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Vapor Retarder Required

Wi te Vapor Retarder All Service Jacket (ASJ)
Vapor Retarder/Vapor Barrier Mastic Coatings
1 Vapor Barrier
.2 Vapor Ret arder
Lam nated Fi |l m Vapor Retarder
Pol yvi nyl i dene Chl oride (PVDC) Fil m Vapor Retarder
Pol yvi nyl i dene Chl ori de Vapor Retarder Adhesive Tape
Vapor Barrier/\Wather Barrier

Vapor Retarder Not Required

Wre

I nsul ati on Bands

Seal ant s

Pl PE | NSULATI ON SYSTEMS

Recycl ed Materials

Aboveground Cold Pipeline (-34 to 16 deg. C -30 to 60 deg. F)

\ICDU‘I-bO.)I\)I—‘g

Cel lular d ass
Fl exi bl e El astoneric Cellular Insul ation
M neral Fiber Insulation with Integral Wcking Materi al

Pol yi socyanurate Insul ation

oveground Hot Pipeline (Above 16 deg. C 60 deg. F)

M neral Fi ber

Calcium Silicate

Cel lul ar d ass

Fl exi bl e El astoneric Cellular Insul ation
Phenolic | nsul ati on

Perlite |Insul ation

Pol yi socyanurate Insul ation

Aboveground Dual Tenperature Pipeline
Bel ow ground Pi peline Insulation

DUCT | NSULATI ON SYSTEMS

Factory Applied Insul ation

Field Applied Insulation

21

Cener al

Rigid I nsul ation

Bl anket | nsul ation

Ki t chen Exhaust Ductwork | nsul ation
Acousti cal Duct Lining

6.1

.2

Du
1
2
7.
7.
3

Cener al
Duct Li ner

ct Insul ation Jackets

Al'l - Pur pose Jacket

Met al Jackets
.1 Al um num Jacket s
.2 Stainl ess Steel Jackets

Vapor Barrier/Wat her proofing Jacket

Weat her proof Duct Insul ation

QUI PMENT | NSULATI ON SYSTEMS

EXECUTI ON

APPLI CATI ON - GENERAL
Di spl ay Sanpl es

1
2

Pi pe Insulation Display Sections
Duct Insulation Display Sections

Install ati on
Fi rest oppi ng
Install ation of Flexible Elastoneric Cellular |nsulation
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Adhesi ve Application
Adhesi ve Safety Precautions

Gener al
Pi pes Passing Through Walls, Roofs, and Fl oors

1

3
.4
5
6

Penetrate Interior Walls

Penetrating Floors

Penetrating Waterproofed Floors

Penetrating Exterior Walls

Penetrati ng Roofs

Hot Water Pipes Supplying Lavatories or Gher Simlar

Servi ce

.7
i m

Donestic Cold Water Pipes Supplying Lavatories or

[ ar Cooling Service

Pi pes Passi ng Through Hangers

1
C

.2

Hori zontal Pipes Larger Than 50 mm 2 Inches at 16

60 Degrees F and Above

Hori zontal Pipes Larger Than 50 mm 2 I nches and Bel ow

ees C 60 Degrees F

.3
4

Vertical Pipes
Inserts

Fl exi bl e El astoneric Cellular Pipe Insulation
Pi pes in Hi gh Abuse Areas

Pi pe Insulation Material and Thickness
oveground Col d Pi pelines

Insul ation Material and Thi ckness

Factory or Field applied Jacket

Installing Insulation for Straight

Runs Hot and Col d Pi pe
Longi tudi nal Laps of the Jacket Materi al

Laps and Butt Strips

Factory Sel f-Sealing Lap Systemns

St apl es

Breaks and Punctures in the Jacket Materi al
Penetrations Such as Thernoneters

Fl exi bl e El astoneric Cellular Pipe Insulation

Insulation for Fittings and Accessories
Optional PVC Fitting Covers

oveground Hot Pipelines

CGeneral Requirenents

Insulation for Fittings and Accessories

1
2

Precut or Preforned
Ri gi d Preformed

i ng Exposed to \Weat her
Al um num Jacket
Insulation for Fittings
PVC Jacket
Stainl ess Steel Jackets

el ow Ground Pi pe Insul ation

Type of Insul ation
Install ati on of Bel ow ground Pi pe Insulation
DUCT INSULATICN SYSTEMS | NSTALLATI ON

I nsul ati on M ni mum Thi ckness
nsulat|on and Vapor Retarder/Vapor Barrier for Cold Air Duct

Install ati on on Conceal ed Duct
Installati on on Exposed Duct Wbrk

nsul ati on for Warm Ai r Duct
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SECTION 23 07 00

THERVAL | NSULATI ON FOR MECHANI CAL SYSTEMS
08/ 24

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This guide specification covers the
requirenents for field applied thermal insulation on
HVAC and pl unmbi ng systens |ocated wi thin, on, under
and adj acent to buildings; above and bel ow ground.

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Format Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenments by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

EE R R R S R R I R R I R S R R R R R R S R I R I R I R R S R R S R R O

PART 1 GENERAL

EE R I R R S I R R R I R I R S R R R R S R I R I R R R R R R R R

NOTE: Show the follow ng information on project
dr awi ngs:

1. Areas where pipe insulation differs fromthe
"Typical ;"

2. Areas where ductwork is to be internally
i nsul at ed;

3. Areas where netal jackets or 8-ply vapor barrier
jacket are to be used on interior piping;

4. Punps to be insulated and encased in 20 gauge
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boxes; and

5. Heat exchange tenperatures.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

1.1 REFERENCES

EE R R R S I R I R I R I R S R R R R O S R R I R R R S R R R R O

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in

t hi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (R D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by
the basic designation only. At the discretion of the Governnent, the
manuf acturer of any material supplied will be required to furnish test
reports pertaining to any of the tests necessary to assure conpliance wth
the standard or standards referenced in this specification

AVERI CAN SOCI ETY OF HEATI NG, REFRI GERATI NG AND Al R- CONDI TI ONI NG
ENG NEERS ( ASHRAE)

ASHRAE 90.1 - IP (2019) Energy Standard for Buil di ngs
Except Low Ri se Residential Buildings

ASHRAE 90.1 - Sl (2019) Energy Standard for Buil dings
Except Low Ri se Residential Buildings

ASHRAE 90. 2 (2018; Addenda A-B 2021; Addenda C K 2023;
Addenda L 2024) Energy-Efficient Design of
Low Ri se Residential Buildings

ASTM | NTERNATI ONAL (ASTM

ASTM A240/ A240M (2024) Standard Specification for Chrom um
and Chrom um N ckel Stainless Steel Plate,
Sheet, and Strip for Pressure Vessels and
for General Applications

ASTM A580/ A580M (2023) Standard Specification for
Stainless Steel Wre

ASTM B209 (2014) Standard Specification for Al um num

SECTION 23 07 00 Page 6



ASTM B209M

ASTM C195

ASTM C450

ASTM C533

ASTM C534/ C534M

ASTM C547

ASTM C552

ASTM C553

ASTM C585

ASTM C591

ASTM C592

ASTM C610

ASTM C612

ASTM C647

ASTM C755

and Al um num Al |l oy Sheet and Pl ate

(2014) Standard Specification for Al um num
and Al um num Al |l oy Sheet and Plate (Metric)

(2007; R 2013) Standard Specification for
M neral Fiber Thernal |nsulating Cenent

(2008) Standard Practice for Fabrication
of Thermal Insulating Fitting Covers for
NPS Pi pi ng, and Vessel Lagging

(2017; R 2023) Standard Specification for
Calcium Silicate Bl ock and Pi pe Ther nal
I nsul ation

(2023) Standard Specification for
Prefornmed Fl exi bl e El astoneric Cell ul ar
Thermal Insul ation in Sheet and Tubul ar
Form

(2022a) Standard Specification for M neral
Fi ber Pipe Insul ation

(2022) Standard Specification for Cellular
d ass Thermal Insul ation

(2013; R 2019) Standard Specification for
M neral Fi ber Bl anket Thermal I|nsul ation
for Commercial and Industrial Applications

(2010) Standard Practice for |Inner and
Quter Dianeters of Thermal Insulation for
Nom nal Sizes of Pipe and Tubing

(2022) Standard Specification for Unfaced
Prefornmed Rigid Cellular Polyisocyanurate
Thermal |nsulation

(2022a) Standard Specification for M neral
Fi ber Bl anket |nsul ati on and Bl anket - Type
Pi pe I nsulation (Metal-Msh Covered)
(I'ndustrial Type)

(2017; R 2023) Standard Specification for
Mol ded Expanded Perlite Bl ock and Pipe
Thermal Insulation

(2014; R 2019) Standard Specification for
M neral Fi ber Bl ock and Board Ther nal
I nsul ati on

(2008; R 2013) Properties and Tests of
Mastics and Coating Finishes for Thernal
I nsul ation

(2019b) Standard Practice for Sel ection of
Wat er Vapor Retarders for Thermal
I nsul ation
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ASTM C795

ASTM C916

ASTM C920

ASTM C921

ASTM C1126

ASTM C1136

ASTM C1290

ASTM C1710

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

D882

D2863

D5590

E84

E96/ E96M

E2231

E2336

(2008; R 2023) Standard Specification for
Thermal I nsulation for Use in Contact with
Austenitic Stainless Steel

(2020) Standard Specification for
Adhesi ves for Duct Thermal Insul ation

(2018) Standard Specification for
El astoneric Joint Seal ants

(2010; R 2015) Standard Practice for
Deternining the Properties of Jacketing
Materials for Thermal I|nsulation

(2018) Standard Specification for Faced or
Unfaced Rigid Cellular Phenolic Thernal
I nsul ati on

(2023) Standard Specification for
Fl exi bl e, Low Permeance Vapor Retarders
for Thermal |nsul ation

(2016; R 2021) Standard Specification for
Fl exi bl e Fi brous d ass Bl anket |nsul ation
Used to Externally |Insul ate HVAC Ducts

(2011) Standard Guide for Installation of
Fl exi ble Cosed Cell Prefornmed |Insul ation
in Tube and Sheet Form

(2012) Tensile Properties of Thin Plastic
Sheet i ng

(2019) Standard Test Method for Measuring
the M ni mum Oxygen Concentration to
Support Candl e-Li ke Conbustion of Plastics
(Oxygen | ndex)

(2017; R 2021) Standard Test Method for

Det erm ni ng the Resistance of Paint Filns
and Rel ated Coatings to Fungal Defacenent
by Accel erated Four-Wek Agar Pl ate Assay

(2023) Standard Test Method for Surface
Burni ng Characteristics of Building
Material s

(2024) Standard Test Methods for
Gravinmetric Determ nation of Water Vapor
Transmi ssion Rate of Materials

(2021) Standard Practice for Specinen
Preparati on and Mounting of Pipe and Duct
Insul ation Materials to Assess Surface
Burni ng Characteristics

(2020) Standard Test Methods for Fire
Resi stive Grease Duct Encl osure Systens

SECTION 23 07 00 Page 8



CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)
CDPH SECTI ON 01350 (2017; Version 1.2) Standard Method for
the Testing and Eval uation of Volatile
Organi ¢ Chemical Em ssions from | ndoor
Sour ces using Environnental Chanbers
FM GLOBAL (FM

FM APP GUI DE (updat ed on-1ine) Approval Cuide
htt ps://ww. approval gui de. con

GREEN SEAL (GS)
GS- 36 (2013) Adhesives for Conmercial Use
| NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON (| SO

| SO 2758 (2014) Paper - Determ nation of Bursting
Strength

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS
| NDUSTRY ( MBS)

MBS SP-58 (2018) Pi pe Hangers and Supports -
Mat eri al s, Design and Manufacture,
Sel ection, Application, and Installation

M DWEST | NSULATI ON CONTRACTORS ASSOC!I ATI ON (M CA)

M CA Insul ati on Stds (8th Ed) National Comercial & Industrial
I nsul ation Standards

NATI ONAL FI RE PROTECTI ON ASSCOCI ATl ON ( NFPA)

NFPA 90A (2024) Standard for the Installation of
Air Conditioning and Ventilating Systens

NFPA 90B (2024) Standard for the Installation of
Warm Air Heating and Air Conditioning
Syst ens

NFPA 96 (2024) Standard for Ventilation Control

and Fire Protection of Conmercial Cooking
Oper ati ons

SCI ENTI FI C CERTI FI CATI ON SYSTEMS ( SCS)

SCs SCS d obal Services (SCS) | ndoor Advantage
SOUTH COAST Al R QUALI TY MANAGEMENT DI STRI CT ( SCAQVD)

SCAQWD Rul e 1168 (2022) Adhesi ve and Seal ant Applications
TECHNI CAL ASSOCI ATI ON OF THE PULP AND PAPER | NDUSTRY ( TAPPI)

TAPPI T403 OM (2022) Bursting Strength of Paper

SECTION 23 07 00 Page 9



U S. DEPARTMENT OF DEFENSE ( DOD)

M L- A- 3316 (1987; Rev C;, Am 2 1990) Adhesives,
Fire-Resistant, Thermal |nsul ation

M L- A- 24179 (1969; Rev A; Am 2 1980; Notice 1 1987;
Noti ce 2 2020) Adhesive, Flexible
Unicellular-Plastic Thermal Insul ation

M L- PRF- 19565 (1988; Rev C) Coating Compounds, Therma
Insul ation, Fire- and Water-Resistant,
Vapor-Barri er

UNDERWRI TERS LABORATORI ES (UL)

UL 94 (2023; Reprint Jan 2024) UL Standard for
Safety Tests for Flanmability of Plastic
Materials for Parts in Devices and
Appl i ances

UL 723 (2020) UL Standard for Safety Test for
Sur face Burning Characteristics of
Buil ding Materials

UL 2818 (2022) GREENGUARD Certification Program
For Chemi cal Eni ssions For Building
Mat eri al s, Finishes And Furni shings

1.2 SYSTEM DESCRI PTI ON

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: This guide specification is to be used for
field applied insulation on mechanical systens;
interior and exterior, above and bel ow ground.

Insul ation for energy distribution systens covered
by Sections 33 61 13 PRE- ENG NEERED UNDERGROUND HEAT
DI STRI BUTI ON SYSTEM 33 63 13.19 CONCRETE TRENCH
HYDRONI C AND STEAM ENERGY DI STRI BUTI ON, 33 61 13.13
PREFABRI CATED UNDERGROUND HYDRONI C ENERGY

DI STRI BUTI ON, and 33 60 02 ABOVEGROUND HEAT

DI STRI BUTI ON SYSTEM are not within the scope of
this guide specification. Heating, air

condi tioning, and evaporative cooling duct;

equi pnent; and piping are included.

Pi pe insulation covered in this specification is
valid for between mnus 34 and plus 204 degrees C

m nus 30 and plus 400 degrees F. Equi pnent

i nsul ation covered in this specificationis valid
for between mnus 34 and plus 982 degrees C mnus 30
and plus 1800 degrees F

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

1.2.1 Cener a

Provide field-applied insulation and accessori es on nechani cal systens as
specified herein; factory-applied insulation is specified under the

pi pi ng, duct or equipnment to be insulated. Provide insulation of heat

di stribution systenms and chilled water systens outside of buildings as

SECTION 23 07 00 Page 10



1.

specified in Section 33 61 13 PRE- ENG NEERED UNDERGROUND HEAT DI STRI BUTI ON
SYSTEM Section 33 63 13.19 CONCRETE TRENCH HYDRONI C AND STEAM ENERGY

DI STRI BUTI ON, Section 33 60 02 ABOVEGROUND HEAT DI STRI BUTI ON SYSTEM and
Section 33 61 13.13 PREFABRI CATED UNDERGROUND HYDRONI C ENERGY

DI STRIBUTION. Provide field applied insulation materials required for use
on Covernment-furnished itenms as listed in the SPECI AL CONTRACT

REQUI REMENTS.

3 SUBM TTALS

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

NOTE: Review submittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng submittal
items in the text, to reflect only the submttals
required for the project. The CGuide Specification
techni cal editors have classified those itens that
requi re Governnent approval, due to their conplexity
or criticality, with a "G" GCenerally, other
submittal items can be reviewed by the Contractor's
Quality Control System Only add a “G to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arny projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO" for Area Ofice; "RO for
Resident Ofice; and "PO' for Project Ofice. Codes
following the "G typically are not used for Navy
and Air Force projects.

The "S" classification indicates subnmittals required
as proof of conpliance for sustainability CQuiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PRCOCEDURES.

In SD-04, Designer will exclude ductwork insulation
di splay sanmples for snmall, sinple projects where the
extent of duct insulation is not likely to cause a
probl em of enforcenent with the requirenents of the
speci fication.

EE R I R R S R I R I R I R S R R R R R S R I R I R I R R S R S R R R S

Covernment approval is required for submttals with a "G' or "S"
classification. Submttals not having a "G or "S" classification are for
Contractor Quality Control approval. Submttals not having a "G' or "S"
classification are for information only. Wen used, a code follow ng the
"G' classification identifies the office that will review the submttal
for the Governnent. Submit the followi ng in accordance with Section

01 33 00 SUBM TTAL PRCCEDURES:

Submit the three SD types, SD 02 Shop Drawi ngs, SD 03 Product Data, and
SD- 08 Manufacturer's Instructions at the sane tine for each system

SECTION 23 07 00 Page 11



1.

1.

SD- 02 Shop Drawi ngs

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: For NAVFAC LANT projects, delete the
requi renent for this SD-02 Shop Drawi ng Submittal.

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

M CA Plates; C, [

Pi pe Insul ation Systens and Associ ated Accessories

Duct Insulation Systens and Associ ated Accessories

Equi prent I nsul ati on Systens and Associ ated Accessories

Recycl ed content for insulation materials; S
SD- 03 Product Data

Pi pe Insulation Systens; G [__ ]

Duct Insulation Systenms; G [__ ]

Equi prent | nsul ati on Systenms; C, [
SD- 04 Sanpl es

Thermal Insulation; C [

Di splay Sanples; C, |
SD-07 Certificates

I ndoor air quality for adhesives; S
SD- 08 Manufacturer's Instructions

Pi pe Insulation Systens; G [__ ]

Duct Insulation Systenms; G [__ ]

Equi pnent I nsul ation Systens; C, |

4 CERTI FI CATI ONS
4.1 Adhesi ves and Seal ants

Provi de products certified to nmeet indoor air quality requirenents by

UL 2818 (Greenguard) Gold, SCS d obal Services Indoor Advantage CGold or
provide certification or validation by other third-party progranms that
products nmeet the requirenments of this Section. Provide current product
certification docunentation fromcertification body. Wen product does not
have certification, provide validation that product neets the indoor air
qual ity product requirements cited herein.
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1.5 QUALI TY ASSURANCE
1.5.1 Installer Qualification

Qualified installers nmust have successfully conpleted three or nore
simlar type jobs within the last 5 years.

