SECTION 210700 - FIRE-SUPPRESSION SYSTEMS INSULATION
REVISE THIS SECTION BY DELETING AND INSERTING TEXT TO MEET PROJECT-SPECIFIC REQUIREMENTS.
PART 1 -  GENERAL
1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A. Section includes insulating the following fire protection piping services:
LIST OF FIRE-SUPPRESSION EQUIPMENT AND PIPING BELOW MATCHES THE VARIOUS EQUIPMENT ITEMS AND PIPING SYSTEMS IN THE SCHEDULE ARTICLES. COORDINATE REVISION OF LIST BELOW WITH "EQUIPMENT INSULATION SCHEDULE"; "INDOOR PIPING INSULATION SCHEDULE"; AND "OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE" ARTICLES.
1. Engine coolant piping for remote radiator of engine-driven fire pump.
2. Engine exhaust piping and silencer.
3. Indoor and outdoor equipment.
4. Outdoor piping.
1.3 SUBMITTALS
ONLY REQUEST SUBMITTALS NEEDED TO VERIFY COMPLIANCE WITH PROJECT REQUIREMENTS.
A. Submittals for this section are subject to the re-evaluation fee identified in Article 4 of the General Conditions.
B. Manufacturer’s installation instructions shall be provided along with product data.
C. Submittals shall be provided in the order in which they are specified and tabbed (for combined submittals).
D. Product Data: For each type of product.
1. Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory and field applied if any).
E. Sustainable Design Submittals:
F. Shop Drawings:
1. Include plans, elevations, sections, and attachment details.
2. Detail application of protective shields, saddles, and inserts at hangers for each type of insulation and hanger.
3. Detail attachment and covering of heat tracing inside insulation.
4. Detail insulation application at pipe expansion joints for each type of insulation.
5. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each type of insulation.
6. Detail removable insulation at piping specialties and equipment connections.
7. Detail application of field-applied jackets.
8. Detail application at linkages of control devices.
9. Detail field application for fire-suppression water storage tanks.
RETAIN "SAMPLES" PARAGRAPH BELOW TO VERIFY PRODUCTS WITH SAMPLES.
G. Samples: For each type of insulation and jacket indicated. Identify each Sample, describing product and intended use. Sample sizes are as follows:
1. Preformed Pipe Insulation Materials: 12 inches long by NPS 2.
2. Sheet Form Insulation Materials: 12 inches square.
3. Jacket Materials for Pipe: 12 inches long by NPS 2.
4. Sheet Jacket Materials: 12 inches square.
5. Manufacturer's Color Charts: For products where color is specified, show the full range of colors available for each type of finish material.
RETAIN "MATERIAL TEST REPORTS" PARAGRAPH BELOW IF SURFACE-BURNING CHARACTERISTICS SPECIFIED IN "QUALITY ASSURANCE" ARTICLE ARE SPECIFIED TO BE VERIFIED BY AN INDEPENDENT TESTING AGENCY.
H. Material Test Reports: From the manufacturer Company Service Advisor acceptable to authorities having jurisdiction indicating, interpreting, and certifying test results for compliance of insulation materials, sealers, attachments, cements, and jackets, with requirements indicated per manufacturing requirements and drawings and specifications. Include dates of tests and test methods employed.
RETAIN "FIELD QUALITY-CONTROL REPORTS" PARAGRAPH BELOW IF CONTRACTOR IS RESPONSIBLE FOR FIELD QUALITY-CONTROL TESTING AND INSPECTING.
I. Field quality-control reports.
1.4 QUALITY ASSURANCE
RETAIN "INSTALLER QUALIFICATIONS" PARAGRAPH BELOW IF AVAILABLE AT PROJECT LOCATION. APPRENTICESHIP PROGRAMS ARE USUALLY ASSOCIATED WITH UNION SHOPS. OTHER CRAFT TRAINING PROGRAMS ARE AVAILABLE.
A. Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
WHEN FIRE-PERFORMANCE CHARACTERISTICS ARE IMPORTANT REQUIREMENTS, VERIFY SURFACE-BURNING CHARACTERISTICS OF INSULATION MATERIALS BY AN INDEPENDENT TESTING AGENCY AND REQUIRE TEST REPORT SUBMITTALS. INCLUDE TEST DATE AND TEST METHODS.
B. Surface-Burning Characteristics: For insulation and related materials. Comply with ASTM E84 “Standard Test Method for Surface Burning Characteristics of Building Materials”; testing by a qualified testing agency. Identify products 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.
IF RETAINING "MOCKUPS" PARAGRAPH BELOW, INDICATE LOCATION, SIZE, AND OTHER DETAILS OF MOCKUPS ON DRAWINGS OR BY INSERTS. REVISE IF ONLY ONE MOCKUP IS REQUIRED. EDIT MOCKUPS TO RETAIN THOSE SPECIFIC TO PROJECT. PROVIDE ADDITIONAL MOCKUP REQUIREMENTS IF APPLICABLE.
C. Mockups: Before installing insulation, build mockups for each type of insulation and finish listed below to demonstrate quality of insulation application and finishes. Build mockups in the location indicated or, if not indicated, as directed by Director’s Representative. Use materials indicated for the completed Work.
1. Piping Mockups:
a. One 10-foot section of NPS 2 straight pipe.
b. One each of a 90-degree threaded, welded, and flanged elbow.
c. One each of a threaded, welded, and flanged tee fitting.
d. One NPS 2 or smaller valve, and one NPS 2-1/2 or larger valve.
e. Four support hangers including hanger shield and insert.
f. One threaded strainer and one flanged strainer with removable portion of insulation.
g. One threaded reducer and one welded reducer.
h. One pressure temperature tap.
i. One mechanical coupling.
j. One union.
k. <Insert mockup>.
2. Equipment Mockups:
a. One tank or vessel.
b. <Insert mockup>.
3. For each mockup, fabricate cutaway sections to allow observation of application details for insulation materials, adhesives, mastics, attachments, and jackets.
4. Notify Director’s Representative [seven] <Insert number> days in advance of dates and times when mockups will be constructed.
5. Obtain Director’s Representative's approval of mockups before starting insulation application.
RETAIN FIRST SUBPARAGRAPH BELOW IF MOCKUPS ARE NOT ONLY FOR ESTABLISHING APPEARANCE FACTORS.
6. Approval of mockups does not constitute approval of deviations from the Contract Documents contained in mockups unless Director’s Representative specifically approves such deviations in writing.
7. Maintain mockups during construction in an undisturbed condition as a standard for judging the completed Work.
8. Remove mockups when directed by the Director’s Representative.
1.5 DELIVERY, STORAGE, AND HANDLING
RETAIN THIS ARTICLE TO REQUIRE SHIPPING CONTAINER MARKINGS. CONTAINER MARKING IS AN OPTION IN ASTM STANDARDS; DEFAULT CONDITION DOES NOT INCLUDE THE MARKING IN THIS ARTICLE UNLESS SPECIFIED IN THE CONTRACT.
A. Packaging: Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.
1.6 COORDINATION
A. Coordinate clearance requirements with piping Installer for piping insulation application and with equipment Installer for equipment 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.
B. Coordinate installation and testing of heat tracing.
1.7 SCHEDULING
A. Schedule insulation application after pressure testing systems and, where required, after installing and testing heat tracing. Insulation application may begin on segments that have satisfactory test results.
B. Complete installation and concealment of plastic materials as rapidly as possible in each area of construction.
PART 2 -  PRODUCTS
MANUFACTURERS AND PRODUCTS LISTED IN SPECAGENT AND MASTERWORKS PARAGRAPH BUILDER ARE NEITHER RECOMMENDED NOR ENDORSED BY THE AIA OR DELTEK. BEFORE INSERTING NAMES, VERIFY THAT MANUFACTURERS AND PRODUCTS LISTED THERE COMPLY WITH REQUIREMENTS RETAINED OR REVISED IN DESCRIPTIONS AND ARE BOTH AVAILABLE AND SUITABLE FOR THE INTENDED APPLICATIONS. 
2.1 INSULATION MATERIALS
IF RETAINING MORE THAN ONE TYPE OF INSULATION IN THIS ARTICLE, INDICATE WHERE EACH TYPE APPLIES IN INSULATION SYSTEM SCHEDULES.
A. Comply with requirements in "Diesel Engine Exhaust Insulation Schedule"; "Equipment Insulation Schedule"; "Piping Insulation Schedule, General"; "Indoor Piping Insulation Schedule"; and "Outdoor, Aboveground Piping Insulation Schedule" articles for where insulating materials shall be applied.
SEE "PRODUCT CHARACTERISTICS" ARTICLE IN THE EVALUATIONS FOR COMPARISONS AND TEMPERATURE RANGES FOR INSULATION MATERIAL PROPERTIES.
B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested in accordance with ASTM C871 “Standard Test Methods for Chemical Analysis of Thermal Insulation Materials for Leachable Chloride, Fluoride, Silicate and Sodium Ions”.
D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable in accordance with ASTM C795 “Standard Specification for Thermal Insulation for Use in Contact with Austenitic Stainless Steel”.
E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
F. Calcium Silicate: Flat-, curved-, and grooved-block sections of noncombustible, inorganic, hydrous calcium silicate with a non-asbestos fibrous reinforcement. Comply with ASTM C533 “Standard Specification for Calcium Silicate Block and Pipe Thermal Insulation”, Type I or Type II.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Johns Manville; a Berkshire Hathaway company.
b. Thermal Pipe Shields Inc. TPS Industrial Insulations
c. Approved equivalent.
2. Prefabricated Fitting Covers: Comply with ASTM C450 “Standard Practice for Fabrication of Thermal Insulating Fitting Covers for NPS Piping, and Vessel Lagging” and ASTM C585 “Standard Practice for Inner and Outer Diameters of Rigid Thermal Insulation for Nominal Sizes of Pipe and Tubing (NPS System)” for dimensions used in preforming insulation to cover valves, elbows, tees, and flanges.
G. Cellular Glass: Inorganic, incombustible, foamed or cellulated glass with annealed, rigid, hermetically sealed cells. Comply with ASTM C552 “Standard Specification for Cellular Glass Thermal Insulation”.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Owens Corning.
b. SPI: Specialty Products and Insulation
c. Multiglass Insulation Ltd.
d. Approved equivalent.
