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SECTION 15080


MECHANICAL INSULATION

PART 1 ‑ GENERAL


1.1  REFERENCES:  The publications listed below form a part of this specification to the extent referenced.  The publications are referred to in the text by the basic designation only.


1.1.1  Federal Specifications (Fed. Spec.):



HH‑B‑100B


Barrier Material Vapor (For Pipe, Duct and Equipment Thermal, Insulation)



L‑P‑535E


Plastic Sheet (Sheeting); Plastic Strip:  Poly (Vinyl Chloride) and Poly (Vinyl Chloride‑Vinyl Acetate), Rigid


1.1.2  Military Specifications (Mil. Spec.):



MIL‑A‑3316C (1)
Adhesives, Fire‑Resistant, Thermal Insulation



MIL‑A‑24179A

Adhesive, Flexible Unicellular‑Plastic Thermal



 (Notice 1)

Insulation



MIL‑C‑19565C (1)
Coating Compounds, Thermal Insulation, Fire‑ and Water‑Resistant, Vapor Barrier



MIL‑C‑0020079H

Cloth, Glass, Tape, Textile Glass, and Thread Glass


1.1.3  American Society for Testing and Materials (ASTM) Publications:



A 167‑88

Stainless and Heat‑Resisting Chromium‑Nickel Steel Plate, Sheet and Strip



B 209-88

Aluminum and Aluminum-Alloy Sheet and Plate



C 177‑85

Steady‑State Heat Flux Measurements and Thermal Transmission Properties by Means of the Guarded‑Hot‑Plate Apparatus, Test Method



C 195‑77

Mineral Fiber Thermal Insulating Cement



C 533‑85

Calcium Silicate Block and Pipe Thermal Insulation



C 534‑88

Preformed Flexible Elastomeric Cellular Thermal Insulation in Sheet and Tubular Form



C 547‑77

Mineral Fiber Preformed Pipe Insulation



C 552‑88

Cellular Glass Block and Pipe Thermal Insulation



C 553‑70

Mineral Fiber Blanket and Felt Insulation 



(Rev. 77)

(Industrial Type)



C 592‑80

Mineral Fiber Blanket Insulation and Blanket Type Pipe Insulation (Metal‑Mesh Covered) (Industrial Type)



C 612‑83

Mineral Fiber Block and Board Thermal Insulation



C 795‑89

Wicking‑Type Thermal Insulation for Use Over Austenitic Stainless Steel



C 916‑85

Adhesives for Duct Thermal Insulation



D 828-87

Tensile Breaking Strength of Paper and Paperboard



E 84‑88

Surface Burning Characteristics of Building Materials



E 96‑80

Water Vapor Transmission of Materials


1.1.4   Manufacturer's Standardization Society of the Valves and Fittings Industry (MSS) Publication:



SP 58‑88

Pipe Hangers and Supports ‑ Materials, Design, and Manufacture



SP 69‑83

Pipe Hangers and Supports ‑ Selection and Application


1.1.5  National Fire Protection Association (NFPA) Publication:



255‑84

Surface Burning Characteristics of Building Materials, Method of Test of


1.1.6  Underwriters Laboratories, Inc. (UL) Publication:



723‑83

Tests for Surface Burning Characteristics of Building Materials


1.1.7  Japanese Industrial Standards (JIS):



A 1412‑94

Test Method for Thermal Transmission Properties of Thermal Insulations


A 6005‑91 

Asphalt Roofing Felts


A 9501-95

Standard Practice for Thermal Insulation Works



A 9504‑95

Man Made Mineral Fiber Thermal Insulation Materials



A 9510‑95

Inorganic Porous Thermal Insulation Material


A 9511-95

Preformed Cellular Plastics Thermal Insulation Materials



A 9523‑91

Loose Fill Thermal Insulation



G 4305‑87

Cold Rolled Stainless Steel Plates, Sheets and Strip



H 4000‑88

Aluminium and Aluminium Alloy Sheets and Plates, Strips and Coiled Sheets



H 4160-74

Aluminum and Aluminum Alloy Foils



P 8124-76

Determination of Basis Weight of Paper



R 3414‑92

Glass Fabrics



R 3415‑84

Glass Tapes


1.1.8  Heating, Air-conditioning and Sanitary Standard (HASS) published by The Society of Heating, Air-conditioning and sanitary Engineers of Japan:



HASS 010

Heating, Air-conditioning and Sanitary Standard Specification


1.2  GENERAL REQUIREMENTS:  Section, "Mechanical General Requirements," and the additions and modifications specified herein applies to this specification.


1.3  SUBMITTALS:


1.3.1  Manufacturer's Data:



a.
Insulation



b.
Jackets



c.
Casings



d.
Vapor‑barrier materials



e.
Accessory materials


1.3.2  Standards Compliance:  Standards compliance labels are required on each container or package:



a.
Insulation



b.
Jackets



c.
Casings



d.
Vapor‑barrier materials



e.
Accessory materials


1.4  DEFINITIONS:


1.4.1  Finished Spaces:  Spaces used for habitation of occupancy where rough surfaces are plastered, panelled, or otherwise treated to provide a pleasing appearance.


1.4.2  Unfinished Spaces:  Spaces used for storage or work areas where appearance is not a factor, such as unexcavated spaces an crawl space.


1.4.3  Concealed Spaces:  Spaces out of sight.  For example, above ceilings; below floors; between double walls; furred‑in areas; pipe and duct shafts; and similar spaces.


1.4.4  Exposed:  Open to view.  For example, pipe running through a room and not covered by other construction.


1.4.5  Fugitive Treatments;  Treatments subject to deterioraion due to aging, moisture, high humidity, oxygen, ozone, and heat.  Fugitive materials are entrapped materials tha can cause deterioration, such as solvents and water vapor.


1.4.6  Outside:  Open to view up to 5 feet beyond the exterior side of walls, above the roof, and unexcavated or crawl spaces.


1.4.7  Recirculating Domestic Hot Water and Heating Hot Water Piping:  Piping in which water flows when the circulating pump is running.  Piping runs which are not part of the recirculating system are considered run-outs and are not required to be insulated.


1.4.8  Conditioned Space:  An area, room or space normally occupied and being heated or cooled for human habitation by any equipment.


1.5  MANUFACTURER'S STAMP OR LABEL:  Every package or standard container of insulation, jackets, cement, adhesives, and coatings delivered to the project site for use must have the manufacturer's stamp or lable attached giving name of manufacturer, brand, and description of material.  Insulation packages and containers shall be asbestos‑free.


1.6  FLAME SPREAD AND SMOKE DEVELOPED RATINGS:  In accordance with NFPA 255, ASTM E 84 or UL 723, the materials shall have a flame‑spread rating of not more than 25 and a smoke‑developed rating of not more than 50.


1.6.1  Materials Tests:  Test factory‑applied materials as assembled.  Field‑applied materials may be tested individually.  Use no fugitive or corrosive treatments to impart flame resistance.  UL label or satisfactory certified test report from a testing laboratory will be required to indicate that fire hazard rating for materials proposed for use do not exceed those specified.  Flame‑proofing treatment subject to deterioration due to effects of moisture or high humidity are not acceptable.