1.6 DELI VERY, STORAGE, AND HANDLI NG

Deliver materials in the manufacturer's unopened contai ners. Protect
materials delivered and placed in storage fromweather, humdity, dirt,
dust and other contaninants. The Contracting O ficer nay reject

i nsulation material and supplies that becone dirty, dusty, wet, or
contam nated by sonme other neans. Attach manufacturer's stanp or |abe
giving the name of the manufacturer and brand, and a description of the
material, date codes, and approximte shelf life (if applicable) to
packages or standard containers of insulation, jacket nmaterial, cenents,
adhesi ves, and coatings delivered for use, and sanples required for
approval . Insul ati on packages and contai ners nust be asbestos free.

PART 2 PRODUCTS
2.1 STANDARD PRODUCTS

Provide materials which are the standard products of manufacturers

regul arly engaged in the manufacture of such products and that essentially
duplicate items that have been in satisfactory use for at |least 2 years
prior to bid opening and is an acceptabl e product per this specification
Submit a conplete list of materials, including manufacturer's descriptive
technical literature, performance data, catalog cuts, and installation
instructions. Include the product nunber, k-value, thickness and

furni shed accessories including adhesi ves, seal ants and jackets for each
nmechani cal systemrequiring insulation. The product data nust be

copyri ghted, have an identifying or publication nunmber, and have been
published prior to the issuance date of this solicitation. Submt
materials furnished under this section together in a booklet and in
conjunction with the M CA plates booklet (SD-02). Annotate the product
data to indicate which MCA plate is applicable.

2.1.1 I nsul ation System

Provi de insulation systens in accordance with the approved M CA Nati onal
I nsul ation Standards plates as suppl enented by this specification
Provide field-applied insulation for heating, ventilating, and cooling
(HVYAC) air distribution systenms and pi ping systens that are | ocated

wi thin, on, under, and adjacent to buildings; and for plunbing systens.
Provi de CFC and HCFC free insul ation.

2.1.2 Surface Burning Characteristics

Unl ess ot herwi se specified, insulation nust have a maxi num fl ane spread
i ndex of 25 and a nmaxi mum snoke devel oped i ndex of 50 when tested in
accordance with ASTM E84. Determ ne flame spread, and snoke devel oped

i ndexes, by ASTM E84 or UL 723. Test insulation in the sane density and
installed thickness as the material to be used in the actua
construction. Prepare and nmount test specinens according to ASTM E2231
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2.2 VATERI ALS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Tables 1, 2, 3, 4, and 5 are not inclusive of
systenms requiring insulation. Edit, nodify, and add
to the informati on contained in tables as required
for your project requiring insulation. These tables
nust beconme a part of project specification

For cryogeni ¢ equi prent handl i ng nedi a between ni nus
34 and minus 18 degrees C minus30 and ni nus one
degree F, use elastoneric closed cell or cellular

gl ass.

Table 7 is primarily used for personnel safety where
stacks or pipes are within reach, or if stacks or

pi pes run through conditioned spaces where heat

| osses may i ncrease buil ding energy usage.

ASHRAE 90.2 is for lowrise residential building.
ASHRAE 90.1 is for all buildings except lowrise
residential buildings. Lowrise building has one or
two stories without elevators. High-rise building
has multistory with el evators.

EE R I R R S I R R I R I R I R S R R R R S I R R I R R R S S R S R R

Provi de insulation that nmeets or exceed the requirenents of

ASHRAE 90.1 - SIASHRAE 90.1 - | P[ ASHRAE 90.2]. Ensure insulation exterior
is cleanable, grease resistant, non-flaking and non-peeling. Provide
conpatible materials that do not contribute to corrosion, soften, or

ot herwi se attack surfaces to which applied in either wet or dry state.

Use materials on stainless steel surfaces neeting ASTM C795 requirenents.
Do not use calciumsilicate on chilled or cold water systens. Use
asbestos free materials. Provide product recognized under UL 94 (if
containing plastic) and listed in FM APP GUI DE

2.2.1 Adhesi ves

Provi de non-aerosol adhesive products used on the interior of the building
(defined as inside of the weatherproofing systen) that neet either

em ssions requirenents of CDPH SECTI ON 01350 (limt requirenents for
either office or classroomspaces regardl ess of space type) or VOC content
requi renents of SCAQWD Rule 1168 (HVAC duct sealants nust neet limt

requi renents of "Qther" category within SCAQVWD Rule 1168 seal ants table).
Provi de aerosol adhesives used on the interior of the building that neet
ei t her em ssions requirements of CDPH SECTI ON 01350 (use the office or

cl assroom requi renents, regardl ess of space type) or VOC content

requi renents of GS-36. Provide certification or validation of indoor air
quality for adhesives.

2.2.1.1 Acousti cal Lining Insulation Adhesive

Provi de a nonflammabl e, fire-resistant adhesive conform ng to ASTM C916,
Type I.

2.2.1.2 M neral Fiber I|nsul ation Cenent

Provi de cement in accordance with ASTM C195.
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2.2.1.3 Laggi ng Adhesi ve

Lagging is the material used for thermal insulation, especially around a
cylindrical object. This may include the insulation as well as the
cloth/material covering the insulation. [To resist nmold/mldew, use

| aggi ng adhesive nmeeting ASTM D5590 with O growth rating. ]Provide

nonfl anmabl e and fire-resistant |aggi ng adhesi ves that have a nmaxi num
flame spread i ndex of 25 and a maxi num snoke devel oped i ndex of 50 when
tested in accordance with ASTM E84. Ensure adhesive is ML-A-3316, d ass
1, pigmented [white] [red] and suitable, as listed by the manufacturer,for
bondi ng fibrous glass cloth to faced and unfaced fibrous glass insulation
board; for bonding cotton brattice cloth to faced and unfaced fi brous

gl ass insul ati on board; for sealing edges of and bondi ng gl ass tape to
joints of fibrous glass board; for bonding |lagging cloth to thermal
insulation; or Class 2 for attaching fibrous glass insulation to neta
surfaces. Apply | agging adhesives in strict accordance with the

manuf acturer's recomendati ons for pipe and duct insulation

2.2.1. 4 Cont act Adhesi ve

Adhesi ves may be any of, but not linmted to, the neoprene based, rubber
based, or elastonmeric type that have a nmaxi mum fl anme spread i ndex of 25
and a maxi mum snoke devel oped i ndex of 50 when tested in accordance wth
ASTM E84. Ensure adhesive does not adversely affect, initially or in
service, the insulation to which it is applied, nor cause any corrosive
effect on nmetal to which it is applied. Ensure that any sol vent

di spersing medi umor vol atile conmponent of the adhesive has no

obj ecti onabl e odor and does not contain any benzene or carbon

tetrachl oride. Ensure dried adhesive does not enmt nauseous, irritating,
or toxic volatile matters or aerosols when the adhesive is heated to any
tenperature up to 100 degrees C 212 degrees F. The dried adhesive nust be
nonfl ammabl e and fire resistant. Flexible Elastoneric Adhesive: Conply
with ML-A-24179, Type Il, Cass |I. Provide product listed in FM APP GU DE.

2.2.2 Caul ki ng
ASTM C920, Type S, Grade NS, Cass 25, Use A
2.2.3 Cor ner Angl es

Nom nal 0.406 mr 0.016 inch alum nur 25 by 25 mr 1 by 1 inch with factory
applied kraft backing. Al um num nust be ASTM B209N ASTM B209, All oy 3003,
3105, or 5005.

2.2. 4 Fittings

Fabricated Fittings are the prefabricated fittings for flexible

el astonmeric pipe insulation systens in accordance with ASTM C1710.

Together with the flexible elastonmeric tubes, they provide conplete system
integrity for retarding heat gain and controlling condensation drip from
chilled-water and refrigeration systems. Flexible elastoneric, fabricated
fittings provide thermal protection (0.25 k) and condensati on resistance
(0.05 Water Vapor Transmi ssion factor). For satisfactory performance, use
properly installed protective vapor retarder/barriers and vapor stops on
high relative hum dity and bel ow anbi ent tenperature applications to
reduce novenent of noisture through or around the insulation to the col der
i nterior surface.
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2.2.5 Fi ni shi ng Cenent

ASTM C450: M neral fiber hydraulic-setting thermal insulating and
finishing cement. Al cenments that may come in contact with Austenitic
stainl ess steel nust conply with ASTM C795.

2.2.6 Fi brous @ ass Coth and d ass Tape

Provide fibrous glass cloth, with 20X20 maxi nrum mesh si ze, and gl ass tape
wi th maxi mum fl ane spread i ndex of 25 and a maxi mum snoke devel oped i ndex
of 50 when tested in accordance with ASTM E84. Provide tape consisting of
100 mr 4 inch wide rolls. Provide Class 3 tape that is 0.15 kg/square m
4.5 ounces/square yard. Elastoneric Foam Tape: Bl ack vapor-retarder foam
tape with acrylic adhesive containing an anti-mcrobial additive.

2.2.7 St apl es

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: For cold applications (cold water, chilled
wat er, and brine systens), staples and tacks are not
permtted to be installed on vapor retarder/barrier
jackets or fitting covers.

Monel is a nickel rich alloy that has high strength,
hi gh ductility, and excellent resistance to
corrosion.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Qutward clinching type [nonel] [Type 304 or 316 stainless steel].
2.2.8 Jackets

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The purpose of jacketing insulated pipes and
vessels is to protect the vapor retarder system and
the insulation. Protective jacketing is designed to
be installed over the vapor retarder/vapor barrier
and insulation to prevent weather and abrasion
damage. The protective jacketing must be installed
i ndependently and in addition to any factory or
field applied vapor retarder.

VAPCOR BARRI ER/ VAPOR RETARDER. To determ ne which
systemis required, apply the following criteria:

On ducts, piping and equi prent operating bel ow
[select a tenperature that is at |east equal to the
dry bul b tenperature's nedi an of extrene highs from
the region's weather data] or |ocated outside nust
be equi pped with a vapor barrier. Wereas ducts,

pi pes and equi pnent that are | ocated inside and that
al ways operate above [use the sanme tenperature

sel ected earlier in this paragraph which is based on
the region's medi an of extreme highs dry bulb
tenperature] must be installed with a vapor retarder
where required as stated in "Vapor Retarder
Required."

A vapor barrier should be installed where there is a
possi blity of condensation. Therefore, the designer
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nmust require a vapor barrier where the tenperature
in the system may be bel ow the anbi ent tenperature.
If the application operates at times above the

sel ected tenperature and other tinmes bel ow the

sel ected tenperature, the application nmust be

equi pped with a vapor barrier

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

2.2.8.1 Al um num Jacket s

Provi de al um num j ackets consi sting of corrugated, enbossed or snooth
sheet, 0.406 mr 0.016 inch nom nal thickness; ASTM B209N ASTM B209, Tenper
H14, Tenper H16, Alloy 3003, 5005, or 3105. Do not use corrugated

al um num j acket outdoors. Al um num jacket securing bands nust be Type 304
stainless steel, 0.396 mr 0.015 inch thick, 13 nm 1/2 inch w de for pipe
under 300 mm 12 inch dianeter and 19 mr 3/4 inch wi de for pipe over 300 mr
12 inch and larger dianeter. Al um num jacket circunferential seam bands
nmust be 50.8 by 0.406 mry 2 by 0.016 inch al unmi num mat chi ng j acket

material. Ensure bands for insulation below ground are 19 by 0.508 mr 3/4
by 0.020 inch thick stainless steel, or fiberglass reinforced tape. The
jacket may, at the option of the Contractor, be provided with a factory
fabricated Pittsburgh or "Z" type longitudinal joint. Wen the "Z" joint
is used, use bands at the circunferential joints that are designed by the
manuf acturer to seal the joints and hold the jacket in place.

2.2.8.2 Pol yvi nyl Chl oride (PVC) Jackets

Pol yvi nyl chloride (PVC) jacket and fitting covers must have high inpact
strength, ultraviolet (UV) resistant rating or treatment and noderate
chem cal resistance. The mininumthickness for a Standard jacket is

0. 508mM0. 020 i nch and where hi gh abuse resistance is required use Heavy
Duty PVC jacket 0.762 m0.030 inch. Standard PVC fittings will have an
initial core thickness (before thernoformng) of 0.635 nm0.025 inch and
heavy duty fittings will have an initial core thickness of 0.762 nmn0.030
i nch.

2.2.8.3 Vapor Barri er/\Wat her proofing Jacket

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Do not provide this material on Navy
projects. Only material greater than 8 ply is to be
used for Arny projects.

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

Provi de | am nated sel f-adhesi ve vapor barrier/weat herproofing jacket,
greater than 3 plies standard grade, silver, white, black and enbossed or
greater than 8 ply (mnimumr 0.072 mr 2.9 nils adhesive); with [ ess than
0.02 perneability when tested in accordance with ASTM E96/ E96IV, using the
wat er transmi ssion rate test nethod; heavy duty, white or natural; and W
resistant. Flexible Elastoneric exterior foamwith factory applied, W
Jacket made with a cold weather acrylic adhesive. Construction of

| am nate designed to provide WV resistance, high puncture, tear resistance
and excell ent Water Vapor Transm ssion (WT) rate.

2.2.8.4 Vapor Barrier/Vapor Retarder

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: \Where there is a possibility of condensation
install a vapor barrier. Therefore, the designer

SECTION 23 07 00 Page 17



nmust require a vapor barrier where the tenperature
in the system may be bel ow the anbi ent tenperature.
If the application operates at times above the

sel ected tenperature and other tinmes bel ow the

sel ected tenperature, the application nmust be

equi pped with a vapor barrier

EE R R R S I R R I R I R I R S R R R R S R R I R R R R R S R R R O

Apply the following criteria to deternm ne which systemis required.

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

NOTE: Fill in the brackets a tenperature that is at
| east equal to the dry bulb tenperature’s nedi an of

extreme highs fromthe region’s weather data
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

a. On ducts, equip piping and equi prent operating bel ow [ ] degrees C
degrees F or |located outside with a vapor barrier

EE R R R S I R R R I R S R R R R R O S R R I R R R R R R R R

NOTE: Use the same tenperature selected earlier in
this paragraph which is based on the region’s nedi an
of extreme highs dry bulb tenperature

EE R R R S I R I R I R I R S R R R R S R R I R R R R R S R R O

b. Install ducts, pipes and equi pnment that are |ocated inside and that
al ways operate above | ] degrees C degrees F with a vapor retarder
where required as stated in paragraph VAPOR RETARDER REQUI RED

2.2.9 Vapor Retarder Required

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

NOTE: The functions of a vapor retarder/vapor
barrier are to keep out water, water vapor, and to
prevent water vapor infiltration, in order to keep
the insulation dry. Type | is a vapor barrier for
use over insulation on pipes, ducts, or equipnent
operating at tenperatures bel ow anbi ent at | east
part of the time or wherever a vapor barrier is
required. Type Il vapor retarder is water vapor
permeabl e and for use over pipes, ducts, or equipnent

operati ng above anbi ent tenperatures or wherever a
vapor barrier is not required.

EE R R R S I R I R R I R S R R R R S R R I R R R S R R S R R

ASTM C921, Type |, m nimum puncture resistance 50 Beach units on al
surfaces except conceal ed ductwork, where a m ni num puncture resistance of
25 Beach units is acceptable. Mninumtensile strength, 6.1 NNm 35
pounds/inch width. ASTM C921, Type Il, mninmm puncture resistance 25
Beach units, tensile strength minimun 3.5 N nmr 20 pounds/inch wi dth. Use
jackets on insulation exposed in finished areas that have white finish
suitable for painting without sizing. Based on the application
insulation materials that require manufacturer or fabricator applied pipe
i nsul ation jackets are cellular glass, when all joints are sealed with a
vapor barrier mastic, and mneral fiber. Ensure all non-nmetallic jackets
have a maxi mum fl ane spread i ndex of 25 and a maxi mrum snoke devel oped

i ndex of 50 when tested in accordance with ASTM E84. Flexible

el astomerics require (in addition to vapor barrier skin) vapor retarder
jacketing for high relative humdity and bel ow anmbi ent tenperature
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applications.
.2.9.1 VWi te Vapor Retarder All Service Jacket (ASJ)

ASJ is for use on hot/cold pipes, ducts, or equiprment indoors or outdoors
if covered by a suitable protective jacket. Provide product which neets
al | physical property and performance requirenments of ASTM Cl1136, Type |
except a mni mum burst strength of 585 kPa 85 psi. ASTM D2863 Limted
Oxygen Index (LA) is a mninmmof 31

In addition, do not use paper or other noisture-sensitive material for the
out er exposed surface or the inner-nopst surface contacting the

i nsul ation. Ensure the outer exposed surface is white and has an

emi ttance no | ess than 0. 80.

.2.9.2 Vapor Retarder/Vapor Barrier Mastic Coatings
.2.9.2.1 Vapor Barrier

The vapor barrier nust be self adhesive (mninumr 0.05 mr 2 ml|s adhesive,
0.075 mr 3 mils enbossed) greater than 3 plies standard grade, silver,
white, black and enbossed white jacket for use on hot/cold pipes. Ensure
permeability is less than 0.02 when tested in accordance with ASTM E96/ E96\.
Provi de products nmeeting UL 723 or ASTM E84 flane and snoke requirenents
and that are WV resistant.

.2.9.2.2 Vapor Ret arder

Provide fire and water resistant vapor retarder coating appropriately
sel ected for either outdoor or indoor service. Color nust be white.
Ensure the water vapor perneance of the conpound is in accordance wth
ASTM C755. Provide nonflamuable, fire resistant coating. [To resist
nol d/ m | dew, provide coating neeting ASTM D5590 with O growt h rating.
]Ensure coating neets M L-PRF- 19565 Type Il (if selected for indoor
service) and is Qualified Products Database listed. Determ ne all other
application and service properties pursuant to ASTM C647.

.2.9.3 Lam nated Fi |l m Vapor Retarder

ASTM C1136, Type |, maxi mum noi sture vapor transm ssion 0.02 perns,
m ni mum puncture resi stance 50 Beach units on all surfaces except
conceal ed ductwork; where Type ||, maxi mum noi sture vapor transm ssion

0.02 perns, a mnimum puncture resistance of 25 Beach units is

acceptable. Provide vapor retarder with a maxi mum fl ane spread i ndex of
25 and a maxi mum snoke devel oped i ndex of 50 when tested in accordance
with ASTM E84. Flexible Elastoneric exterior foamw th factory applied W
Jacket. Construction of |am nate designed to provide WV resistance, high
puncture, tear resistance and an excellent WT rate.