2. Block Insulation: Type I.
3. Preformed Pipe Insulation: Type II, Class 1 without jacket.
4. Preformed Pipe Insulation: Type II, Class 2 with factory-applied [ASJ] [ASJ-SSL].
5. Special-Shaped Insulation: Type III.
6. Board Insulation: Type IV.
7. Factory fabricate shapes in accordance with ASTM C450 “Standard Practice for Fabrication of Thermal Insulating Fitting Covers for NPS Piping, and Vessel Lagging” and ASTM C585 “Standard Practice for Inner and Outer Diameters of Rigid Thermal Insulation for Nominal Sizes of Pipe and Tubing (NPS System)”.
8. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
"FLEXIBLE ELASTOMERIC" PARAGRAPH BELOW IS UNSUITABLE FOR TEMPERATURES LOWER THAN MINUS 70 DEG F AND HIGHER THAN 220 DEG F.
H. Flexible Elastomeric: Closed-cell, sponge- or expanded-rubber materials. Comply with ASTM C534 “Standard Specification for Preformed Flexible Elastomeric Cellular Thermal Insulation in Sheet and Tubular Form”, Type I for tubular materials and Type II for sheet materials.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Aeroflex USA.
b. Armacell LLC.
c. K-Flex USA.
d. Approved equivalent.
THE MOST COMMON JACKET FOR EQUIPMENT APPLICATIONS IS ASJ, AND THE MOST COMMON JACKET FOR PLENUM APPLICATIONS IS FSK.
I. Mineral-Fiber Board: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C612 “Standard Specification for Mineral Fiber Block and Board Thermal Insulation”, Type IA or Type IB. For equipment applications, provide insulation [without factory-applied jacket] [with factory-applied ASJ] [with factory-applied FSK jacket]. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following: 
a. Owens Corning
b. Roxul
c. Thermafiber
d. Approved equivalent.
J. Mineral-Fiber, Preformed Pipe: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C547 “Standard Specification for Mineral Fiber Pipe Insulation”.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following: 
a. Owens Corning
b. Roxul
c. Thermafiber
d. Approved equivalent.
2. Preformed Pipe Insulation: Type I, Grade A [without factory-applied jacket] [with factory-applied ASJ] [with factory-applied ASJ-SSL].
3. 850 deg F.
4. Factory fabricate shapes in accordance with ASTM C450 “Standard Practice for Fabrication of Thermal Insulating Fitting Covers for NPS Piping, and Vessel Lagging” and ASTM C585 “Standard Practice for Inner and Outer Diameters of Rigid Thermal Insulation for Nominal Sizes of Pipe and Tubing (NPS System)”.
5. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
PIPE AND TANK INSULATION IS USED FOR LARGE-DIAMETER PIPING AND VESSELS. ASJ IS COMMONLY USED.
K. Mineral-Fiber, Pipe and Tank: Mineral or glass fibers bonded with a thermosetting resin. Comply with ASTM C1393 “Standard Specification for Perpendicularly Oriented Mineral Fiber Roll and Sheet Thermal Insulation for Pipes and Tanks”.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following: 
a. Owens Corning
b. Roxul
c. Thermafiber
d. Approved equivalent.
2. Semirigid board material with factory-applied [ASJ] [FSK jacket].
3. Nominal density is 2.5 lb/cu. ft. or more.
4. Thermal conductivity (k-value) at 100 deg F is 0.29 Btu x in./h x sq. ft. x deg F or less.
5. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
PHENOLIC INSULATION IS AVAILABLE IN GRADES 1 AND 2. GRADE 1 HAS A LOWER THERMAL CONDUCTIVITY THAN GRADE 2. GRADE 2 IS NOT COMMERCIALLY AVAILABLE.
L. Phenolic: Preformed pipe insulation of rigid, expanded, closed-cell structure. Comply with ASTM C1126 “Standard Specification for Faced or Unfaced Rigid Cellular Phenolic Thermal Insulation”.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Johns Manville; a Berkshire Hathaway company.
b. Polyguard Products, Inc.
c. Resolco Inc.
d. Approved equivalent.
2. Preformed Pipe Insulation: Type III [without factory-applied jacket] [with factory-applied ASJ].
3. Factory fabricate shapes in accordance with ASTM C450 “Standard Practice for Fabrication of Thermal Insulating Fitting Covers for NPS Piping, and Vessel Lagging” and ASTM C585 “Standard Practice for Inner and Outer Diameters of Rigid Thermal Insulation for Nominal Sizes of Pipe and Tubing (NPS System)”.
4. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
M. Polyisocyanurate: Preformed, rigid cellular polyisocyanurate material intended for use as thermal insulation. Comply with ASTM C591 “Standard Specification for Unfaced Preformed Rigid Cellular Polyisocyanurate Thermal Insulation”.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Dyplast Products.
b. Johns Manville; a Berkshire Hathaway company.
c. Approved equivalent.
2. Preformed insulation [without factory-applied jacket] [with factory-applied ASJ] [with factory-applied ASJ-SSL].
3. Type I or Type IV, except thermal conductivity (k-value) shall not exceed 0.19 Btu x in./h x sq. ft. x deg F at 75 deg F after 180 days of aging.
4. Flame-spread index shall be 25 or less and smoke-developed index shall be 50 or less for thickness up to 1 inch as tested in accordance with ASTM E84 “Standard Test Method for Surface Burning Characteristics of Building Materials”.
5. Fabricate shapes in accordance with ASTM C450 “Standard Practice for Fabrication of Thermal Insulating Fitting Covers for NPS Piping, and Vessel Lagging” and ASTM C585 “Standard Practice for Inner and Outer Diameters of Rigid Thermal Insulation for Nominal Sizes of Pipe and Tubing (NPS System)”.
6. Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
2.2 INSULATING CEMENTS
MINERAL-FIBER INSULATING CEMENT IS SUITABLE FOR TEMPERATURES FROM 100 TO 1600 DEG F. VERMICULITE INSULATING CEMENT IS SUITABLE FOR TEMPERATURES FROM 100 TO 1800 DEG F.
A. Mineral-Fiber Insulating Cement: Comply with ASTM C195 “Standard Specification for Mineral Fiber Thermal Insulating Cement”.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Ramco Insulation, Inc.
b. Insulco, Division of MFS, Inc.
c. P.K. Insulation Mfg. Co., Inc.
d. Johns Manville
e. Rock Wool Manufacturing Company
f. Approved equivalent.
B. Expanded or Exfoliated Vermiculite Insulating Cement: Comply with ASTM C196 “Standard Specification for Expanded or Exfoliated Vermiculite Thermal Insulating Cement”.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Ramco Insulation, Inc.
b. P. K. Insulation Mfg. Co., Inc.
c. Approved equivalent.
MINERAL-FIBER, HYDRAULIC-SETTING CEMENT IS SUITABLE FOR TEMPERATURES FROM 100 TO 1200 DEG F AND FOR A SMOOTH SURFACE.
C. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement: Comply with ASTM C449 “Standard Specification for Mineral Fiber Hydraulic-Setting Thermal Insulating and Finishing Cement”.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Ramco Insulation, Inc.
b. Johns Manville: A Berkshire Hathaway Company 
c. Foundry Service & Supplies 
d. Approved equivalent.
2.3 ADHESIVES
MIL-A-3316C WAS THE ONLY STANDARD AVAILABLE WHEN THIS SECTION WAS UPDATED. MIL-A-3316C WAS LAST UPDATED IN 1990.
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. Calcium Silicate Adhesive: Fibrous, sodium-silicate-based adhesive with a service temperature range of 50 to 800 deg F.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller.
c. Mon-Eco Industries, Inc.
d. Approved equivalent.
C. Cellular-Glass Adhesive: Two-component, thermosetting urethane adhesive containing no flammable solvents, with a service temperature range of minus 100 to plus 200 deg F.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Foster Brand; H. B. Fuller.
b. Masterbond
c. Sika
d. Approved equivalent.
D. Flexible Elastomeric and Polyolefin Adhesive: Solvent-based adhesive.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Aeroflex USA.
b. Armacell LLC.
c. K-Flex USA.
d. Approved equivalent.
NOT ALL MANUFACTURERS COMPLY WITH SUSTAINABILITY REQUIREMENTS. IF SUSTAINABILITY IS PROJECT GOAL, CONSULT MANUFACTURERS.
2. Flame-spread index shall be 25 or less and smoke-developed index shall be 50 or less as tested in accordance with ASTM E84 “Standard Test Method for Surface Burning Characteristics of Building Materials.
3. Wet Flash Point: Below 0 deg F.
4. Service Temperature Range: 40 to 200 deg F.
5. Color: [Black] <Insert color>.
E. Mineral-Fiber Adhesive: Comply with MIL-A-3316C “Adhesives, Fire-Resistant, Thermal Insulation”, Class 2, Grade A.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller.
c. Mon-Eco Industries, Inc.
d. Approved equivalent.
F. Phenolic and Polyisocyanurate Adhesive: Solvent-based resin adhesive, with a service temperature range of minus 75 to plus 300 deg F.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller.
c. Approved equivalent.
G. ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C “Adhesives, Fire-Resistant, Thermal Insulation”, Class 2, Grade A for bonding insulation jacket lap seams and joints.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller.
c. Mon-Eco Industries, Inc.
d. Approved equivalent.
H. PVC Jacket Adhesive: Compatible with PVC jacket.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Johns Manville; a Berkshire Hathaway company.
b. Proto Corporation.
c. The Dow Chemical Company.
d. Approved equivalent.
NOT ALL MANUFACTURERS COMPLY WITH SUSTAINABILITY REQUIREMENTS. IF SUSTAINABILITY IS PROJECT GOAL, CONSULT MANUFACTURERS.
2.4 MASTICS AND COATINGS
MASTIC AND COATING TERMINOLOGY IS USED INTERCHANGEABLY IN THIS ARTICLE. MANUFACTURERS REFER TO VAPOR-BARRIER FORMULATIONS AND VAPOR-RETARDER FORMULATIONS AS "MASTICS" OR "COATINGS." LOW PERMEANCE MASTICS AND COATINGS ARE TERMED "VAPOR RETARDERS." PRODUCTS WITH A PERM RATING GREATER THAN 1.0 ARE CALLED "BREATHABLE." CONSIDER AMBIENT CONDITIONS AND OPERATING TEMPERATURES WHEN SELECTING MASTICS AND COATINGS. CONSIDER USING WATER-BASED MASTICS AND COATINGS FOR ENVIRONMENTAL REASONS.
