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	DISCLAIMER

The information contained in this document has been prepared by L’Air Liquide S.A. and/or its controlled subsidiaries ( “Air Liquide”), exclusively for their use, and is Air Liquide property. Air Liquide believes the information is current and accurate, but circumstances may warrant additional requirements or procedures. This document is subject to periodic review and users are cautioned to obtain the latest edition.

Air Liquide makes no representations or warranties to third parties as to the quality, accuracy or completeness of information contained in this document and EXPRESSLY DISCLAIMS ALL WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE WARRANTY OF MERCHANTABILITY AND THE WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE.

No part of this document may be copied or otherwise shown or disclosed to third parties without the prior consent of Air Liquide.

Unauthorized use of this document by any third Party, including Air Liquide contractors and subcontractors, shall be at such Party’s own risk, and Air Liquide assumes no liability in connection with information contained herein. Air Liquide disclaims any liability for any damage suffered by any company or person as a result of or in connection with the use, application or implementation of the information contained herein or any part thereof. The benefit of this disclaimer shall inure to Air Liquide and its affiliates.

This document should not be confused with federal, state, provincial, or municipal specifications or regulations, insurance requirements or national safety codes.

	

	This document is issued and administered by the Air Liquide Engineering Standards Department.

Paper copies of this document are considered to be “uncontrolled” and users should always check for the most recent revision.
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1 
general

1.1 Scope

1.1.1 Purpose

This specification covers the minimum requirements for materials, installation, and quality control of piping and equipment insulation.

1.1.2 Scope of Application

This document applies to piping and equipment in all plants, with the exception of cold box piping and equipment.

1.1.3 Specific Requirements

Insulation shall be installed in accordance with the applicable provisions listed in section 1.3. Where any provision presents a direct or implied conflict with any jurisdictional regulation, the jurisdictional regulation shall govern.

It is the Contractor’s responsibility that all aspects of the construction conform to the requirements of specified codes, and meet the legal requirements of the authorities having jurisdiction over the installation and operation of the piping and equipment.

Contractor shall furnish all supervision, labor, supplies, tools, equipment, facilities, storage, insulation and accessories materials, and all other things and services necessary to perform the complete installation of insulation, in total compliance with insulation manufacturer’s specifications.

Contractor may propose alternative insulation systems provided that the materials used meet the requirements of this specification and that the systems have demonstrated thermal and structural integrity.

1.2 Definitions

	AC
	Anti-Condensation

	ASU
	Air Separation Units

	CC
	Conservation of Cold

	CH
	Conservation of Heat

	Contractor 
	Entity contracted by Air Liquide to perform field or engineering services

	CP
	Combustion Protection

	FP
	Freeze Protection

	Inspection
	Applies to functions performed for Purchaser by the Inspector or the Inspector’s delegates

	Inspector
	Designated by Purchaser to verify that all required examinations and testing have been completed and to inspect the equipment to the extent necessary to be satisfied that it conforms to the requirements of this specification

	NP
	Noise Protection

	Oxygen Service
	Equipment or piping is in oxygen service when the oxygen content of the gas is 23.5% and higher

	PP
	Personnel Protection

	Purchaser
	Air Liquide or party representing Air Liquide.

	Vendor
	Manufacturer or entity representing the manufacturer


1.3 Applicable Codes, Standards and Air Liquide Reference Documents

1.3.1 Industry Codes and Standards

	ASTM
	American Society for Testing and Materials

	· A 167
	Specification for Corrosion Resisting Chromium-Nickel Steel Plate, Sheet and Strip

	· A 463
	Steel Sheet, Cold-Rolled, Aluminum-Coated Type 1 and Type 2

	· B 209
	Aluminum and Aluminum-Alloy Sheet and Plate

	· C 165
	Test Method for Measuring Compressive Properties of Thermal Insulations

	· C 177
	Test Method for Steady-State Heat Flux Measurements and Thermal Transmission Properties by Means of the Guarded Hot-Plate Apparatus

	· C 518
	Test Method for Steady-State Heat Flux Measurements and Thermal Transmission Properties by Means of the Heat Flow Meter Apparatus

	· C 533
	Calcium Silicate Block and Pipe Thermal Insulation

	· C 534
	Preformed Flexible Elastomeric Cellular Thermal Insulation in Sheet and Tubular Form

	· C 547
	Mineral Fiber Preformed Pipe Insulation

	· C 552
	Cellular Glass Thermal Insulation

	· C 553
	Mineral Fiber Blanket Thermal Insulation for Commercial and Industrial Applications

	· C 591
	Unfaced Preformed Rigid Cellular Polyisocyanurate Thermal Insulation 

	· C 592
	Mineral Fiber Blanket Insulation and Blanket-Type Pipe Insulation (Metal-Mesh Covered) (Industrial Type)

	· C 612
	Mineral Fiber Block and Board Thermal Insulation

	· C 692
	Test Method for Evaluating the Influence of Thermal Insulations on the External Stress Corrosion Cracking Tendency of Austenitic Stainless Steel

	· C795
	Thermal Insulation for Use in Contact With Austenitic Stainless Steel

	· C 871
	Test Methods for Chemical Analysis of Thermal Insulation Materials for Leachable Chloride, Fluoride, Silicate, and Sodium Ions

	· C 929
	Practice for Handling, Transporting, Shipping, Storage, Receiving, and Application of Thermal Insulation Materials to Be Used Over Austenitic Stainless Steel

	· C 1014
	Spray-Applied Mineral Fiber Thermal and Sound Absorbing Insulation

	· C1029
	Spray-Applied Rigid Cellular Polyurethane Thermal Insulation

	· C1289
	Faced Rigid Polyisocyanurate Thermal Insulation

	· C 1393
	Perpendicularly Oriented Mineral Fiber Roll and Sheet Thermal Insulation for Pipes and Tanks

	· D 1621
	Test Method for Compressive Properties of Rigid Cellular Plastics

	· D 1622
	Test Method for Apparent Density of Rigid Cellular Plastics

	· D 2856
	Open Cell Content of Rigid Cellular Plastics by the Air Pycnometer

	· E 96
	Test Method for Water Vapor Transmission of Materials


1.3.2 Associated Air Liquide Documents

	A-GS-4-2-1
	Painting and Protective Coatings

	E-GS-4-2-2
	Painting and coating systems

	W-GS-4-3-2
	Cold Box Insulation

	W-GS-19-1-1
	Vendor Data Requirements


1.4 Conflicts, Omissions and Alternatives

In case of conflicting requirements between this specification and applicable requirements of the documents listed in section 1.3, the more stringent shall apply.

In case of conflicting requirements, the following items govern in descending order of precedence.

a. Agreements outlined in mutually approved minutes of review meetings subsequent to the issuance of the Purchase Order

b. Purchase Order and subsequent related correspondence

c. Project specific addenda

d. This specification and accompanying documents listed in 1.3.2.

Any exceptions, deviations, omissions, or alternatives to the requirements shall be submitted for Purchaser’s approval prior to award of Purchase Order.