1.6.2  Materials Exempt From Fire‑Resistant Rating:  Nylon anchors.


1.6.3  Materials Exempt from Fire‑Resistant Rating When Installed In Outside Locations, Buried, or Encased In Concrete:  PVC casing and glass‑fiber‑reinforced plastic casing.

PART 2 ‑ PRODUCTS


2.1  PIPING SYSTEMS INSULATION:  Piping systems (except buried pipe) requiring insulation, types of insulation required, and insulation thickness shall be as listed in [Tables I and II herein] [Appendix 1 of JIS A 9501].  Except for flexible unicellular insulation, insulation thicknesses as specified in Table II shall be one inch greater for insulated piping systems located outside.  Unless otherwise specified, insulate all fittings, flanges, and valves, except valve stems, hand wheels, and operators.  Use factory premolded, precut, or field‑fabricated insulation of the same thickness and conductivity as used on adjacent piping.  Insulation exterior shall be factory cleanable, grease resistant, non‑flaking and non‑peeling.  Pipe insulation shall conform to [JIS A 9501] [HASS 010][the referenced publications in Table I].


2.1.1  Buried Water Pipe Insulation:  Section 02698, "Exterior Buried Preinsulated Water Piping."


2.1.2  Buried Steam and Condensate Return Pipe Insulation:  Section 15705, "Underground Heat Distribution Systems (Prefabricated or Pre‑Engineered Types)."


2.1.3  Pipe Insulation For 1.5 meter Beyond the Exterior Side of Building Walls:  Section "Insulation for Exterior Piped Utilities," in tunnels, in manholes, under and above piers, in trenches on piers, and for aboveground piping.


2.1.4  Blanket Type Flexible Insulation:  Manufacturer fabricated blanket type valve insulation.  Insulation material shall be JIS A 9504, glass wool [rock wool], asbestos-free.


2.1.4  Piping Insulation Finishes:


2.1.4.1  All‑Purpose Jacket:  Except calcium silicate and unicellular insulation, provide a factory applied all‑purpose jacket with or without integral vapor barrier as required by the service.  Provide jackets in exposed locations with a white surface suitable for field painting.  Allow a maximum water vapor permeance of 0.05 perm per ASTM E 96, a puncture resistance of not less than 50 Beach units, and a minimum tensile strength of 6.25 kgf/cm of width (35 pounds‑force per inch of width) in accordance with ASTM D828.


2.1.4.2  Vapor‑Barrier Material:  Fed. Spec. HH‑B‑100, Type I.  Resistant to flame, moisture penetration, and mold growth. [Para. 6.2.5 of JIS A 9501][HASS 010].  Provide vapor‑barrier material on pipe insulation as required in Table I.


2.1.4.3  Metal Jackets:  Provide a moisture‑barrier lining for metal jackets located outside.


2.1.4.3.1  Aluminum Jackets:  ASTM B209, Alloy 3003 or 3004 Temper H14, [JIS H 4000, Type 3003, 3004, 3105, 5005, or 5052, metallic, Temper H14], [0.016 [0.020] inch] [0.4 mm thick for valve and not more than 250 mm insulation out side diameter, 0.6 mm thick for lager than 250 mm insulation out side diamater], smooth.


2.1.4.3.2  Stainless Steel Jackets:  ASTM A 167, type [304] [316], [JIS G 4305, type 304, [0.010 [0.016] inch] [[0.3] [0.4] mm] thick, smooth.


2.1.4.3.3  Piping, Fittings, Flanges, and Valves in Outside Locations:  Finish elbows and curved piping with factory‑fabricated metal covers.  Finish tees, flanges, and valves with metal covers.  Covers shall be same thickness and materials as jackets on adjacent piping.


2.1.4.4  Vinyl Lacquer:  Two coats of vinyl lacquer finish or equivalent according to the manufacturer's recommendations for unicellular insulation located outside.


2.2  DUCT [PLENUMS] [MIXING BOXES] [FILTER BOXES] [AND] [CASINGS] (HEATING, VENTILATING AND AIR CONDITIONING SYSTEMS (NVAC)) INSULATION:  Provide insulation on ducts [, plenums] [, mixing boxes] [, filter boxes] [and] [casings] of Heating, Ventilating and Air Conditioning Systems (HVAC).


2.2.1  Duct Insulation in Concealed Spaces:  25mm thick [JIS A 9504 glass wool, 2 "gou", 24K] [JIS A 9504 rock wool, 1 "gou",][ALK "hoonban" JIS A 9504 glass wool, 2 "gou" 24K with aluminum foil] insulation board.  [Two‑inch thick mineral fiber flexible resilient blanket insulation with a maximum conductivity of 0.126 kcal/m.hr.degree C at 23.9 degrees C mean temperature as tested in accordance with JIS A 1412 [Blanket flexible mineral fiber insulation conforming to ASTM C553, Type 1, Class B-3, 1.0 pound per cubic foot nominal, 2.0 inches thick.  Provide flexible insulation in concealed spaces only.].


2.2.2  Duct Insulation Not in Concealed Spaces:  25[40][50]mm thick [JIS A 9504 glass wool, 2 "gou", [24K][40K with glass cloth]] [JIS A 9504 rock wool, [1 "gou"][2 "gou" with glass cloth]] insulation board.  [Mineral fiber per JIS A 9504 (maximum surface 200 degrees C), 48 kg/m3 (3 pcf) average, 40‑mm thick, inside the building; and 96 kg/m3 65‑mm thickness double layer construction outside the building.]  [Mineral fiber in accordance with ASTM C612, Class 2 (maximum surface temperature 400 degrees F), 6 pcf (pounds per cubic foot) average, one inch thick.]


[2.2.3  Wicking‑Type Insulation:  ASTM C 795.  Use over austenitic stainless steel surfaces.]


2.2.4  Exhaust Ductwork:  For [ovens,] [griddles,] [deepfat fryers,] [steam kettles,] [Vegetable steamers,] [high pressure cookers,] [and] [mobile serving units], insulate ductwork with a minimum thickness of 50‑mm blocks or boards, either mineral fiber conforming to [25-mm JIS A 9504 glass wool, 2 “gou” 24K [40K with glass cloth] or 25-mm rock wool, 1 [2] “gou”] [ASTM C 612, Class 5, 20 pcf average or calcium silicate conforming to ASTM C 533, Type II].


2.2.5  Insulation Thickness for All Types of Ductwork Located Outside:  Provide insulation one‑inch thicker than specified herein.


2.2.6  Acoustically Lined Ducts:  For ductwork indicated or specified in Section "Ductwork and Accessories, to be acoustically lined, provide external insulation as specified in paragraph "Duct Insulation Not In Concealed Spaces".


2.2.7  Duct Insulation Finishes:


2.2.7.1  All‑Purpose Jacket:  Provide a factory applied all‑purpose jacket with or without integral vapor barrier as required by the service.  In exposed locations, provide jackets with a white surface suitable for field painting.  All‑purpose jacket shall have a maximum water vapor permeance of 0.05 perm per ASTM E 96; a puncture resistance of not less than 50 Beach units; and a tensile strength of not less than 35 pounds‑force per inch of width in accordance with ASTM D 828.


2.2.7.2  Vapor‑Barrier Material:  Par. 7.2.4 of JIS A 9501.  [Fed. Spec. HH‑B‑100, Type I for duct in equipment room and exposed areas and Type I or II in remaining areas.  Material shall be resistant to flame, moisture penetration, and shall not support mold growth.]  Provide vapor barrier on all HVAC duct insulation, except insulation for heating only.