LEED 2009 IEQ CREDIT 4.1 DOES NOT ADDRESS REQUIREMENTS FOR MASTICS AND COATINGS. LEED 2009 IEQ CREDIT 4.2 DOES ADDRESS REQUIREMENTS FOR MASTICS AND COATINGS. LEED V4 EQ CREDIT "LOW-EMITTING MATERIALS" DOES ADDRESS REQUIREMENTS FOR MASTICS AND COATINGS.
A. Materials shall be compatible with insulation materials, jackets, and substrates.
VERIFY THAT PRODUCTS LISTED COMPLY WITH WATER-VAPOR PERMEANCE REQUIREMENTS. REQUIRE PROOF OF PERFORMANCE AND CERTIFIED TEST REPORTS FROM VAPOR-BARRIER MASTIC MANUFACTURER TO SUPPORT PRODUCT LITERATURE CLAIMS.
RETAIN "VAPOR-RETARDER MASTIC, WATER BASED"; "VAPOR-RETARDER MASTIC, SOLVENT BASED"; OR "BREATHER MASTIC" PARAGRAPH BELOW. CONSIDER INSULATION TYPE AND OPERATING CONDITIONS WHEN SELECTING MASTICS AND COATINGS.
B. Vapor-Retarder Mastic, Water Based: Suitable for indoor use on below-ambient services.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller.
c. Mon-Eco Industries, Inc.
d. Approved equivalent.
2. Water-Vapor Permeance: Comply with ASTM E96 “Standard Test Methods for Water Vapor Transmission of Materials” or ASTM F1249 “Standard Test Method for Water Vapor Transmission Rate Through Plastic Film and Sheeting Using a Modulated Infared Sensor”.
IN "SERVICE TEMPERATURE RANGE" SUBPARAGRAPH BELOW, MORE MANUFACTURERS CAN COMPLY IF FIRST OPTION IS RETAINED; CONSULT MANUFACTURERS.
3. Service Temperature Range: [0 to plus 180 deg F] [Minus 20 to plus 180 deg F].
RETAIN MIL-PRF-19565C IN SUBPARAGRAPH BELOW FOR VAPOR-RETARDER MASTICS AND COATINGS IF APPLICABLE TO PROJECT.
4. Comply with MIL-PRF-19565C “Coating Compounds, Thermal Insulation, Fire and Water-Resistant, Vapor Barrier”, Type II, for permeance requirements[, with supplier listing on DOD's Qualified Products Database].
5. Color: [White] <Insert color>.
C. Vapor-Retarder Mastic, Solvent Based: Suitable for outdoor use on below-ambient services.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller.
c. Mon-Eco Industries, Inc.
d. Approved equivalent.
2. Water-Vapor Permeance: Comply with ASTM E96 “Standard Test Methods for Water Vapor Transmission of Materials” or ASTM F1249 “Standard Test Method for Water Vapor Transmission Rate Through Plastic Film and Sheeting Using a Modulated Infared Sensor”.
3. Service Temperature Range: Minus 50 to plus 220 deg F.
4. Color: [White] <Insert color>.
D. Breather Mastic: Water based; suitable for indoor and outdoor use on above-ambient services.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller.
c. Mon-Eco Industries, Inc.
d. Approved equivalent.
2. Water-Vapor Permeance: ASTM E96 “Standard Test Methods for Water Vapor Transmission of Materials”, greater than 1.0 perm at manufacturer's recommended dry film thickness.
IN "SERVICE TEMPERATURE RANGE" SUBPARAGRAPH BELOW, MORE MANUFACTURERS CAN COMPLY IF FIRST OPTION IS RETAINED; CONSULT MANUFACTURERS.
3. Service Temperature Range: [0 to plus 180 deg F] [Minus 20 to plus 180 deg F].
4. Color: [White] <Insert color>.
2.5 LAGGING ADHESIVES
A. Adhesives shall comply with MIL-A-3316C “Adhesives, Fire-Resistant, Thermal Insulation”, Class I, Grade A and shall be compatible with insulation materials, jackets, and substrates.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller.
c. Approved equivalent.
2. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-resistant lagging cloths over equipment and pipe insulation.
IN "SERVICE TEMPERATURE RANGE" SUBPARAGRAPH BELOW, MORE MANUFACTURERS CAN COMPLY IF FIRST OPTION IS RETAINED; CONSULT MANUFACTURERS.
3. Service Temperature Range: [20 to plus 180 deg F] [0 to plus 180 deg F].
4. Color: White.
2.6 SEALANTS
SEALANTS ARE CATEGORIZED INTO "JOINT SEALANTS" AND "FLASHING SEALANTS." JOINT SEALANTS ARE PRIMARILY USED FOR VAPOR SEALING LONGITUDINAL SEAMS AND BUTT JOINTS OF INSULATION MATERIALS. FLASHING SEALANTS ARE PRIMARILY USED FOR SEALING JACKET AND MASTIC MATERIALS.
A. Materials shall be as recommended by insulation manufacturer and shall be compatible with insulation materials, jackets, and substrates.
B. Joint Sealants:
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Mon-Eco Industries, Inc.
c. Owens Corning.
d. Approved equivalent.
2. Permanently flexible, elastomeric sealant.
IN "SERVICE TEMPERATURE RANGE" SUBPARAGRAPH BELOW, MORE MANUFACTURERS CAN COMPLY IF FIRST OPTION IS RETAINED; CONSULT MANUFACTURERS.
3. Service Temperature Range: [Minus 150 to plus 250 deg F] [Minus 100 to plus 300 deg F].
4. Color: White or gray.
MATERIALS IN "FSK AND METAL JACKET FLASHING SEALANTS" PARAGRAPH BELOW ARE FOR SEALING METAL JACKET SEAMS AND JOINTS.
C. FSK and Metal Jacket Flashing Sealants:
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller.
c. Mon-Eco Industries, Inc.
d. Approved equivalent.
2. Fire- and water-resistant, flexible, elastomeric sealant.
3. Service Temperature Range: Minus 40 to plus 250 deg F.
4. Color: Aluminum.
D. ASJ Flashing Sealants, and PVC Jacket Flashing Sealants:
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Foster Brand; H. B. Fuller.
c. Approved equivalent.
2. Fire- and water-resistant, flexible, elastomeric sealant.
3. Service Temperature Range: Minus 40 to plus 250 deg F.
4. Color: White.
2.7 FACTORY-APPLIED JACKETS
COORDINATE TYPES OF FACTORY-APPLIED JACKET INSULATION MATERIALS SELECTED AND TYPES OF FACTORY-APPLIED JACKETS INDICATED IN INSULATION SYSTEM SCHEDULES.
FOR INSULATION MATERIALS WITH FACTORY-APPLIED JACKETS FOR USE ON APPLICATIONS ABOVE 140 DEG F, SPECIFY SUFFICIENT INSULATION THICKNESS TO MAINTAIN OUTER SURFACE TEMPERATURE OF INSULATION BELOW 140 DEG F. 140 DEG F SURFACE TEMPERATURE IS SET BY OSHA FOR PERSONNEL PROTECTION.
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 C1136 “Standard Specification for Flexible, Low Permeance Vapor Retarders for Thermal Insulation”, Type I.
2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a removable protective strip; complying with ASTM C1136 “Standard Specification for Flexible, Low Permeance Vapor Retarders for Thermal Insulation”, Type I.
3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; complying with ASTM C1136 “Standard Specification for Flexible, Low Permeance Vapor Retarders for Thermal Insulation”, Type II.
2.8 FIELD-APPLIED FABRIC-REINFORCING MESH
BOTH GLASS-FIBER- AND POLYESTER-FABRIC-REINFORCING MESHES ARE ACCEPTABLE.
RETAIN "WOVEN GLASS-FIBER FABRIC FOR PIPE INSULATION," "WOVEN GLASS-FIBER FABRIC FOR EQUIPMENT INSULATION," AND "WOVEN POLYESTER FABRIC" PARAGRAPHS BELOW TO GIVE CONTRACTOR OPTION TO USE GLASS-FIBER OR POLYESTER FABRIC.
A. Woven Glass-Fiber Fabric for Pipe Insulation: Approximately 4 oz./sq. yd. with a thread count of 10 strands by 10 strands/sq. in. for covering pipe and pipe fittings.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. Owens Corning 
c. BGF Industries: A Porcher Industries Company
d. Textech
e. Approved equivalent.
B. Woven Glass-Fiber Fabric for Equipment Insulation: Approximately 6 oz./sq. yd. with a thread count of 5 strands by 5 strands/sq. in. for covering equipment.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Childers Brand; H. B. Fuller Construction Products.
b. HexForce
c. Approved equivalent.
C. Woven Polyester Fabric: Approximately 1 oz./sq. yd. with a thread count of 10 strands by 10 strands/sq. in., in a Leno weave.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Foster Brand; H. B. Fuller.
b. Vimasco Corporation.
c. Approved equivalent.
2.9 FIELD-APPLIED CLOTHS
A. Woven Glass-Fiber Fabric: Comply with MIL-C-20079H “Cloth, Glass; Tape, Textile Glass; and Thread, Glass and Wire-Reinforced Glass”, Type I, plain weave, and presized a minimum of 8 oz./sq. yd..
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Alpha Associates, Inc.
b. Auburn Manufacturing, Inc.
c. AB Tech
d. Approved equivalent.
2.10 FIELD-APPLIED JACKETS
INSULATION JACKETS IN THIS ARTICLE ARE FOR FIELD APPLICATION. ASTM C1136, TYPE I, IS FOR USE OVER INSULATION ON EQUIPMENT AND PIPES OPERATING AT BELOW-AMBIENT TEMPERATURES AT LEAST PART OF THE TIME OR WHERE A VAPOR BARRIER IS REQUIRED. ASTM C1136, TYPE II, IS FOR USE OVER INSULATION ON PIPES OPERATING ABOVE-AMBIENT TEMPERATURES OR WHERE A VAPOR RETARDER IS NOT REQUIRED.