2 guarantee and warranty
Contractor shall guarantee the insulation system satisfactory performance at operating conditions and for the values specified in the project specific documents, or by insulation Vendor’s specification where accepted by Air Liquide.

In the event of failure of the insulation system to meet the requirements specified in 2.1, Contractor shall make any and all changes or repairs as may be required, at his own expense.

3 Insulation code

The insulation code consists of up to six characters (the last characters of the line identification number as shown on P&IDs):

a. The first two characters describe the service.
Table 1
	Service Code
	Description

	AC
	Anti-condensation

	CC
	Cold conservation

	CH
	Heat conservation

	FP
	Freeze protection

	NP
	Noise protection

	PP
	Personnel protection


b. The third and fourth (and fifth) characters describe the insulation material and the service temperature range.
Table 2
	Material Code
	Insulation Material
	Temperature Range °C (°F)

	P1
	Cellular Glass
	–268 to 50 (–450 to 120)

	P3
	Polyurethane/Polyisocyanurate
	–178 to 50 (–289 to 120)

	P4 See Note
	Mineral Fiber Loose-Fill
	–196 to 320 (–320 to 608)

	P5
	Calcium Silicate
	120 to 650 (250 to 1200)

	P7
	Mineral Fiber
	120 to 650 (250 to 1200)

	P8 See Note
	Expanded Perlite Loose-Fill
	–196 to 320 (–320 to 608)

	P11
	F.E.F Closed-Cell Elastomer
	–30 to 50 ( -20 to 120 )

	P12
	Cellular Glass
	50 to 320 (120 to 608)

	NOTE: For reference only, not part of this specification. See W-GS-4-3-2, W-GS-4-3-3 for cold box application.


c. The fifth (or sixth) character describes the tracing (E = electric, S = steam), if applicable.

4 extent of insulation

4.1 General

Metal parts that protrude through insulation shall be insulated over a minimum distance of four times the insulation thickness beyond termination of insulation.

Each line shall be insulated as a single unit. A minimum clearance of 50 millimeters (2 inches) shall be provided between the outer surface of the insulation and any obstruction such as structural steel, electrical conduits, piping, or other insulated lines.

Personnel protection insulation must be applied to a point of 2.1 meters (7 feet) above grade or platform, and within 0.6 meter (2 feet) laterally of any area of normal personnel traffic such as walkways, ladders, stairways, etc.

When cold insulation is required, the entire system shall be fully insulated to such an extent that all piping components, piping/tubing of instruments, drains, equipment nozzles, and supports are properly included.

4.2 Equipment Support

Insulation on skirts supporting vertical equipment shall extend 150 millimeters (6 inches) beyond the head insulation or 300 millimeters (12 inches), whichever is greater. See Figure 11.

On equipment supported by legs, insulation shall extend over the structural legs and down the legs a minimum distance of four times the insulation thickness, but not less than 300 millimeters (12 inches). The insulation over support legs shall have the same thickness as the body insulation.

4.3 Attachments

Support rings or stiffeners that are part of the vessel shall be insulated with half the total insulation thickness. Full thickness is required for single layer installation.

When required, nameplates shall be insulated with removable insulating covers. A duplicate nameplate, supplied by Contractor shall be installed over the outside surface of the insulation cover. The method of attachment shall not puncture the vapor seal.

5 INSULATION materials

5.1 General

Insulation materials shall be standard catalogued products suitable for service, compatible with the surfaces to be insulated, new, and undamaged. In order to prevent Corrosion Under Insulation (CUI), “chloride free” insulation and accessories materials shall be used.

Insulation and accessories to be used over austenitic stainless steel shall comply with requirements of ASTM standards C692, C 795, C871, and C929.

Galvanized materials shall not be used on stainless steel piping and vessels.

All materials shall be shipped to the jobsite in the original, marked, unopened container/boxes as provided by the material manufacturer.

5.2 Cellular Glass

5.2.1 Specification

ASTM C 552 or equal

5.2.2 Composition

Totally inorganic pure glass containing no binders

5.2.3 Thermal Conductivity

As tested per ASTM C 177 or equal: 0.037 kcal/m2 h °C/m (0.0267 btu/ft2 h °F/ft) at 0°C (32°F) and a maximum density of 128 kg/m3 (8 lb/ft3)

5.2.4 Compressive Strength

As tested per ASTM C 165 or equal: Average 690 kPa (100 psi)

5.2.5 Water Vapor Transmission

As tested per ASTM E 96 or equal: 0

5.2.6 Fabrication

Insulation having a diameter not exceeding 450 millimeters (18 inches) shall be shop fabricated in two half sections.

Insulation having a diameter between 450 millimeters (18 inches) and 7.3 meters (24 feet) shall be shop fabricated in a minimum number of sectors. Sectors shall have curved radius inside surfaces, and beveled longitudinal edges. Sectors for the same pipe size or equipment diameter shall be interchangeable, and fabricated for a tight, gap-free fit-up without field trimming of longitudinal edges.

Prefabricated head segments shall be machined on all six sides to provide:

a. The specified thickness uniform to ±1.5 millimeters (1/16 inch)

b. An inner radius of curvature that matches that of the head

c. Edge faces that are parallel to within 1.5 millimeters (1/16 inch) or less after installation

5.2.6.1 Insulation sections shall be bonded using an appropriate adhesive that avoids the presence of condensing oxygen. Application of fabrication adhesive shall be such that there is 100% coverage of the adhesive and mating surfaces. There shall be no visible voids in the adhered joint, nor shall the width of any adhered joint exceed 1.5 millimeters (1/16 inch) at any point.

5.3 Polyurethane/Polyisocyanurate

NOTE: Polyurethane and polyisocyanurate shall not be used on piping and equipment containing a fluid with more than 21% oxygen, or when fluid temperature is less than –178°C (–289°F) or where fire or hydrocarbon absorption is a concern.

5.3.1 Specification

a. Spray-applied rigid cellular polyurethane: ASTM C 1014 or equal

b. Preformed rigid cellular polyisocyanurate: ASTM C 591 Type I or equal
5.3.2 Closed Cell Content

As tested per ASTM D 2856 or equal: minimum 90%

5.3.3 Density

As tested per ASTM D 1622 or equal: minimum 32.1 kg/m3 (2 lb/ft3)

5.3.4 Thermal Conductivity

As tested per ASTM C 177 or equal: 0.023 kcal/m2 h °C/m (0.016 btu/ft2 h °F/ft) at 24°C (75°F) for a 25-millimeter (1-inch) thick foam, cut on both sides and aged at 24°C (75°F) for 180 days.

5.3.5 Compressive Strength

As tested per ASTM D 1621 or equal: Minimum 165 kPa (24 psi)

5.3.6 Water Vapor Transmission

As tested per ASTM E 96 or equal: 3 to 4 perm-inch

5.4 Closed Cell Elastomer (F.E.F)
5.4.1 Specification

a. Tubular product: ASTM C 534 Type I or equal
b. Sheet: ASTM C 534 Type II or equal
5.4.2 Density

48 to 96 kg/m3 (3 to 6 lb/ft3)

5.4.3 Thermal Conductivity

As tested per ASTM C 177 or equal: 0.034 kcal/m2 h °C/m (0.0225 btu/ft2 h °F/ft) at 24°C (75°F)

5.4.4 Flame Spread

As tested per ASTM E84 or equal: The flame spread rating shall be 25 or less and the smoke-developed rating shall be 50 or less. In addition, when tested, the product shall not melt or drip flaming particles, the flame shall not be progressive, and all materials shall pass simulated end-use fire tests.

