubricated plug valve.

Valves in branch piping for single appliance shall be one of the following:
1. Two-piece, full-port, bronze ball valves with bronze trim.

END OF SECTION 231123
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SECTION 232213 - STEAM AND CONDENSATE HEATING PIPING

PART 1 - GENERAL

1.1

1.2

1.3

A.

A.

B.

A.

B.

RELATED DOCUMENTS

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

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

SUMMARY

Section includes pipe and fittings for LP steam and condensate piping:

Related Requirements:

1. Section 232216 "Steam and Condensate Piping Specialties" for strainers, flash tanks,
special-duty valves, steam traps, thermostatic air vents and vacuum breakers, and steam
and condensate meters.

QUALITY ASSURANCE

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

Pipe Welding: Qualify procedures and operators according to the following:

1. ASME Compliance: Comply with ASME B31.9, "Building Services Piping," for materials,
products, and installation.

2. Certify that each welder has passed AWS qualification tests for welding processes
involved and that certification is current.

PART 2 - PRODUCTS

21

A.

PERFORMANCE REQUIREMENTS

Components and installation shall be capable of withstanding the following minimum working
pressures and temperatures unless otherwise indicated:

LP Steam Piping: 125 psig.

Condensate Piping: 125 psig at 250 deg F.

Makeup-Water Piping: 80 psig at 150 deg F.

Blowdown-Drain Piping: Equal to pressure of the piping system to which it is attached.
Air-Vent and Vacuum-Breaker Piping: Equal to pressure of the piping system to which it
is attached.

Safety-Valve-Inlet and -Outlet Piping: Equal to pressure of the piping system to which it is
attached.

agrLONE
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2.2

A.

2.3

STEEL PIPE AND FITTINGS

Steel Pipe: ASTM A 53/A 53M, black steel, plain ends, welded and seamless, Grade B, and
Schedule as indicated in piping applications articles.

Cast-lIron Threaded Fittings: ASME B16.4; Classes 125, 150, and 300 as indicated in piping
applications articles.

Malleable-lIron Threaded Fittings: ASME B16.3; Classes 150 and 300 as indicated in piping
applications articles.

Malleable-lIron Unions: ASME B16.39; Classes 150, 250, and 300 as indicated in piping
applications articles.

Cast-lron Threaded Flanges and Flanged Fittings: ASME B16.1, Classes 125 and 250 as
indicated in piping applications articles; raised ground face, and bolt holes spot faced.

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

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

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

Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M, black steel of same Type, Grade,
and Schedule as pipe in which installed.
JOINING MATERIALS

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

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless
otherwise indicated.

a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges.
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.

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

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

Welding Materials: Comply with Section Il, Part C, of ASME Boiler and Pressure Vessel Code
for welding materials appropriate for wall thickness and for chemical analysis of pipe being
welded.
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PART 3 - EXECUTION

3.1

3.2

3.3

LP STEAM PIPING APPLICATIONS

LP Steam Piping, NPS 2 and Smaller: Schedule 40, Type S, Grade B, steel pipe; Class 125
cast-iron fittings; and threaded joints.

LP Steam Piping, NPS 2-1/2 through NPS 12: Schedule 40, Type E, Grade B, steel pipe;
Class 150 wrought-steel fittings, flanges, and flange fittings; and welded and flanged joints.

LP Steam Piping, NPS 14 through NPS 18: Schedule 30, Type E, Grade B, steel pipe;
Class 150 wrought-steel fittings, flanges, and flange fittings; and welded and flanged joints.

LP Steam Piping, NPS 20: Schedule 20, Type E, Grade B, steel pipe; Class 150 wrought-steel
fittings, flanges, and flange fittings; and welded and flanged joints.

Condensate piping above grade, NPS 2 and smaller, shall be the following:

1. Schedule 80, Type S, Grade B, steel pipe; Class 125 cast-iron fittings; and threaded
joints.

Condensate piping above grade, NPS 2-1/2 and larger, shall be the following:

1. Schedule 80, Type E, Grade B, steel pipe; Class 150 wrought-steel fittings, flanges, and
flange fittings; and welded and flanged joints.

ANCILLARY PIPING APPLICATIONS

Blowdown-Drain Piping: Same materials and joining methods as for piping specified for the
service in which blowdown drain is installed.

Vacuum-Breaker Piping: Outlet, same as service where installed.

Safety-Valve-Inlet and -Outlet Piping: Same materials and joining methods as for piping
specified for the service in which safety valve is installed.

PIPING INSTALLATION

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

Drawings.

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

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

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

Install piping to permit valve servicing.
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F.

G.

Install piping free of sags and bends.
Install fittings for changes in direction and branch connections.
Install piping to allow application of insulation.

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

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

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

Install steam supply piping at a minimum uniform grade of 0.2 percent downward in direction of
steam flow.

Install condensate return piping at a minimum uniform grade of 0.4 percent downward in
direction of condensate flow.

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

Install branch connections to mains using tee fittings in main pipe, with the branch connected to
top of main pipe.

Install valves according to Section 230523 "General-Duty Valves for HVAC Piping.”

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

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

Install shutoff valve immediately upstream of each dielectric fitting.
Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere
as indicated. Install NPS 3/4 nipple and full port ball valve in blowdown connection of strainers

NPS 2 and larger. Match size of strainer blowoff connection for strainers smaller than NPS 2.

Comply with requirements in Section 230516 "Expansion Fittings and Loops for HVAC Piping"
for installation of expansion loops, expansion joints, anchors, and pipe alignment guides.

Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for
identifying piping.

Install drip legs at low points and natural drainage points such as ends of mains, bottoms of
risers, and ahead of pressure regulators, and control valves.

1. On straight runs with no natural drainage points, install drip legs at intervals not
exceeding 300 feet.
2. Size drip legs same size as main. In steam mains NPS 6 and larger, drip leg size can be

reduced, but to no less than NPS 4.
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3.4

3.5

3.6

A.

STEAM AND CONDENSATE PIPING SPECIALTIES INSTALLATION

Comply with requirements in Section 232216 "Steam and Condensate Piping Specialties” for
installation requirements for strainers, flash tanks, special-duty valves, steam traps,
thermostatic air vents and vacuum breakers, and steam and condensate meters.

HANGERS AND SUPPORTS

Comply with requirements in Section 230529 "Hangers and Supports for HVAC Piping and
Equipment" for installation of hangers and supports. Comply with requirements below for

maximum spacing.

Comply with requirements in Section 230548 "Vibration and Seismic Controls for HVAC" for
seismic restraints.

Install the following pipe attachments:

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet
Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or
longer.

2. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer,
supported on a trapeze.
3. Spring hangers to support vertical runs.

Install hangers for steel steam supply piping with the following maximum spacing:

NPS 3/4: Maximum span, 9 feet.

NPS 1: Maximum span, 9 feet.

NPS 1-1/2: Maximum span, 12 feet.

NPS 2: Maximum span, 13 feet.

NPS 2-1/2: Maximum span, 14 feet.

NPS 3 and Larger: Maximum span, 15 feet.

ogkrwpnrE

Install hangers for steel steam condensate piping with the following maximum spacing:

NPS 3/4: Maximum span, 7 feet.

NPS 1: Maximum span, 7 feet.

NPS 1-1/2: Maximum span, 9 feet.

NPS 2: Maximum span, 10 feet.

NPS 2-1/2: Maximum span, 11 feet.

NPS 3 and Larger: Maximum span, 12 feet.

oukhwnE

PIPE JOINT CONSTRUCTION
Ream ends of pipes and remove burrs. Bevel plain ends of steel pipe.

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

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut
threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore
full ID. Join pipe fittings and valves as follows:
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3.7

3.8

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal
threading is specified.
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or

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

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

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

Size for supply and return piping connections shall be the same as or larger than equipment
connections.

