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SECTION 23 07 19 – PIPING INSULATION
GENERAL
The following sections are to be included as if written herein:
23 00 00 -- Basic Mechanical Requirements
23 05 29 -- Sleeves, Flashings, Supports and Anchors
23 05 53 -- Mechanical Identification
SECTION INCLUDES
Piping insulation
Jackets and accessories
PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION
Section 23 21 00 - Hydronic Piping:  Placement of hangers and hanger inserts.
RELATED SECTIONS
23 00 00 General Mechanical Requirements
REFERENCES
ASTM B209   Aluminum and Aluminum Alloy Sheet and Plate.
ASTM C177   Steady State Heat Flux Measurements and Thermal Transmission Properties by Means of the Guarded Hot Plate Apparatus.
ASTM C195   Mineral Fiber Thermal Insulation Cement.
ASTM C335   Steady State Heat Transfer Properties of Horizontal Pipe Insulation.
ASTM C449   Mineral Fiber Hydraulic setting Thermal
ASTM C518   Steady State Heat Flux Measurements and Thermal Transmission Properties by Means of the Heat Flow Meter Apparatus.
ASTM C533   Calcium Silicate Block and Pipe Thermal Insulation.
ASTM C534   Preformed Flexible Elastomeric Cellular Thermal Insulation in Sheet and Tubular Form.
ASTM C547   Mineral Fiber Preformed Pipe Insulation.
ASTM C552   Cellular Glass Block and Pipe Thermal Insulation.
ASTM C578   Preformed, Block Type Cellular Polystyrene Thermal Insulation.
ASTM C585   Inner and Outer Diameters of Rigid Thermal Insulation for Nominal Sizes of Pipe and Tubing (NPS System).
ASTM C921   Properties of Jacketing Materials for Thermal Insulation.
ASTM D1056   Flexible Cellular Materials   Sponge or Expanded Rubber.
ASTM D2842   Water Absorption of Rigid Cellular Plastics.
ASTM E84   Surface Burning Characteristics of Building Materials.
ASTM E96   Water Vapor Transmission of Materials.
NFPA 255   Surface Burning Characteristics of Building Materials.
UL 723   Surface Burning Characteristics of Building Materials. 
ASHRAE 90.1 – Energy Standard for Buildings Except Low Rise Residential Buildings
SUBMITTALS
Submit under provisions of Section 23 00 00.
Product Data:  Provide product description, list of materials ‘k’ value, ‘R’ value, mean temperature rating, and thickness for each service, and locations.
Samples:  When requested, submit two samples of any representative size illustrating each insulation type.
Manufacturer’s Installation Instructions: Indicate procedures which ensure acceptable workmanship and installation standards will be achieved.
QUALITY ASSURANCE
All insulation, jacket, adhesives, mastics, sealers, etc., utilized in the fabrication of these systems shall meet NFPA for fire resistant ratings (maximum of 25 flame spread and 50 smoke developed ratings) and shall be approved by the insulation manufacturer for guaranteed performances when incorporated into their insulation system, unless a specific product is specified for a specific application, and is stated as an exception to this requirement.  Certificates to this effect shall be submitted along with Contractor’s submittal data for this section of the Specifications.  No material may be used that, when tested by the ASTM E84 89 test method, is found to melt, drip or delaminate to such a degree that the continuity of the flame front is destroyed, thereby resulting in an artificially low flame spread rating. 
All surfaces to be insulated shall be clean and dry before applying the insulation.  All sections of molded pipe covering shall be firmly butted together.  Where an insulation covering is applied, it shall lap the adjoining section of insulation by at least three inches (3”).  Where insulation terminates, it shall be neatly beveled and finished.  No insulation shall be applied until the pipe, duct, etc., have been pressure tested and found tight.  Piping, flexible connections, flanges, valves, strainers, and unions shall be covered unless specifically noted otherwise.  Flexible connections on duct shall not be covered.  All materials used shall be fire retardant or nonflammable.  Refer to Section 23 00 00.
All piping shall be insulated as indicated on the Drawings, as specified herein, and as required for a complete system.  In each case, the insulation shall be equal to that specified and materials applied and finished as described in these Specifications.
To be considered, alternate materials shall have equivalent thermal and moisture resistance of the specified materials.
QUALIFICATIONS