5.4.5 Water Vapor Transmission

As tested per ASTM E96 or equal: 0.1 perm-inch

5.5 Calcium Silicate

5.5.1 Specification

a. Block and pipe thermal insulation: ASTM C 533 Type I or equal

b. Structural insulating board: ASTM C 656 Type II or equal

5.5.2 Chemical Composition

Asbestos-free, fibrous reinforced hydrous calcium silicate

5.5.3 Density

a. Block and pipe thermal insulation: Minimum 230 kg/m3 (14.5 lb/ft3)

b. Structural insulating board: Minimum 448 kg/m3 (28 lb/ft3)

5.5.4 Thermal Conductivity

5.5.4.1 Block and Pipe Insulation

As tested per ASTM C 177 or equal: Maximum 0.05 kcal/m2 h °C/m (0.034 btu/ft2 h °F/ft) at 93°C (+200°F) and a maximum density of 224 kg/m3 (14 lb/ft3)

5.5.4.2 Structural Insulating Board

As tested per ASTM C 518 or equal: 0.099 kcal/m2 h °C/m (0.067 btu/ft2 h °F/ft) at 427°C (800°F) and 0.075 kcal/m2 h °C/m (0.05 btu/ft2 h °F/ft) at 93°C (200°F)

5.5.5 Compressive Strength

As tested per ASTM C 165 or equal

a. Block and pipe insulation: Average 1,100 kPa (160 psi) @ 5% deformation

b. Structural insulating board: Average 6,200 kPa (900 psi) @ 10% deformation

5.5.6 Flame Spread

As tested per ASTM E84 or equal: The flame spread rating shall be 0 and the smoke-developed rating shall be 0.

5.5.7 Fabrication

Beveled lags shall be used in the size range where curved segments are not commercially available. Scored or V-grooved block is not an acceptable alternate for curved segments or beveled lags.

Prefabricated head segments shall be machined on all six sides to provide:

a. The specified thickness uniform to ±1.5 millimeters (1/16 inch)

b. An inner radius of curvature that matches that of the head

c. Edge faces that are parallel to within 1.5 millimeters (1/16 inch) or less after installation

5.6 Expanded Perlite Loose-Fill

Refer to W-GS-4-3-2

5.7 Mineral Fiber

5.7.1 Specifications

a. Blanket: ASTM C 553 or equal

b. Roll and sheet: ASTM C 1393 or equal

c. Block and board: ASTM C 612 Type III or equal

d. Metal-mesh covered blanket: ASTM C 592 Type II or equal

e. Preformed pipe insulation: ASTM C 547 Type II or equal

5.7.2 Thermal Conductivity

As tested per ASTM C 518 or equal: 0.03 kcal/m2 h °C/m (0.02 btu/ft2 h °F/ft) at 24°C (75°F)

5.7.3 Density

Table 3
	Material
	Application
	Density

	Blanket
	Packing voids between piping/equipment and insulation
	24 kg/m3 (1.5 lb/ft3)

	Blanket 
	CH and PP
	128 kg/m3 (8 lb/ft3)

	Roll and Sheet
	CH and PP, large diameter pipe and tank wrap
	40 kg/m3 (2.5 lb/ft3)

	Block and Board
	Expansion/contraction joints
	32 kg/m3 (2 lb/ft3)

	Block and Board
	CH, NP and PP
	96 kg/m3 (6 lb/ft3)

	Metal-Mesh Covered Blanket
	CH and PP
	128 kg/m3 (8 lb/ft3)

	Preformed Pipe Insulation
	CH, NP and PP
	As fabricated


6 ACCESSORY MATERIALS

6.1 General

Accessories shall be standard catalogued products suitable for service, new, and undamaged.

All accessories, compounds, finish and paint systems shall be compatible with the insulation material and shall be approved by the insulation manufacturer.

Mastics and sealants used for insulation of austenitic stainless steel shall not contain PVC, brominated compounds, chlorinated hydrocarbons, or acetic acid to avoid external stress corrosion cracking (ESCC).

Water that is required in preparation of cements, mastics, and coatings shall have a maximum chloride content of 50 ppm.
6.2 Vapor Barriers

All primary and secondary vapor barriers shall be as specified by the insulation manufacturer for the specific service.

6.3 Joint Sealant/Adhesive

All joint sealants and/or adhesives shall be as specified by the insulation manufacturer for the specific service.

6.4 Metal Jacketing

All metal jacketing shall have an integrally bonded moisture barrier over the entire surface in contact with the insulation.

6.4.1 Aluminum-Coated Steel

Type 2, coating designation T2-100 per ASTM A 463 or equal 
Table 4
	Application
	Sheet Thickness

	Areas with potential fire hazard
	0.4 mm (0.016 in)


6.4.2 Aluminum Sheet

Alloy 3003 Temper H14 per ASTM B 209 or equal. 

Aluminum sheets shall not be used as metal jacketing above 540(C (1000(F) or for fire protection insulation.

Table 5
	Application
	Sheet Thickness

	Piping and vessels less than 600 mm (24 in) diameter
	0.4 mm (0.016 in) smooth, or corrugated with 5 mm (3/16 in) corrugations

	Horizontal piping and vessels less than 1,200 mm (48 in) diameter
	0.5 mm (0.02 in) smooth, or corrugated with 5 mm (3/16 in) corrugations

	Vertical piping and vessels less than 1,200 mm (48 in) diameter
	0.5 mm (0.02 in) deep corrugated with 6 or 16 mm (1/4 or 5/8 in) corrugations, 32 or 63 mm (1¼ or 2½ in) pitch

	Horizontal piping and vessels over 1,200 mm (48 in) diameter
	0.6 mm (0.024 in) smooth, or corrugated with 5mm (3/16 in) corrugations

	Vertical piping and vessels over 1,200 mm (48 in) diameter
	0.5 mm (0.02 in) deep corrugated with 6 or 16 mm (1/4 or 5/8 in) corrugations, 32 or 63 mm (1¼ or 2½ in) pitch


6.4.3 Stainless Steel Sheet

Type 304L or 316L per ASTM A 167 or equal
Stainless steel jacketing shall be used in atmospheres corrosive to aluminum, temperatures above 540°C (1000°F) or for fire protection insulation.
Table 6
	Application
	Sheet Thickness

	Piping and vessels less than 2,400 mm (8 ft) diameter
	0.25 mm (0.01 in) smooth, or corrugated with 5 mm (3/16 in) corrugations

	Piping and vessels over 2,400 mm (8 ft) diameter
	0.25 mm (0.01 in) deep corrugated with 6 or 16 mm (1/4 or 5/8 in) corrugations, 32 or 63 mm (1¼ or 2½ in) pitch 

	Areas with potential fire hazard
	0.4 mm (0.016 in)


Removable covers for flanges, valves, etc. shall be made of 1-millimeter (0.04-inch) sheets, independent of the type of material.