Install traps and control valves in accessible locations close to connected equipment.
Install vacuum breakers downstream from control valve, close to coil inlet connection.

Install a drip leg at coil outlet.

FIELD QUALITY CONTROL

Prepare steam and condensate piping according to ASME B31.9, "Building Services Piping,"
and as follows:

1. Leave joints, including welds, uninsulated and exposed for examination during test.

2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test
pressure. If temporary restraints are impractical, isolate expansion joints from testing.

3. Flush system with clean water. Clean strainers.

4, Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall be

capable of sealing against test pressure without damage to valve. Install blinds in flanged
joints to isolate equipment.

Perform the following tests and inspections:

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

2. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the

working pressure. Test pressure shall not exceed maximum pressure for any vessel,
pump, valve, or other component in system under test. Verify that stress due to pressure
at bottom of vertical runs does not exceed 90 percent of specified minimum yield
strength.

3. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping,
joints, and connections for leakage. Eliminate leaks by tightening, repairing, or replacing
components, and repeat hydrostatic test until there are no leaks.

Prepare test and inspection reports.
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END OF SECTION 232213
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SECTION 232216 - STEAM AND CONDENSATE PIPING SPECIALTIES

PART 1 - GENERAL

1.1

1.2

1.3

14

1.5

RELATED DOCUMENTS

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

SUMMARY
Section includes the following piping specialties for LP steam and condensate piping:

Strainers.

Flash tanks.

Safety valves.

Steam traps.

Thermostatic air vents and vacuum breakers.

agrwNPE

ACTION SUBMITTALS
Product Data: For each type of the following:

Safety valve.

Steam trap.

Air vent and vacuum breaker.
Flash tank.

e

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For valves, safety valves, steam traps, air vents, and vacuum
breakers to include in emergency, operation, and maintenance manuals.

QUALITY ASSURANCE

Pipe Welding: Qualify procedures and operators according to the following:

1. ASME Compliance: Safety valves and pressure vessels shall bear the appropriate ASME

label. Fabricate and stamp flash tanks to comply with ASME Boiler and Pressure Vessel
Code: Section VI, Division 1.

L&D #25109 STEAM AND CONDENSATE PIPING SPECIALTIES 232216 -1



FLINN MIDDLE SCHOOL HVAC, LIGHTING AND ADA RENOVATIONS
ROCKFORD PUBLIC SCHOOLS 205
ROCKFORD, ILLINOIS

PART 2 - PRODUCTS

21 PERFORMANCE REQUIREMENTS

A. Components and installation shall be capable of withstanding the following minimum working
pressures and temperatures unless otherwise indicated:

1. LP Steam Piping: 125 psig.

2. Condensate Piping: 125 psig at 250 deg F.

3. Makeup-Water Piping: 80 psig at 150 deg F.

4, Blowdown-Drain Piping: Equal to pressure of the piping system to which it is attached.

5. Air-Vent and Vacuum-Breaker Piping: Equal to pressure of the piping system to which it
is attached.

6. Safety-Valve-Inlet and -Outlet Piping: Equal to pressure of the piping system to which it is
attached.

2.2 VALVES

A. Gate, Globe, Check, Ball, and Butterfly Valves: Comply with requirements specified in
Section 230523 "General-Duty Valves for HVAC Piping."

B. Stop-Check Valves:

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

a A.Y. McDonald Mfg. Co.
b. Cincinnati Valve Company.

c Crane; Crane Energy Flow Solutions.
d Jenkins Valves.

Body and Bonnet: Malleable iron.

End Connections: Flanged.

Disc: Cylindrical with removable liner and machined seat.

Stem: Brass alloy.

Operator: Outside screw and yoke with cast-iron handwheel.

Packing: Polytetrafluoroethylene-impregnated packing with two-piece packing gland
assembly.

Pressure Class: 250.

Nogakown
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2.3 STRAINERS

A. Y-Pattern Strainers:

1. Body: ASTM A 126, Class B cast iron, with bolted cover and bottom drain connection.

2. End Connections: Threaded ends for strainers NPS 2 and smaller; flanged ends for
strainers NPS 2-1/2 and larger.

3. Strainer Screen: Stainless-steel, 20-mesh strainer, or perforated stainless-steel basket.

4. Tapped blowoff plug.
5. CWP Rating: 250-psig working steam pressure.

B. Basket Strainers:
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1. Body: ASTM A 126, Class B cast iron, with bolted cover and bottom drain connection.
2. End Connections: Threaded ends for strainers NPS 2 and smaller; flanged ends for
strainers NPS 2-1/2 and larger.
3. Strainer Screen: Stainless-steel, 20 mesh strainer, and perforated stainless-steel basket
with 50 percent free area.
4. CWP Rating: 250-psig working steam pressure.
24 FLASH TANKS

A. Shop or factory fabricated of welded steel according to ASME Boiler and Pressure Vessel
Code, for 150-psig rating; and bearing ASME label. Fabricate with tappings for low-pressure
steam and condensate outlets, high-pressure condensate inlet, air vent, safety valve, and legs.

25 SAFETY VALVES

A. Bronze or Brass Safety Valves: ASME labeled.

1.

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

Armstrong International, Inc.
Kunkle Valve.

Spirax Sarco, Inc.

Watts Regulator Co.

aoop

Disc Material: Forged copper alloy.

End Connections: Threaded inlet and outlet.

Spring: Fully enclosed steel spring with adjustable pressure range and positive shutoff,
factory set and sealed.

Pressure Class: 250.

Drip-Pan Elbow: Cast iron and having threaded inlet and outlet with threads complying
with ASME B1.20.1.

Size and Capacity: As required for equipment according to ASME Boiler and Pressure
Vessel Code.

B. Cast-Iron Safety Valves: ASME labeled.

1.

PN

L&D #25109

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

a Armstrong International, Inc.
b. Kunkle Valve.

c Spirax Sarco, Inc.

d Watts Regulator Co.

Disc Material: Forged copper alloy with bronze nozzle.

End Connections: Raised-face flanged inlet and threaded or flanged outlet connections.
Spring: Fully enclosed cadmium-plated steel spring with adjustable pressure range and
positive shutoff, factory set and sealed.

Pressure Class: 250.

Drip-Pan Elbow: Cast iron and having threaded inlet, outlet, and drain, with threads
complying with ASME B1.20.1.
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7. Exhaust Head: Cast iron and having threaded inlet and drain, with threads complying with
ASME B1.20.1.
8. Size and Capacity: As required for equipment according to ASME Boiler and Pressure
Vessel Code.
2.6 STEAM TRAPS

A. Thermostatic Traps:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Armstrong International, Inc.
b. Barnes & Jones, Inc.
C. Dunham-Bush, Inc.
d. Hoffman Specialty.
e. Spirax Sarco, Inc.
f. Sterling.

Body: Bronze angle-pattern body with integral union tailpiece and screw-in cap.
Trap Type: Balanced-pressure.

Bellows: Stainless steel or monel.

Head and Seat: Replaceable, hardened stainless steel.

Pressure Class: 125.

R

B. Thermodynamic Traps:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Armstrong International, Inc.
b. Barnes & Jones, Inc.
C. Dunham-Bush, Inc.
d. Hoffman Specialty.
e. Spirax Sarco, Inc.

Body: Stainless steel with screw-in cap.
End Connections: Threaded.

Disc and Seat: Stainless steel.
Maximum Operating Pressure: 600 psig.

arwN

C. Float and Thermostatic Traps:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Armstrong International, Inc.
b. Barnes & Jones, Inc.
C. Dunham-Bush, Inc.
d. Hoffman Specialty.
e. Spirax Sarco, Inc.
f. Sterling.
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Body and Bolted Cap: ASTM A 126, cast iron.

End Connections: Threaded.

Float Mechanism: Replaceable, stainless steel.

Head and Seat: Hardened stainless steel.

Trap Type: Balanced pressure.