A. Field-applied jackets shall comply with ASTM C1136 “Standard Specification for Flexible, Low Permeance Vapor Retarders for Thermal Insulation”, Type I unless otherwise indicated.
A PROPERLY SEALED FSK JACKET, COMMON WITH MOST FORMS OF FACTORY-APPLIED JACKETS FOR MINERAL-FIBER INSULATION, COMPLIES WITH VAPOR-RETARDER REQUIREMENTS OF ASTM C1136.
B. FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.
ALTHOUGH OTHER THICKNESSES FOR PVC JACKETS ARE AVAILABLE, A FLAME-SPREAD INDEX OF 25 AND A SMOKE-DEVELOPED INDEX OF 50 APPLY ONLY TO THICKNESSES OF 30 MILS AND LESS.
C. PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D1784 “Standard Classification and Basis for Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds”, 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. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Airex Manufacturing Inc.
b. Johns Manville; a Berkshire Hathaway company.
c. Proto Corporation.
d. Approved equivalent.
2. Adhesive: As recommended by jacket material manufacturer.
PVC JACKETS ARE AVAILABLE IN SEVERAL COLORS. COLORED JACKETS MAY BE USED TO REPLACE FIELD PAINTING. UV RAYS FADE COLORS IN EXTERIOR APPLICATIONS. SOME COLORS (BLACK, GRAY, AND WHITE) DO NOT FADE AS QUICKLY AS OTHER COLORS (RED, ORANGE, AND GREEN). COLORED JACKETS HAVE DIFFERENT EMISSIVITY AND ARE NOT RECOMMENDED FOR OUTDOOR USE.
3. Color: [White] [Color-code jackets based on system. Color as selected by Architect].
4. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.
a. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, unions, reducers, and end caps.
5. Factory-fabricated tank heads and tank side panels.
D. Metal Jacket:
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Johns Manville; a Berkshire Hathaway company.
b. ITW Insulation Systems: Illinois Tool Works, Inc.
c. RPR Products, Inc.
d. Approved equivalent.
2. Aluminum Jacket: Comply with ASTM B209 “Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate”; Alloy 3003, 3005, 3105, or 5005; Temper H-14.
a. [Sheet and roll stock ready for shop or field sizing] [Factory cut and rolled to size].
b. Finish and thickness are indicated in field-applied jacket schedules.
AMONG THE THREE MOISTURE BARRIERS IN "MOISTURE BARRIER FOR INDOOR APPLICATIONS" SUBPARAGRAPH BELOW, 1-MIL BARRIER PROVIDES THE LEAST PROTECTION AGAINST GALVANIC CORROSION, 3-MIL BARRIER OFFERS BETTER PROTECTION, AND POLYSURLYN BARRIER OFFERS THE BEST PROTECTION. FOR MOST INDOOR APPLICATIONS, 1-MIL BARRIER IS ADEQUATE. FOR OUTDOOR APPLICATIONS, RETAIN 3-MIL OR POLYSURLYN BARRIER.
c. Moisture Barrier for Indoor Applications: [1-mil- thick, heat-bonded polyethylene and kraft paper] [3-mil- thick, heat-bonded polyethylene and kraft paper] [2.5-mil- thick polysurlyn].
d. Moisture Barrier for Outdoor Applications: [3-mil- thick, heat-bonded polyethylene and kraft paper] [2.5-mil- thick polysurlyn].
e. Factory-Fabricated Fitting Covers:
1) Same material, finish, and thickness as jacket.
2) Preformed two-piece or gore, 45- and 90-degree, short- and long-radius elbows.
3) Tee covers.
4) Flange and union covers.
5) End caps.
6) Beveled collars.
7) Valve covers.
8) Field fabricate fitting covers only if factory-fabricated fitting covers are unavailable.
3. Stainless Steel Jacket: ASTM A240 “Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications”.
a. [Sheet and roll stock ready for shop or field sizing] [Factory cut and rolled to size].
b. Material, finish, and thickness are indicated in field-applied jacket schedules.
AMONG THE THREE MOISTURE BARRIERS IN "MOISTURE BARRIER FOR INDOOR APPLICATIONS" SUBPARAGRAPH BELOW, 1-MIL BARRIER PROVIDES THE LEAST PROTECTION AGAINST GALVANIC CORROSION, 3-MIL BARRIER OFFERS BETTER PROTECTION, AND POLYSURLYN BARRIER OFFERS THE BEST PROTECTION. FOR MOST INDOOR APPLICATIONS, 1-MIL BARRIER IS ADEQUATE.
c. Moisture Barrier for Indoor Applications: [1-mil- thick, heat-bonded polyethylene and kraft paper] [3-mil- thick, heat-bonded polyethylene and kraft paper] [2.5-mil- thick polysurlyn].
d. Moisture Barrier for Outdoor Applications: [3-mil- thick, heat-bonded polyethylene and kraft paper] [2.5-mil- thick polysurlyn].
e. Factory-Fabricated Fitting Covers:
1) Same material, finish, and thickness as jacket.
2) Preformed two-piece or gore, 45- and 90-degree, short- and long-radius elbows.
3) Tee covers.
4) Flange and union covers.
5) End caps.
6) Beveled collars.
7) Valve covers.
8) Field fabricate fitting covers only if factory-fabricated fitting covers are unavailable.
E. Self-Adhesive Outdoor Jacket: 60-mil- thick, laminated vapor barrier and waterproofing membrane for installation over insulation located aboveground outdoors; consisting of a rubberized bituminous resin on a crosslaminated polyethylene film covered with [white] [stucco-embossed] aluminum-foil facing.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. MFM Building Products Corp.
b. Polyguard Products, Inc.
c. W.R. Meadows
d. Keene Building Products
e. Approved equivalent.
2.11 TAPES
A. ASJ Tape: White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with ASTM C1136 “Standard Specification for Flexible, Low Permeance Vapor Retarders for Thermal Insulation”.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. 3M Industrial Adhesives and Tapes Division.
b. Ideal Tape Co., Inc., an American Biltrite Company.
c. Knauf Insulation.
d. Approved equivalent.
2. Width: [3 inches] <Insert value>.
3. Thickness: [11.5 mils] <Insert value>.
4. Adhesion: [90 ounces force/inch] <Insert value> in width.
5. Elongation: [2] <Insert number> percent.
6. Tensile Strength: [40 lbf/inch] <Insert value> in width.
7. 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 C1136 “Standard Specification for Flexible, Low Permeance Vapor Retarders for Thermal Insulation”.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. 3M Industrial Adhesives and Tapes Division.
b. Ideal Tape Co., Inc., an American Biltrite Company.
c. Knauf Insulation.
d. Approved equivalent.
2. Width: 3 inches.
3. Thickness: 6.5 mils.
4. Adhesion: 90 ounces force/inch in width.
5. Elongation: 2 percent.
6. Tensile Strength: 40 lbf/inch in width.
7. 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. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Ideal Tape Co., Inc., an American Biltrite Company.
b. XFasten
c. 3M
d. Approved equivalent.
2. Width: 2 inches.
3. Thickness: 6 mils.
4. Adhesion: 64 ounces force/inch in width.
5. Elongation: 500 percent.
6. Tensile Strength: 18 lbf/inch in width.
D. Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive.
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. 3M Industrial Adhesives and Tapes Division.
b. Ideal Tape Co., Inc., an American Biltrite Company.
c. Knauf Insulation.
d. Approved equivalent.
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 lbf/inch in width.
2.12 SECUREMENTS
A. Bands:
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. Johns Manville; a Berkshire Hathaway company.
b. ITW Insulation Systems; Illinois Tool Works, Inc.
c. RPR Products, Inc.
d. Pabco-Childers Metals
e. Approved equivalent.
WING SEALS ARE PRIMARILY USED FOR FASTENING BANDS TOGETHER. CLOSED SEALS ARE OCCASIONALLY USED FOR LARGE, 84-INCH-DIAMETER APPLICATIONS AND WHERE FASTENING BANDS ARE USED WITH SPRINGS. WING SEALS ARE REUSABLE; CLOSED SEALS ARE NOT.
2. Stainless Steel: ASTM A240 “Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications”, [Type 304] [or] [Type 316]; 0.015 inch thick, [1/2 inch] [3/4 inch] wide with [wing seal] [or] [closed seal].
3. Aluminum: ASTM B209 “Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate”; Alloy 3003, 3005, 3105, or 5005; Temper H-14; 0.020 inch thick, [1/2 inch] [3/4 inch] wide with [wing seal] [or] [closed seal].
SPRINGS ARE USED FOR LARGE, 84-INCH-DIAMETER APPLICATIONS AND ON APPLICATIONS WITH RAPID CHANGES IN EXPANSION AND CONTRACTION.
4. Springs: Twin spring set constructed of stainless steel with ends flat and slotted to accept metal bands. Spring size is determined by manufacturer for application.
B. Insulation Pins and Hangers:
1. 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. 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) AGM Industries, Inc.
2) Gemco.
3) Midwest Fasteners, Inc.
4) Nelson Stud Welding.
5) Approved equivalent.
b. Baseplate: Perforated, galvanized carbon-steel sheet, 0.030 inch thick by 2 inches square.
c. Spindle: [Copper- or zinc-coated, low carbon steel] [Aluminum] [Stainless steel], fully annealed, 0.106-inch- diameter shank; length to suit depth of insulation indicated.
d. Adhesive: Recommended by hanger manufacturer. Use product with demonstrated capability to bond insulation hanger securely to substrates indicated without damaging insulation, hangers, and substrates.
2. 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. 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) AGM Industries, Inc.
2) Gemco.
3) Midwest Fasteners, Inc.
4) Approved equivalent.
b. Baseplate: Galvanized carbon-steel sheet, 0.030 inch thick by 2 inches square.
c. Spindle: [Copper- or zinc-coated, low-carbon steel] [Aluminum] [Stainless 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.
3. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch- thick, [galvanized-steel] [aluminum] [stainless 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. 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) AGM Industries, Inc.
2) Gemco.
3) Midwest Fasteners, Inc.
4) Nelson Stud Welding.
5) Approved equivalent.
b. Protect ends with capped self-locking washers incorporating a spring steel insert to ensure permanent retention of cap in exposed locations.
C. Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.