2.2.7.3  Metal Jackets:  Provide metal jackets with moisture barrier lining for externally insulated ductwork located outside.


2.2.7.3.1  Aluminum Jackets:  JIS H 4000, Type II metallic, [ASTM B 209, Alloy 3003 or 3004] Temper H14, [0.4 mm, [0.5 mm] [0.016 [0.020] inch] thick, smooth.


2.2.7.3.2  Stainless Steel Jackets:  JIS G 4305, [ASTM A 167] Type [304], [0.3 [0.4] mm] [0.010 [0.016] [0.020] inch] thick, smooth.


2.2.8  Accessories for Duct Insulation:


2.2.8.1  Corner Angle:  JIS H 4000 as indicated on drawing.


2.2.8.2  Pressure Sensitive Vapor Seal Tape:  Aluminum tape with adhesive, aluminum foil shall be conform to JIS H 4160.


2.2.8.3  Heavy Kraft Paper:  Basis weight of paper shall be not less than 370 g/m² with JIS P 8124.


2.2.8.4  Vapor Barrier Coating Compound:  Recommended by the manufacturer of the vapor barrier jacket.


2.2.8.5  Staples:  JIS G 4307, Type 304 stainless steel outside‑clinch type.


2.3  BOILER STACKS AND BREECHING AND DIESEL ENGINE EXHAUST PIPING INSULATION:  ASTM C 592 Class I or ASTM C 612 Class 3 or ASTM C 533, Type I.  Insulation and minimum thickness shall comply with Table IV.  Fill joints in the block insulation with mineral wool or equivalent insulation cement.  For equipment operating at surface temperatures above 315 degrees C (600 degrees F), apply block in double layer construction with staggered joints.


2.4  EQUIPMENT:  Insulate all equipment and accessories as specified in Table III.  In outside locations, provide insulation one inch thicker than specified.  Increase the specified insulation thickness for equipment only where necessary to equal the thickness of angles or other structural members to make a smooth, exterior surface.  Additional insulation is not required for factory‑insulated equipment.


2.5  ADHESIVES, SEALANTS, AND COATING COMPOUNDS:  [Shall conform to JIS A 9501] [HASS 010.]


2.5.1  Adhesive for Securing Insulation to Metal Surfaces and Vapor Barrier Lap Adhesive (For Use in Building Interior Only):  ASTM C 916, Type I (an adhesive in which the vehicle is nonflammable in liquid (wet) state and which will pass the edge‑burning test), or Type II (An adhesive in which the vehicle is nonflammable in the liquid (wet) state and which will not pass the edge‑buring test).


2.5.2  Lagging Adhesive:  Mil. Spec. MIL‑A‑3316, Class 1 (For bonding fibrous glass cloth to unfaced fibrous glass insulation; for bonding cotton brattice cloth to faced and unfaced fibrous glass insulation board; for sealing the edges of and bounding fibrous glass tape to the joints of, fibrous glass board; or for bonding lagging cloth to thermal insulation) or Class 2 (for attaching fibrous glass insulation to metal surfaces).


2.5.3  Mineral Fiber Insulation Cement:  ASTM C 195, thermal conductivity 0.85 maximum at 200 degrees F mean when tested per ASTM C 177.


2.5.4  Vapor Barrier Coating:  Mil. Spec. MIL‑C‑19565, Type II (indoor only above surface temperature 60 degrees F), color white.


2.5.5  Weatherproof Coating:  For outside applications use a weatherproof coating recommended by the manufacturer of the insulation and jackets.


2.5.6  Flexible Unicellular Insulation Adhesive:  Mil. Spec. MIL‑A‑24179, Type II Class 1 or Type III.


2.6  ACCESSORIES: {HASS 010] [JIS A 9501]


2.6.1  Staples:  Galvanized steel staples out side-clinch type.  [[ASTM A167] Type [304] [05] [316] stainless steel outside‑clinch type.]


2.6.2  Insulation Bands:  20 mm wide for outside diameter of not more than 250 mm, 25 mm for outside diameter of lager than 250 mm; [0.5‑mm galvanized steel] [or] [0.5‑mm stainless‑steel] [or] [0.6‑mm aluminum].


2.6.3  Bands for Metal Jackets:  10‑mm width; 0.3‑mm stainless‑steel [or] [0.6‑mm aluminum].


2.6.4  Anchor Pins:  Provide anchor pins and speed washers recommended by the insulation manufacturer.


2.6.5  Glass Cloth and Tape:  JIS R 3414, Type EP 21C, (cloth) and R 3415 (tape).  [MIL C 20079, Type I, Class 1 Cloth, and Type II, Class 1 or 3 tape.] Tape shall be 10‑cm wide rolls.  In lieu of glass cloth and tape, open weave glass membrane may be used.


2.6.6  Coat‑Tar‑Saturated Organic Felt:  JIS A6005, class 30K.


2.6.7  Wire:  Soft annealed stainless steel, 1.2‑mm nominal diameter.

PART 3 ‑ EXECUTION


3.1  PREPARATION:  Do not insulate materials until all system tests have been completed and surfaces to be insulated have been cleaned of dirt, rust, and scale and dried.  [Insulate return ducts, outside air intakes and supply ducts to the room outlets, flexible runouts, plenums, casings, mixing boxes, filter boxes, coils, fans, and the portion of air terminals not in the conditioned spaces.  Ensure full range of motion of equipment actuators.]  Modify insulation to avoid obstruction with valve handle, safety relief, and other such items.  Allow adequate space for pipe expansion.  Conditioned space shall be defined as an area, room or space normally occupied and being heated or cooled for human habitation by any equipment.  Install insulation with jackets drawn tight and cement down on longitudinal and end laps.  Do not use scrap pieces where a full length section will fit.  Insulation shall be continuous through sleeves, wall and ceiling openings, except at fire dampers in duct systems.  Extend surface finishes to protect all surfaces, ends, and raw edges of insulation.  Apply coatings and adhesives at the manufacturer's recommended coverage per gallon.  [Individually insulate piping and ductwork.]  Provide a moisture and vapor seal where insulation terminates against metal hangers, anchors and other projections through the insulation on surfaces for which a vapor seal is specified.  Keep insulation dry during the application of any finish.  Bevel and seal the edges of exposed insulation.  Unless otherwise indicated, do not insulate the following:



a.
Air conditioning supply and return ducts in air conditioned space that furnish conditioned air 24 hours each day of the cooling season.



b.
Heating supply and return ducts in spaces that are heated 24 hours each day of the heating season.



c.
Fibrous glass ductwork.



d.
Factory preinsulated flexible ductwork.



e.
Factory insulated ductwork, plenums, casings, mixing boxes, filter boxes.



f.
Vertical portion of interior roof drain pipelines, chrome plated pipes, and fire protection pipes.



g.
Vibration isolating connections.



h.
Adjacent insulation.