Thermostatic Bellows: Stainless steel or monel.

Thermostatic air vent capable of withstanding 45 deg F of superheat and resisting water
hammer without sustaining damage.

Vacuum Breaker: Thermostatic with phosphor bronze bellows, and stainless-steel cage,
valve, and seat.

10. Maximum Operating Pressure: 125 psig.
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D. Inverted Bucket Traps:

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

Armstrong International, Inc.
Barnes & Jones, Inc.
Dunham-Bush, Inc.
Hoffman Specialty.

Spirax Sarco, Inc.

Sterling.

~PpoooTw

Body and Cap: Cast iron.

End Connections: Threaded.

Head and Seat: Stainless steel.

Valve Retainer, Lever, and Guide Pin Assembly: Stainless steel.
Bucket: Brass or stainless steel.

Strainer: Integral stainless-steel inlet strainer within the trap body.
Air Vent: Stainless-steel thermostatic vent.

Pressure Rating: 250 psig.

©CoNoOA~AWN

2.7 THERMOSTATIC AIR VENTS AND VACUUM BREAKERS

A. Thermostatic Air Vents:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following :
a. Armstrong International, Inc.
b. Barnes & Jones, Inc.
C. Dunham-Bush, Inc.
d. Hoffman Specialty.
e. Spirax Sarco, Inc.
f. Sterling.

Body: Cast iron, bronze, or stainless steel.

End Connections: Threaded.

Float, Valve, and Seat: Stainless steel.

Thermostatic Element: Phosphor bronze bellows in a stainless-steel cage.
Pressure Rating: 125 psig.

Maximum Temperature Rating: 350 deg F.

Nouokwd
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B.

Vacuum Breakers:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following :
a. Armstrong International, Inc.
b. Dunham-Bush, Inc.
C. Hoffman Specialty.
d. Johnson Corporation (The).
e. Spirax Sarco, Inc.

Body: Cast iron, bronze, or stainless steel.

End Connections: Threaded.

Sealing Ball, Retainer, Spring, and Screen: Stainless steel.
O-Ring Seal: EPR.

Pressure Rating: 125 psig.

Maximum Temperature Rating: 350 deg F.

Nogakwn

PART 3 - EXECUTION

3.1

3.2

A.

B.

w

m

VALVE APPLICATIONS

Install shutoff duty valves at branch connections to steam supply mains, at steam supply
connections to equipment, and at the outlet of steam traps.

Install safety valves as required by ASME Boiler and Pressure Vessel Code. Install safety-valve
discharge piping, without valves, to nearest floor drain or as indicated on Drawings. Comply with
ASME Boiler and Pressure Vessel Code: Section VIII, Division 1, for installation requirements.
PIPING INSTALLATION

Install piping to permit valve servicing.

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

Install valves according to Section 230523 "General-Duty Valves for HVAC Piping."

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

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

Install shutoff valve immediately upstream of each dielectric fitting.
Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere

as indicated. Install NPS 3/4 nipple and full port ball valve in blowdown connection of strainers
NPS 2 and larger. Match size of strainer blowoff connection for strainers smaller than NPS 2.
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H.

3.3

3.4

3.5

B.

Flash Tank:
1. Pitch condensate piping down toward flash tank.
2. If more than one condensate pipe discharges into flash tank, install a check valve in each

line.

Install thermostatic air vent at tank top.

Install safety valve at tank top.

Install full-port ball valve, and swing check valve on condensate outlet.

Install inverted bucket or float and thermostatic trap at low-pressure condensate outlet,
sized for three times the calculated heat load.

Install pressure gage on low-pressure steam outlet according to Section 230519 "Meters
and Gages for HVAC Piping."

ook w

~

STEAM-TRAP INSTALLATION

Install steam traps in accessible locations as close as possible to connected equipment.

Install full-port ball valve, strainer, and union upstream from trap; install union, check valve, and
full-port ball valve downstream from trap unless otherwise indicated.

SAFETY VALVE INSTALLATION

Install safety valves according to ASME B31.9, "Building Services Piping."

Pipe safety-valve discharge without valves to atmosphere outside the building.

Install drip-pan elbow fitting adjacent to safety valve and pipe drain connection to nearest floor
drain.

Install exhaust head with drain to waste, on vents equal to or larger than NPS 2-1/2.

TERMINAL EQUIPMENT CONNECTIONS
Install traps and control valves in accessible locations close to connected equipment.

Install vacuum breakers downstream from control valve, close to coil inlet connection.

END OF SECTION 232216
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SECTION 232223 - STEAM CONDENSATE PUMPS

PART 1 -

1.1

1.2

1.3

1.4

PART 2 -

21

GENERAL

RELATED DOCUMENTS

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

SUMMARY

Section includes vacuum steam condensate pumping unit.

ACTION SUBMITTALS

Product Data: For each type of product. Include certified performance curves and rated
capacities, operating characteristics, furnished specialties, and accessories for each type of
product indicated. Indicate pump's operating point on curves. Include receiver capacity and
material.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For pumps to include in emergency, operation, and
maintenance manuals.

PRODUCTS

SINGLE-STAGE, CENTRIFUGAL PUMPS WITH FLOOR-MOUNTED RECEIVER

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

1. Alyan Pump Company; Div. of Hannmann Machinery Systems, Inc.

2. Armstrong Fluid Handling; Div. of Armstrong International, Inc.

3. ITT Corporation; Domestic Pump Division.

4. Nicholson Steam Trap; a division of Spence Engineering Company, Inc.
5. Pentair Pump Group.

6. Roth Pump Company.

7. Skidmore Pump.

8. Spence Engineering Company, Inc.; Division of Circor International, Inc.
9. Spirax-Sarco Inc.

10.  Sterling.

Description: Factory-fabricated, packaged, electric-driven vacuum pumps; with receiver, pumps,
controls, and accessories suitable for operation with steam condensate.
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1.

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.

ASME Compliance: Fabricate and label steam condensate receivers to comply with
ASME Boiler and Pressure Vessel Code: Section VIII, Division 1.

C. Configuration: Duplex floor-mounted pump with receiver, multi-jet vacuum producers, discharge
valve assemblies, and float switches; rated to pump 200 deg F steam condensate.

D. Receiver:

1. Floor mounted.

2. Close-grained cast iron.

3. Externally adjustable float switches.

4, Flanges for pump mounting.

5. Water-level gage and dial thermometer.

6. Pressure gage at pump discharge.

7. Vacuum gauge and switches.

8. Multi-jet vacuum producers.

9. Vacuum breaker.

10. Bronze fitting isolation valve between pump and receiver.

11. Lifting eyebolts.

12. Inlet vent and an overflow.

13. Cast-iron inlet strainer with vertical self-cleaning bronze screen and large dirt pocket.
E. Pumps:

1. Centrifugal, close coupled, vertical design.

2. Permanently aligned.

3. Bronze fitted.

4. Replaceable bronze case ring.

5. Mechanical seals rated at 250 deg F.

6. Mounted on receiver flange.
F Motor

1. Comply with NEMA designation, temperature rating, service factor, and efficiency

requirements for motors specified in Section 230513 "Common Motor Requirements for
HVAC Equipment.”

2. Enclosure: Open, dripproof.

3. Enclosure Materials: Cast iron.

4 Motor Bearings: Permanently lubricated ball bearings.

5. Efficiency: Premium efficient.

G. Control Panel:

akrwn
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Factory wired between pumps and float switches, for single external electrical
connection.

Provide fused, control-power transformer if voltage exceeds 230 V ac.

NEMA 250, Type 2 enclosure with hinged door and grounding lug, mounted on pump.
Motor controller for each pump.

Electrical pump alternator to operate pumps in lead-lag sequence and allow both pumps
to operate on receiver high level.
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6. Manual lead-lag control to override electrical pump alternator and manually select the
lead pump.