6.5 Fasteners

All metal fastening materials shall be austenitic stainless steel that meets the requirements of ASTM A 167 type 304 or equal.

Bands shall be stainless steel 10 to 20 millimeters (3/8 to 3/4 inch) wide with a minimum thickness of 0.5 millimeter (0.02 inch). Wires shall be stainless steel minimum 1.2-millimeter diameter (18 gage).

Expander type bands, and breather springs for bands shall be capable of remaining in tension during heating and cooling cycles experienced in normal operation.

Seals for banding shall be of the wing-type construction.

Quick-release toggle fasteners for securement of removable boxes shall be of spring shackle lock type and they shall be spot-welded to the bands.

Rivets, where permitted in lieu of screws, shall be pop type with 3.2-millimeter (1/8-inch) diameter for pipe work and equipment up to 1-meter (3.3-foot) diameter, and 4.8-millimeter (3/16-inch) diameter for pipe work and equipment over 1-meter (3.3-foot) diameter.

Screws required for metal jacketing fabrication shall be slotted pan had, self-tapping No.8, 12 millimeters (½ inch) long, complete with elastomeric washers under the head.

 “S” and “J” in clips shall be formed from 20-millimeter (¾-inch) wide, 0.5-millimeter (0.02-inch) thick band. See Figure 10.

The reinforcing membrane (for embedding between the coats of the vapor barrier mastic in preformed polyurethane/polyisocyanurate insulation or cellular glass) shall be a high strength resilient synthetic fabric, having minimum 20x10 threads per 25 millimeters (1 inch) and a weight of 33 g/m2 (0.11 oz/ft2), or an open weave glass cloth with a weave lock finish and having minimum 18x12 threads per 25 millimeters (1 inch).

The tape used to secure inner layers of polyurethane/polyisocyanurate or cellular glass insulation shall be a pressure-sensitive glass fiber reinforced tape, minimum 20 millimeters (¾ inch) wide.

The vapor barrier cover for contraction joints in the outer layer of polyurethane/polyisocyanurate or cellular glass insulation shall be a corrugated butyl rubber sheet 1.2 millimeters (0.047 inch) thick minimum.

The glued overlaps of the secondary foil vapor barrier shall be sealed off with 50-millimeter (2-inch) wide adhesive tape of similar material (adhesive on one face) capable of sealing the foil within the temperature range.

The tape to seal longitudinal/circumferential joints of primary metal vapor barrier shall be a composite type aluminum foil, reinforced, and with a self-bonding layer made of butyl rubber on the back face, having a minimum width of 75 millimeters (3 inches) to allow for sufficient cover of the joints.

7 installation
7.1 Overview
Insulation shall be installed in accordance with insulation Vendor’s specifications. The installation requirements of this specification apply when they are more stringent than insulation Vendor’s specifications.

When there is a conflict between the general requirements and the additional requirements for specific materials, the latter requirement shall govern.
7.2 General Requirements

All material installed in one day shall have the primary/secondary vapor barrier installed the same day, or if impractical, the exposed insulation shall be temporarily protected with a combination moisture/UV barrier (such as an appropriate polyethylene film) and sealed to the surface to be insulated. All exposed ends shall be protected before stopping work.

In addition to the requirements of this section, the application of insulation over austenitic stainless steel shall comply with ASTM C 929.

Contractor is responsible for proper material storage at the work site, in accordance with insulation Vendor’s specifications.

Materials shall at all times be protected from moisture, limited ultraviolet exposure, and abuse.

Before any insulation material is applied, the surfaces to be insulated shall be completely dry, free of dirt, rust, grease, frost, moisture, and other imperfections.

Chlorinated solvents shall not be used for cleaning stainless steel.

The application of insulation shall not begin before any required pressure or leak tests have been completed. If written permission is given by construction manager to commence insulation work prior to pressure testing, all welds, threads, unions, and flanges shall be left uncovered until such test is completed.

Carbon steel surfaces under insulation shall have been suitably painted with a complete paint system required for insulated surfaces in accordance with A-GS-4-2-1 or E-GS-4-2-2. Zinc containing coatings shall not be applied near or at stainless steel or nickel alloys parts.

All protrusions from piping and equipment such as: vents, safety valves, thermocouple wells, etc., shall be considered as part of the insulation contract.

Nameplates, code data plates, etc., shall be visible after insulation installation. Insulation shall be cut away from these markings and sealed with specified sealer against the entry of water.

When not provided on piping and equipment, insulation support rings shall be installed at approximately 3.3 to 4.3-meter (10 to 14-foot) intervals. The width of the support ring shall be such that the inner layer(s) and one half of the thickness of outer layer of insulation shall be supported.

Contractor shall provide and install devices required to properly support or fasten the insulation. Each layer of double or multi-layer insulation shall be held in place separately. See Figure 1.

Where insulated pipes or ducts pass through sleeves or openings, the full specified thickness of the insulation shall pass through the sleeve or opening. Vapor barriers shall be continuous through sleeves and openings.

Insulation having a total thickness 90 millimeters (3½ inches) and greater shall be applied in multi-layers. Each succeeding layer shall be staggered to the longitudinal and circumferential joint of the layer beneath. All joints of layers shall be staggered. See Figure 1.

Vapor stops shall be installed at all pipe support locations and at all changes in configuration, such as elbows, flanges, valves, etc., and at all locations on piping and equipment requiring maintenance and instrumentation connections.

Insulation expansion joints shall be a minimum of 25 millimeters (1 inch) wide, packed tightly with mineral fiber blanket insulation compressed a minimum 50%. The joints shall be also installed below insulation support clips or rings of equipment and piping. See Figure 2, Figure 3, Figure 4, and Figure 5.

Insulation expansion joints for rigid insulation materials shall be installed in uninterrupted straight pipe insulation spaced as show in Table 7.

Table 7
	Pipe Maximum Operating Temperature, °C (°F)
	Location of Expansion Joints, m (ft)

	93 (200)
	18.2 (60)

	204 (400)
	9.1 (30)

	260 (500)
	3.6 (12)


Insulation contraction joints shall be located considering the expected pipe movements. Contraction joints shall be installed in the inner and outer layers of horizontal piping and equipment, and in all single layer installation, at maximum intervals of 5 to 6 meters (16 to 20 feet), with a minimum of one contraction joint midway between any two fixed pipe supports or pipe protrusions more than 0.8 meters (2.5 feet) apart. For single layer applications, two layers shall be used at the contraction joint. The second layer shall be the same thickness as the first and shall extend 75 millimeters (3 inches) on each side of the contraction joint in the outer layer. See Figure 2, Figure 3, Figure 4, and Figure 5. An additional contraction joint shall be installed at each end of expansion loops.

Vertical lines and equipment with insulation support rings shall have a contraction joint immediately below each support ring, except at the bottom. See Figure 4.