[i.
ASME stamps.]



j.
Fan name plated.



k.
Access plates in fan housings


3.2  PIPING INSULATION:


3.2.1  Pipe Insulation (Except Unicellular and Calcium Silicate Insulation):  [JIS A 9501][HASS 010].  Place sections of insulation around the pipe and joints tightly butted into place.  The jacket laps shall be drawn tight and smooth.  Secure jacket with fire resistant adhesive conforming to Mil. Spec. MIL‑A‑3316, Class 2, factory applied self sealing lap, or stainless steel outward clinching staples spaced not over 10‑cm on centers and 1.2‑cm minimum from edge of lap.  Cover circumferential joints with butt strips, not less than 7.6‑cm wide, of material identical to the jacket material.  Overlap longitudinal laps of jacket material not less than 3.8 cm.  Adhesive used to secure the butt strip shall be the same as used to secure the jacket laps.  Apply staples to both edges of the butt strips.  When a vapor barrier jacket is required, as indicated in TABLE I, or on the ends of sections of insulation that butt against flanges, unions, valves, fittings, and joints, use a vapor‑barrier coating conforming to Mil. Spec. MIL‑C‑19565, Type II or manufacturer's weatherproof coating for outside service.  Apply this vapor barrier coating at all longitudinal and circumferential laps.  Patch damaged jacket material by wrapping a strip of jacket material around the pipe and cementing, stapling, and coating as specified for butt strips.  Extend the patch not less than 3.8 cm past the break in both directions.  At penetrations by pressure gauges and thermometers, fill the voids with the vapor barrier coating for outside service.  Seal with a brush coat of the same coating.  Do not use staples to secure jacket laps on pipes carrying fluid medium at temperatures below 1.6 degrees C.  Where penetrating roofs, insulate piping to a point flush with the top of the flashing and seal with the vapor barrier coating.  Butt tightly the exterior insulation to the top of the flashing and interior insulation.  Extend the exterior metal jacket 5 cm down beyond the end of the insulation.  Seal the flashing and counterflashing underneath with the vapor barrier coating.  In chilled and cold water piping in high humidity areas, use cellular glass, or flexible unicellular insulation.


3.2.2  Flexible Unicellular Insulation:  Bond cuts, butt joints, ends, and longitudinal joints with adhesive conforming to Mil. Spec. MIL‑A‑24179, Type II, Class 1.  Miter 90‑degree turns and elbows, tees, and valve insulation.  Where pipes penetrate fire walls, provide mineral‑fiber insulation inserts and sheet‑metal sleeves.  Insulate flanges, unions, valves, and fittings in accordance with manufacturer's published instructions.  Apply two coats of vinyl lacquer finish to flexible unicellular insulation in outside locations.


3.2.3  Calcium Silicate Pipe Insulation:  Secure insulation with stainless steel metal bands on 30‑cm maximum centers.  [For high temperature piping (above 316 degrees C); unless single layer insulation is recommended by the manufacturer, apply insulation in two layers with the joints tightly butted and staggered a minimum of 7.6 cm.  Secure the inner layer of insulation with 14 gauge soft annealed stainless steel wire on 30‑cm maximum centers.  The outer layer shall be secured with stainless steel metal bands on 30‑cm maximum centers].  Apply a skim coat of hydraulic setting cement directly to the insulation.  When dry, apply a flooding coat of Mil. Spec. MIL‑A‑3316, Class 1, adhesive over the hydraulic setting cement.  Press a layer of JIS R 3415 [Mil. Spec. MIL‑C‑20079] glass cloth or tape into adhesive and seal laps and edges with adhesive.  Coat cloth with adhesive cut at a ratio of one part water to five parts adhesive in color other than white for the purpose of visual inspection to ensure sizing of entire surface.  At Contractors option secure 0.41‑mm thick jacket to surface of insulation in accordance with paragraph titled "Metal Jackets for Outside Ductwork."


3.2.4  Hangers and Anchors:  Pipe insulation shall be continuous through pipe hangers.  Where pipe is supported by the insulation, provide MSS SP‑58, Type 40 galvanized steel shields or MSS SP‑58, Type 39 protection saddles conforming to MSS SP‑69.  Where shields are used on pipes 50‑mm and larger, provide insulation inserts at points of hangers and supports.  Insulation inserts shall be of calcium silicate, cellular glass (minimum 8 pcf), molded glass fiber (minimum 8 pcf), or other approved material of the same thickness as adjacent insulation.  Inserts shall have sufficient compressive strength to adequately support the pipe without compressing the inserts to a thickness less than the adjacent insulation.  Insulation inserts shall cover the bottom half of the pipe circumference 180 degrees and be not less in length than the protection shield.  Vapor‑barrier facing of the insert shall be of the same material as the facing on the adjacent insulation.  Seal inserts into the insulation with Mil. Spec. MIL‑C‑19565 vapor barrier coating, Type II or for exterior work, manufacturers recommended weatherproof coating, as applicable.  Where protection saddles are used, fill all voids with the same insulation material as used on the adjacent pipe.  Where anchors are secured to chilled piping that is to be insulated, insulate the anchors the same as the piping for a distance not less than four times the insulation thickness to prevent condensation.  Vapor seal insulation around anchors.


3.2.5  Sleeves and Wall Chases:  Where penetrating interior walls, extend a metal jacket 5 cm out on either side of the wall and secure on each end with a band.  Where penetrating floors, extend a metal jacket from a point below the back‑up material to a point 25 cm above the floor with one band at the floor and one not more than 2.5 cm from end of metal jacket.  Where penetrating exterior walls, extend the metal jackets through the sleeve to a point 5‑cm beyond the interior surface of the wall.


3.2.6  Flanges, Unions, Valves and Fittings Insulation (Except Flexible Unicellular) for Hot Piping:  Factory fabricated removable and reusable insulation covers may be used.  For inside dual temperature, domestic hot water, heating hot water, A/C condensate drains, high temperature hot water, steam and condensate return systems; exposed hot water piping and drains in handicap areas, place factory premolded, precut or field‑fabricated segmented insulation of the same thickness and conductivity as the adjoining pipe insulation around the flange, union, valve, and fitting abutting the adjoining pipe insulation.  If nesting size insulation is used, overlap 5 cm or one pipe diameter whichever is larger.  Use insulating cement to fill voids.  Elbows insulated using segments shall have not less than three segments per elbow.  Place and joint the segments with manufacturer's recommended water vapor resistant, fire retardant, and adhesive appropriate for the temperature limit of the service.  Upon completion of installation of insulation, apply two coats of Mil. Spec. MIL‑A‑3316, Class 1 lagging adhesive with JIS R 3415 [Mil. Spec. MIL‑C‑20079, Type II, Class 3] glass tape embedded between coats.  Overlap tape seams 2.5 cm.  Extend adhesive onto adjoining insulation not less than 5 cm.  The total dry film thickness shall be not less than 1.6 mm.  Where unions are indicated not to be insulated, taper the insulation to the union at a 45 degree angle.  Coat the insulation and all purpose jacket with two coats of Mil. Spec. MIL‑A‑3316, Class 1 lagging adhesive and with JIS R 3415 [Mil. Spec. MIL‑C‑20079, Class 3] glass tape embedded between coats.  The total dry film thickness shall be not less than 1.6 mm.  At the option of the Contractor, factory premolded one‑piece Fed. Spec. L‑P‑535, Composition A, Type II, Grade GU, PVC fitting covers may be used in lieu of two coats of adhesive with tape embedded between coats.  Factory premolded field‑fabricated segment or blanket insert insulation shall be provide under the fitting covers.  Install factory premolded one‑piece PVC fitting covers over the insulation and secure by stapling, taping with PVC vapor barrier tape, or with metal or plastic tacks made for securing PVC fitting covers.  Do not provide PVC fitting covers where exposed to the weather.  Provide PVC fitting covers only in ambient temperatures below 65.6 degrees C.