7. Momentary-contact "TEST" push button on cover for each pump.

8. Numbered terminal strip.

9. Disconnect switch.

PART 3 - EXECUTION

3.1

A.

B.

C.

3.2

w

3.3

m

EXAMINATION

Examine equipment foundations and anchor-bolt locations for compliance with requirements for
installation tolerances and other conditions affecting performance of the Work.

Examine roughing-in for piping systems to verify actual locations of piping connections before
pump installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION
Install pumps according to HI 1.1-1.2, HI 1.3, and HI 1.4.

Install pumps to provide access for periodic maintenance including removing motors, impellers,
couplings, and accessories.

Support pumps and piping separately so piping is not supported by pumps.

Install thermometers and pressure gages.

Equipment Mounting:

1. Install pumps on cast-in-place concrete equipment base(s). Comply with requirements for
equipment bases and foundations specified in Section 033000 "Cast-in-Place Concrete."

CONNECTIONS

Comply with requirements for piping specified in Section 232213 "Steam and Condensate
Heating Piping" and Section 232216 "Steam and Condensate Piping Specialties."

Where installing piping adjacent to machine, allow space for service and maintenance.

Install a globe and check valve and pressure gage before inlet of each pump and a gate and
check valve at pump outlet.

Pipe drain to nearest floor drain for overflow and drain piping connections.

Install full-size vent piping to outdoors, terminating in 180-degree elbow at point above highest
steam system connection or as indicated.
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F. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical
Systems."

G. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and
Cables.”

3.4 STARTUP SERVICE
A. Engage a factory-authorized service representative to perform startup service.

Complete installation and startup checks according to manufacturer's written instructions.
Clean strainers.

Set steam condensate pump controls.

Set pump controls for automatic start, stop, and alarm operation.

Perform the following preventive maintenance operations and checks before starting:

arwONE

Set float switches to operate at proper levels.

Set throttling valves on pump discharge for specified flow.

Check motors for proper rotation.

Test pump controls and demonstrate compliance with requirements.
Replace damaged or malfunctioning pump controls and equipment.
Verify that pump controls are correct for required application.

~poooTw

6. Start steam condensate pumps according to manufacturer's written startup instructions.
3.5 DEMONSTRATION
A. Engage a factory-authorized service representative to train Owner's maintenance personnel to

adjust, operate, and maintain steam condensate pumps.

END OF SECTION 232223
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SECTION 232519 - WATER TREATMENT FOR STEAM SYSTEM FEEDWATER

PART 1 - GENERAL

1.1

1.2

1.3

14

RELATED DOCUMENTS

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

SUMMARY

Section includes the following HVAC water-treatment systems:

1. Automatic chemical-feed equipment.
2. Stainless-steel pipes and fittings.

3. Chemical treatment test equipment.
4, Chemicals.

DEFINITIONS

TDS: Total dissolved solids.

TSS: Total suspended solids are solid materials, including organic and inorganic, that are
suspended in the water. These solids may include silt, plankton, and industrial wastes.

ACTION SUBMITTALS

Product Data: Include rated capacities, operating characteristics, and furnished specialties and
accessories for the following products:

Water meters.

Inhibitor injection timers.

pH controllers.

TDS controllers.

Chemical solution tanks.

Injection pumps.

Chemical test equipment.

Chemical material safety data sheets.

N A~AWNE

Shop Drawings: Pretreatment and chemical treatment equipment showing tanks, maintenance
space required, and piping connections to steam systems.

1. Include plans, elevations, sections, and attachment details.
2. Include diagrams for power, signal, and control wiring.
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15

A.

B.

C.

D.

1.6

A.

1.7

A.

INFORMATIONAL SUBMITTALS

Seismic Qualification Certificates: For components, from manufacturer.

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

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

3. Detailed description of equipment anchorage devices on which the certification is based

and their installation requirements.

Water Analysis Provider Qualifications: Verification of experience and capability of HVAC water-
treatment service provider.

Field quality-control reports.
Other Informational Submittals:

1. Water-Treatment Program: Written sequence of operation on an annual basis for the
application equipment required to achieve water quality defined in "Performance
Requirements" Article.

Water Analysis: lllustrate water quality available at Project site.

Passivation Confirmation Report: Verify passivation of galvanized-steel surfaces, and
confirm this observation in a letter to Architect.

wn

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For sensors, injection pumps, and controllers to include in
emergency, operation, and maintenance manuals.

QUALITY ASSURANCE

Steam System Water-Treatment Service Provider Qualifications: An experienced steam

systems water-treatment service provider capable of analyzing water qualities, installing water-
treatment equipment, and applying water treatment as specified in this Section.

PART 2 - PRODUCTS

21

A.

MANUFACTURERS

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

Anderson Chemical Company.

Aqua-Chem, Inc.

Barclay Water Management, Inc.

Boland.

Cascade Water Services, Inc.

Earthwise Environmental Inc.

General Electric Company; GE Water & Process Technologies.

Nouoh,rwbhE
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8. H-O-H Water Technology, Inc.
9. Metro Group, Inc. (The); Metropolitan Refining Div.
10. Nalco; an Ecolab company.
11. Watcon, Inc.
12.  Water Services Inc.
2.2 PERFORMANCE REQUIREMENTS

A. Water quality for steam systems shall minimize corrosion and scale buildup for optimum
efficiency of steam and condensate equipment without creating a hazard to operating personnel
or the environment.

B. Base steam systems feedwater treatment on quality of water available at Project site, steam
and condensate system equipment material characteristics and functional performance
characteristics, operating personnel capabilities, and requirements and guidelines of authorities
having jurisdiction.

C. Steam Condensate:

Nouokrwbdr

D. Steam boiler operating at 15 psig and less shall have the following water qualities:

pH: Maintain a value within 7.8 to 8.4.

Total Alkalinity: Maintain a value within 5 to 50 ppm.

Chemical Oxygen Demand: Maintain a maximum value of 15 ppm.
Soluble Copper: Maintain a maximum value of 0.20 ppm.

TSS: Maintain a maximum value of 10 ppm.

Ammonia: Maintain a maximum value of 20 ppm.

Total Hardness: Maintain a maximum value of 2 ppm.

1. "OH" Alkalinity: Maintain a value within 200 to 400 ppm.
2. TSS: Maintain a value within 600 to 3000 ppm.
23 AUTOMATIC CHEMICAL-FEED EQUIPMENT

A. Water Meter:

NouhkrwdbE

AWWA C700, oscillating-piston, magnetic-drive, totalization meter.
Body: Bronze.

Minimum Working-Pressure Rating: 150 psig.

Maximum Pressure Loss at Design Flow: 3 psig.

Registration: Gallons or cubic feet.

End Connections: Threaded.

Controls: Flow-control switch with normally open contacts; rated for maximum 10 A, 250-

V ac, and that will close at adjustable increments of total flow.

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. Water Meter:

1.
2.

L&D #25109

AWWA C701, turbine-type, totalization meter.
Body: Bronze.
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Minimum Working-Pressure Rating: 100 psig.

Maximum Pressure Loss at Design Flow: 3 psig.

Registration: Gallons or cubic feet.

End Connections: Threaded.

Control: Low-voltage signal capable of transmitting 1000 feet.

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.

C. TSS Controller:

1.

BOONOGOA~WN

Microprocessor-based controller, 1 percent accuracy in a range from zero to 5000
micromhos. Incorporate solid-state integrated circuits and digital display in NEMA 250,
Type 12 enclosure with gasketed and lockable door. Interface for start/stop and status
indication at central workstation as described in Section 230900 "Instrumentation and
Control for HVAC."

Digital display and touch pad for input.

Sensor probe adaptable to sample stream manifold.

High, low, and normal conductance indication.

High- or low-conductance-alarm-light trip points, field adjustable; with silence switch.
Hand-off-auto switch for solenoid bleed-off valve.