IN "WIRE" PARAGRAPH BELOW, STAINLESS STEEL IS THE MOST COMMON WIRE USED AND IS BEST SUITED FOR ALL APPLICATIONS.
D. Wire: [0.080-inch nickel-copper alloy] [0.062-inch soft-annealed, stainless steel] [0.062-inch soft-annealed, galvanized steel].
1. Manufacturers: Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to the following:
a. C & F Wire Products.
b. Johns Manville; a Berkshire Hathaway company.
c. ACS Industries, Inc.
d. Approved equivalent.
2.13 CORNER ANGLES
A. PVC Corner Angles: [30 mils] <Insert dimension> thick, minimum 1 by 1 inch, PVC in accordance with ASTM D1784 “Standard Classification and Basis for Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds”, Class 16354-C. White or color-coded to match adjacent surface.
B. Aluminum Corner Angles: [0.040 inch] <Insert dimension> thick, minimum 1 by 1 inch, aluminum in accordance with ASTM B209 “Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate” Alloy 3003, 3005, 3105, or 5005; Temper H-14.
C. Stainless Steel Corner Angles: [0.024 inch] <Insert dimension> thick, minimum 1 by 1 inch, stainless steel in accordance with ASTM A240 “Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and for General Applications”, [Type 304] [or] [Type 316].
PART 3 -  EXECUTION
3.1 EXAMINATION
A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
1. Verify that systems and equipment to be insulated  and  free of defects.
2. Verify that surfaces to be insulated are clean and dry.
B. Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 PREPARATION
RETAIN ONE OF FIRST TWO PARAGRAPHS BELOW. CORROSION OF METAL EQUIPMENT AND PIPING UNDER INSULATION, ALTHOUGH NOT TYPICALLY CAUSED BY INSULATION, IS AN ISSUE THAT MUST BE CONSIDERED DURING DESIGN OF ANY FIRE-SUPPRESSION SYSTEMS INSULATION. THE POTENTIAL FOR CORROSION DEPENDS ON MANY FACTORS. REQUIREMENTS CITED IN SECOND PARAGRAPH REPRESENT ADDED MEASURES OF PROTECTION BUT ARE NOT MEANT TO TAKE THE PLACE OF PROPER SYSTEM DESIGN AND SPECIFICATION.
A. Clean and dry surfaces to receive insulation. Remove materials that will adversely affect insulation application.
B. Clean and prepare surfaces to be insulated. Before insulating, apply a corrosion coating to insulated surfaces as follows:
1. Stainless Steel: Coat 300 series stainless steel with epoxy primer 5 mils thick and epoxy finish 5 mils thick if operating in a temperature range of between 140 and 300 deg F. Consult coating manufacturer for appropriate coating materials and application methods for operating temperature range.
2. Carbon Steel: Coat carbon steel operating at a service temperature between 32 and 300 deg F with an epoxy coating. Consult coating manufacturer for appropriate coating materials and application methods for operating temperature range.
C. Coordinate insulation installation with the tradesman installing heat tracing. Comply with requirements for heat tracing that apply to insulation.
D. Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless steel surfaces, use demineralized water.
3.3 GENERAL INSTALLATION REQUIREMENTS
A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of equipment and piping including fittings, valves, and specialties.
B. Install insulation materials, forms, vapor barriers or retarders, jackets, and of thicknesses required for each item of equipment and pipe system as specified in insulation system schedules.
C. Install accessories compatible with insulation materials and suitable for the service. Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
E. Install multiple layers of insulation with longitudinal and end seams staggered.
F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
G. Keep insulation materials dry during storage, application, and finishing. Replace insulation materials that get wet.
H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with adhesive recommended in writing by insulation material manufacturer.
I. Install insulation with least number of joints practical.
J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
1. Install insulation continuously through hangers and around anchor attachments.
2. For insulation application where vapor barriers are indicated, extend insulation on anchor legs from point of attachment to supported item to point of attachment to structure. Taper and seal ends attached to structure with vapor-barrier mastic.
3. Install insert materials and install insulation to tightly join the insert. Seal insulation to insulation inserts with adhesive or sealing compound recommended in writing by insulation material manufacturer.
4. Cover inserts with jacket material matching adjacent pipe insulation. Install shields over jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.
K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
L. Install insulation with factory-applied jackets as follows:
1. Draw jacket tight and smooth.
2. Cover circumferential joints with 3-inch- wide strips, of same material as insulation jacket. Secure strips with adhesive and outward clinching staples along both edges of strip, spaced 4 inches o.c.
3. Overlap jacket longitudinal seams at least 1-1/2 inches. Install insulation with longitudinal seams at bottom of pipe. Clean and dry surface to receive self-sealing lap. Staple laps with outward clinching staples along edge at [2 inches] [4 inches] o.c.
a. For below-ambient services, apply vapor-barrier mastic over staples.
4. Cover joints and seams with tape, in accordance with 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 25 percent of its nominal thickness.
N. Finish installation with systems at operating conditions. Repair joint separations and cracking due to thermal movement.
O. Repair damaged insulation facings by applying same facing material over damaged areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches in similar fashion 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.
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.
B. Insulation Installation at Below-Grade Exterior Wall Penetrations: Terminate insulation flush with sleeve seal. Seal terminations with flashing sealant.
C. Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation continuously through wall penetrations.
1. Seal penetrations with flashing sealant.
2. For applications requiring only indoor insulation, terminate insulation inside wall surface and seal with joint sealant. For applications requiring indoor and outdoor insulation, install insulation for outdoor applications tightly joined to indoor insulation ends. Seal joint with joint sealant.
3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at least 2 inches.
4. Seal jacket to wall flashing with flashing sealant.
D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated): Install insulation continuously through walls and partitions.
E. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation continuously through penetrations of fire-rated walls and partitions.
1. Comply with requirements in Section 078413 "Penetration Firestopping" for firestopping and fire-resistive joint sealers.
F. Insulation Installation at Floor Penetrations:
1. Pipe: Install insulation continuously through floor penetrations.
2. Seal penetrations through fire-rated assemblies. Comply with requirements in Section 078413 "Penetration Firestopping."
3.5 INSTALLATION OF EQUIPMENT AND TANK INSULATION
A. Mineral-Fiber Pipe and Tank Insulation Installation for Tanks: Secure insulation with adhesive, anchor pins, and speed washers.
IN FIRST SUBPARAGRAPH BELOW, MANY MANUFACTURERS DO NOT RECOMMEND 100 PERCENT COVERAGE OF ADHESIVE BECAUSE OF THE EFFECT ON THE OVERALL INSULATION SYSTEM'S FIRE-PERFORMANCE CHARACTERISTICS. VERIFY APPLICATION COVERAGE RECOMMENDATIONS WITH INSULATION MANUFACTURER.
1. Apply adhesives in accordance with manufacturer's recommended coverage rates per unit area, for [100] [50] <Insert number> percent coverage of 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 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. 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.
f. Impale insulation over anchor pins and attach speed washers.
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.
B. Flexible Elastomeric Thermal Insulation Installation for Tanks: Install insulation over entire surface of tanks.
1. Apply [100] <Insert number> percent coverage of adhesive to surface with manufacturer's recommended adhesive.
2. Seal longitudinal seams and end joints.
3.6 GENERAL PIPE INSULATION INSTALLATION
A. Requirements in this article generally apply to all insulation materials except where more specific requirements are specified in various pipe insulation material installation articles.
WHERE PIPE EXPANSION IS ANTICIPATED, DETAIL EXPANSION COMPENSATION FOR INSULATION ON DRAWINGS AND INDICATE INTERVALS FOR ITS OCCURRENCE. SEE THE MIDWEST INSULATION CONTRACTORS ASSOCIATION'S "NATIONAL COMMERCIAL & INDUSTRIAL INSULATION STANDARDS," PLATE NO. 41A.
B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:
1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with continuous thermal and vapor-retarder integrity unless otherwise indicated.
2. Insulate pipe elbows using [preformed fitting insulation] [or] [mitered fittings] made from same material and density as adjacent pipe insulation. Each piece shall be butted tightly against adjoining piece and bonded with adhesive. Fill joints, seams, voids, and irregular surfaces with insulating cement finished to a smooth, hard, and uniform contour that is uniform with adjoining pipe insulation.
3. Insulate tee fittings with [preformed fitting insulation] [or] [sectional pipe insulation] of same material and thickness as used for adjacent pipe. Cut sectional pipe insulation to fit. Butt each section closely to the next and hold in place with tie wire. Bond pieces with adhesive.
4. Insulate valves using [preformed fitting insulation] [or] [sectional pipe insulation] of same material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or one pipe diameter, whichever is thicker. For valves, insulate up to and including the bonnets, valve stuffing-box studs, bolts, and nuts. Fill joints, seams, and irregular surfaces with insulating cement.
5. Insulate strainers using [preformed fitting insulation] [or] [sectional pipe insulation] of same material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or one pipe diameter, whichever is thicker. Fill joints, seams, and irregular surfaces with insulating cement. Insulate strainers so strainer basket flange or plug can be easily removed and replaced without damaging the insulation and jacket. Provide a removable reusable insulation cover. For below-ambient services, provide a design that maintains vapor barrier.
6. Insulate flanges and unions using a section of oversized preformed pipe insulation. Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or one pipe diameter, whichever is thicker.
7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a mastic. Install vapor-barrier mastic for below-ambient services and a breather mastic for above-ambient services. Reinforce the mastic with fabric-reinforcing mesh. Trowel the mastic to a smooth and well-shaped contour.
8. For services not specified to receive a field-applied jacket except for flexible elastomeric and polyolefin, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and unions. Terminate ends with PVC end caps. Tape PVC covers to adjoining insulation facing using PVC tape.
9. Stencil or label the outside insulation jacket of each union with the word "union." Match size and color of pipe labels.
C. Insulate instrument connections for pressure gauges, test connections, flow meters, sensors, switches, and transmitters on insulated pipes, vessels, and equipment. 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.
COORDINATE PARAGRAPH BELOW WITH DRAWINGS.
D. Install removable insulation covers at locations indicated. Installation shall conform to the following:
1. Make removable flange and union insulation from sectional pipe insulation of same thickness as that on adjoining pipe. Install same insulation jacket as adjoining pipe insulation.