All insulation shall be applied by mechanics skilled in this particular work and regularly engaged in such occupation.  
All insulation shall be applied in strict accordance with these Specifications and with factory printed recommendations on items not herein mentioned.  Unsightly, inadequate, or sloppy work will not be acceptable, and all such work shall be removed and replaced as many times as necessary to achieve an acceptable installation. The company performing the work of this section shall have a minimum of three years’ experience specializing in the trade.
DELIVERY, STORAGE, AND HANDLING
Deliver, store, protect, and handle products to site under provisions of Section 23 00 00.
Deliver materials to site in original factory packaging, labeled with manufacturer’s identification, including product thermal ratings and thickness.
Store insulation in original wrapping and protect from weather and construction traffic. Protect insulation against dirt, water, chemical, and mechanical damage.
ENVIRONMENTAL REQUIREMENTS
Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics, and insulation cements.
Maintain temperature during and after installation for minimum period of 24 hours.
All insulation materials to be asbestos free.
PRODUCTS
type a: Calcium Silicate:
Manville Thermo-12 or equal calcium silicate sectional piping insulation with a “K” factor of 0.40 BTU-In/Hr.-degree F at 100°F and 0.50 BTU-In/Hr.-degree F at 400°
Rated maximum service temperature of 1200°F (650°C). 
Maximum density of 15 lbs/ft³
Compressive strength of 100 psi minimum when tested in accordance with ASTM C165. 
Rated as 0 flame spread and 0 smoke developed when tested in accordance with ASTM E84, UL 723, CAN/ULC-S102-M88 or NFPA 255. 
Certified to meet the requirements of ASTM C795 for use over stainless steel. 
Rated as noncombustible when tested in accordance with ASTM E136. 
Effective corrosion inhibitor is equal to or better then DI water standard when tested in accordance with ASTM C1617.
Install product using manufacturer’s recommended methods and accessories unless alternate methods are specified in Part 3 – Installation (General) or in this section.
Installation: 
Joints shall be sealed with aluminum snap straps provided, fastened in place with ¾” wide x .020” stainless steel bands.  Fittings and valves shall be insulated with the same thickness as that applied to the adjacent pipe and shall have an outer removable covering of aluminum. 
Pipe insulation shall be firmly wired in place by the use of no less than six (6) loops of No. 16 annealed copper clad iron wire per three foot section of insulation.  These sections shall be staggered.  The ends of these loops shall be twisted together tightly and bent over and hammered into the insulation so as to leave no projection. Bands shall be .020” thick, ¾” wide, 3 bands per section of insulation. Fittings, valves, etc., shall have bands on each side.
All fittings on pipe 4” and larger shall be covered with the same material as the pipe, mitered and smoothed, and securely wired to the pipe.
Fittings and valves for pipe smaller than 4” shall be insulated with Calcoat-127 insulating finishing cement and each application shall be in layers not thicker than ½”.  Each layer shall be allowed to dry before the next layer is applied.
All cracks and voids in this insulation shall be filled carefully with Calcoat-127 insulating finishing cement so that the resulting surface is smooth and continuous.
At all pipe flanges, the insulation shall be beveled in such a manner that access may be had to the bolt studs and nuts without injuring the insulation where removable covers have been specified.
A layer of 40 pound rosin-size paper or ¾ pound deadening felt shall be wrapped around the insulation before an 8 ounce canvas jacket is pasted in place.  This canvas jacket shall be pasted onto the covered pipe valves and fittings (where insulated) in a neat and workmanlike fashion, using adhesive.
All flanges, valves, pressure regulating valves, strainers, and any other hot surfaces shall be covered with a built-up removable covering made of Thermo-12 Pipe Covering with a finishing coat of Calcoat-127 insulating finishing cement.  This removable covering shall be banded on the valve or joint in such a fashion that it can readily be removed and replaced; it shall be of the same thickness as the insulation on the adjoining pipe.
Piping insulated with calcium silicate pipe insulation and finished with canvas outer jacket shall be painted in accordance with campus paint scheme.