Bleed-off valve activated indication.

Internal adjustable hysteresis or deadband.

Bleed Valves: Motorized ball valve, steel body, and TFE seats and seals.

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.

D. Chemical Solution Tanks:

1.

2.
3.

Chemical-resistant reservoirs fabricated from high-density opaque polyethylene with
minimum 110 percent containment vessel.

Molded cover with recess for mounting pump.

Capacity: 30 gal..

E. Chemical Solution Injection Pumps:

1. Self-priming, positive displacement; rated for intended chemical with minimum 25 percent
safety factor for design pressure and temperature.

2. Adjustable flow rate.

3. Metal and thermoplastic construction.

4. Built-in relief valve.

5. Fully enclosed, continuous-duty, single-phase motor. Comply with requirements in
Section 230513 "Common Motor Requirements for HYAC Equipment.”

6. 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.

F. Chemical Solution Tubing: Polyethylene tubing with compression fittings and joints except

ASTM A 269, Type 304, stainless steel for steam boiler injection assemblies.

G. Injection Assembly:

L&D #25109
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2.4

25

2.6

1. Quill: Minimum NPS 1/2 with insertion length sufficient to discharge into at least 25
percent of pipe diameter.

2. Ball Valve: Three-piece stainless steel as described in "Stainless-Steel Pipes and
Fittings" Article; selected to fit quill.

3. Packing Gland: Mechanical seal on quill of sufficient length to allow quill removal during

system operation.
4. Assembly Pressure/Temperature Rating: Minimum 600 psig at 200 deg F.

STAINLESS-STEEL PIPES AND FITTINGS

Stainless-Steel Tubing: Comply with ASTM A 269, Type 316.

Stainless-Steel Fittings: Comply with ASTM A 815/A 815M, Type 316, Grade WP-S.

Two-Piece, Full-Port, Stainless-Steel Ball Valves: ASTM A 351/A 351M, Type 316 stainless-
steel body; ASTM A 276, Type 316 stainless-steel stem and vented ball, carbon-filed TFE
seats, threaded body design with adjustable stem packing, threaded ends, and 250-psig steam
working-pressure rating and 600-psig cold working-pressure rating.

Three-Piece, Full-Port, Stainless-Steel Ball Valves: ASTM A 351/A 351M, Type 316 stainless-
steel body; ASTM A 276, Type 316 stainless-steel stem and vented ball, threaded body design
with adjustable stem packing, threaded ends, and 150-psig steam working-pressure rating and
600-psig cold working-pressure rating.

CHEMICAL TREATMENT TEST EQUIPMENT

Test Kit: Manufacturer-recommended equipment and chemicals in a wall-mounting cabinet for
testing pH, TDS, inhibitor, chloride, alkalinity, and hardness; sulfite and testable polymer tests
for high-pressure boilers, and oxidizing biocide test for open cooling systems.

Sample Cooler:

1. Tube: Sample.

a. Size: NPS 1/4 tubing.
b. Material: ASTM A 666, Type 316 stainless steel.
C. Pressure Rating: Minimum 2000 psig.
d. Temperature Rating: Minimum 850 deg F.
2. Shell: Cooling water.

a. Material: ASTM A 666, Type 304 stainless steel.
b. Pressure Rating: Minimum 250 psig.
C. Temperature Rating: Minimum 450 deg F.

CHEMICALS
Chemicals shall be as recommended by water-treatment system manufacturer that are

compatible with piping system components and connected equipment and that can attain water
quality specified in "Performance Requirements" Article.
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PART 3 - EXECUTION

3.1

3.2

3.3

WATER ANALYSIS

Perform an analysis of supply water to determine quality of water available at Project site.

INSTALLATION

Install chemical application equipment on concrete bases, level and plumb. Maintain
manufacturer's recommended clearances. Arrange units so controls and devices that require
servicing are accessible. Anchor chemical tanks and floor-mounting accessories to substrate.

Install seismic restraints for equipment and floor-mounting accessories and anchor to building
structure. Comply with requirements in Section 230548 "Vibration and Seismic Controls for
HVAC" for seismic restraints.

Install water testing equipment on wall near water chemical application equipment.

Install interconnecting control wiring for chemical treatment controls and sensors.

Mount sensors and injectors in piping circuits.

Install automatic chemical-feed equipment for steam boiler and steam condensate systems and
include the following:

1. Install water meter in makeup-water supply.
2. Install inhibitor injection pumps and solution tanks with injection timer sensing contacts in
water meter.

a. Pumps shall operate for timed interval when contacts close at water meter in
makeup-water supply connection. Injection pump shall discharge into boiler
feedwater tank or feedwater supply connection at boiler.

3. Install test equipment and furnish test-kit to Owner.
4, Install TSS controller with sensor and bleed valves.
a. Bleed valves shall cycle to maintain maximum TSS concentration.
5. Install inhibitor injection timer with injection pumps and solution tanks.
a. Pumps shall operate for timed interval on contact closure at water meter in

makeup-water supply connection. Injection pump shall discharge into main steam
supply header.

CONNECTIONS

Where installing piping adjacent to equipment, allow space for service and maintenance.

Make piping connections between steam systems water-treatment equipment and dissimilar-

metal piping with dielectric fittings. Comply with requirements in Section 232113 "Hydronic
Piping" for dielectric fittings.
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C.

3.4

Install shutoff valves on steam systems water-treatment equipment inlet and outlet. Metal
general-duty valves are specified in Section 230523 "General-Duty Valves for HVAC Piping."

Comply with requirements in Section 221119 "Domestic Water Piping Specialties" for backflow
preventers required in makeup-water connections to potable-water systems.

Confirm applicable electrical requirements in electrical Sections for connecting electrical
equipment.

Ground equipment according to Section 260526 "Grounding and Bonding for Electrical
Systems."

Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and
Cables."
FIELD QUALITY CONTROL

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

Perform the following tests and inspections with the assistance of a factory-authorized service
representative:

1. Inspect field-assembled components and equipment installation, including piping and
electrical connections.
2. Inspect piping and equipment to determine that systems and equipment have been

cleaned, flushed, and filled with water, and are fully operational before introducing
chemicals for water-treatment system.

3. Place steam systems water-treatment system into operation and calibrate controls during
the preliminary phase of steam systems' startup procedures.

4, Do not enclose, cover, or put piping into operation until it is tested and satisfactory test
results are achieved.

5. Test for leaks and defects. If testing is performed in segments, submit separate report for
each test, complete with diagram of portion of piping tested.

6. Leave uncovered and unconcealed new, altered, extended, and replaced water piping

until it has been tested and approved. Expose work that has been covered or concealed
before it has been tested and approved.

7. Cap and subject piping to static water pressure of 50 psig above operating pressure,
without exceeding pressure rating of piping system materials. Isolate test source and
allow test pressure to stand for four hours. Leaks and loss in test pressure constitute
defects.

8. Repair leaks and defects with new materials and retest piping until no leaks exist.

Equipment will be considered defective if it does not pass tests and inspections.
Prepare test and inspection reports.

Sample boiler water at one-week intervals after boiler startup for a period of five weeks, and
prepare test report advising Owner of changes necessary to adhere to "Performance
Requirements” Article for each required characteristic. Sample boiler water at four-week
intervals following the testing noted above to show that automatic chemical-feed systems are
maintaining water quality within performance requirements specified in this Section.
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F. Comply with ASTM D 3370 and with the following standards:

Silica: ASTM D 859.

Steam System: ASTM D 1066.
Acidity and Alkalinity: ASTM D 1067.
Iron: ASTM D 1068.

Water Hardness: ASTM D 1126.

agrONE

3.5 MAINTENANCE SERVICE

A. Scope of Maintenance Service: Provide chemicals and service program to maintain water
conditions required above to inhibit corrosion, scale formation, and biological growth for heating,
steam and condensate piping and equipment. Services and chemicals shall be provided for a
period of one year from date of Substantial Completion, and shall include the following:

Initial water analysis and steam systems water-treatment recommendations.