.2.9.4 Pol yvi nyl i dene Chl oride (PVDC) Fil m Vapor Retarder

Provi de PVDC fil mvapor retarder with a maxi num noi sture vapor

transm ssion of 0.02 perns, mninmum puncture resistance of 150 Beach
units, a mininumtensile strength in any direction of 5.3 kN.im 30 I b/inch
when tested in accordance with ASTM D882, and a maxi mum fl ane spread i ndex
of 25 and a naxi mum snoke devel oped i ndex of 50 when tested in accordance
with ASTM E84.
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2.

2.

2.9.5 Pol yvi nyl i dene Chl ori de Vapor Retarder Adhesive Tape

Requi renents nust neet the same as specified for Lam nated Film Vapor
Ret ar der above.

.2.9.6 Vapor Barrier/\Wather Barrier

Ensure the vapor barrier is greater than 3 ply self adhesive |am nate
-white vapor barrier jacket- superior performance (perneability |ess than
0.02 when tested in accordance with ASTM E96/ E96N). Provi de vapor barrier
meeting UL 723 or ASTM E84 25 flane and 50 snoke requirenments; and W
resistant. M nimum burst strength 1.3 MPa 185 psi in accordance with [
TAPPI T403 OV] [I1SO 2758]. Tensile strength 0.12 kg/m 68 | b/inch width
(PSTC-1000). Provide tape as specified for lamnated filmvapor barrier
above.

.2.10 Vapor Retarder Not Required

ASTM C921, Type Il, Class D, mnimm puncture resistance 50 Beach units on
all surfaces except ductwork, where Type |V, maxi num noi sture vapor

transm ssion 0.10, a mni mum puncture resistance of 25 Beach units is
acceptable. Provide jacket with a maxi mum fl ane spread i ndex of 25 and a
maxi mum snmoke devel oped i ndex of 50 when tested in accordance with ASTM E84.

.2.11 Wre

Soft anneal ed ASTM A580/ A580N Type 302, 304 or 316 stainless steel, 16 or
18 gauge.

.2.12 | nsul ati on Bands

Provide 13 mr 1/2 inch wi de; 26 gauge stainless steel insulation bands.

.2.13 Seal ant s

Choose seal ants fromthe butyl polyner type, the styrene-butadi ene rubber
type, or the butyl type of sealants. Provide sealants with a maxi num

per meance of 0.02 perns based on Procedure B for ASTM E96/ E96l, and a
maxi mum fl ame spread i ndex of 25 and a maxi mum snoke devel oped i ndex of 50
when tested in accordance with ASTM E84.

3 Pl PE | NSULATI ON SYSTEMS

R R R R I R I R R I R R R I R R R R I R R I R R R R I R R I R O O

NOTE: Where the tenperature of cold water entering
a building is below the average dew point of the

i ndoor ambient air or below 15 degrees C60 degrees F
and where condensate drip will cause damage or
create a hazard, the piping should be insulated to
[imt or mininze condensation and a vapor barrier
added per manufacturer's recomendations, if needed,
whet her piping is above or bel ow ceilings.

I nsulation that nmay absorb npisture will see a
reduction in effectiveness even with a slight anmount
of infiltration. Misture on the interior of
certain netal jackets may |lead to corrosion and
pitting.

Fl exi bl e el astoneric and cellular glass are very
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suitable for chilled water applications. Calcium
silicate can not be used on chilled or cold water
systenms. M ninumthickness reconmended for cellular
glass insulation is 40 nr 1.5 inches. The reason is
that the breakage rate during shipnent of 25 mr 1
inch thick cellular insulation is too high to be
economi cal. Design the insulation thickness based
on worst case anbient conditions, such as a humd
environnent. Vapor Barrier Jacket for elastoneric
and cellular glass are very suitable for chilled

wat er .

For NAVFAC LANT projects, delete the option of 13 nmmw
1/2 inch fromline 4 of the follow ng paragraph

ASHRAE 90.2 is for lowrise residential building.
ASHRAE 90.1 is for all buildings except [owrise
residential buildings. Lowrise building has one or
two stories wthout elevators. Hi gh-rise building
has multistory with el evators.

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

Conforminsulation materials to Table 1 and m ni muminsul ati on thickness
as listed in Table 2 and neet or exceed the requirenents of

ASHRAE 90.1 - SIASHRAE 90.1 - | P[ASHRAE 90.2]. Limt pipe insulation
materials to those listed herein and neeting the foll ow ng requirenents:

2.3.1 Recycl ed Material s

Provide insulation nmaterials containing the follow ng m ni num percentage
of recycled naterial content by weight:

Rock Wbol: 75 percent slag of wei ght

Fi bergl ass: 20 percent glass cullet

Rigid Foam 9 percent recovered materi al
Phenolic Rigid Foam 9 percent recovered nmateria

Provi de data identifying percentage of recycled content for insulation
mat eri al s.

2.3.2  Aboveground Cold Pipeline (-34 to 16 deg. C -30 to 60 deg. F)

EE R R R S I R R I I R I R R R R R I R S I R R R I R I R R R R R I R

NOTE: When it is necessary to insulate existing
cold water systens or systens that nust remain in
operation, the Designer may consider using a mneral
fiber insulation that neets ASTM C547, with an
integral wicking material designed to renpve
condensed water. The Designer should not consider
using a mneral fiber integral w cking material when
anbi ent conditions at the pipe |ocation can be
expected to be exposed to any high humidity
conditions. H gh hunmidity areas are as identified
in ASHRAE 90.1 as climate zones 0A, 1A, 2A, 3A, 3C
4C and 5C. Fol | ow manufacturer's reconmendati ons
for installation.

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

Provi de insulation for outdoor, indoor, exposed or conceal ed applications,
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as fol |l ows:
.3.2.1 Cel lular d ass

ASTM C552, Type Il, and Type Il1l. Supply the insulation fromthe
fabricator with (paragraph WH TE VAPOR RETARDER ALL SERVI CE JACKET (ASJ))
ASJ vapor retarder and installed with all |ongitudinal overlaps seal ed and
all circunferential joints ASJ taped or supply the insulation unfaced from
the fabricator and install with all longitudinal and circunferentia

joints sealed with vapor barrier nastic.

.3.2.2 Fl exi bl e El astoneric Cellular Insulation

Cl osed-cell, foam or expanded-rubber naterials containing anti-nicrobial
addi tive, conplying with ASTM C534/C534N, Grade 1, Type | or 1. Type |
Grade 1 for tubular materials. Type |Il, Gade 1, for sheet materials.
Ensure Type | and Il have vapor retarder/vapor barrier skin on one or both
sides of the insulation, and require an additional exterior vapor retarder
covering for high relative hum dity and bel ow anbi ent tenperature
applications.

.3.2.3 M neral Fiber Insulation with Integral Wcking Material (MIW/)

ASTM C547. Install in accordance with manufacturer's instructions. Do
not use in applications exposed to outdoor anbient conditions in climatic
zones 1 through 4.

.3.2.4 Pol yi socyanurate I nsul ation

ASTM C591, Type |I. Polyisocyanurate insulation nay only be used on
systens operating at tenperatures not to exceed 60 degrees C 140 degrees F
Supply the insulation with a factory applied vapor retarder/barrier that
conplies with Section 23 07 00 THERVAL | NSULATI ON FOR MECHANI CAL SYSTENS
The insulation and all covering nust pass the flanme spread i ndex of 25 and
t he snoke devel oped i ndex of 50 when tested in accordance with ASTM E84.

.3.3 Aboveground Hot Pipeline (Above 16 deg. C 60 deg. F)

Provi de insulation for outdoor, indoor, exposed or conceal ed applications
neeting the follow ng requirenments. Supply the insulation with

manuf acturer's recommended factory-applied jacket/vapor barrier

.3.3.1 M ner al Fi ber

ASTM C547, Types |, Il or Ill, supply the insulation with manufacturer's
recommended factory-applied jacket.

.3.3.2 Calcium Silicate

ASTM C533, Type | indoor only, or outdoors above 121 degrees C 250 degrees
F pipe tenperature. Supply insulation with the manufacturer's recomended
factory-applied jacket/vapor barrier

.3.3.3 Cel lul ar d ass

ASTM C552, Type Il and Type IIl. Supply the insulation with
manuf acturer's recomended factory-applied jacket.
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2.3.3.4 Fl exi bl e El astoneric Cellular I|nsulation

Cl osed-cell, foam or expanded-rubber nmaterials containing anti-m crobia
additive, conplying with ASTM C534/C534N, Grade 1, Type | or Il to 105
degrees C 220 degrees F service. Type | for tubular materials. Type |
for sheet materials.

2.3.3.5 Phenolic I nsul ation

ASTM C1126 Type |11 to 121 degrees C 250 degrees F service nust conply
with ASTM C795. Supply the insulation with manufacturer's reconmended
factory-applied jacket/vapor barrier

2.3.3.6 Perlite Insulation
ASTM C610
2.3.3.7 Pol yi socyanurate I nsul ation

ASTM C591, Type |I. Supply the insulation with a factory applied vapor
retarder/barrier that conmplies with Section 23 07 00 THERVAL | NSULATI ON
FOR MECHANI CAL SYSTEMS. The insulation and all covering nust pass the
flame spread index of 25 and the snoke devel oped i ndex of 50 when tested
in accordance wi th ASTM E84.

2.3.4  Aboveground Dual Tenperature Pipeline

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: The use of nultiple |layered systens, i.e., a
flexible formof insulation, surrounded by a rigid
formand sealed with mastics, seal ants and vapor
retarders/vapor barrier, may provide the nost

advant ageous form of insulation systemfor this

pi pi ng configuration. This is due to the pipe
expansi on and contracti on associated with the change
fromhot to cold tenperatures.

EE R R S I R I R I I R I R I R I R R R I R S I R R R I R I R R R R R R R

Sel ect insulation for use over a dual tenperature pipeline system
(Qutdoor, Indoor - Exposed or Conceal ed) in accordance with the nost
[imting/restrictive case. Find an allowable material from paragraph Pl PE
| NSULATI ON MATERI ALS and determnine the required thickness fromthe nost
restrictive case. Use the thickness listed in paragraphs | NSULATI ON

THI CKNESS for cold & hot pipe applications.

2.3.5 Bel ow ground Pi peline Insulation

For bel ow ground pi peline insulation, use cellular glass, ASTM C552, type
.

2.4 DUCT | NSULATI ON SYSTEMS

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: For NAVFAC M. projects, delete option of the
fol |l owi ng paragraph.

EE R I R R S I R I R I R I R R I R R R I R S I R I R I R I R R R R R R R R
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2.4.1 Factory Applied Insulation

Provi de factory-applied [ ASTM C552, cellular glass thermal] [

ASTM C534/ C534N Grade 1, Type II, flexible elastonmeric closed cell]

i nsul ation according to manufacturer's recomendati ons for insulation wth
i nsul ation manufacturer's standard reinforced fire-retardant vapor
barrier[, with identification of installed thernal resistance (R) val ue
and out - of - package R val ue].

2.4.2 Field Applied Insulation

2.4.2.1 Cener al

EE R R R S I R R I R R I R I R R R I R S I R I R I R I R R R R R R R R

NOTE: ASHRAE 90.2 is for lowrise residential

buil ding. ASHRAE 90.1 is for all buildings except
lowrise residential buildings. Lowrise building
has one or two stories without elevators. High-rise
buil ding has nultistory with el evators.

EE R R R S I R I R I R O I R I R I R R I R S I R I R I R I R R R R R R R R O

Cal cul ate the m ni mum thickness in accordance w th [ ASHRAE 90. 2]
ASHRAE 90.1 - SIASHRAE 90.1 - IP.

2.4.3 Ri gid I nsul ation

M neral - Fi ber Board Insulation: Mneral or glass fibers bonded with a
thernpsetting resin. Conply with ASTM C612, Type | A or Type IB; 3.0 pcf.
Provide insulation with [factory applied ASJ][and][factory-applied FSK]
jacket. M ninumthickness in accordance with ASHRAE 90.1 - SI ASHRAE 90.1
- | P[ ASHRAE 90. 2] [ Tabl es 3 and 4]

2.4.4 Bl anket | nsul ation

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: For NAVFAC M., del ete this paragraph.

EE R R S I R I R I I R I R I R I R R R I R S I R R R I R I R R R R R R R

M ner al - Fi ber Bl anket |nsulation: Mneral or glass fibers bonded with a
thernosetting resin. Conply with ASTM C553, Type Il and ASTM C1290, Type
1l with factory-applied FSK jacket; [3/4][1.5] pcf. Mninumthickness in
accordance with ASHRAE 90.1 - SIASHRAE 90.1 - |P[ ASHRAE 90. 2] [ Tabl es 3 and
4] .

2.4.5 Ki t chen Exhaust Ductwork | nsul ation

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: If kitchen exhaust hood has outside air
connection to cold outdoor, provide vapor barrier
for outside air connection to prevent dissolution of
calciumsilicate.

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

Ensure insulation thickness is a mnimmof 50 mr 2 inches, blocks or
boards, either mneral fiber conformng to ASTM C612, C ass 5, 320 kg/nB
20 pcf average [or calciumsilicate conformng to ASTM C533, Type I1I.
Provi de vapor barrier for outside air connection to kitchen exhaust
hood]. Provide enclosure materials and grease duct encl osure systens

whi ch neet testing requirenents of ASTM E2336 for nonconbustibility, fire
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resi stance, durability, internal fire, and fire-engulfnent with a
t hr ough- penetration fire stop

.4.6 Acousti cal Duct Lining
.4.6.1 CGener a

For ductwork indicated or specified in Section 23 30 00 HVAC AIR

DI STRIBUTI ON t o be acoustically lined, provide external insulation in
accordance with this specification section and in addition to the
acoustical duct lining if R value would not be nmet as required in Table 3
and 4. The installation of internal acoustical duct insulation is

pr ohi bi t ed.

.4.6.2 Duct Li ner

Fl exi bl e El astonmeri ¢ Acoustical and Confornmabl e Duct Liner Naterials:

Fl exi bl e El astoneric Thermal, Acoustical and Confornable | nsul ation
Conpliance with ASTM C534/ C534N Grade 1, Type Il; and NFPA 90A or NFPA 90B
as applicabl e.

. 4.7 Duct | nsul ati on Jackets
L 4.7.1 Al'l - Pur pose Jacket

Provide insulation with insulation manufacturer's standard reinforced
fire-retardant jacket with or wi thout integral vapor barrier as required
by the service. |In exposed |ocations, provide jacket with a white surface.

LA4.7.2 Met al Jackets
.4.7.2.1 Al unm num Jacket s

ASTM B209NV ASTM B209, Tenper H14, minimumthickness of 27 gauge (0.41 mr
0.016 inch), with factory-applied polyethylene and kraft paper noisture
barrier on inside surface. Provide snooth surface jackets for jacket
out si de di nension 200 mr 8 inches and |arger. Provide corrugated surface
jackets for jacket outside dinension 200 mr 8 inches and larger. Provide
stai nl ess steel bands, mninmumw dth of 13 nmr 1/2 inch

.4.7.2.2 St ai nl ess Steel Jackets

ASTM A240/ A240l; Type 304, minimumthickness of 33 gauge (0.25 mr 0.010
i nch), snooth surface with factory-applied polyethylene and kraft paper
noi sture barrier on inside surface. Provide stainless steel bands,

m ni mum wi dth of 13 mr 1/2 i nch.

.4.7.3 Vapor Barrier/\Wat her proofing Jacket

Provi de vapor barrier/weat herproofing jacket that is |an nated

sel f-adhesive (mnimm 0.05 mr 2 mils adhesive, 0.075 mr 3 ml|s enbossed)

| ess than 0.02 perneability, (greater than 3 ply, standard grade, silver,
white, black and enbossed or greater than 8 ply (mninmum 0.072 nmm 2.9 mls
adhesi ve), heavy duty white or natural).

. 4.8 Weat her proof Duct Insul ation

Provi de [ ASTM C552, cellular glass thernmal insulation] [ASTM C534/C534N
Grade 1, Type I, flexible elastoneric cellular insulation], and
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weat her proofing as specified in manufacturer's instruction. Milti-ply,

Pol yneric Bl end Lam nate Jacketing: Construction of |am nate designed to
provi de WV resistance, high puncture, tear resistance and an excellent WT
rate.

.5 EQUI PMENT | NSULATI ON SYSTEMS

I nsul at e equi pmrent and accessories as specified in Tables 5 and 6. In
out side | ocations, provide insulation 13 nmr 1/2 inch thicker than
specified. Increase the specified insulation thickness for equi prent

where necessary to equal the thickness of angles or other structural
nmenbers to nmake a snooth, exterior surface. Subnmit a booklet containing
manuf acturer's published installation instructions for the insulation
systens in coordination with the subnitted M CA Insul ation Stds pl ates
bookl et. Annotate their installation instructions to indicate which
product data and which M CA plate are applicable. The instructions nust
be copyrighted, have an identifying or publication nunmber, and have been
published prior to the issuance date of this solicitation. A booklet is
al so required by paragraphs titled: Pipe Insulation Systens and Duct

I nsul ati on Systens.

PART 3 EXECUTI ON

3.

EE R R R S I R I R I R I R S R R R R S R R I R R R R R S R R O

NOTE: Project specifications will contain only the
specific pipe or duct systens and equipnent in a
particul ar project that require insulation. Lists
are not inclusive of systenms requiring insulation
Edit, nodify, and add to the information contained
inthe lists as required.

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

1 APPL| CATI ON - GENERAL

Apply insulation to unheated and uncool ed pi pi ng and equi pnent. Do not
conpress flexible elastonmeric cellular insulation at joists, studs,

col ums, ducts, and hangers. The insulation rmust not pull apart after a
one hour period; replace any insulation found to pull apart after one hour

.11 Di spl ay Sanpl es

Submit and display, after approval of naterials, actual sections of
installed systens, properly insulated in accordance with the specification
requi renents. Such actual sections nust renmmin accessible to inspection

t hr oughout the job and will be reviewed fromtime to time for controlling
the quality of the work throughout the construction site. ldentify each
mat eri al used by indicating on an attached sheet the specification
requirenent for the material and the material by each manufacturer

i ntended to neet the requirenent. The Contracting Oficer will inspect

di spl ay sanpl e sections at the jobsite. Keep approved display sanple
sections on display at the jobsite during the construction period. Upon
conpl etion of construction, the display sanple sections will be closed and
seal ed.

.1.1.1 Pi pe Insulation Display Sections

Include as a m nimum an el bow or tee, a valve, dielectric waterways and
fl anges, a hanger with protection shield and insulation insert, or dowel
as required, at support point, nmethod of fastening and sealing insulation
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at longitudinal lap, circunferential lap, butt joints at fittings and on
pi pe runs, and terninating points for each type of pipe insulation used on
the job, and for hot pipelines and cold pipelines, both interior and
exterior, even when the same type of insulation is used for these services.