3.2.7  Flanges, Unions, Valves, Anchors, Fittings for Cold Piping:  Factory‑fabricated removable and reusable insulation covers may be provided.  For piping insulation inside the building that service dual temperature, domestic cold water above ceilings, chilled water supply and return, refrigerant suction, drinking fountain drain piping to sewer tie‑in, horizontal roof drain leaders, and exposed laboratory drains, coat pipe insulation ends with Mil. Spec. MIL‑C‑19565 Type II vapor barrier coating not more than 6 inches from each flange, union, valve, anchor or fitting.  Place insulation of the same thickness and conductivity as the adjoining pipe insulation (either premolded or segmented) around the item, butting the adjoining pipe insulation.  If nesting size insulation is provided, overlap the insulation 5 cm or one pipe diameter.  Use loose fill mineral wool or insulating cement to fill the voilds.  Elbows insulted using segments shall not have less than 3 segments per elbow.  Secure insulation by wire or tape until finish coating is applied.  Apply two coats of Mil. Spec. MIL‑C‑19565, Type II, vapor barrier coating with Mil. Spec. MIL‑C‑20079 glass tape embedded between coats.  Overlap tape seams one inch.  Extend the coating out onto the adjoining pipe insulation 5 cm.  Where unions are shown not to be insulated, the insulation shall be tapered to the union at a 45 degree angle.  Seal the insulation and jacket with two coats of Mil. Spec. MIL‑C‑19565 Type II vapor barrier coating with Mil. Spec. MIL‑C‑20079 glass tape embedded between coats.  Insulate anchors attached directly to the pipe for a sufficient distance to prevent condensation but not less than 6 inches from the insulation surface.  Insulate flexible connections at pumps and other equipment with unicellular plastic insulation, unless otherwise indicated.  At the option of the Contractor, premolded, one‑piece polyvinyl chloride (PVC) fitting covers in accordance with Fed. Spec. L‑P‑535, composition A, Type II, Grade GU may be provided in lieu of the embedded glass tape.  Factory premolded insulation or field‑fabricated insulation segments shall be used under the fitting covers.  Blanket inserts may be used.  Secure the covers with adhesive and vapor barrier tape with a vapor resistance of maximum 0.05 perm per ASTM E 96, or with tacks made for securing PVC covers.  Then coat all tape seams and tacks with Type II vapor barrier coating.  Do not use premolded PVC fitting covers where exposed to weather.  Provide PVC covers only when medium temprature is not less than 1.7 degrees C and ambient temperature is below 65.6 degrees C.


3.2.8  Piping Exposed to Weather:


3.2.8.1  Metal Jackets:  Install over the insulation.  Metal jackets shall have side and end lap at least 5‑cm wide with the cut edge of the side tap turned inside one inch to provide a smooth edge.  Overlap the jacket not less than 5 cm at longitudinal and circumferential joints and secure with metal bands at not more than 23‑cm centers or with screws at not more than 12.7‑cm centers.  Overlap longitudinal joints down to shed water.  Seal circumferential joints with a coating recommended by the insulation manufacturer for weatherproofing.


3.2.8.2  Flanges, Unions, Valves, Fittings, and Accessories:  Insulate and finish as specified for the applicable service.  Apply two coats of an emulsion type weatherproof mastic for hot service and vapor barrier mastic for cold service recommended by the insulation manufacturer.  Embed Mil. Spec. MIL‑C‑20079 glass tape in the first coat.  Overlap tape not less than 2.5 cm and the adjoining metal jacket not less than 5 cm.  Factory preformed metal jackets may be provided in lieu of the above for hot service.


3.3  DUCTS [PLENUMS] [AND] [CASINGS] (HVAC) INSULATION:


3.3.1  Rigid Insulation:  Secure rigid insulation by impaling over pins or anchors located not more than 7.6 cm from joint edges of boards, spaced not more than 30 cm on centers and secure with washers and clips.  Spot weld anchor pins or attach with a waterproof adhesive especially designed for use on metal surfaces.  Apply insulation with joints tightly butted.  Neatly bevel insulation around name plates and access plates and doors.  Each pin or anchor shall be capable of supporting a 9‑kt load.  Cut off protruding ends of pins, after clips are sealed with coating compound conforming to Mil. Spec. MIL‑C‑19565, Class II for inside work or manufacturer's recommended weatherproof coating for outside work, and reinforced with open weave glass membrane.


3.3.2  Flexible Blanket Insulation:  Apply insulation with all joints tightly butted.  Secure insulation to ductwork with adhesive in 15‑cm wide strips on 30 cm centers.  Staple laps of jacket with outward clinching staples and seal with foil scrim Kraft (FSK) tape.  For ductwork over 60‑cm on horizontal duct runs, provide pins, washers and clips.  Provide pins on sides of vertical ductwork being insulated.  Space pins and clips on 45 cm centers and not more than 45 cm from duct corners.  Carry insulation over standing seams and trapeze‑type hangers.  Install speed washers with pins and pin trimmed to washer.  Sagging of flexible duct insulation will not be permitted.  Cut off protruding ends of pins after clips are secured and sealed with coating compound conforming to Mil. Spec. MIL‑C‑19565, type II for inside work.  For warm air ducts, overlap insulation not less than 5 cm at joints and secure the laps with outward clinch staples on 10‑cm centers.  In cold air ducts, vapor seal all joints and staple as specified.


3.3.3  Insulation Finishes and Joint Sealing:  Fill all breaks, punctures, and voids with vapor barrier coating compound conforming to Mil. Spec. MIL‑C‑19565, Class II for inside work or manufacturer's recommended weatherproof coating for outside service.  Vapor seal all joints by embedding a single layer 7.5‑cm wide open weave glass membrane, 20 by 20 mesh maximum  size between two 1.6 mm wet film thickness coats of Mil. Spec. MIL‑C‑19565, Type II vapor barrier coating compound.  Draw glass fabric smooth and tight with a 3.8 cm overlap.  At jacket penetrations such as hangers, thermometers, and damper operating rods, fill voids in the insulation with Mil. spec. MIL‑C‑19565, Type II vapor barrier coating.  Brush a coat of Mil. Spec. MIL‑C‑19565, Type II vapor barrier coating where required on HVAC ducts.  Provide vapor barrier jacket continuous across seams, reinforcing, and projections.  Where height of projections is greater than insulation thickness, carry insulation and jacket over the projection.  For joints for heating only systems, provide insulation with two coats of fire resistant adhesive conforming to Mil. Spec. MIL‑A‑3316, Class 2 with glass fabric conforming to Mil. Spec. MIL‑C‑20079, type I or II, 20 by 20 maximum size mesh embedded between coats.