Startup assistance for Contractor to flush the systems, clean with detergents, and initially
fill systems with required chemical treatment prior to operation.

Periodic field service and consultation.

Customer report charts and log sheets.

Laboratory technical analysis.

Analyses and reports of all chemical items concerning safety and compliance with
government regulations.

N =

ook w

3.6 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain steam systems water-treatment systems and equipment.

B. Training: Provide a "how-to-use" self-contained breathing apparatus video that details exact

operating procedures of equipment.

END OF SECTION 232519
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SECTION 23 31 13 - METAL DUCTS

PART 1 - GENERAL

1.1

1.2

1.3

14

15

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions, Division 00 Information for Bidders, and Division 01 Specification Sections, apply to
this Section.

SUMMARY

Section Includes:

1. Single-wall rectangular ducts and fittings.

2. Sheet metal materials.

3. Sealants and gaskets.

4, Hangers and supports.

Related Sections:

1. Division 23 Section "Testing, Adjusting, and Balancing for HVAC" for testing, adjusting,
and balancing requirements for metal ducts.

2. Division 23 Section "Air Duct Accessories" for dampers, sound-control devices, duct-
mounting access doors and panels, turning vanes, and flexible ducts.

PERFORMANCE REQUIREMENTS

Delegated Duct Design: Duct construction, including sheet metal thicknesses, seam and joint

construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC

Duct Construction Standards - Metal and Flexible" and performance requirements and design

criteria indicated in "Duct Schedule" Article.

Airstream Surfaces: Surfaces in contact with the airstream shall comply with requirements in

ASHRAE 62.1.

ACTION SUBMITTALS

Product Data: For each type of the following products:

1. Liners and adhesives.
2. Sealants and gaskets.
QUALITY ASSURANCE

Welding Qualifications: Qualify procedures and personnel according to the following:

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports.
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PART 2 -

21

2.2

2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum supports.
3. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding.

ASHRAE Compliance: Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and
Equipment" and Section 7 - "Construction and System Start-up."

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

PRODUCTS

SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS

General Fabrication Requirements: Comply with  SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise
indicated.

Transverse Joints: Select joint types and fabricate according to 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."

Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible,” Figure 2-2, "Rectangular Duct/Longitudinal
Seams," for static-pressure class, applicable sealing requirements, materials involved, duct-
support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select types
and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Chapter 4, "Fittings and Other Construction," for static-pressure class, applicable
sealing requirements, materials involved, duct-support intervals, and other provisions in
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

SHEET METAL MATERIALS

General Material Requirements: Comply with SMACNA's "HVAC Duct Construction Standards
- Metal and Flexible" for acceptable materials, material thicknesses, and duct construction
methods unless otherwise indicated. Sheet metal materials shall be free of pitting, seam marks,
roller marks, stains, discolorations, and other imperfections.

Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.

1. Galvanized Coating Designation: G60.
2. Finishes for Surfaces Exposed to View: Mill phosphatized.

Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars; black
and galvanized.

1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum
ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.
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D. Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.

2.3 SEALANT AND GASKETS

A. General Sealant and Gasket Requirements: Surface-burning characteristics for sealants and
gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index
of 50 when tested according to UL 723; certified by an NRTL.

B. Two-Part Tape Sealing System:

1.

CoNoOOA~WN

-
©

11.

Tape: Woven cotton fiber impregnated with mineral gypsum and modified acrylic/silicone
activator to react exothermically with tape to form hard, durable, airtight seal.

Tape Width: 3 inches.

Sealant: Modified styrene acrylic.

Water resistant.

Mold and mildew resistant.

Maximum Static-Pressure Class: 10-inch wg, positive and negative.

Service: Indoor and outdoor.

Service Temperature: Minus 40 to plus 200 deg F.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
steel, or aluminum.

For indoor applications, sealant shall have a VOC content of 250 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

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

C. Water-Based Joint and Seam Sealant:

CoNOUA~AWNE

Application Method: Brush on.

Solids Content: Minimum 65 percent.

Shore A Hardness: Minimum 20.

Water resistant.

Mold and mildew resistant.

VOC: Maximum 75 g/L (less water).

Maximum Static-Pressure Class: 10-inch wg, positive and negative.

Service: Indoor or outdoor.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
steel, or aluminum sheets.

D. Solvent-Based Joint and Seam Sealant:

ONoOr~WNE

©

L&D #25109

Application Method: Brush on.

Base: Synthetic rubber resin.

Solvent: Toluene and heptane.

Solids Content: Minimum 60 percent.

Shore A Hardness: Minimum 60.

Water resistant.

Mold and mildew resistant.

For indoor applications, sealant shall have a VOC content of 250 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

VOC: Maximum 395 g/L.
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E.

F.

G.

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

11. Maximum Static-Pressure Class: 10-inch wg, positive or negative.

12.  Service: Indoor or outdoor.

13. Substrate: Compatible with galvanized sheet steel (both PVC coated and bare), stainless
steel, or aluminum sheets.

Flanged Joint Sealant: Comply with ASTM C 920.

1. General: Single-component, acid-curing, silicone, elastomeric.

2. Type: S.

3. Grade: NS.

4. Class: 25.

5. Use: O.

6. For indoor applications, sealant shall have a VOC content of 250 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

7. Sealant shall comply with the testing and product requirements of the California

Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers."

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

Round Duct Joint O-Ring Seals:

1. Seal shall provide maximum leakage class of 3 ¢cfm/100 sq. ft. at 1-inch wg and shall be
rated for 10-inch wg static-pressure class, positive or negative.

2. EPDM O-ring to seal in concave bead in coupling or fitting spigot.

3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated couplings
and fitting spigots.

HANGERS AND SUPPORTS

Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.

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."

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

Trapeze and Riser Supports:

1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.

PART 3 - EXECUTION

3.1

A.

DUCT INSTALLATION

Drawing plans, schematics, and diagrams indicate general location and arrangement of duct
system. Indicated duct locations, configurations, and arrangements were used to size ducts
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3.2

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.

Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"
unless otherwise indicated.

Install round and flat-oval ducts in maximum practical lengths.
Install ducts with fewest possible joints.

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

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

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

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

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

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.

Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.
Comply with requirements in Division 23 Section "Air Duct Accessories" for fire and smoke
dampers.

Protect duct interiors from moisture, construction debris and dust, and other foreign
materials. Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under
Construction," Appendix G, "Duct Cleanliness for New Construction Guidelines."
INSTALLATION OF EXPOSED DUCTWORK

Protect ducts exposed in finished spaces from being dented, scratched, or damaged.

Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not use
two-part tape sealing system.

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.

Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings,
hangers and supports, duct accessories, and air outlets.

Repair or replace damaged sections and finished work that does not comply with these
requirements.
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3.3

3.4

A.

DUCT SEALING

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

Seal ducts to the following seal classes according to 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, Exhaust Ducts: Seal Class C.

4, Outdoor, Return-Air Ducts: Seal Class C.

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

6. Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wag:
Seal Class A.

7. Unconditioned Space, Exhaust Ducts: Seal Class C.

8. Unconditioned Space, Return-Air Ducts: Seal Class B.

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

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

11. Conditioned Space, Exhaust Ducts: Seal Class B.
12. Conditioned Space, Return-Air Ducts: Seal Class C.

HANGER AND SUPPORT INSTALLATION

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 5,
"Hangers and Supports."

Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel
fasteners appropriate for construction materials to which hangers are being attached.

1. Where practical, install concrete inserts before placing concrete.

2. Install powder-actuated concrete fasteners after concrete is placed and completely cured.

3 Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for
slabs more than 4 inches thick.

4, Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for
slabs less than 4 inches thick.
5. Do not use powder-actuated concrete fasteners for seismic restraints.

Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum
Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports
within 24 inches of each elbow and within 48 inches of each branch intersection.

Hangers Exposed to View: Threaded rod and angle or channel supports.
Support vertical ducts with steel angles or channel secured to the sides of the duct with welds,

bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum intervals of 16
feet.
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3.5

3.6

3.7

3.8

3.9

F.

A.

B.

Install upper attachments to structures. Select and size upper attachments with pull-out,
tension, and shear capacities appropriate for supported loads and building materials where
used.

CONNECTIONS

Make connections to equipment with flexible connectors complying with Division 23 Section "Air
Duct Accessories."

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch,
outlet and inlet, and terminal unit connections.

PAINTING

Paint interior of metal ducts that are visible through registers and grilles and that do not have
duct liner. Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer.
Paint materials and application requirements are specified in Division 09 painting Sections.
FIELD QUALITY CONTROL

Perform tests and inspections.

Leakage Tests:

1. Comply with SMACNA's "HVAC Air Duct Leakage Test Manual." Submit a test report for

each test.

2. Disassemble, reassemble, and seal segments of systems to accommodate leakage
testing and for compliance with test requirements.

3. Test for leaks before applying external insulation.

4, Conduct tests at static pressures equal to maximum design pressure of system or section

being tested. |If static-pressure classes are not indicated, test system at maximum
system design pressure. Do not pressurize systems above maximum design operating
pressure.

5. Give seven days' advance notice for testing.

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

Prepare test and inspection reports.

START UP

Air Balance: Comply with requirements in Division 23 Section "Testing, Adjusting, and
Balancing for HVAC."

DUCT SCHEDULE
Fabricate ducts with galvanized sheet steel except as otherwise indicated:

Exhaust Ducts:
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1.

Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air:

aoow

Pressure Class: Negative 1-inch wg.

Minimum SMACNA Seal Class: A if negative pressure, and A if positive pressure.
SMACNA Leakage Class for Rectangular: 12.

SMACNA Leakage Class for Round and Flat Oval: 6.

Ducts Connected to Equipment Not Listed Above:

a.
b.
c.
d.

Pressure Class: Positive or negative 2-inch wg.

Minimum SMACNA Seal Class: A if negative pressure, and A if positive pressure.
SMACNA Leakage Class for Rectangular: 6.

SMACNA Leakage Class for Round and Flat Oval: 3.

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: A.
C. SMACNA Leakage Class for Rectangular: 6.
d. SMACNA Leakage Class for Round and Flat Oval: 3.

2. Ducts Connected to Equipment Not Listed Above:
a. Pressure Class: Positive or negative 2-inch wg.
b. Minimum SMACNA Seal Class: A.
C. SMACNA Leakage Class for Rectangular: 3.
d. SMACNA Leakage Class for Round and Flat Oval: 3.

D. Intermediate Reinforcement:
1. Galvanized-Steel Ducts: Galvanized steel.
E. Elbow Configuration:

1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible," Figure 4-2, "Rectangular Elbows."
a. Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.
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."
2. Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and

L&D #25109

Flexible," Figure 3-4, "Round Duct Elbows."

a.

Minimum Radius-to-Diameter Ratio and Elbow Segments: Comply with
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 3-1,
"Mitered Elbows." Elbows with less than 90-degree change of direction have
proportionately fewer segments.

1) Radius-to Diameter Ratio: 1.5.

Round Elbows, 12 Inches and Smaller in Diameter: Stamped or pleated.
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C. Round Elbows, 14 Inches and Larger in Diameter: Standing seam.
F. Branch Configuration:

1. Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible," Figure 4-6, "Branch Connection."

a. Rectangular Main to Rectangular Branch: 45-degree entry.
b. Rectangular Main to Round Branch: Spin in.

2. Round and Flat Oval: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical
Tees." Saddle taps are permitted in existing duct.

a. Velocity 1000 fpm or Lower: 90-degree tap.

b. Velocity 1000 to 1500 fpm: Conical tap.
C. Velocity 1500 fpm or Higher: 45-degree lateral.

END OF SECTION 23 31 13
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SECTION 23 33 00 - AIR DUCT ACCESSORIES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions, Division 00 Information for Bidders, and Division 01 Specification Sections, apply to
this Section.

1.2 SUMMARY
A. Section Includes:

Barometric relief dampers.
Manual volume dampers.
Control dampers.

Flange connectors.
Turning vanes.

Flexible connectors.

Duct accessory hardware.

Nogakrwpdhr

13 ACTION SUBMITTALS

A. Product Data: For each type of product.

1.4 CLOSEOUT SUBMITTALS
A. Operation and Maintenance Data: For air duct accessories to include in operation and
maintenance manuals.

PART 2 - PRODUCTS

21 ASSEMBLY DESCRIPTION

A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with
NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."

B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
acceptable materials, material thicknesses, and duct construction methods unless otherwise
indicated. Sheet metal materials shall be free of pitting, seam marks, roller marks, stains,
discolorations, and other imperfections.

2.2 MATERIALS

A. Galvanized Sheet Steel: Comply with ASTM A 653/A 653M.
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2.3

1. Galvanized Coating Designation: G60.
2. Exposed-Surface Finish: Mill phosphatized.

Stainless-Steel Sheets: Comply with ASTM A 480/A 480M, Type 304, and having a No. 2 finish
for concealed ducts and for exposed ducts.

Aluminum Sheets: Comply with ASTM B 209, Alloy 3003, Temper H14; with mill finish for
concealed ducts and standard, 1-side bright finish for exposed ducts.

Extruded Aluminum: Comply with ASTM B 221, Alloy 6063, Temper T6.

Reinforcement Shapes and Plates: Galvanized-steel reinforcement where installed on
galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.

Tie Rods: Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch
minimum diameter for lengths longer than 36 inches.

BAROMETRIC RELIEF DAMPERS

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

Air Balance Inc.; a division of Mestek, Inc.

American Warming and Ventilating; a division of Mestek, Inc.
Cesco Products; a division of Mestek, Inc.

Greenheck Fan Corporation.

Lloyd Industries, Inc.

Nailor Industries Inc.

NCA Manufacturing, Inc.

Pottorff.

Ruskin Company.

0. Vent Products Company, Inc.

BOoNOOA~AWNE

Suitable for horizontal or vertical mounting.
Maximum Air Velocity: 1000 fpm.

Frame: Hat-shaped, 0.094-inch- thick, galvanized sheet steel, with welded corners or
mechanically attached and mounting flange.

Blades:

Multiple, 0.025-inch- thick, roll-formed aluminum.
Maximum Width: 6 inches.

Action: Parallel.

Balance: Gravity.

Eccentrically pivoted.

arONE

Blade Seals: Vinyl.
Blade Axles: Nonferrous metal.

Tie Bars and Brackets:
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1.
2.

Material: Aluminum.
Rattle free with 90-degree stop.

l. Return Spring: Adjustable tension.

J. Bearings: Synthetic.

K. Accessories:

1. Flange on intake.
2. Adjustment device to permit setting for varying differential static pressures.
24 MANUAL VOLUME DAMPERS

A. Standard, Steel, Manual Volume Dampers:

1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Air Balance Inc.; a division of Mestek, Inc.
b. American Warming and Ventilating; a division of Mestek, Inc.
C. Flexmaster U.S.A., Inc.
d. McGill AirFlow LLC.
e. Nailor Industries Inc.
f. Pottorff.
g. Ruskin Company.
h. Trox USA Inc.
i. Vent Products Company, Inc.
2. Standard leakage rating, with linkage outside airstream.
3. Suitable for horizontal or vertical applications.
4, Frames:
a. Frame: Hat-shaped, 0.094-inch- thick, galvanized sheet steel.
b. Mitered and welded corners.
C. Flanges for attaching to walls and flangeless frames for installing in ducts.
5. Blades:
a. Multiple or single blade.
b. Parallel- or opposed-blade design.
C. Stiffen damper blades for stability.
d. Galvanized-steel, 0.064 inch thick.
6. Blade Axles: Nonferrous metal.
7. Bearings:
a. Oil-impregnated bronze.
b. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full
length of damper blades and bearings at both ends of operating shaft.
8. Tie Bars and Brackets: Galvanized steel.
B. Jackshaft:

L&D 25109
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2.5

1. Size: 0.5-inch diameter.

2. Material: Galvanized-steel pipe rotating within pipe-bearing assembly mounted on
supports at each mullion and at each end of multiple-damper assemblies.
3. Length and Number of Mountings: As required to connect linkage of each damper in

multiple-damper assembly.