type B: Foam Glas
0. Foamglas One Insulation with a “K” factor of 0.29 BTU-In/Hr.-degree F at 75°F manufactured by Pittsburgh Corning Corporation and fabricated by a Pittsburgh Corning Corporation-approved fabricator. Water vapor permeability shall be 0.00 perm-in. The insulation shall comply with ASTM C 552 Type II, furnished in half sections up to 36 inches long or segments 18 inches long.
0. Rated maximum service temperature of 900°F. 
0. Maximum density of 7.3 lbs/ft³
0. Compressive strength of 90 psi minimum when tested in accordance with ASTM C165. 
0. Rated as 0 flame spread and 0 smoke developed when tested in accordance with ASTM E84, UL 723, CAN/ULC-S102-M88 or NFPA 255. 
0. Certified to meet the requirements of ASTM C795 for use over stainless steel. 
0. Rated as noncombustible when tested in accordance with ASTM E136. 
0. Install product using manufacturer’s recommended methods and accessories unless alternate methods are specified in Part 3 – Installation (General) or in this section.
0. Installation:
Prior to application of any insulation, all metal surfaces shall be thoroughly cleaned.  The metal shall then be primed with an asphaltic primer consisting of one (1) coat of Foster No. 60‑26 Primer or Pittcote 300 Primer.  Cleaning and priming specified in this paragraph is not included in requirements for “Cleaning and Painting” specified in other sections of the Specifications. Regular Foamglas or phenolic foam insulation shall be applied to the piping with butt joints staggered and all joints tightly butted and sealed with a ¼” bead of joint sealer ½” from outside edge.  Hold in place with 14 gauge copper clad wire 9” o.c.  After insulation has been wired in place, a 1/16” minimum thick, 3” wide band of asphaltic vapor seal mastic shall be brushed or troweled on the outside of the Foamglas or phenolic foam insulation at the approximate location of the aluminum bands. (Note that the asphaltic material specified in this paragraph is intended to be an exception to the flame spread and smoke generation limitations found elsewhere in this specification.)  An aluminum jacketing 0.016” thickness equal to Gasco, Papco RPR Metals, or other precast, pre rolled Z‑lock Kraft paper lined pipe covering with zee type closure and ¾” wide snap straps with permanent sealant shall then be fitted to O.D. of insulation and applied over the insulated pipe with 3” end and side caps secured with aluminum bands on 12” centers.  Longitudinal joint of aluminum jacketing shall be placed with overlap directed to bottom of pipe.  Any voids in the completed installation of the insulation shall not be filled with vapor seal coating but shall be eliminated by refitting or replacing insulation.
Foamglas or phenolic foam insulation on flanges, valves and other fitting shall consist of prefabricated fitting covers of the same thickness as specified for adjoining pipe insulation.
Fitting covers shall be applied in same manner as pipe application except that 16 gauge aluminum wire may be used to secure screwed fitting covers.  Protruding metal parts (such as valve stems) shall be completely sealed off.   Fitting cover jacketing shall be equal to Gasco, Papco or RPR Metals prefabricated fitting covers of 0.016” paper coated aluminum, secured as recommended by the manufacturer.
The insulation thickness shall be as scheduled.
Fitting covers shall be built up of shaped segments of  Foamglas or phenolic foam. These fitting covers shall be adhered in place using “Foster No. 30‑35 water based vapor seals, then smoothly covered by a one‑quarter inch (1/4”) thick application of one coat white insulating cement.  All this piping and fittings shall be finished with an eight ounce canvas jacket neatly applied using adhesive.
Valves, fittings, etc., in congested areas around coil and heat exchanger equipment, etc., shall be insulated by building up fitting segments and pre-molded sections, plus white vapor seal mastic, plus Manville Calcoat-127 insulating finishing cement to smooth surfaces, plus canvas applied and sized for painting with fire resistant adhesive.  In addition, all manufactured vapor barrier jacketing in mechanical rooms and finished spaces shall be finished with canvas applied and sized for painting with fire resistant adhesive.
No chilled water pipe supporting structures shall pierce the insulation except as anchor points as shown on the Drawings.  At these points, the anchor member shall occur on the bottom of the piping to allow condensation to drain.
The application of the protective shields at rack and guide points in tunnels and in central chilling stations shall be as detailed on the accompanying Drawings.
All insulation joints (longitudinal and butt) shall be buttered with vapor sealant mastic then pressed firmly together.