3.3.4  Metal Jackets for Outside Ductwork:  Ensure metal‑jacket side and end laps at least 5 cm wide, with the cut edge of the side lap turned under one inch to provide a smooth edge.  Place horizontal laps to shed water.  Seal vertical laps with insulation manufacturers recommended weatherproof coating.  Secure jackets in place with [aluminum] [or] [stainless steel] bands on 22‑cm centers [aluminum] [or] [stainless steel] screws on 12‑cm centers.  Where ducts penetrate exterior walls, continue the increased thickness required for ductwork exposed to weather and the metal jackets through the sleeve to a point 5 cm beyond the interior surface of the wall.  Where metal jacket abuts an uninsulated surface, seal joints with weatherproof mastic recommended by the insulation manufacturer.  For rectangular ducts, provide corner angles to exposed corners of the insulation.  Apply two coats of weatherproof coating recommended by the insulation manufacturer to the entire surface with a layer of Mil. Spec. MIL‑C‑20079 glass cloth embedded between coats.  Ensure glass cloth overlaps not less than 5‑cm at joints and adjoining surface.  Each coat of weatherproof coating shall be 1.6‑mm minimum thickness.  [In lieu of metal jackets for outside ductwork, ductwork may be weatherproofed and internally insulated.]


3.3.5  Exhaust Duct Insulation:  For [ovens,] [griddles,] [deepfat fryers,] [steam kettles,] [vegetable steamers,] [high pressure cookers,] [and] [mobile serving units] provide insulation with 19‑mm wide, minimum 3.8‑mm thick galvanized steel bands spaced not over 30‑cm on centers; or 16‑gauge galvanized steel wire with corner clips under the wire; or with heavy welded pins spaced not over 30 cm apart each way.  Do not use adhesives.


3.3.6  Access Plates and Doors:  On acoustically lined ducts, plenums, and casings, provide insulation on access plates and doors.  On externally insulated ducts, plenums, and casings, provide insulation‑filled hollow steel panels and doors for access openings.  Bevel insulation around access plates and doors.


3.4  BOILER STACKS, BREECHING, AND DIESEL ENGINE EXHAUST INSULATION:


3.4.1  Inside [Boiler House] [Mechanical Room]:  Bevel insulation neatly around openings and provide sheet metal insulation stop strips around such openings.  Apply a skim coat of hydraulic setting cement directly to the insulation.  Apply a flooding coat of Mil. Spec. MIL‑A‑3316, Class 1 adhesive over the hydraulic setting cement, and while still wet, press a layer of MIL. Spec. MIL‑C‑20079 glass cloth or tape into adhesive and seal laps and edges with adhesive.  Coat glass cloth with adhesive.  When dry, apply a finish coat of adhesive at can‑consistency so that when dry no glass weave shall be observed.  Provide metal jackets for [stacks,] [breeching,] [and] [exhaust pipes] that are located up to 2.1 m above finished floor and that pass through occupied spaces outside the [boiler house] [mechanical room].  Apply metal jackets directly over insulation and secure with 19‑mm wide metal bands spaced on 45‑cm centers.  Do not insulate name plates.


3.4.2  Outside Boiler [House] [and] [Room]:  Insulate smoke breeching between boiler [house] [and] [room] wall and stack as specified above except that in lieu of coating and finish, protect insulation with 24‑gauge [galvanized] [stainless] steel with raised seams made watertight.


3.5  EQUIPMENT INSULATION:


3.5.1  General Procedures:  Apply equipment insulation suitable for temperature and service in rigid block or semirigid board or flexible form to fit as closely as possible to equipment.  Groove or score insulation where necessary to fit the contours of equipment.  Stagger end joints where possible.  Bevel the edges of the insulation for cylindrical surfaces to provide tight joints.  Join sections of cellular glass insulation with bedding compound.  After the cellular glass insulation is in place on areas to be insulated, except where metal‑encased, fill joints, seams, chipped edges, or depressions with bedding compound to form a smooth surface.  Fill mineral fiber joints with insulating cement conforming to ASTM C 195.  Bevel insulation around name plates, ASME and access plates.  For insulation on equipment that must be opened periodically for inspection, cleaning, or repair, construct insulation to be removable and replaceable without damage.  Protect exposed insulation corners with corner angles under wires and bands.


3.5.2  Heating Equipment (Except Pumps):  Insulate shell and tube heat exchangers for the temperature of the shell medium indicated on the drawings.  Insulation on heads of heat exchangers shall be removable.  Fabricate a male‑female shiplap type joint for the removable section.  [On equipment with ribs such as boiler flue gas connection, draft fans, and fly ash or soot collectors, apply insulation over 6‑by 6‑by 12‑gauge welded wire fabric spot welded to the equipment over the ribs.  Secure insulation to the fabric with J hooks and 2‑by‑2 washers or wire loop insulation to the fabric.]  Use 16‑gauge [galvanized steel] [stainless steel] [or] [copper] wire or 19 mm wide 20‑gauge stainless steel bands spaced on 30‑cm centers.  Seal joints with bedding compound for cellular glass or for mineral fiber with ASTM C 195 insulating cement and cover insulation with a smoothing coat of insulating cement.  Apply two coats of Mil. Spec. MIL‑A‑3316 Class 1 adhesive with a layer of Mil. Spec. MIL‑C‑20079 glass cloth embedded between coats.  The dry film thickness of the finish shall be 0.8‑mm minimum.


3.5.3  Cold equipment (Except Pumps):  Secure insulation with 16‑gauge, galvanized steel or copper clad wire or with 19‑mm wide 20‑gauge stainless steel bands spaced on 30‑cm centers.  Seal joints with joint sealer.  Cover non‑removable irregular surfaces such as corner angles with a smoothing coat of insulating cement.  Provide removable heat exchanger head covers with a male‑female shiplap type joint.  Apply two coats of Mil. Spec. MIL‑C‑19565, Type II vapor barrier coating with a layer of Mil. Spec. MIL‑C‑20079 glass cloth embedded between coats.  The dry film thickness of the finish shall be 0.8‑mm minimum.


3.5.4  Pumps:  Insulate pumps used for hot service with 50‑mm thick rigid mineral fiber insulation and pumps used for chilled water and brine service with 50‑mm thick flexible unicellular sheets as follows:  Insulate pumps by forming a box around the pump housing, drive shaft, and piping.  Apply insulation to inside surfaces of 20‑gauge [galvanized] [stainless steel] sheet‑metal boxes having openings for drive shaft and pipes.  Construct the box by forming the bottom and sides using joints which do not leave raw ends of insulation exposed.  Band bottom and sides to form a rigid housing that does not rest on the pump.  Between top cover and sides, fit joints tightly forming a female shiplap joint on the side pieces and male joint on the top cover to make the top cover removable.  Secure insulation to the box with adhesive conforming to Mil. Spec. MIL‑A‑3316, Class 2 for mineral fiber and to Mil. spec. MIL‑A‑24179, Type II, Class 1 for flexible unicellular sheet.  Allow clearance for draining and adjustment of pump shaft seal.


3.6  PAINTING AND IDENTIFICATION:  Paint in accordance with Section "Painting."  Piping identification shall be as specified in other sections.


3.7  REPLACEMENT OF EXISTING ASBESTOS INSULATION:  Remove existing asbestos insulation in accordance with Section "Removal and Disposal of Asbestos Material."  When existing asbestos insulation is to be replaced, provide new asbestos‑free insulation.  Label or stencil new insulation "Asbestos‑Free" after final finishing and painting.


3.8  FIELD INSPECTION:  Visually inspect to ensure that materials provided conform to specifications.  Inspect installations progressively for compliance with requirements.