.1.1.2 Duct Insulation Display Sections

Di splay sanple sections for rigid and flexible duct insulation used on the
job. Use a tenporary covering to enclose and protect display sections for
duct insul ation exposed to weat her

.1.2 Install ation

Except as otherwi se specified, install naterial in accordance with the
manuf acturer's witten instructions. Do not apply insulation materials
until [tests] [tests and heat tracing] specified in other sections of this
specification are completed. Renpbve material such as rust, scale, dirt
and noisture fromsurfaces to receive insulation. Keep insulaton clean
and dry. Do not renove insulation fromits shipping containers until the
day it is ready to use and return to like containers or equally protect
fromdirt and noisture at the end of each workday. Thoroughly clean

i nsul ation that becones dirty prior to use. |If insulation becomes wet or
i f cleaning does not restore the surfaces to |like new condition, reject
the insulation, and i mediately renmove fromthe jobsite. Stagger joints
on multi layer insulation. Mx mneral fiber thernmal insulating cenent

wi th denineralized water when used on stainless steel surfaces. |Instal

i nsul ation, jacketing and accessories in accordance wth

M CA Insul ation Stds plates except where nodi fied herein or on the

dr awi ngs.

. 1.3 Fi rest oppi ng

VWere pipes and ducts pass through fire walls, fire partitions, above
grade floors, and fire rated chase walls, seal the penetration with fire
stopping materials as specified in Section 07 84 00 FI RESTOPPI NG  The
protection of ducts at point of passage through firewalls nust be in
accordance with NFPA 90A and NFPA 90B. All other penetrations, such as
pi pi ng, conduit, and wiring, through firewalls nust be protected with a
material or systemof the sane hourly rating that is listed by U, FM or
a NRTL.

.1.4 Installation of Flexible Elastonmeric Cellular Insulation

Install flexible elastonmeric cellular insulation with seans and joints
seal ed with rubberized contact adhesive. Do not use flexible elastoneric
cellular insulation on surfaces greater than 105 degrees C 220 degrees F
St agger seans when applying nultiple layers of insulation. Protect

i nsul ati on exposed to weather with netal jacketing as reconmrended by the
manuf acturer after the adhesive is dry and cured.

.1.4.1 Adhesi ve Application

Apply a brush coating of adhesive to both butt ends to be joined and to
both slit surfaces to be sealed. Allow the adhesive to set until dry to
touch but tacky under slight pressure before joining the surfaces. Ensure
i nsul ation seals at seans and joints are not capabl e of being pulled apart
one hour after application. Replace insulation that can be pulled apart
one hour after installation.
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3.1.4.2 Adhesi ve Safety Precautions

Use natural cross-ventilation, |ocal (mechanical) pickup, or general area
(mechanical) ventilation to prevent an accunul ati on of solvent vapors,
keeping in mind the ventilation pattern nust renove any heavier-than-air
sol vent vapors fromlower |levels of the workspaces. d oves and
spect acl e-type safety glasses are recommended in accordance with safe
installation practices.

3.1.5 \Welding

Welding is not permitted on piping, duct or equipnment without witten
approval of the Contracting Oficer. The capacitor discharge wel ding
process nmay be used for securing netal fasteners to duct.

3.1.6 Pi pes/ Duct s/ Equi prent That Require Insul ation

Insulation is required on all pipes, ducts, or equipnent, except for
omtted items as specified.

3.2 Pl PE | NSULATI ON SYSTEMS | NSTALLATI ON

Install pipe insulation systens in accordance with the approved
M CA Insul ation Stds plates as suppl enented by the nmanufacturer's
published installation instructions.

3.2.1 Pi pe I nsul ation
3.2.1.1 Gener a

Install pipe insulation on aboveground hot and col d pipeline systens as
specified below to forma continuous thermal retarder/barrier, including
straight runs, fittings and appurtenances unl ess specified otherw se.
Install full length units of insulation using a single cut piece to
conplete a run. Do not use cut pieces or scraps abutting each other
Orit pipe insulation on the foll ow ng:

a. Air chanbers.

b. Adjacent insulation.

c. ASME stanps.

d. Access plates of fan housings.

3.2.1.2 Pi pes Passing Through Walls, Roofs, and Fl oors

R R I R I R I R R I I R R R R R I R I R R I R R R R I R R I R O O

NOTE: Exterior wall and roof penetration details
will be shown on the drawings. See Section 22 00 00
PLUMBI NG, GENERAL PURPCSE for additional infornation

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

Provi de continuous pipe insulation through the sleeve.

Provi de an al umi num j acket or vapor barrier/weatherproofing self adhesive
jacket (mininmum 0.05 mr 2 mils adhesive, 0.075 nr 3 nmils enbossed) |ess
than 0.0000 perneability, greater than 3 ply standard grade, silver,
white, black and enbossed with factory applied noisture retarder over the
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i nsul ati on wherever penetrations require sealing.
3.2.1.2.1 Penetrate Interior Walls

Provi de al um num jacket or vapor barrier/weatherproofing - self adhesive
jacket (mnimumr 0.05 mr 2 nmls adhesive, 0.075 mr 3 nils enbossed) |ess
than 0.02 perneability, greater than 3 plies standard grade, silver,
white, black and enbossed which extends 50 mr 2 inches beyond either side
of the wall and secure on each end with a band.

3.2.1.2.2 Penetrating Floors

Extend the al um numjacket froma point bel ow the backup naterial to a
poi nt 250 nm 10 i nches above the floor with one band at the floor and one
not nore than 25 mr 1 inch fromthe end of the alum num jacket.

3.2.1.2.3 Penetrating Waterproofed Floors

Extend the al um num jacket from bel ow the backup naterial to a point 50 mrx
2 inches above the flashing with a band 25 mr 1 inch fromthe end of the
al um num j acket .

3.2.1.2.4 Penetrating Exterior Walls

Continue the alum num jacket required for pipe exposed to weather through
the sleeve to a point 50 mr 2 i nches beyond the interior surface of the
wal | .

3.2.1.2.5 Penetrating Roofs

Insul ate pipe as required for interior service to a point flush with the
top of the flashing and sealed with flashing sealant. Tightly butt the
insulation for exterior application to the top of flashing and interior

i nsul ation. Extend the exterior alum numjacket 50 nm 2 inches down
beyond the end of the insulation to forma counter flashing. Seal the
flashing and counter flashing underneath with nmetal jacketing/flashing
seal ant.

3.2.1.2.6 Hot Water Pipes Supplying Lavatories or Oher Simlar Heated
Servi ce

Term nate the insulation on the backside of the finished wall. Protect
the insulation termnation with two coats of vapor barrier coating with a
m nimumtotal thickness of 2.0 nmr 1/16 inch applied with glass tape
enbedded between coats (if applicable). Extend the coating out onto the

i nsulation 50 mr 2 inches and seal the end of the insulation. Overlap

gl ass tape seans 25 mr 1 inch. Caulk the annul ar space between the pipe
and wal | penetration with approved fire stop material. Cover the pipe and
wal | penetration with a properly sized (well fitting) escutcheon plate.
Ensure the escutcheon plate overlaps the wall penetration at |east 10 nmr
3/ 8 inches.

3.2.1.2.7 Donestic Cold Water Pipes Supplying Lavatories or Other Simlar
Cool i ng Service

Terminate the insulation on the finished side of the wall (i.e.

i nsul ati on nmust cover the pipe throughout the wall penetration). Protect
the insulation with two coats of weather barrier mastic (breather emul sion
type weat herproof mastic inperneable to water and perneable to air) with a
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m ni mum total thickness of 2 mr 1/16 inch. Extend the mastic out onto the
insulation 50 mr 2 inches and seal the end of the insulation. Caulk the
annul ar space between the outer surface of the pipe insulation and the
wal | penetration with an approved fire stop material having vapor retarder
properties. Cover the pipe and wall penetration with a properly sized
(well fitting) escutcheon plate. Ensure the escutcheon plate overlaps the
wal | penetration by at |east 10 nmr 3/8 inches.

3.2.1.3 Pi pes Passing Through Hangers

Ensure insul ati on, whether hot or cold application, is continuous through
hangers. Support all horizontal pipes 50 mr 2 inches and smaller on
hangers with the addition of a Type 40 protection shield to protect the
insulation in accordance with MSS SP-58. Wenever insulation shows signs
of being conpressed, or when the insulation or jacket shows visible signs
of distortion at or near the support shield, install insulation inserts as
specified below for piping larger than 50 nr 2 inches, or factory

i nsul ated hangers (designed with a |oad bearing core) can be used.

3.2.1.3.1 Hori zontal Pipes Larger Than 50 mm 2 Inches at 16 Degrees C 60
Degrees F and Above

Supported on hangers in accordance with MSS SP-58, and Section 22 00 00
PLUMBI NG, GENERAL PURPOSE

3.2.1.3.2 Hori zontal Pipes Larger Than 50 mm 2 I nches and Bel ow 16 Degrees
C 60 Degrees F

Supported on hangers with the addition of a Type 40 protection shield in
accordance with MSS SP-58. Install an insulation insert of cellular

gl ass, prefabricated insulation pipe hangers, or perlite above 27 degrees C
80 degrees F above each shield. Ensure insert covers no |l ess than the
bott om 180-degree arc of the pipe. Provide inserts that are the sane

t hi ckness as the insulation, and extend 50 mr 2 i nches on each end beyond

the protection shield. Wen insulation inserts are required in accordance

with the above, and the insulation thickness is less than 25 mr 1 inch

wooden or cork dowels or blocks nmay be installed between the pipe and the

shield to prevent the weight of the pipe fromcrushing the insulation, as
an option to installing insulation inserts. Ensure the insulation jacket

i s continuous over the wooden dowel, wooden bl ock, or insulation insert.

3.2.1.3.3 Vertical Pipes

Supported with either Type 8 or Type 42 riser clanps with the addition of
two Type 40 protection shields in accordance with MSS SP-58 covering the
360-degree arc of the insulation. Install an insulation insert of
cellular glass or calciumsilicate between each shield and the pipe.
Ensure the insert covers the 360-degree arc of the pipe. Provide inserts
that are the same thickness as the insulation, and extend 50 nv 2 inches
on each end beyond the protection shield. Wen insulation inserts are
required in accordance with the above, and the insulation thickness is
less than 25 mr 1 inch, wooden or cork dowels or blocks nay be installed
bet ween the pipe and the shield to prevent the hanger from crushing the

i nsulation, as an option instead of installing insulation inserts. Ensure
the insulation jacket is continuous over the wooden dowel, wooden bl ock
or insulation insert. Support the vertical weight of the pipe with
hangers | ocated in a horizontal section of the pipe. Wen the pipe riser
is longer than 9 m 30 feet, support the weight of the pipe additionally
wi th hangers in the vertical run of the pipe that are directly clanped to
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the pipe, penetrating the pipe insulation. Use insulated hangers and sea
the insulation jacket as indicated herein for anchors in a sinmlar service.

3.2.1.3. 4 I nserts

Covered with a jacket material of the sanme appearance and quality as the
adj oi ning pipe insulation jacket, overlap the adjoining pipe jacket 38 nmr
1-1/2 inches, and seal as required for the pipe jacket. Use jacket
material to cover inserts in flexible elastoneric cellular insulation
conformng to ASTM C1136, Type 1, and is allowed to be of a different
material than the adjoining insulation nmateri al

3.2.1.4 Fl exi bl e El astoneric Cellular Pipe Insulation

Use tubular formflexible elastomeric cellular pipe insulation for pipe
sizes 150 nr 6 inches and less. Gade 1, Do not stretch Type Il sheet

i nsul ati on used on pipes larger than 150 mr 6 i nches around the pipe. On
pi pes larger than 300 mr 12 inches, adhere the insulation directly to the
pi pe on the lower 1/3 of the pipe. Stagger seans when applying multiple
| ayers of insulation. Insulate sweat fittings with mter-cut pieces the
same size as on adjacent piping. Insulate screwed fittings with sleeved
fitting covers fabricated frommter-cut pieces and overlap and seal to

t he adj acent pipe insulation. Type Il requires an additional exterior
vapor retarder/barrier covering for high relative humdity and bel ow

anbi ent tenperature applications.

3.2.1.5 Pi pes in H gh Abuse Areas

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: In high abuse areas such as janitor closets
and traffic areas in equipnment roons and kitchens,

al umi num jackets will be shown. Normally, pipe
insulation to the 2 m 6 feet level will be protected
in high abuse areas. The designer wll

specifically indicate the high abuse areas.
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In high abuse areas such as janitor closets and traffic areas in equi pnent
roons, Kkitchens, and nechani cal roons, utilize [welded PVC] [stainless
steel], alum numor flexible |amnate cladding (conprised of elastoneric,
plastic or netal foil lam nate) |aninated self-adhesive (mninmumr 0.05 mr 2
nmls adhesive, 0.075 nr 3 nils enbossed) vapor barrier/weat herproofing
jacket, - less than 0.02 perneability; (greater than 3 ply, standard
grade, silver, white, black and enbossed) [al um nunm jackets. Protect
pi pe insulation to the 2 m 6 foot level. [QOher areas that specifically
require protection to the 2 m 6 foot |evel are [ 1.1

3.2.1.6 Pi pe Insulation Material and Thickness

EE R R S I R I R I R I R I R I R R I R S I R I R R I R R I R R R R R

NOTE: \Were the tenperature of cold water entering
a building is bel ow average dew point of the indoor
anbi ent air and where condensate drip will cause
danmage or create a hazard, insulate piping with
vapor barrier to prevent condensation, regardless to
whet her piping is above or bel ow ceilings.

Fl exi bl e el astoneric and cellul ar glass are very
suitable for chilled water applications. M ninmm
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t hi ckness reconmended for cellular glass insulation
is 40 mr 1.5 inches. The reason is that the

breakage rate during shipnment of 25 nm 1 inch thick
cellular insulation is too high to be econom cal

Fl exi bl e el astoneric recomended m ni mum thi ckness is
25 nr 1 inch.

For cryogeni ¢ equi pnent handl i ng nedi a between ni nus
34 and minus 18 degrees C minus 30 and minus 1
degree F, use cellular glass insulation.

In Tables 1 and 3, state if a vapor barrier is
required. Pipes and equi pnent with a tenperature
bel ow 27 degrees C 80 degrees F should generally be
provided with a vapor barrier jacket to prevent
sweating. However, engineering judgnment should be
exercised to determne if a vapor barrier jacket is
required. Reference paragraph ABOVEGROUND COLD
PIPELINE (-34 TO 16 DEG C -30 TO 60 DEG F) for
Vapor Retarder/Vapor Barrier requirenments.

In Tables 1 and 2, when it is necessary to insulate
exi sting cold water systens or systens that nust
remain in operation, the Designer may consider using
a mineral fiber insulation that nmeets ASTM C547,
with an integral w cking nmaterial designed to renpve
condensed water. The Designer should not consider
using a mneral fiber integral w cking material when
anbi ent conditions at the pipe |ocation can be
expected to be exposed to any high humdity
conditions. Hgh hunidity areas are as identified
in ASHRAE 90.1 as climte zones 0A, 1A, 2A, 3A, 3C
4C and 5C. Fol | ow manufacturer's reconmendati ons

for installation
EIR IR IR R R S I I I I I I I I I I R R S I I R I R IR R IR I R R S R b A I I IR R R I b I b b E b I I I R I R I b b b b b I I b b b b b b b
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NOTE: ASHRAE 90.2 is for lowrise residentia

buil ding. ASHRAE 90.1 is for all buildings except
lowrise residential buildings. Lowrise building
has one or two stories wi thout elevators. High-rise
buil ding has nultistory with el evators.
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NOTE: In project locations with Environmenta
Severity Cassification (ESC) of C3, C4 or C5, or
high hum dity areas as identified in ASHRAE 90.1 as
climate zones O0A, 1A, 2A, 3A, 3C, 4C and 5C, use
cellular glass in lieu of fiberglass materials to
insulate all chilled water, refrigerant and
condensate drain lines, including valves, strainers,
and fittings when possible. Provide vapor barrier
and coatings for all cold piping 60 degrees F and

[ ower. See UFC 1-200-01 for determnation of ESC

for project |ocations.
ER R IR I I R R R R R I I R R R R R I I I R R R S I I R R R R R S S I R R S I I I R O I R I I I R R R R S I I I I

Pi pe insulation materials nust be as listed in Table 1 and nmust neet or
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exceed the requirenents of ASHRAE 90.1 - SI ASHRAE 90.1 - |P[ ASHRAE 90.
TABLE 1
Insul ation Material for Piping
Service
Mat eri al Speci fication Type Cass |VR VB
Req' d
Chilled Water (Supply & Return, Dual Tenperature Piping, 4.44 C 40 F nom nal)
Cel lul ar d ass ASTM C552 11 2 Yes
Fl exi bl e El astoneric Cellul ar | ASTM C534/ C534M | Yes
[Mneral Fiber with Wcking [ ASTM C547] [11] [ Yes]
Material][Do not use in
applications exposed to
out door anbi ent conditions
inclimatic zones 1 through
4.]
Pol yi socyanur at e ASTM C591 | 2 Yes
Heating Hot Water Supply & Return, Heated G| (Max 121 C 250 F)
M neral Fiber ASTM C547 | 1 No
Calcium Silicate ASTM C533 | No
Cel lul ar d ass ASTM C552 11 2 No
Faced Phenolic Foam ASTM C1126 111 Yes
Fl exi bl e El astoneric Cellul ar | ASTM C534/ C534M | 2 No
Pol yi socyanur at e ASTM C591 | 2 Yes
Vax tenp 60C 140F
Col d Donmestic Water Piping, Makeup Water, and Condenser Water Piping
Cel lul ar d ass ASTM C552 11 2 No
Fl exi bl e El astoneric Cellul ar | ASTM C534/ C534M | No
Hot Donestic Water Supply & Recirculating Piping (Max 93 C 200 F)
M neral Fiber ASTM C547 | 1 No
Cel lul ar d ass ASTM C552 11 2 No
Fl exi bl e El astoneric Cellul ar | ASTM C534/ C534M | No
Faced Phenolic Foam ASTM C1126 111 Yes
Refrigerant Suction Piping (1.67 degrees C35 degrees F nominal)
Fl exi bl e El astoneric Cellul ar | ASTM C534/ C534M | No
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TABLE 1

Insul ation Material for Piping

Servi ce
Mat eri al Speci fication Type Cass |VR VB
Req' d
Cel lul ar d ass ASTM C552 11 1 Yes

Conpressed Air Discharge, Steam and Condensate Return (94 to 121 Degrees C201 to 250
Degrees F

Cel lul ar d ass ASTM C552 11 No
M neral Fiber ASTM C547 | 1 No
Calcium Silicate ASTM C533 | No
Faced Phenolic Foam ASTM C1126 111 Yes
Perlite ASTM C610 No
Fl exi bl e El astoneric Cellul ar | ASTM C534/ C534M | 2 No

Exposed Lavatory Drains, Exposed Donestic Water Piping & Drains to Areas for
Handi capped Per sonnel

Fl exi bl e El astoneric Cellul ar | ASTM C534/ C534M | No

Condensate Drain Located Inside Building

Cel lul ar d ass ASTM C552 11 2 No

Fl exi bl e El astoneric Cellul ar | ASTM C534/ C534M | No

Medi um Tenperature Hot Water, Steam and Condensate (122 to 176 Degrees C251 to 350
Degrees F)

M neral Fi ber ASTM C547 | 1 No
CalciumSilicate ASTM C533 | No
Cel lul ar d ass ASTM C552 I or |1 No

H gh Tenperature Hot Water & Steam (177 to 371 Degrees C351 to 700 Degrees F)

M neral Fiber ASTM C547 | 2 No

Calcium Silicate ASTM C533 | No

Cel lul ar d ass ASTM C552 No
Brine Systens Cryogenics (-34 to -18 Degrees C-30 to O Degrees F)

Cel lul ar d ass ASTM C552 11 2 No

Fl exi bl e El astoneric Cellul ar | ASTM C534/ C534M | No
Brine Systens Cryogenics (-18 to 1.11 Degrees CO to 34 Degrees F)

Cel lul ar d ass ASTM C552 11 2 No
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TABLE 1

Insul ation Material for Piping

Service
Mat eri al Speci fication Type Class |VR'VB
Req' d
Fl exi bl e El astoneric Cellul ar | ASTM C534/ C534M | No

Note: VR/ VB = Vapor Retarder/Vapor Barrier

EE R R R S I R R I R R I R I R R R I R S I R I R I R I R R R R R R R R

NOTE: Table 2 is not inclusive of all systens
requiring insulation. Pipe insulation thicknesses
must neet or exceed the requirenents of ASHRAE 90. 2
for lowrise residential buildings, and ASHRAE 90. 1
for all other buildings except |owrise

residential. Edit, nodify, and add to the

i nformati on contained in Tables 1 and 2 as required
for the project. Use Table 6.8.3-1 and Tabl e
6.8.3-2 in ASHRAE 90.1 for m ni mum thickness in
bui |l di ngs other than [owrise residential

I nsul ation thicknesses listed in Table 2 are

cal cul at ed based on ASHRAE 90.1 using the referenced
conductivity (K-value) shown for the insulation
material (except as noted below for cellular glass)
and the upper limt of the given tenperature range.