type C: phenolic foam
Phenolic Foam by ITW Trymer or equal with a “K” factor of 0.19 BTU-In/Hr.-degree F at 75°F.
Rated maximum service temperature of 257°F. 
Maximum density of 3.75 lbs/ft³
Compressive strength of 45 psi minimum when tested in accordance with ASTM C165. 
Rated as 25 flame spread and 50 smoke developed when tested in accordance with ASTM E84, UL 723, CAN/ULC-S102-M88 or NFPA 255. 
Certified to meet the requirements of ASTM C795 for use over stainless steel. 
Rated as noncombustible when tested in accordance with ASTM E136. 
Install product using manufacturer’s recommended methods and accessories unless alternate methods are specified in Part 3 – Installation (General) or in this section.
Installation: As Type B, above.
type D:  fiberglass
Owens Corning or equal glass fiber insulation piping insulation with a “K” factor of 0.23 BTU-In/Hr.-degree F at 75°F and 0.32 BTU-In/Hr.-degree F at 250°
Rated maximum service temperature of 850°F. 
Maximum density of 3.5-5.5 lbs/ft³
Compressive strength of 28.5 psi minimum when tested in accordance with ASTM C165. 
Rated as 25 flame spread and 50 smoke developed when tested in accordance with ASTM E84, UL 723, CAN/ULC-S102-M88 or NFPA 255. 
Certified to meet the requirements of ASTM C795 for use over stainless steel. 
Rated as noncombustible when tested in accordance with ASTM E136. 
Insulation treated with water resistant resin on the surface and within each layer of the insulation.
Install product using manufacturer’s recommended methods and accessories unless alternate methods are specified in Part 3 – Installation (General) or in this section.
type e: closed cell elastomeric
Closed cell elastomeric piping insulation with a “K” factor of 0.25 BTU-In/Hr.-degree F at 75 F as manufactured by Armacell or equal.
Rated maximum service temperature of 220°F. 
Rated as 25 flame spread and 50 smoke developed when tested in accordance with ASTM E84, UL 723, CAN/ULC-S102-M88 or NFPA 255. 
Certified to meet the requirements of ASTM C795 for use over stainless steel. 
Rated as noncombustible when tested in accordance with ASTM E136. 
Elastomeric products shall be supplied in a pre-slit tubular form with a pressure sensitive adhesive system for closure and vapor sealing of the longitudinal joint.
Install product using manufacturer’s recommended methods and accessories unless alternate methods are specified in Part 3 – Installation (General) or in this section.
type f:  high temperature fiberglass
ESLIN EG-SCUI or equal glass fiber insulation piping insulation with a “K” factor of 0.30 BTU-In/Hr.-degree F at 200°F and 0.48 BTU-In/Hr.-degree F at 600°
Rated maximum service temperature of 1200°F (650°C). 
Maximum density of 12.5 lbs/ft³
Compressive strength of 28.5 psi minimum when tested in accordance with ASTM C165. 
Rated as 0 flame spread and 0 smoke developed when tested in accordance with ASTM E84, UL 723, CAN/ULC-S102-M88 or NFPA 255. 
Certified to meet the requirements of ASTM C795 for use over stainless steel. 
Rated as noncombustible when tested in accordance with ASTM E136. 