Insulation of piping and equipment (see 7.2.30) shall be covered with metal jacketing. The metal jacketing shall be applied with minimum longitudinal and circumferential overlaps of 75 millimeters (3 inches). See Figure 1 and Figure 10.

Longitudinal overlaps of metal jacketing shall preferably be located as follows.

a. On vertical pipes and vessels, on the leeward side
b. On horizontal pipes and vessels, 30° below horizontal, to shed water
Metal jacketing over soft-type insulation up to 600-millimeter (24-inch) diameter shall be secured with sheet metal screws or pop rivets (see 7.2.31) on 150-millimeter (6-inch) centers maximum. See Figure 1.

Sheet metal screws or pop rivets shall not bind adjacent courses of jacketing at the circumferential lap.

Metal jacketing over rigid-type insulation up to 600-millimeter (24-inch) diameter shall be secured with 12 x 0.5-millimeter (½ x 0.02-inch) stainless steel bands placed at 300-millimeter (12-inch) centers maximum, over each circumferential overlap, and at least at the center of each course of jacketing. See Figure 1.

Metal jacketing for piping and equipment over 600-millimeter (24-inch) outside diameter shall be secured with 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands and seals placed on 300-millimeter (12-inch) centers maximum for aluminum jacketing and 600-millimeter (24-inch) centers maximum for stainless steel or aluminum coated steel jacketing, over each circumferential overlap and at least at the center of each course of jacketing. In addition to the bands, all longitudinal joints in jacketing shall be secured with sheet metal screws or pop rivets placed on 150-millimeter (6-inch) centers. See Figure 10.

On vertical vessels and piping larger than 600 millimeters (24 inches) outside diameter, “S” clips shall be used on every circumferential lap to support the jacketing. The “S” clips shall be spaced 450 millimeters (18 inches) maximum apart around the circumference with a minimum of two clips per sheet of jacketing. See Figure 10.

On vertical vessels and piping larger than 600-millimeter (24-inch) outside diameter, “J” clips shall be installed on all bands. The band shall rest in the pocket of the clip and the clip shall be secured to the jacketing by one of the screws at each longitudinal jacketing seam. See Figure 10.

Bandings on vessels over 2.4-meter (8-foot) diameter shall have 100-millimeter (4-inch) stainless steel springs located every 9.1 meters (30 feet) of band length.

All overlaps in metal jacketing that are not installed in a watershed fashion (such as longitudinal seams in vertical piping and equipment and circumferential seams in horizontal piping and equipment) shall be sealed with caulking compound.

With Purchaser’s approval, where metal jacketing is not practical or economical (irregular insulation surfaces, instrumentation tubing insulation, etc.), the insulation surface may be covered with a tack coat of mastic sufficient to embed insulation reinforcing. The reinforcing shall be overlapped minimum 50 millimeters (2 inches). An application of insulation finishing cement may be required to obtain adhesion on fibrous materials. Mastic weatherproofing shall overlap adjoining metal surfaces to provide a weather tight joint.

Insulation systems shall be caulked and/or sealed at all possible points of moisture entry.

7.3 Additional Requirements for Cellular Glass

7.3.1 Piping

For single layer application (process temperatures above –50°C (–60°F), the insulation shall be applied with all joints tightly closed and sealed with joint sealer through the entire thickness of the insulation.

For double and multi-layer applications (process temperatures below –50°C (–60°F), the first layer shall be applied with all joints tightly closed and tightly butted (no joint sealant). Secure insulation with fiber reinforced tape on 225-millimeter (9-inch) centers with a 50% overlap of the tape per wrap. Apply successive layers with all joints closed tight and all joints staggered (no joint sealant). Secure each layer with fiber reinforced tape using two wraps per section. See Figure 1. The final layer shall be applied with all joints sealed with the applicable joint sealant. The joint sealant shall cover the joint surface through the entire thickness of the insulation.

Secure the final layer of insulation with 20 x 0.5-millimeter (¾ x 0.02-inch) stainless steel bands on 300-millimeter (12-inch) centers drawn snugly so as to be flush with the surface of the insulation. See Figure 1.

7.3.2 Equipment

Prefabricated curved sidewall segments shall be properly fitted to the vessel surface. Pre-engineered head segments shall be manufactured and installed on all vessel heads.

The bore surface of the first layer (inner layer) of cellular glass insulation shall receive a coating of adhesive sufficient to fill the surface cells. Allow time to dry before being applied to the pipe or vessel.

For single layer application (process temperatures above –50°C (–60°F), the insulation shall be applied with all joints tightly closed and sealed with joint sealer through the entire thickness of the insulation.

For double or multi-layer applications (process temperatures below –50°C (–60°F), the first layer of insulation shall be applied with all joints tightly closed (no joint sealant). Secure insulation with 20 x 0.5-millimeter (¾ inch x 0.02 inch) stainless steel bands on 300-millimeter (12-inch) centers. Apply successive layers with all joints closed tight and all joints staggered (no joint sealant). Secure insulation with 20 x 0.5-millimeter (¾ inch x 0.02 inch) stainless steel bands on 300-millimeter (12-inch) centers. See Figure 10.

The final layer shall be applied with all joints sealed with joint sealer. The joint sealer shall cover the joint surface through the entire thickness of the insulation.

Secure the final layer of insulation with 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands on 300-millimeter (12-inch) centers drawn snugly so as to be flush with the surface of the insulation. See Figure 10.

Insulation may be secured to formed heads or irregular surfaces with installation adhesives or by banding in place with 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands. See Figure 11. The use of wire on cellular glass is strictly prohibited.

7.3.3 Fittings and Valves

Fittings shall be insulated with prefabricated covers and the number of layers used shall be at least the same as for the adjoining pipe insulation.

The application of the layers of fabricated fittings shall be the same as straight run piping, making sure that the outer layer is sealed at all joints and secured with stainless steel bands.

All fabricated sections of fitting insulation shall be installed without void or gaps.

All fabricated sections of insulation shall be adhered with the specified adhesive for the service through the entire thickness of the insulation.

Valve stems shall be insulated up the valve stem from the body of the valve to the packing gland. Valve body insulation need not conform to the contour of the valve, but all void areas shall be packed with needled glass fiber blanket containing no organic binder. The application of insulation on valve shall be the same as for fittings.

All penetrations through the insulation system shall be insulated along their length to a minimum distance of four times the insulation thickness. To prevent moisture migration behind the insulation, all penetrations shall be sealed with insulation joint sealant.

7.3.4 Expansion/Contraction Joints

Expansion/contraction joints in the piping insulation shall be located along the pipe that will limit the total contraction per joint to 25 millimeters (1 inch) or at least one joint per 18 meters (60 feet) of pipe run.

Process systems operating above –100°C (–148°F) do not require the installation of expansion/ contraction joints.

Joint sealer shall be used between the outer layers of insulation only to provide a slip plane.

For design details, see Figure 2, Figure 3, Figure 4, and Figure 5.

7.3.5 Insulation Supports

Insulation supports shall be located on vertical piping and equipment so as to limit the movement of the insulation during contraction of the piping or equipment to a maximum of 25 millimeters (1 inch).

Insulation support rings shall support all inner layers of insulation and half the thickness of the outer layer.