I nsul ation thicknesses may be reduced fromlisted
tabl e val ues based on engi neering cal clul ati ons.
Required insul ation thickness should be sinlarly
calcul ated for different materials if the K-value is
outside the ranges listed in ASHRAE 90.1 Tabl e
6.8.3-1 and 6.8.3-2. For lowrise residentia

buil dings, refer to Table 6-4 of ASHRAE 90.2 for

M ni mum Pi pe Insulation. These tables will becone a
part of the project specifications.

VWhere the tenmperature of cold water entering a

buil ding is bel ow average dew point of the indoor
anbi ent air and where condensate drip will cause
danmage or create a hazard, insulate piping with
vapor barrier to prevent condensation, regardless to
whet her piping is above or bel ow ceilings.

Fl exi bl e el astoneric and cellul ar glass are very

suitable for chilled water applications. M ninmum

t hi ckness reconmended for cellular glass insulation
is 40 mr 1.5 inches. The reason is that the

breakage rate during shipnment of 25 nm 1 inch thick
cellular insulation is too high to be econom cal

Fl exi bl e el astoneric recomended m ni mum thi ckness is
25 nr 1 inch

For cryogeni ¢ equi pnent handl i ng nedi a between ni nus
34 and minus 18 degrees C 30 and minus 1 degree F
use cel lul ar gl ass.
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TABLE 2

Pi pi ng I nsul ation Thickness (i nch)

For flexible cellular foamthe thickness should be 13nminstead of 15nm Econonic
t hi ckness or prevention of condensation is the basis of these tables. |If
prevention of condensation is the criterion, the anbient tenperature and relative
hum dity nust be stated. Do not use integral wcking material in Chilled water
applications exposed to outdoor anbient conditions in climtic zones 1 through 4.

Service
Mat eri al Conductivity Tube And Pipe Size (mm (inch)
K-val ue
(W m2-K)
(Btu-in/

hr-ft"2-deg F)

<25 |25-<40|40-<100100-<200> or = 200>8
<l |1-<1.5/1.5-<4 | 4-<8

[Chilled Water (Supply & Return, Dual Tenperature Piping, 4.44 Degrees C 40 Degrees F
nom nal )]

Cel lul ar d ass 0. 043 40 |401.5| 401.5 401.5 502
0.30 1.5

Fl exi bl e El astoneric 0.034 251 251 251 N A N A

Cel | ul ar 0. 235

M neral Fiber with 0. 032 251 |401.5| 401.5 502 502

W cking Materi al 0.22

Pol yi socyanur at e 0. 026 13 25 25 25 40
0.18 0.5 1 1 1 1.5

Heating Hot Water Supply & Return, Heated G| (Max 121 C 250 F)

M neral Fiber 0. 039 65 |652.5| 652.5 75 75
0. 27 2.5 3 3
Calcium Silicate 0. 053 100 | 100 100 100 1004
0. 37 4 4 4 4
Cel lular d ass 90 90 90 100 100
3.5 3.5 3.5 4 4
Faced Phenolic Foam 0.035 65 65 65 75 75
0.24 2.5 ] 2.5 2.5 3 3
Pol yi socyanur at e 0. 033 25 25 40 40 40
Vax tenp 60C 140F 0.23 1 1 1.5 1.5 1.5
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TABLE 2

Pi pi ng I nsul ation Thickness (i nch)

For flexible cellular foamthe thickness should be 13nminstead of 15nm  Econonic
t hi ckness or prevention of condensation is the basis of these tables. |If
prevention of condensation is the criterion, the anbient tenperature and relative
hum dity nust be stated. Do not use integral wcking nmaterial in Chilled water
applications exposed to outdoor anbient conditions in climtic zones 1 through 4.

Service
Mat eri al Conductivity Tube And Pipe Size (mm (inch)
K-val ue
(W nm2-K)
(Btu-in/

hr-ft"2-deg F)

<25 |25-<40|40-<100100-<200> or = 200>8
<l |1-<1.5/1.5-<4 | 4-<8

Col d Donestic Water Piping, Makeup Water, and Condenser \ater

Cel lul ar d ass 0. 043 40 |401.5 | 401.5 401.5 401.5
0.30 1.5

Fl exi bl e El astoneric 0.034 251 251 251 N A N A

Cel | ul ar 0. 235

Hot Donestic Water Supply & Recirculating Piping (Max 93 C 200 F)

M neral Fi ber 0. 037 40 40 50 50 50
0.26 1.5 | 1.5 2 2 2
Cel lular d ass 0. 049 50 50 65 65 65
0.34 2 2 2.5 2.5 2.5
Fl exi bl e El astoneric 0. 043 40 40 50 N A N A
Cel | ul ar 0.30 1.5| 1.5 2

Refrigerant Suction Piping (1.67 degrees C35 degrees F nominal)

Fl exi bl e El astoneric 0.034 251 251 251 N A N A

Cel | ul ar 0. 235

Cel lul ar d ass 0. 042 40 |401.5 | 401.5 401.5 401.5
0.29 1.5

Conpressed Air Discharge, Steam and Condensate Return (94 to 121 Degrees C201 to 250
Degrees F

M neral Fi ber 0. 039 65 65 65 75 75
0. 27 2.5 | 2.5 2.5 3 3

Calcium Silicate 0. 053 65 803 1004 1004 1154.5
0. 37 2.5

Cel lular d ass 0. 050 502 |652.5 803 803 803
0.35
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TABLE 2

Pi pi ng I nsul ation Thickness (i nch)

For flexible cellular foamthe thickness should be 13nminstead of 15nm  Econonic
t hi ckness or prevention of condensation is the basis of these tables. |If
prevention of condensation is the criterion, the anbient tenperature and relative
hum dity nust be stated. Do not use integral wcking nmaterial in Chilled water
applications exposed to outdoor anbient conditions in climtic zones 1 through 4.

Service
Mat eri al Conductivity Tube And Pipe Size (mm (inch)
K-val ue
(W nm2-K)
(Btu-in/

hr-ft"2-deg F)

<25 |25-<40|40-<100100-<200> or = 200>8
<l |1-<1.5/1.5-<4 | 4-<8

Exposed Lavatory Drains, Exposed Donestic Water Piping & Drains to Areas for
Handi capped Per sonnel

Fl exi bl e El astoneric 13 |130.5| 130.5 130.5 130.5
Cel | ul ar 0.5

Condensate Drain Located Inside Building

Cel lul ar d ass 0. 043 40 |401.5 | 401.5 401.5 401.5
0.30 1.5

Fl exi bl e El astoneric 0.034 251 251 251 N A N A

Cel | ul ar 0. 235

Medi um Tenperature Hot Water, Steam and Condensate (122 to 176 Degrees C251 to 350
Degrees F)

M neral Fi ber 0. 042 65 90 100 115 115
0. 29 2.5 3.5 4 4.5 4.5
CalciumSilicate 0. 056 125 165 165 165 165
0.39 5 6.5 6.5 6.5 6.5

H gh Tenperature Hot Water & Steam (177 to 371 Degrees C351 to 700 Degrees F)

M neral Fi ber 0. 046 115 125 125 125 125
0.32 4.5 5 5 5 5

CalciumSilicate 0. 059 115 125 1506 1506 1506
0.41 4.5 5

Brine Systens Cryogenics (-34 to -18 Degrees C-30 to O Degrees F)

Cel lular d ass 0. 036 65 |652.5 803 803 903. 5
0.25 2.5
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TABLE 2

Pi pi ng I nsul ation Thickness (i nch)

For flexible cellular foamthe thickness should be 13nminstead of 15nm  Econonic
t hi ckness or prevention of condensation is the basis of these tables. |If
prevention of condensation is the criterion, the anbient tenperature and relative
hum dity nust be stated. Do not use integral wcking nmaterial in Chilled water
applications exposed to outdoor anmbient conditions in climatic zones 1 through 4.

Service
Mat eri al Conductivity Tube And Pipe Size (mm (inch)
K-val ue
(W mt2-K)
(Btu-in/
hr-ft"2-deg F)
<25 |25-<40|40-<100100- <200/> or = 200>8
<l |1-<1.5/1.5-<4 4-<8
Fl exi bl e El astoneric 0.35 251 251 N A N A N A
Cel | ul ar 0.24
Brine Systens Cryogenics (-18 to 1.11 Degrees CO to 34 Degrees F)
Cel lul ar d ass 0. 042 502 502 502 652.5 803
0.29
Fl exi bl e El astoneric 0. 039 251 251 251 N A N A
Cel I ul ar 0. 26

3.2.2  Aboveground Col d Pipelines
Insulate the followi ng cold pipelines for minus 34 to plus 16 degrees C
mnus 30 to plus 60 degrees F in accordance with Table 2 except those
piping listed in subparagraph Pipe Insulation in PART 3 as to be onmitted.
This includes but is not linted to the foll ow ng:
a. Make-up water.
b. Horizontal and vertical portions of interior roof drains.
c. Refrigerant suction lines.
d. Chilled water.
e. Dual tenperature water, i.e. HVAC hot/chilled water.
f. Ar conditioner condensate drains.

g. Brine system cryogenics.

h. Condenser water piping where pipe tenperature may fall bel ow anbi ent
dew poi nt.

i. Exposed lavatory drains and donestic water |ines serving plunbing
fixtures for handi cap persons.
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j. Donestic cold and chilled drinking water.]

3.2.2.1 I nsul ation Material and Thi ckness

EE R R S I R I R I R I R I R R R R I R S I R R R I R I R R R R R R R

NOTE: Table 1 is not all inclusive of service
insulation requirenents. Edit, nodify, and add to
the tables as required for your project.

Consi derati on may be given to increasing or
decreasing the thickness of insulation required if,
in the judgnent of the designer, the situation
warrants. For exanple, hot water piping in

condi tioned spaces may not require the tabul ated

t hi ckness; or extrenely cold systens in a high

hum dity climte may require additional insulation.

The desi gner should take into consideration the dew
point tenperature of the area in which the systemis
to be built. This is separate fromthe design dry
bul b and design wet bulb tenperatures, and should
not be confused with the information provided in UFC
3-400-02. \When accounting for the dew point for
design of the insulation thickness, consider using a
relative hum dity range of 80 to 90 percent unless
you are in unusual circunstances. |In very dry
environnents (Denver) consider using a relative

hum dity less than 80 percent, and remenber to neet
the requirenents of the energy budget. In |ower

hum dity environnments, use the |ower end of this
range outdoors (80 to 85 percent). In high humdity
environnents use 90 percent. Indoors, where the
hum dity is to be controlled at 50 percent, it is
nore appropriate to design to 70 percent.

ASHRAE 90.1 insulation standard is a reference the
desi gner should use to introduce a different
material, or utilize an existing material type for
an application that is not listed, or is outside the
tenmperature range listed in Table 2. Table 2 may be
nodi fied for regions that neet one of the follow ng
conditions from UFC 3-410-01 or UFC 3-410-02. A wet
bul b tenperature of 19 degrees C 67 degrees F or
hi gher and the outside design relative humdity is
50 percent or higher (dew point temperature greater
than 16 C 60 F) for 3,000 hours or nore. A wet bulb
tenperature of 22.8 degrees C 73 degrees F or higher
and the outside design relative humdity is 50
percent or higher (dew point tenperature greater than
19 C 67 F) for 1,500 hours or nore. (CQutside
design relative hum dity based on the 2.5 percent
dry bulb and 5.0 percent wet bulb tenperatures.)
(Weat her data obtained from UFC 3-400-02.)

Further references for recommended thickness
i ncl udes the International Mechanical Code and
manuf acturers recommended t hi ckness tables. The
refrigerant suction piping thickness was determ ned
for 1 degree C 35 degrees F service and the chilled
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wat er supply and return and dual tenperature piping
t hi ckness was determ ned for 4 degrees C 40 degrees F
nom nal service tenperature
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Determ ne insulation thickness for cold pipelines using Table 2.

3.2.2.2 Factory or Field applied Jacket
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NOTE: I n high abuse areas such as janitor closets
and traffic areas in equipnment roons and kitchens,

al um num j ackets or PVC jackets and fittings will be
shown. Nornmally, pipe insulation to the 2 m 6 foot
level will be protected in high abuse areas. The
designer will specifically indicate what pipes are

to be provided with alum numjackets, PVC jackets,
and fittings (see paragraph 2.3.8.2 for PVC

sel ection criteria). On overseas projects, designer
to verify availability of labor at locale for
insulation trade; if not available delete option for
field applied jacket. |If stateside, option for
field applied jacket to remain.

EE R R R S I R R I R R I R R R R I R S I R I R I R I R R I R R R R R O

Cover insulation with a factory applied vapor retarder jacket/vapor
barrier or [field applied] seal welded PVC jacket or greater than 3 ply

[ ami nated sel f-adhesive (mninmum 0.05 mv 2 mils adhesive, 0.075 nr 3 mls
enbossed) vapor barrier/weat herproofing jacket - |ess than 0.02

pernmeabi lity, standard grade, sliver, white, black and enbossed for use
with Mneral Fiber, Cellular dass, and Phenolic Foam | nsul ated Pipe. For
insulation inside the building, to be protected with an al um num j acket,
PVC jacket or fittings (installed over a vapor retarder jacket), or
greater than 3 ply vapor barrier/weat herproofing self-adhesive (m ninmn
0.05 mr 2 nmils adhesive, 0.075 mr 3 mils enbossed) product, |ess than 0.02
perneabi lity, standard grade, Enbossed Silver, Wite & Black, install the
i nsul ation and vapor retarder jacket as specified herein. Install the

al um num j acket, PVC jacket or fittings (installed over a vapor retarder
jacket), or greater than 3 ply vapor barrier/weat herproofing self-adhesive
(mnimum 0.05 nmv 2 mils adhesive, 0.075 nr 3 mls enbossed) product, |ess
than 0.02 perneability, standard grade, enbossed silver, Wite & Black, as
speci fied for piping exposed to weat her, except sealing of the laps of the
al umi num jacket is not required. |n high abuse areas such as janitor
closets and traffic areas in equi pnment roons, kitchens, and nmechanica
roonms, provide alum num jackets, PVC jacket or fittings (installed over a
vapor retarder jacket), or greater than 3 ply vapor

barri er/weat her proofing self-adhesive (mninun0.05 mr 2 nils adhesive,
0.075 mr 3 mls enbossed) product, less than 0.02 perneability, standard
grade, enbossed silver, white & black, for pipe insulation to the 1.8 n 6
ft level. Oher areas that specifically require protection to the 1.8 nm 6
ft level are | ].

3.2.2.3 Installing Insulation for Straight Runs Hot and Col d Pipe
Apply insulation to the pipe with tight butt joints. Seal all butted
joints and ends with joint sealant and seal with a vapor retarder coating,

greater than 3 ply lam nate jacket - |less than 0.0000 perm adhesive tape
or PVDC adhesi ve tape.

SECTION 23 07 00 Page 41



.2.2.3.1 Longi tudi nal Laps of the Jacket Materia

Overlap not less than 38 mr 1-1/2 inches. Provide butt strips 75 nm 3
inches wide for circunferential joints.

.2.2.3.2 Laps and Butt Strips

Secure wi th adhesive and staple on 100 mr 4 inch centers if not factory
self-sealing. |If staples are used, seal in accordance w th paragraph
STAPLES below. Note that staples are not required with cellular glass
syst ens.

.2.2.3.3 Factory Sel f-Sealing Lap Systens

May be used when the anbient tenperature is between 4 and 50 degrees C 40
and 120 degrees F during installation. Install the lap systemin
accordance with manufacturer's recomendati ons. Use a stapler only if
specifically reconmended by the nmanufacturer. \Where gaps occur, replace
the section or repair the gap by applying adhesive under the |ap and then
st apl i ng.

.2.2.3.4 St apl es

Coat all staples, including those used to repair factory self-seal |ap
systens, with a vapor retarder coating or PVDC adhesive tape or greater
than 3 ply laminate jacket - 0.0000 perm adhesive tape. Coat all seans,
except those on factory self-seal systenms, with vapor retarder coating or
PVDC adhesive tape or greater than 3 ply lamnate jacket - |less than

0. 0000 perm adhesi ve tape.