Insulation treated with water resistant resin on the surface and within each layer of the insulation.
Install product using manufacturer’s recommended methods and accessories unless alternate methods are specified in Part 3 – Installation (General) or in this section.
PROTECTIVE JACKETING
Aluminum Jacketing and fitting covers: 0.016 aluminum smooth as manufactured by Gasco, Papco RPR Metals, Childers, or equal. The jacket shall be pre-cut, pre-rolled, and lapped a minimum of two inches (2”) In all directions to shed water.  The metal shall be secured at each joint with a minimum of one each (1 ea.) ¾” wide .020 aluminum or stainless steel band and seal. The metal jacketing and fitting covers shall be fabricated of 0.016” aluminum or stainless steel with a smooth finish.
PVC Jacketing:  Proto Corp. LoSmoke PVC jacketing and fitting covers Material shall have 25/50 rating and shall be limited to piping systems operating at 140 degrees or below.
INSULATED UNDERGROUND PIPING
See Section 23 20 00.A.
INSTALLATION
EXAMINATION
Verify that piping has been tested before applying insulation materials.
Verify that surfaces are clean, foreign material removed, and dry.
INSTALLATION
Install materials in accordance with manufacturer’s instructions in the absence of specific instruction herein.
On exposed piping, locate insulation and cover seams in least visible locations, but not higher than at the side of the pipe at the “90°” position, with the seam lapped such that the lap is directed down.
Continue insulation through walls, sleeves, pipe hangers, and other pipe penetrations.
For insulated pipes conveying fluids above ambient temperature:
Provide standard jackets, with or without vapor barrier, factory applied or field applied.
Insulate fittings, joints, and valves with insulation of like material and thickness as adjoining pipe.
If PVC fitting covers are used they shall have 25/50 rating.
For hot piping conveying fluids 140 degrees F or less, do not insulate flanges and unions at equipment, but bevel and seal ends of insulation.
For hot piping conveying fluids over 140 degrees F, insulate flanges and unions, including those at equipment, but label the insulation to indicate a concealed flange or union.
INSERTS, SUPPORTS and SHIELDS
Application:  Piping 3/4 inch diameter or larger for all systems except direct buried.
Shields:  Install between pipe hangers or pipe hanger rolls and inserts. Hangers shall be on the outside of the insulation and shall not be in contact with the pipe.  Curved metal shields shall be used between the hangers or support points and the bottom of the insulated pipe for insulated pipes 3/4” and larger.  Curved metal shields shall be designed to limit the bearing stress on the insulation to 35 psi and shall be curved to fit up to mid-perimeter of the insulated pipe. Shields shall be made of galvanized iron, or black iron painted on both sides with two coats of aluminum paint. Required metal shield sizes are as follows:
	Nominal IPS
	Metal Thickness of Shield
	Lengths