TABLE 1

INSULATION MATERIAL FOR PIPING
Calcium Silicate (CS), mineral fiber (MF), cellular glass (CG), flexible unicelluar (FU), polyurethane (PU), glass fiber (GF), rock wool (RW), and thermal pipe (TP), phenolic foam (PF).

                                                         VAPOR BARRIER

    SERVICE           MATERIAL    SPEC.    TYPE    CLASS   REQIORED   
a. Compressed Air       CG    JIS A 9510       

No.


Discharge Piping
MF
JIS A 9504
GW

No.


For Personnel

 or A 9504
RW


Safety       
CS
JIS A 9510
I

No.

b.
Chilled Water
CG
ASTM C 552
II
2
No.

   (Supply and Return), FU
ASTM C 534 
I or II

No.


Dual, Temperature
MF
JIS A 9504
GW

Yes


Piping

or A 9504
RW

c.
Dual Temperature
CG
JIS A 9510
2
2
No.


Piping

d.
Domestic Hot
MF
JIS A 9504


No.


Water Recircubting
CG
JIS A 9510


No.


Piping
FU
ASTM C 534
I or II

No.

e.
Domestic Cold
MF
JIS A 9504
GW or RW

Yes


Water Piping

 


Above Ceilings
CG
ASTM C 552
II
2
No.



FU
ASTM C 534
I or II

No.

f.
Refrigerant 
FU
ASTM C 534
I or II

No.


Suction Piping
MF
JIS A 9504
GW or RW

Yes

g.
Heating Hot
MF
JIS A 9504
GW

No.


Water (Supply

 or A 9504
RW


and Return)
CG
ASTM C 552
II
2
No.



FU
ASTM C 534
I or II

No.



CS
JIS A 9510


No.

h.
Drinking
MF 
JIS A 9504


Yes


Fountain, Drain

 or A 9505


Piping (to Sewer 
CG
ASTM C 552
II
2
No.


Tie in)
FU
ASTM C 534
I or II

No.

i.
Horizontal Roof
MF
JIS A 9504


Yes


Draing Leaders


(Including Under Side


of Roof Drains Fittngs)


TABLE I (Cont'd)
                                                         VAPOR BARRIER

    SERVICE           MATERIAL    SPEC.    TYPE    CLASS   REQIORED   
j.
A/C Condensate
MF
JIS A 9504


Yes


Drain Located

 or A 9505


Inside Bldg.
CG
ASTM C 552
II 
2
No.



FU
ASTM C 534
I or II 

No.

k.
Medium Temperature
MF 
JIS A 9504


No.


Hot Water
  
 or A 9505


(122 to 177 degrees C)
CS
JIS A 9510


No.



CG
ASTM C 534
I or II 

No.

l.
Exposed Laboratory 
FU
ASTM C 534
I or II

No.


Drains, Exposed


Domestic Water Piping


and Drains to Areas 


for Handicap Personnel

m.
High Temperature
MF
JIS A 9504


No.


Hot Water and Steam

 or A 9505


(177 to 371 Degrees C) CS
JIS 9510

n.
Steam (372 to
MF
JIS A 9504


No.


649 degrees C)

 or A 9505



CS
JIS A 9510

o.
Brine Systems
CG
ASTM C 552
II
2
No.


Cryogenics


TABLE II

PIPING INSULATION WALL THICKNESS
                                         TUBE AND PIPE SIZE (mm)    
SERVICE              MATERIAL        8‑32 40‑80 90‑125 150‑250 275‑ 
Chilled Water  
MF            25
25
40
40
40

 (Supply & Return and
CG            50
50
50
65
75

 Dual temperature
FU            13
20
20
20
20

 Piping)

Domestic Water
MF            25
40
40
50
50

 (Hot or Cold),
CG            40      50
50
65
65

 Heating Hot Wate, 
FU            13
20
20
40
40

 and Insulated Drains

Horizontal Roof
MF            50
50
50
50
50

 Drain Leaders

 (Including underside

 of roof drain fittings)

Heating Hot Water
CS            40
50
50
65
65

Refrigerant Suction
FU            13
20
20
40
40

 Piping

Compressed Air
MF            40
50
65
75
90

 Discharge,
CS            50
75
100
100
115

 Steam, and
CG            50
75
100
115
125

 Condensate Return

 (94 to 120_C)

Medium Temperature
MF            65
75
90
100
100

 Hot Water              WC            65
90
115
115
125

 and Steam              CG            90 
115
125
150
150

 (121 to 176_C)

High Temperature
MF            75
90
100
115
125

 Water and Steam 
CS            90
100
127
125
140

 (177 to 260_C)

Steam
   

MF            90
100
115
125
140

 (261 to 371_C)
CS           100
115
125
140
150


TABLE II (Cont'd)

PIPING INSULATION WALL THICKNESS (mm)
                                           TUBE AND PIPE SIZE (mm)
SERVICE          MATERIAL             8‑32 40‑80 90‑125 150‑250 275‑ 
Steam

        CS                  115
140
165
180
205

 (372 to 482_C)    MF                  100
115
150
165
180

Steam
             MF                  150
180
205
230
255

 (483 to 6490_C)   CS                  130
150
180
230
255

Brine Systems      CG                   75
75
75
90
100

Cryogenics         FU                   25
30
30
40
40

(Minus 34 to minus 18)

Brine Systems,     CG                   65    65
65
75
90

Cryogenics
        FG                   25
25
25
30
30

(Minus 18 to 1_C)

*NOTE:  Insulation located outside shall be 30 mm thicker than that 



    shown in table above.


TABLE III

INSULATION FOR EQUIPMENT
                                                         VAPOR BARRIER

MATERIAL                  SPEC            TYPE  CLASS      REQIORED   
Flexibel Mineral       ASTM C 553          I
B‑3     
Yes*/No

 Fiber,

Rigid Mineral Fiber,   ASTM C 612
2           
Yes*/No

 or Cellular Glass
ASTM C 552
I

No

Flexible Unicellular
ASTM C 534
II

No

*Yes for chilled water and brine service and no for other services.

                      RECOMMENDED            

EQUIPMENT             WALL THICKNESS    VAPOR BARRIER REQUIRED      

                       cm (inches)                                        

Heat Exchangers      5(2)
For Chilled Water and Brine Systems

Expansion Tanks      5(2)
For Chilled Water and Brine Systems

Air Separators       5(2)
For Chilled Water and Brine Systems

All Pumps            5(2)
For Chilled Water and Brine Systems

Hot Water Storage    5(2)
No


Tanks 

Hot Water Heat

 Exchangers or Steam to

 Hot Water Convectors

 Up  to 249_F
5(2)
No

 250_F to 400_F
8.9 (3.5)
No

 401_F to 600_F
15(6)

Hot Water Duct Mounted
5(2)
No

 Coils

Hot Water Expansion
5(2)
No

 Tanks and Duct Mounted
5(2)
For Chilled Water Systems

 Coils

Drain Pans
5(2)
For Chilled Water Systems

Pneumatic Wate Tanks
5(2)
For Chilled Water Systems

Water Boxes and Headers
5(2)
For chilled Water Systems

*Exact insulation thickness may be determined by proposed condition of use.