.2.2.3.5 Breaks and Punctures in the Jacket Materia

Patch by wapping a strip of jacket material around the pipe and secure it
wi t h adhesi ve, staple, and coat w th vapor retarder coating or PVDC
adhesive tape or greater than 3 ply lanm nate jacket - [ess than 0.0000
perm adhesi ve tape. Extend the patch not |ess than 38 mr 1-1/2 inches
past the break.

.2.2.3.6 Penetrati ons Such as Thernoneters

Fill the voids in the insulation and seal with vapor retarder coating or
PVDC adhesive tape or greater than 3 ply laminate jacket - |ess than
0. 0000 perm adhesi ve tape.

.2.2.3.7 Fl exi bl e El astoneric Cellular Pipe Insulation

Install by slitting the tubular sections and applying themonto the piping
or tubing. Alternately, whenever possible slide un-slit sections over the
open ends of piping or tubing. Secure all seans and butt joints and sea
wi t h adhesi ve. Wen using self seal products, secure only the butt joints
wi t h adhesive. Push insulation on the pipe, never pulled. Stretching of
insulation may result in open seans and joints. C ean cut all edges.
Rough or jagged edges of the insulation are not be permitted. Use proper
tools such as sharp knives. Do not stretch Grade 1, Type Il sheet

i nsul ation around the pipe when used on pipe larger than 150 mr 6 inches.
On pipes larger than 300 nr 12 inches, adhere sheet insulation directly to
the pipe on the lower 1/3 of the pipe.
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3.2.2.4 Insulation for Fittings and Accessories

a. Butt pipe insulation tightly to the insulation of the fittings and
accessories. Seal the butted joints and ends with joint seal ant and
seal with a vapor retarder coating or PVDC adhesive tape or greater
than 3 ply laminate jacket - |ess than 0.0000 perm adhesive tape.

b. Place precut or preforned insulation around all fittings and
accessories and conformto M CA plates except as nodified herein: 5
for anchors; 10, 11, and 13 for fittings; 14 for valves; and 17 for
fl anges and unions. Insulation nust be the sanme insulation as the
pi pe insulation, including sanme density, thickness, and thernal
conductivity. Were precut/preforned is unavailable, rigid preforned
pi pe insulation sections may be segnented into the shape required.
Use insul ation of the same thickness and conductivity as the adjoining
pi pe insulation. |If nesting size insulation is used, overlap the
i nsulation 50 mr 2 inches or one pipe dianmeter. Elbows insulated
usi ng segnments nust conformto M CA Tables 12.20 "Mtered | nsul ation
El bow . Submit a booklet containing conpleted M CA Insulation Stds
pl ates detailing each insulating systemfor each pipe, duct, or
equi prent insul ating system after approval of materials and prior to
appl yi ng insul ation.

(1) Ensure MCA plates detail the materials to be installed and the
specific insulation application. Submt all MCA plates required
showi ng the entire insulating system including plates required to
show i nsul ati on penetrations, vessel bottom and top heads, |egs,
and skirt insulation as applicable. Present all variations of
i nsul ation systens including |ocations, materials, vaporproofing,
jackets and insul ati on accessori es.

(2) If the Contractor elects to submt detail ed draw ngs instead of
edited M CA Plates, ensure the detail drawings are technically
equi valent to the edited M CA Plate submittal

c. Upon completion of insulation installation on flanges, unions, valves,
anchors, fittings and accessories, terninations, seans, joints and
i nsul ation not protected by factory vapor retarder jackets or PVC
fitting covers nmust be protected with PVDC or greater than 3 ply
| am nate jacket - less than 0.0000 perm adhesive tape or two coats of
vapor retarder coating with a mninmumtotal thickness of 2 mr 1/16 inch
applied with glass tape enbedded between coats. Overlap tap seans 25
nr 1 inch. Extend the coating out onto the adjoining pipe insulation
50 mm 2 inches. Protect fabricated insulation with a factory vapor
retarder jacket with either greater than 3 ply | anmi nate jacket - |ess
t han 0. 0000 perm adhesive tape, standard grade, silver, white, black
and enbossed or PVDC adhesive tape or two coats of vapor retarder
coating with a mninmumthickness of 2 nr 1/16 inch and with a 50 mr 2
inch wi de gl ass tape enbedded between coats. Where fitting insulation
butts to pipe insulation, seal the joints with a vapor retarder
coating and a 100 nm 4 inch wi de ASJ tape which matches the jacket of
t he pipe insulation.

d. Insulate anchors attached directly to the pipe for a sufficient
di stance to prevent condensation but no less than 150 nm 6 inches from
the insulation surface.

e. Mark insulation to show the | ocation of unions, strainers, and check
val ves.
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3.2.2.5 Optional PVC Fitting Covers

At the option of the Contractor, prenolded, one or two piece PVC fitting
covers may be used in lieu of the vapor retarder and enbedded gl ass tape.
Factory precut insulation inserts or prenol ded insulation segnents nust be
used under the fitting covers for el bows, tees and other niscellaneous
configurations. Insulation inserts nust be the sane installed insulation
t hi ckness. One insert nmust be installed for each inch of pipe

insulation. The installed and conpressed insert nust have the sane

t hermal perfornmance as the pipe insulation. Prenolded insulation segnents
nust be the sane insulation as the pipe insulation including sanme density,
t hi ckness, and thernal conductivity. PVC fitting covers nust be secured
by PVC vapor retarder tape, adhesive, seal welding or with tacks nade for
securing PVC covers. For above ambient pipe tenperatures, secure PVC
covers using tacks. As an option circunferential joints can be covered

wi th PVC vapor retarder tape. For bel ow anbi ent conditions seal system
usi ng PVC vapor retarder tape, and vapor retarder nmastic w th vapor dans.
Longi tudi nal seans nmay be seal ed with vapor retarder nmastic, PVC vapor
retarder tape or solvent weld adhesive to obtain a continuous vapor seal
For severe service conditions install PVC jackets over the existing ASJ

j acket and seal using a solvent wel d adhesive.

3.2.3 Aboveground Hot Pipelines

3.2.3.1 Ceneral Requirenents
Insulate all hot pipe Iines above 16 degrees C 60 degrees F, except those
piping listed in subparagraph Pipe Insulation in PART 3 as to be omitted,
in accordance with Table 2. This includes but is not linmted to the
fol | owi ng:
a. Donestic hot water supply & re-circul ating system
b. Steam
c. Condensate & conpressed air discharge.
d. Hot water heating.
e. Heated oil
f. Water defrost lines in refrigerated roons.
Cover insulation, in accordance with manufacturer's recomendati ons, with
a factory applied Type | jacket or field applied alum num where required
or seal welded PVC

3.2.3.2 Insulation for Fittings and Accessories
Butt pipe insulation tightly to the insulation of the fittings and
accessories. Seal butted joints and ends with joint sealant. Mark
i nsulation to show the | ocation of unions, strainers, check val ves and
ot her conponents that woul d otherw se be hidden fromview by the
i nsul ati on.

3.2.3.2.1 Precut or Prefornmed

Pl ace precut insulation inserts or preforned insulation inserts around al
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3.

fittings and accessories. Insulation inserts nust be the sane installed

i nsul ation thickness as the pipe insulation. One insert nust be installed
for each inch of pipe insulation thickness. The installed and conpressed
insert nust have the sane thermal performance as the pipe insulation
Preformed insulation inserts nmust be the sanme insulation as the pipe

i nsul ation including sane density, thickness, and thermal conductivity.

.2.3.2.2 Ri gi d Preforned

VWhere precut/preforned is unavailable, rigid preforned pipe insulation
sections may be segnented into the shape required. Use insulation that is
the sane thickness and conductivity as the adjoining pipe insulation. |If
nesting size insulation is used, do not overlap insulation 50 mr 2 inches
or one pipe dianeter. Elbows insulated using segnents nust conformto

M CA Tables 12.20 "Mtered |Insul ation El bow'

2.4 Pi pi ng Exposed to Wat her

EE R I R S I R I R I R R S R I R R I R S R I R I R R I R R I R R R R R

NOTE: In project locations with Environnmenta
Severity Cassification (ESC) of C4 or C5 or high
hum d areas as identified in ASHRAE 90.1 as clinmate
zones OA, 0B, 1A, 1B, 2A, 2B, 3A, 3B, 3C, 4A, 4B
4C, 5A, 5B, and 5C, provide alum num or stainless
steel jacket on piping exposed to weather. See UFC
1-200-01 for deternmination of ESC for project

| ocations. Polymer jacketing is not reconmended as
it can experience degradation in UV light in any
ASHRAE zone.

EE R R R S I R R R I I R I R I R R R R R I R S I R I R R I R R R R R R R R

I nsul ate and j acket piping exposed to weather as specified for the
applicable service inside the building. After this procedure, apply a

[ ami nated sel f-adhesive (mninmum 0.05 mv 2 mils adhesive, 0.075 nr 3 mls
enbossed) vapor barrier/weat herproofing jacket - |ess than 0.02
perneability (greater than 3 ply, standard grade, silver, white, black and
enbossed al um num j acket, stainless steel or PVC jacket.

PVC j acketing requires no factory-applied jacket beneath it, however apply
an all service jacket if factory applied jacketing is not furnished.

.2.4.1 Al um num Jacket

The jacket for hot piping may be factory applied. Overlap the jacket no
less than 50 mr 2 inches at |ongitudinal and circunferential joints and
secure wi th bands at no nore than 300 nmr 12 inch centers. Overlap

[ ongi tudinal joints down to shed water and locate at 4 or 8 o' clock
positions. Seal joints on piping 16 degrees C 60 degrees F and below with
netal jacketing/flashing sealant while overlapping to prevent noisture
penetration. Were jacketing on piping 16 degrees C 60 degrees F and

bel ow abuts an un-insul ated surface, caulk joints to prevent noisture
penetration. Seal joints on piping above 16 degrees C 60 degrees F with a
noi sture retarder.

.2.4.2 Insulation for Fittings

I nsul ate and finish flanges, unions, valves, fittings, and accessories as
specified for the applicable service. Apply two coats of breather
emul si on type weat herproof mastic (inpernmeable to water, permeable to air)
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recommended by the insulation manufacturer with gl ass tape enbedded

bet ween coats. Overlap tap no less than 25 nmr 1 inch and the adjoi ni ng
alum num jacket no less than 50 mr 2 inches. Factory preformed al un num
jackets may be used in lieu of the above. Provide nolded PVC fitting
covers when PVC jackets are used for straight runs of pipe.PVC fitting
covers nust be seal ed based upon the pipe tenperature in conbination with
anbi ent conditions and if the pipe insulation will be exposed to severe
service conditions. For bel ow anbient conditions, the pipe insulation and
insulation fittings nust be covered and sealed with a vapor barrier or
weat her proofing jacket with a mninumO0.02 perneability as defined per
ASTM C1136 before installing the PVC jacket and fitting cover. Wen in
doubt as to the pipe tenperature or service conditions, secure the PVC
jacket using a weld adhesive using the nanufacturer's recommended adhesi ve.

.2.4.3 PVC Jacket

Provide ultraviolet resistant PVC jacket that is adhesive wel ded weat her
tight with nmanufacturer's recommended adhesive. |nclude provision for
t her mal expansi on.

.2.4. 4 St ai nl ess Steel Jackets

ASTM A240/ A240V; Type 304, mininmum thickness of 33 gauge (0.25 mm0. 010 inch
), snooth surface with factory-applied polyethylene and kraft paper

noi sture barrier on inside surface. Provide stainless steel bands,

m ni mum wi dth of 13 mM1/2 inch.

2.5 Bel ow Ground Pi pe Insul ation

EE R R R S I R R R I I R I R I R R R R R I R S I R I R R I R R R R R R R R

NOTE: Where significant anounts (approxi mately 8
neters 25 feet) of below grade piping is to be

i nsul ated, a separate specification section will be
devel oped to allow factory pre-insul ated systens as
an alternate to field applied systenms. Portions of
t he underground piping that are to be insul ated
using this paragraph will be indicated on the

dr awi ngs.
ER R IR I I R R R R R I I R R R R R I I I R R R S I I R R R R R S S I R R S I I I R O I R I I I R R R R S I I I I

I nsul at e bel ow ground pi pes in accordance with Table 2, except as
precluded in paragraph PIPE | NSULATION in PART 3. This includes, but is
not limted to the follow ng:

a. Heated oil

b. Domestic hot water.

c. Heating hot water

d. Dual tenperature water.

e. St eam

f. Condensate.

.2.5.1 Type of Insulation

I nsul at e bel ow ground pipe with Cellular dass insulation, in accordance
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wi th manufacturer's instructions for application with thickness as
determ ned from Table 2 (whichever is the nost restrictive).

3.2.5.2 Install ati on of Bel ow ground Pi pe Insulation

a. Coat bore surfaces of the insulation with a thin coat of gypsum cenent
of a type recommended by the insulation manufacturer. Ensure coating
thickness is sufficient to fill surface cells of insulation. Do not
use mastic type materials for this coating. Note that unless this is
for a cyclic application (i.e., one that fluctuates between high and
| ow tenmperature on a daily process basis) there is no need to bore
coat the material

b. Use stainless steel bands, 19 mr 3/4 inch wi de by 0.508 mr 0.020 inch
thick to secure insulation in place. Apply a mninumof two bands per
section of insulation. As an alternate, fiberglass reinforced tape
may be used to secure insulation on piping up to 300 mr 12 inches in
dianmeter. Apply a mninumof two bands per section of insulation

c. Ternminate insulation at anchor bl ocks but continue through sleeves and
manhol es.

d. At point of entry to buildings, term nate underground insulation 50 mr
2 inches inside the wall or floor, butt tightly against the
aboveground insulation and seal the butt joint with high tenperature
silicone sealant and cover with fibrous glass tape.

e. Make provision for expansion and contraction of the insulation system
in accordance with the insulation manufacturer's recomrendati ons.

f. Insulate flanges, couplings, valves, and fittings with factory
pre-nmol ded, prefabricated, or field-fabricated sections of insulation
of the sane material and thickness as the adjoining pipe insulation
Secure insulation sections as recomended by the nmanufacturer

g. Finish insulation, including fittings, with three coats of asphaltic
mastic, with 6 by 5.5 nmesh synthetic reinforcing fabric enbedded
bet ween coats. Overlap fabric a mninmmof 50 nr 2 inches at joints.
Ensure total filmthickness is a mnimmof 4.7 mm 3/16 inch. As an
alternate, apply a prefabricated bitum nous |ani nated jacket,
reinforced with internal reinforcenent nesh, to the insulation. Use
jacketing material and application procedures that match
manufacturer's witten instructions. Vapor barrier - |less than 0.02
perneability self adhesive (mninmun 0.05 mr 2 mils adhesive, 0.075 mr
3 mls enbossed) jacket greater than 3 ply, standard grade, silver,
white, black and enbossed or greater than 8 ply (mninmumr 0.072 2.9 nmils
adhesive), heavy duty, white or natural). Use application procedures
that match the manufacturer's witten instructions.

h. At term nation points, other than building entrances, use nastic and
cloth or tape to cover the ends of insulation and extend 50 mr 2 inches
al ong the bare pipe.

3.3 DUCT | NSULATI ON SYSTEMS | NSTALLATI ON

EE R I R R S I R I R I R I R R I R R R I R S I R I R I R I R R R R R R R R

NOTE: Insulation nmay be omtted on heating duct in
heat ed spaces. Designer will determine if
internally lined ducts are comparable in insulating
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value to those unlined ducts to be insulated. |If
not, field insulation will be added.

The desi gner nmust maintain conditioned space contro
under cooling and heating conditions - neet the
ener gy budget, and not allow condensation
formation. The followi ng do not require
insulation: factory fabricated double wal
internally insulated duct, glass fiber duct,
site-erected air conditioning casings and pl enuns
constructed of factory-insulated sheet netal panels,
ducts internally lined with insulation or sound
absorbing material, unless indicated otherwi se,
return ducts in ceiling spaces or as indicated,
supply ducts in ceiling spaces which are used as
return air plenuns (or as indicated), factory
pre-insul ated flexible ducts, ducts wi thin HVAC
equi pnment, exhaust air ducts unless noted, and duct
portions inside walls or floor-ceiling space in

whi ch both sides of the space are exposed to
conditioned air and the space is not vented or
exposed to unconditioned air

In hum d locations identified in ASHRAE 90.1 as
Cimte Zones 0A, 1A, 2A, 3A, 3C, 4C and 5C, exposed
out door duct nust be factory fabricated doubl e wal
internally insul ated duct.

Ceiling spaces are defined as those spaces between
the ceiling and bottom of floor deck or roof deck

i nside the air-conditioned space insul ated envel ope,
and ceilings that form pl enuns.

ASHRAE 90.2 is for lowrise residential building.
ASHRAE 90.1 is for all buildings except [owrise
residential buildings. Lowrise building has one or
two stories wthout elevators. Hi gh-rise building
has multistory with el evators.

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

I nstall

duct

i nsul ation systens in accordance with the approved
M CA Insul ation Stds plates as supplenented by the manufacturer's

published installation instructions. Duct insulation mninmmthickness
and insulation level nust be as listed in Table 3 at the discretion of the

desi gner and mnust

ASHRAE 90.1 - | P[ ASHRAE 90. 2] .

nmeet or exceed the requirenents of ASHRAE 90.1 -

Sl

Except for oven hood exhaust duct insulation, install corner angles on

ext er nal

corners of

i nsul ation on ductwork in exposed finished spaces

before covering with jacket. [Omt duct insulation on exposed supply and
return ducts in air conditioned spaces [where the difference between
supply air tenperature and roomair tenperature is |less than 9 degrees C

15 degrees F] unless otherw se shown. ]

as those spaces directly supplied with cool ed conditioned air

with a cooling device such as a fan-coi
(or provided with a heating device such as a unit heater, radiator

convector).
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3.3.1 Duct Insul ation M ni mum Thi ckness

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: The follow ng tables are adapted from ASHRAE
90.1. They nmay be used to nodify the thicknesses
listed in Table 4. The thicknesses listed are
recommended, and may be changed at the discretion of
the designer. Duct insulation thicknesses nmust neet
or exceed the requirements of ASHRAE 90.2 for
[owrise residential buildings, and ASHRAE 90.1 for
all other buildings except lowrise residenti al

Use Table 6.8.2 Mnimm Duct Insulation RValue in
ASHRAE 90.1 R-value for buildings other than
lowrise residential. For lowrise residentia
bui | di ngs use m ni num duct insulation requirements
i ncl uded i n ASHRAE 90. 2.