7.3.6 Hangers for Piping

Hangers may be located on the inside of insulation and finish. For cold service, hangers shall be located on the outside of the outer layer of insulation and finish. See Figure 7.

The cradle shall be designed to provide a sufficient bearing area to limit the compressive force on the insulation to 140 kPa (20 psi) maximum at any point.

7.3.7 Insulation Finish

Insulated surfaces shall be protected with metal jacketing with built-in vapor barrier and shall be fastened by 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands on 300-millimeter (12-inch) centers. Apply the metal jacketing with all laps positioned to shed water and seal with lap sealant. See Figure 1 and Figure 10.

Fittings, flanges, and vessel heads not protected by metal jacketing (see 7.2.30) shall be protected with a 3-millimeter (1/8-inch) thick coat of fire resistive mastic. After the finish is completely dry, the final coat may be painted with conventional paint.

When required, the exterior surfaces of piping shall be covered with the specified liquid oxygen compatible vapor retarding system prior to applying the metal jacketing.

Insulation of valves, fittings, and irregular shaped equipment operating below –17°C (0°F) shall be covered with a vapor barrier system.

Insulation of piping and equipment insulation with operating temperatures above –17°C (0°F) does not require the application of a vapor retarding system.

The transitional surfaces between metal jacketing and mastic shall be sealed.

7.4 Additional Requirements for Polyurethane/Polyisocyanurate

7.4.1 Piping

For single layer application (process temperatures above –50°C (–60°F) and required thickness of 63 millimeters (2½ inches) or less, the insulation shall be applied with all joints tightly closed and sealed with joint sealer through the entire thickness of the insulation.

For double or multi-layer applications (process temperatures below –50°C (–60°F), the first layer shall be applied with all joints tightly closed and tightly butted (no joint sealant). Secure insulation with fiber reinforced tape on 225-millimeter (9-inch) centers with a 50% overlap of the tape per wrap. Apply successive layers with all joints closed tight and all joints staggered (no joint sealant). Secure each layer with fiber reinforced tape using two wraps per section. See Figure 1.

The final layer shall be applied with all joints sealed with the applicable joint sealant. The joint sealant shall cover the joint surface through the entire thickness of the insulation.

Secure the final layer of insulation with 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands on 300-millimeter (12-inch) centers drawn snugly so as to be flush with the surface of the insulation. See Figure 1.

7.4.2 Equipment

Prefabricated curved sidewall segments shall be properly fitted to the vessel surface. Pre-engineered head segments shall be manufactured and installed on all vessel heads.

The bore surface of the first layer (inner layer) of insulation shall receive a coating of adhesive sufficient to fill the surface cells. Allow time to dry before being applied to the pipe or vessel.

For single layer application (process temperatures above –50°C (–60°F), the insulation shall be applied with all joints tightly closed and sealed with joint sealer through the entire thickness of the insulation.

For double or multi-layer applications (process temperatures below –50°C (–60°F)), the first layer of insulation shall be applied with all joints tightly closed (no joint sealant). Secure insulation with 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands on 300-millimeter (12-inch) centers. Apply successive layers with all joints closed tight and all joints staggered (no joint sealant). Secure insulation with 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands on 300-millimeter (12-inch) centers. See Figure 10. The final layer shall be applied with all joints sealed with joint sealer. The joint sealer shall cover the joint surface through the entire thickness of the insulation.

Secure the final layer of insulation with 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands on 300-millimeter (12-inch) centers drawn snugly so as to be flush with the surface of the insulation. See Figure 10.

Insulation may be secured to dished heads or irregular surfaces with installation adhesives or by banding in place with 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands. See Figure 11. The use of wire on insulation is strictly prohibited.

7.4.3 Fittings and Valves

Fittings shall be insulated with prefabricated covers, and the number of layers used shall be at least the same as for the adjoining pipe insulation.

The application of the layers of fabricated fittings shall be the same as straight run piping, making sure that the outer layer is sealed at all joints and secured with stainless steel bands.

All fabricated sections of fitting insulation shall be installed without void or gaps.

Valve stems shall be insulated up the valve stem from the body of the valve to the packing gland. Valve body insulation need not conform to the contour of the valve, but all void areas shall be packed with needled glass fiber blanket containing no organic binder. The application of insulation on valve shall be the same as fittings.

All penetrations through the insulation system shall be insulated along their length to a minimum distance of four times the insulation thickness. To prevent moisture migration behind the insulation, these penetrations shall be sealed with insulation joint sealant.

7.4.4 Expansion/Contraction

Expansion/contraction joints in the piping insulation shall be located along the pipe that will limit the total contraction per joint to 25 millimeters (1 inch) or at least one joint per 18 meters (60 feet) of pipe run.

Process systems operating above –100°C (–148°F) do not require the installation of expansion/ contraction joints.

Joint sealer shall be used between the outer layers of insulation only to provide a slip plane.

For design details, see Figure 2, Figure 3, Figure 4, and Figure 5.

7.4.5 Insulation Supports

Insulation supports shall be located on vertical piping and equipment so as to limit the movement of the insulation during contraction of the piping or equipment to a maximum of 25 millimeters (1 inch).

Insulation support rings shall support all inner layers of insulation and half the thickness of the outer layer.

7.4.6 Hangers for Piping

Hangers may be located on the inside of insulation and finish. For cold service, hangers shall be located on the outside of the outer layer of insulation and finish. See Figure 7.

The cradle shall be designed to provide a sufficient bearing area to limit the compressive force on the insulation to 140 kPa (20 psi) maximum at any point.

7.4.7 Insulation Finish

Insulated surfaces shall be protected with metal jacketing with built-in vapor barrier and shall be fastened by 20 x 0.5-millimeter (¾ x 0.02-inch) stainless steel bands on 300-millimeter (12-inch) centers. Apply the metal jacketing with all laps positioned to shed water and seal with lap sealant. See Figure 1, and Figure 10.

Fittings, flanges, and vessel heads not protected by metal jacketing (see 7.2.30) shall be protected with a 3-millimeter (1/8-inch) thick coat of fire resistive mastic. After the finish is completely dry, the final coat may be painted with conventional paint.

When required, the exterior surfaces of piping shall be covered with the specified liquid oxygen compatible mastic-fabric-mastic vapor retarding system prior to applying the metal jacketing.

Insulation of valves, fittings, and irregular shaped equipment operating below –17°C (0°F) shall be covered with a vapor barrier system.

Insulation of piping and equipment operating above –17°C (0°F) does not require the application of a vapor retarding system.

The transitional surfaces between metal jacketing and mastic shall be sealed.

7.5 Additional Requirements for Closed-Cell Elastomer

7.5.1 General

Insulation thicker than 25 millimeters (1 inch) shall be applied in multi-layers. The side and end joints shall be staggered.

Insulation and accessory materials shall be applied only if dry. Wet or damaged insulation shall be replaced.

Un-slit tubular pipe insulation shall be slit lengthwise on one side and then snapped over the pipe. Brush-coat both slit surfaces with adhesive and push the insulation down over the pipe to hold adhesive-coated surfaces apart while the adhesive dries. When the adhesive has air-dried, apply moderate pressure to entire joint to assure a vapor-tight bond.