2. When flange and union covers are made from sectional pipe insulation, extend insulation from flanges or union long at least two times the insulation thickness over adjacent pipe insulation on each side of flange or union. Secure flange cover in place with stainless steel or aluminum bands. Select band material compatible with insulation and jacket.
3. Construct removable valve insulation covers in same manner as for flanges, except divide the two-part section on the vertical center line of valve body.
4. When covers are made from block insulation, make two halves, each consisting of mitered blocks wired to stainless steel fabric. Secure this wire frame, with its attached insulation, to flanges with tie wire. Extend insulation at least 2 inches over adjacent pipe insulation on each side of valve. Fill space between flange or union cover and pipe insulation with insulating cement. Finish cover assembly with insulating cement applied in two coats. After first coat is dry, apply and trowel second coat to a smooth finish.
5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed surfaces with a metal jacket.
3.7 INSTALLATION OF CALCIUM SILICATE INSULATION
A. Insulation Installation on Straight Pipes and Tubes:
1. Secure single-layer insulation with stainless steel bands at 12-inch intervals and tighten bands without deforming insulation materials.
2. Install two-layer insulation with joints tightly butted and staggered at least 3 inches. Secure inner layer with wire spaced at 12-inch intervals. Secure outer layer with stainless steel bands at 12-inch intervals.
3. Apply a skim coat of mineral-fiber, hydraulic-setting cement to insulation surface. When cement is dry, apply flood coat of lagging adhesive and press on one layer of glass cloth or tape. Overlap edges at least 1 inch. Apply finish coat of lagging adhesive over glass cloth or tape. Thin finish coat to achieve smooth, uniform finish.
B. Insulation Installation on Pipe Flanges:
1. Install preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of block insulation of same material and thickness as pipe insulation.
4. Finish flange insulation same as pipe insulation.
C. 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 sections of insulation are unavailable, install mitered sections of calcium silicate insulation. Secure insulation materials with wire or bands.
3. Finish fittings insulation same as pipe insulation.
D. Insulation Installation on Valves and Pipe Specialties:
1. Install mitered segments of calcium silicate insulation to valve body. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.
2. Install insulation to flanges as specified for flange insulation application.
3. Finish valve and specialty insulation same as pipe insulation.
3.8 INSTALLATION OF CELLULAR-GLASS INSULATION
A. Insulation Installation on Straight Pipes and Tubes:
1. Secure each layer of insulation to pipe with wire or bands and tighten bands without deforming insulation materials.
2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions with vapor-barrier mastic and applicable insulation joint sealant.
3. For insulation with factory-applied jackets on above-ambient services, secure laps with outward-clinched staples at 6 inches o.c.
4. For insulation with factory-applied jackets on below-ambient services, do not staple longitudinal tabs. Instead, secure tabs with additional adhesive as recommended by insulation material manufacturer and seal with vapor-barrier mastic and flashing sealant.
B. Insulation Installation on Pipe Flanges:
1. Install preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of cellular-glass block insulation of same thickness as pipe insulation.
4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least 1 inch, and seal joints with flashing sealant.
C. Insulation Installation on Pipe Fittings and Elbows:
1. Install preformed sections of same material as straight segments of pipe insulation when available.
2. When preformed sections of insulation are unavailable, install mitered sections of cellular-glass insulation. Secure insulation materials with wire or bands.
D. Insulation Installation on Valves and Pipe Specialties:
1. Install preformed sections of cellular-glass insulation to valve body.
2. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.
3. Install insulation to flanges as specified for flange insulation application.
3.9 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION
A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.
B. Insulation Installation on Pipe Flanges:
1. Install pipe insulation to outer diameter of pipe flange.
2. Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of sheet insulation of same thickness as pipe insulation.
4. Secure insulation to flanges and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.
C. Insulation Installation on Pipe Fittings and Elbows:
1. Install mitered sections of pipe insulation.
2. Secure insulation materials and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.
D. Insulation Installation on Valves and Pipe Specialties:
1. Install preformed valve covers manufactured of same material as pipe insulation when available.
2. When preformed valve covers are unavailable, install cut sections of pipe and sheet insulation to valve body. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.
3. Install insulation to flanges as specified for flange insulation application.
4. Secure insulation to valves and specialties and seal seams with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.
3.10 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 applicable insulation joint sealant.
3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps with outward-clinched staples at 6 inches o.c.
4. For insulation with factory-applied jackets on below-ambient surfaces, do not staple longitudinal tabs. Instead, secure tabs with additional adhesive as recommended by insulation material manufacturer and seal with vapor-barrier mastic and flashing sealant.
B. Insulation Installation on Pipe Flanges:
1. Install preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.
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.
C. 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 unavailable, install mitered sections of pipe insulation, to a thickness equal to adjoining pipe insulation. Secure insulation materials with wire or bands.
D. 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 unavailable, 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.
3.11 INSTALLATION OF PHENOLIC INSULATION
A. General Installation Requirements:
1. Secure single-layer insulation with stainless steel bands at 12-inch intervals and tighten bands without deforming insulation materials.
2. Install two-layer insulation with joints tightly butted and staggered at least 3 inches. Secure inner layer with 0.062-inch wire spaced at 12-inch intervals. Secure outer layer with stainless steel bands at 12-inch intervals.
B. Insulation Installation on Straight Pipes and Tubes:
1. Secure each layer of insulation to pipe with wire or bands and tighten bands without deforming insulation materials.
2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions with vapor-barrier mastic and applicable insulation joint sealant.
3. For insulation with factory-applied jackets on above-ambient services, secure laps with outward-clinched staples at 6 inches o.c.
4. For insulation with factory-applied jackets with vapor retarders on below-ambient services, do not staple longitudinal tabs. Instead, secure tabs with additional adhesive as recommended by insulation material manufacturer and seal with vapor-barrier mastic and flashing sealant.
C. Insulation Installation on Pipe Flanges:
1. Install preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.
3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of block insulation of same material and thickness as pipe insulation.
D. Insulation Installation on Pipe Fittings and Elbows:
1. Install preformed insulation sections of same material as straight segments of pipe insulation.
E. Insulation Installation on Valves and Pipe Specialties:
1. Install preformed insulation sections of same material as straight segments of pipe insulation.
2. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.
3. Install insulation to flanges as specified for flange insulation application.
3.12 INSTALLATION OF POLYISOCYANURATE INSULATION
A. Insulation Installation on Straight Pipes and Tubes:
1. Secure each layer of insulation to pipe with tape or bands and tighten without deforming insulation materials. Orient longitudinal joints between half sections in 3- and 9-o'clock positions on the pipe.
2. For insulation with factory-applied jackets with vapor barriers, do not staple longitudinal tabs. Instead, secure tabs with additional adhesive or tape as recommended by insulation material manufacturer and seal with vapor-barrier mastic.
3. All insulation shall be tightly butted and free of voids and gaps at all joints. Vapor barrier must be continuous. Before installing jacket material, install vapor-barrier system.
B. Insulation Installation on Pipe Flanges:
1. Install preformed pipe insulation to outer diameter of pipe flange.
2. Make width of insulation section same as overall width of flange and bolts, same thickness of adjacent pipe insulation, not to exceed 1-1/2-inch thickness.
3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with cut sections of polyisocyanurate block insulation of same thickness as pipe insulation.
C. Insulation Installation on Fittings and Elbows:
1. Install preformed sections of same material as straight segments of pipe insulation.
D. Insulation Installation on Valves and Pipe Specialties:
1. Install preformed sections of polyisocyanurate insulation to valve body.
2. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.
3. Install insulation to flanges as specified for flange insulation application.
3.13 FIELD-APPLIED JACKET INSTALLATION
A. Where glass-cloth jackets are indicated, install directly over bare insulation or insulation with factory-applied jackets.
1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints.
2. Embed glass cloth between two 0.062-inch- thick coats of lagging adhesive.
3. Completely encapsulate insulation with coating, leaving no exposed insulation.
B. Where FSK jackets are indicated, install as follows:
1. Draw jacket material smooth and tight.
2. Install lap or joint strips with same material as jacket.
3. Secure jacket to insulation with manufacturer's recommended adhesive.
4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch- wide joint strips at end joints.
5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation with vapor-barrier mastic.
C. Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and end joints. Seal with manufacturer's recommended adhesive.
1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the finish bead along seam and joint edge.
D. 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.
3.14 FINISHES
COORDINATE "EQUIPMENT AND PIPE INSULATION WITH ASJ, GLASS-CLOTH, OR OTHER PAINTABLE JACKET MATERIAL" PARAGRAPH BELOW WITH SECTION 099114 "EXTERIOR PAINTING (MPI STANDARDS)" AND SECTION 099123 "INTERIOR PAINTING." IF SPECIFYING PVC JACKETS, CONSULT JACKET MANUFACTURERS TO DETERMINE SUITABLE PAINT PRODUCTS AND REVISE PAINTING SECTIONS TO SUIT PROJECT.
A. Equipment and Pipe Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material: Paint jacket with paint system identified below and as specified in Section 099114  "Exterior Painting (MPI Standards)" and Section 099123 "Interior Painting."
RETAIN PAINT SYSTEM IN "FLAT ACRYLIC FINISH" SUBPARAGRAPH BELOW FOR A FLAT, LATEX-EMULSION SIZE OVER INSULATION COVERING AN EXTERIOR THAT IS SUBJECT TO NORMAL USE AND MODERATE ENVIRONMENTS.
1. Flat Acrylic Finish: [Two] <Insert number> 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.
B. Flexible Elastomeric Thermal Insulation: After adhesive has fully cured, apply two coats of insulation manufacturer's recommended protective coating.
C. Color: Final color as selected by Director’s Representative. Vary first and second coats to allow visual inspection of the completed Work.
D. Do not field paint aluminum or stainless steel jackets.
3.15 FIELD QUALITY CONTROL
INSPECTIONS IN THIS ARTICLE ARE DESTRUCTIVE. RETAIN IF WORKMANSHIP QUALITY IS AN IMPORTANT REQUIREMENT. ARCHITECT SHOULD BE PREPARED TO REJECT ALL WORK IF DEFECTIVE WORK IS DISCOVERED IN SAMPLE INSPECTION.
RETAIN ONE OF FIRST FOUR PARAGRAPHS BELOW. RETAIN FIRST PARAGRAPH BELOW IF OWNER WILL HIRE AN INDEPENDENT TESTING AGENCY.