R R I R I R I I R R I R R R I R R R I R R R R R R I R R I R R O O

Table 3
M ni mum Duct | nsul ation
Cool i ng Heat i ng
Duct Location Annual Cool i ng I nsul ati on Annual Heating I nsul ati on
Degree Days Base|R-Val ue (sm K)/WDegree Days Base R-Val ue (sm
18 C 65 F (h sf F)/Btu 18 C 65 F K)/W (h sf
F)/Btu
Exterior of <260 500 0.58 3.3 <816 1500 0.58 3.3
Bui | di ng
260 - 621500 - 0.88 5.0 816 - 24821500 0.88 5.0
1150 - 4500
622 - 10931151 1.14 6.5 2483 - 41494501 1.14 6.5
- 2000 - 7500
>10932000 1.41 8.0 >41497500 1.41 8.0
Tenperature I nsul ati on Tenperature I nsul ati on
Di fference R-Val ue (sm K)/W Di fference R-Val ue (sm
(h sf F)/Btu degrees C K)/W (h sf
degrees F F)/Btu
I nside buil ding <815 None required <815 None required
envel ope or in
uncondi ti oned 8 <TD <2215 0.58 3.3 8 <TD <2215 0.58 3.3
spaces <TD <40 <TD <40
22 <TD40 <TD 0.88 5.0 22 <TD40 <TD 0.88 5.0
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Table 3

M ni num Duct | nsul ation

Cool i ng Heat i ng

These R-val ues do not include the filmresistances. The required m ni num

thi cknesses do not consider water vapor transm ssion and condensati on.

Addi tional insulation, vapor retarders, or both, may be required to limt vapor
transm ssi on and condensation. Were ducts are designed to convey both heated
and cool ed air, provide duct insulation as required by the nost restrictive
condition. Were exterior walls are used as plenumwalls, provide wall
insulation as required by the nost restrictive condition of this section or the
insulation for the building envel ope. Cooling ducts are those designed to
convey nechanically cooled air or return ducts in such systens. Heating ducts
are those designed to convey nechanically heated air or return ducts in such
systens. Thernmal resistance will be neasured in accordance with ASTM C518 at a
nean tenperature of 24 degrees C 75 degrees F. The Tenperature difference is at
design conditions between the space within which the duct is located and the
design air tenperature in the duct. Resistance for runouts to terninal devices
less than 3 m10 feet in length need not exceed 0.58 (smK)/W3.3 (h sf F)/Btu.
Uncondi ti oned spaces include craw spaces and attics.

Duct insulation mninmum thickness in accordance with Table 4.

Table 4 - Mninmum Duct Insulation (m) (inches)
Cold Air Ducts 50 2.0
Rel i ef Ducts 40 1.5
Fresh Air Intake Ducts 40 1.5
Warm Air Ducts 50 2.0
Rel i ef Ducts 40 1.5
Fresh Air Intake Ducts 40 1.5

3.3.2 I nsul ati on and Vapor Retarder/Vapor Barrier for Cold Air Duct

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: Cold air ducts needing insulation are ducts
that handle air at or below 16 degrees C 60 degrees F
M xi ng boxes, relief air ducts, and filter boxes
shoul d not be insulated unl ess condensation is a
problem Insulation may be omtted on that portion
of return air ducts installed in the ceiling spaces
where condensation is not a problem and on that
portion of supply ducts installed in ceiling spaces
used as a return air plenum where condensation is

not a problem The designer is required to provide
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calculations to prove, if insulation is not provided
for ducts or equipnent, the space will be properly
cool ed and condensation will not form on ductwork or
equi prent. For ducts to be used for both heating
and cooling, the requirenments for cold ducts wll
govern.

EE R R R S I R R I I R I R R R R R I R S I R R R I R I R R R R R I R
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NOTE: Insulate all supply and return ductwork in
hum d | ocations. Humi d | ocations are those in ASHRAE
climate zones 0A, 1A, 2A, 3A, 3C, 4C and 5C (as
identified in ASHRAE 90.1).

EE R R R S I R R I R R I R I R R R I R S I R I R I R I R R R R R R R R

Provi de insul ation and vapor retarder/vapor barrier for the follow ng cold
air ducts and associ ated equi pnent.

a. Supply ducts.

b. Return air ducts.

c. Relief ducts.

d. Flexible run-outs (field-insulated).
e. Plenuns.

f. Duct-nounted coil casings.

g. Coil headers and return bends.

h. Coil casings.

i. Fresh air intake ducts.

j. Filter boxes.

k. Mxing boxes (field-insulated).

. Supply fans (field-insulated).

m Site-erected air conditioner casings.
n. Ducts exposed to weat her.

0. Conbustion air intake ducts.

p. Exhaust ducts passing through conceal ed spaces, unconditioned spaces,
or sem -heated spaces exhausting conditioned air

Use insulation for rectangular ducts that is flexible type where
conceal ed, m ninum density 12 kg/cubic nm 3/4 pcf, and rigid type where
exposed, mninmum density 48 kg/cubic m 3 pcf. Provide insulation for both
conceal ed or exposed round/oval ducts that is flexible type, m ninmum
density 12 kg/cubic nm 3/4 pcf or a sem rigid board, mninmmdensity 48
kg/ cubic nm 3 pcf, fornmed or fabricated to a tight fit, edges bevel ed and
joints tightly butted and staggered. Provide insulation for all exposed
ducts with either a white, paint-able, factory-applied Type | jacket or a
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field applied vapor retarder/vapor barrier jacket coating finish as
specified. Ensure the total field applied dry filmthickness is
approximately 2 mr 1/16 inch. Provide insulation on all conceal ed duct
with a factory-applied Type | or |l vapor retarder/vapor barrier jacket.
Conti nue duct insulation through sl eeves and prepare openi ngs except
firewall penetrations. Duct insulation termnating at fire danpers, nust
be conti nuous over the danper collar and retaining angle of fire danpers,
whi ch are exposed to unconditioned air and which may be prone to
condensate formation. Provide duct insulation and vapor retarder/vapor
barrier to cover the collar, neck, and un-insul ated surfaces of diffusers,
registers and grills. Apply vapor retarder/vapor barrier materials to
forma conpl ete unbroken vapor seal over the insulation. Seal sheet netal
duct in accordance with Section 23 30 00 HVAC Al R DI STRI BUTI ON

.3.2.1 Install ati on on Conceal ed Duct

a. For rectangular, oval or round ducts, attach flexible insulation by
appl yi ng adhesi ve around the entire perineter of the duct in 150 mr 6
inch wide strips on 300 mr 12 inch centers.

b. For rectangul ar and oval ducts, 600 nm 24 inches and | arger
additionally secure insulation to bottom of ducts using nechani ca
fasteners. Space fasteners on 400 mr 16 inch centers and no nore than
400 mr 16 inches from duct corners.

c. For rectangular, oval and round ducts, provide nechanical fasteners on
sides of duct risers for all duct sizes. Space fasteners on 400 mr 16
inch centers and no nore than 400 nm 16 i nches from duct corners.

d. Inpale insulation on the nechanical fasteners (self stick pins) where
used and press thoroughly into the adhesive. Take care to ensure
vapor retarder/vapor barrier jacket joints overlap 50 nm 2 inches. Do
not conpress insulation to a thickness |ess than that specified.

Carry insul ati on over standing seans and trapeze-type duct hangers.

e. \Were nechanical fasteners are used, install self-Iocking washers and
trimand bend the pin over.

f. Secure jacket overlaps with staples and tape as necessary to ensure a

secure seal. Coat staples, tape and seans with a brush coat of vapor
retarder coating or PVDC adhesive tape or greater than 3 ply |lam nate
(mninum 0.05 mr 2 nmils adhesive, 0.075 3 ml|s enbossed) - |ess than

0. 0000 perm adhesi ve tape.

g. Cover breaks in the jacket material with patches of the sane materia
as the vapor retarder jacket. Do not extend patches |less than 50 mr 2
i nches beyond the break or penetration in all directions and secure
with tape and staples. Seal staples and tape joints with a brush coat
of vapor retarder coating or PVDC adhesive tape or greater than 3 ply
[am nate (mninmumr 0.05 mr 2 mls adhesive, 0.075 mr 3 mls enbossed) -
| ess than 0.0000 perm adhesive tape.

h. At jacket penetrations such as hangers, thernoneters, and danper
operating rods, fill voids in the insulation and seal the penetration
with a brush coat of vapor retarder coating or PVDC adhesive tape
greater than 3 ply lamnate (mninum 0.05 nmm 2 nmils adhesive, 0.075 nmmv
3 mls enbossed) - less than 0.0000 perm adhesive tape.

i. Seal insulation term nations and pin punctures and flash with a
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. 3.

2.

rei nforced vapor retarder coating finish or tape with a brush coat of
vapor retarder coating.. Ensure the coating overlaps the adjoining

i nsul ation and un-insul ated surface 50 mr 2 inches. Extend pin
puncture coatings 50 mr 2 inches fromthe puncture in all directions.

Where insul ation standoff brackets occur, extend insulation under the
bracket and term nate the jacket at the bracket.

2 Install ati on on Exposed Duct Wbrk

For rectangul ar ducts, secure rigid insulation to the duct by
nechani cal fasteners on all four sides of the duct, space no nore than
300 mr 12 inches apart and no nore than 75 mr 3 inches fromthe edges
of the insulation joints. Provide a mininumof two rows of fasteners
for each side of duct 300 nm 12 inches and |arger. Provide one row
for each side of duct less than 300 mr 12 inches. Provide nechanica
fasteners that are corrosion resistant as G50 coated gal vani zed st eel
and indefinitely sustain a 22.7 kg 50 | b tensile dead | oad test

per pendi cul ar to the duct wall

Form duct insulation with mninmm jacket seans. Fasten each piece of
rigid insulation to the duct using mechanical fasteners. Wen the

hei ght of projections is less than the insulation thickness, bring

i nsulation up to standing seans, reinforcing, and other vertica
projections and do not carry over. Continue vapor retarder/barrier

j acket across seans, reinforcing, and projections. Wen height of
projections is greater than the insulation thickness, carry over
insulation and jacket . Apply insulation with joints tightly butted.
Neat |y bevel insulation around nanme plates and access plates and doors.

I mpal e insulation on the fasteners; install self-Iocking washers and
trimand bend the pin over.

Seal joints in the insulation jacket with a 100 mr 4 inch wide strip
of tape. Seal taped seans with a brush coat of vapor retarder coating.

Cover breaks and ribs or standing seam penetrations in the jacket
material with a patch of the sane nmaterial as the jacket. Do not
extend patches [ess than 50 mr 2 inches beyond the break or
penetration and secure with tape and staple. Seal staples and joints
with a brush coat of vapor retarder coating.

At jacket penetrations such as hangers, thernmoneters, and danper
operating rods, fill the voids in the insulation and seal the
penetrations with a flashing seal ant.

Seal and flash insulation term nations and pin punctures with a

rei nforced vapor retarder coating finish. Ensure coating overlaps the
adj oi ning insulation and un-insulated surface 50 mr 2 inches. Extend
pin puncture coatings 50 mr 2 inches fromthe puncture in al
directions.

Insul ation for both conceal ed or exposed round or oval ducts nust be
flexible type, mninumdensity 12 kg/cubic n 3/4 pcf or a sem rigid
board, m nimum density 48 kg/cubic m 3 pcf, forned or fabricated to a
tight fit, edges beveled and joints tightly butted and staggered.
Insulation for all exposed ducts must be provided with either a white,
factory-applied Type | jacket or a field applied vapor retarder or
vapor barrier jacket coating finish as specified, the total field
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applied dry filmthickness nust be approximately 2 mr 1/16 inch

i. Insulate oval and round ducts, flexible type, with factory Type
jacket insulation with mninmumdensity of 12 kg per cubic neter 3/4 pcf,
attach in accordance with M CA standards.

3.3.3 I nsul ation for Warm Ai r Duct

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: Warm air ducts needing insulation are ducts
that handl e air above 16 degrees C 60 degrees F

M xi ng boxes, relief air ducts, and filter boxes
shoul d not be insul ated unless condensation is a
problem Factory fabricated doubl e-wal | ed
internally insul ated duct exposed to the weat her
shoul d be externally insulated on long runs of duct
incold climtes. |If insulation is required for

uni que buil ding design, indicate on the draw ngs the
| ocations the insulation is to be installed. Ducts
for dual purposes will be as required for cold duct.

In hum d | ocations, exhaust ducts passing through
conceal ed spaces whi ch exhaust conditioned air mnust
be insulated and a vapor barrier provided. Humd

| ocations are those in ASHRAE clinmate zones 0A, 1A
2A, 3A, 3C, 4C and 5C (as identified in ASHRAE
90.1). Include itembelow relating to exhaust ducts
where this condition occurs in project.

Del ete itens bel ow as required.

EE R I R R S I R R I I R R I R I R I R R I R S I R I R I R I R R I R R R R R R R

Provi de insul ation and vapor barrier for the follow ng warm air ducts and
associ at ed equi prent : .

a. Supply ducts.

b. Return air ducts.

c. Relief air ducts

d. Flexible run-outs (field insulated).
e. Plenuns.

f. Duct-nounted coil casings.

g. Coil-headers and return bends.
h. Coil casings.

i. Fresh air intake ducts.

j. Filter boxes.

k. M xing boxes.

[. Supply fans.
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m Site-erected air conditioner casings.
n. Ducts exposed to weather.

0. Exhaust ducts passing through conceal ed spaces, unconditioned spaces,
or sem -heated spaces exhausting conditioned air

Provide insulation for rectangular ducts that is flexible type where
conceal ed, and rigid type where exposed. Provide insulation on exposed
ducts with a white, paint-able, factory-applied Type Il jacket, or finish
wi th adhesive finish. Use flexible type insulation for round ducts, wth
a factory-applied Type Il jacket. Provide insulation on conceal ed duct
with a factory-applied Type Il jacket. Acconplish adhesive finish where
i ndi cated to be used by applying two coats of adhesive with a |ayer of

gl ass cloth enmbedded between the coats. Ensure total dry filmthickness
is approximately 2.0 mr 1/16 inch. Continue duct insulation through

sl eeves and prepare openings. Terminate duct insulation at fire danpers
and flexible connections.

.3.3.1 Installati on on Conceal ed Duct

a. For rectangular, oval and round ducts, attach insulation by applying
adhesive around the entire perineter of the duct in 150 mr 6 inch wide
strips on 300 nr 12 inch centers.

b. For rectangul ar and oval ducts 600 nm 24 inches and | arger, secure
insulation to the bottom of ducts using nmechani cal fasteners. Space
fasteners on 450 nmr 18 inch centers and no nore than 450 mr 18 inches
from duct corner.

c. For rectangular, oval and round ducts, provide nechanical fasteners on
sides of duct risers for all duct sizes. Space fasteners on 450 nmr 18
inch centers and no nore than 450 nm 18 inches from duct corners.

d. Inpale insulation on the nmechanical fasteners where used. Do not
conpress insulation to a thickness |ess than that specified. Carry
i nsul ati on over standing seans and trapeze-type hangers.

e. Install self-locking washers where nechani cal fasteners are used and
trimand bend the pin over.

f. Do not overlap insulatio jacket |less than 50 mr 2 inches at joints and
secure the lap and staple on 100 mr 4 inch centers.

.3.3.2 Installati on on Exposed Duct

a. For rectangular ducts, secure the rigid insulation to the duct using
nechani cal fasteners on all four sides of the duct, space no nore than
400 mr 16 inches apart and no nore than 150 nmm 6 i nches fromthe edges
of the insulation joints. Provide a mninumof two rows of fasteners
for each side of duct 300 nmr 12 inches and | arger and a mini mum of one
row for each side of duct [ess than 300 mm 12 inches.

b. Formduct insulation with factory-applied jacket with mninumjacket
seans, and fasten each piece of rigid insulation to the duct using
nechani cal fasteners. Wen the height of projection is less than the
i nsul ation thickness, bring insulation up to standi ng seans,
rei nforcing, and other vertical projections and do not carry over the
projection. Continue jacket across seans, reinforcing, and
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projections. Wiere the height of projections is greater than the
i nsul ation thickness, carry insulation and jacket over the projection

c. |Impale insulation on the fasteners; install self-Iocking washers and
trimand bend the pin over.

d. Seal joints on jacketed insulation with a 100 m 4 inch wi de strip of
tape and brush with vapor retarder coating.

e. Cover breaks and penetrations in the jacket material with a patch of
the sane material as the jacket. Extend patches no |ess than 50 mr 2
i nches beyond the break or penetration and secure w th adhesive and
st apl e.

f. Seal insulation termnations and pin punctures with tape and brush
wi t h vapor retarder coating.

g. Insulate oval and round ducts, flexible type, with factory Type
jacket insulation, mninumdensity of 12 kg per cubic neter 3/4 pcf
attach by staples spaced no nore than 400 nmr 16 i nches and no nore than
150 nm 6 inches fromthe degrees of joints. Seal joints in
accordance with item"d." above.

. 3.4 Ducts Handling Air for Dual Purpose

For air handling ducts for dual purpose bel ow and above 16 degrees C 60
degrees F, insulate ducts as specified for cold air duct.

.3.5 I nsul ation for Evaporative Cooling Duct

I nsul at e evaporative cooling supply duct located in spaces not
evaporatively cooled. Use material and installation requirenments as
specified for duct insulation for warm air duct.

.3.6 Duct Test Hol es

After duct systens have been tested, adjusted, and bal anced, repair breaks
in the insulation and jacket in accordance with the applicable section of
this specification for the type of duct insulation to be repaired. After
the insulation is repaired, identify on the outside of the insulation with
mar ker, sticker, or other neans "TAB test ports."

. 3.7 Duct Exposed to \Weat her
.3.7.1 Installation

I nsul ate and finish ducts exposed to weather as specified for the
appl i cabl e service for exposed duct inside the building. After the above
is acconplished, further finish the insulation as detailed in the
fol | owi ng subparagraphs.

.3.7.2 Round Duct

Lam nated sel f-adhesive (mninmunm 0.05 mr 2 mils adhesive, 0.075 mm 3 mils
enbossed) vapor barrier/weat herproofing jacket - Less than 0.02
pernmeability, (greater than 3 ply, standard grade, silver, white, black
and enbossed or greater than 8 ply, heavy duty, white and natural)
menbrane nust be applied overlapping material by 75 nr 3 inches no bands
or caul ki ng needed - see nanufacturer's reconmended installation
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instructions. Alum numjacket with factory applied noisture retarder nust
be applied with the joints |apped no | ess than 75 mr 3 inches and secured
with bands | ocated at circunferential |aps and at no nore than 300 nmmr 12
inch intervals throughout. Lap horizontal joints down to shed water and

| ocated at 4 or 8 o'clock position. Seal joints with netal jacketing

seal ant to prevent noisture penetration. Were jacketing abuts an
un-insul ated surface, seal joints with netal jacketing seal ant.

.3.7.3 Fittings

Finish fittings and other irregular shapes as specified for rectangul ar
ducts.