Fitting covers are made using specially designed templates. Snap the formed cover in place over the fitting. Adhere the mating surfaces with adhesive. Join the straight pipe covering to the fitting cover, making sure to coat both the pipe section butt surface and the fitting cover butt surface. Allow the adhesive to dry until dry to the touch but tacky under slight pressure before joining surfaces. Press surfaces firmly together to seat.

In double-layer work when using the snap-on method, apply insulation with side and end joints staggered where possible.

Sheet insulation shall be applied on pipes DN 150 (NPS 6) and larger, ducts, and vessels. The sheet shall be cut to proper width without stretching around the pipe.

For application as pipe insulation and fitting covers, only the seams and joints are adhered with adhesive.

Brush-coat both surfaces of the lengthwise seam with adhesive. Allow the adhesive to dry until dry to the touch but tacky under slight pressure before joining surfaces. Wrap the sheet around the pipe and seal the seam by pressing the surfaces firmly together. Join buff joints between individual sections using adhesive. On horizontal pipes larger than DN 300 (NPS 12), adhere insulation on lower one-third.

For application to large, flat, or curved metal surfaces such as ducts, very large pipes, and vessels, full adhesive coverage attachment is used.

7.5.2 Expansion/Contraction Joints

Not required

7.5.3 Insulation Supports

Not required
7.5.4 Hangers for Piping

See Figure 8. At pipe hanger locations where the insulation must resist compression, supporting devices shall be used in combination with metal saddles. See Figure 9.

7.5.5 Insulation Finish

Insulated surfaces shall be protected with metal jacketing with built-in vapor barrier and shall be fastened by 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands on 300-millimeter (12-inch) centers. Apply the metal jacketing with all laps positioned to shed water and seal with lap sealant. See Figure 1, and Figure 10.

Insulated surfaces not protected by metal jacketing (see 7.2.30) shall be protected with two coats of finish within seven days of installing the insulation.

7.6 Additional Requirements for Calcium Silicate

7.6.1 General

All cracks or hollows shall be leveled off with insulating cement. Where supports, etc., project through the insulation, care shall be taken to seal completely the jacketing around the protrusion.

7.6.2 Piping

Where double layer is required, piping insulation shall be applied with all joints staggered and tightly butted. See Figure 1.

Insulation shall be secured with 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands on 300-millimeter (12-inch) centers or with fiber reinforced tape on 225-millimeter (9-inch) centers with a 50% overlap of the tape per wrap. See Figure 1.

Flexible assemblies in the piping shall be wrapped with fiberglass blanket to a thickness equal to the adjacent insulation and finished with plastic self-adhesive tape. The tape shall be overlapped on the adjacent insulation by 150 millimeters (6 inches) to seal the joint.

7.6.3 Steam Traced Piping

Blanket insulation, if used, shall be applied to the piping as shown in Figure 6, and secured using fiber-reinforced tape or soft annealed stainless steel wire.

Insulation shall be applied with all joints tightly closed and butted. Joint sealer shall not be applied.

Insulation shall be secured with 1.6-millimeter diameter (16 gage) stainless steel wire on 150-millimeter (6-inch) centers.

Piping can be tube traced using one or more tubes or conduits. See Figure 6.

7.6.4 Vessels

Prefabricated curved sidewall segments shall be properly fitted to the vessel surface and applied so that all joints are staggered and tightly butted. Pre-engineered head segments shall be manufactured and installed on all vessel heads.

Insulation shall be secured to cylindrical surface with 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands on 300-millimeter (12-inch) centers. Insulation may be secured to dished heads or irregular surfaces with 1.6-millimeter diameter (16 gage) stainless steel wire on maximum 300-millimeter (12-inch) centers. See Figure 10 and Figure 11.

7.6.5 Fittings and Valves

Flanges, valves, and fittings shall be insulated with the same thickness as the adjacent pipe insulation.

Fittings DN 50 (NPS 2) and smaller shall be insulated with blanket insulation. Fittings DN 65 (NPS 2½) and over shall be insulated with pipe covering.

7.6.6 Expansion/Contraction Joints

Not required

7.6.7 Insulation Supports

Not required

7.6.8 Hangers for Piping

Hangers may be located on the inside of insulation and finish. See Figure 8.

The cradle shall be designed to provide a sufficient bearing area to limit the compressive force on the insulation to 140 kPa (20 psi) maximum at any point.

7.6.9 Piping Insulation Finish

Insulation surfaces shall be protected with metal jacketing with built-in vapor barrier and shall be fastened by 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands on 300-millimeter (12-inch) centers. See Figure 1.

Where application of metal jacketing is not practical (see 7.2.30), insulation can be finished with two 3-millimeter (1/8-inch) thick coats of fire-resistive mastic. After the finish is completely dry, it may be painted with conventional paint.

7.6.10 Vessel Insulation Finish

Vessel wall insulation (also vessel heads where feasible) shall be protected with metal jacketing with built-in vapor barrier and shall be fastened by 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands and clips on 300-millimeter (12-inch) centers. See Figure 10.

Insulation shall first be covered with mastic tape as vapor barrier prior to application of metal jacketing. All longitudinal and circumferential joints shall overlap 75 millimeters (3 inches).

Vessel insulation surfaces not protected with metal jacketing (see 7.2.30) shall have the following.

a. A 25-millimeter (1-inch) hexagonal mesh galvanized iron chicken wire net shall be drawn over the insulation and securely fastened.

b. Apply two 3-millimeter (1/8-inch) thick coats of summer grade insulate cement, troweled thoroughly into the mesh, and given a rough scored finish, and allow to dry.

c. Then add a prime coat of mastic primer over the dry cement.

d. A 1/8-inch thick coat of fire-resistive mastic shall be applied over dry primer and allowed to dry.

e. Insulation may then be painted with conventional paint.

7.7 Additional Requirements for Mineral Fiber

7.7.1 Blanket Insulation

All circumferential joints of the insulation shall be staggered and sealed. Longitudinal seams and adjoining sections are to be firmly butted together and sealed.

Fill all gaps and voids with loose insulation.

Field cut the insulation to fit snugly around irregular shapes, elbows, flanges, and valves.

7.7.2 Preformed Piping Insulation

Preformed insulation shall be applied with all joints staggered and tightly butted. See Figure 1.

Preformed insulation with pressure-sensitive lap sealing system shall not be applied if air temperature is below –9°C (15°F) or above 54°C (130°F), due to the effect of temperature on tape performance.

If stored below –9°C (15°F) or above 54°C (130°F), insulation cartons should stand within the recommended temperature range for 24 hours prior to application.

Once release paper is removed, both adhesive and lap must be kept free of dirt and water, and the lap sealed immediately.

When adhered, the lap and butt strip must be pressurized by rubbing firmly with plastic squeegee or the back of a knife blade to assure positive closure.

The maximum surface temperature of the insulation with pressure-sensitive lap sealing system should be kept below 232°C (450°F).