A. Testing and inspections as per manufacturing requirements, drawings, and specifications..
RETAIN FIRST PARAGRAPH BELOW TO REQUIRE CONTRACTOR TO HIRE AN INDEPENDENT TESTING AGENCY.
RETAIN "MANUFACTURER'S FIELD SERVICE" PARAGRAPH BELOW TO REQUIRE A FACTORY-AUTHORIZED SERVICE REPRESENTATIVE TO PERFORM TESTS AND INSPECTIONS.
B. Manufacturer's Field Service: Installing contractor shall provide a company field advisor per OGS spec section 014216 to test and inspect components, assemblies, and equipment installations, including connections.
RETAIN "PERFORM TESTS AND INSPECTIONS" PARAGRAPH BELOW TO REQUIRE CONTRACTOR TO PERFORM TESTS AND INSPECTIONS AND RETAIN OPTION TO REQUIRE CONTRACTOR TO ARRANGE FOR THE ASSISTANCE OF A FACTORY-AUTHORIZED SERVICE AGENT.
C. Perform tests and inspections with the assistance of a company field advisor per OGS spec section 014216 and witnessed by the Director’s Representative.
RETAIN TEST REQUIREMENTS IN "TESTS AND INSPECTIONS" PARAGRAPH BELOW WITH ANY COMBINATION OF PARAGRAPHS ABOVE.
D. Tests and Inspections:
1. Inspect field-insulated equipment, randomly selected by Director’s Representative, by removing field-applied jacket and insulation in layers in reverse order of their installation. Extent of inspection shall be limited to [one] <Insert number> location(s) for each type of equipment defined in the "Equipment Insulation Schedule" Article. For large equipment, remove only a portion adequate to determine compliance.
2. Inspect pipe, fittings, strainers, and valves, randomly selected by Director’s Representative, by removing field-applied jacket and insulation in layers in reverse order of their installation. Extent of inspection shall be limited to [three] <Insert number> locations of straight pipe, [three] <Insert number> locations of threaded fittings, [three] <Insert number> locations of welded fittings, [two] <Insert number> locations of threaded strainers, [two] <Insert number> locations of welded strainers, [three] <Insert number> locations of threaded valves, and [three] <Insert number> locations of flanged valves for each pipe service defined in the "Piping Insulation Schedule, General" Article.
E. All insulation applications will be considered defective if they do not pass tests and inspections.
F. Prepare test and inspection reports.
MATERIALS AND THICKNESSES IN SCHEDULES BELOW ARE FOR SINGLE-LAYER APPLICATIONS. IF MULTILAYER APPLICATIONS ARE NEEDED, INSERT ADDITIONAL REQUIREMENTS.
3.16 DIESEL ENGINE EXHAUST INSULATION SCHEDULE
INSULATE ENGINE EXHAUST FOR PERSONNEL PROTECTION. CONSIDER JACKET MATERIAL WHEN DETERMINING THICKNESS. A PAINTED METAL JACKET CAN IMPACT INSULATION THICKNESS. FLEXIBLE EXHAUST PIPE DOES NOT NEED TO BE INSULATED.
A. Indoor and Outdoor, Exposed, Rigid, Engine Exhaust Pipe and Silencer:
1. Calcium Silicate: [4 inches] <Insert dimension> thick.
3.17 EQUIPMENT INSULATION SCHEDULE
EQUIPMENT INSULATION SCHEDULES IN THIS ARTICLE SPECIFY COMMONLY USED INSULATION MATERIALS AND THICKNESSES FOR EACH EQUIPMENT TYPE. THICKNESS OPTIONS COMPLY WITH ASHRAE/IES 90.1. NOT ALL MATERIALS AND THICKNESSES MAY BE SUITABLE FOR A SPECIFIC PROJECT. REVISE TO SUIT PROJECT AFTER CONSIDERING ALL PARAMETERS THAT IMPACT SELECTION. SEE THE EVALUATIONS FOR MORE INFORMATION AND GUIDANCE.
POLYISOCYANURATE THICKNESS IS LIMITED TO 1 INCH TO MEET A FLAME-SPREAD INDEX OF 25 AND A SMOKE-DEVELOPED INDEX OF 50. CONDENSATION CONTROL AND ENERGY EFFICIENCY ARE LIMITED BY THICKNESS.
FLEXIBLE ELASTOMERIC AND POLYOLEFIN THICKNESSES ARE LIMITED TO 1 INCH TO MEET A FLAME-SPREAD INDEX OF 25 AND A SMOKE-DEVELOPED INDEX OF 50. CONDENSATION CONTROL AND ENERGY EFFICIENCY ARE LIMITED BY THICKNESS.
CONSIDER THE EXPOSURE OF INSTALLED INSULATION TO DAMAGE. CONCEALED APPLICATIONS HAVE LESS RISK THAN EXPOSED.
A. Insulation materials and thicknesses are identified below. If more than one material is listed for a type of equipment, selection from materials listed is Contractor's option.
B. Insulate indoor and outdoor equipment that is not factory insulated.
RETAIN " ONE OF" OPTION IN PARAGRAPH BELOW TO ALLOW CONTRACTOR TO SELECT MATERIALS FROM THOSE RETAINED.
C. Fire-suppression water storage tank insulation shall be[ one of] the following:
RETAIN ONE OR MORE OF "CELLULAR GLASS," "FLEXIBLE ELASTOMERIC," "MINERAL-FIBER BOARD," "MINERAL-FIBER PIPE AND TANK," "POLYISOCYANURATE," AND "POLYOLEFIN" SUBPARAGRAPHS BELOW.
1. Cellular Glass: [2 inches] <Insert dimension> thick.
2. Flexible Elastomeric: [1 inch] <Insert dimension> thick.
3. Mineral-Fiber Board: [1 inch] <Insert dimension> thick and [2-lb/cu. ft.] [3-lb/cu. ft.] [6-lb/cu. ft.] nominal density.
4. Mineral-Fiber Pipe and Tank: [1 inch] <Insert dimension> thick.
5. Polyisocyanurate: [1 inch] <Insert dimension> thick.
3.18 PIPING INSULATION SCHEDULE, GENERAL
A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each piping system and pipe size range. If more than one material is listed for a piping system, selection from materials listed is Contractor's option.
B. Items Not Insulated: Unless otherwise indicated, do not install insulation on the following:
1. Indoor fire-suppression piping.
2. Underground piping.
PIPING INSULATION SCHEDULES IN ARTICLES BELOW SPECIFY COMMONLY USED INSULATION MATERIALS AND THICKNESSES BY PIPE SIZE RANGE FOR EACH SERVICE. THICKNESS OPTIONS COMPLY WITH ASHRAE/IES 90.1. NOT ALL MATERIALS AND THICKNESSES MAY BE SUITABLE FOR A SPECIFIC PROJECT. REVISE TO SUIT PROJECT AFTER CONSIDERING ALL PARAMETERS THAT IMPACT SELECTION. DO NOT DUPLICATE REQUIREMENTS INSERTED IN PART 2. SEE THE EVALUATIONS FOR MORE INFORMATION AND GUIDANCE.
POLYISOCYANURATE THICKNESS IS LIMITED TO 1 INCH TO MEET A FLAME-SPREAD INDEX OF 25 AND A SMOKE-DEVELOPED INDEX OF 50. CONDENSATION CONTROL AND ENERGY EFFICIENCY ARE LIMITED BY THICKNESS.
TUBULAR FLEXIBLE ELASTOMERIC IS NOT AVAILABLE IN SIZES LARGER THAN NPS 6. LARGER PIPE SIZES REQUIRE SHEETS TO BE CUT TO SIZE. THICKNESS IS LIMITED TO 1 INCH TO MEET A FLAME-SPREAD INDEX OF 25 AND A SMOKE-DEVELOPED INDEX OF 50. CONDENSATION CONTROL AND ENERGY EFFICIENCY ARE LIMITED BY THICKNESS.
TUBULAR POLYOLEFIN IS NOT AVAILABLE IN SIZES LARGER THAN NPS 4. LARGER PIPE SIZES REQUIRE SHEETS TO BE CUT TO SIZE. THICKNESS IS LIMITED TO 1 INCH TO MEET A FLAME-SPREAD INDEX OF 25 AND A SMOKE-DEVELOPED INDEX OF 50. CONDENSATION CONTROL AND ENERGY EFFICIENCY ARE LIMITED BY THICKNESS.
3.19 INDOOR PIPING INSULATION SCHEDULE
INSULATE ENGINE COOLANT PIPING FOR REMOTE RADIATOR OF ENGINE-DRIVEN FIRE PUMP FOR PERSONNEL PROTECTION. CONSIDER JACKET MATERIAL WHEN DETERMINING THICKNESS. A PAINTED METAL JACKET CAN IMPACT INSULATION THICKNESS.
A. Indoor Engine Coolant Piping for Remote Radiator of Engine-Driven Fire Pump:
RETAIN " ONE OF" OPTION IN "ALL PIPE SIZES" SUBPARAGRAPH BELOW TO ALLOW CONTRACTOR TO SELECT MATERIALS FROM THOSE RETAINED.
1. All Pipe Sizes: Insulation shall be[ one of] the following:
RETAIN ONE OR MORE OF "CALCIUM SILICATE"; "CELLULAR GLASS"; AND "MINERAL-FIBER PREFORMED PIPE INSULATION, TYPE I OR II" SUBPARAGRAPHS BELOW.
a. Calcium Silicate: [2 inches] <Insert dimension> thick.
b. Cellular Glass: [2 inches] <Insert dimension> thick.
c. Mineral-Fiber Preformed Pipe Insulation, Type I or II: [2 inches] <Insert dimension> thick.
B. Indoor Engine Exhaust Piping and Silencer:
1. All Pipe Sizes: Insulation shall be the following:
a. Calcium Silicate: [4 inches] <Insert dimension> thick.
3.20 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE
IN ADDITION TO OTHER CRITERIA, INSULATE OUTDOOR PIPING FOR FREEZE PROTECTION.
A. Fire-Suppression Water Piping:
RETAIN " ONE OF" OPTION IN "ALL PIPE SIZES" SUBPARAGRAPH BELOW TO ALLOW CONTRACTOR TO SELECT MATERIALS FROM THOSE RETAINED.