TABLE IV

INSULATION WALL THICKNESS (mm)
SERVICE AND SURFACE                                                       

 EMPERATURE RANGE                           OUTSIDE DIAMETER (mm)     
   (DEGREES F)        MATERIAL          8‑32 40‑80 90‑125 150‑250 275‑ 
Boiler Breech
MS              NA
NA
50
50
50

 and Stack (Up to
ASTM C 553

 400 Degrees F
Class B‑3, ASTM



C 547 Class 1,



or ASTM C 612



Class 1



CS              NA
NA
50
50
50



JIS A 9510

Boiler Breech 
MF              NA
NA
75
75
75

 and Stack (401
ASTM C 547 Class 2,

 Degrees F to 600
ASTM C 592 Class 1,

 Degrees F
or ASTM C 612 Class 3



CS              NA
NA
75
75
100



JIS A 9510

Boiler Breech
MF              NA
NA
100
100
100

 and Stack (601
ASTM C 547 Class 3,

 Degrees F to 800
ASTM C 592 Class 1,

 Degrees F
or ASTM C 612 Class 3



CS              NA
NA
100
100
100



JIS A 9510

Diesel Engine 
CS             150
150
150
150
150

 Exhaust
JIS A 9510


*** END OF SECTION***


GENERAL NOTES


1.  Do not refer to this guide specification in the project specification.  Use it as a manuscript to prepare the project specifications.  Edit and modify this specification to meet project requirements.  Where "as shown," "as indicated," "as detailed," or words of similar import are used, include all requirements so designated on the project drawings.


2.  Where numbers, symbols, words, phrases, clauses, sentences, or paragraphs in this specification are enclosed in brackets, [], a choice or modification must be made; delete inapplicable portion(s).  Where blank spaces enclosed in brackets occur, insert appropriate data.  Delete inapplicable paragraphs and renumber subsequent paragraphs accordingly.


3.  CAUTION:  Coordination of this section with other sections of the project specification and with the drawings is mandatory.  If materials or equipment are to be furnished under this section and installed under other sections or are indicated on the drawings, state that fact clearly for each type of material and item of equipment.  Review the entire project specification and drawings to ensure that language is included to provide complete and operational systems and equipment.


4.  Using PWC STD SPEC shall not lesson the responsibility of the A‑E or In‑house.


TECHNICAL NOTES


A.  This specification covers the requirements for insulation of mechanical systems including piping, ductwork, equipment, and other items as required for both energy conservation and personnel safety.  It does not cover outside of building piping insulation per NFGS‑15251, "Insulation for Exterior Piped Utilities."


B.  Paragraph 1.1:  The latest issue of applicable publications shall be used, but only after reviewing the latest issue to ensure that it will satisfy the minimum essential requirements of the project.  If the latest issue of a referenced publication does not satisfy project requirements:



1.
Use the issue shown; or



2.
Select and refer to a document which does; or



3.
Incorporate the pertinent requirements from the document into the project specification.




Use DD Form 1426 to inform the Preparing Activity and NAVFACENGCOM if the latest issue of a referenced publication is not compatible with this guide specification.



Delete those publications not referred to in the text of the section created from this guide specification.


C.  Paragraph 1.3:  Editing should include the following considerations:



1.
In projects using the Contractor Quality Control System, add the words, "Submit to the Contracting Officer.", at submittals deemed sufficiently critical or complex or aesthetically significant to merit approval by the Government.



2.
Do not include the vertical bars in the final manuscript of the project specification.  (Project Submittals Lists may be extracted from project specifications prepared on NAVFAC‑programmed word processors.  Vertical bars indicate points at which automatically extracted entries will terminate.)


D.  Paragraphs 2.1, 2.3 and 2.4, and Tables I, II, III and IV:  Tables I, II III and IV are not inclusive of all systems requiring insulation.  Edit, modify, and add to the information contained in the tables as required for your project requiring insulation.  These tables shall become a part of project specification.  For chilled water equipment handling media between 1.7 to 16 degrees (35 to 60 degrees F) use insulation type and wall thickness depicted in Table III.  For brine and cryogenic equipment handling media between minus 18 degrees and 1 degree C (0 degrees and 34 degrees F), use 89 mm (3‑1/2 inch) cellular glass insulation which does not require vapor barrier jackets.  For cyrogenic equipment handling media between minus 34 degrees C (minus 30 degrees F) and (minus 1 degree F), use 100‑mm (4‑inch) thick cellular glass insulation.


E.  Paragraphs 2.1.4 and 3.2.2:  Flexible unicellular insulation may be used in air plenums, on water piping up to 104 degrees C (220 degrees F), and for chilled water piping applications in high humidity areas.  Flexible unicellular sheet material has found wide acceptance for use on 150‑mm (6‑inch) or larger pipes.  Do not use for pipes in pipe chases and fire walls.


F.  Paragraphs 2.1.5 and 2.2.3:  Wicking‑type insulation is an insulation material that by virtue of its physical characteristics, permits a wetting liquid to infiltrate it by capillary attraction.


G.  Paragraph 2.1.6.1:  In Tables I and II; state if a vapor barrier is required.  Generally, pipes and equipment with a temperature below 27 degrees C (80 degrees F) should be provided with a vapor barrier jacket to prevent sweating.  However, when the temperature of an item falls into the upper portion of this temperature range, engineering judgment should be exercised to determine if a vapor barrier jacket is required.


H.  Paragraph 2.3 and Table IV:  MIneral fiber insulation conforming to ASTM C 553 shall be Class B‑3 which is good for temperatures up to 204 degrees C (400 degrees F).  Above 204 degrees C (400 degrees F) to 454 degrees C (850 degrees F) use mineral fiber insulation conforming to ASTM C 592, Class 1, one side metal mesh covered.  Classes of mineral fiber insulation conforming to ASTM C 612 are as follows:



Class
Maximum Surface Temperature, degrees C (degrees F)



2

204  (400)



3

454  (850)



4

538 (1000)



5

982 (1800)

Calcium silicate insulation conforming to ASTM C 533 shall be either Type I, for temperatures up to 649 degrees C (1200 degrees F) or Type II, for temperatures up to 982 degrees C (1800 degrees F).  Also see Table IV.


I.  Paragraphs 3.la and 3.lb:  When dew point of conditioned space is above ambient dew point temperatures and in 75 percent relative humidity (R.H.) and higher areas during morning start up after weekend shutdown, ducts require insulation.


J.  Paragraph 3.2.1, Table I and Table II:  Use only cellular glass or flexible unicellular insulation on chilled water indoor systems 15.6 degrees C (60 degrees F) and below in areas whose relative humidity has either 3000 hours of 19.5 degrees C (67 degree F) wet bulb temperature or 1500 hours of 22.8 degrees C (22.8 degrees C) wet bulb temperature in combination with an outside design relative humidity of 50 percent or higher, based on 2 1/2‑percent dry bulb and 5 percent wet bulb design conditions.


K.  Paragraph 3.5.4:  Insulation procedure required for pumps which must be periodically opened and inspected.  Ensure ventilation to prevent pumps from overheating.


L.  Paragraph 3.7:  Delete this paragraph for new buildings or existing buildings without asbestos pipe insulation.


M.  Following the text, not less than two nor more than six lines below the last line of text, insert *** END OF SECTION *** centered on the page.


*** END OF SECTION ***
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