	up thru 2”
	14 gauge
	 12”

	thru 6”
	12 gauge
	16”

	and above
	10 gauge
	20”


Insert Location:  Between support shield and piping and under the finish jacket.
Insert Configuration:  Minimum 2” inches longer than length of shield, of same thickness and contour as adjoining insulation; may be factory fabricated.
Insert Material:  Heavy density insulating material suitable for the planned temperature range, and the weight of the pipe.
The shields at support points shall be secured with ½” x 0.016” stainless steel bands and seals.
Finish insulation at supports, protrusions, and interruptions.
In lieu of the above the following system of support may be used:
At the pipe support positions, the insulation and vapor barrier shall be continuous and shall not be punctured by the support. The insulation at the support shall be the full circumference of 5lbs/ft3 phenolic foam material to withstand the bearing loads transmitted from the pipe to the support; it shall extend for at least 1" on either side of the support to allow sealing of the joints with the pipe insulation jacket. 
The load bearing insulation at the support shall be capable of withstanding the maximum static compressive loads generated by pipe supported at the centers shown in Table Variations: Pipe loads greater than those generated at the support centers shown in Table 1 shall be referred to the manufacturer to establish the length and density of the insulated support block. The support centers are based on the weight of Sch 80 pipe filled with water and covered with 1" thickness of 2.2 lbs/ft3 standard insulation including FSK/ASJ vapor barrier.
Table 1: K Block Support Centers
	Nominal Pipe Size (Inches)
	3/4
	1
	1 1/4
	2
	2 1/2
	3
	4
	6
	8
	10
	12
	14
	16
	18
	20
	24

	Max support centers (feet) 
Sch 80 pipe filled with  
water covered with 1" 
of  Standard Insulation
	

6.5
	

6.5
	

6.5
	

10
	

10
	

10
	

10
	

10
	

14
	

14
	

14
	

20
	

20
	

20
	

20
	

20

	Metal Saddle Gauge
(Galvanized Steel)
	22
	22
	22
	20
	20
	20
	16
	14
	14
	14
	14
	14
	114
	14
	14
	14

	Length of HLB Block
(inches)
	6
	6
	6
	6
	6
	6
	6
	9
	9
	9
	9
	9
	9
	12
	12
	12



[bookmark: _GoBack]The Insulation at supports shall be Foamglas HLB Blocks.  HLB Blocks shall be faced with factory applied FSK/ASJ vapor barrier and fitted with a galvanized steel 1800 saddle bonded to the bottom section of the HLB Block, for all pipe sizes 1 1/2" and larger.
The vapor barrier shall be completed by the use of a FSK/ASJ overlap and factory applied self-seal lap tape and sealed with vapor barrier adhesive.
At all support positions, other than those where the insulated pipe support block is surrounded by a clip or saddle in direct contact with the block, a block designed to accept the loads generated by the pipe shall be presented to the engineer for approval.
In all cases where roller supports are used the length of the insulation and the wearing plate where fitted shall extend beyond the limits of the pipe movement.
For purpose of definition in this Specification: “concealed” areas are those areas which cannot be seen by the building occupants, and “exposed” areas are all areas which are exposed to view by the building occupants, including under counter and inside cabinet areas, plus all mechanical rooms.
Self Sealing Lap and butt joints will not be acceptable as the only seal on piping insulation joints.  Self Sealing Lap and butt joints may be utilized only if the joints are additionally secured with field applied vapor barrier adhesive (on piping Systems requiring vapor barriers) or staples and field applied adhesive (on piping system which do not require a vapor barrier jacket).  Mechanical fasteners shall be used whenever possible to assure permanent installation.
Insulation minimum thickness shall be as scheduled; however, additional thickness shall be provided to prevent condensation on the cold surfaces and to provide a maximum exterior insulation surface of 140 degrees F on the hot surfaces.
Special Protection: All insulated piping in the mechanical rooms within 8’-0” of the floor shall be encased in a protective jacket, and where applicable, finish at top with nickel-plated brass flange plate with set screws or end joint sealing butt strips.
PAINTING
All exposed insulation shall be prepared to receive painting specified under Section 09 91 00.
insulation application schedule
All insulation R-Values shall be the greater of what is scheduled below or required to meet ASHRAE 90.1-2010.
Where minimum scheduled thickness exceeds the thickness required to meet the minimum R-Value, provide the minimum scheduled thickness. Insulation Thickness depends upon insulation type used.
	Service
	Pipe Dia. (Inches)
	Fluid Temp (oF)
	Min. R-Value (ft2 oF-hr/BTU in)
	Insulation Thickness (Inches)

	Chilled Water
	
	<40
	
	Type B
	Type C
	

	
	<1"
	
	3.2
	1
	1
	

	
	1 to <1 1/2"
	