1. All Pipe Sizes: Insulation shall be[ one of] the following:
RETAIN ONE OR MORE OF "CELLULAR GLASS"; "MINERAL-FIBER PREFORMED PIPE INSULATION, TYPE I"; AND "PHENOLIC" SUBPARAGRAPHS BELOW.
a. Cellular Glass: [2 inches] <Insert dimension> thick.
b. Mineral-Fiber Preformed Pipe Insulation, Type I: [2 inches] <Insert dimension> thick.
c. Phenolic: [2 inches] <Insert dimension> thick.
INSULATE ENGINE COOLANT PIPING FOR REMOTE RADIATOR OF ENGINE-DRIVEN FIRE PUMP FOR PERSONNEL PROTECTION. CONSIDER JACKET MATERIAL WHEN DETERMINING THICKNESS. A PAINTED METAL JACKET CAN IMPACT INSULATION THICKNESS.
B. Outdoor Engine Coolant Piping for Remote Radiator of Engine-Driven Fire Pump:
RETAIN " ONE OF" OPTION IN "ALL PIPE SIZES" SUBPARAGRAPH BELOW TO ALLOW CONTRACTOR TO SELECT MATERIALS FROM THOSE RETAINED.
1. All Pipe Sizes: Insulation shall be[ one of] the following:
RETAIN ONE OR MORE OF "CALCIUM SILICATE"; "CELLULAR GLASS"; AND "MINERAL-FIBER PREFORMED PIPE INSULATION, TYPE I OR II" SUBPARAGRAPHS BELOW.
a. Calcium Silicate: [2 inches] <Insert dimension> thick.
b. Cellular Glass: [2 inches] <Insert dimension> thick.
c. Mineral-Fiber Preformed Pipe Insulation, Type I or II: [2 inches] <Insert dimension> thick.
C. Outdoor Engine Exhaust Piping and Silencer:
1. All Pipe Sizes: Insulation shall be the following:
a. Calcium silicate: [4 inches] <Insert dimension> thick.
INSULATE ENGINE EXHAUST FOR PERSONNEL PROTECTION. CONSIDER JACKET MATERIAL WHEN DETERMINING THICKNESS. A PAINTED METAL JACKET CAN IMPACT INSULATION THICKNESS.
D. Outdoor Fire-Suppression Piping Filled with Water:
RETAIN " ONE OF" OPTION IN "ALL PIPE SIZES" SUBPARAGRAPH BELOW TO ALLOW CONTRACTOR TO SELECT MATERIALS FROM THOSE RETAINED.
1. All Pipe Sizes: Insulation shall be[ one of] the following:
RETAIN ONE OR MORE OF "CELLULAR GLASS"; "FLEXIBLE ELASTOMERIC"; "MINERAL-FIBER PREFORMED PIPE INSULATION, TYPE I"; "PHENOLIC"; "POLYISOCYANURATE"; AND "POLYOLEFIN" SUBPARAGRAPHS BELOW.
a. Cellular Glass: [2 inches] <Insert dimension> thick.
b. Flexible Elastomeric: [2 inches] <Insert dimension> thick.
c. Mineral-Fiber Preformed Pipe Insulation, Type I: [2 inches] <Insert dimension> thick.
d. Phenolic: [2 inches] <Insert dimension> thick.
e. Polyisocyanurate: [2 inches] <Insert dimension> thick.
3.21 INDOOR, FIELD-APPLIED JACKET SCHEDULE
POSSIBLE VARIATIONS OF JACKETS BY LOCATION ARE ENDLESS. THIS ARTICLE SPECIFIES LOCATIONS IN TWO BROAD CATEGORIES: CONCEALED AND EXPOSED. REVISE IF ADDITIONAL DELINEATION IS NECESSARY.
A. Install jacket over insulation material. For insulation with factory-applied jacket, install the field-applied jacket over the factory-applied jacket.
B. If more than one material is listed, selection from materials listed is Contractor's option.
C. Piping, Concealed:
RETAIN ONE OF FIVE SUBPARAGRAPHS BELOW.
1. None.
2. Aluminum, [Smooth] [Corrugated] [Stucco Embossed]: [0.016 inch] [0.020 inch] [0.024 inch] [0.032 inch] [0.040 inch] thick.
3. Painted Aluminum, [Smooth] [Corrugated] [Stucco Embossed]: [0.016 inch] [0.020 inch] [0.024 inch] [0.032 inch] thick.
4. Stainless Steel, [Type 304] [or] [Type 316], [Smooth No. 2B Finish] [Corrugated] [Stucco Embossed]: [0.010 inch] [0.016 inch] [0.020 inch] [0.024 inch] thick.
5. <Insert jacket type>.
D. Piping, Exposed:
RETAIN ONE OF SIX SUBPARAGRAPHS BELOW.
1. None.
2. [PVC] [PVC, Color-Coded by System]: [20 mils] [30 mils] thick.
3. Aluminum, [Smooth] [Corrugated] [Stucco Embossed]: [0.016 inch] [0.020 inch] [0.024 inch] [0.032 inch] [0.040 inch] thick.
4. Painted Aluminum, [Smooth] [Corrugated] [Stucco Embossed]: [0.016 inch] [0.020 inch] [0.024 inch] [0.032 inch] thick.
5. Stainless Steel, [Type 304] [or] [Type 316], [Smooth No. 2B Finish] [Corrugated] [Stucco Embossed]: [0.010 inch] [0.016 inch] [0.020 inch] [0.024 inch] thick.
6. <Insert jacket type>.
3.22 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE
POSSIBLE VARIATIONS OF JACKETS BY LOCATION ARE ENDLESS. THIS ARTICLE SPECIFIES LOCATIONS IN TWO BROAD CATEGORIES: CONCEALED AND EXPOSED. REVISE IF ADDITIONAL DELINEATION IS NECESSARY.
30-MIL OR HEAVIER PVC IS RECOMMENDED FOR OUTDOOR APPLICATIONS. 40-MIL PVC DOES NOT MEET A FLAME-SPREAD INDEX OF 25 AND A SMOKE-DEVELOPED INDEX OF 50; HOWEVER, A FLAME-SPREAD OR SMOKE-DEVELOPED INDEX IS NOT A REQUIREMENT FOR OUTDOOR APPLICATIONS.
0.024-INCH OR HEAVIER ALUMINUM IS RECOMMENDED FOR OUTDOOR APPLICATIONS.
PAINTED ALUMINUM INCREASES SURFACE EMISSIVITY AND PROVIDES ADDED CHEMICAL RESISTANCE. SEE THE EVALUATIONS FOR DISCUSSION OF EMISSIVITY.
0.016-INCH OR HEAVIER STAINLESS STEEL IS RECOMMENDED FOR OUTDOOR APPLICATIONS.
Z-SHAPED LOCKING SEAM IS RECOMMENDED FOR METAL JACKETS LOCATED IN UNPROTECTED APPLICATIONS THAT ARE EXPOSED TO SEVERE WEATHER.
A. Install jacket over insulation material. For insulation with factory-applied jacket, install the field-applied jacket over the factory-applied jacket.
B. If more than one material is listed, selection from materials listed is Contractor's option.
C. Equipment, Concealed:
RETAIN ONE OF SIX SUBPARAGRAPHS BELOW.
1. None.
2. [PVC] [PVC, Color-Coded by System]: [20 mils] [30 mils] thick.
3. Aluminum, [Smooth] [Corrugated] [Stucco Embossed]: [0.016 inch] [0.020 inch] [0.024 inch] [0.032 inch] [0.040 inch] thick.
4. Painted Aluminum, [Smooth] [Corrugated] [Stucco Embossed]: [0.016 inch] [0.020 inch] [0.024 inch] [0.032 inch] thick.
5. Stainless Steel, [Type 304] [or] [Type 316], [Smooth No. 2B Finish] [Corrugated] [Stucco Embossed]: [0.010 inch] [0.016 inch] [0.020 inch] [0.024 inch] thick.
6. <Insert jacket type>.
D. Equipment, Exposed, up to 48 Inches in Diameter or with Flat Surfaces up to 72 Inches:
RETAIN ONE OF THREE SUBPARAGRAPHS BELOW.
1. [Painted ]Aluminum, [Smooth] [Corrugated] [Stucco Embossed] [with Z-Shaped Locking Seam]: [0.016 inch] [0.020 inch] [0.024 inch] [0.032 inch] [0.040 inch] thick.
2. Stainless Steel, [Type 304] [or] [Type 316], [Smooth No. 2B Finish] [Corrugated] [Stucco Embossed] [with Z-Shaped Locking Seam]: [0.010 inch] [0.016 inch] [0.020 inch] [0.024 inch] thick.
3. <Insert jacket type>.
E. Equipment, Exposed, Larger Than 48 Inches in Diameter or with Flat Surfaces Larger Than 72 Inches:
RETAIN ONE OF THREE SUBPARAGRAPHS BELOW.
1. [Painted ]Aluminum, [Smooth] [Stucco Embossed] with [1-1/4-Inch- Deep Corrugations] [2-1/2-Inch- Deep Corrugations] [4-by-1-Inch Box Ribs]: [0.032 inch] [0.040 inch] thick.
2. Stainless Steel, [Type 304] [or] [Type 316], [Smooth] [Stucco Embossed], with [1-1/4-Inch- Deep Corrugations] [2-1/2-Inch- Deep Corrugations] [4-by-1-Inch Box Ribs]: [0.020 inch] [0.024 inch] thick.
3. <Insert jacket type>.
F. Outdoor Exposed Piping:
RETAIN ONE OF FOUR SUBPARAGRAPHS BELOW.
1. PVC: [20 mils] [30 mils] [40 mils] thick.
2. [Painted ]Aluminum, [Smooth] [Corrugated] [Stucco Embossed] [with Z-Shaped Locking Seam]: [0.016 inch] [0.020 inch] [0.024 inch] [0.032 inch] [0.040 inch] thick.
3. Stainless Steel, [Type 304] [or] [Type 316], [Smooth No. 2B Finish] [Corrugated] [Stucco Embossed] [with Z-Shaped Locking Seam]: [0.010 inch] [0.016 inch] [0.020 inch] [0.024 inch] thick.
4. <Insert jacket type>.
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