Insulation shall be secured with 1.6-millimeter diameter (16 gage) stainless steel wire on 150-millimeter (6-inch) centers.

All cracks or hollows shall be leveled off with insulating cement. Where piping supports, etc., project through the insulation, care shall be taken to seal the joints completely.

Flexible assemblies in the piping shall be wrapped with multi-layers fiberglass tape to a thickness equal to the adjacent insulation, and finished with self-adhesive tape overlapped on adjacent insulation.

7.7.3 Expansion/Contraction Joints

Not required

7.7.4 Insulation Supports

Not required

7.7.5 Hangers for Piping

Hangers may be located on the inside of insulation and finish. See Figure 8.

The cradle shall be designed to provide a sufficient bearing area to limit the compressive force on the insulation to 140 kPa (20 psi) maximum at any point. See Figure 7.

7.7.6 Insulation Finish

For indoor area not subject to heavy traffic, no additional finish is required for the insulation with pressure-sensitive lap sealing system.

For all other areas, the insulation surface shall be protected with metal jacketing with built-in vapor barrier, and shall be fastened by 20 x 0.5-millimeter (¾ x 0.02 inch) stainless steel bands and clips on 450-millimeter (18-inch) centers maximum. Finish with a heavy coat of insulating cement or mastic.

Where application of metal jacketing is not practical (see 7.2.30), insulation can be finished with two 3-millimeter (1/8-inch) thick coats of insulating cement. When the finish is completely dry, it may be painted with conventional paint.

8 installation details

8.1 Pipe Insulation Details

Figure 1
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8.2 Horizontal Expansion/Contraction Joints – Metal Jacketing Barrier

Figure 2
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8.3 Horizontal Expansion/Contraction Joints – Mastic Barrier

Figure 3
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8.4 Vertical Expansion/Contraction Joints

Figure 4
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8.5 Bellows Expansion/Contraction Joints

Figure 5
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8.6 Insulation of Heat-Traced Pipe Work

Figure 6
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8.7 Hangers for Insulated Pipe Work

Figure 7
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8.8 Insulated Pipe Work and Hangers

Figure 8
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8.9 Supports for Insulated Pipe Work

Figure 9
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8.10 Vertical Vessel Insulation

Figure 10
[image: image10.wmf]VERTICAL VESSEL INSULATION

CIRCUMF.

LAP (TYP)

BAND SUPPORT

"J" CLIP

METAL

JACKET

BANDS

BOARD

"S" CLIP

BOTTOM HEAD

AND INSIDE

SKIRT INSULATION

SCREWS ON

VERTICAL SEAMS

BLOCK

INSULATION

S/S BANDS

ON 12" CTR

INSULATION

SUPPORT RING

HEAD INSULATION

LONGITUD.

1" MIN

INSULATION

"S" CLIP

"J" CLIP

SCREW

3/4"x0.02"

S/S BAND

3/4" x 0.02"

S/S BAND

3"

LAP SEAM DETAILS

SHEET METAL SCREW

ON 6" CTR (TYP)

CAULK

BETWEEN

CORE

CONTINUOUS

BEAD OF

CAULKING

JACKET SEGMENTS

HEAD LAP SEAM

LAP (TYP)

WIRE OR

BANDS (TYP)


8.11 Vertical Vessel – Top and Bottom Head Insulation

Figure 11
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9 inspection

9.1 General

In addition to any inspection required by authorities having jurisdiction over the plant, the insulation installation shall be subject to witness and/or inspection by the Inspector. The Inspector shall have free entry at all times when the work is being performed.

Inspection by Purchaser shall in no way relieve Contractor of his responsibility to meet the requirements of this specification.

Contractor shall keep the Inspector informed of the progress of the work and shall notify him when the vessel will be ready for any required tests or inspections, in accordance with the Purchase Order requirements.

9.2 Inspection of Materials

Inspection of materials shall be made either at Contractor’s shop, or on site.

If a material is delivered in various production batches, each batch used on site shall be marked clearly as to allow tracing of the origin of the supply.

Contractor shall submit test reports and adhere to the quality control requirements on all insulation materials.

Insulation showing evidence of moisture shall be rejected.

9.3 Pre-Inspection Activities

All surfaces to be insulated shall be dry, clean, and when specified, coated.

All piping and equipment shall be pressure tested.

All hangers and supports shall have the correct size and be located according to the specifications. All supports, anchors, guides, and hangers on low temperature piping shall be free of obstructions to allow sufficient space for support insulations installation, and normal expansion and contraction of the system.

Location of expansion/contraction joints in the insulation shall be clearly defined and marked.

Sufficient accessibility and clearance shall be provided for the installation of insulation.

Heat tracing and tubing shall be pre-installed and tested.

9.4 Visual Inspection

Insulation thickness and number of layers
All joints are staggered, especially on double-layered systems.

When specified, for systems operating below –40°C (–40°F), the bedding coat has been applied between the first and second insulation layers, not to the substrate.

Insulation gaps do not exceed 3 millimeters (1/8 inch). If the gap is greater, replace the affected section of insulation. Do not use finishing cement to fill the gap.

When specified, the vapor barrier shall be applied to the exterior of the insulation before installing the jacket.

No screws are being used to secure jacketing on systems with vapor barriers.

All insulation shall be secured with the specified wire, bands, or tape, and all insulation terminations have end caps.

All jacketing is installed in watershed fashion on horizontal runs.

Bands are turned under or caulked at the clips.

All nozzle openings and protrusions are flashed and caulked.

All system has been caulked and caulking is left beaded, not feathered.

When specified, duplicate nameplates for systems operating below 0°C (32°F) shall be banded, not screwed to the outside of jacketing.

9.5 Final Inspection and Release

Final inspection shall be conducted when the installation is completed. The installation shall be inspected to determine that the insulation is of the proper thickness, that the materials, workmanship, and finishes meet the specifications, and that all contractual obligations have been met. Infrared inspection technique can be used after start-up to verify proper thermal performance of the insulation systems.

Insulation shall be judged defective and rejected for any of the following reasons.

a. Any cracks or voids extending through the insulation

b. Any cracks which would cause insulation to break upon swaying or gently flexing

c. Broken or damaged pieces

d. Jacketing and/or finish not watertight

e. Any noncompliance with the specification

10 packaging and shipping

10.1 Packaging

Insulation material and accessories shall be packaged in containers constructed to ensure safe delivery of material in a satisfactory condition.

10.2 Marking

All containers shall be legibly marked with the name of manufacturer, material, size, type, density, and quantity, as applicable.

10.3 Shipping

All insulation materials and accessories shall be shipped to the job site in the original, marked, unopened container/boxes as provided by the manufacturers.

10.4 Additional Requirements for Materials to Be Used Over Austenitic Stainless Steel

In addition to the requirements of this specification, handling, transporting, shipping, storage, and receiving of insulation materials to be used over austenitic stainless steel shall comply with ASTM C 929.

11 Entity specific amendments

The following is a list of specific engineering entity requirements that differ from those given in this standard.

These requirements are only applicable to the engineering entity(ies) for which they are listed.

	Entity Specific Amendments 

	Entity
	Section
	Description
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