	6.4
	1
	1
	

	
	1 1/2" to <4"
	
	5.7
	1
	1
	

	
	4" to <8"
	
	4.7
	1
	1
	

	
	>8"
	
	4.3
	1 1/2
	1
	

	Service
	Pipe Dia. (Inches)
	Fluid Temp (oF)
	Min. R-Value (ft2 oF-hr/BTU in)
	Insulation Thickness (Inches)

	Heating Hot Water
	
	180
	
	Type B
	Type C
	Type D

	
	<1"
	
	11.8
	2 1/2
	1
	1 1/2

	
	1 to <1 1/2"
	
	9.6
	2 1/2
	1
	1 1/2

	
	1 1/2" to <4"
	
	12.3
	3
	1 1/2
	2

	
	4" to <8"
	
	9.6
	3
	1 1/2
	2

	
	>8"
	
	8.4
	3
	1 1/2
	2

	Service
	Pipe Dia. (Inches)
	Fluid Temp (oF)
	Min. R-Value (ft2 oF-hr/BTU in)
	Insulation Thickness (Inches)

	High Temperature Heating Hot Water
	
	250
	
	Type D
	Type F
	

	
	<1"
	
	22
	3
	3
	

	
	1 to <1 1/2"
	
	18
	3
	3
	

	
	1 1/2" to <4"
	
	15.9
	3
	3
	

	
	4" to <8"
	
	15.3
	3 1/2
	3 1/2
	

	
	>8"
	
	13
	3 1/2
	3 1/2
	

	Service
	Pipe Dia. (Inches)
	Fluid Temp (oF)
	Min. R-Value (ft2 oF-hr/BTU in)
	Insulation Thickness (Inches)

	15# Steam
	
	250
	
	Type A
	Type F
	

	
	<1"
	
	22
	6
	3
	

	
	1 to <1 1/2"
	
	18
	5 1/2
	3
	

	
	1 1/2" to <4"
	
	15.9
	5
	3
	

	
	4" to <8"
	
	15.3
	5
	3 1/2
	

	
	>8"
	
	13
	5
	3 1/2
	

	Service
	Pipe Dia. (Inches)
	Fluid Temp (oF)
	Min. R-Value (ft2 oF-hr/BTU in)
	Insulation Thickness (Inches)

	15# to150# Steam
	
	353
	
	Type A
	Type F
	

	
	<1"
	
	43.7
	12 1/2
	6
	

	
	1 to <1 1/2"
	
	41.2
	12 1/2
	6 1/2
	

	
	1 1/2" to <4"
	
	36.6
	11 1/2
	6 1/2
	

	
	4" to <8"
	
	27.4
	9
	6
	

	
	>8"
	
	22.8
	8
	6
	

	Service
	Pipe Dia. (Inches)
	Fluid Temp (oF)
	Min. R-Value (ft2 oF-hr/BTU in)
	Insulation Thickness (Inches)

	Steam Condensate
	
	250
	
	Type A
	Type F
	

	
	<1"
	
	22
	6
	3
	

	
	1 to <1 1/2"
	
	18
	5 1/2
	3
	

	
	1 1/2" to <4"
	
	15.9
	5
	3
	

	
	4" to <8"
	
	15.3
	5
	3 1/2
	

	
	>8"
	
	13
	5
	3 1/2
	



All insulation R-Values shall be the greater of what is scheduled above or required to meet ASHRAE 90.1-2010.
Use the following jacket types: in concealed interior spaces: All Service Jacket; in interior mechanical spaces: Aluminum Jacket up to 8 feet above floor and All Service Jacket above 8 feet above floor; in tunnel and exterior spaces: Aluminum Jacket.
Minimum ‘R’ does not consider water vapor transmission and condensation.  Additional insulation and/or vapor retarders may be required to limit water vapor transmission and condensation under extreme conditions.
A minus 15 percent tolerance on the insulation performance listed shall be permitted for manufacturers' standard insulation systems. 
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