Damper Hardware:

1. Zinc-plated, die-cast core with dial and handle made of 3/32-inch- thick zinc-plated steel,
and a 3/4-inch hexagon locking nut.

2. Include center hole to suit damper operating-rod size.

3. Include elevated platform for insulated duct mounting.

CONTROL DAMPERS

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

American Warming and Ventilating; a division of Mestek, Inc.
Arrow United Industries; a division of Mestek, Inc.
Cesco Products; a division of Mestek, Inc.
Greenheck Fan Corporation.

Lloyd Industries, Inc.

McGill AirFlow LLC.

Metal Form Manufacturing, Inc.

Nailor Industries Inc.

NCA Manufacturing, Inc.

10. Pottorff.

11.  Ruskin Company.

12.  Vent Products Company, Inc.

13.  Young Regulator Company.

CoNOUAWNE

Low-leakage rating, with linkage outside airstream, and bearing AMCA's Certified Ratings Seal
for both air performance and air leakage.

Frames:

1. Hat shaped.
2. 0.094-inch- thick, galvanized sheet steel.
3. Mitered and welded corners.

Blades:

Multiple blade with maximum blade width of 6 inches.

Parallel- and opposed-blade design.

Galvanized-steel.

0.064 inch thick single skin or 0.0747-inch- thick dual skin.

Blade Edging: Closed-cell neoprene.

Blade Edging: Inflatable seal blade edging, or replaceable rubber seals.

oukrwNE

Blade Axles: 1/2-inch- diameter; nonferrous metal; blade-linkage hardware of zinc-plated steel
and brass; ends sealed against blade bearings.

1. Operating Temperature Range: From minus 40 to plus 200 deg F.
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2.6

2.7

Bearings:

1. Oil-impregnated bronze.

2. Dampers in ducts with pressure classes of 3-inch wg or less shall have axles full length of
damper blades and bearings at both ends of operating shaft.

3. Thrust bearings at each end of every blade.

FLANGE CONNECTORS

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

1. Ductmate Industries, Inc.
2. Nexus PDQ); Division of Shilco Holdings Inc.
3. Ward Industries, Inc.; a division of Hart & Cooley, Inc.

Description: Add-on or roll-formed, factory-fabricated, slide-on transverse flange connectors,
gaskets, and components.

Material: Galvanized steel.

Gage and Shape: Match connecting ductwork.

TURNING VANES

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

Ductmate Industries, Inc.

Duro Dyne Inc.

Elgen Manufacturing.

METALAIRE, Inc.

SEMCO Incorporated.

Ward Industries, Inc.; a division of Hart & Cooley, Inc.

ogkrwnrE

Manufactured Turning Vanes for Metal Ducts: Curved blades of galvanized sheet steel; support
with bars perpendicular to blades set; set into vane runners suitable for duct mounting.

1. Acoustic Turning Vanes: Fabricate airfoil-shaped aluminum extrusions with perforated
faces and fibrous-glass fill.

Manufactured Turning Vanes for Nonmetal Ducts: Fabricate curved blades of resin-bonded
fiberglass with acrylic polymer coating; support with bars perpendicular to blades set; set into
vane runners suitable for duct mounting.

General Requirements: Comply with SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible"; Figures 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in Elbows."

Vane Construction: Single wall.

Vane Construction: Single wall for ducts up to 48 inches wide and double wall for larger
dimensions.
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A.

FLEXIBLE CONNECTORS

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

Ductmate Industries, Inc.

Duro Dyne Inc.

Elgen Manufacturing.

Ventfabrics, Inc.

Ward Industries, Inc.; a division of Hart & Cooley, Inc.

agrwONE

Materials: Flame-retardant or noncombustible fabrics.
Coatings and Adhesives: Comply with UL 181, Class 1.

Metal-Edged Connectors: Factory fabricated with a fabric strip 3-1/2 inches wide attached to
two strips of 2-3/4-inch- wide, 0.028-inch- thick, galvanized sheet steel or 0.032-inch- thick
aluminum sheets. Provide metal compatible with connected ducts.

Indoor System, Flexible Connector Fabric: Glass fabric double coated with neoprene.

1. Minimum Weight: 26 o0z./sq. yd..
2. Tensile Strength: 480 Ibf/inch in the warp and 360 Ibf/inch in the filling.
3. Service Temperature: Minus 40 to plus 200 deg F.

Outdoor System, Flexible Connector Fabric: Glass fabric double coated with weatherproof,
synthetic rubber resistant to UV rays and ozone.

1. Minimum Weight: 24 oz./sq. yd..
2. Tensile Strength: 530 Ibf/inch in the warp and 440 Ibf/inch in the filling.
3. Service Temperature: Minus 50 to plus 250 deg F.

High-Temperature System, Flexible Connectors: Glass fabric coated with silicone rubber.

1. Minimum Weight: 16 o0z./sq. yd..
2. Tensile Strength: 285 Ibf/inch in the warp and 185 Ibf/inch in the filling.
3. Service Temperature: Minus 67 to plus 500 deg F.

Thrust Limits: Combination coil spring and elastomeric insert with spring and insert in
compression, and with a load stop. Include rod and angle-iron brackets for attaching to fan
discharge and duct.

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

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

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

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

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

deformation or failure.

Elastomeric Element: Molded, oil-resistant rubber or neoprene.

Coil Spring: Factory set and field adjustable for a maximum of 1/4-inch movement at
start and stop.

No
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A.

B.

DUCT ACCESSORY HARDWARE

Instrument Test Holes: Cast iron or cast aluminum to suit duct material, including screw cap
and gasket. Size to allow insertion of pitot tube and other testing instruments and of length to
suit duct-insulation thickness.

Adhesives: High strength, quick setting, neoprene based, waterproof, and resistant to gasoline
and grease.

PART 3 - EXECUTION

3.1

A.

w

m

G.

3.2

A.

INSTALLATION

Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous Glass Duct
Construction Standards," for fibrous-glass ducts.

Install duct accessories of materials suited to duct materials; use galvanized-steel accessories
in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts,
and aluminum accessories in aluminum ducts.

Install backdraft dampers at inlet of exhaust fans or exhaust ducts as close as possible to
exhaust fan unless otherwise indicated.

Install volume dampers at points on supply, return, and exhaust systems where branches
extend from larger ducts. Where dampers are installed in ducts having duct liner, install
dampers with hat channels of same depth as liner, and terminate liner with nosing at hat
channel.

Set dampers to fully open position before testing, adjusting, and balancing.

Install test holes at fan inlets and outlets and elsewhere as indicated.

Install flexible connectors to connect ducts to equipment.

For fans developing static pressures of 5-inch wg and more, cover flexible connectors with
loaded vinyl sheet held in place with metal straps.

Install duct test holes where required for testing and balancing purposes.

Install thrust limits at centerline of thrust, symmetrical on both sides of equipment. Attach thrust
limits at centerline of thrust and adjust to a maximum of 1/4-inch movement during start and
stop of fans.

FIELD QUALITY CONTROL

Tests and Inspections:

1. Operate dampers to verify full range of movement.
2. Inspect turning vanes for proper and secure installation.
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