.3.7. 4 Rect angul ar Ducts

Apply two coats of weather barrier mastic reinforced with fabric or nesh
for outdoor application to the entire surface. Ensure each coat of
weat her proof nmastic has a mni mumthickness of 2 mr 1/16 inch. Ensure
exterior is a netal jacketing applied for nechani cal abuse and weat her
protection, and secure with screws or vapor barrier/weat herproofing jacket
| ess than 0.02 perneability greater than 3 ply, standard grade, silver,
white, black, and enbossed or greater than 8 ply, heavy duty white and
natural . Apply nenbrane overlapping material by 75 mr 3 inches. No bands
or caul ki ng needed-see nmanufacturing reconmend installation instructions.

.3.8 Ki t chen Exhaust Duct |nsul ation

NFPA 96 for [ovens,] [griddles,] [deep fat fryers,] [steamkettles,]
[veget abl e steaners,] [high pressure cookers,] [and] [nobile serving
units]. Provide insulation with 19 mr 3/4 inch wide, mninmn 4 m 0.15
i nch thick gal vani zed steel bands spaced not over 305 mr 12 inches o.c.
or 16 gauge gal vani zed steel wire with corner clips under the wire; or
wi th heavy wel ded pins spaced not over 305 mm 12 inches apart each way.
Do not use adhesi ves.

.4 EQUI PMENT | NSULATI ON SYSTEMS | NSTALLATI ON

Install equipnent insulation systens in accordance with the approved
M CA Insul ation Stds plates as supplenmented by the manufacturer's
published installation instructions.

4.1 CGener a

Provi de renovabl e insul ation sections to cover parts of equi prment that
nmust be opened periodically for maintenance including vessel covers,
fasteners, flanges and accessories. Ort equipnment insulation on the
fol | owi ng:

a. Hand-hol es.

b. Boil er manhol es.

c. Ceanouts.

d. ASME stanps.

e. Mnufacturer's namepl ates.

f. Duct Test/Bal ance Test Hol es.
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3.4.2 I nsul ation for Cold Equi prent

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: Special cold equi prment including

CGover nnment - f ur ni shed equi pnent that requires
field-applied insulation will be inserted in the
appropriate paragraph.

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

Col d equi pnent bel ow 16 degrees C 60 degrees F: Furnish insulation on
equi pnment handl i ng nmedi a bel ow 16 degrees C 60 degrees F including the
fol | owi ng:

a. Punps.

b. Refrigeration equipnent parts that are not factory insul ated.

c. Drip pans under chilled equipnent.

d. Cold water storage tanks.

e. Water softeners.

f. Duct nmounted coils.

g. Cold and chilled water punps.

h. Pneumatic water tanks.

i. Roof drain bodies.

j.  Air handling equipnment parts that are not factory insul ated.

k. Expansion and air separation tanks.

3.4.2.1 I nsul ation Type

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: Additional data on insulation thickness nmay
be found in manufacturers catal ogs and conputer

si zing progranms and from i ndividual cal cul ations.
Care shoul d be taken in the selection of an
insulating material for high tenperature equipnent.
If the equiprment rises to high operating tenperature
in a short period of tine, thernal stresses may
occur in rigid insulations that may | ead to cracking
and subsequent deterioration of the insulation

EE R I R R S I R I R R R S R R R I R R I R S R R R R R R R R R R R R

Provi de insulation suitable for the tenperature encountered. Provide
material and thicknesses as shown in Table 5:
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TABLE 5

I nsul ati on Thickness for Cold Equi pnent (m) (inches)

Equi pnrent handling nedia at indicated tenperature

Mat eri al Thi ckness (nmm)
(i nches)

2 to 16 degrees C35 to 60 degrees F

Cel lul ar d ass 401.5

Fl exi bl e El astoneric Cellul ar 251

Mnus 18 to 1 degree Cl to 34 degrees F

Cel lul ar d ass 753

Fl exi bl e El astoneric Cellul ar 401.5

Mnus 34 to minus 17 degrees CMnus 30 to O degrees F

Cel lul ar d ass 903. 5

Fl exi bl e El astoneric Cellul ar 451. 75

3.4.2.

a.

3.4.2.

2 Punmp | nsul ation

I nsul ate punps by form ng a box around the punp housing. Construct
the box by forming the bottom and sides using joints that do not |eave
raw ends of insulation exposed. Join joints between sides and between
si des and bottom by adhesive with lap strips for rigid mneral fiber
and contact adhesive for flexible elastoneric cellular insulation
Ensure box confornms to the requirenents of MCA Insulation Stds plate
No. 49 when using flexible elastoneric cellular insulation. Ensure
joints between top cover and sides fit tightly formng a female
shiplap joint on the side pieces and a nmale joint on the top cover,

t hus maki ng the top cover renovabl e.

Protect exposed insulation corners with corner angles.

Upon conpletion of installation of the insulation, including renpvable
sections, apply two coats of vapor retarder coating with a [ ayer of

gl ass cloth enbedded between the coats. The total dry thickness of
the finish nust be 2 mr 1/16 inch. Provide a parting |line between the
box and the renovabl e sections allow ng the renovable sections to be
renoved wit hout disturbing the insulation coating. Apply flashing
seal ant to parting |ine, between equi pnent and renovabl e section

i nsul ation, and at all penetrations.

3 O her Equi pnent
Form or fabricate insulation to fit the equipnment. To ensure a tight

fit on round equi prent, bevel edges and tightly butt and stagger
joints.
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b. Secure insulation in place with bands or wires at intervals as
recommended by the manufacturer but no nore than 300 nmmr 12 inch
centers except adhere flexible elastonmeric cellular with contact
adhesive. Protect insulation corners under wires and bands wth
sui tabl e corner angl es.

c. Install cellular glass in accordance w th nanufacturer's
instructions. Seal joints and ends with joint sealant, and seal with
a vapor retarder coating.

d. Use renpvabl e insulation on heads of heat exchangers. Fabricate
renovabl e section joints using a male-fenmal e shiplap type joint.
Finish the entire surface of the renovable section by applying two
coats of vapor retarder coating with a |ayer of glass cloth enbedded
between the coats. The total dry thickness of the finish nmust be 2 nmr
1/16 inch.

e. Protect exposed insulation corners with corner angles.

f. Apply insulation on equipnment with ribs over 150 by 150 mm 6 by 6
i nches by 12 gauge wel ded wire fabric which has been cinched in place,
or if approved by the Contracting O ficer, spot weld to the equi pnent
over the ribs. Secure insulation to the fabric with J-hooks and 50 by
50 mm 2 by 2 inches washers or securely band or wire in place on 300 nm
12 inch centers.

3.4.2.4 Vapor Retarder/Vapor Barrier

Upon conpletion of installation of insulation, caulk penetrations. Apply
two coats of vapor retarder coating or vapor barrier jacket over

i nsul ation, including renovabl e sections, with a |ayer of open nesh
synthetic fabric enbedded between the coats. Ensure the total dry

t hi ckness of the finish is 2 nr 1/16 inch. Apply flasing seal ant or vapor
barrier tape to parting |ine between equi pnrent and renovabl e section

i nsul ation.

3.4.3 I nsul ation for Hot Equi pnent

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: Special hot equi prment such as sterilizers,
expansi on tanks for high tenperature water systens,
process equi pnent, and special Governnent-furnished
equi pnment that requires field-applied insulation
will be inserted in the appropriate subparagraphs.
Expansi on tanks on hot water heating systens wl|l

not normally be insul ated.
R IR I Sk S S I S I S S S R Sk S S Ik Sk I R Rk Sk I S I kS I Rk S

Furni sh insulation on equi pnrent handli ng nedi a above 16 degrees C 60
degrees F including the follow ng:

a. Converters.
b. Heat exchangers.
c. Hot water generators.

d. Water heaters.
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e. Punps handling nedia above 54 degrees C 130 degrees F
f. Fuel oil heaters.

g. Hot water storage tanks.

h. Air separation tanks.

i. Surge tanks.

j. Flash tanks.

k. Feed-water heaters.

. Unjacketed boilers or parts of boilers.

m Boiler flue gas connection fromboiler to stack (if inside).
n. Induced draft fans.

o. Fly ash and soot collectors.

p. Condensate receivers.

3.4.3.1 I nsul ati on

Rk Rk Sk R R R R Sk O S O S I SRR o S Sk S Rk O O b S S R R SRRk S

NOTE: Additional data on insulation thickness nmay
be found in manufacturers catal ogs and conputer
sizing progranms and fromindividual calcul ations.
Care shoul d be taken in the selection of an
insulating material for high tenperature equipnent.
If the equiprment rises to high operating tenperature
in a short period of tine, thernal stresses may
occur in rigid insulations that may | ead to cracking
and subsequent deterioration of the insulation

EE R R S I R I R I I R I R I R I R R R I R S I R R R I R I R R R R R R R

Provide insulation suitable for the tenperature encountered. |Insulate
shel | and tube-type heat exchangers for the tenperature of the shel
medi um

Determ ne insulation thickness for hot equi pnent using Table 6:

TABLE 6

I nsul ati on Thickness for Hot Equi pnent (m) (inches)

Equi pnent handling steam or nedia at indicated pressure or tenperature linit

Mat eri al Thi ckness (nmm)
(i nches)

103 kPa or 121 degrees C15 psig or 250 degrees F

Rigid M neral Fiber 502

Fl exi bl e M neral Fiber 502

SECTION 23 07 00 Page 61



TABLE 6

I nsul ati on Thickness for Hot Equi pnent (m) (inches)

Equi pnent handling steam or nedia at indicated pressure or tenperature linit

Mat eri al Thi ckness (nmm)
(i nches)

Calcium Silicate/Perlite 1004

Cel lular d ass 753

Faced Phenolic Foam 401.5

Fl exi bl e El astoneric Cellular (<93 C<200 F) 251

1380 kPa or 204 degree C200psig or 400 degrees F

Ri gid M neral Fiber 753
Fl exi bl e M neral Fi ber 753
Calcium Silicate/Perlite 1004
Cel lul ar d ass 1004

316 degrees G600 degrees F

Ri gid M neral Fiber 1255
Fl exi bl e M neral Fi ber 1506
Calcium Silicate/Perlite 1506
Cel lul ar d ass 1506

316 degrees G600 degrees F: Thickness necessary to limt the external
tenperature of the insulation to 50 C 120 F. Submt heat transfer cal cul ations
to substantiate insulation and thickness sel ection.

3.4.3.2 Insul ation of Boiler Stack and Di esel Engi ne Exhaust Pipe

I nside [boiler House] [mechanical Roon], bevel insulation neatly around
openi ngs and provi de sheet netal insulation stop strips around such
openings. Apply a skimcoat of hydraulic setting cenent directly to
insulation. Apply a flooding coat of adhesive over hydraulic setting
cenent, and while still wet, press a layer of glass cloth or tape into
adhesi ve and seal |aps and edges wi th adhesive. Coat glass cloth with
adhesive. Wen dry, apply a finish coat of adhesive at can-consistency so
that when dry no gl ass weave is observed. Provide netal jackets for
[stacks] [and] [exhaust pipes] that are | ocated above finished floor and
spaces outside [boiler house] [mechanical roon]j. Apply netal jackets
directly over insulation and secure with 19 mr 3/4 inch wi de netal bands
spaced on 457 nm 18 inch centers. Do not insulate nane plates. Provide
i nsul ation type and thickness in accordance with the follow ng Table 7.
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NOTE: Table 7 is primarily used for personnel
safety where stacks or pipes are within reach, or if
stacks or pipes run through conditioned spaces where
heat | osses may increase buil ding energy usage.

R R R I R I R I R R I R R R I R R R I R R I R R R R I R I R O O O

TABLE 7

I nsul ati on and Thi ckness for
Boi | er Stack and Diesel Engi ne Exhaust Pipe

Service & Surface Tenperature Range (Degrees CF)

Mat eri al Qutside Dianeter (mm) (Inches)

6 - 32 25 - 80 90-125 |150 - 250, > or = 280 -
0.25 - 1- 1.67 3.5-5 6 - 10 90011 - 36
1.25

Boi ler Stack (Up to 204 degrees C) (Up to 400 degrees F)

M neral Fi ber N A N A 753 903.5 1004
ASTM C585 Cl ass B- 3,
ASTM C547 Cl ass 1, or
ASTM C612 C ass 1

Calcium Silicate N A N A 753 903.5 1004
ASTM C533, Type 1

Cel lular d ass 401.5 401.5 401.5 502 652. 5
ASTM C552, Type |1

Boi l er Stack (205 to 315 degrees C) (401 to 600 degrees F)

M neral Fi ber N A N A 1004 1004 1255
ASTM C547 C ass 2,
ASTM C592 Class 1, or
ASTM C612 C ass 3

Calcium Silicate N A N A 1004 1004 1004
ASTM C533, Type | or 11

M neral Fiber and Cellular d ass Assenbly:

M neral Fi ber 251 251 251 251 502
ASTM C547 C ass 2,
ASTM C592 C ass 1, or
ASTM C612 C ass 3
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TABLE 7

I nsul ati on and Thi ckness for
Boi | er Stack and Di esel Engi ne Exhaust Pipe

Service & Surface Tenperature Range (Degrees CF)

Mat eri al Qutside Dianeter (mm (Inches)

6 - 32 25 - 80 90-125 |150 - 250, > or = 280 -

0.25 - 1- 1.67 3.5-5 6 - 10 90011 - 36
1.25
Cel lul ar d ass 502 502 502 502 502

ASTM C552, Type |1

Boi l er Stack (316 to 427 degrees C) (601 to 800 degrees F)

M neral Fi ber N A N A 1004 1004 1506
ASTM C547 C ass 3,
ASTM C592 d ass 1, or
ASTM C612 C ass 3

Calcium Silicate N A N A 1004 1004 1506
ASTM C533, Type | or |1

M neral Fiber and Cellular d ass Assenbly:

M neral Fiber 502 502 502 803 803
ASTM C547 C ass 2,
ASTM C592 Cl ass 1, or
ASTM C612 C ass 3

Cel lular d ass 502 502 502 502 502
ASTM C552, Type |1

Di esel Engi ne Exhaust (Up to 371 degrees C) (Up to 700 degrees F)

Calcium Silicate 803 903.5 1004 1004 1004
ASTM C533, Type | or |1

Cel lul ar d ass 652.5 903.5 1004 1154.5 1506
ASTM C552, Type |1
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TABLE 7

I nsul ati on and Thi ckness for
Boi | er Stack and Di esel Engi ne Exhaust Pipe

Service & Surface Tenperature Range (Degrees CF)

Mat eri al Qutside Dianeter (mm (Inches)

6 - 32 25 - 80 90-125 |150 - 250, > or = 280 -
0.25 - 1- 1.67 3.5-5 6 - 10 90011 - 36
1.25

Di esel Engi ne Exhaust (371 to 649 degrees C) (700 to 1200 degrees F)

Calcium Silicate N A N A 165 165 190
ASTM C533, Type | or 11 6.5 6.5 7.5

3.4.3.3 I nsul ati on of Punps

I nsul ate punps by form ng a box around the punp housing. Construct the
box by formi ng the bottom and sides using joints that do not |eave raw
ends of insulation exposed. Band bottom and sides to forma rigid housing
t hat does not rest on the punp. Ensure joints between top cover and sides
fit tightly. The top cover nust have a joint formng a fenale shiplap
joint on the side pieces and a nale joint on the top cover, naking the top
cover renovable. Apply two coats of Class | adhesive over insulation
i ncludi ng renmovabl e sections, with a |ayer of glass cloth enbedded between
the coats. Provide a parting |ine between the box and the renovabl e
sections allow ng the renovabl e sections to be renmoved without disturbing
the insulation coating. The total dry thickness of the finish nust be 2 M
1/16 inch. Apply caulking to parting line of the renbvable sections and
penetrations.

3.4.3.4 O her Equi prent

a. Formor fabricate insulation to fit the equi pnent. To ensure a tight
fit on round equi prent, bevel edges and tightly butt and stagger
j oints.

b. Secure insulation in place with bands or wires at intervals as
reconmended by the manufacturer but no greater than 300 mr 12 inch
centers except adhere flexible elastoneric cellular. Protect
i nsul ation corners under wires and bands with suitable corner angles.

c. On high vibration equipnment, set cellular glass insulation in a
coating of beddi ng compound as recomended by the manufacturer, and
seal joints with bedding conpound. Fill mneral fiber joints with
finishing cenment.

d. Provide renovable insulation on heads of heat exchangers. Fabricate
t he renovabl e section joint using a male-fenal e shiplap type joint.
Finish the entire surface of the renovabl e section as specified.

e. Protect exposed insulation corners with corner angles.
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f. On equipment with ribs, such as boiler flue gas connection, draft
fans, and fly ash or soot collectors, apply insulation over 150 by 150
nr 6 by 6 inch by 12 gauge wel ded wire fabric which has been cinched
in place, or if approved by the Contracting O ficer, spot weld to the
equi prent over the ribs. Secure insulation to the fabric with J-hooks
and 50 by 50 nm 2 by 2 inch washers or securely band or wire in place
on 300 nmr 12 inch (maximun) centers.

g. On equipnent handling nedia above 316 degrees C 600 degrees F, apply
insulation in two or nore layers with staggered joints.

h. Upon conpletion of installation of insulation, caul k penetrations.
Apply two coats of adhesive over insulation, including renovable
sections, with a layer of glass cloth enbedded between the coats. The
total dry thickness of the finish nust be 2 mr 1/16 inch. Apply
caul king to parting |ine between equi pnent and renovabl e section
i nsul ation.

3.4.4 Equi prent Handl i ng Dual Tenperature Media

Bel ow and above 16 degrees C 60 degrees F: insulate equipnent handling
dual tenperature nedia as specified for cold equipnent.

3.4.5 Equi pnent Exposed to Weat her
3.4.5.1 Installation

I nsul at e equi prent exposed to weather and finish in accordance with the
requi renents for ducts exposed to weather in paragraph DUCT | NSULATI ON
| NSTALLATI ON

3.4.5.2 Opti onal Panel s

At the option of the Contractor, prefabricated netal insulation panels may
be used in lieu of the insulation and finish previously specified.

Thermal perfornance nust be equal to or better than that specified for
field applied insulation. Provide panels that are the standard catal og
product of a manufacturer of netal insulation panels. Provide fastenings,
flashing, and support system conform ng to published recommendati ons of

t he manufacturer for weatherproof installation and that prevent npisture
fromentering the insulation. Design panels to accomopdate therma
expansion and to support a 1112 N 250 pound wal ki ng | oad wi t hout pernmanent
deformati on or permanent damage to the insulation. Exterior netal cover
sheet nust be al um num and exposed fasteni ngs nust be stainless steel or
al um num

-- End of Section --
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